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¥ 2 3 & (Abstractin Chinese)
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# 2 & (Abstract in English)

Curcumin (diferulonylmethane) is a well-known agent with
anti-inflammatory, antioxidant, and anticarcinogenic properties. In
this study, we observed that curcumin inhibited the kinase activity of
v-Src, which led to a decrease in tyrosyl substrate phosphorylation of
Shc, cortactin, and FAK. Our in vitro kinase experiment revealed that
the inhibitory effect of curcumin on Src could be direct. Consistent
with the abrogation of Src activity was the reduction of Src Tyr-416
phosphorylation, Src-mediated Shc Tyr-317 phosphorylation,
decreased ERK activation, and cell proliferation in v-Src transformed
cells. Remarkably, curcumin not only exerted its negative effect on
FAK via the disappearance of Src-mediated FAK phosphorylation,
but also directly inhibited its enzymatic activity. Concurrent to
reduced cortactin tyrosyl phosphorylation and FAK kinase activity
was the abolishment of v-Src-mediated cell mobility. To our
knowledge, this is the first report indicating that curcumin can retard
cellular growth and migration via downregulation of Src and FAK

kinase activity.



AP-1

APS

BSA

DMEM

DMSO

ECL

ECM

EDTA

EGFR

EGTA

FAK

FBS

HRP

kDa

MMP

NC membrane

NF-xkB

PAGE

PBS

PMSF

SDS

%ﬁ’f‘j ¥ % % (Abbreviations)

Activator protein-1

Ammonium persulfate
Bovine serum albumin
Dulbecco’s Modified Eagle Medium
Dimethylsulfoxide

Enhanced chemiluminescence
Extracellular matrix

Ethylene diaminetetraacetate
Epidermal growth factor receptor
Ethylene glycoltetraacetate

Focal adhesion kinase

Fetal bovine serum

Horse radish peroxidase
Kilo-dalton

Matrix metalloproteinases
Nitrocellulose membrane

Nuclear factor kappa B
Polyacrylamide gel electrophoresis
Phosphate-buffered saline
Benzylsulfonyl fluoride

Sodium dodecyl sulfate
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Src homology 2

Tris-acetate/EDTA buffer

Tris-buffered saline
N,N,N’,N’-Tetramethylethylenediamine
Tumor necrosis factor

2-Amino-2-(hydroxymethyl)-1,3-propanediol



%- % A% (Introduction)

Curcumin

a—

% % (Curcumin) $ A>3 F5 ¢ » H AR 2 TWRBT &6
Frd A28 6000 # 2 F o § 5 (Curcuma) #- & TREEY - F L&
Curcuma longa Linn: ¥ g+ ¢ BB+ 2% H 8 2 R4 £ > o
WE G ARTMAE  Fd A FERAEEE R ARE §FE S
| (Srimal and Dhawan, 1973; Satoskar et al., 1986; Rao et al.,
1993) o gt b 5 By FALH SN0 B RAF 0 B RRG 0 P KA R 0 B
SIS S N R S TR o RefEE o p 1988 # Huang
%2 Comney * * g RHRER 77 UIrild e b A KK > M ER

E- FZF4kE o it AOM (Azoxymethane) 3%

AN

( \

g R4Sk HAe TR %Y > BF AAAGRE 0 & RETED
< B ersck ¢k (Rao et al., 1995) » e BFe fo Frd g dmve cadif 4 o
FOEFRHFIFORR B RS RERE G R R WL
FLE it ~ FiF it~ #rq] Leukotriene B4 # £ 5= & ikt o

B+ 3y FobuRsll B4 hF k3 2 EH R a4 i

Bood2bpd Lenx B4 A FHARBOLF2 - 0 &b LB



Feng %o 2 Pgemn g sofp d AX B RS RIS B R Fu
»c* (Kunchandy et al., 1990) - 3 &#% > &% 25U IRIE > 2%
A e o ¥ 5 tetrahydrocurcumin; @ tetrahydrocurcumin

WS EF { %endng btk o gt 2 F] tetrahydrocurcumin fd 5P

-

d 255 0 € " 2= 4 3-(3, 4-Dimethoxyphenyl-)-propionic acid z
e A4y by Fait £ > 30 & tetrahydrocurcumin @ % 3 B £
Fif it enpr 4] (Osawa et al., 1995)- =5 A BB F+ %
i i Al PR g RRAER AN DR R ARRA B E A R iR
PHRERES o WRE FAEHFH A EEI AL hI R R T
FIS R E TR R PR R B F 0 dE Yoy o

B3 e pAR A N B AT LB S s 3 b R ad 3
Prfperck o Bk 27 3 sxafrd] AP-1 fo NF-xB i & @iip /s
(Bierhaus et al., 1997; Chen et al., 1998) » » & *# ™ [KK /&
Mooem ki [ kB dwape v 0 pldusd L E pug i 4 (Plummer
et al.,1999) » { ¥ &> & #& nuclear oncogenes +4- : c-jun ~ c-fos
%2 c-myc % o f SK-Hep-1 %@ > i5E4rd] MMPY > § 5 2%
T g R4 2 tumor invasion (Lin et al., 1998) - & %~
¥ ¥r4] 12-0-tetradecanoylphorbol-13-acetate (TPA) #7134

ornithine decarboxylase (ODC) &4+ - @ Nitric oxide synthase (NOS)



ERMP wie A2 7 ARHAL > LAY €5cH DNA &4 F 512k
F 4 0 FREFTEMRNS 22BN Fla BRERET S o RS BF
% :B¥ g4 EGFR 4o Neu i&% B tyrosine kinases ef%% &4
(Korutla et al., 1995; Hong et al., 1999) - Korutla % & & #Hp
3% % €33 ligand 3% %< EGFR erim it » (e fr2 BBHE 3o £ R o
¥ A oin vitro FRT 0 & &2 T+ 4% Neu
autophosphorylation % transphosphorylation > ® A invivo ¥

T o s g B Neu 04 f2 (Hong et al., 1999) ¥ 3 & % m e $x

(54 S180 % & p Bimre » X %52 % iwre HT-29 » A #5F % w® lHep

G2 2 AT Rpe 293)% > EE ALV AR A A -
Src
c-Src .- B 60 kDa 2£-% %8 3] ;% ¢ tyrosine kinase » # %427 3F § 4

AE A s BB EAIEES o Sre M E N #Ha Gly-2 &7
myristoylation > @ %%t % 5p ] o Src ¢ SH3 domain ¥ M4
%z proline #peptide % & (Moran et al., 1990) - SH2 domains ¥

¥ tyrosyl phosphorylated proteins % & (Anderson et al.,



1990) - 2 ** Src ~ ¥ kinase activity = 47 =  tyrosine
residues e85 - - 5 =% kinase domain * ¢ Tyr-416 > H p e
pe it 2 t6 » c-Src F M € # 4 (Smart et al., 1981) 5 ¥ - & &
regulatory domain * = Tyr-527> % H 4 Csk (C-terminal Src kinase)
B it 1 > c-Src E Rl € T '8 (Rosen et al., 1995) - % c-Src
Tyr-527 % 2 2 % & % 7 &P > c-Src kinase activity % H i ‘%

chig 4 30 ¢ 54 (Cartwright et al., 1989; Kmiecik and Shalloway,

1987; Piwnica-Worms et al., 1987; Reynolds et al., 1987) - %

%+ v-Src (viral Src) #_d Rous sarcoma virus (RSV) &3k & & 7

(v-srec) #1830 ke 39 (Wyke and Stoker, 1987) - v-Src £

c-Src gt F 4 0w v-Src 1 Cxpn 12 B 27 e

Bt h c-Src C#F 75 Tyr-527 &p 0 19 B 5 Apk o Fl# v-Src
Fv 0 Tyr-527 @ ERFFRAET - 2a &L F e R SR e

(Hjelle et al., 1988) o » F]#* » v-Src V445 8- BIEFFHLE

e mutant c-Src e

F 5284 F 4 focal adhesion kinase ~ cortactin~s She #_ Src
< B (Kanner et al., 1990; Maa et al., 1992; McGlade et al.,

1992) - Shc % - % adapter protein’ 3 = i isoforms- 4 %] % p46 ~

p52 fr pb6 o Src ¥ mEfL - Shc * Tyr-317 » @ #pe v« She & % 7
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Grb2/S0S complex » % it 7 Ras-dependent ERK kinase cascade
(Salcini et al., 1994; Wary et al., 1998) - @ cortactin % - 4#
+ ¢ % 80/85 kDa ¥ fr F-actin % & & 24 kv o Src Hife it
cortactin *" Tyr-421--466 {=-482 =% + ;# - * cortactin’

Src ¥ A AT B 2 e g (Huang et al., 1998) -

FAK

Focal adhesion kinase (FAK) & - @B~ + & 5 125 kDa 33t wm¥e
¥ # chprotein tyrosine kinase> # & 33t + § #ehim m 2 e ¢ (Fox
et al., 1999; HaNks et al., 1992; Palmer et al., 1999; Schaller
etal., 1992) - % integrin & w® ¢t el & (extracellular matrix)
BfRis o wme N A FAK B A Ea B WL AT T 5 R
it BB T S ERF S #E 0 T FAKAAR R & integrin #13 & 4o
LBiiEsRY o FEESEd o FAK S & Src e F2 - > FlHE =
%+ focal adhesion @ ¥ % (Parsons et al., 2000; Schlaepfer et al.,
1999) - FAK =1 ¢ p #mipe v > Tyr-397> @ FAK Pi-Tyr-397 +
22 Src 71 SH2 domain % & (Schalleretal., 1994) - #4352 Src-FAK
complex 1$ » & i & FAK-Src complex ¥ #3-T #Fast 4 @vf » 3258
fore i B s B2 5E o 22 FAK B &1 Src o+ € L iE- Hnmipe i
FAK ** Tyr-576/577 ~ -863 % -925 ¢ Tyr-576/577 ~ -863 crwips it €
i FAK /&1 34cxg & Tyr-397 egipi it (Leu and Maa, 2002) >
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FAK Pi-Tyr-925 ¢ ¢ Grb2-SOS complex % & » @ 314 Ras & it >
kx> T 75 ERK pathway (Schlaepfer et al., 1994) - pt¢t > FAK ¢
f1* C#% proline-rich sequence & pl30™ 3 SH3 domain % & » % it
pl30™ » 4vsik tm¥e EHend w1t 2 B i 4 (Klemke et al., 1998) -
FAK C =+ focal adhesion target (FAT) sequence - 3# FAK izt
focal adhesion (Hildebrand et al., 1993) > @ & B ®¥F~s ¥ &
- & focal adhesion #p B 3% paxillin % talin % & (Chen et
al., 1995; Hildebrand et al., 1995) o FAK N % 3w it B v o
P H o3 FEH DA invitro FRT ¥ & integrin B subunit
7 cytoplasmic domain % & (Schaller et al., 1995) o p* ¢ ¥ 5 3F
H4p 0 EGFR g2t waiv® > R H AT/ L50d 26 v P

v #%F (Sieg et al., 2000) -
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g FLenpifd it w4 K v A W2 P F e 22 A SRR
&4 d > M tyrosine kinase siE R 2 A A HEEZ S o 3
FEAERELLPM e RE-BEPR FUFRIEFDET I E > F
+Z P F o 328 EGFR 4r Neu &= 48 t ine ki o d A
N S I 1l - v Neu i&= #& tyrosine kinases - d *
v-Src € - BRFp v » - B tyrosine kinase > F]pt i g g B

T PR~ R TR g E7F EPFF] v-Src it mreand £ Y FEHHE

Frp e I -
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lgg % 2 (Materials and Methods)
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A, =mre
IV5 (C3H10T1/2 cells expressing v-Src)

B. #F#H

44.208 mg 7 curcumin ;% ** 12 ml DMSO # -
(curcumin stock conc. = 10 mM)
C. 4 .

anti-cortactin (4F11) : anti-cortactin monoclonal antibody

anti-ERK : anti-ERK polyclonal antibody

anti-pERK : anti-ERK tyrosine polyclonal antibody

anti-FAK : anti-FAK polyclonal antibody

anti-FAK (Pi-Tyr-397) : anti-Tyr-397 phosphorylated FAK polyclonal

antibody

anti-Shce : anti-Shc polyclonal antibody

anti-She (P1-Tyr-317) : anti-Tyr-317 phosphorylated Shc polyclonal
antibody

anti-Src : anti-Src monoclonal antibody
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D.

anti-Src (Pi-Tyr-416) : anti- Tyr-416 phosphorylated Src polyclonal

antibody

HRP-protein A : HRP-conjugated protein A

HRP-rabbit anti-mouse antibody

PY20 : HRP-conjugated mouse pTyr monoclonal antibody

rabbit anti-mouse antibody

FRRE

3
Centrifuge
Centrifuge
Digital analysis system
GeneAmp PCR system 2400
Hemacytometer
Hoefer semiPhor
pH meter
Power supply
Protein-A sepharose beads
Protein Assay Kit
PVDF transfer membrane
Shaker
Spectrophotometer
Stirrer/Hot plate

Vertical slab gel unit
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Eppendrof 5415C
KUBOTA1720
Kodak EDAS120
Perkin Elmer
BOECO
Pharmacia Biotech TE70
JENCO 6071
EPS2A200
Pharmacia
Bio-Rad
NEN
TKS RSO01
Beckman DU640
CORNING PC640

Hoefer SE400



Vortex GENIE SI-2 G560

Water bath TKS Z2X-400

E. 9 %% 5 :

E

1. T & R p Acors (New Jersey, USA) :

deoxycholate
sodium orthovanadate

2. TPt p American bioganics (New York, USA) :

acrylamide
bisacrylamide

3. TR ZEEEA Amersco :

Chloroform
50X TAE buffer

4. T 7| E A Amersham :
Protein A Sepharose
5. T7|# 5 p Arch:
Isopropanol
6. T 7| B4 p Bio-Rad (Hercules, CA, USA) :

gel dryer
Protein Assay Kit

7. T 7% 2.ptp  Fisher Scientific (New Jersey, USA) :

acetic acid, glacial
methanol
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Tween 20

8. T 7| # 5.p A Fisons Scientific Equipment (Bishop Meadow Road,
England) :

sucrose
sodium chloride

9. T 7% 5 Gibco BRL (New York, NY, USA) :

agarose

ammonium persulfate
DMEM

EDTA

fetal bovine serum
glycine

L-Glutamine
penicillin-streptomycin
SDS

Sodium Bicarbonate
TEMED
trypsin-EDTA (10X)

10. * 7|4~ Z-ptp Nunc (Roskilde, Denmark) :

100 X 20 mm petri dish
60 X 15 mm petri dish
35 X 10 mm Petri dish
15 ml cornical tube

50 ml cornical tube

11. © 7% 2.ptp  Sigma (St. Louis, MO, USA) :

2-mercaptoethanol
37% Formaldehyde
aprotinin
bromophenol blue

17



curcumin

EGTA

gelatin

glycerol

IGEPAL CA-630
lipopolysaccharide
PMSF

Methanol

12. * 7| & 2.t Tedia (Fairfield, Ohio, USA) :
hydrochloric acid
13. =& 2pp #® USB:
coomassie brilliant blue R-250
Tris-HC1
Acryamide
SDS

Glycine
Tween 20

- ~ w23 & (cell culture) :

A

1. DMEM 1 liter
#-1 H ¢ DMEM powder fr 3.7g ¢7 NaHCO3 /% *+ 600ml ;= {7
ddH,O » pH & HCI# = 7.1 » £ 4@ F dd H,O I 1 liter {5 »

A hood ® 11 0.22 um HUR B R 1S A K 0 B33 47T o

18



2. Fetal bovine serum

woR 2 {8 0 A KT S0ml & FALs F 0 ¥ parafilm ¢ BEgr o
* -207C o
3. Penicillin-Streptomycin (10X ; 10000 unit/ml-10000 pg/ml)

% 450 ml 9 DMEM “4c 5ml é0P-S -
4. L-Glutamine (10X ; 200 mM)

& 450 ml < DMEM +“¢ 5 ml 7 L-Glutamine °

5. trypsin-EDTA (10X)

FI* Hf3 = fFi8 <0 1X PBS #- 10X trypsin ### = 1X trypsin e

6. PBS (10X) 1 liter
NaCl 80 g
NaH2P04.H20 12 g

Moot 2 4 503 500 mldd HyO #-3 pH#3 % 7.4 5 £ 4c dd
H,0 I 1 liter & § 15 #3530 4°C » 7 * dd H,O 44 & 1X PBS 2 1

B * o

7. culture medium 500 ml
DMEM 450 ml
Fetal bovine serum 50 ml

(final conc. = 10%)

10X Penicillin-Streptomycin 5ml

19



(final conc. = 0.1X)

10X L-Glutamine 5ml
(final conc. = 0.1X)

8. 40% DMSO stock solution 10 ml
DMSO 4 ml
DMEM 6 ml

"70.22um SRR 0 20T -

9. Freezing medium 10 ml
DMEM medium 5.5 ml
40% DMSO stock solution 2.5ml

(final conc. = 10%)

Fetal bovine serum 2.0 ml

+ .

1. #3079 32 % »+ culture DMEM (10% FBS) > % *+ CO, 3 % 4 (37°C
5% CO,) » % w? £ | 90% confluency f& » & 4535 % o

2. wm¥2 & % (subculture) :
a. # medium 3 4_> 17 2ml & F 1X PBS i# % - = » B4z PBS o
b. 4t » 1ml1X trypsin % ** CO, 3 % 48 (37C » 5% CO,) &7

trypsinization » 1T % ¥ 5 & 4& o

c. 4t » 8 ml fresh medium % it F g > F T ~ 3=k » B I &

o Frac o T 12 & 13 AR Gl A BHR A o
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3. 4 i lmre
a. #-medium = 4_> ™ 2ml# F 1X PBS #*i% » %3z PBS - (4 ik
fwPe e — X % R 3% fresh medium - )
b. 4c > 1 ml1X trypsin % ** CO,3: % 8 (37C » 5% CO,) &7
trypsinization 5 4" 4& ° 12 3 ml culture medium #-‘w% 3= 7 » I ¥
23 4T
c. #-iw*z # 3| 50 ml cornical tube > 4°C ~ 1000 rpm &= 5 &~ 48 o
d. 2 %j ‘;ﬁ’-;‘,”é » 4v »~ 1 ml freezing medium » T # I /4 i *g » B
R F BT e
4, mPe 4 E & &R
a. "™ 6 cmdish i& {74 % I 32 & 16~18 -] BF > 12 hemacytometer &
#icim ¥ 6 seeding number » 0% #c G 4 x10° o
b. 4r » % kA “curcumin 0 A B35 &3 CO, 8 % 45 24 0 48 > 72
/| F¥ 1S 5 11 hemacytometer 7z #icim?s o {5 #icyp £ 12 SigmaPlot
PR bt AT e
= ~ T B im¥# lysates :
A
1. Lysis buffer (RIPA buffer) 500 ml
NaCl 438 ¢
Tris-HCl 3.0285 ¢
Deoxycholate 1.25¢g
IGEPAL CA-630 5 ml

21



o

e 2 B E DA 350 mldd HyO » pH# & 7.5 5 £ 4¢ dd H,0

3 500ml > %33 4C o

2. Modified RIPA buffer 1 ml
RIPA 1 ml
200 mM Sodium orthovannadate Sul

(final conc.= 1 mM)

200 mM EGTA Sul
(final conc. = 1 mM)

0.5% Aprotinin Sul
(final conc. = 0.0025%)

200 mM PMSF 5ul
(final conc. = 1 mM)

A
1. #-medium " 4_> w2 11 1X PBS '}“’F'-i%tv‘b = » v iz PBS o
2. 4r » 400 pl modified RIPA buffer (6cm dish)s # 1) 4= fm¥e 4] T (7
P IE) s P T kim0 B-lmE R B 3T eppendorf o 3 ¥ Fo
eppendorf % rack + ## &k w =k o
3. 1 4°C ~ 10000rpm » Hr~ 10 & &b » P~ ik | #70 eppendorf -

33t -807C o

Z o~ R FRRBIE

A

1. BSA (1 pg/ul)

2. Protein Assay Kit

22



#H AR

1. % kR BSA & 8 3= k& P 2 standard curve © H = 2
4o 0 B~ 0~5-10~15~20~25~30 ul BSA (1 pg/ul) #| eppendorfs o

2. 4v > 7 r £ e1dd H,O 3| eppendorfs ¥ » & H 2§84 £ 800 pl -

3. 4 200 pl Protein Assay Kit (dye) ] eppendorfs’ 12 vortex /& & 353 o

4. % sample “p] Z_+ > B~ 10 pl cell lysates» 790 ul dd H,O 200 pl dye»
i Liag .

5. # * Bradford Protein Assay /B /A & 595nm ™ & &% ¢ € 2 BSA
ek sk 5 & ) standard curve £ jB] sample 7 0.D.iE > &) sample

g TR o

z ~ F-v F LA (SDS-PAGE):

A
1. 30% Acryamide/0.8% bisacryamide 500 ml
Acryamide 150 g
N’N’-Methylene bisacryamide 4¢g

#ert @ 2 {4 a3 350 ml dd HyO £ 4e dd H,O & 500 ml> &%

F347T o
2. Tris-HCI (2 M, pH 8.8) 500 ml
Tris-HCl 121.14 g

#- Tris-HCI /% ** 350 ml dd H,O> pH # = 8.8 £ 4r dd H,O I 500

ml
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3. Tris-HCI1 (2 M, pH 6.8) 500 ml

#-Tris-HC1 /%3 >+ 350 ml dd H,O» pH # = 6.8> £ 4r dd H,O z 500

ml o
4. 10% APS 10 ml
APS lg

# APS 3> 8mldd H,O » £ 4c ddH,O & 10ml » %33>+ 4C -

5. Resolving gel (8%) 30 ml
H,O 15.8 ml
2M Tris-HCI, pH 8.8 6 ml
Acryamide/bis (30%/0.8%) 8 ml
20% SDS 150 pl
10% APS 150 pl
TEMED 20 ul

6. Stacking gel 10 ml
H,O 8 ml
2M Tris-HCI, pH 6.8 0.625 ml
Acryamide/bis (30%/0.8%) 1.33 ml

20% SDS 50 ul

24



10% APS 50 ul

TEMED 10 pl
IM Tris-HCI, pH 6.8 1 ml
SDS S¢g

Sucrose 25¢g
Bromophenol blue 10 mg
2-mercaptoethanol 5ml

ot T o (LB 8 wa 3 350 ml dd HyO 0 £ 4e dd H,O 3 500 ml» %

= A W
FRFER °

2

1. #-3 Bt 3845 ~ & iF spacer 2 A d 2 b - BRPLE R
24 R H T AR -

2. T R RFe AT E R R R 4~ e 0 53 5 I pipette
PR AIEE R e

3. 40 ImlddH,0» FE8 3§ 0 B3 (920 A 48) -

4. #ddH,O #|# > 4& » comb > #-+ R Bhpe > A7 % chBER| R B A M E
7 0 W32 3 > 1 * pipette 4e I % AT e

5. % 1 K BAEL o #ecomb £4 0 5~ b~ T & & 200ml 1X
running buffer °

6. #-sample f= 10X sample buffer (10:1) ;R fr3=3 > f e spin - & >
RiGHAS b ds o

7. 41* micropipette * #- sample 4r 31| well p > 2 7R T AZ S0V~
20mA - PERF 18 /) FF ; 200V ~ 30 mA > FFRF 5 /] BF) o

25



I ~ Western blot analysis :

A
1. Transfer buffer 500 ml
Tris-HCl I5¢g
Glycine 72 ¢g
SDS 05¢g
Methanol 100 ml

st ® o iU 8 B a5t 350 ml dd HyO > £ 4e dd H,0 3 500 ml» [

g

o

Y /= N2 7 = YA D
‘RIEF e FTFF

f

2. 10X TBS 500 ml
Tris-HCl 303 ¢
NaCl 4383 ¢

Bt @ 2 (L F 2t 350 mldd H,O » pH 3 = 8.8 £ 4¢ dd H,0
I 500ml -

3. Blotting buffer 50 ml
10X TBS 5 ml
BSA 15¢g
Tween 20 (USB) 25 ul

ot @ o (LB B en 3t 35mldd H,0 0 £ 4e ddH,0 3 50 ml -
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4. Washing buffer 500 ml
10X TBS 50 ml

Tween 20 500 wl

#eir o2 v & 2 At 350 ml dd H,O > £ 4 dd H,O 2 500 ml »

#H 3

1. #1* methanol /% /¢ PVDF transfer membrane %) 10 ¥ £ 2 dd H,O
DA B IPA - I

2. fI* semi-phor transblotter #-7& /% ¢ ¢3-v & transfer | PVDF
transfer membrane (25V ~ 300mA > 1.5 -] FF)

3. # PVDF membrane *x » 30 ml blotting buffer » % 4°C 7k 44 ¢
preblotting overnight - & % > % § ™ = shaker ! preblotting 30 4~
48 (shaker #ied+i# & 5 S5rpm) o

4. 154 preblotting buffer> 4r » 10 ml 7z primary antibody (1:1000)
blotting buffer » % ;§ & % shaker + blotting 1.5 /|- B¥ (shaker #.#>
# R 5 Srpm) o

5. 1% washing buffer 7/ membrane = =t > 50 ml ~ 5 4~ 4% ; 50 ml

A4 5 100 ml ~ 10 # 45 (shaker $#i#:# & 5 40 rpm) o

6. “4v > 10ml 7 secondary antibody £ blotting buffer (1:2000) » % &
blotting 1.5 -] F# (shaker #c#> i & % 51pm) °

7. 14 washing buffer /% membrane 7 =t > 50ml ~ 5 4 4 5 50 ml
54455100 ml~10 4 485150 ml~15 £ 485 150 ml~ 15 4 48 (shaker
Hdid B 5 40 rpm) ©

8. % membrane * -} (0.125 ml/cm®) > 4c » if £ 7 ECL kit solution I

27



2 Il F & peda 3 R 4ok (Amersham) ° % membrane £2 2_ iF *

544818 > 12 Xeray film g % o

4 r

=~ f A& UHkE  (Immunoprecipitation) :

A

1. Protein A Sepharose beads

Protein A Sepharose CL-4B 0.15¢g

1X TBS (% ) 10 ml

1@ F 600 ul IX TBS iFie = =t » % =t 30 ~ 48 (R0 4C) K= E
"AXTBS e = =& B8 p713 3 1.5 ml IXTBS » %753 4T -

#H

1. 2~ 5 ulantibody > #r » 35 ul Protein A Sepharose > #- eppendorf ¥
W A 4CT R 15 ) B CREERE 5 12mpm) -

2. 4v o~ 500 pg lysates > &gk 1.5 -] pF (el B 5 121pm) {60 B
4CT™ > #5448 (10000 rpm) > #5 %J ik (# I beads)
B~ 600 pl RIPA buffer /7% Protein A Sepharose beads » & 4C T >
oo 544 (10000 rpm) - & Fie 3 =0 o

3. # “fi 7% (# 3] beads) » 4c 60 ul 2X sample buffer » 100C

Kip g A 3 A4 spin {8 0 B~ FiR B 4% loading -

-~ In vitro kinase assay
A
1. kinase buffer
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piperazine-N,N’-bis(2-ethaneesulfonic acid) (PIPES) 20 mM

ATP 5uM
[y-°P] ATP 10 pCi
MgCl, 10 mM
Mncl, 10 mM

#H 2
1. #-3ev MLA B ITEGE ST &
kb o5 87 ik B e curcumin (EF 10 A48 o

_f6 wE R 4 » X B2 kinase buffer % 15 A~ 43 o

Ll A
(“

o o 2 Fik > 4o~ sample buffer > #* 5 248 > spin 2. 18 > B
#i% E # loading & §4 %% -

5. B BEHBHRRYREE

A~ P 5 Ee 42 45 (cell migration assay)
A

1. 48-well Boyden chamber

2. polycarbonate filter (8 pm)

3. fibronectin (1 pg/ul) 0.6 ul
4. methanol 20 ml
5. Giemsa stain reagent 20 ml

H A
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N Sk

. A #-% trypsinize T k > 2% » serum-free DMEM *# -

A A

. lower chamber % % 3 20 pg/ml fibronectin 7 conditioned medium °

4v »~ curcumin Jk B # F &0 serum-free DMEM 3% lower chamber

¢ o

2_ g% — & polycarbonate filter (8 um) °

#ic 2x 10* i ¥ % upper chamber o

T r 5% CO, > 37Cx &Y » B3 6 /] PFo

BT ERN YR T A4 hir 5442 (8 2 Giemsa % 4

1 Jpé}o

-~

. B fs #2344 non-migratory e > BEHE AL 2 F oo & 40X

B ACE R T REAS S BT 0 B 85 s ez Bt o

30



$=% %% (Results)

— ~ curcumin € #r#] v-Src J§ {t ¥ 2t £

¥ % ?1?‘% F 3 > curcumin i - fEF rReFLR S o T F LS
3= tyrosine kinase A # % £ ehd-v g0F 4 o © Fr curcumin ¥ L
EGFR 2 Neu ehfFf it R H % Sre P FBRla s THT 4 - 4
v E- BRAL AP - o ov-Src B it stk (IVS) iE 7 04T e
F % o F AL #-v-Src K it fw¥ subculture 35 & 18 /] FF{E > 4 107 RIER
e curcumin (0 ~ 10 ~ 20 ~ 30 uM) fJ2 24 ~ 48~ 72 )} B > Tt Hcim e o
RicHF AL E 6 A - F %57 0 10 uM curcumin 3% v-Sre & 1t
iz end £ BIFenprdrnk (244872 prenimie o p A W G R
2162% ~ 69% ~ 65%) 5 2% curcumin Jk B 5 20 uM PF > H ¥} v-Src
T (v dmre P {5 e dlrk (244872 ) Frenimie Bep A w] AR e
140% ~ 34% ~ 31%) 5 £ {4 % curcumin Jk & 5 30 uM PF 5 H 4§t tm e on
2R FERG PR ORTE (244872 ) Prenlore P A ] G R

2 e535% ~ 22% ~ 8%) (Figure 2) °

=~ curcumin Fr Y v-Src 1t fo 7z 1448 3-v 0 tyrosyl phosphorylation

% curcumin Hf B2 T o v-Src 1 dmie chd £ g X I o BB R
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B2 % ¥ curcumin B BB~ PR (T Ap o e NP dE A g
curcumin % 3§ P fa A F+ L D)2 B P 7 d 3% tyrosyl phosphorylation
izt LY IFFEL A S > FY > F AAPE AT 2 curcumin

¥imre ) B8 F-v 0 tyrosyl phosphorylation & F 3 B2 7w Fio R

RAE > A 4] * A f 3k B &0 curcumin (0~ 10 ~ 20 ~ 50 ~ 100 pM)

LA e S

24 -] PFis e & cell lysates » 11 & & (SDS-PAGE) 4 #t %

v RS KT A T ehdee B transfer 3| nitrocellulous membrane X {5 14
anti-pTyr Ab (PY20) :i& {7 western immunoblotting o £ F 2k i % » R

ipe 'g TS F curcumin Jk & O 4 0 e e AR F-v i tyrosyl

phosphorylation € %§2 ™ "% ¥ - 3 & > &+ & /i % 120~130 kDa~50~70

kDa th3-v H H tyrosyl phosphorylation ™ "% enfi-25 { £ &g > T ¥ &

7. dose-dependent 3R % (Figure 3) o

F] g

2T ok AP RET

curcumin €% T € @ EwRe Fv B o tyrosyl phosphorylation 7 H 4 +

RIS AN VAN QR U

9 curcumin “drd] IVS w4 £ %2 H s 4 1@

wE gy AR Y

= ~ curcumin ¥ 12 *§ 4 v-Src e Tyr-416 p R akps i

R

Src _—- ¥ 60 kDa =7 nonreceptor tyrosine kinase > 2 & ‘m#z e £

AL LM B BRY AW §ERMPIFSL T B il
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it o d ** curcumin feJ2 v-Src i it nre 24 0] PE2 1S > e SR8 3 T
71 tyrosyl phosphorylation & % > @ Src * ¥ fmfz et £ AR 7 ApR >
Tl A 4F 3 curcumin 7 & T A § “ﬁf Frd] Src v ZIME N EM B
@ ArF] T v-Sre it dmre end £ oo 50 EEHN B AR AP AR 0
10 ~ 20 ~ 50 ~ 100 uM #7 curcumin £ 32 v-Sre (v w%e » 24 | BFis e B
cell lysates » 14 SDS-PAGE 4 #t3-v 7 ¥ transfer 3| nitrocellulous
membrane + > 4 anti-Src antibody % anti-Src pY-416 antibody & {7
western immunoblotting o £ & % % © 4 3> curcumin I 7 € 5 Src
Fo Fiwie? A ILE ) RUEF curcumin Jk A& B 4 B € FrF] Sre
pY-416 - d 3t Src Y-416 #_ Src ¢ autophosphorylation site > +xH p 44

Bife i e (S F s 80 Src & 0T % (Figure 4) ©

® ~ curcumin § ¥#rd| v-Src 7 fi¥E E
47 {iE- A curcumin AJZT IVS e p v-Src ¥ % S
e M AP TVS it e 0 A ek B 60 curcumin JE 24 ) BEES
Bl T H = F (substrates) tyrosyl phosphorylation 3% it o Cortactin %
Shc % @ 4 Src enX H o d %L %R "F curcumin Jk A iH3f
%

¢ > cortactin 7 tyrosyl phosphorylation % Shc-pY-317 € g2 ™ *#

(Figure 5,6) o F]t 82— Hrgand IVS % A curcumin 752 T v-Src
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frZ 5 € " i o 273 4v curcumin F & E #FrF] v-Src fEF OV an oo
I ~ curcumin ¥ 12 E #¥r4] v-Src fEE S

IVS m?¢ % curcumin /JZF » cortactin 9 tyrosyl phosphorylation
%2 She-pY-317 € ™ ' > iz 7R ¥ curcumin ¥ P 4% P JE'F X Src pF
25 e 5iE- BRI JF‘f 0V gt 0 AP B TVS dmfe e cell
lysates > 14 fL UK 2 ¥ v-Src it ik o ¥ A & curcumin T oo 4 A
[y-°P] ATP ¥ 17 enolase ¥ %% BHeod FoRGE7T I SHRRBE. R
curcumin AJE 14 F Z 2 e °*P-labeled Src fr enolase #_j* > e (Figure
7) iz BT B P curcumin ¥ B fE¥Frd] Src fEE A o
= ~ curcumin ¥ 11 #r4] ERK &7 tyrosyl phosphorylation

Src — Shc —» Grb2/SOS — Ras —» Raf —» MEK — ERK iz if 3
L BRI g s Bimre 4 B3 B o F1 S curcumin i = IVS ¥
Shc-Pi-Tyr 317 0" 4 » #riu2F KA P 8 5 curcumin ¥ V5 ‘% o

T B AAE 0 AL kA SO curcumin

ED

ERK 7% 1+4 & 85 o
(0102050100 kM) ASE IV5  (+ fm5e 24 | {5+ & % 12 100 uM
curcumin fgr IV5 Jg it w2 > RS 3 P erpf P8 (0-2-4-6~8-

| PF) 4§ cell lysates > I ¥ 4] * anti-Pi-ERK1/2 £ anti-ERK2 Ab i&

{7 western immunoblotting - # % % % R > ERK #-v 23R > ¥ 7 § %
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3| curcumin 5 @ §_ERK ¢ tyrosyl phosphorylation > 47 ¢ 5§ ¥
curcumin {1 &8 % (Figure 8,9) o #7102 3L 5 curcumin v+
v-Src }-v F1 o FpF She &2 ERK i&a B v-Src T HFihgv Fs €

F gt T o

= ~ curcumin ¥ 12§58 FAK 0 tyrosyl phosphorylation % H f%% &4

FAK & - 4 3+ & % 125kDa > focal adhesion 7 nonreceptor
tyrosine kinase > ¢ P¥+ §_ Src ¢ F2 - o 10 curcumin {lj IV5 &
it imrz ts > € 'F M mPe 4448 39 5 tyrosyl phosphorylation » @ H ¢ 12
&+ A2 120~130kDa & { S P& o o 3 FAK A+ £ B30t %
> 3V i &g FAK 0 tyrosyl phosphorylation #_F + ¢ 7]
curcumin a2 IV5 wmiem " M ? S w FieB 4L APE7 FER
& curcumin (0 ~ 10 ~ 20 ~ 50 ~ 100 uM) /& J2 V5 J it fmve 24 /] pF{S >
2 g cell lysates » £ 12 FAK antibody & {7 % & Tk
(immunoprecipitation) > @ % % 7 FAK immunopreciptates £ 55
SDS-PAGE - # ;% ¥| membrane } {$ #71¥ &7 western blot » 4 %] 1/
anti-FAK v anti-pTyr Ab 4 #7 2 FAK ¢3-v & 2 H tyrosyl

phosphorylation 42/ - d % % % > FAK ehj-v 2 RE 7% € 5

curcumin 7@ 3 #r ¢ 5 e & tyrosyl phosphorylation #7 € 5§ ¥
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curcumin Jk & 0+ = @ JBE T % (Figure 11) o

FAK #_— B tyrosine kinase> 2 Tyr-397 #_FAK ¢ p $ERpL i iz B »
FAK i {5 & %1 f BASAL 20 Tyr-397 > & FAK Pi-Tyr-397 £ Src ¢
SH2 domain % & > 2} = Src-FAK complex & > Src ¢ { i&- ¥ Pmifk
it FAK ** Tyr-576/577 % -863 > i&i¢ FAK £ i&— #F i Flm B 4o
FAK thp¥ 2% &1 o d % curcumin B&JZ {5 e IVS i fmfe 2 FAK
tyrosyl phosphorylation ¢ + g% i< o F]pt 3% i 8 4rig & pt FAK ¥ % 512
9 Tyr-397 phosphorylation > #_% + € F] curcumin 0{T* & T % 7 3
v EEBRAE o AP E Bt E curcumin {2 {8 ehcell lysates © 1Y
Pi-Tyr-397 Ab % FAK Ab i& {7 western immunoblotting o & F S 1% %
I 'F:] $| 7 ¢ #_ dose-dependent ' &_ time-dependent i T >
FAK Tyr-397 chgips i 382 214 ] (Figure 10, 11) » Fl3 2 P38 5
curcumin ¥ % 13 %73 = v-Src FM A% Z /5 1207 %> ¢ @ FAK ityrosyl
phosphorylation % # autophosphorylation % F|8: %8 o % 7 i&- # il
curcumin £ F ¢ 2 &% FAK 2 it i fl* IVS wfe e
cell lysates » 14 f & Uik ;2 ¥ FAK it 4k > &3 & curcumin T > 4v

[y-*P]ATP % 12 GST-397Y % (¥ o d § 525 7v v 4B

Wi F B h ocurcumin eEJZT 0 S ¥ curcumin kB e F o

“P-labeled FAK fr GST-397Y = #§i > o B4 7 H®P curcumin
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¥ B E&Prd| FAK p¥ 2 &1 (Figure 12) »

= ~ curcumin ¢ #r] IV5 % i ‘o ¥e 7 migration sc

I/ frdp & FAK L en% it § B 5% ‘m%e metastasis (Klemke et
al., 1998) o @ curcumin {1 IVS J i* fm¥e 2_{ > FAK 0 tyrosyl
phosphorylation % # autophosphorylation € F? &f < 3| $¥r] o 1% & 24 i 53

BF] o IVS it P2 A& curcumin /&2 2 {8 » ‘w2 ¢ migration iy 4 _F

ETTRS

EXIIME?Z 7 v FEBFA > AP XA & modified Boyden chamber
77 Jower chamber 7 5 — & 20 pg ¢ fibronectin » #X {5 4¢ » curcumin
)k B * F eh serum-free DMEM *t lower chamber ® > 2 {53t — &
polycarbonate filter (8 pum) o 7 % 2\ if* & upper chamber + & B well
Rar 2x10% B 0 6 ] PF2 t5 > LR % migration A o d

F 5 %% % 1% o 4 upper chamber w3 5 H =4 F| 7 fibronectin 2.

lower chamber #'m? #c P F# 7+ 2 iﬂ” % % o ¥ {4 curcumin T * T

IV5 J& i fn®2 chmigration it 4 € % ¥ curcumin jk & ¢7} 2 & iF bR
b o izt Hedp At curcumin ¥ IVS g it w2 chmigration sFE F 4]

% > ¥ % does-dependent 13 % (Figure 13) o
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» ¥  3t# (Discussion)

Curcumin #_ - f&4d Eﬁﬂﬁi}‘?’ (Curcuma longa Linn) ¥ & & 973
Ptk R o > vEN IRt A VB LS
Diferuloylmethane * ¥ # £ % (turmeric) % ¥*® (curry) ¥ i & &gf 4
¢ % 0 B FF it~ fug L2 FE P R 0w ok (Wargovich et al., 1995,
2000) °

p o #74r > Curcumin ¥ $r4]#& 4% %]+ NF-«xB~AP-1 % Egr-1 -
COX-2 ~ LOX ~ NOS » MMP-9 ~ uPA ~ TNF -~ chemokine -~ cell surface
adhesion ~cyclin D1 =4 3 Fr4] 4 £ F]F &£ X £ EGFR 2 HER2 %
Hw & 7 JNK & serine/threonine kinases /& m & 5 $rfgps s 7
LRSS X R s SR~ W e 4 (Leu and Maa., 2002) o

Tyrosine kinases %-£73% % chimbein & @if > H i % ol @ 457

>

DEFF GRS LE s A T I g it~ e 2 [ R dm
2 imie 2 AN T (R~ dmre A (Y R it A o BIP A OSE
¥ & curcumin ¥ M4 F#r{] EGFR 4= Neu iz i tyrosine kinases =%
% %1% (Korutla et al., 1995; Hong et al., 1999) - Korutla % ¢ &2z p
curcumin #r4| ligand % % EGFR #vE v »m 7 Edrd|H Fv L I o
¥ A invitro T > curcumin # - #rd] e Neu
autophosphorylation % transphosphorylation @ ¥ » %A invivo #/RTF >
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v~ ¢ @& Neu 4 f2 (Hongetal., 1999) c @ 2\ P ig=t e 2 » 34

3 Y curcumin EJ2 v-Src S it dmre pF o H ¥ b v-Sre fiEE S
f> % Src X B Shc - cortactin 2 FAK ¢tz phmipe i o b p5 o
AP IR curcumin ¥ E d&Pr4] v-Src fEE S v-Src FEE A

F33eng % > "5 X7 She-Y317 ik it 2 ERK e o d 3t ERK &

i

mitogenesis F B 0 Flpt A P3G & i dr4] ERK pathway > curcumin #
TR v-Sre it fmie end £ oo
Curcumin #r4] IV5cells F-v F pei=<pimifs it cof % ¢ (Figure
3) ) FH I AR 120~130kDa 2 [ > Fov FRLORFLER L F
curcumin jk & 53 4 o Fralsask g ok g P A 0 Src 0% Fde: FAK
pl30° & 3 B bt BRI 0@ o rp A i 4 0 1 & £3536 integrin
signaling pathway 14 % Src-FAK complex #7:# #7 (Ilic etal., 1995) - ¢
*t Src #fik it FAK {5 > € i & FAK kinase activity 73 4r » 3
curcumin =3r4| Src & #7:g = FAK tyrosyl phosphorylation 7™
*# » ¢ i FAK ¢ kinase activity "% ™ - i&¥ d FAK Tyr-397
autophoaphorylation P (T "5 @ EFEF 5 FREAPL P
curcumin ¥ ® ##r4] FAK avE 1 o
3 % Src % F 2 - ¢ cortactin 0 # € F] Src {¥* @ gRpk i

*r Tyr-421--466°-482¢ @ gifs i & cortactin ¢ H 3k F-actin cross-linking

39



activity =7t b @ B 3 FHE efrimie @A i 4 (Huangetal,
1998)- i+ F] 5 FAK /& it fofit iefigips i chcortacin 7 14 34 #5 fm %8 e
A FP AP L A curcumin #rd] Src 2 FAK & (el BF o

g 54 € X PlIrd] o ce > N P eh migration assay 0 # JR. curcumin
¢ 3] IV5cells ehf5d > ¥ ¥ & dose-dependent eI % o d g7 4>
%gé #r#] Src~FAK #9& M curcumin # ¥ 1 ¥rd] IVS fmie ehd £ o
em Frd| B A B i 4 o At BT MMP-2 fo MMP-9 ehis |2 5278
B EREEH 7 L& OM % o FEd D) curcumin it ] A SR
%2 (SK-Hep-1 cells) ez » &4 > * s fr4l2 MMP-9 &% 14 (Lin et
al., 1998) ; @ i % £ » % I curcumin it #r4] IVS5 cells MMP-2 &
e Fptd p P EHREET t"",/TT 7 Sre~ FAK 2 H % % ¢t curcumin
# TR drd] MMP-2 &2 MMP-9 % MMP g f4» § »adedlf bn % ch

A o

W~

bt F e et LR o c-Src £ - BEEHFD o PR
FPEIMT o Sre E A R R e R R BAE LY S D
BE 7 B (Jacqueline et al., 1999) - i 4 = }*J—zﬂ? SRR
c-Src ¥R B M BNt A L F ¥ AR Y g gpt a2 T 0 c-Sre e

BT AT 40 B2 P e ¥ by — ATy F IR X Witz @ c-Sre
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Ahenig 4o o F REF c-Sre F-v 3 4r (Rosen et al., 1986 ; Bolen et al.,
1987) - L » AR ZTHEM T curcumin ¥ Fr4| * % km e Caco-2

cellsc-Src A& 4 (4RF Z4,2002) o FIM SR E i P B G F NP0 5

ETTRS

a r‘%/,"j‘ fefrehcurcumin 0 B8 * {57 W PG iE & AL e c-Sre
ERILE > R T P E R RN 0 3 g B E S R
4 o & curcumin 4c® B #&EFr4] Src 2 FAK e0E 4 B an 47 % ;E‘F’—

§ 0 F E- HIE -

Curcumin &5 K {rd & TR RS GHAR LR Y T H By ko b
CIRECE: R R LAl SRR S S L IR O S

Pl vtk o d 3T A ETRA RIREA IV E X JR* F i 10 e curcumin

N > v
! =7 -

A a T (Aggarwal etal., 2003)> F]#t curcumin eFRE B * & AL G

SR

AAPEE 2o ¢ 3L F LI Sre & FAK snif & £ 32 2 F 44 eh

HAieF & A5 BB 7 B (Owens etal., 1995; Biscardi et al., 1999) - 7]

gL “ﬁ\z’ g r‘{w?]‘ 4v 4 ¥ &1 curcumin f%»}i/ﬁ AT I Frg RPN MR et B O&

St

FALT SR RN DN R S

i

&
34
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Figure 1. The chemical structure of curcumin. Curcumin is a
polyphenolic compound with a B-diketone moiety. It contains two
ferulic acid molecules linked via a methylene bridge at the C atoms of

the carboxyl groups.
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Figure 2. Growth inhibition of IVS5 cells by curcumin. IVS5 cells (5 X
10°) were plated at the beginning. After 18 hrs, cells were incubated with
different concentrations of curcumin as indicated for 24, 48 and 72 hrs. Total
number of control and curcumin-treated cells were counted and plotted. The
results are shown in means + S.D. for three independent experiments

performed in triplicate.
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Figure 3. Curcumin treatment led to the reduction of protein tyrosyl
phosphorylation in IV5 cells. VS5 cells were treated with various
concentrations of curcumin for 24 hr. Equal amounts of lysates (100 pg)
from each sample were resolved by SDS-PAGE and probed with anti-pTyr
Ab.
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Figure 4. Curcumin inhibited Src activation in IV5 cells. V5 cells were
treated with various concentrations of curcumin for 24 hr. Equal amounts of
lysates (100 pg) from each sample were resolved by SDS-PAGE and
examined by Western immunblotting with Src and Src-pY-416 antibodies

respectively.
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Figure 5. Reduced cortactin tyrosyl phosphorylation in
curcumin-treated IVS cells. VS5 cells were treated with various
concentration of curcumin for 24 hr. Equal amounts of lysates (500 ug)
were immunoprecipitated anti-cortactin Ab and analyzed with either

anti-pTyr Ab (upper panel) or anti-cortactin Ab (bottom panel).
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Figure 6. Reduced tyrosyl phosphorylation of Shc in response to
curcumin. IVS5 cells were treated with curcumin (100 uM) for different
period of time. Equal amounts (100 pg) of cellular lysates were analyzed

directly with anti-She-pY-317 and anti-She antibodies.
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Figure 7. Curcumin can directly inhibit Src kinase activity in vitro. The

v-Src immunocomplexes derived from V5 cells were aliquot and incubated

with various concentration of curcumin at 4°C for 10 min. Then, v-Src

immunocomplexs were subjected to in vitro kinase reactions in the presence
of enolase. The **P-incorporated proteins were analyzed by SDS-PAGE and
detected by autoradiography. (provided by Dr. T-H. Leu)

55



Cur CuM): 0 10 20 50 100

S S SS— - Pi-ERK 1/2 blot

D S S - R blot

Figure 8. Reduced tyrosyl phosphorylation of ERK in response to
curcumin. IV5 cells were treated with various concentrations of curcumin
for 24 hr. Equal amounts (100 pg) of cellular lysates were analyzed directly
with anti-Pi-ERK1/2 and anti-ERK2 antibodies.
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Figure 9. Reduced tyrosyl phosphorylation of ERK in response to
curcumin. IV5 cells were treated with curcumin (100 uM) for different
period of time. Equal amounts (100 pg) of cellular lysates were analyzed

directly with anti-Pi-ERK1/2 and anti-ERK?2 antibodies.
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Figure 10. Reduced tyrosyl phosphorylation of FAK in response to
curcumin. IV5 cells were treated with various concentrations of curcumin
for 24 hr. Equal amounts (100 pg) of cellular lysates were analyzed directly
with anti-FAK-pY-397 and anti-FAK antibodies.
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Figure 11. Reduced tyrosyl phosphorylation of FAK in curcumin-treated
IVS cells. Cellular lysates prepared from curcumin-treated or nontreated
IV5 cells were immunoprecipitated with anti-FAK antibody. One third of
immunoprecipitate was Western immunoblotted with anti-pTyr Ab (upper),

anti-FAK Ab (middle), or anti-FAK Pi-Tyr-397 Ab (lower).
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Figure 12. Curcumin can directly inhibit FAK kinase activity in vitro.

The FAK immunocomplexes derived from IV5 cells were aliquot and

incubated with various concentration of curcumin at 4°C for 10 min. Then,

FAK immunocomplexs were subjected to in vitro kinase reactions in the
presence of GST-397Y. The **P-incorporated proteins were analyzed by
SDS-PAGE and detected by autoradiography. (provided by Dr. T-H. Leu)

60



30- | [

20

cell migration (cells/field)

Cur (uM): 0 0 1 10 20 50
FN: - + + + + +

Figure 13. Curcumin reduced cell motility in IVS cells.
Curcumin-treated or nontreated IV5 cells were allowed to migrate for 6 hr
through polycarbonate filters in the presence of fibronectin (20 pg/ml) that
acts as a chemoattractant. The migrated cells were determined as described
under Materials and Methods. The results are shown in the means + S.D. of

three independent experiments.
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Figure 14. A model for inhibitory effect of curcumin on mitogenesis
and migration in v-Src transformed cells.
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