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o A= % IH

H

Ao ALg3F M ¥E= Sprague-Dawley 31FH 9 ds9f2 HEA
S AR wEEste] AF&skan, M wjeke] e sk AJekQl Dulbecco’s

modified Eagle’ medium (DMEM), Phosphate buffered saline (PBS),

o

i I

fetal bovine serum (FBS) % trypsin< Invitrogen Co. (Carlsbad, CA,
USA)Il A sttt 3o 29 Tris—glycin gel< Invitrogen Co.
(Carlsbad, CA, USA)o A 43332, Immobilon-P transfer membrane
2 Millipore Co. (Bedford, MA, USA)°|A, curcumin® B-actin, a
~tubulin monoclonal antibody+ Sigma-Aldrich Co. (St. Louis, Missouri,
USA) A skttt

2-DE°l Abg¥ #n] 2 Alek (13 em IPG strips pH 3-10 non linear,
sample grinding kit, strip holder, IPGphor, SE 600)2 Amersham
Pharmacia Biotech Inc. (Piscataway, NJ, USA)ol A FY43FA 1L, BE A

°Fe BF W UuAFS ALgedh

2. 44
7h 2@ FadaA e el 2o
d¢ P&IA 2= Sprague-Dawley 25 (57, 107%)9] s

Chamley-Campbell®5¢] #He] wel 25 22d g serum-free
DMEM (Invitrogen Co, Carlsbad, CA, USA)So 2 7|3l AAZXZAS A
AstAtt, EYsid HsS 1 mg/mlel collagenase type 13 0.5 mg/ml2]



elastases ¥ &3 DMEMOo 2 %7 37ColA]l 303 A2 sl adventitia
E AA & A e g4 T A] 241 7F HEE A AT HWEL o]

% 20,000rpmoll A 37 G E2 g F 100 units/mle] penicillin, 100 xg/
ml 2] streptomycin (Invitrogen Co. Carlsbad, CA, USA)Z} 10% fetal
bovine serum (FBS)& X33 DMEMCO=E pellet2 AFA7A vl %sFA

2 JAdE S fske] trypsinA g2 wojxl Al
5 02% FBS7F xZ3stel DMEMOl F-FA121 % 1.5 mé microtubeol] &5
3}al, curcuming Y3 w2 A ste] 37C, 5% CO, A A 30&
Fot vkttt 96-well flat bottom platese] 40,000 cells/100 xl2 &
52 AExE &F5ta 37C, 5% CO; x=7oA 3A7kst F&A7 +
PBSZ 23] M H3le] nHz AXES A ASAT. 3.7% formaldehyde®
TAA )AL crystal violetS o] &3] HAAEES A3}, 96-well
plateE ELISA reader (Model 550, Bio-Rad, USA)°l Y3 540 nm 3}

N FHEE Yol AT LHEL AN,

Qb FFAIZL ¥ 02% FBS7F 23He DMEM s ool Al 48413 52t
serume ILEAA MEFAES vlE AAAA FUT I v5, 5% FBS
2} 10 ng/mle] platelet-derived growth factor (PDGF) (Upstate Group
Inc, Charlottesville, VA, USA)7} 3% DMEMSo= wAg H
curcuming vtk =R g ste] 24A7F Fet 37C, 5% CO, Z 79



S 1 At s = | ooko] £+ ¥ succinate-tetrazolium reductase?] &4 ol
o)k AEAES] ZAHA 2k Premix WST-1 cell proliferation assay kit
(Takara Co, Otsu, Japan)% o] &3t MEFAE SHsST)

Z}. Cytoskeleton staining 4

o HIIAHEE 5000 cells/welle] 32 F2AZ & 24A17F 3 A
¥ okl S 10% FBS7F 84% DMEM % 2 wAsk 50 uM 2 100

UM curcuming A #g = AxE7} Ffst= Al H7HA 37C, 5% COz %=
Aol A wigstdnt. AxE7E Ff8k7] AlZebd PBS®E AIHE § 3.7%
formaldehyde® A A|7]3L 0.1%6 Triton X-1002.2 A X dto] S Wl
T 2% BSA, 0.025% sodium azideE ©]83}o] M ¥EE blockA| #

a-tubulin monoclonal antibody& % 304l 1A X wHE-A17]
% 0.2%(v/v) Tween-20= ¥73F3l phosphate buffered saline (PBS-t)=
A2 stk A A A¥XES goat anti-mouse IgG (H+L) FITC antibody
9} 10 ng/ml diamidino-2-phenylindole (DAPDE o] F& 3LolA A3t
5 thAl PBS-t® AlA g & cover slide® €l A2E7F 29 & wellS
q3siu) 7o w 7Aata)

o,

m [
)
o,
e

kA

ke

W Az A AR

(1) Reverse transcription—polymerase chain reaction(RT-PCR)E& &3+
c-myc® Wtz

¢ HE2 A Fol A PDGFol 93] %%+ proto-oncogene? 2Hal =
olEs E2lslr]  95te]  PCR  primer?l c-myc®l sense primer;
gtcacgatgcccctcaacgtg @t antisense primer; aagtccaagttctgtcagaaggaas
g3l gAdstich g JF2AEE 02% FBS7F £3€ DMEM v &



o A 4817t v st AEZFAS JAAIA F2 F, curcumin 50 UM=
30% &< A AEstaz PDGF 10 ng/mbS 30% &< Adstdth Az
3k AIXEE 4ToA PBSZE A23 & Ultraspecl RNA isolation kit
(Biotecx, Huston, TX, USA)E ©¢]&3te] RNAE F=5%t. F==
RNAE reverse transcription kit (Promega Co. Madison, WI, USA)&
o]-§sto] WEEAIZ The, o] WHSES template® EQlstaiz} b= A

Ao HHFES PCRS Tl Atk olmf Aol RNAYG] oig

) =2 2 glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

2L M o

-

cDNA9] 3k primer (sense; accacagtccatgccatcac, antisense;

tccaccaccctgttgetgta) S o] &3t Aol Al &S HASIAT

(2) Immunoblote] ¢]%F p-ERK % p-MEK$2] 4]

Culture plate (100 mm)oll A 50~60% A= =213 3 FIIAHEES
0.2% FBS7} £33¥ DMEM ujokoo] A 48A17F WF&A|A A ELZ2S o
AXNA Ekth 2 ve 5% FBS¢ 10 ng/mé PDGF 5o A#elz 2

curcumin (50 uM)e] ¥ DMEMOZ nA|stal 37T, 5% CO, 279
A wjekstth AlEE 4TS PBSE Al FHstal A3 lysis buffer (20 mM
Tris-HCl [pH 75], 150 mM NaCl, 1 mM Na, EDTA, 1% Triton
X-100, 2.5 mM sodium pyrophosphate, 1 mM B-glycerophosphate, 1
mM Na; VO, , 1 pg/ml leupeptin, 1 mM PMSF)ol] Yo &L 15&
ek 3 sttt 4TCelA 13,000rpmo 2 10%3 94 st 4 A
=95 BCA protein assay (Pierce Biotechnology Inc. Rockford, IL,
USA)E Ab&ste] dids=s SAHs Y. 53 d9ds 10~20%
Tris—glycine gelollAl 7] 53t o5 methanole A2 g Immobilon-P
transfer membrane (Millipore Co, Bedford, MA, USA)o. & H7| o]&3}
&ttt Membrane2 10% (w/v) skim milk (Difco, Spark, MD)& 3 3}3%h
PBS-t%= blockAl#A H]E©°]%4 backgroundES $§l°l 3L, blocking solution®l



primary antibody (p-ERK, p—-MEK, B-actin)& Y¢] w9+ t}S PBS-t
2 33 A#H3A. Membranes horseradish peroxidase(HRP)—
conjugated secondary antibody® 45% HF3-A]7l & PBS-t&E A2 35k
t}. I Y-S enhanced chemiluminescence (ECL) detection system
(Amersham Pharmacia Biotech Inc. Piscataway, NJ, USA)S o]-& 3}

membranes 45T
v}, DNA laddering< &3+ apoptosis ¢!

Culture plate (100 mm)oll A 50~60% A% =23 g3 HSZAEE
0.2% FBS7} 2% % DMEM Hj<Fo Al 48A17F WEEA|A HXEZA S o
AIAA FXTh T T 10% FBS7F 3Hfr¥l DMEM S 2 v ¢S w A g

Ao 50 uM % 100 UM curcuming H7}gk £ 37T, 5% CO, =
ol 4 48417t sttt M E T wiAIZE = AElA AEE FolR
< % 20,000 rpmell A 223 fAEelstar 4T PBS®E 13 Al A sksd
t}. o] Arejo A A Eol digestion buffer (100 mM NaCl, 100 mM
Tri-HCl [pH 80], 25 mM EDTA [pH 80l 05% SDS, 0.2mg/m{
proteinase K)& @i 50CA A 14~18A17F wHSA| At} ¥kgo] 1y
digestion buffer®} &=°] phenols Yil &+ F 4TeolA 10,000 rpm<
2 1087 dAEgsA Y. 4S5 HS microtubeR &3 F AT F3] 9
1/29] slE3t= &9 phenold 5 F3ef FFe] chloroforms %
gkt daEeste] AL AF Aol s chloroforme
Yo JAAES & 7| dL A5 de 3M sodium acetate$} ethanol
= %ol 20T DNAE Azt 3" DNAE 32 Sl =
DNase-free RNaseE *2]3}3l 1.5% agarose®l loadingste] 77|
%4-53% F ethidium bromide® @Aete] UV AR #2383t

401'

o

o
=
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Culture plate (100 mm)ol A 50~60% A% =23 g3 HSZAEE
0.2% FBS7} EZ3t¥l DMEM #] Al 48A17F HHEAIA A EZFA S o
AANA FXH T ths 10% FBS7F ¥ DMEM S 2 vkl aA gk
5 xzaol= 0.05% DMSOE #7hstal, Addol= 50 uM curcuming
A7beE & 37T, 5% CO; 7oA 3, 24A17F ettt AlX+= 4T
PBS#® 13] A& 3s}al extraction buffer (40 mM Tris-base, 8 M urea,
4% CHAPS, 1 mM EDTA, 1 mM PMSF)E Y- t}& sample grinding
kit (Amersham Pharmacia Biotech Inc. Piscataway, NJ, USA)ZS o] &3
gt kAT Cell lysateE 4TColA 13,000 rpm e & 10537F A4l H2] 3hof
e =S BCA protein assay (Pierce Biotechnology Inc. Rockford,
IL, USA)E Ak&ste] w@lds=E FASAH 53 duids
rehydration buffer (8 M urea, 2% CHAPS, 2% v/v IPG buffer, a trace
of bromophenol blue)¢t 4] strip holder (Amersham Pharmacia
Biotech Inc. Piscataway, NJ, USA)el loading3} %3 th.

AEFg Ay gl d F3tallo] Joading H©] U= strip holdere] pH 3-10
non linear (NL) immobiline dry strip= 7]-%3 2 $°l| dry strip cover
fluidE #7Fst H strip holder®] 7S 231 immobilized pH gradient
(IPG) phordll ¥ F 12243t &<t stripe rehydration A]7]3%, 20,000
volte] A7]& HolF3th

Stripe AW 10 mg/mé DTTS 25 mg/ml iodoacetamideE X $+3h
SDS-equilibrium buffer (0.5 M Tris-HCI [pH 8.8], 6 M urea, 30% w/v
glycerol, 2% w/v SDS, a trace of bromophenol blue)ol 2o Z+z} 15%

AT FA9 equilibration steps A3 The 12% sodium  dodecyl

_11_



sulfate—polyacrylamide gel®ll strip< loadingdte] A 7|9 &stdth A7)
o] #y4 gel colloidal solution (17% ammonium sulfate, 3%
phosphoric acid, 0.1%6 coommassie briliant blue G-250, 34% methanol)
or AAF F SRR HEH A4S AASATY. AAE gels
scanste] 2D A A]~EQl EasyPro-2D (BioBud Co. Ltd. Korea)&
3 EAsEA T

(2) Curcumin F+%=4 W3} o929l in-gel digestion ¥ & =54

AME gelS scandle] softwareE Ed A3 & kg xpol7p wWol]
= spots geldl A Eelstdnt. #2138 spote] A AAS7] 918 spot
S 50% acetonitrile (Sigma-Aldrich Co. St. Louis, Missouri, USA)<} 25
mM ammonium bicarbonate (Sigma-Aldrich Co. St. Louis, Missouri,
USA) &3] ¥ 37ColA mukstaA whgA7l 9 spotd] Aol

A3 AAELYS W 100% acetonitrileo] E i 37TColA WS spot
S g5A17 H Speed-vac. (MAXI Dry Lyo, 115V, Heto-Holten, Allerod,

Denmark)S o] &3] &3] AXAAC. @5AA LA WSk spotell 10
pe/mb trypsings 9 dolA 30% o] E#3Fe] rehydration A% H

37CoAA wREeHA] 16A17F 9E-&A1Z1 & HE Selfpack POROS 10 R29
Oligo R3 (Applied Biosystems, Foster city, CA, USA) €% column® =
S AAsE MALDI-TOF MS (Voyager-DE STR, Applied Biosystems,
Foster city, CA, USA)E ©]&3to] A&k &4313 T}

o}. Curcumin-diglucoside (CDG)¢] A H-A]
3 HEIAMXEE 5000 cells/welle] %= 10% FBS7F 4

]
-
DMEM ®1#] 100 el A7 96-well flat bottom platesol] 24A37+s

_12_



oF HZAIZ1 & 02% FBS7F x23® DMEM #HjFH oAl 48A17F &<t
serums AHAA AEZFAS v AAAA Fdoh T o, 5% FBS

9} PDGF7} 369 DMEMOS 2 wAd H curcumin® CDGE t}okal

off

2

T2 A3 F 100CoNA 587+ heat-inactivationd a-glucosidase=
g3tk 2447 FeF 37T, 5%  CO: F7olA w3 o

succinate-tetrazolium reductase?] Ao 23k AFEA XS] ZHA|F

dlo

Moo

Premix WST-1 cell proliferation assay kit (Takara Co, Otsu, Japan)E
o] &3l CDGY A EF2 o4 2 a-glucosidaseo] 93 CDGY A&

_13_



i

d|
)
i’

gt M o] H2ZE curcumin®] FEe] HldEste] Agon, F
Z A Ao gk ICs ah 9F 40 uM= i‘f?lﬂo;l\:‘r (28 2). Curcumins
Ay skA] e M EQ optical density (O. D.) #S 7|Fo 7 st S
W 25 uM#F 50 uMe] curcuming A gk B¢ 747 oF 38%9F  56% <]

REEE SR S R

2. 8% HEIAEY 54 AdAZ R

g JI A EZoA 10ng/mé PDGF Aol 238 5218 curcumin &
Lo HE st Az F2o] AatA AAHJAT (L™ 3). PDGFe g
JEZ 2 AL GAA [Ceak oF 20 uMol e, o= curcumin®] Al

AA Al YERA ICs (40 uM) FETH Axk A= vk gro]

>

-
X

1
nY
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% of cell adhesion

20 A

0 25 50
Concentration of curcumin (uM)
% 2. Curcumin®l 9J3t 3 HEIAx o] H2 A g3
7F228 curcumin® FEE UEY Aol AEZE=E cell
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20 A
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Concentraion of Curcumin (uM)

% 3. Curcumin®l]l ot I3 HETAx9 A A
gy agEzel AEzFHe Al %

percentage (%)= YEFH ZHol™, 10 ng/mte] PDGFY
& ¥ AAS curcumin TEo JEHOZ A

HAar o] weo] ICs%k-> oF 20 uM=Z =4 = A
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3. Cytoskeleton staining 2] 4 3}

A3 FEIA L curcuming A 2letH AJto] Aol uwhe} A
7t 9ol 7k BHoR WaE AL v
AEZd 5 AEzzAA o' W7t d=A]
curcumin®] A&+ WA 27+ a-tubulin ¥ 3} A
g5t e E5S DAPI 948 Fd Akt
A BE A3 FZol Aol AEE
stz A9 fles BEsith

o

)
)
rir
=)
AL
SUNNN
B
=)
El
)
o
=)

=R

(e}

4. ¢

ok

SAE W Az AEA W3t £424 9

r

7}. Reverse transcription - polymerase chain reaction (RT-PCR)
S E3 c-mycd WItHH

a c-myc, GAPDHZ RT-PCRZ mRNA2]
T FEe B4 2 2 du "gEaAzeld dizw (02% FBS
W curcuming A 23 AlEo| A= c-myce] e o]
Have As B o5 Atk "™ 59 (helA B npep 3ol
GAPDH+= A9 Tdg dd s wole d whal, (WhelAe tizatol
H3] 10 ng/ml PDGFE A8 AENA c-myce wdo] Z7let= AS
5 4 do curcumine A A #3310 ng/m PDGFE A2 gk 7 g0l
T cmycd @do] #AihdteE AS #AT F ATk o= curcumin®]
ERK = c-mycS %3+ transcription pathwayS 2o} AlEo] AAS o
Azl AxE F71E AFA e AS BAFA

W
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% 4. Curcumin®l] &%t d 3 HI LA X9 ]4*7374] Wst 7h)
o o}, vhHE xR AES a-tubulin® 3, a-tubulin¥} 39
overlap ®F0lal, th)eF 21 2 vhE= 100 uMe] curcumins 484
F A AlEQ a-tubulin® &, a-tubulin® 2] overlap E5
oty 2w vlustY S w curcumin A 29| a-tubulin} &
o] BFo WUt s g &+ 3
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(7F) GAPDH (HH)c-myc

9 5. Curcuminol] 9% ¥ HEAM XA ] mRNATHA A&
7. 1 laned FEolar, 2¥W laned 10 ng/m¢ PDGF= A8 3 +
o], 3¥ lane 50 UM curcuming 30% A AHZld F 10 ng/ml
PDGFE A3 Agdatoltl. 1golA 9% F laned MBstll DNA
size markerE YEFTH

L}, Immunoblote] 23+ p-ERK % p-MEK$9] 4]

-

Curcumin® &3

of,

A

K
ot
N

of o
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western blottingS A 83t tl. Curcumin®] mitogen-activated protein
kinase (MAPK)$®} extracellular signal-regulated kinase (ERK)¢] 243}
o AEZAG PAE GFES gyl skl A AS PDGFE A g
g A3 LA EANA curcumindl ¢1¥ MEK$ ERK®| ¢14Fst wh3-#
st5 w2 A3 curcuming A EEHA] &2 olA= PDGF
Akl ofs) ERK®F MEK®] ¢14bst7E frs i A& fAHs s &
T AdAoy, curcuming A g oAM= Alzto] Ao wlet
ERK¢®} MEK®] ¢14tst Aw7F fasts s gddd 5 AJoh 27 6
o ] B ufe} o] tizolAl ERKe <14ts= PDGF A 108 &5
B F7tel 24X 3704 Al §A =& sbdel, 50 uM curcuming A 2] g

o A= 8AIRMREH AA S HaEE geled o 3t MEK:= H]

o
]

o)
o
gk

53k AyE Yelyl=d 29 794 Bxo], PDGFE A g3t 168 &
RE MEKe| 14817k @43 Z74t9a, MEKe] 4barl Zol& ¥
Wazwel X S4& 98 243 F7E MEKS] <libsbrt S7kshe 2
B3] curcuming M8 Lo A= AL 7AastE AL dolst 4 9ot

_20_



ot
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——— ——— ] e e ractin
Lt
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== -..--‘-.- p-ERK
C+

0 0.08 0.17 0.25 0.5 1 2 16 24 hr
—— —————
2t

0 0.08 0.17 0.25 0.5 1 2 4 8 16 24 hr

p—-ERK

B e

1% 6. Curcumin®l] 2|3+ ERKS] &AW s}t oA B
o] 10ng/mPDGFE A& st AExE AFAIZHES o
curcumin H] A #]tol A ERK®] ¢1Aksl= Al 7bo] x| wo
w2} F7FeE A, 2ol yYERd A AT 50 uM curcumin
A gt ERKO QlAkstr F7keldvtrt ghasksich 7h)
¢ the wWH el sidst= A= B-actine control
2 HolF= Aot
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g}
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m p-MEK

a% 7. Curcumind] ©]3+ MEK$¢ &AW 3l Curcumin
vl A gl el Al MEK®| <14kst= PDGEF A2 578 <7t
st (W), 50 uM curcuming 7 A 23Fal 10ng/mé
PDGF& 254171 Aol A= MEKS <l4kstrt F7F
HAt #aEe As gdedd (#h. Ohek (th+
(hak (2ol slFstE A& B-acting controlZ X o]
T Aol
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5. DNA ladderingS %3 apoptosis &<l

Ed3l z7to] patternC® ZElA]+= DNA degradationS apoptosis©]
dxARl Sl o] A4 agarose gel H7|9E= Esko] °F 200

base pairs7}*¢] multimer® ©]5°]% DNA ladder® X.¢It}.? DNA
fragmentationS YA3I 1A DNA Aoz EAA AW, necrosisol
9] %t random fragmentation®} Awttje] Azto|ct 3 HEA X 100
UM curcuming A2 shal 48A17F F-o] MAEZFE genomic DNAE 5
=3le] agarose gel A719ES 3 A, ¥ 8dA4 EXo]  DNA
ladder+= ethidium bromide-stained geloll ¢]3l] A=A}, o]} o=
O % curcumine A 23FA &2 23} 49 lane®] DNATE fragmentation
patterE Ho|x kil 50 uM<e] curcuming A &g 3¥ laned 100
UM®] curcuming * |3k 5% laneX U= DNA fragmentation®] @ %18

S =
A+ AR

L.

= A=

fllo
J
]
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13 8 Curcumin®] ¢3 DNA laddering &4 3 H3ZA Fo| 50
UM, 100 uM$] curcuming 48A17FE <t A 2§ ¥ genomic DNAE ¢
3] DNA9Q| fragmentationS <213t 1 lane2 100bp size marker©]
™ 6% lane2 ABstIl size markerE uYERHTH 3WHI 598 laneS 50
uM, 100 uM$] curcumins 48A1%F A gk wolw 23} 4 laned 7}
zhel di gk o ko]t
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6. 2-DEE §3 23 dudo] wstE

7h d3 H&2Ax2e] 2-DE

o

AR curcuming AP stAE W AlE WolA A E=
gl o] Wists W] 9ste] 2-DEE AAlsGith 1% 9« 2-DEE 4
il W F coommassie briliant blue G-2502.2 M3 gel Alzlo]H,
el 2 curcuming 34173 24417 A 2] gE Abxlolw 7)ol ohE Zh
Zroll thet ozt AMRolth IfoA] 7R SL isoelectric  focusing
(IEF)< uYela, AZ%FS SDS-PAGEE dehdith 719 107 112
curcumine 3A|7F 24A17F A E]dk AR E 22 EasyPro—2D software
(BioBud, Co. Ltd.)E o] &3] gels
total spot 7HFek LAAE spot Hg Fol WERE vk 1™elA
reference gel®] &4 HF2 &= land markerE YWEN I, =222 land
markerE A|¢g YA spotS YEMNHY, sample gel®] T34 H T2+
Al land markerE YERH I, 3L reference gel®l spot¥} matched
spotS, ZEA-2 unmatched spot= YEMIAT thz=ad vl gsS o
curcuming 2.2 A8 3 gelol A= spotd 757t s AL Feldd 5
7F A3, izl uld] WAool 2u) o] FoEAY Eojt spot=

software 4% F3l & = AT

l

M
1%
ro

Zkz o], gel information®l
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a8 9. g8 HEAH XA curcumin Aol 93 2-DE
pattern WL, 7} thE 3AZFR 2447k o gl djzatolar,
e} g 50 UM curcuming A 2] 8Fal 3A]7kap 2441 7F Fo
2& sampleo|tl. oA 7FEES [EFS vEhd AHola, A
2358 SDS-PAGEE YEH T
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Gel Information Viewer

Sample Number: [Reference Gel]
File Name: CTL 3hr BW.tif
Image Width: 1024 pixel

Image Height: 1039 pixel

Total Spot Number: 205

Matched Spot Number: 205

Gel Information Yiewer

Sample Number: [Sample 1]
File Name: Cur. 50uM 3hr B tif
Image Width: 1024 pixel

Image Height: 1040 pixel

Total Spot Number: 205

Matched Spot Number: 74

a9 10. Curcumin 8 3A7F A3 & gz Ae+ 2-DE gel

spot 4] % gel information. Reference gel?] 1 A A= R

s

=

T+
9= Zt7} landmarker®} landmarkerE #|¢)3F Y™ A spots YERY

] sample gel®] F34 B 5 2]= land marker, 354y 222 g5

] = reference gel¥} matched spot

=

=

9 unmatched spotS YFER SITH
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Gel Information Yiewer

Sample Number: [Reference Gel]
File Name: CTL 24hr BW.tif
Image Width: 1024 pixel

Image Height: 1043 pixel

Total Spot Number: 214

Matched Spot Number: 214

Gel Infarmation Viewer

Sample Number: [Sample 1]

File Name: Cur. 50uM 24hr BV tif
Image Width: 1024 pixel

Image Height: 1031 pixel

Total Spot Number: 160

Matched Spot Number: 65

18 11. Curcumin A8 24A]7¢

¥} F iz A
spot ¥4 2 gel information. Reference gel®] 3+
#] = 27} land marker®} land markers

2-DE gel
A3} ek g

AL YA spotS UER

H sample gel® F3A HF2]= land marker, S5y 224 HF

] = reference gel¥} matched spot

unmatched spotg WEFA AT
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Y. Curcumin %4 W3} @2 9] in-gel digestion ¥ & g4

EasyPro—2DE &3l gel& &2 A= 29 10, 113 2o o=
Hgo 2 diFxaa AgatelA 28] o] zol7t uiE spots sl
in—gel digestion ¥ MALDI-TOF MS #41& 2Asdct. 29 129
spot number 13 2+ curcumin 3A|3F A&l Al Wzt H]&] 28] o]+
=0]E gpotolH, 3 2] o] =ojut spote]th. 19 139 spot number
49} 5% curcumin 24A17F A @ Al i FEEo] HlE] 2v) o] A} FoE spot
ol 62 2u] o]} Eold spotelth. T1¥ 14, 15, 16> 17 129} 139
spotS FA3 MALDI-TOF MS #4 Ax=E ZF spotd spectrum}

match® T A 9] sequenceE YEIH ZHeolu WEF I H sequence

2
rﬁ’i'

ilE 31 sequence®t spot sequence’} match® &= sequenceZ YEFY

H, 3% 12 1% 14, 15, 169 A& EUE data basedl A #HAg o)

AS FHHo7 Yetdl Aoltl SpotS 543 A} annexin VU A}

of #HAE amylase= A3 FoE S #HEFI 5 %3, keratin T

o d el vimentin©] Y calcium signal @@ @A <l caldendrine &
o

-
7H Al #EE 5 dSdHh
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19 12. Curcumin 3A1ZF A 23k gelol A #2]3F spote] o, 919 19
< curcuming A EA &2 Az gelolal of IS 50 uM

curcuming 3A17F A 28 gele] H-& ojAlzlo|t},
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13 13. Curcumin 24X 7 &3k gelol Al &3 spotd] o, 99 =1
d2 curcuming HE A &2 A5 gelolal ol ¥ 50 uM

curcumine 2441 7F A 2%k gele] H-F oAbl o| )
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1 (A)

Voyager Spec #1=>BC=>NF0.7[BP = 1804.9, 13417]
1804.9804 ~1.3E+4

90+
2193.0959

i 15427685

06.4550

% Intensity
a
g

407 2204.2296
1807.9653

30+ 9325244 1658.7579 [2208.1047 2535.3739

1914.0191
207 1441.9206

1929.0218
753 1.1316 19.2700 3024.3804

14 2354.3984 |} 5549 7550  2759.0366 037.4202 354 o607

107 8323452 4947515 1692.del
JETORS0 . J0BBI66 15760010 ) sl
799.0 1339.4 1879.8 24202

T (]
2960.6 3501.0

1 (B)
1 GECCSGTESR SRLSLRLPSV SPGPSFLPPQ RSYCQNFTMS ILKIHAREIF

51 DSRGNPTVEV DLYTAKGLFR AAVPSGASTGIYEALELRDNDKTRFMGKGV
101 SKAVEHINKT IAPALVSKKL NVVEQEKIDQLMIEMDGTENKSKFGANAIL
151 GVSLAVCKAG AVEKGVPLYR HIADLAGNPE VILPVPAFNV INGGSHAGNK
201 LAMQEFMILPVGASSFREAM RIGAEVYHNL KNVIKEKYGK DATNVGDEGG
251 FAPNILENKE ALELLKSAIA KAGYTDQVVIGMDVAASEFYRAGKYDLDFK
301 SPDDASRYITPDQLADLYKS FIKDYPVVSI EDPFDQDDWD AWQKFTATAG
351 IQVVGDDLTVTNPKRIAKAA GEKSCNCLLL KVNQIGSVTE SLQACKLAQS
401 NGWGVMVSHRSGETEDTFIA DLVVGLCTGQ IKTGAPCRSE RLAKYNQILR
451 IEEELGSKAK FAGRSFRNPLAK

18 14. Spot 1 @& o] MALDI-TOF-MS #4143} spectrum % o}7]
A A (A2 spot9 spectrum A¥ola, (B)e= ofv|iAl Adeo] A

#FS A= protein IF9 opH| A A F

Folth, (B)AA EE X FHL
spot®] M F dAshE e HERY, £44d2 Enolase 1 w3 9]
internal sequence S <& 4 St
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3 (A)

Voyager Spec #1=>BC=>NF0.7[BP = 1571.0, 10002]
1570.9350 1.0E+4

% Intensity
@
g

1444.7248

10+ 14957935 1777.8892 2378.1976

11256330
84.9822 2498.4793
ot0.3747 | 11987136 14«{7 g le7s. gfﬁ‘u 18632911 MM 28961510 5655 0676 3079.0027 _3276.3567
28330078, 20790927 ERINT. .| o

799.0 1339.4 1879.8 24202 2960.6 3501.0
Mass (m/z)

3 (B)

1 MSTRSVSSSS YRRMFGGSGT SSRPSSNRSY VITTSTRTYSLGSALRPSTSR
51 SLYSSSPGGAYVTRSSAVRL RSSMPGVRLL QDSVDFSLAD AINTEFKNTR
101 TNEKVELQEL NDRFANYIDKVRFLEQQNKI LLAELEQLKG QGKSRLGDLY
151 EEEMRELRRQ VDQLTNDKAR VEVERDNLAEDIMRLREKLQ EEMLQREEAE
201 STLQSFRQDV DNASLARLDL ERKVESLQEE IAFLKKLHDE EIQELQAQIQ
251 EQHVQIDVDV SKPDLTAALR DVRQQYESVA AKNLQEAEEW YKSKFADLSE
301 AANRNNDALRQAKQESNEYR RQVQSLTCEV DALKGTNESL ERQMREMEEN
351 FALEAANYQD TIGRLQDEIQ NMKEEMARHLREYQDLLNVKMALDIEIATY
401 RKLLEGEESR ISLPLPNFSSLNLRETNLESLPLVDTHSKRTLLIKTVETR
451 DGQVINETSQ HHDDLE

19 15. Spot 3 wl A o] MALDI-TOF-MS #4723 spectrum % of#]
=2 4E. (A2 spotd spectrum Aol (B)= ofv|w=qb Ee] A
doltk (Bl 2E F #HS SH = protein LFo ofn w4l A d
spote] MY T dAst= A4S WERT, £4 43 Vimentin T 2 9
o

= =
internal sequenced S & 4 Atk

-
1o
=
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5 (A)

Voyager Spec #1=>BC=>NF0.7[BP = 1660.9, 19764]
100 1660.8347 L2.0E+4
%0
1034.6210
80
70
> 60 2051.9714
Z
2
§
£ 50
%0 1675.8349
20 19690517
20
13026789
1763.8950 2065.9643
10
8425605 11306579 | 350,677 17778062 26302120  2853.8591
N 1(j03.5547| 12} 581 159905465 L \2072{1730 9256 8734 }2653 6551 | fo 22457773 3312.4235
799.0 1339.4 1879.8 2430.2 2960.6 3501.0
Mass (m/z)
Voyager Spec #1=>BC=>NF0.7[BP = 1755.9, 19205]
100+ 1755.8951 1.9E+4
90
80
70
= 604
2
H
£ s0q
401
8425459
304
20
10804345
1 | 705670 1759.8439
2015.0492
944 5657 12235088  1426.0911 Jneesse - mo 5049 2260.0302 2569.8306 27561510 _ 2980.6702 3179.8395 |, o
799.0 13394 1879.8 2420.2 2960.6 3501.0
Mass (m/z)

1 MGNCVKSPLR NLSRKMRQEE KTSYMAVQTS EDGLADGGEL PGPLMMLAQN
51 CAVMHNLLGP ACIFLRKGFA ENRQPDRSLRPEEIEELREAFREFDKDKDG
101 YINCRDLGNC MRTMGYMPTE MELIELSQQI NMNLGGHVDF DDFVELMGPK
151 LLAETADMIG VKELRDAFREFDTNGDGEISTSELREAMRK LLGHQVGHRD
201 IEEIRDVDL NGDGRVDFEE FVRMMSR

a3 16. Spot 5 @A} spot 6 T AL MALDI-TOF-MS &2 4 3}
spectrum % o}k A, 5 (A9 6 (A)2 ZF spot®] spectrum 23
olal, 6 (B)2 oln=Ak Ao Adtolrt. 6 (B)ollA B=E N 1& A=
protein L9 ofH =t DI spotd] ME F dATE AES HERY

22 A3} Caldendrin ©® 2 9] internal sequence® < <& 4 3t}

yo, flo
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¥ 1. MALDI-TOF MS #Ajo] 23 22 14

) Sequence
Spot M. W ) Assession ) .
pl Protein 1. D coverage Protein function
number (kDa) #
(%)
_ Glycolysis
1 51.20 6.70 Enol protein AAH63174 28 pathway
3 53.70 5.06 vimentin S22119 23 Cytoskeletal keratin
Recombinant Rat
. Anti-inflammatory

5 35.88 5.20 Annexin V, 1BC1 18

Quadruple Mutant

protein

Caldendrin, isoform
6 25.90 4.77 59

Calmodulin-like
CAC42417 15

protein
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T&33 CDGE 7HA 1L &
= gj’/]’ CDG AARFo 2 =

5 7 ig%l:,}xq];i_q] AFS FA FYA a-glucosidaseS ] 28}
curcumin® 2 A Z S wo =, & HEIAE F2]S IAFA L

| , 1
a9 1794 HXo] CDG AAWe 2= F21Y
9k 35 units® a-glucosidase® 3087 A Hgste] Hube A o=

curcumin® H] e AL Holw Ay HIA L ZAL oAy}
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40
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° » —— CDG
0 ‘ ‘ . |
+
125 25 375 50 75 100 150 200 CDGJ“Q'”'
Curcumin

Concentrationof curcumin (uM)
Curcumin + Glu.

19 17. a-Glucosidase®] 23+ CDG9 &4 4.
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ok’ B g3 el Mg e
% A (contractile form)= &4
stchzt 3 oA EZe &Aooz et o] wFo] FHWH F24g
& A (synthetic form)= A3t 3 AN EZT &40 = Qs
=9 g3 HEIAEE 4F AR F extracellular matrix(ECM)
I HEet] AE T4 F olso A=5E wol A By AP

bl =
whe AW g AetAE date] waE F4o] opyldr avnE

i

N

anti-oxidant, anti-inflammatory, anti-cancer, anti-proliferation 7| ©|
dH A Ae curcumine FHA IS AFHATO A5 W ZIHAL
Aol B AT ME curcuminell o3 @ FIAE] B S
ool Al EHE HI|ste] WSTel 93t AEAEE 3
RT-PCR, western blottings= 2 A3} 1L, apoptosis & AFE #&
3l7] 913le] DNA laddering <

Curcumine serum¥} PDGF © 93] %% mitogenesisES < #| 3t}

B FHo] 9gom? B AFdAE 5% FBSE 353 uwlz 9 PDGF A}

ol g ®wkgs ol &ste] Asdin. du HdIAEe e
curcumin® %] vl @] Aesigon d9 FITAE =2 AL

% curcumin %Eoﬂ Hlglste] A [T (27 2). PDGF A= digh
4& RT-PCR® A3 & 23, o F&2A E oA
xzd ¥ ndlS w curcuming A E A EAHE c-myce] 2Eo]
AaEE AS 2 4 AdJdrh o= curcumin®] ERKOlA c-mycl & %
3} transcription pathwayE 9o} AlX el A4S AAste] ANE F7]&
Gi stagedl A HEFA stth= AS gl A2 Aol o]e; A

o curcumin®| mitogen-activated  protein  kinase = (MAPK)<%}
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extracellular signal-regulated kinase (ERK)2] @43} ¢} Al ¥ A Ao n] ]
= TS Fetr] flste] A PDGFE A3 @3 FLIAE
AN curcuminell 23 MEK<} ERK®S <QI4tsl wrg¥3sE H|wstod)
I AP curcuming A A @2 oA = PDGF A=l ¢ ERK
¢ MEK®| 1437l fesa AL fFAHE S S0 5 Ao,
curcuming A 2] & ol 4] 73 ¥3gtel whel ERK9F MEKS] <14k
st A7t Aadte S S99 5 AJnh Curcumine] Al EQ] AH4E&
AAlstel ME F715 HFA sl Aol apoptosis® oA A TE
e As Ay
isothiocyanate staininge &3 <1333, DNA ladderingsS S3l THA]

sk Y5y 5W¥ek x27be] patterno®Z ZEA|E=  DNA

LA

Al 7Fo]

oe
dotrfr

re

791 caspase-3 activity®} annexin V-fluorescein

degradation< apoptosise] WEAQ EH ol o] AAS agarose gel A
719%S 53] oF 200 base pairsZFA 9] multimer® ©]Fo1x DNA
ladder= .21t} DNA fragmentatione <43k 7+Z o] DNA Ado g &
A A A necrosis®] €3t random fragmentation®@} “uboje] A x}o]t},
A2 AE] 100 uM9] curcuming A 2| 3haL 48417 Fof] Al E=Z
F-E genomic DNAE F%3}¢] agarose gel d7]19 %S 3 Z3 DNA
fragmentations Q1 4 Q)

v FEZAZ curcuming A st AlZFo] Ao whel Al E 9
Fe7t Aol by EEoR Wake As dAnAS F3 gt
AEZ7E 5T o MxzAA golrr] 918+ curcumin A 2wt ¥} H]
A9 a-tubulin WEYFES #FSH AL, v A g HwgdS v A
ol A o] Al & A A ¢
o curcuming A aAS W AEWelA T H
7] $18le] two dimensional electrophoresis (2-DE)E A&t
EasyPro-2D& %3] gelS 43 A3} curcuminA @ 34 =
sample<> A 2]8}#] &2 sampled} Hlus] WS wf, HA| spote] 47F

3

A5 A 2ol YA Z= AS FAsH o, curcuminA B 244 7F
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Abstract

Anti—proliferative mechanism of curcumin in vascular

smooth muscle cell

Hee Jin Sung

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Kwang Hoe Chung)

Atherosclerosis and post-angioplasty restenosis are characterized by
the abnormal activation of vascular smooth muscle cell (VSMC) and
inflammatory cells, and the excessive accumulation of extracellular
matrix (ECM) proteins. In general, VSMC which is a contractile form
maintains the blood vessel, but VSMC is transformed into a synthetic
form by blood. When vascular endothelial cell is injured, VSMC is
activated via contacting with growth factors and ECM proteins. The
activation of VSMC causes the neointimal hyperplasia and finally
interferes blood flow.

In this study, we treated curcumin, an anti-oxidant and
anti-inflammatory compounds, isolated from the root of the plant
Curcuma longa L. to rat aortic smooth muscle cells (RAoSMCs) to
investigate its anti-proliferative mechanism. Cytoskeletal change of
RAoSMC treated with curcumin was characterized by a-tubulin
staining and cell signaling changes were also investigated by western

blotting and RT-PCR analysis. Apoptosis of the cells treated with
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curcumin was demonstrated by DNA laddering analysis. Also, protein
changes of curcumin-treated RAoSMC were determined by 2-D
electrophoresis, in-gel digestion, MALDI-TOF MS, and proteome
bioinformatics analysis.

These results showed that curcumin inhibited serum- and
PDGF-stimulated proliferation of RAoSMCs in a dose-dependent
manner, by arresting GO/G1 phase of cell cycle and inducing apoptosis.

Also the mRNA level of c-myc in PDGF-stimulated RAoSMCs was
significantly reduced, and cytoskeleton was not changed in spite of cell
shrinkage. Proteomics studies revealed that enzymes which 1is
participated in metabolism were reduced and heat shock protein or
stress protein were increased.

These results suggest that the effect and inhibitory mechanism of
curcumin on vascular smooth muscle cells are due to specific inhibition
of the PDGF-signaling pathway, cell cycles, and activation of
apoptosis. Also, we have tested the biological effects of
curcumin—-diglucoside (CDG) which is a soluble derivative of curcumin
on SMC.

Key Words : vascular smooth muscle cell, curcumin, anti—adhesive and

anti—proliferative effect, signal transduction, apoptosis, proteomics
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