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Effects of Curcumin on Apoptosis in SW480 Human Colon Cancer Cell Line*

Choi, Ok Suk * Kim, Woo Kyoung’
Department of Food Science and Nutrition, Dankook University, Seoul 140-714, Korea

ABSTRACT

Curcumin, a natural compound extracted from rhizomes of Curcuma longa, has been shown to possess potent anti-
inflammatory and anti-tumor activity. The mechanism by which curcumin initiates apoptosis remains poorly understood.
In this study, we investigated the effects of curcumin on caspase-3 activity and protein expression of procaspase-3, Bcl-
2, Bax, total Akt and phosphorylated Akt in SW480 human colon cancer cell. We cultured SW480 cells in the presence
of various concentrations (0, 10, 20 or 30 uM) of curcumin. Curcumin inhibited colon cancer cell growth in a dose-
dependent manner (p <0.05). Caspase-3 activity was significantly increased dose-dependently in cells treated with cur-
cumin (p <0.05), concisely procaspase-3 expression was significantly decreased. Bcl-2 levels were decreased dose-
dependently in cells treated with curcumin (p <0.05), but Bax remained unchanged. In addition, phosphorylated Akt
levels and total Akt levels were markedly lower in cells treated with 20 uM of curcumin treatment (p <0.05). In con-
clusion, we have shown that curcumin inhibits cell growth and induces apoptosis in SW480 human colon cancer cell
lines via Akt signal pathway. (Korean J Nutrition 37(1): 31~37, 2004)
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FeuEelM HE 4F ¢ 2AEC] F7kIe] 2001
dxolles o QI AMEEC] MM AMYES 24.4%F
2pAjste] ARE A1 1915 AASHA e o) dle
EE /4, 874 Sol 9FE miAe Aer RuHy I
om? BA/AA} FelAE 4ol ek Y T &
N o) & Hlol Az AYMY £ 22 g o
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olof oF& oulEly X EaH= okEul A1E 9] Jjulo] gt
A o] FAA T Lot kAl A R SEAR
fzhgo] Aste] FAIZE Hi ok 3R R {fahgo] 4
oA fragh A RS ) Y8 AAE] EAst
A 249 A Be A7 @Es] =T
Ak

Curcumin [1, 7-bis~ (4—hydroxy—3—methoxyph-
enyl)—1, 6—heptadiene—3, 5~dionel < &= (Curcuma
longa) &l 2o FZ% turmeric %9 F2 FA4
Lo 87l 180 mg FotAE F2go] e
FHe 24T A Ak FALRAA curcumin
o A& dAE Y AEAPANA GAE] F4S
AAh= oz deA Aok? 181 curcumin®] o]
AN MFAPEE FAS= Ao HuE T gloryo?
curcumin®] A EAPHC| WA AX, Ex}BESHA 7)Ao
M e ot gdeA YA gk

MEAFE (apoptosis) & AAMFEAPE (programmed cell
death) & A2 9% (shrinkage), DNA 4 (DNA fra-
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gmentation), caspase® ¥#A] Q= cysteine protease?]
Y 507 ERAYALL ARt oz NFAPEL T 7HA|
U2 A2e g8 dojup=] shie &Aui7iRE 2ol
e shbe 3 ER0] fEdHs AXAFEAZo Y
A HA A Zo*= tumor necrosis factor (TNF) family £}
& cytokine®] 159 death &418 2851 Aaby
O caspase—3S AIAA HEAFES FESKE Aotk
olol= g 35t B4 o3 fESE AFAPEZR RN
caspase—8¢°] &3t BIDS] #&l|=7, n|EZ=2|o}2RE] 2
cytochrome ¢ £H] &4 caspase—99] &A4IE F3t
caspase—39 A& FEIt) nEECZop) B
5}t M| EAPEol= Bel—family 7} #osl=d] Bel-2 fa-
milyoll= AZAFES dAlshs duids) 371 O
A7 FAHo Uk AFAPEE JAFE D=
Bcl-2, Bel-X, Bel-W, AZAFE S £3A71E G
= Bax, Bad, Bak 5°| tj¥&o|n Bcl-2% Baxel +
o] MIFAFEE K= T3 AL s AoR
dA ik

a8Eg B AgeME curcumin®] rebahgol ot
71A& A7) 98 curcumin®] YAEAN HFAPES
fF5E8h=A], o371°] Bel-2 family, Akt7} #ojdh= X &
olr w1} 3pict

LELE

1. NEZF 3 MUY

Ao AREgE Q7FS] hAAFAIEQ] SW480 cell>
ATCC (American Type Culture Collection, USA) oA
Qlalgitt. MlZe= 37T, 5% CO, incubatoreld] Dulbecco’ s
modified Eagle’s medium/Nutrient Mixture Ham'’s
F12 (DMEM/F12, Gibco/BRL, USA) & AM§-3t0] wljkst
Sk 3% FHTE A §98 9531 0.22 pm pore
size membrane filter (Millipore, USA) & ARE3lo] &
a5, AEY 18 98] 10% fetal bovine sereum
(FBS, Gibco/BRL) % 2e@¥A1E 93 A= 1,000
units/ml penicillin, 1,000 z#g/m! streptomycin (Gibco/
BRL) & H7}stlch MEi= dishd 80% A= A5kE o
PBSZ #oF 1L trypsin EDTA (Gibco/BRL) S #2)8}
Al wjoksln WixE 2Yvich w@#sle] =0} Curcumin
(Sigma, St. Louis, MO, USA)<2 dimetyl sulphoxide
(DMSO, Sigma)°ll 25 mMZ stock& THE0] ¥F H3
3lo] ARSI UiETE TS BE wellels DMSO
9] =5 s s

2. NIEZNAY (MTT assay)

Curcumin®] H7Fs% 7P F2lol| Xl 4&¢E dot
B7] 88l MTT assay3 A5}tk 24 well plate©
2.5 x 10* cells/well®] 52 plating &+11, 48417 3o
FBSE A7I5HA] %<& serum free medium (SFM, trans-
ferrin 5 pg/ml, selenium 5 ng/ml) °.& ¥iA|E W3}
24A17F & 0, 10, 20, 30 uM9¥ curcuming mediumoll
H7ysl] wekEldo). Curcumin 7} 3 0, 48, 964]710]
733 & MTT assay 07 Aolle AXE 533t
RFct. MTT [3— (4, 5—dimethylthiazol—2—-y) -2, 5—
dipheny! tetrazolium bromide], sigma, USA)E 1 mg/ml
£ 1 m® Q2 37T, 5% CO, incubatorelA 3AI3F in-
cubationA# iso—propanol 0.5 ml°] €31A1Z1 th& 490
mng] 3ol A microplate reader (Molecular devices,
USA) £ ojg3t FFEE FHsISh

3. Caspase-3 activity &8

ApoptosisE FE3h= caspase—3+E cystein protease
family2M 843t=o] 71424AQ] DEVD-pNAE £
#3lo] p—nitoranilin, pNA-S AAdsh=d] olzst A&
o]g3lo] pNAS FEU oz FMYATE AT 4 Uk
Curcumin® 2|3} vjjokst AEE 2 X 10° cells/mlE
w30} 2,000 rpmo2 YA Felstn AEdE v
AEZS Aot MEol x7RE lysis buffer 50 pl1E 3
7¥sln 1083 A-5-9elA 37l 4T 15,000 rpm S
2 1087 94 228t o]Ae] AF9 50 plE 96
well platee] $7]13L 2X reaction buffer/DTTEH& 7}
3t the 37CelA incubationdlgith. Caspase—3 subst-
rate (DEVD—pNA)E #7Fete] 3A17H5<t 37 CollA] in-
cubationdt ¥¢l 405 nmellX FFEE S5t AP
AL gzl dist A SAFERE FASSIE

4. Western blot &3

A3 s ofe] deige] WES western blot
& Arate} goprrt) SW480 celld 1 % 10° cell/dish
9] ¥%2 100 mm dishel] ¥53l1 48117t Foff SFM
o2 wixg m@ska 2443 ¥ 0, 10, 20, 30 microM
9] curcumin medium$& o] WEBIGITE 48417F Fo
NZSE mediume TLHSIT T T 2447 Fol| e
rinse buffer (PBS, 1 mM PMSF, 1 mM sodium ortho-
vanadate) & o|-&3lo] Mt AEE Fol 1000 rpm
olx] 583t A4Ra)slIlth xR lysis buffer (137 mM
NaCl, 20 mM Tris—Cl, 1% triton X—100, 10% glycerol,
1 mM sodium orthovanadate, 1 mM PMSF, 20 pxg/ml



aprotinin, 10 xg/ml antipain, 10 gg/ml leupeptin, 80
rg/ml benzamidine HCDE 1 ml® ¥o] 4087 4T
2] end of end shaker®. incubation A17]Z 12,000 rpm
oA 1087 AaEE] o & FFAE Rof AEE AN
313t} Bio—rad o2 595 nmold FHFEE 73319
Gl A-S A 1990w 4~20% gradient sodium do-
decyl sulfate polyacrylamide gel electrophoresis (SDS—
PAGE) A ©#12-& #2]3t ¥ immobilon™—P memb-
rane (Millipore, Bedford, MA, USA)¢ll 4C, overnight
© % transferdloith Membrane2 5% milk/TBST (20
mM Tris—HC|, 137 mM NaCl, 0.1% Tween 20, pH 7.4)
2 A&oA 142} incubation & ¥ Lolx Al sh= gt
WA 9] antibody (Bcl—2, Bax, Akt, pAkt ; Santacruz,
USA, procaspase—3 ; Upstate) & AFE-31¢4] incubation A]
Zth TBSTE Hojdl & t}A] anti—mouse Ig horseradish
peroxidase/TBST X+ anti—rabbit Ig horseradish per-
oxidase/TBST (Amersham Buckinghamshire, England)
©% incubation’#3l, Supersignal® West Dura Ext-
anded Duration Substrate (Pierce, IL, USA) ARE38}o]
Al A7)l & X—Omat film (Kodak) 22 #7438l high
molecular weight marker (Amersham, England) 8 £}

v W] #4813tk 2 M=t densitometer® %

2 33] HHEEII) SAS A TE RS 9]
%6P°1 BE NXE= HE + FFAE BAEKeH, B

22 (ANOVA) 02 B35 3 go)Ado] et 8&
“fof ] Duncan’ s multiple range test® p < 0.05 GolA
7k ApolE AF I

AL ¥ 1%

1. NESA0 A 3%

MTT assayZ YoM MEZ248eA curcuming 3
7V ¢k tizFof ¥l8l curcumin® H7} 5t SV
FE AEFAo] FH o AAHUT (p <0.05) (Fig. 1).
Curcumin®] #¢¢aE= oz APoA Busy glon,
benzo [ alpyrene® 7, 12—dimethylbenzen [ aJ)anthra-
cene'™ol| 213l ¢ko] JAE AAEla1, phobal ester® F%
H ¢ko) 2RAYE At Ik £3 curcumin
S TR Q9L it Y] S ARl
thal Basta Yo curcumin®] o3E 7o} &l It

BESHEDEHE 3701 :31~37, 2004/33

288 53 YA dEire & A gA Yk
2. Caspase-3% ¥4 procaspase-3 2

Caspase—3+ AZFAMHAA Fo3 d&E = O
A2 #FNe] curcumin®] H7Fe] 20 uM oL cas-
pase—32] o] FolAo g Frskeltt (p <0.05) (Fig.
2). Caspase—3+ E843P4 |91 32 kDa®] procaspase—
3 ez St F Y Fe 2tz RalEwA B4
A7) At} Fig. 394= curcumin®] 37}el] wet 20 uM
o)dollA] procaspase—39] WHo] FoH o7 Task= A
o7 E 4 9lod (p<0.05) ol Fig. 2049 &4 &
7k} A8t it

Q1A leukemia U937 cellselX curcumin 3714 10~40

uM AleellA dose—dependentdHAl procaspase—32 ¥

o] 743810111, ol £ drellrel & W e E DEVD-

Absorbance (at 490 nm)

O ouM
SE| B 10uMm
8 20 uM
4l | B 30 xMm

96 (hn

Fig. 1. Effect of curcumin on cell proliferation. Different alphabet
represents the significant differences among groups at a=
0.05 by Duncan’s multiple range-test.
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Fig. 2. Effect of curcumin on caspase-3 activities in SW480 cells.
Different alphabet represents the significant differences am-
ong groups at e = 0.05 by Duncan’ s multiple range- test.



34 [ RIA E A curcumin} A EAPE
pNAE chromophore p—nitroanilide (pNA)Z #3)3l=
AT =2 casepase—39] DA E S5 E 1 10
uM ool A] caspase—39 EAo] FoHo® FIFEIS
o gE)a oGAHIES SW480 cellmf? 1A|2] A%
Caki cell*lA® curcuming 50 uMZ F718133& 9 cas-
pase—3°] Z7¥sl8ctn 319 curcumin A7HX] caspase—
3 g FTlell ot AEAPEe] REHGCH ol # AT
Atel YR

T2y g2 A thAkAEQ]l LoVo cellolA] curc-
umin®] MZAPEE F7HZ o caspase—39) B4 #+=

Procas-
pase-3

B-actin

Percent of control
g
T

0 10 20 30 (M)

Fig. 3. Effect of curcumin on pro caspase-3 expression in SW480
cells. Different alphabet represents the significant differences
among groups at  « =0.05 by Duncan’s mulfiple range-test.
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Fig. 4. Effect of curcumin on Bcl-2 expression in SW480 cells. Diff-
erent alphabet represents the significant differences among
among groups af @ =0.05 by Duncan’s multiple range range-
test.

FHo] ks Ra%w gk

3. Bcl-29f Bax &8

A ZAFE oA Bel—2 family 8] 282 gotr7) S Al
FAPHE AAISH: Bel-2¢F AEAME S 315K Baxd
442 western blot© 2 ¥oRL Ayh= Fig. 4, 59} #th
Bel-29] #d2 curcumin® M7} VRS oA
=9l em, 20 uMFE] 241 zlol7t el (p < 0.05).
284 Bax 28-S curcumin A7) whE f2Fel A}
o7} YehA] okrt. T8 Bel-2$ Bax®l HlEE
AAKsE A= curcumin® F7FsE0F ZU1EE 1 H)
&2 73l 20 uMRE 802 433 (Fig. 6).

Bcl—2 family= AIE Hrolut AlZU9) 438 Agis

Bax

B -actin

140
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Fig. 5. Effect of curcumin on Bax expression in SW480 cells. Ns:
Not significant.
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Fig. 6. Effect of curcumin on Bcl-2/Bax ratio in SWA480 cells. Diffe-
rent alphabet represents the significant differences among
aroups at ¢ =0.05 by Duncan’ s multiple range-test.



FQ% AsHAGAAZA S 5P, Bel-2 DL LE v
EZogol At kS sk I E 484
QA1 BaxE cytosolold vlBEZEgelz o)lFslaA B
EFZTgol2RE cytochrome ¢ #HIE £R38)0] A=
AFABE FR8h= 716S 7K1 Qi wvhde| Bel-2&
MEZEolRS] Baxd] olFS AABEEN MEAFEE
AR E FE-E ITRP® TJEBER B-2 $59 7
2% Bax9 ©)5& FAAFCEH cytochrom c& #H|E
23k 207 Hoptt,

= A7elA ufektell F7k8ke curcuming] &7 T
7ol w2} Bel-29] @@ sty Baxd 2@
W37t Qe 2307 Bel-2/Bax BHlE0] @A EHA
7A439] curcumin®] AEAFEE FE8HE Z0E 4 F
ATk

Miyosh 2 curcumin® E&stn Y& 79 3
£50)] el T lymphoma Jurkat cellol|4] procaspase—
39 B35 FRN7]1L, caspase—39 BAE FETOEH
AZAFEE FE3ked o) Bel-29] $ddA el Bax
0 ke ®edo] Qlthn R sk e kA
9] H-ras MCF10AYIM%E curcumin Bel-2¢) @dE
AAE}aL, Baxel 2AE FVMAIA MIAPEE FESItL
Bt ok

I8y Bush 2% A melanoma cello)d curcu-
min®] H7R= M Eujerde] Hyld g} ARtelEHoR
AZAPEE G531 Bel-29) Sdoles d3e] 3l
Fas receptor aggregations £218}2 2 death receptor
pathway®l| 23l A|ZAPE-E POk B usigick 1<)
Burkitt’ s lymphoma®ll4£ curcuming *#*= c—myec,
Bcl—2, mutant~type p53 ©@#A7 mRNAE #aA]7]H
Fas @2 Z7MAAH F71A] AZe] o3 BF AEA}L
Fg F7MGA SF3ith o]g} o] curcumine] ¥t
AFAPE71H0] 246 nje} th2rhe Zie & 5 Qlth

4. Akte}pAkt &

Akt SALHE curcumin A7l Zl8E A
3 20 uM ool el zlolE HolH (p < 0.05)
(Fig. 7), QArste Akt W% 557t 2715l wet
feld oz Zhasiitt (p<0.05) (Fig. 8).

AktE AZAPES AABIE R XY YEE 223
2 HMN1AZM C2—ceramidedl] 23l =% Al
EApPgo] B3k Aktell ofsl) JAEE A% SEECEY
Akto] JAksH= Akte] BT #REo] e 7)AL
kA kot Akt BaxE QASIAIFHCEA Bel-29)

BB EESEE 37(D 131~37, 2004/35

Akt
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Fig. 7. Effect of Curcumin on Akt expression in SW480 cells. Diff-
erent alphabet represents the significant differences among
groups at ¢ =0.05 by Duncan’s multiple range- test.
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Fig. 8. Effect of curcumin on pospholyrated-Akt expression in
SW480 cells. Different alphabet represents the significant diffe-
rences among groups at ¢ =0.05 by Duncan’s mulfiple range-
test,

g AFste] AEAPE S dAAIE ZoE Bausn
9}

Squires 527 A FEYAE] MDA-MB-468°]
A curcumine 40 uMolld Aktel QUAEELE oJAsled Akt
o] B AR NZAFES Rk Rusiich
T3 curcumine A2 Caki cell|4 Akt2] dephos-
phorylationg &3t (75 uM), AFAFES A=
Bel—2, Bel—-XL @& 9-& A A|81al, cytochrome ¢
9] #4], caspase 384E FXFULE? & dApeME
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A it AEQ SW480 cellolA curcumin® Akte}
#AY ME survival pathway s Z/381] ATAIEE &
Ash= Ao Helr)
g0 9 B2

ATE curcuminell ¥ MEF2 AAI7F NEAPE
7} BHo) YEAE Lolwrids A=A A o
SHAIEQ) SW480 cell2 vi3HAA curcuming i
o 0, 10, 20, 30 uMZ A7AI7IEA MEZAT AFAL
Fofl FHF o Wy Y& BT Curcw
min®] F7PsErt Z71EFE frAAHoE MEFHo| o
A=A, caspase—39 B FAHoz FUIEleH
ol= 2843 32 kDa?l procaspase—3 W& A
9} AXFA}. AZAFET BRAE Bel-family ] 2o
2o} curcumin®] H7Fe MFAFE S AAlshe Gz
Bcl-29] B&dg angla, HEAPE S X8k Bax 9
Bofl= Gg Fx) skt AHF O Z Bel-2/Bax
v]go] ooz 7haslnh gk Akt pAkt LHE
curcumin®] 7ol oJs) foHow AT A=
< FFrd, SW480 AA thiAYAEAA curcumin
Akt AIZAGANIAZE JATOZH, MFAPEE A
3= Bel—-29] whle A8k, caspase—32 BAE F
FANA HNZAPES FESI] AEFTAE AR A=
B]IT) o]72A AFA AF] EFEo] AN A
FH& F A curcumin®] AEAFES Hojd g7} ok
g & F 9o, ol ¢ XEsh= oFEolY 7T
21 F] A2 2AEN AN 7= AAIE v

S
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