Journal of Korean Association
of Cancer Prevention
2004; 9(4): 244-252

Curcumin® 43}t A MCF-7 A =2 94 a3

FAdista Ay sty CAHARA7EATAH, g g T A,

Inhibitory Effect of Curcumin on the Growth of MCF-7
Human Breast Cancer Cells
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Curcumin, a natural phenolic compound present in the rhizome of turmeric, is com-
monly used as a coloring agent in foods, drugs, and cosmetics and exhibits anti-inflam-
matory, anti-oxidant and anti-tumor activities. The four members of the epidermal growth
factor receptor tyrosine kinase family is implicated in the genesis or progression of human
cancers and the overexpression of ErbB2 is associated with a poor prognosis of breast
cancer patients. The present study examined whether curcumin inhibits MCF-7 cell
growth and whether such an effect is related to changes in the protein expression of
ErbB receptor family. When MCF-7 cells were treated with different concentrations of
curcumin, curcumin decreased viable cell numbers in a concentration dependent manner.
Curcumin inhibited DNA synthesis, induced a G1 cycle arrest, and induced apoptosis
in MCF-7 cells. Western blot analysis of total cell lysates revealed that curcumin
decreased the protein levels of ErbB2 and ErbB3. Curcumin decreased the phos-
phorylation of ERK-1/2. These results indicate that downregulation of ErbB2-ErbB3-
Erk-1/2 signaling may be one of the mechanisms by which curcumin inhibits MCF-7
cell proliferation and induces apoptosis.
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Curcumin [1,7-bis-(4-hydroxy-3-methoxyphenyl)-1,
6-heptadiene-3,5-dione]> &3 (Curcuma longa)2]
ol 53 A Fturmeric) 9] F2 A& FES
2, A% 5 Baolrloll A Ay FAE
ZA EE 92239 kxz AFR-EA T Curcu-
min& Fstan” FdTan’s vepd e
ofue}t A3k ﬂ%‘ a397} e Ao R Huy
: A o] dRe spshiehd S
¥t o2 s W oo AAe JA
o] curcumin®] 2J3] FJHoZ ZAFATL B

13+t Curcumin® 3 F-QHETH ofuje} ¢, 4]
ol N, W & FHE FAAATLY FAE
2 A3 AF A E curcumine %HOL%L’HJ” 8]
Aok Lol gy o] =218 A5G} Cur-
cumin> HY Ao FQA3}HA X]'B-’él-—“— NF-kB2]
FE3 AsfAZ Zgste] o] A B/ IHE
AAS AL Az AEF7) DPL W)t
apoptosisE FoFo2H FAHE F2Z JA
st T We B 37b 9o curcumin® A E F
2 AA 71l el geEetA v A A sk

p449} p42 mitogenic-activated protein kinase
(MAPK)¢1
(ERK)-13} ERK-2+ serine/threonine protein kinase
2 AZIY AsHLd T3 985 ot ERK-
12¢] &4 A& ALY ERK-1/2 transcriptol
& antisense RNA EAES FY3tA'” growth
factorell Ja FXH= FHAAES AALet Alx
Z2o] AudETE B glon o]E= ERK-1/2
b AE FH o A8S TS AT
ERK-12= ¢]5-¢] ofg 25| o8 &A4s}sa,
= °] ‘ﬂ}_% 1 A2 E83l= growth factorZ} Al
Holl A= receptorol]l AFstA dH A%
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st Ao s ERK-1/27F &35 o] AlXE F24
of 83 Z-&& gt} 12} ERK-1/29] &4
Ao s Frlstd e 5 o wAw
HolE X3

Tyrosine kinase &S 7}A|3 Jom MX %
Holl £ 3F= receptorE 2 9| H-9] =S M E
2 Hgste] MAPK 5% 22 o “/M‘éon Al
o= 7& Zale wiNAE ZEsh, & Ze &
o] A= ALZ LHFHY. ErbB receptor famlly\_
epidermal growth factor receptor (EGFR or ErbBl),
ErbB2, ErbB3, ErbB4E T =0l Qi tix 2l
receptor tyrosine kinase %9 3}iu}o]t}h. LigandE ©]
ErbB receptor®l]l Z 33} receptor®] tyrosine Zt7]
7F Q2ksEH, 14F8}E tyrosine 7]+ intracel-
lular signaling protein®] Z3tAle]9] G&-& 3},
phosphoinositide 3-kinase/Akt'? TEE ERK-1/2°" Al
339 AZ2E EAgs) o7 oA ErbB gene
Eo] wo] 713t aL,>” ErbB receptor family:
o] A B M ZE AfAol e A=
BuxE3 tl Slamon 2 3 WA
A], Safran 57& 4]o]A)% ¢t A] ErbB27} #H
A9 stk el A ErbB29}F ErbB39]
mRNAS| 33} T d o] FFo] F7igto] w3
H A ErbB receptor family®] o] ¢Fol
A2l F9] s Z AR EH 2 F ErbB receptor fam-
ilyo] #4d A g 2 g A5 T8
FHoZ AT 4 Uk

E AFNAE curcumin®] 17+ f-¥F Abu
A frElgk bAIERD MCF-7 AlX 9] F2 0
© TS At Y 1A AHe g¥o
curcumin®| ErbB receptor ¥& 3} ERK-1/22] 91
stoll MXl= dFS A LA SFATH
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MCF-7 A|3Z(HTB-22)% American Type Culture
Collection (Rockville, MD, USA)SlA 43t}
M Euj el AFE-3F Dulbecco’s Modified Eagle’s
Medium:Nutrient Mixture Ham’s F12 (DMEM/F12),
fetal bovine serum (FBS), penicillin-streptomycin,
trypsin-EDTA 52 Gibco/BRL (Gaitherburg, MD,
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USA)ol A Y39t Curcumin, 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
RNase A, propidium iodide, 7-amino-actinomycin D,
dextran coated-charcol, anti-B-actin antibody & 2
Fol AH&3 71E} Al 9F-2 Sigma Chemical Co. (St.
Louis, MO, USA)ollA F 43R Th Phycoerythrin-
conjugated Annexin V= Phamingen (Franklin Lakes,
NJ, USA)SI A Fd8ke] A}-§814ITh. [Methyl-"H]
thymidine, horse radish peroxidase-linked anti-rabbit
IgG, horse radish peroxidase-linked anti-mouse IgG
+ Amersham (Arlington Heights, IL, USA)oll A4
15}t Anti-ErbB2, anti-ErbB3 antibody+ Santa
Cruz Biotechnology (Santa Cruz, CA, USA)ol A +
A3ty AFE3FR Y. Anti-ERK-1/2,
ERK-1/2 antibody:= Cell Signaling Technology
(Beverly, MA, USA)°lM T9isted ALg3tac).
BCA protein assay kitZ} SuperSignal® West Dura
Extended Duration Substrate Pierce (Rockford, IL,
USA)oll A A8kt

2) M|zzfef

anti-phospho-

MCE-7 DMEM/F12 HjA|E A}&-3tS
37°C 483+ CO, incubator (5% CO4/95% air)ol A
gl eh. Aol AHEE AEE A 317] $3)
/1= DMEM/F12 HjA]o] 10% FBS, 100 units/ml
penicillin®} 100ug/ml streptomycine 3 7}3}e] A}
439t AlZ7} 80% confluent 3[ A] ™ phosphate-
buffered saline (PBS, pH 7.4)2.2 AHX9 ©=$S

AR T 025% trypsin-2.65 mM EDTAZ *] &3}
of Al wiFetA L wiA= 2wt wEast At

ANE=

Curcumin®] MCF-7 Al 9] Z24lof] v X]&= J3F
& ZA37] s AEE 10% FBS7F H7HE wf
A2 3431 60,000 cells/welld] W= Z 24 well
platedl] EF3IAUTE 24A)7Fe] Ad T 1% char-
coal-stripped FBSE % 7}3F DMEM/F12 B X2 W
ghsto] 24A12F Ft M ZE W] Y3t Charcoal-
stripped FBS& FBS©l| Dextran coated charcoal =
78kl 4°Col A 3087 wuksl & QAR g5}
o A5NE s 022um filter2 Fisle] THE
It} 1% charcoal-stripped FBSE X 3§}%+ DMEM/

F12 vjA]9] 0, 10, 20 X+ 30pME curcumine 3
713t wj A5 w3kt Curcuming 3 7}shal
0, 24, 48, 72A17to] A#3 F MTT assay 3>

g olgate] Aolgle ATFE SHEAT

4) [H]Thymidine incorporation =%

[ere]

7] 9 AEE 10% FBS7]- e HiA = 3
23l 6,000 cells/well?] W2 96 well-platel]
BEF3 A 99 593 WHO R 1% charcoal-
stripped FBSE X 33t u xoll Al 24413k F<F wj

F3k & o8 T2 curcumin®] S0 = WA=
18359 th Curcuming F71stal 21A17ke] A3
& % 7z} well @ 1uCi [H]thymidineS 37}t
3A%F wFs Tk A€ DNAC Atl® [H]
Z4st7] fs) AlEe] DNAE cell
harvester (Skatron Lier, Norway)E A}-8-3}4] filter
(Skatron)°l %31 ¥ DNAZ} &AZ filterE cock-
tail solution (ICN, Costa Mesa, CA, USA)°|| 4
=] liquid scintillation counter (Beckman, Fuller-
ton, CA, USA)E =A3} ]t}

thymidine <

5 MZF7] 24

MCF-7 Al3EE 60,000 cells/well®] ZZ==Z 24
well-plated] &3 & 29} FA3 Yoz 0
TE 20M FEE curcuming 3 7}sbe] v kst
At Curcumin% Al B FH o HIslke] 48417
v et & PBSE ME ©FS Hod ¥ trypsin-
EDTAE 37bste] AEE F33tach 3% Al
EE A7k PBSE Ao ¥ 70% ethanolS 2
o] 4°CellA 1A1ZF H#ate] 1yt g E
Ao RNaseES 718t ALoA] 15837 HHX
3l 3 propidium iodideS U7}0}0E] 304-7F HA 3}
o] FACScan™ (Becton Dickinson, Franklin Lake,
NJ, USA)E AF8-314] flow cytometry H O 2 A
R

6) MEZAIE 24

EFIE

MEE 24 well-plate©]] —r—rﬁl = -?49} 5
Ho“?jﬁi curcumine 0 =&
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3t AEZE 339t Annexin V-phycoerythrin
Z} 7-amino-actinomycin D& 7}t AEZE
2ol A 15% A43ke] FACScan™ (Becton Dickin-
son)E AHE3te] flow cytometry 'R S=E  apop-
totic cell =5 43 AT}

7) Western blot analysis

MEE 100 mm dishol]l 3k 9ol A ?J%%&
AAE A2t F 0 = 200M curcumins
Holl H7teted 2, 6, 12, = 2443wl SFs}od
cell lysate® THESIT Cell lysateE TE7] 93l
HEE 27} PBSE 311, lysis buffer (20 mM
Hepes, pH 7.5, 150 mM NaCl, 1% Triton X-100, 1
mM EDTA, 1 mM EGTA, 100 mM NaF, 10 mM
sodium pyrophosphate, 1 mM Na;VO,)E 37135}
#ColN 4083 AT olu) Bl AR S WA
3}7] 9184 20pg/ml aprotinin, 10pg/ml antipain,
10pg/ml leupeptin, 80pg/ml benzamidine HCIl, 0.2
mM phenylsufonyl fluorideE *7}slAch HAE
<& 13,000xgoll A 1087F L4 E23le] A AT
AEAE H cell lysateZ AFESIITE  Cell
lysate®] @& 5%+ BCA protein assay kit< A}
|3t =439t Cell lysate (50ug protein)E
4~20% gradient sodium dodecyl sulfate polyacryla-
mide gel electrophoresis (SDS-PAGE)Z 2|3} ¢
polyvinylidene difluoride membrane (Millipore, Bed-
ford, MA, USA)°l|l ©]&AZ . Membranee 5%
skim milk-TBST (20 mM Tris-HCl, pH 7.5, 150
mM NaCl, 0.1% Tween 20)° 4] 1A 7t &<t block-
ing3}1l, anti-ErbB2 antibody (1 : 500, 3]4]), anti-
ErbB3 antibody (1 : 2000 3]4), anti-phospho-ERK-
1/2 (1:1000 3)4]), anti-ERK-1/2 (1 : 1000 3] 4),
anti-B-actin antibody (1 : 2000 3]4}) T =43t
P antlbodyE Z+Zy H7bsle 1A17F nvks)
9tk I ¥ horse radish peroxidase-linked anti-rab-
bit IgG =+ horse radish peroxidase-linked anti-
A7Vsle] 1A17F sl 2 pro-
tein band+ SuperSignal® West Dura Extended Du-

mouse [gGE

ration Substrate2 A}-&3}a] enhanced chemilumi-
nescence WO F 7}AI3} sl T
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8) SAXE|

Analysis System) PC Eil o]-&3st] FA
EAEAT 2 AR EY FA XY FojAde
a=0.05 3ol 4] analysis of variance®} Duncan’s
multiple range testo] 2]3] A3} ).

280} kg o7 AILEH T YE AR =
phytochemical 5 9] &<+ 2Fgd that A7}
tHo g o]FolAa Stk JZEH Q%
Zgolajolo|A] A8 U kg oz Y ALLEY
a1, el vl Be (180 mg/day)S A FH 3}
ol Rago] gle A0 2 4 phytochemi-
cal$l curcumin®] w3+ ¢t AL AT Dk

AP ot

2

offl

2 dFelM = curcuminS’J ol e zaAbE
7] 9380 ol 4 AT A EZAA Fs A
¥ o] MCF-7 AlXE9] =20 nxe A ZA}

ATk AE wj<Y TEE 0, 10,
20, == 30iME ohFEtAl Hobske wide ¥
MTT assay P oz Zolgle AEFE 243
WAt Fig. 19 vehd 213 o] curcuming 4o}
MEFE AASA ZAaAF T Curcumin®l]
AolQl = M EZS= curcumin 7} & 244 7F
B fFodoz FA3H S, curcumin H7t F
Tt 42 A A3 AsHTE 3 curcu-
mino] &3 M ES A v A7t oj&F o
2 YE, curcuming H7bete] vt Azlo]
ATE Holle MESF THa d42 AP ‘4’
E}FttH(Fig. 1). Curcumin®l ]3] Aolsle= HE

7} ZASR[ OB 2, curcumin®] M| E Q] F4 (pro—
liferation)®]] W X|&= <GS FAHHOoZ XA}SHY|
18 [H]thymidine incorporations 2434 t}h. Cur-
cuming Tgt FEE AE wjgdo] Hrieto
21717 ¥l %3 F [Hithymidine % 7}8to] 34%¢
o wiokatdnh. A ® DNAC] Al E [Hlthy-
midineS 54 ¢ A#E Fig. 2¢] WERATE DNA
o] AL curcumin®] o FAEA Ao

Folof] curcumin®
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Fig. 1. Effect of curcumin on viable MCF-7 cell num-
bers. Cells were plated in 24-well plates at 60,000
cells/well in DMEM/F12 supplemented with 10% FBS.
One day later, the monolayers were incubated in DMEM/
F12 supplemented with 1% charcoal-stripped FBS for 24
h. Cells were then incubated for 24, 48, or 72 h in
DMEM/F12 supplemented with 1% charcoal-stripped
FBS and various concentrations of curcumin. The viable
cell numbers were estimated by the MTT assay, and
each bar represents the mean+SEM (n=6). Values with
different letters above each bar are significantly different
(p<0.05) among different treatments.

curcuming 20 =& 30pM FEE H7IsE A
DNA 3Hd-& 79 o] Fox]A] ¢9kal, curcumins
10pM =Ty i—]7]—6‘]— 751_?_. DNA tﬂ—/Ho] 81.3+
102% 7+2~3FthFig. 2). Mehta 5" curcumin
o] TEF oFF, T2 HYEF, 223l mul-
tidrug-resistant (MDR) & T} f-10F M EZF9]
Z2& AAstHY vt B35tk Ramachandran
TP 1 A9 AEQ MCF-10A A9} f
o+ A ¥E<l MCF-7/TH xﬂiﬂl 247} curcuming
g3 A3 A4 AEQA MCF-10A A ZHTh A
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Fig. 2. Effect of curcumin on [3H]thymidine incorpora-
tion in MCF-7 cells. Cells were plated in 96-well plates
at 6,000 cells/well and treated with curcumin for 21 h
as described in Fig. 1. [3H]Thymidine was then added
and the incubation was continued for another 3 h to
measure the incorporation into DNA. Each bar repre-
sents the mean*SEM (n=6). Values with different
letters above each bar are significantly different (p<
0.05) among different treatments.

Holth, B AgoA et Alxe T8 A
Al JAI$H curcumin®] A EZ 7] ) o U]i]%
JFS ZASIFA T MCF-7 A X ujekaio] 20uM

curcuming H7}ste] 48A17F wkd & cellular
DNA< propidium iodideZ $443}le] flow cyto-
oz Az F71E B4t Curcu-
min®] 23] G1719] AIEZE curcuming 3 7}3}A]
B =T vl FoF oz Frtstdnt. v
S71¢} GoM719] Al EE curcumind] o] §2]
02 ZFAsAthFig. 3). ©l+= curcumin®] MCF-7
A E9] Gl arrestE T EFS YEATH A2 A7
oA curcumin®] MX F7] AAE FE=Th H
stk Agg AZD 7RG AExY 58 A}
L3 Ao A= curcummoﬂ 9l3] G2/M arrest”}
# %5 21t}. Ramachandran 5 '-& MCE-7/TH '
oF M ¥ curcumin® FEE 20 & 40M F
L8 T=5 g8t A2 23 20uM curcu-
min®] 93| E= G2/M arrest’} =531, 40pM
curcumin®] &3 A= Gl arrest’7} FEEH AT B
a5t ol ME TR AP =19 Aol
oJgt Ao g Atz ETh
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Fig. 3. Effect of curcumin on the cell cycle of MCF-7
cells. Cells were plated and treated with curcumin for 48
h as described in Fig 1. Cells were trypsinized, fixed,
and treated with RNase. Cellular DNA was then stained
with propidium iodide. The percentages of G1, S, and
G2/M phases of the cell cycle were analyzed by flow
cytometry. *Significantly different from OpM curcumin
(p<0.05).

ZAFEH7] $3 Annexin-VE AF8-3}4] flow cyto-
metry WH O 2 apoptosis 7] @Al A= AME
FE AZFe 47%E Fig. 49 HEN AT Curcu-
ming 200M FEE H7}ete] A EE 4847t Y
& A Aolde AEFE FAASA TS
31, apoptotic cell =& tjzFol Bl &F 48] F7}
é}giE}(Fig 4). B 23 E curcumin®l] 2] A
FAME FEIZIHE AFeA 4skt e AT
9 ﬁalf]'oﬂ olat A thAFe AlE] SW480 Al
o)A curcumin g0l 2} Baxe] £ ¥}
A ko) Bel-2 52 7443 3L caspase-3
o] A& =713t9 Tt Choudhuri 572 curcu-
min©] p530] 2]E35le] Bax9 WHS FIHAIA F
el Al EZ 9] apoptosisE FEFS RIS 9]
E ATE2 curcumin®] TS V1AE T EAl
X 9] apoptosisE FETS HAF

ErbB receptor family= 2] ol /\1 #ayd H
o] &Y o™, EbB receptor family E4d 2] H]
AGAQ 2Ho] & wA] Fag 1oz 7t
Fy3 b 28 EZ B A9 AE curcumin
©] ErbB receptor family®] @& @& o] v X =
FEFS AbstATE B AP EA stolA MCF-7
A 3ol A ErbB29} ErbB3 T A W H -2 &2 H 9]
S} ErbB1¥} ErbB4 @A 2 ©A 5 A kgt

Curcumin®] 3¢t A
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Fig. 4. Effect of curcumin on apoptotic cell numbers.
Cells were plated and treated with curcumin for 48 h as
described in Fig. 1. Cells were loaded with 7-aminoac-
tinomycin D and Annexin V, and then analyzed by flow
cytometry. The numbers of living and early apoptotic
cells are expressed as a percentage of total cell number.

Each bar represents the meantSEM (n=6). *Signi-
ficantly different from OuM curcumin (p <0.05).
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Fig. 5. Effects of curcumin on the protein levels of
ErbB2 and ErbB3 in MCF-7 cells. Cells were plated in
100 mm dishes at 1x10’ cells/dish and treated with
curcumin for 2, 6, 12, or 24 h as described in Fig 1.
Cells were lysed and the cell lysates were analyzed by
Western blotting with anti-ErbB2, anti-ErbB3, or p-actin
antibody. Photographs of chemiluminescent detection of
the blots, which are representative of three independent
experiments, are shown.

EFbB34 olE =32 curcuminol] 9]’3}]
Koy FaFo] AR AL, EbB2 &

< curcumin A2 ¥ 12A17HREH @A 3} l a3}
AThFig. 5). ErbB27} HddE == FAEQ] BT474
A Zol ErbB2E %202 st 9 A< 4D5
T+ ErbB receptord] A4S Adsle AEA o
A Al CGP59326%}F PKI166S 23t B¢ A=
o] Z2lo] #A 3] 7HAFch” 3 ErbB receptor
o] A A E-LS ErbB receptor family”} it ==
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Fig. 6. Effects of curcumin on the protein levels of
ERK-1/2 and phospho-ERK-1/2 in MCF-7 cells. Cell
lysates were prepared with curcumin as described in Fig
5, and the lysates were subjected to immunoblotting
with an antibody against ERK-1/2, phospho-ERK-1/2, or
B-actin. Photographs of chemiluminescent detection of
the blots, which were representative of three independent
experiments, are shown.

(invasion), & #AJ A (angiogenesis) & A& FAH S
AA gt BuE 7] W2 ErbB receptor?]
HES JAste 242 4 AHAY A 8A=
AHEE F e VHsAEE AAEIEY £ ATl
A curcuminS ErbB29} ERbB39] &S 74315
tH(Fig. 5). WEFA curcumin®l] 2] 3 ErbB29} ErbB3
9] ZFA7F curcumin®] A E ZF2] A 7|H =
9 st E F Ue A= AAH

Q)R] o] ME FWo| EA3H= ErbB3/
ErbB2E 53] #Y¥ o] ERK-125 A43}sla,
435t E ERK-12€ AFZHoR AX F2d &
o] gt} Keshamouni 5 T2 E4| o|&31
estrogen®l|] ¥4 WSS Hol=
ErbB27} w7l sle Al AES xds) 76‘
gendll 98 FEHE ERK-129 &437F 60~
70% #A%s Bilstlal, ErbB27F ek AlE
oA ERK-1/29] &Asle] AFHoz #HAAETS
AN B AT F8d Axd
M 3E 2] ErbB2¢} ErbB3 <=<£°] curcumin®] 2]3J
Aads B Y o2 Z (Fig. 5), curcumin®] ERK-
129] &4 vX& FEFEs ZAEATH AlE)
OFMo) curcumineS H7}3e 2, 6, 12, TEE 244
ZF Bl 3t 3 cell lysateE THE O] Western blotting
3ttt Fig. 69 YEld bl o] ERK-1/2 4%
< curcumin®] 2] 3| tﬂi}g}ﬂ 2%k o1 phospho-
ERK-1/2= curcumin X8 & 2A|7FEE F-29 % o
Z A3 AT (Fig. 6). ©l= curcumin®] ERK-1/2
Frole %S PIXA ¥ ERK-129 &/43}
E A AAET o] AT ZHE2HEH curcu-

min®] ErbB2/3 signalingS HAsle 1 Ad=Z
ERK-129] &A37l A= 7MEE ME
% St} ERK-1/29] &A4o] v A2 F7}e}
A fkgte] WA E T 2HEEE 2 curcumin©]
ERK-1/29] @4& FAaAES &S 2 A7 4
= curcuming E3FQ ok EAE AL 4
NE 7Hs8E A g

Qo ¥ A=

N G A= curcuminOl A7k 3 ol
A FAE GAIEQ MCF-7 A9 F2]d] 1]x
= oo }_A]—o}oit} TS curcumin®] et
AEZ 4 94 7138& 93)7] A& frietel @
ATzl FHo] e o= L% ErbB re-

ceptor®] & U] X = curcumin® FFES FAISH
At} Curcumin®] 2]3] MCF-7 M X9 4old+=
Arases sEo oEHeZ HAsH3lal, DNA
a2 @7{15] A=A AME B FH ] curcu-
minS 7} 4% AlX] apoptosis’} FFEE A
o™, Gl arrest’} €AY A EZF7] Hdgo] A AF
Atk B AFx7 st A MCF-7 Al X oA ErbB2
9} ErbB3 T wrdo] A EU O ErbBl1
ErbB4 Tl de B2 52| ¢Fdth ErbB39] whil
2 72 curcumin®] 98] AZ A ®BEAE
ErbB29] ©uld #Fo #A 3] 743t} EbB
receptor AT FAEol| 93 A3
o 8% 9%S @93tE MAPK?! ERK-12&
curcumin®l] &3 © W3l R ko
v g4ste dASH ZastAnh o] AisL
et AlZ9] DNA @3% AL, AEF7
£ A A3}, apoptosisE =3+ curcumin®] A|3E
=2 A &3] dF= ErbB2/3 signaling <Al
¢} ERK-1/29] &3t A 710%S JEH,

curcuming &34 < &g 22 Z ML 5 =

NE 22

o}
j=
HuH

el

A~ Z O
R

ol

Ve s A
At 2
o] =&2 2004d% FETn wHIATH]
(HRF-2004-36)°l ]3] A= AHFHh



A& 2] 491 : Curcuming]

ool whek 3] %] 2003; 8: 236-244.

3) Key TJ, Allen NE, Spencer EA, Travis RC. Nutri-
tion and breast cancer. The Breast 2003; 12: 412-
416.

4) Wu C, Ray RM, Lin MG, Gao DL, Horner NK,
Nelson ZC, Lampe JW, Hu YW, Shannon I,
Stalsberg H, Li W, Fitzgibbons D, Porter P,
Patterson RE, Satia JA, Thomas DB. A case-control
study of risk factors for fibrocystic breast conditions:
shanghai nutrition and breast disease study, China,
1995-2000. Am J Epidemiol 2004; 160: 945-960.

5) Stoner GD, Mukhtar H. Polyphenols as cancer che-

=

mopreventive agents. J Cell Biochem 1995; 22: 169-
180.
6) Sharma OP. Anti-oxidant activity of curcumin and
related compounds. Biochem Pharmacol 1976; 25:
1811-1812.
Satoskar RR, Shah SJ, Shenoy SG. Evaluation of
anti-inflammatory properties of curcumin (diferluoy-

7

~

methane) in patients with postoperative inflamma-
tion. Int J Clin Pharmacol Ther Toxicol 1986; 24:
651-654.

8) Huang MT, Newmark HL, Frenkel K. Inhibitory
effects of curcumin on tumorigenesis in mice. J Cell
Biochem 1997; 27: 26-34.

9) Huang MT, Smart RC, Wong CQ, Conney AH. In-

hibitory effect of curcumin, chlorogenic acid, caffeic

acid, and ferulic acid on tumor promotion in mouse
skin by 12-O-tetradecanoylphorbol-13-acetate. Can-

cer Res 1988; 48: 5941-5946.

Huang MT, Lou YR, Ma W, Newmark HL, Reuhl

KR, Conney AH. Inhibitory effects of dietary curcu-

10)

min on forestomach, duodenal, and colon carcino-
genesis in mice. Cancer Res 1994; 54: 5841-5847.
Mehta K, Pantazis P, McQueen T, Aggarwal BB.
Antiproliferative effect of curcumin (diferuloylme-

11)

thane) against human breast tumor cell lines. Anti-
cancer Drugs 1997; 8: 470-481.

12) Ramachandran C, You W. Differential sensitivity of
human mammary epithelial and breast carcinoma
cell lines to curcumin. Breast Cancer Res Treat
1999; 54: 269-278.

13) Chen H, Zhang ZS, Zhang YL, Zhou DY. Curcumin
inhibits cell proliferation by interfering with the cell

14

15

16

17

18

19

20

21

22

23

24

~

~

=

~

=

~

=

~

~

=

~

Y AEQJ MCF-7 AlE 52 9A] 53 251

cycle and inducing apoptosis in colon carcinoma
cells. Anticancer Res 1999; 9(5A): 3675-3680.
Khafif A, Schantz SP, Chou TC, Edelstein D, Sacks
PG. Quantitation of chemopreventive synergism between
(-)-epigallocatechin-3-gallate and curcumin in nor-
mal, premalignant and malignant human oral epi-
thelial cells. Carcinogenesis 1998; 19: 419-424.
Singh S, Aggarwal BB. Activation of transcription
factor NF-kappa B is suppressed by curcumin (di-
feruloylmethane). J Biol Chem 1995; 270: 24995-
25000.

Reddy KB, Krueger JS, Kondapaka SB, Diglio CA.
Mitogen-activated protein kinase (MAPK) regulates
the expression of progelatinase B (MMP-9) in breast
epithelial cells. Int J Cancer 1999; 82: 268-273.
Pages G, Lenormand P, L’Allemain G, Chambard
JC, Meloche S, Pouyssegur J. Mitogen-activated pro-
tein kinases p42mapk and p44mapk are required for
fibroblast proliferation. Proc Natl Acad Sci USA
1993; 90: 8319-8323.

Sivaraman VS, Wang H, Nuovo GJ, Malbon CC.
Hyperexpression of mitogen-activated protein kinase
in human breast cancer. J Clin Invest 1997, 99:
1478-1483.

Nicholson KM, Anderson NG. The protein kinase
B/Akt signalling pathway in human malignancy.
Cell Signal 2002; 14: 381-395.

Marshall CJ. Specificity of receptor tyrosine kinase
signaling: transient versus sustained extracellular sig-
nal-regulated kinase activation. Cell 1995; 80: 179-
185.

Salomon DS, Brandt R, Ciardiello F, Normanno N.
Epidermal growth factor-related peptides and their
receptors in human malignancies. Crit Rev Oncol
Hematol 1995; 19: 183-232.

Slamon DJ, Godolphin W, Jones LA, Holt JA,
Wong SG, Keith DE, Levin WJ, Stuart SG, Udove
J, Ullrich A, Press MF. Studies of the HER-2/neu
proto-oncogene in human breast and ovarian cancer.
Sciences 1989, 244: 707-712.

Safran H, Steinhoff M, Mangray S, Rathore R, King
TC, Chai L, Berzein K, Moore T, Iannitti D, Reiss
P, Pasquariello T, Akerman P, Quirk D, Mass R,
Goldstein L, Tantravahi U. Overexpression of the
HER-2/neu oncogene in pancreatic adenocarcinoma.
Am J Clin Oncol 2001; 24: 496-499.

Maurer CA, Friess H, Kretschmann B, Zimmermann
A, Stauffer A, Baer HU, Korc M, Buchler MW.
Increased expression of erbB3 in colorectal cancer is



252 oigkrewsts] A s Ao A4 5 2004
associated with concomitant increase in the level of
erbB2. Hum Pathol 1998; 29: 771-777.

25) Denizot F, Lanf H. Rapid colorimetric assay for cell

growth and survival modifications to the tetrazolium

dye procedure giving improved sensivity and relia-

bility. J Immunological Methods 1986; 89: 271-277.

Sharma RA, McLelland HR, Hill KA, Ireson CR,

Euden SA, Manson MM, Pirmohamed M, Marnett

LJ, Gescher AJ, Steward WP. Pharmacodynamic and

pharmacokinetic study of oral Curcuma extract in

26)

patients with colorectal cancer. Clin Cancer Res
2001; 7: 1894-1900.
27) Reed JC. Dysregulation of apoptosis in cancer. Can-
cer J Sci Am 1998; 4(Suppl 1): S8-S14.
28) Evan GI, Vousden KH. Proliferation, cell cycle and
apoptosis in cancer. Nature 2001; 411: 342-348.
#&<e, A4, Curcumino] JAA N FLAEF

29) +
SW480 cellol| A AlxZALE ] WX 3. SF=FY

30)

31)

32

~

33)

s3] 2] 2004; 37: 31-37.

Choudhuri T, Pal S, Agwarwal ML, Das T, Sa G.
Curcumin induces apoptosis in human breast cancer
cells through p53-dependent Bax induction. FEBS
Lett 2002; 512: 334-340.

Motoyama AB, Hynes NE, Lane HA. The efficacy
of ErbB receptor-targeted anticancer therapeutics is
influenced by the availability of epidermal growth
factor-related peptides. Cancer Res 2002; 62: 3151-
3158.

Anderson NG, Ahmad T. ErbB receptor tyrosine
kinase inhibitiors as therapeutic agents. Front Biosci
2002; 7: 1926-1940.

Keshamouni VG, Mattingly RR, Reddy KB. Mecha-
nism of 7-beta-estradiol-induced Erkl/2 activation in
breast cancer cells. A role for HER2 AND PKC-
delta. J Biol Chem 2002; 277: 22558-22565.



