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AYA A (cancer Chemoprevent1ve agent) 8 &HF
Ao FY EAL HE g Ao} HEZ
A kg ol %—r@fEi U A4 &g =
S o] F7] flote] srelhe) A s WHES 4
23510 AAEZHE] A2 oF sshoul 442 /)
Wokar 7 A7 & olElehis A AlRS
A2} ke obF {85 VE ARE AY dE

ol e Azret,

_IE
J

J

N
skl

O} i
=

Yoh
1

Off i

o} 3}k o) F invasive cancerd HES A

A A a1 9 A o s 510 5

2o AFR-S 9ulsld, 19764 Sporn®] H&-owm

oF 38 B (cancer chemoprevention) ©] & -£¢]
= AREShe] BlEbd A9 S FEAIQ retincidsE
A7 BAERA dUdE é(noncytotoxm nutrients)
ojuf oFE-E o]§-sto] e WA & AT 4 A
| EELARRETARST o7 A o O P i e P ] 43} A9
PSS Ao R ARE WA ALY 9ol 3=
4 fdF e R A TeAS T AR, AY
Ao WhEde mEHE AR SRR Sl 488
T erg ks Ak o o] W {EE ¢
ol Alolvk. 1A F el oFel sk A
off U&= e o FE A A 2] A Leke]
A Habgo] A2 A=l AY el =4 A
of st A 77F AAAA 07 EL AE Foa gl
th & ot A4 2 Aol RE obu el bl
o A A, A% AR ’ﬂiﬁ%%‘i oA,

1, JAK-STAT &4
s} AR ddAA] YA, anti—apoptotic proteins
9 W oA, cyclooxygenase—2 A & FE8
T Qo o ABARAY G840l o et
A 55 W Gl A A FkAl WA AR WA
& AN F vk Flo] Fel Bre gt ol
o S YAA T} ZEFolof T 2o 1)

BB KB5S 245 25% 2005
gro] o] WA FE PYHY AL PO
s71 el QAo W3 S40] gL F3) u ek
oF BTk 2) BEA el A tgon Fiid 4
Q% AAFEYE Pt el gl Hor
Holojo BTk 3) UMAY Bl A7 ¥gol b
SHES ARl 15 SR wEolok BTk 4)
WY AR AR Ao] ohly| i A

ojojof ghjs= Ao},

AT G 7 vrE T E Y 58 A
A|7F WAL E QAL T Fel A ok 407HR]7F A Q1 AF
£5 A7 Fo|h(Table 1) [2,3]. Retinoids U
antiestrogens 3 2 HL o o w A AL
A 2] F2olu #3855 245k transformed cell
7O AL oA U A AT = Fe R %ﬁxﬂ

rl

o= =

1 23]¥ apoptosisE FU 5 pre—malignant
cell & #AAsH= ot} &, transformed cell @l A4]
apoptosis® 9% + U AES AHESHY pre
—malignant lesions< AAEY 024 21 U< <
WS oA & 4 vk AETA] oA e EEkE
¥l apoptosis B 280 2R o A A=
S A7 AREE o7 GV witel AlxZmA H
A A S AT 4 T o] Sl

Death receptor2 A{35l=
apoptosis?| EZ2M

Apoptosist= QA FIAE FASH] A&l
& e g}, rak Helehy AdeelA] ngaky

fus

h -
AEAbE 2 A e dels AlEs] = vk o

o fo

-
N T
af

Alzheimer™, Parkinson® disease, 3" 2
AtAe S A S8 1R 5 5 oUth o9 £

okl Al A& (proliferation) & AFE (apoptosis)
S ZASHT A8 wAY ELF A 2R
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Table 1. Chemopreventive agents that induce apoptosis in carcinogenesis models or in human

chemoprevention trials

Agent

Carcinogenesis model/human trial [reference]

Tea polyphenols

Epigallocatechin gallate

TRAMP mouse model for prostate cancer[6], and UV- and chemically
induced skin tumors in mice

Chemically induced hepatic tumors in mice[7] and UV-induced skin
tumors in mice[8]
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S-adenosyl-L-methionine
Aspirin

Perillyl alcohol

Sulindac
Phenylethyl-3-methylcaffeate
Curcumin
Difluoromethylornithine

Quercetin
Rutin
Capsaicin
rats[15]
Rotenone

1,2-Dimethylhydrazine/orotic acid-induced rat liver carcinogenesis[9]
Min/+ mouse model for colon carcinogenesis[10]

Azoxymethane (AOM)-induced rat colon carcinogenesis[11]
AOM-induced rat colon carcinogenesis[12]

AOM:-induced rat colon carcinogenesis[12]

AOM-induced rat colon carcinogenesis[12]
N-Nitrosomethylbenzylamine-induced esophageal cancer in Zn*-
deficient rats[13]

AOM:-induced mouse colon carcinogenesis|14]

AOM-induced mouse colon carcinogenesis[14]

4-Nitroquinoline 1-oxide (NQO) - induced tongue carcinogenesis in

NQO-induced tongue carcinogenesis in rats[6], and diethylnitosamine

-induced hepatic lesions in mice[16]

Exisulind
Mesalazine

Phase I trial in patients with familial adenomatous polyposis[17]
Prospective pilot study in colorectal cancer patients[18], and as a

chemopreventive agent in patients with sporadic

polyps of the large bowel[19]

Caspase &/ 3ol ©]Z 1 apoptosis AR T A7
mitochondrial pathway £+ death receptor pathway
EobE g v AR g ot steke ] e A
% mitochondrial apoptotic pathway & &38| Al
3Eo A apoptosis7F frEEE Ao R A ot
ok ok 9 ¢ mitochondrial apoptotic pathway
7} arzgol v A-9-7 wrt, U}T’)r/ﬂ Aol s A
FAE g5 A EE SFol/] A A
mitochondrial apoptotic pathway% 2-3skar
tumor necrosis factor—related apoptosis—
inducing ligand (TRAIL) %2 death receptor
pathway & &334 7 apoptosis & FEdh= 519]

Helsit, ek Gk Rl UEl AL 955

Hi- F8 99l V|FeE pb3 AWl E & 7 3

=], TRAILS pb3sE 5HALSE apoptosis=
FEE ‘ilo 7S [20] TRAIL —based therapy+=
3 oFA|E X THO

Bk ol e}l AAFAE
|

Death receptorE AR 6= apoptosis

A F7A Ee A3l )i death receptori~ 1
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receptore] F &3+ ligande] W& TNF
receptor (TNFR1, TNFR2), TRAIL receptor
(DR4, DR5), CD95 (Fas, APO-1) 522 #57%
. o8] £FY death receptor 52 ZH3F 179
548 7S B8l AxEAFE & fFE ¥ Death
receptort extrinsic apoptotic pathway £ 2%
ZFolt), Ligand & F-2el| 23 death receptord] &
743k 9 death receptors] TH ST extrinsic
apoptotic pathways &4 34 7 apoptosisS 7%
St} Death receptor?] Wdl2- o Sl A A &
IS ThFE &2 EAEel ge FUkdE
TRAIL] &3k apoptosis % 714 S ¥ HH
TRAIL®] DR4 4 DR59l 2&3lo] 30 receptor
7} A&+ (trimerized receptor), adaptor FADD,
caspase—8E o|F9 % death—inducing signaling
complex(DISC) BAS F1-8 DISC A4 2
T3 caspase—8°] &/ 3H ) &/ $+H caspase—8
of 284l stF-ell Ut caspase—3, caspase—9 &I
e A® Y caspase cascade’} 4350
Ptk A5 7hA] el %l death
receptor ¥ 71 ligand® i,

1) TNF—a+= TNFR1E receptor@X AJ3EAE 2
ok ol e} RIP# INKE A3t Alzds dd 4
o|E 7RIS H| & %7&0}0% 27 A Q1 A4
41k E= @Ao] Q) [21].

2) Fast Fas ligand(Fas L)7} §-235h= 484
dl, ol# gk FasE ARl AlZARE 71512 1A
o] A1 Fase] &g o] °}$ =7 wWitel olg 3k 7A
o] 893 HUS wf s A E S-S 5

w el 2| SA| A ARESE/] el = A17F AvH22].

apoptosis= %

(o]

& nolv)
AR 5 AEEAS e 25 8
AFUTH23]. o &gk TRAIL S AlEAE A o) fof
AT GLA FURH 7S LT ek,

TRAILS| A X=H=EN EMA

TRAIL= 94 Zj,%— Al H]ﬂ%—] o}x3}ar Sk

death ligand¥ & $

BB KRB $24% 25k 2005

sk apoptosis Aol Aol upe} thET,
TRAIL receptor7} Z8E = G HF=E TAAF
TRAILOﬂ ATAAE 77 A EF Bo] WarHar ,\,1

tH24]. 58] tlFEY {0, dHAY, A, 9
o) Hﬂsﬂbg, 7kl W FSF A3 So0] TRAILC] A|8A4
o] vkx &k EF TRAILS hAaze] =4

o7 Ayt 1%011% TRAIL® 442 Ro|
W A ZFT TRAIL] A4S 7HAA Bk B
AN 21EH25 . 9] Eﬁ - 55171 98l Al

[RSE= z
o AL HAES A % 29 TRAILLS Tt

il r[m 2

129 doxorubicin, cisplatin =3 72 oA
Fro] Z8sto] Aelokd TRAILe gk Z-44dE
S7HA A apoptosisE AT F o B FET - Qrkar
Rug gy T8y ol A T AFE 548
e B2 A 20k ol 8 Al F4
3k &S det s FA0] Tk olEE ol FE

olaf A|EEA o] ekabn] TRAIL sensitizing E50
UARE Az e St H408 H A 7 Sl Al
23 FESAAFE TFste] TRAILFAS BT
A glol o] &t A} sk A-F7F FAE 3 Q.

of 2tstollat xixlof ol st
death receptor?| =3

W2 Ay AEel gt oF sEteiAA T3
2o AL A= 9sliA Fas, DR4 2 DR6 9 &
o] A H}. o]E e death receptor? &3kl
SJalAl ¢F Fe @J FaE SR - ATH26].
H+Y & o Barse] 25k non—steroidal anti
—inflammatory drugS(NSAIDS), retinoids,
tritepenoids 7 1t o 8o H A 4] Foll 2E]
Al death receptord WdAE T7HAA death
receptorel &) 7)== apoptosisE &F et
ok A aL Sl

of gistolld MMt TRAILELS|
W et X2|0f| 2|8 apoptosis T

1.DR52| & xH
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Wu 5 [27]°1 &Jshd A<l adriamycin®l 2
A wild type ¢] pb30] TR = Aol A = DRS
°] mRNA 3o S7H A wk ph3 [F3I&F AR
T A AT AT ddel Wt gluka B
75 E B ionizing radiations p53S ¢HI T
A7 DR5E] #Hglo] S713htlar BALsHI tH28]. ]
23k Hargel SJsliA xSl DR6S 242
pb3 o=Ho® HEv L BN X, 9

e HaSe] 984 genotoxic stressd £F

e} p53 HjYEA o 8L ZAFTE 4E]AA

AT, & tumor—necrosis factor—a(TNF —a),

2 1o

il

glucocortlcmds, interferon—y %3 delA¢l
methylmethane sulfonate X&) &J8|A] p530] =
Anio]Ql Aol A% DR5S Wdlo] S7hE= 4
& WA T[28-29]. & DR6:=ph3 =4 i
v]of=4] AR g8 2EE T {1 receptor 9
= gmjsitt, p53€ A2 g AALRA IR E &gk
DR5 promoter & F-A7F 3o @3t A4+5 Ay
R,

1) NF—kBol| #&F 91+ : Topoisomerase 11 # 3] 4|
Ql etoposide®} TRAILS H3dA A&t DR5
o] Wdlo] F7Fstol, NF-kBe &793t5 95k
W DR5 S 3ol JgAdAY. oy d 23+
etoposides} TRAIL 2] WA 2] of 2J3)A] -Fd ==
DR59 WaZ7tE NF-kB A 89 A AS 7530
A dojdth = A& Wof F=H301.

2) Spl o #3%F A Deoxycholic acid &3 &2
bile acidE hepatocellular carcinoma A2l A
ShE DRSS Wd& S7HA TRAIL o gt 4
A& F7HAIAITE o] 9 2 bile acidell €15 DR5 &)
up—regulatmnoﬂg Splo] #sT) (Fig. 1). o] Al

Tl bile acidE A 2lstd 4788 SP1 binding
siteBS) & BS3Y Spl binding®] &7F% AL, £

12,500 Sp1Spl Spl  Spl

-305 -300  -195 -159

Fig.1. Schematic structure of death receptor (DR5) promoter.

121 +235

o] F-95 EddWol A7|H promoter B0 A
= Zlo® Hol BS3HEY7) bile acidel &%t Spl
o 45& p regulation?] #oi5ke] g AS AAF

TUH31]. AAES ol e thest AARA AL
o] -ﬂéﬁ/‘] ZA 5= DR Y AALE Fxlehs o 542
oA A o] 9§ DR5Y 23 /14 D TRAILe] thdt

e =7 A A synergistic effectE 7% 51

'm[:.:,

_l

o

AZAAE E7 31 710 ARFEY ATFAA
HAT AAT FHOE 25A Tk,

2. Sulforaphane2| TRAILOI CH&t synergistic
effect
AetxAbe] Aol o A A A4
(cruciferous vegetables) & ol A F sty
tumorigenesis 256 Mg HE T3 <X 9ok [32].
olelgt AxtE HA skt Aldol SRSk o 3k
WA A 7} 48] ool F 235 83 Sl 418 Al
AFstt), Sulforaphanell—isothiocyanato—4
— (methylsulfinyl) —butane] & PR3 S 22
AAFstat A 4o 431 isothiocyanate familyel
Lot s EoIt. AwhA ded vhEs
sulforaphane< arcinogenic chemicals®] &3}
%o s &

monooxygenasess A d5FAY =& phase II

cytochrome P450—dependent

detoxification enzymess =Z15}9] carcinogenic
metabolisme XA s Ao A UvH33-
34]. w3t sulforaphane & Al ehA|ES] A EF7 ]
S AAANZI A apoptosis & S ALY 4

e AT AR ATH35-36]. o2 F /‘HJ_
& v)gre 2 3ko] sulforaphane®] Y384 U BE
AFAZA L T 7F d5& AATE AARES o
2 gk AFAE 7INbo B Sfo] S sk A
TRAILF subtoxic® 4¢] sulforaphanes A-E-s}

TATA

Exon 2

Exonl .53 NFkB

+385
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of TRAIL AZYE Mol AL TN A%A
e FAAUGE A4S TG TE

v]:
T =
sulforaphane©] A4k %‘—(reactwe 0Xy gen
A5

species; ROS) Y A4S &

receptor?] DR5S] AHE F7FA15AH TRAILC tf st

T473E S7MAF AEATE & 1
). ¥k o] sulforaphane2 UE death receptor
¢l FasY TNFRE Haols dFS F4 vk

Sulforaphane< apoptosis & Al sk~ 3 A9l

A
0 10 20 30
- . e
e oo e o
B Curcumin (M)
0 10 30
.
-
C

0 10 20 30

130+ 7S o

Curcumin (M)

DR-5

ERK

HCT116
HT29

HepG2

Curcumin (gM)
DR4
Caspase 8
FADD

ERK

Bel-

BB KRB $24% 25k 2005

xL o] Bel-27F #dE A 27 %
] =]

p=1
TRAILe] A= H o= Aeids S/ Adst

ARF371.

synergist ic effect

7H 578 w@ae AR Fo shul A&
e &% (Curcumalonga) ©)8F 58]+ 2 &2 He

3. Curcumin®{l 2|8t TRAILY| cqEt

oA o AA MAoR o] AL cyrcumin®]

Counts

D

s

—— Control
—— Curcumin
¥
|
10' 10° 103° 104
DRS-FITC
M 0 10 20 30  Curcumin (M)

l_= ACtin

Relative DR5 promoter activity

50 ¢

4.0

3.0

2.0

0.0

!!![

30

Curcumin (M)

Fig. 2. The expression levels of the DRS mRNA and DRS5 protein by treatment with curcumin in Caki cells. (A) Caki
cells were treated with the indicated concentrations of curcumin. Effects of curcumin on the cell-surface
expression of DR5 in Caki cells. (B) HCT116, HT29 and HepG2 cells were treated with the indicated
concentrations of curcumin. Expression of DRS was determined by western blot analysis. (C) Effect of
curcumin on TRAIL-mediated apoptosis related proteins. (D) Effect of curcumin on DR5 mRNA expression

and DRS promoter activity.
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wel Aol gk otk oprjobA o]F o] e
A= UAEA A 2 TS JE2 84 500
S ZAFSIE F ofAlolA = o 29 o] B3)gk AL
S FRIgE Ao Utk Y W2 AR AY —7%% *

AL ofAjol A AFEE-o] Wo] HE= Jke, E
curcumin®l L EF 7 Y= AFAS BRI
m =oM% curcumin®] EU%S AEEA Y FAA
1= @3t Yrks AR I AT mP T =Y
the A7) F@eA = A 7 A A A S HHE A
= Z37F vk gk o] Mehta 5 [38]

o

) .

curcumin®| in vitroolA B GAEY TS o
=

]

ol
—_

)

Ak 7150l a2 Barskd o™, in vivoel Al
phorbol esters 53 7+ vk 3t oF QA= of
JOH 45 = tumor initiationS A SFe] ]

S ekl = As naekglel [39-41]. 95
?70“?:}, oo @Rk I &2 ueke el
curcumin®] ey &Ado] HarE i Awt 14 # Q1
12 e A A k2 AAEI AT, AR AtAlof
& A curcumin®l s A A4 E ROS 7F DR5 2
mRNA 3 e e 943 Fxsked TRAILO]
gk Zrpado] TUVERE Al AlaEekel Caki cellollA
wdsto] Warskl thFig. 2) [42].

A ## **
< 80 #
S 60
220
§0
< g RS B=E =2 =2 =2FE
S % 3% E% BT %%
%) a N g XS
S SE 2§ Fg
27 27 =
Z.
B
- - + - + +  TRAIL (100 ng/ml)
M C 05 05 2 2 - NaB@mM)

4.Sodium butyrate®] 2|8t TRAILO| CH St
synergistic effect

o

ME
§Q mx

ukgale] XS Al A} )
A|RpAto] vh[4 3], Butyratet A|EF7
s oo ZFTE Az A<
o] S FReRET %03}
R 44 Sodium butyratet 3| whdl
ohAE TS Aok S| AE T L] FolA
3} (hyperacetylation) S =3} 45]. W2
A-=0] butyrate % trichostatin A2 72
deacetylase A3l Al 28l A] X*f’\}ﬂrﬂ] oAl &=
}46-48]. o]2]§k butyrate =S S4Y
H kS A wlte] AR %L%W]EJ 7hsAdll
& FAE THAA HAT o) g 2 AR E 7Nk

2

ol rlo il

XE

)

)

s

”}3

o

&
o 1
o
N

9
é".:
0>4

F
oo

L rtlo SboHC s b
10 :@ off Mo 2@ to mer

T(:lo

= sodium butyrateS ARESd TRAILS dlsk 7+
FAE Z7A)A apoptosis S FESHER S A5

STk 1 A3 sodium butyrates A¥)% S 7 DR5
vk A8 S VP 1 2 TRAIL receptor?]
DR48] W ol obf-d 4TS 74 &dvHFig.

3). Sodium butyratee] &3+ DR5S W& 47t
DR59) promoterd] £A]5l+= Spl site?} w235 &

C HCT116

M C | 2 3 4 5 NaBmM

1 20 44 50 49 52

actin

C 1 2 3 4 5 NaBmM)

DR5
- - - e

S e DT

Fig. 3. Effect of sodium butyrate (NaB) on TRAIL-induced apoptosis in colon HCT116 cells. (A) Flow cytometric
analysis of apoptotic cells. (B) Fragmentations of genomic DNA in HCT116 cells treated for 24 h with the
indicated concentrations of sodium butyrate and TRAIL. (C) Effect of sodium butyrate on DRS mRNA
expression and DRS protein expression in HCT116 cells.
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Caspase-8

Caspase-7, -3
AE)()[’)tosﬁis = N
HDAC O
O Inhibition of HDACO
n— =
Spl DRS gene

Transcription repression

Tran

Nucleus

BB KB

Sodium butyrate
o®e

O\‘Q

N
a =DRS5 gene
scription activation

s 824% 2% 2005

Fig. 4. Tentative model for the mechanism of TRAIL and sodium butyrate-induced apoptotic pathways.

&2 = 718 A v Fig. 4) [49]. A= R ASGEE e Y, 2Rla o
geleib ] 5ol Ak F gkt A9 Al F
2.5k 4ol == 2lo] apoptosis 7]xolvh, w2 ¢F

| = g}t ] AR =0l apoptosisel HRE oje] PR
of #oFFo =M oF Al3ES] APEE X5k Zo®
2 el A AFEERl 19E AHAsk A AT, 1E9 B2 A A E0] apoptosis S FF Al

oAl @A, 7Y A7, A8 Al 7 e A HEs Ao 2 o)

o5 BT 256 dlell AlA F A Q1Y ml oF © Zlol oy A Aol g8 Bre A ar Q) DR

AR o R sojvkar, o] F 28w Y QI <F o s FASH: o AR Y LS o

o= AFEE Alom ofiskar Stk dAAf kA E o skt Al Al vlel 2 7R FHE-E TR Q)

AREESL QLT A Ol S AR, o Uk HAIETE A Selli pb3ol A “4 ¥k

=2 9O SR Mk S s o AR Y 7F R E L A S Fol® Q& pb3F-FlAtel &

3L Sl et BlE, FAAVE ARdE] ddel st Aol 7} fkyfo] dbAle] Y& Ho ]t B %

o oA R, A AREE I S e e AlQ] th o]t oAl DR5S] MHL ph3 &

oAl F2hE, A A 5 EARE A A HloEa o 2 A w7 wite] DR6S Wals 24

ATE kAl kAR ofu ek kA S o - o = oF e AIAE HA e =4 ph3Y =9

FE mA7] witel 984 s FEEE Yl ool Aaglol x2S o TRAILC g

A7t wom o7k = obAl e Tk A-gstkar 4 e SAA OW]:EQ 2 Fef o] g8 4 Ut

AAE = S AR S FAAlE AR EA T3 DR FAAH pb3 Wak obyE), NF—kB, Spl

Sokarl Qe slo] gaolnk webA ke o ¢F T 2 oFF ThFE dAkRA IRl YA

A &) GR35 ko ® QA F T §rh YRk FE7] wel AEE & e o sErel A A

o ot W o R &= Xg7kA] ezl ekl At A7k gvk= ARo] Atk webA Al o) Ak So

off Fo] HA ¢k WY, <fel tigk ARkE- & T A2 7 death receptor®] ¥d & FHAA death
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receptor M7 apoptosis S ZZ 3= o 3heko 1A
AE AAetaL e Bk B2 ek FAF
M=o & Zlom A7)

ok
kl
Fo
ro
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