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Chemoprevention, which is defined as inhibition, retardation, or reversal of the process
of carcinogenesis by use of relatively non-toxic chemical agents, is now considered to
be one of the most promising and realistic strategies for minimizing cancer risks in
humans. The rationale for cancer chemoprevention trials is based on multi-stage nature
of carcinogenesis. Thus, cancer chemoprevention is the attempt to use natural and syn-
thetic compounds to intervene in one or more of the early precancerous stages of carcino-
genesis, before invasive disease begins. Chemopreventive agents are placed into two
broad categories, viz, blocking agents and suppressing agents, depending on their probable
sites of action in the multi-stage carcinogenesis. Blocking agents act during the initiation
phase by inhibiting the formation of cancer-producing substances from precursor com-
pounds and/or by preventing carcinogens from reacting with critical informational mole-
cules (e.g., DNA, RNA, and proteins) in the target cells. Suppressing agents exert their
protective functions at promotion and/or progression phases, thereby repressing the overall
expression of neoplasia in cells previously exposed to carcinogenic agents. Some chemo-
preventive substances possess both blocking and suppressing activities. Successful imple-
mentation of chemopreventive strategies relies on the precise understanding of underlying
molecular mechanisms. While the majority of chemopreventive supplements have been
intended to halt the progression, either before or after genetic mutations cause a cell to
become malignant, a new approach relies on agents that divert the progression to a benign
outcome, such as the programmed death (apoptosis) or differentiation of precancerous
cells, which will steer affected cells back toward their normal, noncancerous state. Sup-
pression of prostaglandin synthesis through selective inhibition of cyclooxygenase-2 is
another promising strategy applicable to identification and development of chemopreven-
tive drugs. In this context, it is interesting to note that certain non-steroidal anti-inflam-
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E4& F243l curcumin, yakuchinones¥} Z&
diarylheptanoid =73} capsaicin, gingerol, paradol
3} 7 phenolic 358 FE3H3ch(Fig. 2).
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Fig. 2. Structures of some naturally occurring vanilloids.
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against colorectal carcinogenesis.

matory drugs (NSAIDs), such as sulindac and piroxicam, have been shown to protect
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shAl Lhebytet.

oAl BEo Yolbi o WA AL A
ol 3lhe] AlEWel A Holupw, A kA (initi-
ation), 2% &l-A)(promotion), &1 3Prl-A](progression) 2]
ALZ Lol ¥ 4 SlckFig 1. olM™ wekst
Holl AAA, FARA, WA Uek A
A& vpgoe] SR BelelA of% 2 AT
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A& VehHA] Eslul, cytochrome P450% 2] Ak3h
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=
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¢ Metabolic Activation

Ultimate

(1-2 days) (>10 years)
Normal Initiated
Celi Cell

Fig. 1. Multi-stage carcinogenesis.
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kinase C (PKC)®] %X, cyclooxygenase 9 lipoxy-
genase2] A Z7} interleukin-1 ¢ (IL-1 @)t} tumor
necrosis factor- ¢ (TNF- @ )9} 72 proinflammtory
cytokineF2] Wb 27}, glucocorticoid receptor®)
47, gap junctional communication®] 74 =&
= g 9tH(Table 1). vHE-A el TPA X g & iyl L
9] 7]A22] [H’thymidine incorporationo] 5uf A
E Skt A% FAE 4~50) BEAA F}
) &, sod AEZAo] A%EE Zoleh
O'Brien' & tj2el £ 27 $H%e] ODC
245 SV E AS ot opce A
4 22l A8l 2B} TPA 2L Tk 2
Al & 4A fE=}l. ODC §A L] o}
Hled (overexpression) S A3 A 4A Q) AFE £4
S FEFo s oF whale zadlicl,

¢t FA A= =ZA 1) phorbol ester®} zto| pro-
tein kinase C (PKO)E A "oz FA3A 7=
A7} 2) okadaic acid X% PKCE ZHHoz 3
A8 A)7]7] Bel phosphatase?] A sz =83}
© A, o|l8A 27142 ' ¢ 9k PKCE di-
acylglycerolell 2|3l #A3ts]l= Fadt AlE At
7d 2ol ofsl= HAo|rh PKCE A|E9) 223}
23l g Fol Fhg FWAU PKC A
3 A AZE ras?t 22 oncogeneT} growth fac-
tors, T2 F, lymphokines 5ol ojal] 2431}

Cyclooxygenase$} lipoxygenaset arachidonic acid
E HAAA dF ubSoll Hodsli= prostaglandin

3F ek sholel

ol 23 A, B4 AgH 7A
l’} hydroperoxyeicosatetraenoic acid 58 HAJs}=
szoltt. 53], 1% WAl 2= = cyclo-
oxygease—Z (COX-2)3] A A7F FF 2 dAE
Eolqoz ofAldickm elA ekl
Glucocorticoids= AIE FA3} of29] 783 =)
sfAlo] et up-g-2 F|HQF Bellof|A] TPAE X|2ls}
1 cytoplasmic glucocorticoid receptor (GR)7} 4=
=AY At o] 74" k') Phorbol esterel] 23t
cytosolic GR2] 4= 7]AL A & F= ¢
Auk GR] U Z2] o] (nuclear translocation)z}
down regulation, proteolysis®] Z7}& ¢l3t H3)|
&3¢ A% + Aok
Az FHA4E A=Yl 9lolA gap junc-
Z a8t
o}# gap junctional intercellular communication®]
7% 48 o WAol F2d o] HAAE B
t}. phorbol estersell 2] 4l human keratinocytesol] A]
gap junctional protein¢] connexin 432] Wlslo] %]
EEEEIE PR
ot Z3YctA|(progression)r= H] LA ok o)t 1]
&7F e Fo], whEA Aehis 414 E(neo-
plasm)Z & whAlolch ¢F 27|3% v A
Sell4] Bk FAAE ASH o HAolE o
A 5% papillomayo] oHgeHe) oHE(carci-
noma) . & A wlF A ¢kor), oo ok A A
(initiator) & Al X XstAL}, §2]7)(free radical)

E B Y BB (peroxides) S A 2l shn

tional intercellular communication2 ul]-$-

Table 1. Summary of characteristic responses of mouse skin to phorbol ester and other tumor promoters

- Induction of inflammation and hyperplasia
- Initial increase in keratinization followed by a decrease
+ Increase in DNA, RNA, and protein synthesis

+ Increase in phospholipid synthesis
+ Increase in prostaglandn synthesis

* Increase in ODC activity followed by increase in polyamines

- Increase in histon synthesis and phosphorylation

- Increase in histidine and DOPA decarboxylae activity

+ Increase in cyclic adenosine monophosphate-independent protein kinase

+ Increase in protease activity

- Decrease in superoxide dismutase and catalase

- Decrease in histidase activity

- Decrease in the number of glucocorticoid receptors
+ Interaction with receptor andfor activation PKC

(Winberg et al."', 1995)
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A7AA & TR F, (1) AEN 223wk
ALY, BXEelle =g AAlsle E3 (block-
ing agents), (2) WtEAel =&H AES} AT
(neoplasia) 2 V}eh = A2 A Alst= A (sup-
pressing agents) 3! (3) $FAF3S}A|(antioxidents)Z 1}
Ly 319.20)
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acetylcysteine, ellagic acid G¢] Y+=d F+Z cyto-
chrome P450 A|%3¢] Phase I enzymeol] £]al ukg}
E4o] A A FE AL, o] % target site2} HE-S-
st AL eV =3 system(ed]: gluta-
thione S-transferase®} 712 Phase II enzyme)s 7
shstod wieh BAE AA G}

Suppressing agent&2] 287142 ohF 4}
Al s A AE @A B ARAES re-
tinoide} 2-& E3 % F & (differentiating agent),
terpenes®} 7+ oncogene| W A A, « -difluo-
romethylomithine (DFMO)3} ZH-& A|E 4] =)
Al, Blzv| 2ol 24 &cdAle A2 FAFA T8
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B -carotene, vitamin E, curcuminZt-& }AF
oxygen free radical & A|A sl A A IpALsH
(lipid peroxidation)S A = FAHAI| = 7
& @} 3t Phase 1T 3531 455 A4 A
717U AlEW GSH F7HE &3l AAAA
& AAAINE 715E Z7E P 2
chehA] et 2 F ARARl ARG AE v
7t Ao g ZYEl= Aoz olu] 37 ket
E4ol =&5]o] DNAS F2A E4-8 glo] A
A8 AEE 23 Je WY AUy A5l
= MAGALE At ol 28 Aa4el
sich zehd, 2 e 7] A FAIRHA
9] 73§l 20~300d FF AAE A== vt
g3 zpgelng ojul MAH ZfetE FAA
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£ 4 9ok wEhA] Al FH oz ol
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thA| E A @} anti-tumor promoterZE el
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1) Ornithine decarboxylase (ODC)

ODC¥ L-omithine& putrescine 0. & A 3HA]
polyamines 4] 2] 31 W= HAolA} uk3- &
ZAA A= H A (rate-limiting enzyme)o]t}. o]
f &% AlZolA putrescine A2l fF-Ldgt
7} Elt}. ODCol| 28l A4 =]+= polyamines= DNA,
RNA, phospholipids®} 72 A A} {macromole-
cules)?} 1A Hitslel DNAQ E A(replication),
A A} (transcription), B < (translation)o]] <18k Fof
AE2) 243 Lol e Fa% A%E P
B2

ODC 4L ODC mRNA®] uba <FA A (sta-
bility), Z1 A} 4 E(transcription rate), ODC ¥ 4= A}
A kA A T} wied £ X (translation rate), Lg| il
o] o]Z 2] ui3}(post-translational modification)ol]
o3l A=}k ODCs= growth factors, hormones,
tumor promoters®} ZH-2 A Ak 2] zpol] 28 4]
A f=He 2 o] ODCE] FEE o ZAG
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< AHHE B & Adusic 2Zol NIH3T3 4
XA ODC overexpression 77} transformation--
Yoot AF ATBE ket

ODC7} AME FA ol F23 d¥-E s} poly-
amines X ZA F9 #4 HHo|7] u i)
ODCE A#list= &) 3H8h3 talubAle] Fo
FE7 E 5 Qe Aok Az Mg Ay
ODC2] #jsljA|2]l @ -difluoromethylornithine (DFMO)
= F2 3 ez AgtEa 9k

2) Interleukin-1a (IL-1 @)%} Tumor necro-
sis factor-a@ (TNF-¢q)

Interleukin-1 @ (IL-1 @)= *13](dermis) tHol| 4] thy-
mocytes®] FAE f-Esl E2E A pro-inflam-
matory cytokine2 2 4#A P} [L-les HE
epidermal keratinocytesol] 2}sf] A =0} 71320
Aol dekrt AR A UV 34, $j4bo) ¢
ol A Fo 2 w2A Eulslm F3AA nF
EE ZAAEG o 3 chAEQ IL-1 o & supra-
basal keratinocytesel] 2]3l A=) A Atx]e] 9l
3l TPAS] =¥l 28 A3 20l neutrophils?] &
A3t A g g9 IL-1e7t AAAG IL-la
+ prostaglandin E; §4& 5313 e )
g Wb @2 %ol A ArAF(reactive oxygen
species) 2 AAstA b IL-1 0= WP Fol] Q)
integrin %#-2}9} W3 A E(endothelial cells)ol]

1= adhesion Fz}o] WFE-S Z7} A7 1= 4
L7} AHF g o)Fshs A FAAU -la
TPASH:= ohE A% Hd A2z Ags At
TPAX®] c-fos A2l L& 3} nuclear transcrip-
tion factorQ]l AP-12] DNA bindingg -$%A|7)
o g A Aol Yot FHR QdZol| Fo
3 qdgg st ® slvbe]  cytokine-2  tumor
necrosis factor-a (TNF-g)o|t}. TNF-¢ &= HE
IL-1 @ X]¥] epidermal keratinocytesol] <3 &}A) =]
th. A F7+A] B3] murine epidermal keratinocy-
tesell t¥k TNF-¢ o] E3H= o]F A vehiid.
Z, TPAY 23l %% epidermal keratinocytese)
hyperplasia 8412 2 A|s}= dHlmM ol initiated kera-
tinocytes®] clonal expansion& 23|72 ZX1A)7]%=
ZATE Holcl 2]a, TNF- ¢ & neutrophils-& 2
A13}A1# hydroperoxide A& Z7tAlzio = W)

]

flo W X2 rir
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AN FEAAEA L] 715 E star glek. TNF-¢
7V AXFek Q7be] 454 wR Ay o)
Uge ojul wol Huso] g} ® ofz) ofz
Azt g A H4boll TNF-g ol gt 213 3
e W Z4ol HahElch? TNF- o] uF
¥ - E+= transcription factors®] 241l o3l =4
)51 E3%| NF- B (neclear factor- « B)®} activator
protein 1/ c-jun (AP-1)0] TNF-¢ =&z} =&} 3
ol gl Aoz QAR

upeba, &2 chAler WA RATE gl o
5 DAl T34 g slar 9l cytokineE Q)
IL-la 8t TNF-¢ & g Al A7) 7L} o] & ¢}
3 BAEE dHS) wt FHAY] wE S A
A 7lE e ® shte] £ dellubAls} =
T e Ao

3) Z2AEIZRD WEY B 52

Cox-22] Ael=Ql 23l 3
AgAd el Al 383 ko)Al (chemopreven-
tive drugs) % ARG EHY 4 9= E oh}
9] b5 i Hekolrh. Z g AelFgel
Fop, Bl A4t Lol QolA ol T2 o
g sl= Ao g o4z 91, aspirin, piroxicam,
sulindac¥} -2 n]AH|Zoj=A) 3} Z4)|(NSAIDs)
b uletelal w3E 2 Aol wud w9l
o} gk A8t A z A A& aspirino|u} R
NSAIDsSHES] 4834 Hob AE Fol A
B9 Y AYEe $EE BeIFH Yk o
-8-0], familial adenomatous polyposisZ- 7}# %1z}
of] 9loJ A, NSAID?] sulindac® #1243 polyps A}
Ae dAARAR, 2R ALE olubeigeh
oh-2] %W NSAIDsw= AE2] A EAE (apop-
tosis) =& &3l AT FA4E Aol 2
A A A Fe) ER A g
&5 (phenolic 8 FASAE
(anti-inflammtory activity)@} 217F QA ZEF)A] A

E A (apoptosis)S FEsF
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FoagellA AAG AFE olEwA ok vz
(randomized, double-blind, placebo-controlled) <14
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738 Hgdell el obF- B3 AT YEhtA
oF2 whol], A AT AEE 2319 HekE
Foldt TFRCHE Zohasleh® o) AT AnE
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