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Development of novel angiogenesis inhibitors targeting VEGF (vascular endothelial
growth factor) for cancer chemotherapy
Hideaki Kakeya, Hiroyuki Osada
Antibiotics Laboratory, Discovery Research Institute, RIKEN

Abstract

Recent progress in cancer biology has revealed that angiogenesis is a promising target
for new anticancer drugs. Angiogenesis is tightly regulated by the balance between stimu-
latory and inhibitory angiogenic factors, and the imbalance of these regulators causes dys-
function of angiogenesis. Vascular endothelial growth factor (VEGF) is one of the best
characterized pro—angiogenic factors, and multiple strategies have been studied to inhibit
the pathway; i. e. production and secretion of VEGF receptor, VEGF binding to its recep-
tor, tyrosine kinase activity of VEGF, and signaling pathway downstream induced by
VEGF. In this article, the summary of function of VEGF family as well as recent promis-
ing drugs under clinical trials including bevacizumab (Avastin), a humanized monoclonal
antibody developed against VEGF, and several small molecule inhibitors targeting VEGF
function are described.

Key words: angiogenesis inhibitor, vascular endothelial growth factor (VEGF), molecu-
lar target therapy, cancer chemotherapy, drug screening
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RIEBEBRLZ FICBVWTE, BEQMEHAMN
FREOEBRELEFRCHELTWE Zhbo
BAGRECHESNIREENEH L&
RITEELZBEMNED—2 & LTVEGFARW
7ZZ&h, VEGF AR LICRIT 2 0R
#3574k VEGFR(VEGF receptor) % /- L C/EH
2 5IET 5, VEGF REEMSHEEEORE,
MEAEMIGOET, HEE, MM, BEEBRE
Vo FEENEIEDIZLEALYDRAF vy 7128
SELTwas0A%67, M - M - BERIC
T HSIREENENREEE LTS (EL.
Bl 213, VEGF RBEB M0 & e dmE Pk
BIERIBIR DB BT ~D Y 7 v — b+ & 5{b % 55
M5, W2, VEGE IZHINEI 05 LinG]
MBS O7 v — VT 5 LSS
EHLTWS, —F, RERCHLTS VEGF
i, HEEEETF (tissue factor: TF) MR FHE %
TLE SR/, /MRS 2 EEFEGED
FELTwW3, VEGFIZ, BMEE, M, 28,
AEE, BH, ABE, DEERESCORE
BECTFHERFLLTLARENE L.

H. VEGF 7 731 —

VEGF L, mEZB8ETERF, BLY, ¥
BROEPNEMIICST 2 MEETFO 200 EE
ELOWELE LTHEE SN EERE TVEGF
-A ¢ HIEERT WA, VEGF IZEEim
/AN R SRS R (platelet derived growth fac-
tor: PDGRMZHEBET 7 7 21— (VEGF-A, B, C,
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D, E, PIGF):2E T35 wihd PDGFR
(PDGF receptor) IZH#& L\ (X 1). VEGF
~ADFTIALTELT, 121, 165, 189D 7 3
JBIATRECHEETEY, 2hTLEER
WA CHDLVEGEF-Ass iTiEREME R AL
A LTHIRERDCMBEREE, Filcksy
FEBKDO=2—u ) Y &5 LEND
VEGFRIZ/EH T4, VEGF-AREENL S
% — & LT VEGFR-1(Flt~1) & VEGFR-2 (KDR/
Flk-1) ZFBE L, WEMHEROBEHRE, 78k
— v A, EEBRORE, AEHIBOEE
AR T F OHEMIE EAORBR R &R TE
T 5. :

Je# R R F (placenta growth factor: PIGF),
VEGF-BIZZhEFNVEGFR-1D& % L7 ¥
—&TBY, INLDYF Y FOEYENEE
[T VEGF-A L5 L 1/10 8D 2L
TTH%. VEGF-C, D4, —8VEGFR-2 %

FIHT5HEE LT VEGFR-3(Flt-4) 2 Ar L&

H

RIZY Y VERFETEH—D Y AT ATH A,

VEGF-E X VEGFR-2 © AIZ#5& L T VEGF-A
LIIZRAEOEMTENEET 5.

III. VEGF L &7 % —#0OilanIssE
=3

VEGF-AD VL 7% —Tdh 5 VEGFR~1, 2
i, VET S —HBIER I YEFF—¥Th 5.
VEGFR-2i%, fioFuy vy —v¥HlL LS
F—LERLD, RsFKE D bEE LTPLC)y-
PKC %%/ LT, Raf-MEK-ERK % F—¥%
OEWALZE ERIT I EIBEELIC L YR
ER29 Znid, VEGFROEKOMEEIZM
BIAFAAL V500 Ig BB EATH AT
PDGER/fms/Kit & & CHBLTVB2S, ¥
FAEECEELR S F -V RAL Y AB0T
I BRO¥F—BEAERNRBOEF— 7HH
FETCRELERBIEREN—EID LA
W, B, S OVEGFIZ X % Ras BRI %
Raf-MEK-ERK OFEMSALERZ, Raf L#E4L
7z Sproutyd A KT 4 FIHIE L T AT EE
HEHRENT VB
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BE, EAE:z CoBEBEOERIZBY
T VEGF DEEM A ED b, VEGF iXER
MR R EERFTIC BT 5 REMAL L &b b i
XM CEEIMICOLEHAEEES L,
L7:%%- T, VEGF D#BEED D DEREEE
LT, OVEGF mEELk - SiniE, @VEGF
L VEGFR & 0t 4ME, @VEGFROKT A
FayyEF—-EEEORE, OVEGFRTH
NEEL Y 7T VEEFTORE, 2EVDH
WHha, EFEOTEN LS FRHGRED
fesE L LTid, imatinib(Glivec) B X UF gefiti-
nib(Iressa) e bS5 325 £ Ber

-Abl, LEMEETF LV &7 ¥ —(epidermal
growth factor receptor: EGFR) & o 7oLt
y—MFnyrFF—EoirEEEIcIEITn
HERIEAIRET B & DA RIS EAR R e
DEROBIIFITHY, BEE, 1L, F
HROEOEHEOEEUNRML B, T
12, BIEGRRABRERIZHSL VEGFEEREL
-EEFOFR T, 4512, VEGFROFa ¥y & F
—FIENHER B L O VEGF #iE & 2 M &
Lzt oW THBAT 5 (&2, R2).
1. PTK787/ZK222584
PTK787/7ZK222584 1%, VEGFR-2 %&b i<
FRE-$ % 4% 5 7 i % anilinophtalazine &
BEAETHLEWMTH B, PTKIST/ZK222584
i3, VEGFR-2 #MRET 212 (IC=37nM) X
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R S | PO D el pifine
1 ﬁ‘ ﬁ'ﬁl y ; l o D PREY ﬁé‘ ‘ﬁ‘ﬂﬁ Ffﬁ’;’%&.f?“' Eﬁ?’é%lﬁ: .
bevacizumab | VEGF AN 11 Genentech
(Avastin)
PTK787/ VEGFR-2, (PDGFR-B) FE A1 /11 Novartis
ZK222584 .
SU11248 VEGFR-2, PDGFR-p3 FREH v Sugen/Pharmacia
ZD6474 VEGFR-2, (EGFR) REEH) I AstraZeneca
CEP-7055 VEGFR, (MLK) REE A I Cephalon
IM862 VEGFR-2, bFGF EEAEINEIA I Cytran
/755 4 BF | VEGF, collagenase BEE#) I Repligen

I, O, TIi,

Cl

: NH
N
L
Nao
| =3
N =z

PTK787/ZK222584

H,CO

)

ZD6474

NRPLEHWIRET PDGFR-8, c-Kit, c-Fms 7%
EHHET 57 EGFR, FGFR-1, c~Met, Tie
-2 EDMOF Y YR F—FERIIEE LY
Wi, PTK787/ZK222584 X, ¥kl
WT b oM LX)V T VEGF 485589 % VEGFR-
20BCY YEML, ik, HHE, £FEHRY
W T & 5. PTK787/ZK222584 %< ™7 A&
7 WIZ50mg/kg THET5 &, miEHDPTK
787/7K222584 D FE L 8B L E b #1uM

TRENEL I, TIERRRRER % 53,

0o [
N/\/N\/
7/ \ H
F /B
0
N
H

SU11248

CEP-7055: R=C(0O)CH N (CH,),
CEP-5214;: R=H

2 VEGFRBEAIO{LSEE

DEZRED R NS, PTK787/7K222584 I3,
Prerke MEEABRL 2<% X xenograft ©
TIIZBWT 25-100mg/kg/day D52 &
2 — )VCIEENEH A2 R S IEE b E
MEERT. KB, BESE YU+ 792b
—%, HIYBRELNRICTbIE I HEEER
EiTid, stable disease(SD) DZFRAE S,
BAE, % I/IARRRBEATTbh T 5,
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2. SU11248

SU11248 i1 indolin-2-one H#& %A L VEGFR
-2, PDGFR-8 %€ h£h 80, 20nM DEE
(ICw) THZEL, »2Kit, FLI3 2 L OFEHHK
HMFraoyrdF—Eh RRoBmnikETh o,
FAZE-C & 5 vWhW 5 broad —specificity 1 3 ¥
FF—VYHEHTHS. SUII4BZTTAET
Wiz 50mg/kg TROKETH L, MEHD
SU11248 DB IX 12 By LU Lk #e L T 50-100
ng/ml O+ 5 HBRESHE STV DY,
SU11248 13, #4 e MEBERBHRELIZT TR
xenograft €7 WIZBv+ T 5-40mg/kg/day D
BE Ay V2 — NV CRELENELRD S EH
ELhEEGRERT. 2O, Yur—-t<
—# —Cd 5 VEGFR-2 ") »Hi{t, PDGFR-
B DY YEMEL BEAFHIAF SN TN,
SRR S, BEEEERIC LS
BERRETH, MEFOSULLI248 DRER
50-100 ng/m! % #£#% L partial response (PR) &%
BohTBh, EXABEKRARISETHTHA.
SU11248 12 FLT-3 # By & L= ERER
%5 (acute myelogenous leukemia: AML) {547
L LTHBPHFIRTWEY,

3. ZD6474

ZD6474 tX VEGFR-2 IR D EER/RE DB W
&t & LCERH O quinazoline B2 H T
AN TiR{LEYW TH 5 (ICL=40nM).
VEGFR-3, EGFR/HER1, PDGFR-B {3 LT
b ZD6474 11, #hFh 110nM, 500nM, 1,100
M OREBREIC) EF/HT B2, )Y/ AL
Fo v FF—PII UCTIEBEEMRSEZEA LY
¥, ZD6474 X VEGFRFHE D & BT A
IR I %5 P9 B2 A B (HUVECs) @ #5l %, 60nM
(ICx) DILETIET A, ZD6474 1%, ezt
MEE R B L 2w A xenograft 7 NVITE
W 50-100mg/kg/day DAY ¥ 2 — NV THRE
T3k, ZD6474 EEHEMARNMETEE,
ST ERRASEs E L ICHERTE
EEERL, BE, $IHERRRITLI
TWah,

4. CEP-7055

CEP-7055 t%, pyrrolocarbazole 8% EHT 5

FARRIK 62 2 7 B (2004-7)

ERALEY T, VEGFR7 73V —0F0i v
*F— ¥t % broad (ZBAE$ % (VEGFR-1,
2, 3%WVIFNLH10nMUICe) THET )Y
CEP-7055 @ A 7 M ER-AS K483 & el
&% CEP-5214 H EIHkIZ, VEGFR-1, 2, 3%
WL # 20nM(ICx) DIBETHEYT 5. CEP
-5214 X UF CEP-7055 %, MLK(3 * ¥ V1%
#% % 5 —+¥ . myosin light—chain kinase)1, 2,
ZRHLTHVEGF 77 IV —OBEENRLY
R R WATHER R R, CEP-7055 i34
OS5 TEETCH Y, B4l MEEMEEHW
R R AR CHEE L MEFAEMAELRE L HE
EMEERL, BE, £IEEBERARMTOL
TWwA,

5. Bevacizumab (Avastin)

bevacizumab X VEGF-A D & + BIhFIET
Hh, TRTCOTAV I —=2DLETIT—~
DEETHET A%, bevacizumab HATERERER
ERCIRWIIESEEZ R L, 5 [IARRR AR
BWTHESE, BN, SRETHELELDLE
LTELDBEBCH LTEERBRMEONT
Wiz Hurwitz 53, REREBESBE 2
517, bevacizumab @ IFLIEE (L YV ) FH v
L CPT-11/5-7nFuv 5 ¥V 5-FU/u4 1
Y VI LV) L ORISR LIRS 5 8 AR
IRARER 1T - 72 (& 3) ™. primary end point (&4
FHE & L, secondary end point if 118 5
#h5, PFS(progression-free survival), Z=E%IA
B, QOL, #HMAHREL shiz, £FHEPR
{EIXIFL/ 75 2 RED 15.6 7 A UCIFL/
bevacizumab F8Cid 20.3 7 B Td D HETEMIC
BELRERTho2 PFSIE, IFL/7 5 & KE
@ 6.2 4 Bizxt L TIFL/bevacizumab 8 T IX
106 7ATHY, FBICHEITEMICEERMER
TdHolz HIEESREIZBIT S bevacizumab @
ZahEid, IFL/ 79 R 34.7%(CR 2.2%),
IFL/bevacizumab # 44.9% (CR 3.7 %), ZXhHA
R (P fl) WX IFL/ 7 5 2R EE(7.1 4 B), IFL/
bevacizumab # (10.4 # B) CEMICIERE L7
BIAHMRIRAER & 0 iih, MieFERERE, &
HIR, BilELZ EORWEAORIAMRES
72A%, bevacizumab i BIfER (=3 L CHHZE 1T RE
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% 3 Bevacizumab O [ {BEEKAREROHE

'"IFL/ IFL/

II R be'vaéi‘zhfﬁéb‘; Drvalue .
n 412 403
LFEmhRE(a) 15.6 20.3 0.00003
PES(R) 6.2 10.6 <0.00001
%% ORR(CR+PR) | 35% 45% 0.0029
ZEHEAR(R) 7.1 104 0.0014

IFL! irinotecan-+5~fluorouracil-+leucovorin, PFS: progres-
sion—free survival, ORR! overall response rate, CR: complete
response, PR partial response

T Y, ¥, grade 3/4 DEITERARHEE (1
m, ZAR, BME)iL, IFL/bevacizumab #¥5¢
IFL/ 7S RELDLPRPEVWIEETH /2.

7 bevacizumab 055 T AT ERARSAERAS T2t Ifll#é’

B FHEHAERE I 35\ T survival benefit 2 B
7o L7 R o BRI 2 65 I AH BRI A
RTH 5.

b

VEGF D2 EA & U724 FIEeias# g,
HEHR & LT Cl ERBBIEELR L oR
FHER, VoS EORESES,
BUIRTEAVIE 72 KRR M A 2 4L 5 34 kB
DIERIEE LTCOTEERINEARFTE S,

B X 78

FFRTIX, VEGFREE#], VEGF FflHiHic
ERLEo TEBLL724% Glivec % Tressa D
RERMA»LLH LR L 52, THEHEOR
BINTHREREOHAR S SHIZEWTBL L
EhnHd, BlZid, 4%, 7/ LEROBEER
TSR L, VEGF DB RE L3
LS FREHOBLELHMFEINE, Zhoof
72 R RE T ORI T L HUEHIFR,
HHWE, LEWITA 7T —(RBRILEMD
LUERKEWTIA 75V =) :FBLTOA
)= e Y L H T R ERSFRRER
RED7:DOEBEMIT, S FEMEEEDR
HRAROOOEELRBEETHIL LEbI A,

1) Shibuya M: Structure and dual function of vascular endothelial growth factor receptor—1 (Flt—1). Int

J Biochem Cell Biol ' 33; 409-420, 2001.

2) Risau W: Mechanism of angiogenesis. Nature 386: §71-674, 1997.
3) Ferrara N, Davis—Smyth T The biology of vascular endothelial growth factor. Endocr Rev 18: 4—-

25, 1997,

4) Toi M, et al: Vascular endothelial growth factor: its prognostic, predictive, and therapeutic implica-

tions. Lancet Oncol 2: 667-673, 2001.

5) Takahashi T, et al: A single autophosphorylation site on KDR/Flk-1 is essential for VEGF-A-
dependent activation of PLC—y and DNA synthesis in vascular endothelial cells. EMBO ] 20: 2768

—-2778, 2001.

6) Shibuya M: Vascular endothelial growth factor receptor-2: its unique signaling and specific ligand,

VEGF-E. Cancer Sci 94 751-756, 2003.

7) Sasali A, et al: Mammalian sprouty4 suppresses Ras—independent ERK activation by binding to Raf-

1. Nat Cell Biol 5: 427-432, 2003.

8) Capdeville R, et al: Glivec (STI571, imatinib), a rationally developed, targeted anticancer drug. Nat

Rev Drug Discov 1. 493-502, 2002.

9) Dancey J, Sausville EA: Issues and progress with protein kinase inhibitors for the treatment of



1270 - BARFEIR62 4 7 7 (2004-7)

10)
11)

12)

13)
14)

15)

16)

17

18)

19

20)

cancer. Nat Rev Drug Discov 2: 325-334, 2003.

#Ha%E, BERBZ  MALE LEE—BFRSAFER. k¥ELTFE 55 555-559, 2002.
Wood JM, et al: PTK787/ZK222584, a novel and potent inhibitor of vascular endothelial growth
factor receptor tyrosine kinases, impairs vascular endothelial growth factor—induced responses and
tumor growth after oral administration. Cancer Res 60: 2178-2189, 2000.

Mende!l D, et al: In vivo anti—tumor activity of SU11248, a novel tyrosine kinase inhibitor targeting
VEGF and PDGF receptors: Determination of a pharma.cokinetics/phafmacodynamic relationship.
Clin Cancer Res  9: 327-337, 2003.

O’ Farrell AM, et al: SU11248 is a novel FLT3 tyrosine kinase inhibitor with potent activity in vitro
and in vive. Blood 101: 3597-3605, 2003.

Wedge SR, et al: ZD6474 inhibits vascular endothelial growth factor signaling, angiogenesis, and
tumor growth following oral administration. Cancer Res 62 4645-4635, 2002.

Ruggeri B, etal; CEP-7055: a novel, orally active pan inhibitor of vascular endothelial growth fac-
tor receptor tyrosine kinases with potent antiangiogenic activity and antitumor efficacy in preclinical
models. Cancer Res 63: 5978-5991, 2003.

Presta LG, et al: Humanization of an anti—vascular endothelial growth factor monoclonal antibody
for therapy of solid tumors and other disorders. Cancer Res 57 45934599, 1997.

Yang JC, et al: A randomized trial of bevacizumab, an anti-vascular endothelial growth factor anti-
body, for metastatic renal cancer. N Engl ] Med 349: 427-434, 2003.

Hurwitz H, et al; Bevacizumab (a monoclonal antibody to vascular endothelial growth factor} pro-
longs survival in first-line colorectal cancer(CRC) : Results of a phase III trial of bevacizumab in
combination with bolus IFL(irinotecan, 5-fluorouracil, leucovorin) as first-line therapy in subjects
with metastatic CRC. ASCO 2003, Abstract No.3646, 2003. :

Asami Y, et al: Azaspirene: a novel angiogenesis inhibitor containing a 1-oxa—7-azaspiro {4.4)non
-2-ene—4, 6—dione skeleton produced by the fungus Neosci?torya sp. Org Lett 4: 2845-2848,
2002. .

Kakeya H, et al: Epoxyquinol A, a highly functionalized pentaketide dimer with antiangiogenic
activity isolated from fungal metabolites, ] Am Chem Soc 124: 3496-3497, 2002,



2[NS %m%-%?%(¥&mﬁﬂﬂ%)ﬂm
151 | mMODTENRE

B TERRED-DO
Bt LU WOIIE B 2 P Al

REA#®RZ HBHHEHFHA




REEDRE

1257

I Hr A B

T ERIRIED 72 D O Lo s 5 4 i 4

RE#®Z

& %3

Novel angiogenesis inhibitors for molecular target therapy of cancer
Hiroyuki Osada, Hideaki Kakeya
Antibiotics Laboratory, Discovery Research Institute, RIKEN

Abstract

Angiogenesis, neovascularization from pre—existing vasculature, is essential to allow
growth of primary solid tumors and to enable metastasis. Recent biological studies in both
tumor and endothelial cells have begun to present a wide variety of molecular targets for
developing angiogenesis inhibitors. Therefore, angiogenesis inhibitors including anti—
angiogenic agents as well as anti—vascular targeting agents have become promising drugs
in cancer chemotherapy. However current unsolved problems in anti-angiogenic therapy
are the lack of surrogate markers for therapeutic efficacy, as well as of establishment of
effective combinations with other therapeutic approaches including conventional antican-
cer therapy, radiotherapy, and immunotherapy. This article focuses on the promising
drugs with anti —angiogenic activity and their molecular targets under clinical trials, as well
as the significance of clinical evaluation for anti—angiogenic therapies.

Key words: angiogenesis inhibitor, molecular target therapy, cancer chemotherapy,

drug screening, natural product
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BLBEOMRBICL ZIEEOHME, )Rk
WAETE L, WTIRPOBEBEHEET HEH
ILEOMEHE - R HRTALEZI LR, PO,
ZBRICIEEORTFIES LT ) EHE
FHEDZEH & 2 AFF13% v, Folkman 5 i,
B, MEFEMEHNZ direct MEHEREH]
& indirect MEFEMERICHATHZ &2
B LTv3% direct M¥EHAREH & XM
BOIE - BB 2 BRI+ 2 BRI TH Y,
indirect FREH & 13, EBIC/ER LEED» D
MEHFERFORBEZIHL-Y, MEHFAEN
ERFORMBEZTET HERTH 2.

Il ME#HEOHRSRET

EEFICBT A MEER, R4 p¥EEERTF
RHA P AL ERLDE LRERT L
AFEDNT AL >THRETENTWS (FE
1. #@ER, HHEFORANTTELTHS L
ZZONTVAEY, BENEHRES EORIML
B AERICIE, HEZFRERERTFIMHERFOME
BerLEEbLELIOATVWS, LidoT, &
nammﬁéﬁﬁw%%ﬁmkbﬁﬁﬁﬁﬂm
BEB L UREBWEY, BERAPTERIZITDL

TWna,

. FELMEFEAERE ZOXFEL

FHEF TIEZ L ONEHEHASRSRNES
n, PUERIE LTORBMEIEATYRS. €
DHRC, BIE, AELOEREBRERE 205
FENEER 2R Lz B, Rh, Iressa(R
), IFN-o GRIZH), TZT-1027 RURRE
Bd), NKePAoZERNE b 55 -1
BRABRPOTEXTH B, Tho OERRT
i, @<ty raArusoy7—¥(ma
trix metalloproteinases: MMPs) Dif: % AE
TAEH, OmMEFARERNTICEEERL
TEDVLETI—~OREEHETLEH, ®
MEFERERTFOMBA > 7 FV{EEL T
W9 28R, OMENEMREFRNICHEEL
T 2 H, B LWCKATE S, fERBFER
BTFLLHALPTHVWERbH LD, TO5F
YA &I R X E R AEEER RO

HARe 625 75 (2004-7)

K1 RENLEFACS T2 MERE

{Eiﬁl ? c‘: ?fﬂ %‘J I?
’U’E’ﬁ% ?fllfﬁli lﬂ?
VEGF chondromoduhn 1
EGF family IEN-a/f
FGF family IEN-y
HGF IL-12/18
PDGF-BB platelet factor—4
erythropoietin TIMPs
G-CSF/GM-~CSF | angiostatin
thymidine phos- endostatin
phorylase (TP) *TGF-p
angiopoietin~1 * thrombospondin-1, 2
*TNF~«q ‘

* B R L CREET/HFE T &
LCHAT 5.

DO TR Y E TR H 5.
LTz, —ERaEdEHRIzoW TS5 (F1).

1. Iressa(ZD1839, gefitinib)

LB 35 EF (epidermal growth factor: EGF)
BLUOEDORBEMERTH S EGFR(EGF receptor)
3% OLEBBOMBICES LTE Y, i,
EGFR OBRI BB 4 = ETWIEE O LR A%
THRESN TS, Iressaid EGFRF T Y V¥
FT—EDATPHEESEMLTATP L OBEER %
AL, o rxr—HEEENHT 2 EOK
SN TH D, B 2002 FITFPAREE,
HAHVEBEL 2RO BE T gIc
AR SN BRICB S Iressa DEEZME LA
TLOEGFROBHELMHPEL T ARWHED
HNY WOEGFR7 7 3 —~DFRLTIH
DY TFVANOEERFRINTVS.

2. Bayd3-9006

MAP#*+—¥7731)—D—2T&H 5 ERK
i¥, VEGF, EGF, /MR sk#iE T (plate-
let derived growth factor: PDGF) ZiX L & L
725 { OMEHEREETFIC X Y Raf/ MEK/
ERK &R =4 L TEMRILE 5. Bay43-9006
2, CoREowor) v/ Furs ) —
¥ T&H 3 Raf #:BIRWIZAET 2L 0H% 576
BEHITHEY. Thbb, MENEMEOA
% b EEMAZIC BT A Raf DIEHALE L I0H
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K2 FELMEREATAHE TOENPF

" G b3 s EROSE T {uaa
MMPs ) marimastat
BEH BMS-275291
TEEH#] AG3340
P& CGS27023A
fHEH 53304
47Ty o4 vitaxin
R #1 EMD121974
AT A REA suramin
EGFR FEH Iressa
HER2 E/ Herceptin
VEGFR FRE2H ZD6474, SUG6ES,
PTK787/ZK222584,
: CEP-7055
PDGFR PEEA] SuU101
VEGFR, PDGFR FREH SU11248
VEGF, bFGF B S H0HIA) IM862
Flt-1 mRNA P& angiozyme
VEGF/a 5 ¥ +—+¥ FHEA /iR 4 ¥
VEGF o & bevacizumab (Avastin)
bFGFR R#E#H PD173074
PKC-p PRI LY317615
Raf fB &A1 Bay43-9006
HSP%0 | R 17-AAG
EAPYFTEFT—E FH &) ' FK-223
Jik:gl-A el P 7 HE B e B BE IFN-«
MetAP-2(7) TNP-470
CD13/APN curcurnin

7R = AFMUA(VTA) combretastatin A—4,
ZD6126, TZT-1027

ATP & REEE#, angiomotin, - 75 b— ¥ A §%EEH| angiostatin
annexin I11( ?)
LTIy 7 am(?) endostatin
? suqualamine
HGF B NK4
TNF-a{?) EEAE I thalidomide
MEE WIEEEY CM101
? TREA 2-methoxyestradiol

T& 5, BE, KBS, WSS ESTHEERRIR  marimastat i3 5—H#A O MMP B ##] batimastat
AHTbh T 5, OEMEEREL, EREETRICLE Fo
3. Marimastat ¥4 ABEEREETAEHAO MMP EEH
MEHFEODLBRT, MEHERERFIC ThhH, FEMMPICH L TEEVEEARY
Lol A nEREREE, MMPRY  PUERRTY BE, F)t—v, fUIE, SREE,
OIRFT—EEFIMLEEEZMEUTERE RS LR ECRRBRS TR T 5.
LTw{, LizdlaT, ZOMMPENREMEE 4. 17-AAG(17-allylamino-geldanamycin)
$ 5 AL ME F AL EFEPRF T 5. HSPO R ERLZMBASTF Y vR_arD—
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H,C0” XN

Iressa

_-CONH,

17-AAG

H,CO ﬂ'l [:Ii%ﬁ;ﬁ#o
H ‘
OCH, Ol Y ¢ NH

Bay43-9006

oH o 'cuo

HAERAK 62 4 7 5 (2004 -7)

Q,
Tl y @Aﬂ/@ ?

marimastat

SO H NV E PN

CH,0

TZT-1027

s
FK-228

OCH,
combretastatin A-4 thalidomide
TNP-470
NaO, J\Q\ H S0;Na
s LI
Na03S SO,Na
SO3Na SOaNa
N )l\ curcumin
H H
suramin
1 mMEFEEASHOLEESE
D2CHY, IRBIIRLS(FETIESED LZRETRELTVIFINVEESTTFNELES

—DTHhh, FrMRBEREOREHEEEAL
TEDERELR 7 +—NT 1 7 EBEDMHRE
HoTwvab, HSPW L MEVERT A2 547 ¥
FEEEIZ, Toid rERF—EeATuA
RARNVEYEEEZ EOMMBREE - BLICEE

NTwas, BREREEDLY RniZshr:
T oA Y rRENTET 5 geldanamycin
DEFE - HEEE TR L 2FEME17-AAG
X HSPOOEFHED 7 54 7~ FEAEORE
L - FREMEHRL, MEHERERT
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VEGF, IR MK T (basic fibro-
blast growth factor: bFGF), EGF % X Ofifam
VO MBER R SR LI E A RE
EREATAZ L0, BEBKREAREITDR
TV 59, 17-AAG SIEF ML HBARIZD
PIEEIZE CFFTET 5 HSPO0 & FiEH9 & L
TWEIZbA»dbod, Eh-HEEELET
AHEBETRHTH 225, B, ZOFREO—
iz a ki iz s o0 HSPOO & 1KA% 17-AAG I
FYBWEMMTRT I EPHELMIERR.

5. Combretastatin A—4

W, JEEPNHSED KO S h/l-mEE% B
LIEE A Mk % P S 4 CHEENA~O RS
S &IEYD, BErHMERAZ -SRI
BIIZES L1 5 HEH (vascular targeting
agent: VTA) DR MEIFEL I ho0dh 5.
VTA DR FEH L DDE { iX combretastatin A
-4 % paclitaxel &z ¥ O EER B TH 59,
combretastatin A-4 {337, KL ABB LR
CHERRBAT b TWS, ET7AT7 S5 VA
%@ Dolastatin 10 2 V) — Fib&H & L CHIBL S
NN ERRAETZT-1027 b, JEEME~D
cytotoxicity & 5877 2 JEEAERAINC BT B /b
MEFEORISERIHRES TV,

6. Thalidomide

1950 R EICHMREHR - IRAIE LT
|2 2> thalidomide T » 7275, FEROE
BOE - TH9 VER EDBRTEESTLE LR
EHOZOIERMRESRTW Lal,
JE4E, thalidomide 237 HFOHREEIZBNT
bFGF CiHFE s - MEHE TR L
e EDG, GV T AERICIREL
T, ARVARE, F)4——, AB2EEHR
IRREBEAIThhTW» A",

7. TNP-470

TNP-470 i/ RE» b IEHEMREH L L
TRE &7 fumagillin O EIEEABEED
EBES L FH A VBN fumagillin K TH
5. TNP-470 13 M8 AR B IR 7 45
WA RERT. TNP-470 O EHE O —
2%, MetAP-2(methionine aminopeptidase-
DTHBZENHESNLTVAED, MetAP-2

1261

A& & OFM 2 RAEMRIITHTH L. TNP-
470 D CDKs [RE % A L7z GLEZ L fEB 238
E3hTEHYY, ARVAE, WUEE 735
R Er BRI RRBRESfTbhTw 5,

8. Suramin

PUEHREE LTHL P OEBSNTE zsur
amin i, bFGF 2 L% IE L L L fmEF 4R
ERFLEZOZBERLEOBEE*HETLIET
MEREMEEFEEZET 5. GERERTLRE 2
EERMNBIBRARMITbORATWS, HE,
suramin # Y — F{EE&Y & ULTHA/N) VRIE
HERETARFMERELRAIITORTWAY,

9. FK-228

377U T HEOHEA FK-228 (FRI01228)
B, 79 AICEBTALRA VY FTEFF—F
(HDACI, 2) DA EHM: % H$ 5 bicyclic depsi-
peptide T 5. i, w7 AEBEFNVICH
T VEGF % bFGF 7 &0 mEHERERTF 0
RIRLTE T A L TR LB EEL
BTAZLHMHEsh, BHE, BERRITS
5", A HDAC FREH| T3 5 trichostatin A
b HIF -1« (hypoxia—inducible factor—1a) D5
R %17 S L CTMEFHRERERREZE TS
Z&dH, HDACHER oMEHEMRER L L
TORRMEE IR TWEY,

10. Curcumin

CD13/aminopeptidase N(APN) %, IE# S
HE - BEBICEELERI B TWAERES
A0S UF7—-¥TH5. curcumin i, ¥
IVIZEINBEERSO—OT, HXPLE
DILETRICEI R TH B = &S BR AR
DILEWMTH Y, o, METEHERNFEHH
E3NTwa, B, curcumin OFRTHH 24
EHRAE L LTCDI3/APN P FE S h, M
FAEMEMNRE CDI3AEL DIEOREMFHEN
s hi.,

11. Vitaxin

A YT VISMBEIICTETEL, o 81 B
MIEFHELAFUSA<—%EHKL, o
HOMANZE ANV LEEERE L BN
fi4 4V EFRNEFTS. BHIET T, o
EBHDMAEDLEIZ L o T 20 LD~
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FOZRENFEET LA, OBEHEICEETS
AF7) 7 LTI aufs, aufs, a BERES
RTVE, BT afsiir T ) —, L
R EDEREOEETHEINLME RN
KRR LTWA. vitaxin it o, fo K557
ADE/ 7 u—FIVifke LM609 & bR sk
iELETh Y, HiE, KiEdEE, TIESE,
B, WL & A RSICERRRA TR T
b, B, a S R ERE LEHOBRICT T
A MILHMBENRDLEDOTREVRE W) HER
bhEhooh "

12. Angiostatin

angiostatin ¥, 79 A3 ) —4# Y NEKD4D
DIV YTV EAL Y EELGTFHRTH 5.
MEMEMBEOMHEE - #ELHEEL, 7THEF—
VARBETAHIEIICL ) MEFREISERE
Y. U VENRBSRINE HI LIRS & angiostatin
EDEEBRIZ a /M EV T FUBBEELTHS
ZEBRBENTWAEDITIMA T, angiostatin
X ATP B HiE#FE, angiomotin, annexin II~#§
ETHLLMESNTEY, HE, BRRE
HBITbL T A

13. Endostatin :

35—V XVIL O4-FiT R T8 % endostatin
i, invitro \ZBWTFGF-2FEIC X 2 18R
FAlaoiEE L BMEEEL, iz vivollBITS
T AEBEFNVTOREEDRETT. BE
1t & 117z endostatin & MEHEHR & DEEIC,
a4 VTN ENFLTHD I ERTRRE
n, BTE, k< EEM 2SI RRRBRATD
T 57,

14, NE4

AL 5 B8 F (hepatocyte growth factor:
HGF) % x5 A ¥ —EH{L L TR L4 UT
FrNK45Fi3, HGF D o $iEED ) B, N3&K
WONTEY RXL Y EABDI ) 2TV E A
A vEE&t, NKdidc-Met L7y —128H4H
LHGFoE£ %27 vy IT=A bk LTHL
ZENBMEINRTW S, KEHERFEWI &I,
NK4IZHGF DA% 67, bFGFR VEGFIZL 5
% R Al Re 0 3858 i 7 DRI &SI
618}'

B AR 62 %5 7 5(2004-7)

IV. MEHEEERORKHERICET S
FHlAE DEEM

WE, STHRNPUER ORREKICB 55HE O
KA VM, BHSTF~NMERAT5Z L0
(proof of target), #ZANIZIEM L TADER 2R
FATH B Z & (proof of principle), HBEEIIFE
PR o6h b Z & (proof of efficacy) D 3 BAEE
REINTW3, L, MEHEBESHOFEE
KBWTHIEEHENMIESE NI ERRFTEL
WETFBINLD, ThETORYRIED
LHEHMOENLEE SN TWAY, BEETIE, 4
2T, BELERERL CTERICEN 2254
FITH T BB A BB T 5 biological end
point %°, time to progression, progression—free
survival, PET(positron emission tomography)
WX HEZZU, BE~—A—flE, EENIML
mElE, mEEakle, MIEEEOH
B, THb— Y AMEOWEER LA S
NTWa, TRBIEHMAT, mFhomEHs

TEETFLRVORMER, FAEMPONERE

BIERMHR R R E 2 EOHMEE bR S TR Y,
BAREE L U-mEF £ MER OBERRERIC
BT 5 end point DFELPFE SN TNV D,

b

TR MEFRAERBEIEN L L ViBH O
BEaRLlichbis, hi, mMEANENE -
w07 yr—U - BEMAREEIS R DEEM
Ra & FAMRE e & b 72 2 IREEAEMRIC BT B B
MEFREOBBICEMR T 254 V188, B
XTH =294 VBB EET A LITER
5. WTFhOFTFENPRGHEROLDO
B E LTERTY 2213, MEHEMOR/NR
BRIEETHEIADEVwEEDN, 48B3
BMEREFRRODOHEL BH LW FIZ
BOBHEThODOEREBETINERER
EHNOHEIETF LN S, bench to bed, bed
to bench T ERBRELE LA b7 A V-~V 2
FANY—F OERIE, DEFERESRR
DIDODH LA FREN LD FENEREOR
BRI R ThH 5.
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BRIEEDRE THEI-VA

F2 VY T2 —REFET R b=V AMHEEY
ECH ODTERERF b & BT T

ZEBRE HAEFE RHEH#BXZ

Mode of action and molecular target of ECH, a specific inhibitor
of death receptor-dependent apoptosis
Yasunobu Miyake, Hideaki Kakeya, Hiroyuki Osada
Antibiotic Laboratory, Discovery Research Institute, RIKEN

Abstract :

ECH ({epoxycyclohexenone) specifically blocks death ;eceptor—mediated apoptosis
induced by anti-Fas antibody, Fas ligand, or TNF-«, whereas it has no effect on death
receptor independent apoptosis induced by staurosporine, MG-132, C,~ceramide, or uv
irradiation. ECH blocks the activation of pro—caspase—8 in the death—inducing signaling
complex (DISC), even though recruitment of FADD and pro-caspase—38 is not affected. In
Fas ligand treated cells, ECH is only able to inhibit the activation of pro—caspase—8 and it
has no effect on the already-activated caspase—8. ECH has a relatively higher affinity to
pro-caspase—8, although it directly binds both pro— and active—form of caspase-8. In
conclusion, ECH targets pro—caspase—8 and blocks the self—activation of pro-caspase-8
in the DISC, and thus selectively inhibits death receptor-mediated apoptosis. Moreover
novel non—peptide inhibitors, RKTS-33 & RKTS-34 that are chemically synthesized
derivatives of ECH have been developed. )

Key words: apoptosis, inhibitor, bioprobe, caspase, DISC (death-inducing signaling

complex)
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7HE MV ARBOSTFENERICBWTE
ERENTHHEELLNE, TRI=—VAD
Wit 1990 BB Ic el eAz, BET
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heebzohTiEh 20O—KFT, 7RI
VARSI TWA L EHHL
Ml ot T0X) REMREGTSE T
FLOEBRY— IV E LR BESFLEDIZN

M ATEGE AR LETRITF R RTNAEN HTTRE

0047-1852/04/¥50/F/JCLS

£4F 70T ERERTWEY, THRF—VR
OFFIBNTH, BEETICEL DM 17
O—7HRRVWEERTEY, ThotHAWTE
COMBXELONTER TR VAKBY
AR 7Ta—=TiL, RELHTTTRI=V
AFEWE LMD EECET A ENTE
5. ZOH L TRV AFHEY BB
REEDT, BHINRMANEENTED), &
ELOBERLNAFTO—-THRVWIZEhTY
AW, FO—HFT, TR -2 EIL,
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R ECH
a. bﬁ%_ | @28 2V AD-fmk
100} it ? ? 7
R! b ;e U
ok | [t i i '
0 OH a § gk 7 / %
: o[ o3 &
OH £ eof | A L ' /// i;i{/ : 7
g w L e
ol [ A | _
BCH: R'=CH = CH-CH, me ; / s
RKTS-33: YO LB B b ) -
RI=H 201 B i S 15| it W
‘B nnmnnn
RKTS-34: o 2 SO ) B i B
1o ] i ik, - By iR 0 i
R'=C(CH,)=CH(CH,) —one _CH-11  FasL TNF-z sturo MG-13 Cm U
sporine ceramide
FAVETS S = FALESF—
IKEEET R F— 5 A JEARTERET A b — ¥ A

b BaBEFCEVBEESNLT |
% ECH20 p M) 701 ZVAD —fmk (20 ¢ M) T 30 SETnEE, TRRBEOTHE— ATHERTFZ
Mz T SR MG AR, Mﬂ%ﬂ%%iﬂh\f%ﬁﬂ&ﬁﬁi%iﬂﬂibt.
CH-11 100 ng/mi, FasL 300ng/ml, TNF -« 300 ng/m!l{-+cycloheximide 10 oM), staurosporine 300nM,

MG-132 34M, Ci-ceramide 100xM, UV 10 mJ/cm’

ZVAD —fmk V= f8 3% 8 1L B caspase DEF MM
ﬂu£d<§ﬁ%mﬂmﬂ7%Fﬁm%ﬂ%i
SO, ERTF FHEOT R N — YR
MR NSV, ZLTEELY,
TRhETIHEAEA SR TWhWIERTF Fik
OF F b — Y ANFPEORER LT, FRH
7 caspase—8 5 AL EAI L LTECH »Rw
7L, Ei, FHECHSHEMAFRKTS-33 &340
BT L7,

I FasiRiE 7K b= AHRHEORR

PR b= ARBEA RETFICEVFRIND
B, EEHEETICBIIETRI-VADEL
BFALVET = AL THESRLY TR
viesy—n—o2TéhbFas i3, RIS
‘H%%E%&#%,ﬁ%%@%ﬁﬁuﬁﬁém
@wﬁ—v¢—ﬂ—,ﬁmm&8ﬁ%mm®@
fkatﬁﬁﬁ%ﬁué%iT%MKbkb
i%&&%%%tbfwyh%:?,%ﬁa
m:oF%&ﬁﬁ7£b—vx%%thfw

i

RKTS-33 & 34 DILpiEE
& k= 2544 5 ECH OMEIHR

MWEW%ﬁ%ﬁot.%ﬁﬁvﬂﬁﬁagw
:kﬁ%E%%¢®Kﬁ$%ﬁW,—%%Eﬁ
R EEPpREEE RWELL & u< b 7
574~&Eu$bﬁﬁ%ﬁ%¥%ﬁﬂL,%
ﬁ%ﬁﬁﬁulbﬁﬁ%%%ﬁotkca,ﬁ
TSI, & 7 R b Y AIBIWE & LCHERRT
W KNTWAILEWE—R LAY LILE
Ab, FO7HE b= APPHIEECEL TR
@$%f&b,itﬁ9&w¥N7%Fﬁ®7
H b e RSB TH o f2720, TOLED
DU IOV TR R £ T o 7. &8
Kegerh Tl 2 OLAWIZRI AT SR Tl
Ao teteh, EHGIEECH[(QR, 3R, 45)-2,
3—epoxy—4 —hYdroxy—S ~hydroxymethyl-6-
(1E)-propenyl-cyclohex-5—en-1 —one) &R
Z kL7 (E1-a).

II. ECH OERERM

FFLni, BroRFICLYFHRIAL
78 b — ¥ 25T A ECHOMBIZIRIZOW
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2 Fast&TFEHT R b—P RO TFIEERRE & ECH OEAA

THFZT-o72(®1-b). TOHE, ECHE
Faslof LC7 T2 A5 4 v 7 {3 FasHi
£ CH-117%, Fas ) # ¥ F(FasL), TNF -t
T THINY FTHDHTNF-a 2 &I
IBFALET Y —KEHT RV AL
THIEFRBEQCWIMEER L. —F, &
{LEHEH LTI F, UVERSICEATAL L
Ty —JEKERET R - YA L TIEL
FIEEE2R S Mol ST, ¥ ba—N
& LTH W caspase DR LBAEHTH
% VAD-fnk 3 T_XTO7 R b— ¥ A% I
L7z, F7, SOECHIZLBT7H =T AH
HIZhELE THIBE R BMf 2 X ) v Bk R
IR 2 YR VIR ¢ 6 s,

. ECHO7 K b~ X{EHEREH

K, FaslEFHET R P RAZETF VI
ECHOMEIERBFIZ oW THEN 21T /2.
ECH {348l L@ Fas BF &S, Fas & FasL
EOBEWERELS A ool bin, {E
RAEMISHBAY 7 MEERRE2)iH5
R EN £2C, MBHROTRI—VR
YU NVEERRICHES T A ERHEOERLE
YIRS Ty MEICXVIRE L&)
Hij2 % FasL TALHY % & Fas DI EHIRIZ
DISC(death—inducing signaling complex) & /¢
N 2EEHEPIER SN, FhiZEEv caspase—
8AEMAL I N B, EMEIbL 22 caspase—8 i



