5%

el 88 EadY H2 AL ER@V)

SEMM MsiEEe] Y St
OIFE - ofFY
3B RATL

MZ2F StHPHY Target2 A EEHAM

A7 A2 Ak F2 AEEA, DNARY
A3, RNAZHIA &, protein@ Al 59 M EE target2
2 st o, 7129 YAk 2 typed] kAl Ao
deAdo] A7j=ls glem[1], #l= NCI(National Cancer In-
stitute)®] The Cancer therapy Evaluation Program(CTEP)¢] &}
A NS 23 N 2S targetS B A TEA o) edl
target £ Blojut FAAAAH 52 2 3 0% HAZAES
& A2 AR ALsha gUrh2].

MY KaliHe] Jhass

AL 13 o AAelut ofe Holell Al 84
o2, AHAA A8} 4| (anti-angiogenic agentys aneuploid &1
otAlZ7} ohel A4k diploidd) @AW ES BH o2
I, =3 gAe A /‘4"101]71]1. 22 588 A%, F
A2 A5, A3 A | 8hore wlg- =8 e

2 A glerns 7]—‘—4 “%}HMV‘} £ 7 s ol
2A 747 Aoleh3).

Az EFAAAHAE ALE o228 A2 &
A A2 F2 Aekrig]e R&D 537t H 2 Uk 4
AR AL A7 H R H3E 1 260 fofskATHY, 51

el A7l R3] YA olzhe 7Pdo] 1971 vis

3

-

1 A2S 3PS 218 v]= NCI CTEPS] 4 Target

2] Judah Folkman[6]ell o}3l} A|Ael o]F @A A A7t
& A mAZH FEe diado] B AL 19903l HAZ=H
Bl Aelael YA AsAQl fumagillin[7]e] 2A3} HZ
o] WA= angiostatin[8)], endostatin[9] 5] WalAd HAAA
AeA 7t AFFERLAAN FUARA o3 B50] U5
Hgl7] delvh. AL EZNE WA H x| R A
A2l fumagillin& FFN TN E 2] vk flaskol] $-335] 2.9
F3%o|(Aspergillus fumigatus)25-8] WA=} o9 I
o] F9)ol YN AL Z4lo] 23] fA=e g B
33 2 FRo|2NE] BHEA fumagilin 2] FA .
2% R fumagilinf-E=AE0] A A =d fumagilin i
o} 32kgo] A3 o] FH TNPATNAGM-1470)% 2
of A JAAF phase IT Fof sledl AZE- A ZA 9]
7VsAdel Mg £ AR od=A glri10]

199410l ¥ 7% angiostatin[8}& 22 UAY WA o
TR A A 24| Lewis Lung CarcinomaZ ©]2]3} C57BL/J
u}lf- A0 yofjA] B2}E plasminogen?] 37 kDa fragment 2 &
B AE FAE 73] JAlFes e I8A Qo).
o]& vl$-A hemangioendothelioma AjZF<¢l EOMAE %]
collagen 182} 20 kDa fragment?! endostatino] 1997l B 31
%] 9]t} [9]. Endostatin, angiostatin 25 in vitro & in vivofﬂ]/ﬂ
FE% YA Ae tge] SEEAAN S

oA 937 953 FLEAS vehile] VA YUY F 1
33 gle Aoz oElA glch. ol9je] MMP-22] C-Zghe]

Target

EEE

Angiogenesis

Angiogenesis inhibitors
Disruption of matrix-vascularture interactions
Destruction of tumor vasculature

Invasion and metastasis

Modulation of adhesion molecules
Matrix metalloproteinase inhibitors

Cell cycle control/cell signaling

Moduiation of cell cycle checkpoints and cell signaling
Modulation of gene expression

Mechanisms of apoptosis

Modulation of bcl-2

Immunological recognition and response

Induction of immune response to tumor antigens
Immunotoxins and targeted reagents
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F 2. A AR APl A4 YA A (Phase 11 and 1T only)

Drug Sponsor Trial Mechanism

Marimastat British Biotech Phase II Synthetic MMP inhibitor

Bay 12-9566 Bayer Phase III Synthetic MMP inhibitor

Ag3340 Agouron Phase I Synthetic MMP inhibitor

Platelet factor-4 Repligen Phase 11 Inhibit endothelial cell growth

Interleukin 12 Genetics Institute Phase I/11 Inhibit endothelial cell growth

RhuMad VEGF Genetech Phase 1T Monoclonal antibody to VEGF

SUS416 Sugen, Inc. Phase II Inhibit KDR tyrosine kinase

Interferon-alpha Commercially available Phase I/II Inhibit release of endothelial growth factor

ZD0101 Zeneca Phase II Bacterial toxin that binds to new bloos vessels and induces
inflammatory response

TNP-470 TAP Pahrmaceuticals, Inc. Phase 1T Inhibit endothelial cell growth--synthetic analogue of
fungal metabolite

Thalidomide Entremed, Inc. Phase II Unknown

CAl NCI Phase /11 Ca channel blocker

Suramin Park-Davis Phase II/II1 Non-specific multi-site effect

M862 Cytran Phase 11 Unknown

Pl:X(hemopexin-like domain)’} integrinaVP32} 7152 ¢
(MMP-29) 23A3)3-o.24 BRI L AL, B
A9z S dBUIAEE B maix metal
loprotease & ¥-8]31¢] matrix & F-3sh= o] H4A i)
¢} metalloprotease®] A 3|A7} =3 AN A ABAE
zZH= Ao «ax QIrh5]. P #FAE4 batimastat(BB-94)
1} marimastat(BB-2516) 52 A3 Fo] 9lcl. Heparan
sulfate proteoglycansi= angiogenic factorgl VEGF.} bFGF2]
338 Jehe= dle] "4 E712 3 macromoleculesql H], of
7]l Zetste] heparan sulfate proteoglycans®] 7|58 *]s)3}
< ol B9 sulfated polysaccharide peptidoglycan com-
plex53l tecogalan(SP-PG, DS-4142) So] &A1 %] 3] &4
o1 3l Ao YeiA WA YA Fol SleHS, 7). 2 5
ol 1950 ol n]=e] AAAZ 4Rl thalidomider}, 4t
channel blockerd]l CAl, cytokineql IL-12 Fo] &334 #] 3|
o] gl= Z R dex HA HE Foll 912, phos-
phatidyl inositol-3 kinase inhibitorql wortmanin, tyrosine kinase
inhibitor 2 cell cycle®] Gl-arrest® 23l Ro=Z daj3
radicicols}, T} B2 tyrosine kinase inhibitor S| in vivo %
in vitroo| Al FEAIAA A EA o] ole Aoz ¥ st

MMl [ [12-14]

Al gadzke] RAAEAEE L AT B o %
o] WA oist Q7= B3] AHU}. VEGKvascular
endothelial growth factor), bFGF(basic fibroblast growth factor),
HGF hepatocyte growth factor), EGF(epithelial growth factor),

TNF(tumor necrosis factor), TGF(transforming growth factor)

Z2] 341 Al AH(angiogenic factoryS-3} FGFR, Flk-1/KDR,
Flit-1, Fit-3, Tie-1, Tie-2/Tek 3} Z+-& tyrosine kinase3H4d &
e A QAAE2] receptorSe] &<l I cloning, 3}
angiostatino]+} endostatin®} 7+ ujelAd FFAAY A& A
(endogeneous antiangiogenic agent) £-2] ¥zl o 2 Halal el
7131 el| tiste] g3 o olsfEiAl Hlvl

3 941 A (angiogenesis T+ neovascularization)} & HAIAY
Az}, 71482, FEE A XSS A7, FHAE H s, §
FAQ x3lel &3] o] A& Ao EA Al 224
A A ZE Eato] YA E S DAL AA oA HHo]
A E]= 712 vasculogenesisz] 3). 13 1of] 1.g] ute} 7o)
@Al el 24L InitiationwHA], Invasion/proliferation ),
maturation/differentiationdA| 2 3A| 2 v} 4 ¢t} initia-
tion& 32 A £, mast 4] ¥, macrophage, $H4| E SO ZHE
FrElE IR ZA o =gk AP o R quies-
centql ¥ 7] w] 4] 3 (endothelial cell)o]] VEGF, FGF, HGF =
o} A REo] PN E] WS Zh2ke] receptor
of] 235}, receptor?] tyrosine kinase2] &Ad3}e} autophos-
phorylationo] oy, A&l ATHDIAHZE 73], A2 o
A= A E£7} &4 3 (activation)®} A] Fr}. o) &A)slE o
W A Ee SA13 o 8o, AlZA x5S BdSrl, 2
protease®] AARE7}, migration % invasion's2] 7}, capillary
tube 2 £3} 50 IAS AX N2E o] YA HA A

H#A1A-& wound healing, *44), trophoblast implantation
=0 A7 Ee ol F8% d¥E st 9Je, vlA
Aoz AR FAAT AN A7 Ag A,
=35 z¥te) A=A A o] (metastasis), 7-7}HE] 2~ (Rheumatoid

arthritis), ¢+7-2 %} (diabetic retinopathy) 53 722 4¢] “angio-
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Initiation Proliferation/Invasion Maturation/Differentiation
a) Vascular injury a) Release of proteolytic enzyme a) Lumen formation
b) Tumor growth b) Migration b) Differentiation
<) inflammation and cytokines ¢) Invasion ¢) Mature quiescent blood vessel
d) proliferation

08 1. ¥4 FA.

genic disease” & A7) Aoz dax UrH15). wEpA]
A AAASNA = oF Z2l angiogenic diseaseE X 83h= H]
off i} F-8-F o= 7=}

oto| Mzl I HO| HBAIM

o, B3] m3stol] sloiA] AL ghe] Aol U5 &
AR Aotk mEste] =17t oF 2-3 mm7bA| 5= diffusion
o)l o}a) A4 ol = 83} growth factor, AbA9} Fopi-& FF
S S JOorH(RE 1nm’ AEE YAHR & AEY 5
A Hazrlegtn ), 2 A AR daiAde HEE
A28 GRS Sl Al Fadt growth factor, AF2,
FoFE 52 Al TFPolol gt AAR GxAE A
o ¥k o, A Eel I A 2] v]ge| o 1:100
olA 1:10002] ¥] &2 d=A glch. o]i= tA X9 F3hl
Ax7} M2 LAA AT dSS wihet, HEs
VEGF, FGF, EGF 52 angiogenic factorE-2- £1]3}e] ¥
WAl Eeiy d34E JAE fFeske v, ERWIAE
E2 ub2 9t AR P23d interleukin-6, insulin-like
growth factor-1 5-2] growth factor®}, Ak4:, Fof& E28 Al
ol ks 59 EDHAAES AT AT T4
(symbiosis)®] TAlof} gl= AoltHi6] AR oF 2xo=zy
B @3-2 AANE -9 A E ischemic deathE A} 7]

AELY

of, Wk 2 oF Ao PWIAAZE FARBIE o) A<
E7F Ex18ka oA Qi) o]9) Zro] AL %
9} b A Ee}e] A5 Fel sl FEm o] Al
WAl o2 dag Aol

ko] A{AIAY AL M2 AEEA 243 an-
giogenic factor 52 positive regulators®} 1L-12, endostatin,
angiostain 5-2] negative regulators®] 3ol o8] 2AHHATHRE
3). g2Ae] 23 mml o2 Aep] Haxe dHEE ¥
H3Ale S 58 5 9l “angiogenic switch' & A =]
o] positive regulators2] Fo] negative regulatorse]| <f®r}
Bold 2% 9wttt "AA] o] AHAE frEste AAE
o oby @ oA Aok, PAZY A el A
el ukg 502 ARt o AfAA}el ps3e] Welut
oncogenedl rasdxte] G437l AP & F=get AE
o}, AAF p53 F-31A} A8 7428 angiogenesis inhibitor 2
ey xl gtuldel thrombosopondin-12] WS F71A17)&
Zio2 4uiA it vbddl] kA2 p53-3-AAte 7154
2 qlsled thrombosopondin-12] WHslo] 7bAiEe] HHAANL
S=3tA slch = w8 2 AL 3879-L stressed-condition
(hypoxia$} low glucose)aldl] o] 7oA I EE A2y &
TFof] uk-&-3}e] VEGF 52 angiogenic factor®] A4He- Z7}4]
A PSS 5280, o] F-=oll&= oncogened] src kin-
ase7} Fodsh= A2 od#A lcH17, 18]
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Positive regulators (stimulators)

Negative regulators (stimulators)

Fibroblast growth factor

Vascular endothelial growth factor
Angiogernin

Transforming growth factor-o
Tumor necrosis factor-o
Platelet-derived endothelial cell growth factor
Interleukin-8

Hepatocyte growth factor
Platelet-derived growth factor
Granulocyte colony-stimulator factor
Proliferin

Prostaglandins (E1, E2)

Angiostatin

Endostatin

Interleukin-12

Interferons

Platelt factor-4

Thrombospondin

Prolactin

Transforming growth factor-f§

bEGF soluble receptor

Tissue inhibitors of metalloproteinase
Placental-proliferin-related peptide
Glioma-derived angiogenesis inhibitory factor

JBAALE qbe] ARt of2} ko] A e)(metastasis)el]
EOUAE WA Qe Ao e Q. AWl A
% A2 gkt Hol¥ = sle 8% route E A3,
ofd e 2l AHolgt s EE A% A5 Y=
H2g Ao FAein). He|g YA EE RIS
&3] A A4, edoFE, growth factor5o] 53] T
#) ¢k} vl Fel) A EA}(apoptosis)e} 4] EZ2] (proliferation)o]
WL o] Fo], F hE e F7} AAFA Hof b =7)7)
Z2:}8HA] 3= “dormant state” 2 FolqlA ).

MEZHED EZAAM20,21

3 o] 11]5&'91- extracellular matrix$}¢] ] 428212 &
e AR, 2R A o2 IR A BARE
o} Al ZA Aol o) fFEsls w2 AIEA Z, invasion,
o] @o]d)}= invasion/proliferation=tA ¥wk olr]
2}, maturation/differentiation @Al E =83t S&-E- s}= A
o2 e 9ok AEAHAERE A selectin family, cad-
herin family, integrin family, immunoglobulin superfamily 5.2
2 Fred, o AERRREAEE
bronectin, vitronectin 52} extracellular matrix2] receptor®Z A}
gio] Azel A%, ¥3h 24 5o 28T 4L B} o]
£ 5 angiogenesishe) B0l 7P A AT ALHAL
AR&- integrinFo]t}. Integrini= o chain¥} P chain &2 -4
H heterodimer & A]F7FA] oF 15%F o]4+9] o chaind} oF 8&
olAk2] B chaine] &4l=E|gl 1, 2 heterodimere] 3jefo)] wieh
zeo] che
3l extracellulare}e} A28 3lA|Eich 53] integrin aVB3e}:
avpiste] Feagzte] AL A & deld gich BE
resting AFE]S] AN A E+= integrin aVP3E L&o] vj¢
& 7o etz ¢] ou} angiogenic factors®] A}F-2- ko
W ) o) AEHHEALe] M-S fushe HAow o

migration5-

collagen laminin, fi-

collagen type I, [V, fibrinogen, laminin, vitronectin

24 glem, avp32] monoclonal 3+At}, antagonistRGD
peptide)® 1L 7|5-& Avtsld I3 = apoptosisi A}
g 3te] in vivo Y in vitro EHA1 o] A A o7 UdHA
WUTH22). =3 H 2o Hre] ofshw OCVB3-— MMP-29} Z 3}
aled invasion, migration3}= F-$jellA] MMP-2¢}} 2] 3] matrix
Y 5 UEE 3= 7ol Sle AR dvzed,
MMP-29] nonproteolytic #2141 avp<le] A9 PEX do-
main .2 angiogenesis7} A &#¥o] ¥ v¥lg]ow o] PEXE
A Aol Al 25l ZleZ deA slvh ol in-
tegrin oVB37} Al EA 2 #ul olie} matrix®] HaoE FQ
g Ags 3l slsS gjvlght). olylell = integrin B1, oS,
o6F 53} E-selectin, VE-cadherin, VCAM 5-0] angiogenesis
o} fAlshs Aoz delA lch23]

SIRZMO| FEAIN MOl AE

X])-37}X) 9] adriamycin, cisplatin, taxol -5-2] 7]&2] d}okA)
e 47 A 2ol AR 2gste] A TE v
Ul AoZ odeA glct e, ol F hsistaAl e 71
Z TAELE dAE) fAisbdoz
lity)3} 12 heterogeneity8}7] o -Fof] Z}zhe} A2} 3}elAlo)
N3k gpAdo] vhE Al =AY, gk ggbAlel gl WA (drug
resistance)d| E-5o] WIWH3A] E&31A =of atAl7 298
R 5 QA "okt o] F SIAIES Ad"iAde] Ao
=] A 2} A E 25l FA S vebe] Azt )
-5 vetdA "ot vk 93X AsiAls, 7189 A
o= v A A RA ohg 28 AFHES AYA
9 Sole

A, RAAAL 124he] Aot ke Fold| d87}
Azl ol okl AR HolE T ABF & & A
o]t}

=, g

E-¢}3] (genetic instabi-

A 2 slA= aneuploid ¢l A E~} o})E} A
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Ab diploid?] EAUWAAZE A2 3}7) v il gal e}
+ 22 heterogeneity®} genetic instability 2 ol3F WA &9
EAA o] TR 9 Aot

A, SR A Xi‘ﬂxﬂ'“ 7189 stAIsle o] A, =
= 29 etk £5& vehie Aol opzl BHyAe]

94 2D 2E 28l FEY el A, YA

£ 491 B4 23 9 A 2 449 A 0
o ¢ =¥ Wirew geiA sich o
o 7122 ﬂwow 2 % Qe ¥ahgo] 2 A4 A
olet.

olatellA] Ats] i wiel Zro] AL o], 53] Y
2] Aot Holdl d4= B3 dAton dqtAl 2ol ¥
T AsAlE 7182 sJstAle] 74 2 AR WA, 73
4 50 EAE A AFY FAHEF] sal of, §3)
23S Bt A2 X8 5 e Ay HEq A
BAlolmg, A} Az A angiostatino]r} endostatin}
2 ARl AN AHAY Ao B =¥ E 3w

o)t
oMY Mol ZAHH

A7 AR in vitro BRAA A 734424, 25)
& in vivool X5} 7] angiogenesise] A& MY 4 9]
= 42 AT angiogenesis®] 7} BAE A oE EA
sH= b ola). ey, in vitro WIS d 2.2 AL in vive
o A} PASHe Ao Lol Utk YHSE angio-
genesis®] AL 3719 7| €A AR FAHA o= A
2 G ok =, 1) SBUTAZe B4, 2) 71HR
(basement membrane)2] E-3f, AW 4] 22| adhesion, mi-
gration, invasion, 3) Y] A E2] proliferation™} capillary
tube 2.2] E-3}(differentiation) So|t}. wjelA olF Z} wHAIE
in virooll Al EAg o2 /A AL AR
293 % 3l

de] o] 8EE in viro A7 AYSE 3h= extracellular
matrixAel|A] @ =] A E2] capillary tube£2] H-3-Z5 o]4
sh= ubo|). " h ) A FE-E collagen, fibrin, Matrigel 5
7} & extracellular matrixel|A] angiogenic factorsel] ®¥H2-3}
o] capillary tubeE FAsledl o)F A ] A £
EALZ A AAFe] FridA Y uhgelztn d#A
glct. welr] Matrigels} 2+ Matrix 2 s}e] A A 2.2
capillary tube 22 #3124 & T4 = gl}.

=3 BA3ke I A Ee} Matrixehe] A E o]
23 A T o]-8-%) 31 9Ji=H], angiogenic factorsel] &} &
H3be FRRTATE 27} Solq ALARRAE A
7] matrixe} A 2H81A| =, o] HH =] 4| E2} Matrixe}e] A

AEIS

e @A A7 A S invasion/proliferation A #t ol e} B
o % F93F A¥-¢ 8l ¢lvt wlebr] angiogenic factorsol|
93 A3 Y= A 22} collagen, laminin, fibronectin,
vitronectin $-2] marix2} 3} 2 ) A 2 S 4 g}

o) ALY in vitroW}H 0.2 ZANE 33}HE-L in vivo angiogene-
sis assay[26]al o2 7 848 Foldloolut AL}, in vivo
FATE o] 83 CAM(chor-
ioallatoic membrane) assay, corneal micropocket assay, tumor
tissueZ- A%} immunostaining3te] FFLE A= v,
s o] Whe] siEe] ARg-E 1 glc)

angiogenesis assay¥} o 2

Matrigel plug assay -&

i)
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