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PCT/ US01/ 10504 TREATMENT OF N%M,LMMM%LI AN TUMORS WTH VASCULAR
ENDOTHEL | g ¢e@EH FACTOR RECEP STS BACKGROUNGs &Frydda o5d¥VENTI ON
5 Cancer is the second Iead| ng cause‘%‘tﬁ9 death next to heart attacks in the
United States. R - b ¢! p Qb Ad)) AN I V(A thhk
therapies in the ‘;§
progress is due toapette -
normal cells and cancerous cells. 1ng;gmNp§f$s prol | ferate by t he highly
controll ed activation of growh factor receptors by their respective

| i gands. Exanpl es of such recetors are the growh factor receptor

meact i vati on of growth
factor receptors, but 15 Iose the car ef ul control of normal proliferation.

The | f t t h t he .
over expr ébsi on of CAPOEH T sERRGCa e f4F BE QU pOR GhRar S5 B Fhited
activation oftapdsOaihers elbeBRirhipGYmt pRYH s it theiévaIbpMieht &RTWPhSrapeQ I the

exanpl es of receptors involved in tunorigenesis are the recept ors for 20
vascul ar endtredtmientef tgmdwastﬂmg@se$MEM%R§l of ﬁteaireglessuelmc\t@dbgmww h factor

nd 11 bf obl AGTOGRRERE o el gP [ inthofl pymaleT oAt Rroten: .

hemat opoi etic and early endothelial cells 25 (angioblasts) originate froma
common precursor cell known as hemangi oblast. Gven this comon origin,
several Hignali nngatlaimMs pmlifemteab)eﬁieh}ghﬂmtdntﬂmﬂedBOMtbhidf geowth faadecul ar

cells. One such pa is the VEGFR signalin VEGE receptors
(VEGFR) i ncl t?&%PtE'LS \ftﬁééé&?eé“rﬂé’é iggpd -‘stﬁ e%\ﬂq’sél?h éqceptoéw%&een%ro th519-524

(1990) (VEG~ eg'léPB & Jdn PCT/ US92/ 01300, filed February 20,
1992, 30 an ctjo)r errn Qﬁ ggégﬁg’% Oncogene. 6: 1677-1683 (1991); and FLK-1,

sequenced by

Cancer cells also proliferate by the activation of growth factor receptors, but
15  lose the careful control of normal proliferation. The loss of control may be caused by
numerous factors, such as the overexpression of growth factors and/or receptors, and

autonomous activation of biochemical pathways regulated by growth factors.

Some examples of receptors involved in tumorigenesis are the receptors for
20  vascular endothelial growth factor (VEGFR), platelet-derived growth factor (PDGFR),
insulin-like growth factor (JGFR), nerve growth factor (NGFR), and fibroblast growth
factor (FGF).

During embryonic development, hematopoietic and early endothelial cells
25  (angioblasts) originate from a common precursor cell known as hemangioblast. Given
this common origin, several signaling pathways are shared by both hematopdietic and
vascular cells. One such pathway is the VEGFR signaling pathway. VEGF receptors
(VEGFR) include FLT-1 , sequenced by Shibuya M. et al., Oncogene 5, 519-524
(1990) (VEGFR-1); KDR, described in PCT/US92/01300, filed February 20, 1992,
30  and in Terman et al., Oncogene 6:1677-1683 (1991); and FLK-1, sequenced by
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1 xXx 1111211112212 2121117272120 21172720 171722 o1t o~ 1 Q! *ACTIC]_\I* WO 01/ 74296
PCT/USO / 1050-t Matthews W et al., Proc. Natl. Acad. Sci. USA,

88: 9026- MIV1(73991) (KDR and FLK-1 are collectively referpegusfasos
VEGFR-2). Unl ess otherw se stated or clearly inferred otherw se by context,
this 5 speci f Matthews Wi dtlal.f Btdcoatl hécaciu Stio Sy 8BiX0263080 €1 93N EKDIR4d € of
VEGF receptor ferred to as the human form of VEGFR- 2.

)
FLic 1w T ber ey biteatlipssidy iefsrgediger NEHIRd)-og of VEGFR2. FLT-1 is
di fferent from but related to, the KDR/ FLK-1 receptor. 10 VEGFR binds to
several soluble factors including vascular endothelial growh factor

(VEGF), which exerUsleps Oﬂhlef'\ell’sabﬂated arrefbatly gifatred ythefWigs b$ comtek) this
endothelium VEGFR-.2 was thou to be exclusively expressed by
endot hel i @ cerdicatipn will lfcg}low omary/iierrere namepekhirs k6 WEGRrebeptprses ent

bset n {0 0| e I ver st udi es
have reveal ed PharHLer R o Rt BRguf ook FsTERHER L e iwill briaies 3
The two pri methy nfirBieddnilod ¥f YHOFR XK FIARE if 8ERRIR Font Al rdIRE4 & & he
vari ous bi o:#Bl cal effects of VEGF are VEGFR-2 and VEGFR- 1. Al't hough the

bi ndi ng af fi i-PR/FIK-Megaron to VEGF is very high, with Kd val ues of
10- 70pM (5), nost studies have 20 shown that VEGFR-2 is the critical
receptor for transmtting cellular si gnal s for the proliferation and

di fferentlatlon of endot helial cells (6). VEGFR-1 appears to be nore

i npor t antt0f or va¥EGFEy bindsdeiseygigl sotwlle rf@t@zmm@luémgn‘rarscldamedqﬂﬁeltalzg%mh

d b
st al i shed 108 (VLA MR B! BRANABENEY 518800 099 BB 1B Spgiiieitons "
di srupted in VEGFRE ebrifongtt t6tnealsivelP¥xpesea sy &Qﬁ#ﬁelfa?%@l‘i@'mkhﬂ{sﬂ

M ce deficient in VEGFR-2 had drastic defects in vascul ogenesis,
angi ogenesi s hoali%lelheVrEﬁ(EBQl bag é)e@Y)ShOWn toohe rmetent \MEGERUbskin of loulti-potérze

?:lﬁVf,‘lhgped ab ri'lg{ng?opme%c s e!rrél1 rcel?sharj' r-Seevel‘al Stades %El\lzenlgvealec? Itheé\lt fCCOI'{alltl Pelulscerglﬁzccia ltsor
15  also expressed VEGFR-2 (2). '

The two primary signaling tyrosine kinase receptors that mediate the various
biological effects of VEGF are VEGFR-2 and VEGFR-1. Although the binding affinity
of VEGFR-1 to VEGEF is very high, with Kd values of 10-’/0pM (5), most studies have

20 shown that VEGFR-2 is the critical receptor for transmitting cellular signals for the
proliferation and differentiation of endothelial cells (6). VEGFR-1 appears to be more
important for vascular remodeling. The relative significance of VEGF receptors in the
regulation of vasculogenesis and angiogenesis has been established in studies in which
the VEGFR-2 and VEGFR—I. genes were disrupted in murine embryonic stem cells by

25 homologous recombination. Mice deficient in VEGFR-2 had drastic defects in
vasculogenesis, angiogenesis, and hematopoiesis (7). In contrast, VEGFR-1 knockout
mice developed abnormal vascular channels, suggesting a role for this receptor in the

regulation of endothelial cell-cell or cell-matrix interactions (8).

30 Inhibition of angiogenesis through disruption of VEGFR-2 signaling results in

inhibition of growth and metastasis of solid tumors. For example, neutralizing



regul ati on of endothelial cell-cell or cell-matrix interactions (8). 30
I nhi bition of angi ogenesis through disruption of VEGFR-2 signaling results

in inhi big Qms®e growt h and netastasis of solid tunors. Feer/esamekea
neutralizing 2 WO 01/74296 PCT/US01/ 10504 nonoclonal antibody (MAb) to

muri ne VEGFR- fdneblobik entibedyp(MgAbitn mudhe VMERGER-2simhibitednumioregroodie | d

(9, 10). Furthernore, .gl i obl ast eripa gg{@vx%h was inhibited in mce

domi nant - negafMeASESE! \9@@%&‘-@05 3 {5,145, Eprthespons. wieblagipma gipwilywaninhibited
attributed to; I At zﬁﬂg{, [ ctively limti e

bl ood supply g#ﬂlﬁ%éemgmtah%g%aﬁfﬁeeu emﬁggﬁg‘? i(gli)ha JeCﬁfl;r]}cl)l‘r‘ﬁﬁh%ﬁn%ft op&rg??@ﬁ’s'?em
celI's at diffatteitedtoatesntibitibhef angicmhesigetfontivaiiditfnah&Bloba@kitly of thel S
now wel | established that acute | eukem as originate fromimmture

henmat opoi &t i ct8R¥m cel |'s that have the capacity to undergo self-renewal, 10
whereas certain | ess aggressive | eukem as such as chronic | eukem as seemto
originate fromthe nore mature conmtted hemat opoi etic prdgenitor cells.

In any event, |eukeukemes!drigige i6in KgibpdiettstbAdeNS BOGRerddt Qﬁgess‘?ﬂgﬁéﬁ‘ -

Accordingly, |eukem as, and other non-solid tunors are not suspéct eto
the prior artmatsationagdidbffersnigationr it barbvaioll estaldshed tiiat autedlicaleenhiay erigihaten
that VEGF is @alnmost invariably. expressed by all . established | eykem c cell

[ nes s el | F Ui e Bietielh ShnrRi rat el e bl toapgreo Selbraner:
studi ed - 60wh&ekerbr@itRES adokddSivé ?euﬁ%mia%h&gas%ﬁg?leuﬁ&ﬁﬁrs%en?kﬁéﬁéﬁat@ave
20 shown that VEGFR-2 and VEGFR-1 are only expressed by certal n huran

| eukem as ( 2r@&n.th¢imese gratumeonmnofted hasaopdiadc poghmtee celiown whet her
expression of VEGF is associated with any parallel surface VEGFR- 2/ VEGFR-1
expression or functional response. 25 Current treatnents of cancer

traditional ly inqhugdg eNSADIIRERRY cdlls a@%@H fre %hﬁ{dgﬁgndeﬁyﬁlboggﬁ@% nts

are, however, not always effective, especia over g perio time.
Accordingly, leukemias, and other non-solid tumors are not suspectible to the prior art

15 treatments described above.

Several studies have shown that VEGF is almost invariably expressed by all
established leukemic cell lines as well as freshly isolated human leukemias, including
the well studied HL-60 leukemic cell line (2,3). Using RT-PCR, several studies have

20 shown that VEGFR-2 and VEGFR-1 are only expressed by certain human leukemias
(2,3). However, none of these studies have shown whether expression of VEGF is
associated with any parallel surface VEGFR-2/VEGFR-1 expression or functional

response.

25 Current treatments of cancer traditionally include chemotherapy or radiation
therapy. Such treatments are, however, not always effective, especially over long

periods of time.

30 . There is a need, therefore, for new methods of treating non-solid tumors. It is

an object of this invention to provide such methods.
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30 There is a need, therefore, for new nethods of treating non-solid
tunors. It is an object of this invention to provide such nethods. 3 WO
01/ 74296 wWQl1d$/ 10504 SUMMARY OF THE | NVENTI ON Thi s andp@©i/bhssi/@bjsect i ves
as will be apparent to those having ordinary skill in 5 the art, have been
achi eved by providing a nethod of inhibiting the growh of non- solid
tunors that are stimulated by a [j | R | s. The met hod
conprises treating the manmal s V\ﬂjﬁﬂﬂ‘@{fﬁﬁ kﬂwﬁwﬁ a VEGR

antagoni st. I n anot her enbodi nent, the nethod of the present invention
conprises treating 10 human patients with a conbination of an effective
amount of a VEGFR dhisagdmitstr obmatives asivdlidielmppapettvittosad@ning drdinyst skalh ot her
enbodi ment,, the net hod of the esent, invention conprises treating human
pati ents \tin htgﬁaﬁto ".eﬂ%fﬂlaﬁh%‘r%w ey iding ymeted ¢hinhibitigg Yregmewih gf non-

ant agoni st and:nagiatd : . L gur - _Human
chl or onmas ex%gra ggggléﬁﬁslt% %%Eﬁlamg%&%%ﬁ%zgh%%%ﬁmn
chl oromas wercensirises adathyg thewmanahials Wathendfiktive aasusteFarVBeR dntagdaisnods.

A. Control 1gG showing little non-specific staining (magnification: 400X);
B: Factor VIII staining, show ng specific blood vessel staining

(magni fication: | - aC VEGER- 2 st ai pi.n on.leukem c cel.l areas
(magni fication: 4 ;bﬂ'%:r e@@nﬁ’\%&ﬁp %ngog ¢ léeg%rle%er?,t “};ﬁegﬁ"‘a&?‘%‘f‘%ea?ﬁﬁgﬁg
subset 0fi0l ewueiinCpatiehlsSyi{lBgdnbinaién 6Nan fechiVO Xhouft FNNVEGF¥EMTagonist
expression, show ng specific |leukemc cell (E) and, as a positive control,
pericyte (whiapd Wmﬁhqup%liléiaﬁﬂﬁg (magni fication: 400X). These results are
representative of 4 different sanples. Figure 2A: VEGFR-2 expression by
| eukemic cell lines. The cell lines HL-60 and HEL 30 (as well as 5 primary
| eukem as) expr esgadeKithEEnibodimas, BehesheFofYe E@s?%vedﬁ%ﬁ%oﬁﬁhgé wer e
KDR negative. P-actin was used as an internal control.

treating human patients with a combination of an effective amount of a VEGFR

15 antagonist and radiation.
BRIEF DESCRIPTION OF FIGURES

Figure 1. Human chloromas express FLT-1/VEGFR-1 and KDR/VEGFR-2. Sections

20  from Human chloromas were stained by immunohistochemistry, as described in Methods.

. A: Control IgG, showing little non-specific staining (magnification: 400X); B: Factor
VIII staining, showing specific blood vessel staining (magniﬁcatilon: 100X); C:
KDR/VEGFR-2 staining, on leukemic cell areas (magnification: 400X); D: FLT-
1/VEGFR-1 expression, also detected on a subset of leukemic cells (magnification:

25  400X). E and F: VEGF expression, showing specific leukemic cell (E) and, as a positive
control, pericyte (white arrow, F) staining (magnification: 400X). These results are

representative of 4 different samples.

Figure 2A: VEGFR-2 expression by leukemic cell lines. The cell lines HL-60 and HEL
30 (as well as 5 primary leukemias) expressed KDR/VEGFR-2, as detected by RT-PCR.

K562 cells were KDR negative. B-actin was used as an internal control.



4 WD 01/74296 PCT/US01/ 10504 Figure 2B: VEGF165 i nduced dose-dependent
VEGFR- 2 phosphoryl ati on on VEGFR-2- positive |leukemc cell |ines. Total

cell |ysaj@soifue® HL- 60 and HEL cells were i munopr eci pi t gégdsyiokosan
anti - phosphot yrosi ne anti body and subsequently anal yzed by western

bl otti ng usi nbigare 2B0IESE sagauest dogEGEPnteftFVAGFR)2 phiosyhéHyatian OKDRJGFRL-5
described in Methods. Fi brobl asts re used as negative controls, and
showed no si ghPSHfve iﬁ%’éﬁf-‘?—“f ¢ ba]VE’é: 9??[)‘}‘?@38@?}!3?{}5’("? diL-6Reand HELs Hgin wigre
represent ati VignfinchreGPRARE SithHRGKL LU LG '
proliferation of agpsfubget of ' eukerﬁ%@?ﬁ%ﬁ?@g@lﬁg ?@%ﬁ@%ﬁ&ﬁﬁf@@ ged

; KDRNEGFR- 2. \ii5Gvafi&mibiclting dsiag antipudidsagainst( VEGBROL (F0.3)-1) 6tCVEGBR-2 (KDR), as
proliferation of all KDRI VEGER-2+ |eukemias (2 cell lines and 2 prinary

| eukeni as dar elesemRsgin Methods. Efbplastscyere gsgskasiesatedoplfols, ansishpwed no signivf Ab

t o KDRNEGFR- Z/£6FR-1 BROEHBR D | i thods. The results,shown are
repr esent at i v\éégf Rl g%gar at e“gg())( g?&ﬁ%ﬁg gge%ygmﬁﬂ %refprg\sep lgglo?lé S?(Ra\ﬁ,\%ge

i nhi bi tor wi tdxparifiegts. af finity for KDRNEGFR-2 bl ocked VEGF165 -induced

| eukemic cell proliferation. The tyrosine kinase inhibitor AGL433

significantly (*, p<0.05) blocked | eukem c cell proliferation, confirmng

that, on Ile n , 1 ] togeni ¢ effects of .VEG-165 are..nedi ated

primrily thLﬂrégug‘rﬁg' g@éﬁ)ﬁf\lﬁ@fé@?mﬁe&%‘”}'% 3 FysebohlPRepas o %ﬁf?‘véﬂ%lt’at?d

separ at e 1gxpehioiBAt EDRFVEGFR-2. VHEH; 46 hdubslH aesigMMRame o, eﬁ&d?@bs@yinkﬁ%eem c
or

cells. A zynographic analysis of |eukemc ceIF supernatants, "wt
wi t hout VEGFIs6lifsratienlodall SDR/VMEGER-BtdeukBmiasZ8 c€llitings dndQatrirary déukietndas are

el atinol ytic,act{vt. et ect t he cul ture supernatan tiogn of
Igeukem' c cel |S§°Wi-#}\}%€§ﬁ%§°?@?°e%3°ﬂﬁe§ Wa?d“e&lt‘??lé‘ﬂgﬁfleghtto M‘%ﬂf €t
on the level PQb.de{F’&s IQLAGSER MRIHIdE NheSBRINBHLAR! ar Q‘%prg&gl%itv@g)f@/separate
zynography. The fresults shown are representative o I ndependent

experi nment s. e3feriingatse 6. VEG-165 i nduces, in a dose-dependent nmanner (50
to 200ng/1§r1 ), leukem c cell

Figure 4. A tyrosine kinase inhibitor with a high affinity for KDR/VEGFR-2 blocked
VEGF s -induced leukemic cell proliferation. The tyrosine kinase inhibitor AG1433
significantly (*, p<0.05) blocked leukemic cell proliferation, confirming that, on
leukemic cells, the mitogenic effects of VEGF)¢s are mediated primarily through

20  KDR/VEGFR-2. These results are representative of 2 separate experiments.

Figure 5. VEGF 65 induces MMP secretion by leukemic cells. A: zymographic analysis
of leukemic cell supemnatants, with or without VEGF 45 stimulation for 24 hrs. B:
25  Quantification of the gelatinolytic activity detected on the culture supernatants.
Incubation of leukemic cells with VEGF 45 for 24 hrs had a significant (p<0.05) effect
on the level of MMPs released into the supernatant, as detected by zymography. The

results shown are representative of 3 independent experiments.

30  Figure 6. VEGF¢s induces, in a dose-dependent manner (50 to 200ng/ml), leukemic cell
migration through matrigel-coated transwells, a process mediated through KDR/VEGFR-



m gration through matrigel-coated transwells, a process nediated through
KDR/ VEGFR- 5 WO 01/74296 PCT/US01/1050-1 2 and FLT-1INEGFR-1. M gration of

HL- 60 celw® @pgrvé primary | eukem as through matrigel -coatgdrisamex®l s, in
response to 200ng/ M VEGF165 is shown. This process requires MW activity,

as shown by t hearlf FETHISVEGFR-syRlifatibs J¥VRL-60 eAb ab® 4 pf GelkeniRa iiroagh Y
bl ocked | eukemic cell m gratl on, but incubation of the cells 5 with bot

FLT- 1NEGFR- 1 matdsHDRRIEERRISWENNGE reaponas te2@ingdet VEEGTidhdn skowmelhis pnodebody
| ** = p<0. 05 | t t f 3

exper rent s Filies MVIR ek, 45 oiody i Iott ohegvayiels MOAET (ERap 1y

. AGL433. The SMMEGFR@FE%Qﬂ}ebBCKé@&%ﬁCmWé&] ﬁa%atﬁ%lﬁgﬁm(;ﬁ&ﬁﬂmaéf the Iw:lls

bl ocked VEGF165-i nduced mgration (*, p<0.04). These resul

are represkent a\tith/tmtbFLT- WmmméWR-MAbemhmmeﬁfmma tlwwnselttiene
intriplicate. re, 8. HL- 60_.i njection into NOD-SCI D m ce_i nduces, hi gh
| evel s of hunﬁﬂ’ Y ﬁ]é’t“e Ef R rd- &Lé’@e tgsylisu e bqpé%sﬁ’état‘mdg Rehdependsat ed

with I x 106 H[,xméeq ls (i.v.) and the human (A) and nurine VEG- (B)
pl asma | evel s re msasure by ELI SA at different tine-points after
injection. The results shown are represent atlve of 2 separate experinents.

B. Mouse survival after HL-60 inéectl on ce were injected with
1x106 cells |MF ure AnYEGFaayrduged EL-p erdéml&raeem rs hlml@éw&ﬁlf’r affhasxrﬁhg)c

w 0h posyHEA Dretelp Kyast impititor A HE kot RO LR AL R oo Ao &

hi st ol ogi cal ﬁﬁgﬂaﬁéhg PRUB0S)ETHESe TesfllAVMRe RéfReschRIBNE SENdRife Rt SlpeAnfPRPARL €
experinments. ure H stology of liver (A B) and spleen (C D) from

HL- 60 i nj ect ecaqhiapaditiopsvasrdanear tréplicetsat rol ) ni ce had evi dence of
metastatic disease in the liver. (white and red arrows, B) and spleen (D).
On the contrary, mce treated with IM>-1 C 11 showed no evidence of

| eukeni o cel | pighit £0¢ fii %0 injéMoriffd WOD-SOIPfificd AduRY hERNIERIA RARRIAE] hst
(blue arrows, ut norrral hi st ol ogy.

15  murine VEGF in mouse plasma. Mice were injected with 1x10° HL-60 cells (i.v.) and the
human (A) and murine VEGF (B) plasma levels were measure by ELISA at different
time-points after injection. The results shown are representative of 2 separate
experiments. B. Mouse survival (%) after HL-60 injection (iv). Mice were injected with

" 1x10° cells i.v., and 3 days after leukemic cell injection treated (n=5) i.p. with 400pg

20 IMC-1Cl11 (neutralizing MoAb to human VEGFR-2/KDR) or with PBS/BSA (n=8) 3

times a week. One mouse was sacrificed for histological analysis. The results shown are

representative of 2 separate experiments.

Figure 9. Histology of liver (A, B) and spleen (C, D) from HL-60 injected mice.
25  Untreated (control) mice had evidence of metastatic disease in the liver (white and red
arrows, B) and spleen (D). On the contrary, mice treated with IMC-1C11 showed no
evidence of leukemic cells in the liver (A) and the spleen had evidence of apoptosis (blue

arrows, C) but normal histology.

30 Figure 10. On VEGFR-2 positive leukemias, VEGF may support leukemic cell growth

through paracrine (increasing bone marrow endothelium cell mass) and autocrine



30 Figure 10. On VEGFR-2 positive | eukem as, VEGF may support | eukem c cell
growm h through paracrine (increasing bone nmarrow endotheliumcell nass)
and aut ocwiong/74H6¢WO 01/ 74296 PCT/ US01/ 10504 (directly stipatasiingsdseukem c
cell proliferation) nmechanisns. Antibodi es against human VEGFR-2 (arrow)
may bl ock t he (digedlystimalatiospeukamicesii mglifertionhingchdoismsedntibnvies agwiaGrHhunsan

Figure 11. Nu J and .Am ci,d Seqguences of C, 11. .DETAI LED
DELeR PT on O ﬁgﬁ%ﬁgﬂ)%yﬁﬁﬁ@sﬁ&@ﬁj&ﬁ i‘%&‘Hgiff by eibemi ?fﬁﬁbgwbﬁﬂ
met hod for tragt@Gpg non-solid tunors, particularly non-solid malignant
tunors, in human patients. 10 Non-Solid Tunor Cells Non-solid tunor cells

i nclude tunors that affect hematopoietic structures including conponents
of the i ne_.syst Sqne. exanpl es of .ngn-solid rs include | eukem as,
mul ti pl e%el EMJ\IV‘%%%W&QPA“WQ%C‘@ Sﬁ%‘r‘e“@’eﬁ ‘?él’%ggﬂer ally 15 appear in
. the bone marrow and peripheral circulation. The types of non-solid tunors
-that can be treated in accordance with the invention are any non-solid
tunors that are stinul atRETAYLED DESORIPTIVURCOR THBEINVESAROMNM |y of
receptors includes, for exanple, VEGER-2, (KDR flk-1) and 20 VEGFR-1
(flt-1). Sonme exanplPEPISEN] NG9 Prpvitlesan imprayed metbpiioritsatioe nuEsplid  Sone
exanpl es of ngp-sol.id. j_ . 1.as,: ltiple el omas and

| ynphomas. Soﬁje?nég’abﬂﬁlée&sg%ﬁ?deﬁﬁwgh “[%ﬁ{é'i%ﬁﬂ gie{%%@%@%ﬁl%nc tic | eukem a
(AML), chronic mnyel ocytic | eukema (CM), acute. lynphocytic |eukem a (ALL),

25 chronic lynphocytic | eukema (CLL), erythrocytic |eukem a or nonocytic
| eukeni a. Soﬂﬂﬁééﬂ:[ﬂ%ﬁﬂlﬁnphonas i ncl ude | ynphomas associated with

Hodgki n' s di sease QLI Nﬁw in i.sease. The non-solid.tunors may
express VEGFR at nl(;]r?ﬁa 0 ey ‘g&@%‘ 1?%%% tﬁwrs that e;}?ect gematopmetlc structures
including components of the immune system. Some examples of non-solid tumors

include leukemias, multiple myelomas and lymphomas. These tumor cells generally

15  appear in the bone marrow and peripheral circulation.

The types of non-solid tumors that can be treated in accordance with the
invention are any non-solid tumors that are stimulated by a ligand of VEGFR. The
VEGFR family of receptors includes, for example, VEGFR-2, (KDR, flk-1) and

20 VEGFR-1 (flt-1). Some examples of ligands that stimulate VEGFR include VEGF.

Some examples of non-solid tumors include leukemias, multiple myelomas
and lymphomas. Some examples of leukemias include acute myelocytic leukemia
(AML), chronic myelocytié leukemia (CML), acute lymphocytic leukemia (ALL),

25 chronic lymphocytic leukemia (CLL), erythrocytic leukemia or monocytic leukemiia.
Some examples of lymphomas include lymphomas associated with Hodgkin’s disease

and Non-Hodgkin’s disease.

The non-solid tumors may express VEGFR at normal levels or they may
30  overexpress VEGFR at levels, for example, that are at least 10, 100 or 1000 times

normal levels.



30 overexpress VEGFR at levels, for exanple, that are at |east 10, 100 or
1000 tinmes nornal levels. 7 WO 01/ 74296 PCT/ US01l/ 10504 VEGFR ant agoni sts
The non- s@lg |/ 4agors of the present invention are treated wii/ps@/ ¥EHFR 5
ant agoni st. For the purposes of this specification, a VEG-R antagonist is
any nolecule that inhibits the stimulation of VEGFR by a VEGFR | i gand.
Such inhibition of stinmulation inhibits the gromh of cells that express
VEGFR. No parti cul ar mechanismof inhibition is inplied as operating in the

present 10 i nin ¢ Nevert hel ess, VEGFR tyrosine kinases are generally

activated by M@M&%&%horyl ation events. Therefore, the antagonists

- of the invention geRehalbatid fftohd o tieBAIPAARYLRIGhOR BladERT YREREII Nl Y,
e

phosphoryl ation assays are useful in “predicting ant agonlsts useful in
the preseft iantagonistnForithe Phepogesonftthisabedificatiml & ¥ BGER astagenistuf hngi ent |y

. inhibited |n th at ] ent

prevent . or ce the progression of the
cancer (i.e. P tqtmg’it%@ﬁég@“lw&g \glgqggR by antESF ﬂr ligapdr Fsbdnkypition
non-solid tu l YE&G invention can be
cytostatic, {H}{S%l}nu n)glllts ttfgfﬂﬁegr 615 e“?fﬂg}tgg Q?Eg;t}?mmr. Preferably,
the ERGR antagonist is cytolytic, i.e. destroys the tunmor. 20 VEGFR

ant agoni sts i ncl ude bi o] ogi cal m)l ecul es or snmall nol ecules. Biological
mol ecul es i ncl ude B IPE”FECB ?eﬁh@lﬁ'@WHﬂ}d@t@ﬂ iniHdisd @e lepetiatiag in haipmserici ds

and nucl gqgt i o r er t han,450

bi ol ogi cgp qﬁ?eergg) es i ncﬁadg VF‘ rcgsulll & %ﬁ%l gissasngrally; |a83§§%1&§y means of
pol ysacchari qg®sp lwrylgﬁ@ee&dn@beﬂ*hez&oﬁo kheoe@i@igoﬂ%& ofiBPlrveRSon gélﬁrdlrthﬁi'bﬁs
and ol i gonucl eotl des and Fol ynucl eotides. Qi gonucl eoti des and

pol ynucl eot i dh@spheylatden o BEGERamr:@rdlm ah@pmlatloauamngSeMﬁmcul es
further include,. erl nol.ecul .es descri bed above. For

t
exanpl e, deriVa i tv“é | vgé?lgtéluée IWotIhSB[ﬁSS%t IPYENi98e 1 pid and

15 The growth of non-solid tumors is sufficiently inhibited in the patient to
prevent or reduce the progression of the cancer (i.e. growth, invasiveness, metastasis,
and/or recurrence of non-solid tumors). The VEGFR antagonist of the present
invention can be cytostatic, i.e. inhibits the growth of the non-solid tumor. Preferably,
the ERGR antagonist is cytolytic, i.e. destroys the tumor.

20 '

VEGFR antagonists include biological molecules or small molecules.
Biological molecules include all lipids and polymers of monosaccharides, amino acids
and nucleotides having a molecular weight greater than 450. Thus, biological
molecules include, for example, oligosaccharides and polysaccharides; oligopeptides,
25  polypeptides, peptides, and proteins; and oligonucleotides and polynucleotides.

Oligonucleotides and polynucleotides include, for example, DNA and RNA.

Biological molecules further include derivatives of any of the molecules
. described above. For example, derivatives of biological molecules include lipid and

30 glycosylation derivatives of oligopeptides, polypeptides, peptides and proteins.



30 glycosyl ation derivatives of oligopeptides, polypeptides, peptides and
proteins. 8 WO 01/ 74296 PCT/ USO /10504 Derivatives of biol ogical nolecules
further iweddesi pi d derivatives of oligosaccharides andpplyaaeshari des,
e.g. lipopolysaccharides. Mst typically, biological nolecules are

anti bodi es, ®erfvatieésd dfitdblogipal maleenles furthe inchudeilipadidesvativesiof | onal
eqU|vaIents of anti bodi es have binding characteristics conparable to those
of anti bodi e$ligassgchasiieppnd palyspebidesot-g.dinopelysargbaidesr ess VEGFR. Such
functional equivalents include, for exanple, chinerized, humani zed and
single chain antibodies as well as fragments thereof. 10 The functional

. equival ent of an avibith@sivallys bwl@glsﬁlach@esoiie AR R, 6F funblibMdlicg8Falents
anti body. A chinerized antibody conprises the variable region of a non-

human ant$ bogy aatihpditse fwateral equivgicots of aniabddiaserave biridingigharacténstieni zed

. anti bod h bl e h
anti body. ThEDTRAES S (PG GABTYIE “EAERRF bR BaR A UB I FeFon, . o
the framewor kp@rR aBhén fig@tioRal cgidaleh méiﬁd@q&%xaﬁirplé RUIrRdti 20, RulaiRn zed
anti body are those of a human antibody. For 'the purposes of this

appl i cat i on, asdisinglsl chauaartdoles anavel\ap dragmentatheeofi egi ons of non- human

anti bodi es may be derived from antibodi es produced by any non-human mammal
i n whi ch nonocl onal antibodies are made. Suitable exarrpl es of 20 mammal s
other th humans r§es, goats,
or prlng?es Nlcgmg?%Hggg'fr éﬁ%ﬁg??%ﬂgg& F&g% en{%% i ncl ude
fragnments of hamthized ketsbddyatA bﬁm&:nzbd atibody cbmpaeésehe shmzdﬂe rdpadn &f endrie
sanme as, are corT{)ar abl e to, those of the whole 25 antibody. Suitable

fragrrents of hyman gpubesdyAnd .thﬁpw%mglqw%@ma&w oé&nérh@@@aewlbpaem

t ft t
bond speci 11 pPHRSTHERYARY&idle i TTRIRTBE, A0 WinAEREB A " The LERHE (0, |
of cells t hafegldﬁi(@ihels&aﬁ e hypReepiableTegidh), efgmlie frmgweﬂi Fariabie re@ﬁfn, gxdirpl e,

contain one or both Fab fragments or the
15  constant region of a humanized antibody are those of a human antibody.

- For the purposes of this application, suitable variable and hypervariable
regions of non-human antibodies may be derived from antibodies produced by any
non-human mammal in which monoclonal antibodies are made. Suitable examples of

20 mammals other than humans include, for example, rabbits, rats, mice, horses, goats, or

primates. Mice are preferred.

Functional equivalents further include fragments of antibodies that have
binding characteristics that are the same as, or are comparable to, those of the whole
25  antibody. Suitable fragments of the antibody include any fragment. that comprises a
sufficient portion of the hypervariable (i.e. complementarity determining) region to
bind specifically, and with sufficient affinity, to VEGFR to inhibit growth of cells that

express such receptors.

30 Such fragments may, for example, contain one or both Fab fragments or the

F(ab'), fragment. Preferably the antibody fragments contain all six complementarify



F(ab')2 fragnent. Preferably the antibody fragnents contain all six
conplenentarity 9 WO 01/74296 PCT/ US01/ 10504 determ ning regions of the
whol e antywlpadys208l t hough functional fragments containing peEmesoitiban all of
such regions, such as three, four or five CDRs, are also included. The
preferred fr a@ﬁt@rmlsmgrreglsnmgf éleowmlmaramdjo,caimhesgh ﬁmcﬁvnaﬂ fegmentsson@iimgge 5

chain antlbod epti des that co r t the vari

region of th e“ﬁéﬂ\?{) @ Sﬁ‘ lgfegt“?f@ i35 yge, fJP'r’ﬂ&r %% &S%é Vﬁﬁlsaﬂ?‘éuﬁ?ﬁ’é’gl on of
the Iight chain, with or wthout an interconnecting |inker. Thus, Fv
fragnent conprises the entire antibody conbining site. These chai ns may be

. produced i n bact er The preféermedeinkgmaind are sagld chairl htibodieanér oftagferndSingle
functi onal val ent ;\1 may be nenbers of any class of inmunogl obulins,

such as: ﬁ tibg 65|a&tpolaspenﬁglest hﬁpmwesaﬁﬂf@ﬁta@gé@n@m@rwno thee
- preferred antﬁéaeg};ﬁan%me@mgpfh tpethé %ab%e% AT the nghtocggglhtv%a'

equi val ents may SO0 be equiva |nat| NS of e above

cl asses and wulmﬂtaﬁsﬁsrcohﬁea%nltgllb@cét.e‘shmyvh@ HBAtec o et tHe clesd arttbody
receptor by nethods that are well known in the art. The receptors are

ei t her commerconhinpg sitai Thesecchams neayrbeuodusst an bacteti onisl dukruyotip cetst hods .
For exanple, nethods for isolating and purifying KDR are found in
PCT/ US92/ 01300. Methods for isolating and purifying flk-1 are found in 20

Proc. Natlp. Sci. 8Biffbod{¥shi8 finctiVRilhgdialedts hePbahieRfbe ¢F Ay cldsy bng

flt-1 are found in Oncogene 5:519-24. Methods for making nonocl onal
anti bodi es i nmrmu@giqb@lmmunbm)dgealgM rreAhksdD, de $gk.i dnd dhd yubiclassesrtherpef.

MIlsteini 5:497 (19 5 bell jin." | |
Ant body TecTSIHEG ~edRel pRUE M S a R  SHEE de Fgtngtlont and
Human Hybri degasalents rﬁﬁ* Elely b@teq@ﬂval;enﬁdﬁ’coﬁaﬁﬂﬁﬁ@ﬁ@éﬁ’anmﬂé SRR lddses and

Bi ochem stry and Mol ec Bi ol'ogy, Volune 13, Elsevi'er Science Publishers,
Anst er dam ( 1$8BJlassFhe reconbl nant DNA met hod described by Huse et al. in

15
Antibodies may be made from the desired receptor by methods that are well
known in the art. The receptors are either commercially available, or can be isolated
by well known methods. For example, methods for isolating and purifying KDR are
found in PCT/US92/01300. Methods for isolating and purifying flk-1 are found in |
20 Proc. Natl. Sci. 88:9026-30(1991). Methods for isolating and purifying flt-1 are
found in Oncogene 5:519-24.

Methods for making monoclonal antibodies include the immunological
~ method described by Kohler and Milstein in Nature 256, 495-497 (1975) and by

25  Campbell in "Monoclonal Antibody Technology, The Production and Characterization
of Rodent and Human Hybridomas" in Burdon et al., Eds, Laboratory Techniques in
Biochemistry and Molecular Biology, Volume 13, Elsevier Science Publishers,
Amsterdam (1985). The recombinant DNA method described by Huse et al. in
Science 246, 1275-1281 (1989) is also suitable.

30
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Sci ence 246, 1275-1281 (1989) is also suitable. 30 10 WD 01/ 74296

PCT/ US01/ 10504 Briefly, in order to produce nonocl onal antibodies, a host
manmal i Swighagylsgted with a receptor or a fragnment of a regepi9f/108&

descri bed above, and then, optionally, boosted. In order to be useful, the

receptor fragnent musfly, GRBEdIrRo prdduté foBBElo@NaRGbREE amBs b@fal B define
the epitope of the nol ecule bei ng detected. If 5 the fragnent is too short

to be i m’runogemmxkatecﬂ vvlnluswrebeptoom auéragremttoé ageasptor] asrdesertedcabore, agd itien,
suitable carrier cul e ke d. li enoc anl and. bovi ne
serum al buni PPYY 5(138??‘8% hh?/rdﬁlét ‘¥5Fgﬂ the"%g; YTE‘ rRH ANRH the art .
. One such net hggs dishttaghi 9HH'dr}%sﬁué‘sVétd%ﬁHftHe%?itS’;&éﬁ'?ﬂBe meéuﬁ@wﬁgaetwtw 53

cysteine residue on t e carrier nolecu eens are collected from
t he inocubat etk fragmenhiss tod shorthayts mﬁmﬁrogtxlne if may[be cbomgated Geh kasies pensi ons

. fromthe spleens re fused thatu el | esultln hybr i do
celI's that ewpplegte famg ity gicagics ol ?%l sdcdte q@?ﬁém b Dok 2amERH | n

cul ture. 15 AR Idaadhes olind5rRAAR08 b ok TRR.ITRY cREHAINERS It ar.
I

transgenic mammal's, especi all nsgen c mce that” are genetic

nodified to mﬂémmmd is ﬁﬂ&drﬂlﬁlﬂe asystdiat Rsittie fof thenfrkd meht ohitne cyseeimnd
humani zed antibodies are also known in the art. For exanple, methods for
nmeki ng chi meresdumen tedaaserimelecde: t hose 20 described in U.S. patents by
Boss ( Cel bt ech) and by Cabilly (Genentech). See U S. Patent Nos. 4,816, 397
and 4, 81% 567, respectively. Methods for making humani zed antibodies are

descri bed, f or exaMéds ardlcNdeted frod e inbadl@Bd ni¥enm&is 346w H3Ps aﬁd}&h@ﬁﬁﬁlerred
nmet hod for t he humani zation of antibodies is called CDR 25 grafting

CDR- gr af t i ng,bopste Geadlgguspensadnstirm Hiaspicenn aiefospd witlae temer efilk |rysultmg

hybridoma cells that express the antibodies are isolated, grown, and maintained in
culture.

15

Antibodies that are essentially human may be produced in transgenic
mammals, especially transgenic mice that are genetically modified to express human
antibodies. Methods for making chimeric and humanized antibodies are also known
in the art. For example, methods for making chimeric antibodies include those

20  described in U.S. patents by Boss (Celltech) and by Cabilly (Genentech). See U.S.
Patent Nos. 4,816,397 and 4,816,567, respectively. Methods for making humanized
antibodies are described, for example, in Winter, U.S. Patent No. 5,225,539.

The preferred method for the humanization of antibodies is called CDR-

25  grafting. In CDR-grafting, the regions of the mouse antibody that are directly
involved in binding to antigén, the complementarity determining region or CDRs, are
grafted into human variable regions to create "reshaped human" variable regions.
These fully-humanized variable regions are then joined to human constant regions to
create complete "fully humanized" antibodies.

30
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involved in binding to antigen, the conplenentarity determ ning region or
CDRs, are grafted into human variable regions to create "reshaped human"
vari abl e wegiioise These fully humani zed vari abl e regi ons grguthansgsoi ned
to human constant regions to create conplete "fully humani zed" anti bodi es.
30 11 WD 01/ 74296 Porydgstygreasdully hurarrizad andibedieaithat bind| welhiorrarrintigdn, it is

anti bodies that bind well,to antigen, it is..advantage esi gn the
reshaped huna%év\?_g{ra‘lgg%‘llSetordeealiggﬁge {:eeiﬁ%aél?glhll??n 'T(ﬁréam%uf‘?’&ﬁons\f%ﬁqﬁ%f éﬁﬂeg@f@ﬂs into
whi ch the CDRgarfbld reBfor@riafbotvelics BRUEDRD G/ 88 efatel ¥hoah 8¢ carbrulf Electdd, hid
usual 'y necessary to nmake a few am no acid changes at critical” positions
within 5 the ftiswaby keeesgiry e makie few Amirveadidiclsangeosnati caticel posiicms svithior
exanpl e, the reshaped human varj ab regi ons . include up to ten amno
aci d changﬁs {hﬁ%{ﬁﬂ‘g‘?‘ﬁ‘fﬁg rﬁglo?%&r%sgf’t@f’@ﬂ ﬁ‘ﬁﬁgﬁgé‘?&‘o%ai n variabl e region,
and as many as twelve amno acid changes in the FRs of the selected human
heavy chain 10 vari able region. The DNA sequences coding for these reshaped
human heavy and | i Bintexaoipe,the sashafet dumegivariatge rgsomimaay dichgld upao YA
sequences coding for, the human heav and |ight chain constant region

genes, pref erdBing agidichapgesin tP%EB@@%ﬁ\?éF‘??"ﬁ Bmap YRBLAWIn Wiriaktd ePnasd body
is then expr ed I'[?Eazlrh' I [ f fd.ni its target .
conpared w tﬁa%tsr %%1[}} %ftq{% col?lrggg@oér?g?%gqnn@re?gg éfr%ﬁ% %)%%%;&gﬂ‘ém%rhlhe ic&}am

ant i body.1015 Wiabldsgioar TReDENA ketgiendes codisp dotabeRfiredtaped Himah ket yanHilady
to be substituted and for making the substitutions are well known in the
art. See, forchaimyasiable regiaggeng are jaaed oD BIsequatesoxding gahe hamewheayy

al., Proc. |5 . i 6, :10029- 100 1989), and Rodri.qgu et al.,
M0 CCanod ight Bhain SEhra teaid R Bt PR B e RO0RIR. The PR g
reshapi ng t hehu2hiRatintiBGHRisaoeiRartd athihedkasd eI inaqg Amnig%qult%ttﬁg@t et
al. in PCT application WO 96/40210. This nethod can be adapted to

hunani zi ng arf@mpasdayith ghad of thsowinespangiigrmawrins ansibody end bhifreic antibedye pt or
tyrosine15

Methods for selecting the residues of the humanized antibody to be substituted
and for making the substitutions are well known in the art. See, for example, Co et
al., Nature 351, 501-502 (1992); Queen et al., Proc. Natl. Acad. Sci. 86, 10029-1003
(1989) and Rodrigues et al., Int. J. Cancer, Supplement 7, 45-50 (1992). A method for

20  humanizing and reshaping the 225 anti-EGFR monoclonal antibody described by
Goldstein et al. in PCT application WO 96/40210. This method can be adapted to
humanizing and reshaping antibodies against other growth factor receptor tyrosine

kinases.

25 Methods for making single chain antibodies are also known in the art. Some
suitable examples include those described by Wels et al. in European patent
application 502 812 and Int. J. Cancer 60, 137-144 (1995). Single chain antibodies

may also be prepared by screening phage display libraries. See below.

30 Other methods for producing the functional equivalents described above are

disclosed in PCT Application WO 93/21319, European Patent Application 239 400,
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ki nases. 25 Methods for nmaking single chain antibodies are also known in
the art. Sone suitable exanples include those described by Wls et al. in
Eur opean pag @ntsaoeappl i cation 502 812 and Int. J. Cancer 60pci/@goitthdny 1995).
Single chain anti bodies may al so be prepared by screeni ng phage displ ay
libraries. SeBChelpplicagon Wﬁﬁ/ﬁ%ﬂaoﬂgop@n Hat@dwqinlﬁgatﬁmﬁ?u&ﬂﬂ"i UoBietatent

equi valents d d in PCT a 21319,
Eur opean Pat eggg%gﬁfg%b%&ﬁmﬁéggigg& uiRpEe FRIERY %%8%&%%
Application WD 89/09622, European Patent Application 338 745, U. S. Patent
5,658,570, U S. Patent 5,693,780, and European Patent Application EP 332

. 424. Preferred VEGPRfemtd Vexfildsastitedich arecthe chimargdd, nmatizedednd dngleshaigl e
chain 5 antibodies deriv C(ia\g_]ofrom a murine antibody for_ which the am no acid

and nucl eot i dRbOdiFsElrE¥ed Hom hEupEa gutibady oy @htchéh%mwm puglgoside

. regions are s r

ant i bodi es cagr%:(elggné%§ gwllen ac gfr}&(;g éhéﬁq}ﬁ stan %ﬁ?ﬁgé&gﬁg%oas ]El-ﬁ"e
met hods descr ¢Hig@ribed avibollyent yingly (ﬂ'ﬁﬁl ammbbﬁdmca@maae iP4a®Pala8eE With
accordance with the nethod described in exanple N of PCT 10 apﬁl i cation WO

96/ 40210, whi #itndasd methndssueh wﬂln@?eéhwswsqr@ﬁé beleve. Thimbusanj ibogdy cathe

hyper vari abl e egions,of th h avy. _chain r oduced
bel ow. The nu%ﬁ(%TSPQ‘ES lggﬁcl?é%%nézew&thdﬁj g.[ gdﬂzg%rr lf’ﬁéa@meﬁ‘gg sequence.
13 WO 01/16A2 %pﬁ@lﬁ&ﬁﬁﬂ(b 56510210 %Wl%r?b%ﬁ@ﬁﬂ'bﬁ@é@réﬁ%@ ONS (VH) CDR1
SEQID NO 1 yPheAsnIIeLysAspPhe Met His 'SEQ I D NO

The sequences of the hypervariable (CDR) regions of the light and heavy chain
are reproduced below. The nucleotide sequence is indicated below the amino acid

sequence.
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ggcttcaaca ttaaagactt ctatatgcac CDR2 SEQID NO 2 Trp Ile Asp Pro G u Asn
Gy Asp Ser Asp Tyr Ala Pro Lys Phe G n dy SEQ ID NO 10 tggattgatc

ct gagaat ggotl@atsswet gat tatgccccga agttccaggg ¢ CDR3 SEQ | DpdNus#/1byds Tyr
Gy Asp Tyr Au Ay Tyr SEQID NO 11 tactatggtg actacgaagg ctac LI GHT
CHAI N HYPER VARI ABLE REG ONS (VL): CDRI SEQID NO 4 Ser Ala Ser Ser Ser
Val Ser Tyr Met Hs SEQ ID NO 12 agtgccagct caagtgtaag ttacatgcac 14 WO

01/ 74296 PCT/ USQ1/ 1050 1 CDR? SEQ ID NO_5 Ser Thr Ser Asn Leu Ala Ser
SEQ I D NO N H YRER \OARIABL DNO 6 Gn Gn Arg Ser

Ser Tyr Pr ctlg)ﬁ? Thr

SEQ ID NO: 1
Gly Phe Asn Ile Lys Asp Phe Tyr Met His

SEQ ID NO: 9
ggcttcaaca ttaaagactt ctatatgcac

CDR2

SEQ ID NO:2
Trp Ile Asp Pro Glu Asn Gly Asp Ser Asp Tyr Ala Pro Lys Phe Gln

Gly

SEQ ID NO:10
tggattgatc ctgagaatgg tgattctgat tatgccccga agttccaggg c

CD

SEQ ID NO: 3
Tyr Tyr Gly Asp Tyr Glu Gly Tyr

SEQIDNO: 11
tactatggtg actacgaagg ctac

LIGHT CHAIN HYPERVARIABLE REGIONS (VL):

CDRI

SEQ ID NO: 4
Ser Ala Ser Ser Ser Val Ser Tyr Met His

SEQ ID NO: 12
’ agtgccagct caagtgtaag ttacatgcac |

14



SEQ I D NO 14 cagcaaagga gtagttaccc attcacg The sequences of the entire
| i ght and heavy chain are reproduced bel ow. The nucleotide sequence is

i ndi cat edwlpahipwedshe ami no aci d sequence. Heavy Chain SEQ pdx/06d17/105d4n Val
Lys Leu Gn Gn Ser Ay Ala Gu Leu Val Ay Ser Ay Ala Ser Val Lys Leu
Ser Cys ThCcDi2 Ser Ay Phe Asn Ile Lys Asp Phe Tyr Met His Trp Val Lys
Gn Arg Pro Qu Gn Ay Leu Qu Trplle dy Trplle Asp Pro Qu Asn Ay
Asp Ser AsPERVIDNQ Pro Lys Phe Gn dy Lys Ala Thr Met Thr Ala Asp Ser
Ser Ser AsBodhinAkar T bW s leu Ser Ser Leu Thr Ser A u Asp Thr Al a
Val Tyr Tyr Cys Asn Ala Tyr Tyr Ay Asp Tyr Gu Gy Tyr Trp Ay Gn Gy
Thr  VBEQT N¢al13Ser Ser SEQ I D NO 15 caggtcaagc tgcagcagtc tggggcagag

= Thr
" cttgtggggt caggggcctc agtcaaattg 60 tcctgcacaa cttctggectt caacattaaa
gact t ct at a aggaraticg@gtiggettefcagagg 120 cct gaacagg gcct ggagt g gatt ggat gg
attgatcctg agaatggtga ttctgattat 180 gccccgaagt tccagggcaa ggccaccatg

act gcagact catcctccaa cacagcctac 240 ctgcagctca gcagcctgac atctgaggac

act gccgt ct ChiR3ct gt aa tgcatactat 300 ggtgactacg aaggctactg gggccaaggg
accacggtca c&gltﬁ;thtc a 351 15 WO 01/74296 PCT/ US01/ 10504 Light Chain SEQ
ID NO 8 A§E BN @ Leu Thr Gn Ser Pro Ala Ile Met Ser Ala Ser Pro Gy
GQu Lys Val Thr Ile Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Hs Trp

Phe G n G noly$1RT &% T $¢f oPEOpdeysnteu Trp Ile Tyr
SEQ ID NO: 14

Met

cagcaaagga gtagttaccc attcacg

The sequences of the entire light and heavy chain are reproduced below. The

nucleotide sequence is indicated below the amino acid sequence.

Heavy Chain

SEQ ID NO:7

Gln Val Lys Leu Gln Gln Ser Gly Ala Glu Leu Val Gly Ser Gly Ala

Ser Val Lys Leu Ser Cys Thr Thr Ser Gly Phe Asn Ile Lys Asp Phe

Tyr Met His Trp Val Lys Gln Arg Pro Glu Gln Gly Leu Glu Trp Ile

Gly Trp Ile Asp Pro Glu Asn Gly Asp Ser Asp Tyr Ala Pro Lys Phe

Gln Gly Lys Ala Thr Met Thr Rla Asp Ser Ser Ser Asn Thr Ala Tyr

Leu Gln Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys

Asn Ala Tyr Tyr Gly Asp Tyr Glu Gly Tyr Trp Gly Gln Gly Thr Thr

Val Thr Val Ser Ser

SEQID NO: 15

caggtcaagc tgcagcagtc tggggcagag cttgtggggt caggggcctc agtcaaattg 60
tcctgcacaa cttctggett caacattaaa gacttctata tgcactgggt gaagcagagg 120
cctgaacagg gcctggagtg gattggatgg attgatcctg agaatggtga ttctgattat 180
gccccgaagt tccagggcaa ggccaccatg actgcagact catcctccaa cacagcctac 240
ctgcagctca gcagcctgac atctgaggac actgccgtct attactgtaa tgcatactat 300
ggtgactacg aaggctactg gggccaaggg accacggtca ccgtctccte a 351

15



Ser Thr Ser Asn Leu Ala Ser Gy Val Pro Ala Arg Phe Ser Ay Ser dy Ser

@y Thr Ser Tyr Ser Leu Thr I[le Ser Arg Met Au Ala Qu Asp Ala Ala Thr
Tyr Tyr Qe fd1dg N Arg Ser Ser Tyr Pro Phe Thr Phe Gy Sgfr/mbkgs Lys
Leu Gu Ile Lys SEQ ID NO 16 gacatcgagc tcactcagtc tccagcaatc atgtctgcat
ct ccagggga gaaggtcacc 60 ataacctgca gtgccagctc aagtgtaagt tacatgcact
ggttccagca gaagccaggc 120 acttctccca aactctggat ttatagcaca tccaacctgg
cttctggagt laght@bdingc 180 ttcagtggca gtggatctgg gacctcttac tctctcacaa

t cagccgaat 3§§§§a 240 gatgctgcca cttattactg ccagcaaagg agtagttacc
cattcacgttfggg gg 300 accaagctgg aaataaaa 16 WO 01/ 74296

. PCT/ US01/ 115Q411 Oher rexanpl &, b hial agi gak wnl ecylBs ssefh

ant agoni sts include soluble receptors. (Exp. Cell Res. 241:1, 161-170;

Proc. Natl .GlAchds V8¢j Thi92193Thr] 04 Be@1)1d $eadthixt Fen Mad $de Thiatagi cal

nol ecul es qlscgss%g agox§ the antagonjsts useful in 5 the present

i nvention nay At BetEhSIT Wol EEUIRY. THhehoi®eclive ehat™R d1RotY

bi ol ogi cal schDiEcWLe Ash eonsiidesed dif v $.5PAG Al sakiog t &hgeseaf smal |

nol ecul e. Sone exanples of small nolecul es include organi c tonpounds,

or ganonet aldlycSengpoubids SesdivtrsSef Llengaini Cle agwdt Brgaaenetall & csiconpounds,
saccharides, am no_acids, and nucleotides. Small nolecules further include

mol ecul es CRBt2Hfodtd BEhé¥hi'ye by EoRstHersd BirofgiTeal P20 Phel Beul es,
except theiphe @l £GUL a8 WoLORY sl B NQh  Of gALEL than 450. Thus, snal

nol ecules nmay be |ipids, oligosaccharides; oligopeptides, and

ol i gonucl eoti des, and their derivatives, having a nolecul ar wei ght of 450
or less. It is enphasized that snmall nol ecul es can have any nol ecul ar

wei ght. They are 15 nerely called small nol ecul es because they typically

have nol ecglEay Ipwiahés | ess than 450. Smal |
that are found in nature as well as synthetic
smal |, nolecules inhibit the growth of non-solid tunor

nol ecul es i ncl ude conpounds
conpounds. Preferably, the
cells

gacatcgagc
ataacctgca
acttctccca
ttcagtggca
gatgctgcca

tcactcagtc
gtgccagctc
aactctggat

gtggatctgg
cttattactg

accaagctgg aaataaaa

tccagecaatc
aagtgtaagt
ttatagcaca
gacctcttac
ccagcaaagg

atgtctgecat
tacatgcact
tccaacctgg
tctctcacaa
agtagttacc
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ctccagggga
ggttccagca
cttctggagt
tcagccgaat
cattcacgtt

gaaggtcacc
gaagccaggce
ccctgctege
ggaggctgaa
cggctegggg

60
20
180
240
300



t hat express VEGFR tyrosine kinase. 20 Sone exanpl es of small nol ecul es
useful as VEGFR nol ecul es include the quinazolines, quinolines and

ci nnol i negodRsGsdcbed by Hennequin et al. in J. Med. Chem pcr/usoi/10s504
42,5369-5389(1999). See also Annie et al., Journal of Acquired | mmune

Deficiency Synd , novirol o A41 (1998 25

Adni ni strati on opﬁ%é%gglﬁp gg@%@@‘éﬂfhoéecﬁheégéﬁﬁx?mfgﬁ%q(%ﬂs }r?ﬁ!:‘idﬁégglble
adni ni st er i egeftrse{EgstCaERaRYN, 061-1 18, PAECTR. AREAINRI $403 9 0BSTRM
patients. Adm nistering the VEGFR antagoni sts can be acconplished 1n a

variety of ways including systemcally by the parenteral and enteral
ent jnvention can easily

, routes. For ex l.e,.. VEGER ant agoni sts of fhe pre
be adni ni stered 30 dlgmorng\‘?éﬁaoﬁlé’ﬁ(igq?ag.“bo.?cu?%t‘ﬁw g @Rovsthecantagopisphnsehiliia o
preferrgd rigelbesait i It6ar, 1 R I - . .
acconpl i shetd Eyscgrﬁg‘?&tﬁéﬁéﬂ %yhaékillg%ifﬁéﬁgﬁ{ége&g%?]s%gé Hfgécb\%qg%ﬁ%lgg%bmlogmal

PCT/ US01/ 10604culois ¢oraidetadtiabhis speficaioaus be alsmalmidleculé \SmEE:@ngés of

exci pi ent as under st.ood ?‘é those skilled in the art. The VEGFR ant agoni sts
of the presB! MAVENES Bt Udequeqnic sompgundsarariomeiallig compRumiso salis e orgsnic
tunor cel | suhen adkdiist 1 ent: n effecti unt. As
used herein, anéhgffecdt]!lve&gﬁ%%\c{g’ %sc t a?s’gﬁ;ﬁhﬁﬁ&g%’%gtnflglgo esaﬁ‘?ai e the

speci fi ed mese¢ulesofurtheninichideinngedies daombild @therWie BeRosaHEEd bigIeical Ot | mal
doses ?é VEG:Rﬂgnt agoni sts can be determ ned by physicians based on a 10
number 18f $5e PECEPA BicifgPplgeulap peighhifiog greaise thasehd0. vidughamalkmoleciley of
the conditi [: I - 1 he oni. st _,bei n dm pni stered, .and .t he
route of adm n[?egtfﬂrla'%iottl)lﬁs%tcggang&eeg’eorl%%agldsgg’ra&%Oclgﬂ%écﬁ?orrpﬁ{éf’oaﬁ%&ﬁelf figtvatives,

ant agoni st hatiag apreletilar waight 6f 4300rdesst he target receptor is desirable. In
the case of polypeptides and anti bodies, for exanple, a concentration in
excess of approximately 0.1 nMis normally sufficient. For exanple, a 15

dose of 100 ny/ of an .ant i bod royi des a serum concentratjon of
appr oxi mat el y 2 tis ﬁmp?lﬁlz%%%x@gg\p/ﬂgm\{ u%sém@ ﬁ'ﬂ‘é{—‘y@y molecular weight. They are
15 merely called small molecules because they typically have molecular weights less than
450. Small molecules include compounds that are found in nature as well as synthetic
compounds. Preferably, the small molecules inhibit the growth of non-solid tumor cells

that express VEGFR tyrosine kinase.

20 Some examples of small molecules useful as VEGFR molecules include the
quinazolines, quinolines and cinnolines described by Hennequin et al. in J. Med. Chem.
42, 5369-5389 (1999). See also Annie et al., Journal of Acquired Immune Deficiency
Syndromes and Human Retrovirology 17, A41 (1998).

25  Administration of VEGFR antagonists

The present invention includes administering an effective amount of the VEGFR
antagonist to human patients. Administering the VEGFR antagonists can be accomplished
in a variety of ways including systemically by the parenteral and enteral routes. For
example, VEGFR antagonists of the present invention can easily be administered

30  intravenously (e.g., intravenous injection) which is a preferred route of delivery.

Intravenous administration can be accomplished by contacting the VEGFR antagonists

17



As a rough guideline, doses of antibodies may be given weekly in anmounts of
10- 300 ng/ nR2. Equival ent doses of antibody fragnents shoul d be used at
nore freogwent/738ei ntervals in order to nmaintain a serum | euelysd/8x@aess of
the concentration that permts_ saturation of the receptors. Conbination
Ther apy | nvtha spiihle pharanasaperiil smer (rBIc) AT s¥aipignt asHsdersiopddy heemtkdledyi t h
an effectiye, anount of a conbination of a VEGFR ant agoni st as descri bed
above, and" "¢herot her apeuti c agents, radiation or conbinations thereof.
Exanpl es of chenot herapeutic agents include al kylating agents, for exanple,
ni trogen nustards,_ ethylenei m ne conpounds and al kyl sul phonat es;

ant i met abol i t esThe ¥EGFRoariggemsta of the|iresenicindentionrsignifieantlyyinkihit digrgrowth

antagoni sts, mtotic inhibitors .f.or exanple, 18 01/ 74296..

e 0s01 s me U R e Bl R v rae i b v s pent. As
cyt ot oxi ¢ 384 hé¥ieR, b effeativt HRGRAUNDGL arhBdit cHROMAQ ALLIEN Blef SEE M FdyufR
expression. Particul ar exanpl es of chenot herapeutic agents oOr chenot herapy

i ncl ude Snlubgpigdhe grovdheditharomeol{ddney., dacti nomycin, mechl or et ham ne
(nitrogen nustard), streptozocin, cyclophospham de, carnustine (BCNU),
| onustine (CCNU), doxorubicin (adrianycin), daunorubicin, procarbazine,

m tonycin, cytahgbhhRioses 8PPEGIR anté@dﬁs‘?% (R fete iﬁédll{ggfﬁ’x%ﬁ:ﬂds’baseid ona

vi nbl astine, vincristine, bleonycin, paclitaxe t axo ocet axe
(t axotlér enumdledef pmakicters ashalizg iforesamplbs) age, fsex, we glitbagykesity of, the canttiiibn ne,
10 dacarbazjne, floxuridine, fbl udar.ahi ne, hydroxyurea,_ ifosfam de
i nt er f er oPeedreated, f 39nést being adminigteredpandihg roe ohadmHPSEANGR; Fe,
Pl i camyci fondff R, CARSARRACDBAGe anPERNAShAl i PLAQRIANAPmALI gAY ol 1.
streptozocCin, tanoxifen, teniposide, te&stolactone, i oguani ne, &hi ot epa,
uraci | nuséepthr iviesirablebilnehe edsk of potypeptides hakaltibadids Clorbkaaplepns t her eof .
15 Adm ni stering chenot herapeutic agents can be acconplished in a variety
of ways concentration in excess of approxima ely 0.1 nM is normally sufficient. For example, a

15 dose of 100 mg/m2 of an antibody provides a serum concentration of approximately 20

nM for approximately eight days.

As a rough guideline, doses of antibodies may be given weekly in amounts of 10-
300 mg/m°. Equivalent doses of antibody fragments should be used at more frequent
20  intervals in order to maintain a serum level in excess of the concentration that permits

saturation of the receptors.

Combination Therapy

In one preferred embodiment the non-solid tumor can be treated with an effective
25  amount of a combination of a VEGFR antagonist as described above, and

chemotherapeutic agents, radiation or combinations thereof.
Examples of chemotherapeutic agents include alkylating agents, for example,

nitrogen mustards, ethyleneimine compounds and alkyl sulphonates; antimetabolites, for

30  example, folic acid, purine or pyrimidine antagonists; mitotic inhibitors, for example,
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including systemcally by the parenteral and enteral routes, as described
above. In yet another enbodi nent the non-solid tunor can be treated with an
ef fecti vewodQasmgunt of a VEGFR ant agoni st in conbi nati on wg¥/bshiads@at i on.
The source of radiation can be either external or internal to the patient
bei ng t r eatiBer alipakisiand desiyrteesiod paderty Hatoxin; gytorrxip antitéetics; enbcarnpoundy i s
known as e I @t (EBRT). When the source of

radi ation %épé%?défg)gﬁﬁ%e%é&h‘gh%%‘%E&?r%? e treatment is called br achyt her apy
(BT). 25 The radiation is adm nistered in accordance with well known
standard techniques wth standard equi pnent nanufactured for this purpose,
. such as AECL ThésHeulghexmmpleyaf chemahempenticHgentd os ehafotheppitobrdedepends on
nuneroys factors [.S .we own.in the art. Such factors include the

or gan %ei ncdsﬁlé)tlenatdg%ﬂxb?ﬂge L%E@h@gCéW8%9ni Wefff'}greglfl"‘ﬂn% mirhgen MUAL®; on t hat
m ght i nadyepioRptihyc sy, @lheshedBCNE, [hRLAEeECRIU) A% palitbant for
30 radiati onf_)t her_a%y}%l%axﬁg ﬁ]e area of lthg b?)\j}?’i n neled%(;? tl)éa;(?‘r?gﬁt%l.l he
dose wil | (rgmpamydin)y dapeorbbicive @rocartaniefiloBycinacydambine, qapdsideyl ar | y bet ween
2 and 80 Gy.,h Sonme dqgsgs that. 19 WO 01/74296 PCT/USO1/ 10504 have been
reported %%‘Pﬁ‘&%\%%%scgu?@u{%’ upblastine, gingristing, picomycin, daghitgngy(taxobp oy to
the |ivergocaa9:-192586 {RsitNEn PLsBSL 8 S[u 1 zed, however,
that the i r?\(;ent?gn I srg?lgt Isi m '?’e 9t ogltélﬁsf’ Bgsrtl cU‘%aglr)&g%tg{emﬁ?ﬁgﬂ%bse will be
det er fOnedlabarbbzise, tficeatiding, flubarabine dtydioxyamapifofantieMrtdtfdrbe alpant i cul ar
factors iH %“g@¥§n situ tiop, including the 5 factors nentioned above. The
di stance bt  5geERly meiRbelan meaptopyane, PHEITRY G B HEPIENE RS RFPATEAS O f
entry in -nat:i i e e n, accept abl e
bal ance b maatipFBiontR phewtty, Srei @Rk, by RALIGRENE, PlpEieR:

Typi cal | y thibbeariog) titieteph, tirheil axiserd)aindréldingl ti8ratfbucil GtakElt a8 mbdhadides 100
cmfromthe point of entry into the patient. Brachytherapy is generally
carried od erﬁgff- pl acing the source of radiation in the patient. Typically,

t he sqgrce of radiation is placed approximately 0-3 cmfromthe tissue
bei ng treated. Known techniques include interstitial, intercavitary, and

surface 15 bracituminestaiyg chehsoth@thandc bpsfs 8E6SaceamphshddTRIaaRtes of ways
permanently or tenporaril )é
including systemically by the parenteral and enteral routes, as described above.

In yet another embodiment the non-solid tumor can be treated with an effective
20  amount of a VEGFR antagonist in combination with radiation. The source of radiation
can be either external or internal to the patient being treated. When the source is external
to the patient, the therapy is known as external beam radiation therapy (EBRT). When the

source of radiation is internal to the patient, the treatment is called brachytherapy (BT).

25 The radiation is administered in accordance with well known standard techniques
with standard equipment manufactured for this purpose, such as AECL Theratron and
Varian Clinac. The dose of radiation depends on numerous factors as is well known in
the art. Such factors include the organ being treated, the healthy organs in the path of the
radiation that might inadvertently be adversely affected, the tolerance of the patient for

30  radiation therapy, and the area of the body in need of treatment. The dose will typically
be between 1 and 100 Gy, and more particularly between 2 and 80 Gy. Some doses that
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Sone typical radioactive atons that have been used in permanent inplants

i nclude iodine- 125 and radon. Sone typical radioactive atons that have
been usedwigviigmeorary i nplants include radium cesium 13FcT/8861/10504
iridium192. Sone additional radioactive atons that have been used in

br achyt her apye besd iegertedrizichale BirG@yith thadpigsl abrd 98. GR O (thhkidhess 20fGy adihat | on
for brachytherapy can be the sane as that nentioned above for external

beam r adi atlivéh 20H&SRY/Cy (to thequpstaten [t shouldeereanhgpizedrbotieyere thah s iaversion
determnin . of e nal am 1 adi at-i,.Qn [ , .ure of the
radi oact i vgs E%tq ggﬁqigfgté)da qyspégﬁ?ésuégtdgggnﬂ%ﬁ%se}@g 335 nciepe?’ﬁl%?etb rtﬁg ﬁ@%ﬁ he dose

, of brachyt haysapin irdcdorddrde watethe pheiduRFRREIrIBN giveR Sft@atioh, fERRNfY thehen
non-solid tunors in human patients are treated with the VEGFR ant agoni st
and chebhot Hastersentritionagehewe. or radi ati on or conbinations thereof. In other
words, the inhibition of tunor growmh by the VEGFR antagonist is enhanced
when conbi ned with chenot herapeutic agents or radiation or 30 conbi nations
thereof. Syner gyrHmstRfecHhWBen the ko G¥a BRI exRindl r&BARI ddahthpbin@Bf etry1on-
solid tunor growth wth conbi ned treatnment than woul d be expected from

t r eat nent \mtblthe R@ieMONGY/bE-ahQ AbstCT thaSodprdst s hh-atceptatil balantrebevES&iRkilling

ant agoni st, chenpt herapeut.ic agent _or radiati o al one. . Preferably, . synergy

i s denpnst gy 2P H%‘%’é‘i”éwgé?deeteﬁﬁ’c@aﬂg&”at\ﬁég‘%S‘P‘EFﬁ ekt SﬁxFeE‘aﬁéi%/d‘ ted

from ea int I ic agent or radiation
‘lg Tﬁgﬁ%&‘yo A4a Mo’ %h?ﬂ@ggﬁ& of&ﬁ@{*@%&‘@%ﬁs@ﬁéﬂt! g Iatl

al one. R antagoni st 1s m ni st ore, during, or after
commenci ng chenot herapeutic agent or radiation therapy, as well as any
conbi nation thereof, i:e.  before and during, before and after, during and
after, or bef or Braghytherapy isggnerptvrarrigd aehicplagng the soNEssotiFadiapeuis e agent

and/or radigkion XATR he K ' i
ant i body, P?ﬁ '%ng @Bﬁ%gfm}e g nr1mﬁ| st eiragax\/g%eé1 \a}\%égﬁapfygﬁ%m g?/: gﬁ]h?k %lré é?ghreabl y
bet ween 3 agighg2fkattdy Knowi echiigliariadiiye hedrvwen, ibteacditdd/, ey surbiekor e
conmmenci ng radi ation ther aCPy and/ or chenot her apeuti c agents. .
15 "~ brachytherapy. The radioactive seeds can be implanted permanently or temporarily.
Some typical radioactive atoms that have been used in permanent implants include iodine-
125 and radon. Some typical radioactive atoms that have been used in temporary

implants include radium, cesium-137, and iridium-192. Some additional radioactive

atoms that have been used in brachytherapy include americium-241 and gold-198.

20
The dose of radiation for brachytherapy can be the same as that mentioned above
for external beam radiation therapy. In addition to the factors mentioned above for
determining the dose of external beam radiation therapy, the nature of the radioactive
atom used is also taken into account in determining the dose of brachytherapy.
25

In the preferred embodiment, there is synergy when non-solid tumors in human
patients are treated with the VEGFR antagonist and chemotherapeutic agents or radiation
or combinations thereof. In other.words, the inhibition of tumor growth by the VEGFR
antagonist is enhanced when combined with chemotherapeutic agents or radiation or

30  combinations thereof. Synergy may be shown, for example, by greater inhibition of non-

solid tumor growth with combined treatment than would be expected from treatment with

20



The exanpl es bel ow denonstrate that certain subsets of |eukem as not only
produce VEGF but al so express functional VEGFR-2 in vivo and in vitro,
resul ti ngwomiicogenerati on 15 of an autocrine |oop that @mugpenissdseukem c
cell proliferation and mi gration. Approxi mtely 50% of freshly isol ated
Acute Mel eitlieasiic YEGHRKaithgeniftAtHemathaanpaneid agaor esdistbndRdife. amdfapatdy ei n f or
VEGFR- 2. VEGF165 i nduced phosphoryl ation of VEGFR- 2 and increased

prol i f er at $Y@s1Dfis | demeasFac by Fenissjprcel 8% caness Whesurearissionisaioh expestedriran

nmet al | opr of gj - (. ) | epkem c,cells.and prompted their mgration
Through b BRghut NRGER habbo St AlhGrERe SR REP G RalEe: o \VEGER 5
and a specific synthetic inhibitor of VEGFR-2 bl ocked VEGF165- nedi at ed

proliferation of leukemc cells and VEGFinduced |eukemic cell mgration.
Xenot r anspl ant af he Y E$FRantggonistik edinsy stereddefarepdoingnpr after sethnNORIng5 SCI D
m ce resul thed i{; Si rtu'fioc nt el.evatjon of hurigg but nog. %uri'?le VEGE in

pl asma and™€ é(ﬂ% o ASEM Arradiaton: NIV WEeRE T H L FSRYAF a human
speci fi ¢ ngbrealddZiutihg, BRBRCHRNAer, AinB AdY akBabr _Eéﬂo?&HhMﬁé,yaan'a%l‘S
signaling through human VEGFR-2, inhibrted proliferation o

xenot r ans ptcammenkihg therchemolterzstiaagerit nod/ea selihtonrtherapy. Bér dxaenpié when the

t hr oughout eriod.of the experipent, 30 21 WO 01/74296 PCIT/ US01/10504
EXAMPLES AY#E*?I’%@W%%H%S%@ ?@g‘&@m% IWP’éa@b?éFWéﬁefF 8RVSEY derndriOekys st at ed

ot her wigse. Erween NGB \Cﬂ;ﬁ: falkecsi j y AML
sanpl eg a cfelég%igltbi c%\eegf}rqr?rfgnodn%a? ’eﬂggr)re e eglbg'y Fi c%ﬁ’ aggrlg |gs;1l%éf%¢r§ri pher al
bl ood sanpdomsméncng talikem thepppy brdibscHetiarasaticwotiltsacut e | eukem a) were

col |l ected by phlebotony, diluted 1/2 in Hank's buffered saline (G bco BRL),
and overlaid 10 on 5 ms of Lynphoprep (Ficoll, Accurate Chem cal and

Scientific Cor'ﬁfér&ta}n%ri'es B¥13w dEAGHstrate that certain subsets of leukemias not only produce

VEGF but also express functional VEGFR-2 in vivo and in vitro, resulting in the generation
15 of an autocrine loop that augments leukemic cell proliferation and migration.
Approximately 50% of freshly isolated Acute Myeloblastic Leukemias (AML) examined
expressed mRNA and protein for VEGFR-2. VEGF 45 induced phosphorylation of VEGFR-
2 and increased proliferation of leukemic cells. VEGF¢s also induced the expression of
metalloproteinase-9 (MMP-9) by leukemic cells and promoted their migration through

20 reconstituted basement membrane.

Neutralizing MoAb to VEGFR-2 and a specific synthetic inhibitor of VEGFR-2
‘blocked VEGF ¢s-mediated proliferation of leukemic cells and VEGF-induced leukemic
cell migration. Xenotransplantation of human leukemias into immunocompromised NOD-
25 SCID mice resulted in significant elevation of human but not murine VEGF in plasma and
death of inoculated mice within two weeks. Injection of a human specific neutralizing
monoclonal antibody that selectively blocks signaling through human VEGFR-2, inhibited
proliferation of xenotransplanted human leukemias and increased survival of the mice
throughout the period of the experiment.
30
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sanpl e was spun at 4000 rpmfor 30 mns, and the nononucl ear cell
i nterphase was collected into a fresh tube and washed twi ce with Hank's

for 5 m ngoat/4240 rpm The resulting cell pellet was finpétysigmespended
in RPM/10%FCS. 15 Cell culture The 3 AML cell lines used in this study,

HL- 60 (pro-nyel ononocytic), HEL, (HegaNERB8ytic) and K562 (erythroid)
were cul tur 0% F e streptonmycin
(100 g/ i) qu Cﬂ ‘ﬁnlaf“z’%mﬁegf("és Y8t C%rﬁig Q%P%$1gfr’<9 ‘i&‘iif‘éaﬁté{q (ﬁ’}herWFSteh VEGF

and/ or anti bod| es/ protein kinase inhibitor, cells were serumstarved for 16
hrs to 20 overm ght in RPM alone. After collection and isolation of

, nhononucl ea le 1. EEGIFRbI ood, prinmary leukemc cells were

cul turer£ overnight in RPM/I10% FCS, to el i ni nat e possi bl e contam nation
W th nocyt es/ macr ophages, whi ch ‘adhere readily to the tissue culture

K Lol Fpri AR AMIR I BUBRERSI A P Dby B PLol Ol FEYHECT ©

cell blasts. These |'eukem c cel wer e equent rans 0 anot her
flask and, gradigrt to the additi on of VEGF and/or anti- VEG-R anti bodi es,
in serumfree RPM, as above., For

serum st aryed for rs to
proliferat i‘wf&'ﬂe‘? P ﬁi’%‘P‘eég‘i %@Ff@l%ﬂ?ﬁ%ﬁe@l?&ﬁm@ewth ashtet leukquama} mierry) |

i cat oa (10700 kIt SRREEL/2 i Flahic | IR EHAANAE RSimE Mt o I

t he priésenaes mls abEgmpbkomtp HACY AOOuﬂateg@hﬂnmﬁl and ScatiNOCdpotdZAf NY). Each
PCT/ US01/ 10; h [ rrrrunogs traI I ZI ng MbAb to KDR/ VEGFR-2, IMC-1 C 11 (12) or
a MbAb to f’fﬂmp e WP%/E@F@* Lipghior 80 ming, pad Hhermpenanpelearsst igmhasqyvas collecte

| ncor por at e t on . eukemc c
lines wer eﬁgr)e%ilﬁ-agtghe gt%%nwgﬂﬁ%a%y{l{ étrﬁlgs 3t %%ﬂ:ﬁﬁmkl AL uihmﬁ“t? or
with a hi qumfwamfhyu)fﬂfsuéﬁﬁ%ﬁKM/4G%F¢§50 9. 3IVl 5 Cal bi ochem La
Jolla, CA) was also used, at a concentration of 10M as recomended by the
manuf acturers. After 24, 48 and 96 hrs, viable cells (as determ ned by
trypansbl L@e”g%ﬁ)f,%y on) were counted in triplicate using a haenocytoneter.
Each experinen condition was done in triplicate and experinments with

the | eukerTiee cel AMIL nesl veke hpeat edis3 skidyeSHL-60 (pro-myelomonocytic), HEL,
(megakaryocytic) and K562 (erythroid) were cultured in RPMI with 10% FCS, penicillin
(100 U/mL), streptomycin (100 pg/mL), and fungizone (0.25 pg/mL). Prior to incubation
with VEGF and/or antibodies/protein kinase inhibitor, cells were serum starved for 16 hrs to

20  overnight in RPMI alone.

After collection and isolation of mononuclear cells from peripheral blood, primary leukemic
cells were cultured overnight in RPMI/10% FCS, to eliminate possible contamination with
monocytes/macrophages, which adhere readily to the tissue culture flasks. The cells
25 remaining in suspension consist mainly of leukemic cell blasts. These leukemic cells were
subsequently transferred to another flask and, prior to the addition of VEGF and/or anti-

VEGEFR antibodies, serum starved for 16 hrs to overnight, in serum free RPMI, as above.
For proliferation experiments, cells were cultured in 6 well plates (Corning), at a cell density

30 of 1x10° cells/well, in serum free RPMI. Cells were treated (10-50 ng/ml. VEGF) or

untreated (medium alone), and cultured in the presence or absence of 500ng to 1pug/mL of an
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10 RNA extraction, cDNA synthesis and RT-PCR Total RNA was extracted using
TRI -reagent, followi ng the manufacturers instructions. cDNA was
subsequentigymsmmishesi zed fromtotal RNA using the Ready-t opgpukditioAmer sham
Phar maci a Bi ot ech, Piscataway, NJ) and PCR was perforned using a PCR
ther mal cyghtnodMi@iBngt oAb td EIDIBVBGER NOIMANE1PGR2pro2g4 vivAbed FDT-
anplify KDR, FLT-1 and f3 15 actin consisted of a pre-cycle of 5 mns at
94C, 45 sel/VAGER, ahencs§. 19etbosh fm.hrfdpm)\mﬁtgmﬁl%‘pgrpiomt@d)aﬂ%y@mferm tthee
reacti on was confi f-O cyel es of in at 94C,.. 4 ec at nd 2
m ns at Yﬁﬁggﬁllcg%ﬁgdﬁj}v l\gimé? ho%fé#??{glca?e}bg S WhHE [B?(ihﬁ@g k Odlﬁ n\égégéﬁéﬁea as
. foll ows: i Brd Ii Wi t AR I _-bAR),
(3-actin 3333’2?2‘3% p‘??““ngﬁgeg‘gﬂ é?ﬁ‘&‘é%%?%??ﬁ%@%ﬁf?% | D %g %11&?? 3’2\1(@3?9';9&%’1Mn’ PCR
products: SCabhehemVESFRIE C20 waaralwried)dt aROhc@tigaoE aft@iNgagiecahmenddddy D

. NO 19); VEGFR-2 reverse priner: ccagagattccatgccactt (SEQ I D NGO 20)
(VEGFR- 2 HbR pamdaciurers gt pi4, 4rodrRa o rvighlel celhy (asedetermined by trypan blue

atttgtgatt C . - 2l) e VECGER-1 revers riner.: .
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receptors (VEGFR-1 and VEGFR-2) were detected by western blotting, after
cell i,ncubgtion wth 2 /. YVEGF16 stens, MN) for 10 mn at 37C
After Whi sﬁlyfiieé‘fmg%’_f’ﬁiﬁ%a{tg‘f‘&ﬁ'fmfﬁf ﬁflgéig?gik?ext racts fromprimary |eukenic
cel | s and TRhIRRA WisigEaned &im-MT&&,Wollmg%éﬂ%ﬁﬁMrs'iﬁstﬁl@ii&s?&lﬁ’N\A
buffer (50 MM Tris, 5 nmM EDTA, 1% Triton X-1I4, 0.4% Sodi um cacodyl ate and

150mM NaClvyas ubsequently esyotiesized fromottetal &NA23usiQ O/ ReahetoReT KUS0Ameobedh
|t L1 e B B By TRk Ll e L T S0 RSP
Col ] LnelOIRCERIEd b e GG St SO Do 19
i Munapr ecicpin tatsidecbofer pre-ghtle af 5 Adhamt O Qradtset a-68°@gad 45 eedetd%C. Following
this initial cycle, the reaction was continued for 35 cycles of 1 min at 94°C, 45 sec at 65°C
and 2 mins at 72°C and concluded with 7 mins at 72°C. The primer sequences were as
follows: B-actin forward primer: tcatgtttgagaccttcaa (SEQ ID NO: 17); B-actin reverse
primer: gtctttgeggatgtccacg (SEQ ID NO: 18) (B-actin PCR product: 513 bp); VEGFR-2
20  forward primer: gtgaccaacatggagtcgtg (SEQ ID NO: 19); VEGFR-2 reverse primer:
ccagagattccatgecactt (SEQ ID NO: 20) (VEGFR-2 PCR product: 660 bp); VEGFR-1 forward
primer: atttgtgattttggecttge  (SEQ | ID NO: 21); VEGFR-1 reverse primer:
caggctcatgaacttgaaage (SEQ ID NO: 22) (VEGFR-1 PCR product: 550 bp). Endothelial cell
c¢DNA was used as positive control for all 3 sets of primers.
25
Protein extraction and western blotting
Phosphorylated VEGF receptors (VEGFR-1 and VEGFR-2) were detected by westem
blotting, after cell incubation with 20ng/ml VEGF¢s (R&D Systems, MN) for 10 min at
37°C. After this brief stimulation, total protein extracts from primary leukemic cells and cell
30 lines were obtained by lysing the cells in cold RIPA buffer (50 mM Tris, 5 mM EDTA, 1%
Triton X-114, 0.4% Sodium cacodylate and 150mM NacCl), in the presence of protease
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Gelatinolytic zymography
Supernatants from leukemic cell lines and primary cell cultures were collected after overnight
20  incubation in serum-free medium, with or without VEGF 45, and their metalloproteinase
activity was measured by gelatinolytic zymography, as previously described (13). Briefly, cell
culture supernatants were treated with gelatin-agarose beads, to concentrate the gelatinases,
and processed -through SDS-Page-acrylamide gels containing 1% gelatin. The gels were
subsequently incubated in 2.5% Triton X-100 for 1 hr at RT, rinsed in distilled water (DW)
25  and placed in low-salt collagenase buffer (50 mM Tris- pH 7.6, 0.2 M NaCl, SmM CaCl, and
0.2% v/v Brij—35) at 37°C for 18hrs. Bands of gelatinolytic activity were visualized after
staining the gels with 10 mL of a 0.2% Coomassie blue solution and 190 mL destain (DW,
Methanol and glacial acetic acid, 6:3:1) for 30-60 mins at RT. For each experiment, 1x10°
cells were plated into each well and experiments were done in triplicate. The Adobe
30  Photoshop 4.0 software application and a Umax Astra scanner were used to scan the gels and

the intensity of the gelatinolytic bands was assessed using NIH Image 1.58.



M gration experinents Freshly isolated | eukemc cells and cell |ines were
resuspended in serumfree RPM and a stock of 106 cells/mM was prepared. A
nodi fi ed wey®I7TQmeof a previously described transwell 5 m geEpgiuk@mok®chni que
(14) was used. Briefly, LC aliquots (100 L) were added to 8 m pore
transwel|l inserts, coated with 25 g of growmh factor-depleted Matri gel
(Beek-ton and Dickinson, San Jose, CA), and placed into the wells of a 24
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counterstained with  Hematoxilin/Eosin, and observ
m cr oscopefpng@nd counted using a haemocytometer. Only live cells, as determined by trypan blue

exclusion, were considered in the quantification. Experiments were done in triplicate and

results are shown as the number of cells migrated in response to VEGF.

20  Detection of KDR/VEGFR-2, FLT-1/'VEGFR-1 and VEGF on ectopically implanted
leukemias (chloromas) by immunohistochemistry.
Paraffin-embedded chloroma sections were immunohistochemically stained for VEGFR-1
and VEGFR-2, following conventional protocols. The antibodies used were: mouse MoAb
to VEGFR-2, clone 6.64 (ImClone Systems Incorporated), used at 300 ng/ml; rabbit

25  polyclonal antibody to VEGFR-1 (R&D Systems), used at 200ng/ml; vWF polyclonal
antibody, used at 200ng/ml; VEGF polyclonal antibody (BioGenex, Ab No. 360p), used at
200ng/ml. Peroxidase-labelled secondary antibodies (against mouse and rabbit
immunoglobulins) were used at a 1/6000 dilution. Sections were counterstained with

Hematoxilin/Eosin, and observed under a 1ight microscope.

30
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25 WO 01/74296 PCT/USO01/ 10504 1In vivo experinents with HL-60 cells Age and
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Human choloromas express VEGF, VEGFR-2 and VEGFR-1
Human leukemias are not only localized to the bone marrow and peripheral circulation but
may also metastasize to tissues and form solid masses referred to as chloromas.
20
Immunohistochemical staining of human chloromas with antibodies specific for VEGFR-1
or VEGFR-2 revealed that, besides staining the endothelial lining of blood vessels, these
receptors were also expressed by a subset of the leukemic cells (Fig 1C and D). The stalmng
localized to the cell membrane, and positive cells appeared scattered throughout the sections
25  (Fig 1C and D). Overall, there were more VEGFR-2-positive than VEGFR-1 positive areas
in the sections analyzed. These receptors were primarily detected in different areas of the
tumor, suggesting that the staining pattern of VEGFR-1 and VEGFR-2 may identify different
cell populations. Furthermore, in the sections analyzed the leukemic cells also stained for
VEGF (Fig 1, E and F), suggesting an autocine loop between VEGF and its receptors may

30 contribute to the formation of chloromas.
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VEGF (Fig 1, E and F), suggesting an autocine | oop between VEGF and its
receptors may 30 contribute to the formation of chloromas. 26 WO 01/74296
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VEGF and expression of its receptors by the sane cells. 20 The observation
that VEGF188 YRGHReH PPﬁ’é“’EHéB‘]’sﬂﬂ@Fyqut lings poduced VEG§ptnolvEroon Thesmbwﬁte of
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further bysﬁpmktmggcealt ab,qn@ﬁd/mrqwaphanges such as increased proliferation,
mat ri x- net al | oprot ei nase (MW) production and 25 mgration through

reconstituted basenent nenbrane. Anti-VEG-R MbAb and a specific
VEGF¢s induces VEGFR-1 and VEGFR-2 phosphorylation on leukemic cells

15  VEGF,s induced a dose-dependent increase in VEGFR-1 and VEGFR-2 phosphorylation on
leukemic cell lines and primary leukemias, but not on fibroblasts or VEGFR negative
leukemic cells (Fig 2B). In the absence of VEGF, leukemic cells had baseline VEGFR-1 and
VEGFR-2 phosphorylation (Fig 2B), which may be due to the production of VEGF and
expression of its receptors by the same cells.

20
The observation that VEGF 65 induced the phosphorylation of its receptors on a subset of
leukemias suggested that it may also induce phenotypic changes on these cells. Therefore,
the effect of VEGF 65 on leukemic cells was investigated further by looking at phenotypic
changes such as increased proliferation, matrix-metalloproteinase (MMP) production and

25  migration through reconstituted basement membrane. Anti-VEGFR MoAb and a specific
protein kinase inhibitor, AG1433, were used, to investigate whether VEGF 45 induced its
effects on leukemic cells through VEGFR-2.

VEGF induces leukemic cell proliferation, an effect mediated through VEGFR-2

30  VEGFiss induced, in a dose-dependent manner, an increase in proliferation of VEGFR-2-




protein kinase inhibitor, AGL433, were used, to investigate whether VEG-165
induced its effects on |l eukemc cells through VEGFR-2. VEGF i nduces
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15
These results show that VEGF 45 induces cell proliferation on a subset of leukemic cell lines
and primary leukemias. This effect can be blocked by a MoAb to VEGFR-2 and by a
synthetic protein kinase inhibitor with a high affinity for this receptor. This suggests that on
leukemic cells, as reported for endothelial cells, VEGF 45 transduces its mitogenic effects

20  through VEGFR-2.

VEGF induces MMP secretion/production by leukemic cells
VEGF¢s induces MMP production by smooth muscle cells, an effect that is usually
correlated with the acquisition of a more invasive phenotype (17). We investigated whether

25  VEGF4s could induce a similar effect on leukemic cells.

Without stimulation, in serum-free conditions, the levels of MMP released into the
supernatant by each sample were variable (Fig 5). It is suggested that MMP production by
leukemic cells may identify a leukemic sub-type or sub-population with a more invasive
30  phenotype. On the primary leukemias and/or cell lines investigated, the myelo-monocytic

sub-types (shown in Fig 5: HL-60 cells, samples 2 and 3) have consistently shown a higher

28
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blocked by the use of a synthetic MMP inhibitor, 5,10-phenanthroline (Fig 6) and

recombinant human TIMP-1.

The remaining cell lines and VEGFR-2 negative primary leukemias did not migrate in
20  response to VEGF, even through bare (uncoated) transwells. This correlated with a decreased
ability of these cells to secrete MMPs, but may also be due to a reduced level of VEGFR

expression on these cells, namely VEGFR-1.

As shown above, the mitogenic effects of VEGF 45 on leukemic cells were mediated through
25  VEGFR-2. However, in the migration system used in our studies, incubation of HL-60 cells
with IMC-1C11 (at 1pug/ml) could only partially (40%) block VEGF 1¢s-induced migration
through matrigel (Fig 6). On the contrary, a MoAb to VEGFR-1, used at the same
concentration, significantly blocked (60-70%) HL-60 cell migration (Fig 6 *, p<0.05),
suggesting that on these cells VEGF 145 may induce MMP activation and cell migration by
30  interacting with both receptors. Confirming this possibility, incubation of HL-60 cells with
a combination of VEGFR-1 and VEGFR-2 MoAbs blocked VEGF¢s-induced migration
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i gration (of0Bds pfééeys Fequires fixtheDiyestipaliem t oget her, these results suggest
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be 5 necessary to induce cell mgration and invasion, but the precise
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m gration .prqgcess. . i oned. above, the mgratio ssay used in our
ot i es.r e e iR RER e Bitibosia. Sl e B VAL Rer b tscipin
chemptigxi Sprofid6 RoRTeed i@ tMEWidRfon Prydlier more, the antibody and protein

ki nase inhibitor studies suggest that VEGF165 i nduced signaling through
VEGFR 20 1 and VEGFR-2 may be necessary for the cells to mgrate and i nvade

the b aseMeN! entioned above, the migration assay used in our studies requires active MMP secretion
and activation, as well as cell chemotaxis in response to VEGF ¢s. Furthermore, the antibody

and protein kinase inhibitor studies suggest that VEGF ¢s induced signaling through VEGFR-

20 1 and VEGFR-2 may be necessary for the cells to migrate and invade the basement
membrane. This is not surprising, since VEGFR-1 has been shown to mediate monocyte

migration (18) and also MMP production by smooth muscle cells (17).

Taken together, these results show that VEGF 45 induces a more invasive phenotype on a
25  subset of leukemic cells, as determined by increased proliferation, MMP production and
migration through the basement membrane. These effects are mediated primarily through

VEGFR-2, although, particularly for migration and MMP activation, signaling through
VEGFR-1 may also be required.

30 HL-60 cells release VEGF in vivo

It is now well established that HL-60 cells release VEGF in picogram quantities in viiro.
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mice whlch correlated with a decrease in overall mouse survival (Fig 8A and B).

These in vivo results confirm the role of VEGF and VEGFR-2 in regulating leukemic cell
20  growth and suggest that antibodies against VEGF receptors may represent a novel therapeutic

approach for the treatment of a subset of leukemias.

Anti-human VEGFR-2/KDR moAb blocks the formation of liver and spleen metastasis
Histological analysis of liver and spleen, 14 days after start of treatment, from HL-60-injected
25  PBS-treated mice revealed the presence of leukemic infiltrates (chloromas) in both organs
(Fig 9B and D). Liver sections had seyeral areas invaded by leukemic cells, with signs of
active cellular proliferation (Fig 9B). Furthermore, the red pulp area of the spleen of these
mice was largely replaced by leukemic cells (Fig 9D). On the contrary, mice treated with the
neutralizing MoAb IMC-1C11, had normal liver and spleen histology (Fig 9A and C). In
30 treated mice, there was no evidence of leukemic infiltrates in the liver (Fig 9A), and the

spleen appeared normal, with evidence of apoptosis (Fig 9C). These results indicate that the
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(Figure 8A).

In the absence of any intervention the HL-60 xenografted NOD-SCID mice succumb
to metastatic proliferation of chloromas within 14 days of inoculation. However, injection
20 of MoAb specific to the VEGF binding domain of human VEGFR-2 resulted in the
inhibition in proliferation of HL-60 human leukemia in NOD-SCID mice and their long-term
survival throughout the experimental period (>80 days, Figure 8B). Histological examination
of liver and spleen demonstrated that treatment with MoAb to VEGFR-2 effectively inhibits
proliferation of leukemic infiltrates and Chloromas within the liver and spleen (Figure 9).
25  These data strongly suggest that endogenously produced human VEGF by HL-60 promotes
the growth of these leukemic cells through interaction with the human VEGFR-2 generating
an autocrine loop, therefore confirming the in vitro data. Collectively, these data illustrate the
plasticity of VEGFRs signaling within the vascular and hematopoietic lineages and their

potential to support the proliferation certain subsets of VEGFR-2+ acute leukemias.

30

In humans, acute leukemias are classified based on progenitor cell type and

differentiation state of the stem cell they originated from (M1 to M7). The majority of
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leukemic cell proliferation (Figure 10).

20  Example II. Producing Single Chain Antibodies

Cell lines and Proteins

Primary-cultured HUVEC was maintained in EBM-2 medium at 37°C, 5% CO?2.
Cells were used between passage 2-5 for all assays. VEGF 45 protein was expressed in
baculovirus and purified. cDNA encoding the extracellular domain of XDR was isolated
25 by RT-PCR from human fetal kidney mRNA and subcloned into the Bg/ Il and BspE I
sites of the vector AP-Tag. In this plasmid the cDNA for KDR extracellular domain is
fused in-frame with the cDNA for human placental AP. The plasmid was electroporated
into NIH 3T3 cells together with the neomycin expression vector pSV-Neo and stable cell
clones were selected with G418. The soluble fusion protein KDR-AP was purified from
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i nj ect i on usingtbe o Mdrvineh was doplayed of thR sBrfage of the filamentots phage M st

i mmuni zation. The mce were boosted i.p. with 20 ug of KDR-AP three days

oeror e <0 el g} G080 R et SRYFR
spl enocyt @ge jofnedlabyethdtdsyea 05 aRkRYadid-Rm IhREGGETH) (@ AD No: 23) and
fused to the N-terminal of phage protein IIl. A 15 amino-acid-long E tag, which is
15  followed by an amber codon (TAG), was inserted between the C-terminal of V| and the
protein III for detection and other analytic purposes. The amber codon positioned between
the E tag and the protein III enables the construct to make scFv in surface-displaying
format when transformed into a suppressor host (such as TGI cells), and scFv in soluble

form when transformed into a nonsupressor host (such as HB2151 cells).

20 " The assembled scFv DNA was ligated into the pCANTAB 5E vector. The
transformed TG1 cells were plated onto 2YTAG plates and incubated. The colonies were
scraped into 10 ml of 2YT medium, mixed with 5 ml 50% glycerol and stored at -70°C as
the library stock.

Biopanning

25 - The library stock was grown to log phase, rescued with M13K07 helper phage and
amplified overnight in 2YTAK medium (2YT containing 100 ug/ml of ampicillin and 50
ug/ml of kanamycin) at 30°C. The phage preparation was precipitated in 4% PEG/0.5M
NaCl, resuspended in 3% fat-free milk/PBS containing 500 ug/ml of AP protein and
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indicated the presence of 2 different digestion patterns; whereas 21 randomly picked
15  VEGF nonblockers yielded 4 different patterns. All the digestion patterns were also seen
in clones identified after the 2nd round of panning. Representative clones of each
digestion pattern were picked from clones recovered after the 2nd round of panning and
subject to DNA sequencing. Out of 15 clones sequenced, 2 unique VEGF blockers and 3
nonblockers were identified. One scFv, p2A7, which neither binds to KDR nor blocks

20  VEGF binding to KDR, was selected as a negative control for all studies.
Phage ELISA

Individual TG1 clones were grown at 37°C in 96 well plates and rescued with
M13K07 helper phage as described above. The amplified phage preparation was blocked
with 1/6 volume of 18% milk/PBS at RT for 1 h and added to Maxi-sorp 96-well
25  microtiter plates (Nunc) coated with KDR-AP or AP (1 ug/ml x 100 ul). After incubation
at room temperature for 1 h, the plates were washed 3 times with PBST and incubated
with a rabbit anti-M13 phage Ab-HRP conjugate. The plates were washed 5 times, TMB
peroxidase substrate added, and the OD at 450 nm read using a microplate reader and

scFv antibodies were identified and sequenced.
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. binds o KBR-BdD-galatdyradsMEGE3 0101 A pgipl@niPRctra f 88 RAL s preparddagat i ve
control for all studies. Ph age ELISA Individual TG 1 clones weére gfown at

37C i n 96 wetspenling dhe eptbpallstidsamdd THs (il 3190 ronteinieg 2Qhdweév)acrdes, 200 bed

above. Th Hfiqe ragi | acked i t.h 1 vol ume of 18%
ni | k/ PBS Q‘F@aFgrl &“ﬁ@%@“ g‘fﬁ‘ggg r?%f %&Q‘ily?goc‘nf%ﬁv egé‘y WRTY aé%“ﬁ‘%ﬁo‘f’itﬁg?m& at es
(Nunc) coahekingifon1 KPRBPc@itriABatidn a19/5M000%pA00r U5 ninAktedoliBlE WAL W at
roomtenperature for 1 h, the plates were washed 3 tinmes with PBST and

i ncubat ed Pufificd fepm dlybsupematdnt Bﬁgffpﬁﬁg@mwﬁl@pb}omingateel.{PKEé’upilﬁaatfem wer e
washed .5 t, MB _pergxidase substrate added, and the OD at 450 run read
usi ngqg ml\éf’”%'%fezsgléapbag@e M8 scFv antibodies were identified and
sequenced. 35 WD 01/ 74296 PCT/US01/10114 Preparation of soluble scFv Phage
of indivi d@aimpleIMEAMBYE used to infect a nonsuppressor E. coli host

HB2151 and the infectant sel ected on 2YTAG N pl ates. Expression of scFv in
HB2 151 <cells was induced by culturing the cells in 2YTA nedi um cont ai ni ng
1 nM i soprpititetive KRRohidingyss@ct opyr anosi de at 30C. A periplasmc extract
of the cells was prepared by

Two assays were employed to examine quantitatively the binding of purified
soluble scFv to KXDR.

15 Four different clones, including the two VEGF blockers, p1C11 and plF12, one
nonblocker, the dominant clone p2A6 and the nonbinder p2A7, were expressed in shaker
flasks using a nonsuppressor host E.coli HB2151 cells. P1C11 has heavy chain and light
chain sequences shown in Figure 11. The soluble scFv was purified from the periplasmic
extracts of E.coli by anti-E-tag affinity chromatography. The yield of purified scFv of

20  these clones ranged from 100 - 400 ug / liter culture.

In the direct binding assay, various amounts of soluble scFv were added to KDR-
coated 96-well Maxi-sorp microtiter plates and incubated at room temerature for 1 h, after
which the plates were washed 3 times with PBST. The plates were then incubated at room
temerature for 1 h with 100 ul of mouse anti-E tag antibody followed by incubation with

25 100 pl of rabbit anti-mouse antibody-HRP conjugate. The plates were washed and
developed following the procedure described above for the phage ELISA.
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resuspending the cell pellet in 25 MM Tris (pH 7.5) containing 20% (W v)
sucrose, 200 nmM NaCl, 1 nM EDTA and 0.1 nM PMSF, followed by incubation at

4C wi th ggetheseghaking for 1 h. After centrifugation at LGP0 11p%esf or 15
mn., the soluble scFv was purified fromthe supernatant by affinity

h t h th RPAS f dul Ph Bi ot ech
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20 these dounéXPRAdetholsontes1ITY, i.e4 8 v cohdeh@hticiteluired fdrTSOI’/@ﬁﬂﬁBlﬁ&?t

bi ndi ng mg 51 ¥ar| ous appunts of soluble scFv were added to KDR- coated

96- wel | Bding ooy £O&s Was teasalgalatedncubat ed at room tenerature for 1
h, after which the plates were washed 3 tinmes with PBST. The plates were

then i ncubat ed A of nouse .a -E tag
anti body foll OV\(%% %@mnlc ;ﬁlf@%%&f@%@% %%gﬁb ?k]@%ﬁﬁlgﬂ té’rfmm‘?mﬁ

ant i body- NEFGE ofjorgai ] IThe: dYntihes c\mreaﬁwédwdo@mo yaﬁir%g%wéalthew ng the
procedure %}GCI’I bed above for the phage ELI SA 4296

PCT/ USO / htbgst KPR ba%paéﬁpa&stgapd the hig estmewnpé’hcmngevﬁﬁﬁlfmmhogko KR

assay, vartgy E¥ . er e £ xed amount of
KDR- AP (5 b ? grﬁ?ﬁ‘%ir%‘iﬂ? ngtlré%%é%‘gn 18H%P5¢Lféeqf‘8?é ?OI%O)Tﬂgmﬁ‘%‘HPe wer e
then tr anSfrﬁlir[geaJ) KDRfrdvFot SOWdfﬁlﬁhblhﬁﬁ oPKBFEBINERBLE Y E WareV(EﬁFMQnd 200
ng/wel l) and incubated at roomtenperature for an additional after

whi ch t hen, aespsctpealie (Sreshabde b). tHAES avalysis demenstrstedaba fGH 1%%&@@@@ to
quantify %Fe also able to bind to cell surface expressed receptor on HUVEC

15 BlAcore analysis of the soluble scFy

The binding kinetics of soluble scFv to KDR ‘were measured using BIAcore
biosensor (Pharmacia Biosensor). KDR-AP fusion protein was immobilized onto a sensor
chip and soluble scFv were injected at concentrations ranging from 62.5 nM to 1000 nM.
Sensorgrams were obtained at each concentration and were evaluated using a program,

20 BIA Evaluation 2.0, to determine the rate constant kon and koff. Kd was calculated from

the ratio of rate constants koff7kon.

Table 1 shows the results of the surface plasmon resonance on a BlAcore
instrument. The VEGF-blocking scFv, pIC11 and plF12, bound to immobilized KDR with
Kd of 2.1 and 5.9 nM, respectively. The non-blocking scFv, p2A6, bound to KDR with
25  approximately a 6-fold weaker affinity (Kd, 11.2 nM) than the best binder p1C11, mainly
due to a much faster dissociation rate. As anticipated, p2A7 did not bind to the
immobilized KDR on the BlAcore.

Phosphorylation assay
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bound KDR- AP nol ecules. 1C50, i.e., the scFv concentration required for 50%
inhibition of KDR binding to VEG-, was then cal culated. C one plCll and
plF12, buyonQi7+PeA6, al so bl ock KDR bi nding to i mobil i zedpcivEe§d/i0édsone pl
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at each copgfnfdsabeads @RRpledana redtl é&ﬁi—ﬁ@l@ﬁdlj&tﬂo&il BAQSHBMmE %o Yskyad uation

2.0, to determne the rate constant kon and koff. Kd was cal cul ated from

t he rati o Jtormparaiedolbe heads weasé taklad, minedsl with SBSdwnadibgbuffes ahd sheof t he
surface plasnon, resanance, of, a Bl Acore. iLnstrumen The VEGF- bl ocki ng scFv,
S1C11 and PEETRTE SORGEED AT PoCakse o hieck D PsyicriFieng
respecyy Velyre plosed@ith %%Klﬁﬂ%ﬁﬁ@fosiggl(e%g, Y0 F ok MR PMcinBsR tivity assay,

approximately a 6-fold weakér affi'nit 11.2 nM than the best” bi nder
p1Cll, nmigelhysatesewere rasatvatwith SDS-PAGESfolbwed by Westeen bAs aaalysis upiaged, p2A7

did not bind to the._i {]ized KDR on the Bl Acore. Phosphoryl ation assay
S7 00 L SRR PAB K65 SniRa0p ol SERE e eSagied RORE Hodr f or ot i £ h
early passage HUVEC fol lowing a protocol described previously. Briefly,
HUVEC wer e i ncubabifd shi\weeindmvEGEey 68 scIRASIR, ITe S4B SPREBRRK Y sufd h
0. 5% bovi ne serum al bum n at roomtenperature for 10

p-2A6, was able to inhibit KDR receptor phosphorylation stimulated by VEGF. Further,

15 plIC11 also effectively inhibited VEGF-stimulated activation of MAP kinases p44/p42. In
contrast, neither plC11, nor IMC-2A6 inhibited FGF-stimulated activation of MAP

kinases p44/p42.
Anti-mitogenic assay.

HUVEC (5 x 103 cells/well) were plated onto 96-well tissue culture plates

20  (Wallach, Inc., Gaithersburg, MD) in 200 ul of EBM-2 medium without VEGF, bFGF or
EGF and incubated at 37°C for 72 h. Various amounts of antibodies were added to
duplicate wells and pre-incubated at 37°C for 1 h, after which VEGF 45 was added to a
final concentration of 16 ng/ml. After 18 h of incubation, 0.25 uCi of [3H]-TdR
(Amersham) was added to each well and incubated for an additional 4 h. The cells were

25  placed on ice, washed twice with serum-containing medium, followed by a 10 minute
incubation at 4°C with 10% TCA. The cells were then washed once with water and
solubilized in 25 ul of 2% SDS. Scintillation fluid (150 ul/well) was added and DNA
incorporated radioactivity was determined on a scintillation counter (Wallach, Model

1450 Microbeta Scintillation Counter).
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mn. in the presence or absence of scFv antibodies at 5 ug/m, followed by
stinmulation 5 with 20 ng/m VEGF165 at room tenperature for an additional

15 min. TWwe @eklss were |ysed and the KDR receptor was i mp@pps@aciRist at ed
fromthe cell lysates with Protein A Sepharose beads coupled to a rabbit
ant i - KDR pol ycl binadbikinytaflsoly agtibadiesrie bByckt CREF- stinmhatad)nﬁn‘ogd)jc adtivetyb@ads

were wash 1 xed wth S | padi f and super nat ant _subj ect ed
to West erﬁgHWﬁéMPy@ﬂg 15 é gg? é&&}lﬁ%& nggssﬁﬁbP ldtﬁtwglmpbtbéte‘iél

robed w t; - H‘[F@ Gl r t|V|ty
gssay, célil‘lj@éléggglsés weglr%gl@?%s v%g%vv%nw?% lggg’ g%\GE_)% Fpg%nﬁ&tgﬁ%? éﬁ% bl ot
. anal ysi s Uushibifed 50phaSYRGFsyienilfted nh%@ekﬂi‘@@fﬁ-lb’ﬁ@(b@ﬁ}ippr&imﬁélgm Tk €

det ect ed usi g?gl 5;& Resul t s showed that VEGE-blocking scFv p | C 11, but
not the ndPnHNeeing sCISCRAS phosyes najakibitorseifest o Mhasnitogamic petivatytafVEGFE.

. phosphoryl [ o Cll .al fectively

i nhi bi t ed %@Pg?t}?%ﬂ}lb?@%@ %%{Eﬁ:bgr%ﬂg IHI%%@ mea?}él eﬁﬁfél‘-flmﬁh contrast,
nei ther plCl1l, nor | MZ2A6 inhibited FG-stinulated activation of MAP
ki nases p4iamidle IVAProdidih® GhimerizSAayiboldyEC (5 x 103 cells/well) were
pI at ed onto 96-well tissue culture plates 20 (Wallach, Inc., Gaithersburg,

in 200#) of EBM-2 medi um wi t hout VEGF, bFGF or EGF and incubated at

37C for 7Xel lingsang Brofgtints of antibodies were added to duplicate wells
and pre-incubated at 37C for 1 h, after which VEGF165 was added to a final
concentration r A : [ 3H] - TR
(Amer sham vvasquéldde rb?gmeegckﬁ;ﬁaﬁ qn}ﬁhga]?);%du%%h%ﬁl? P&llsﬁHEﬁQ—f’kﬁ V(\)/%{gl 4 h. The

cel | s1fer endditaipled deEBM-2 mediumea GOt 39 €Ok Beivesh p@s@a | PUSRGer8Rekd o
f ol | owed bé a 10 mnute incubation at 4C with 10% TCA. e cells were then
washed on@l a§faye VWaPErss ard K ¥srlksiing phesphatasesfugion protois SK)QR &B) werd | at i on

flurd (15 | T@I@fj ted, rad i Vit

determ neg %‘J eéggasl% I})ﬁ?flmﬁnggsﬁ%‘é cou% cel %/\gffsg We%'l\/ﬁr(lj(je?urlfiéfg%tllmvé?%@gt a

Sci nti | | aptaxed@Ges deiibed 380Mﬁééﬂt4~Z@R BV p1801/add 38 A6, an antibody that
binds to KDR but does not block KDR-VEGEF interaction, were isolated from a phage

15  display library constructed from a mouse immunized with KDR as described above. C225

is a chimeric IgG1 antibody directed against epidermal growth factor (EGF) receptor.
Cloning of the variable domains of scFv plClI

The variable domains of the light (V) and the heavy (V) chains of pIC11 were

cloned from the scFv expression vector by PCR using primers 1 and 2, and primers 3 and

20 4, respectively. The leader.peptide sequence for protein secretion in mammalian cells was
then added to the 5' of the Vi and the Vy by PCR using primers 5 and 2, and primers 5

and 4, respectively.

Primer 1: 5' CTA GTA GCA ACT GCA ACT GGA GTA CAT TCA GAC ATC GAG
CTC3'

25 Primer2: 5 TCG ATC TAG AAG GAT CCA CTC ACG TTT TAT TTC CAG3'
BamHI
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The ability of scFv antibodies to block VEGF-stinmul ated mtogenic activity
on HUEC is shown in Fig. 3. The VEG-- bl ocki ng scFv pl1Cl1l strongly

i nhi bi t edw¥af#742dgnduced DNA synthesis in HUVEC wi th an ECS5f¢ts@/0sdne
anti body concentration that inhibited 50% of VEG-stinul ated m togenesis

of HUEC, pfin@ppr @x'cmt@m_écﬂ%ﬁ*@cﬁ.@ﬁ@?@%@;ﬁp@ﬁg@ g"t@g@!ﬂonor

inhibitory effect on the mtogenic activit
p2A6 i nhi bCT&3' bFGF-i nduced DNA synt hesis in HUVEC. Exanple |V. Producing
Chimeric Antibodies Cell lines and Proteins Primary-cultured human

unbi lical yein endo | ] al HUVEC re 10 paintained in EBM2 nmedium
, at 37C, 50/%{ Bagr Eicg|f@gbég%é&pégéaﬁggzi%c%fé%@4ngGy| assays.
VEGF165 and KDR- al kal i ne phosphat ase fusion proteins (KDR AP) were

expressed in bacul ovirus afé"H 3T3 cells, respectively, and purified

. follow ng the procedures described above. The anti-KDR scFv plC 11 and
scFv p2A6, Pramemnt PHody CHAtAAR GHE ABGIKISRADIEG dé&s Tk ABICos K CKDRE WHG-
interaction, were isolated froma phage 15 display |ibrary constructed from
a nouse i muni zed with KDR H&dd#lscri bed above. C225 is a chineric 1gd

anti body directed agai nst epidermal growth factor (EGF) receptor. C oning
of the vari abl eCOAMGBTASGOA ACFS' pl Al The variabl.e domains of the |ight
(VL) and the heavy (VH) chains of plCl1l were cloned fromthe scFv

expressi on_vect or, PCR using priners | .and Eri ners 3 and 20 4,

b 2,
respect i vet§Isirastio )éééfé‘-’re"iﬂéﬁ%’f”d’e”@é‘ﬂﬁ@ffcféggg'}’”‘iﬂ‘b{”g Ig&cretion in

manmmal i an cells was then added to the 5 of the VL and the VH by PCR using
primers 5 and e ane kRS, exprélifhntf chESARALLVIRIN chdih a8 hedvy Rairs 1 CTA
DA ACT oca act R RS Shprelfhnbe hERRRAPOIBI i allThedy hais ML
TAG AAG GADBngaatedr ThACened V Tgehe WS dic'd wiBafitd BRaddBHAH 14288 Gigated into
PCT/ USOL/ 10504 .. . . .

the vector pKN100 containing the human « light chain constant region (Cy) to create the

expression vector for the chimeric p1C11 light chain, IMC-1C11-L. The cloned Vy gene

was digested with Hind III and BamH I and ligated into the vector pGID105 containing

the human IgGl1 (y) heavy chain constant domain (Cy) to create the expression vector for

15  the chimeric pIC11 heavy chain, IMC-1C11-H. Both constructs were examined by

restriction enzyme digestion and verified by dideoxynucleotide sequencing.

As seen in Figure 4 both the Vi and the V| domains are precisely fused on their 5'

ends to a gene segment encoding a leader peptide sequence as marked. The Vy and the V.
domains are ligated via Hind IIl/BamH | sites into expression vector pG1D105, which

20  contains a cDNA version of the human y1 constant region gene, and pKN100, which
contains a cDNA version of the human «k chain constant region gene, respectively. In each
case, expression is under control of the HCMV1i promoter and terminated by an artificial
termination sequence. The light and the heavy chain complimentarily determining region
(CDR) residues, defined according the hypervariable sequence definition of Kabat et al.,

25 are underlined and labeled CDR-HI to H3 and CDR-L1 to L3, respectively.

IgG expression and purification.
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Primer 3: 5 CTA GIA GCA ACT GCA ACT GGA GTA CAT TCA CAG GIC AAG CTG3
Primer 4: 5'° TCG AAG GAT CCA CTC ACC TGA GGA GAC GGT3' BanmHl 5 Priner 5:
5 GGT CARQAMAB48ET ATG GGA TGG TCA TGT ATC ATC CTT TTT Hi pér/ukdi ey GTA
GCA ACTS' Construction of the expression vectors for the chimeric plCl1

| gG Separate v f feric.| I n heavy
C%al ns \R/ere 10%2%3;58%"‘1%5”\2%8359{?&&%&%0nedl @la aé?\%unvtvségﬁ&dg h:Eleld ‘?H\%E}dnd [11
and BarH | 1@nd-H pRaiéds fontransiéh oG egprssipKNLBEANRLACOS@ 11 %WHWMEM' ght

chain constant re ion (CL) to create the expression vector “for the
chi neric p/ 10 HGS in i mghenliwre distesiweerinsed omieevith 20 ed ofBNENEconiasing

" contai ni 0 BRI T (b 7 3 B0 R o B ania it St S B STt PRERES et e
the exp eSHENE-YR&#eh / DA nﬁf@tu}é‘ﬁ)lﬁ@méﬁtﬁmﬂl M%Mgﬁgi@'ﬁi ng,%?ﬁﬂ BrpEME.L C

. 11-H Both constructs were exam ned by restriction gestron and
verified bleirgedigmakkedll dg esdyobdCrlg 11As asBVICH ICFi gliplsrhidsdt Thetdedls VH

d the VL d i se fuse e ends to a ene segnent
ncodi ng &P BAAEI AR e SucLb Gl 8T AAPREAM /A% FGS chnipitRe 100 mhashml s
are |igat eghicRuidetdidohd)! Baotell b3 &ﬁaah%%tﬁxlpg F‘E oF 96%‘%?&%1 /H%Slatl?gigl%
whi ch 20 contains a c version-of the human on gene,” and
pPKN100, V\huentpermmﬁtfar hsnin THaN&lls evesé omasled tivie \hﬂﬂErMBMC/rm ¥ CdRltiadubat&®y! on

ene, res ec In each, case., expression is under control of the HCWi
8r omot! k ’t fﬂg W&Fé‘aeﬁgﬁd&ﬁnéﬁm%\feﬂwh& Ehﬁfﬁbwlaﬁewauéﬂc@s chmeﬁut@ht

and the h \(;Q{xgl i t Y Ad e 28 S%JP:W ew1th g:i)Rbe}E

defined acc ypervari abl e sequence |n| i on
25 are undeil dubtaek salpdniaa—imelv\ed c@llRtécﬂatt@ H—Bldamd) HRrltHe tr%df&tloh.e'ﬁlﬁhec'[ l veI y.

19G expr esCShIII?lQI‘I? ?gdG F\)zv%rs Iptlll'lggctl Ifrgpn thg%o\é\lle)d%&;/)eggtagri bl;ca}éirlfl%? %ﬁr]ég?a?c?graphy using
Protein G column following the protocol described by the ‘manufacturer (Pharmacia
15  Biotech). The IgG-containing fractions were pooled, buffer exchanged into PBS and
concentrated using Centricon 10 concentrators (Amicon Corp., Beverly, MA). The purity
of the IgG was analyzed by SDS-PAGE. The concentration of purified antibody was
determined by ELISA using goat anti-human y chain specific antibody as the capture
agent and HRP-conjugated goat anti-human k chain antibody as the detection agent.

20  Standard curve was calibrated using a clinical grade antibody, C225.

After affinity purification by Protein G, a single protein band of ~150 kD was seen
in SDS-PAGE. Western blot analysis using HRP-conjugated anti-human IgG1 Fc specific

antibody confirmed the presence of human IgG Fc portion in the purified protein.

The results of the ELISA show that IMC-1C11 binds more efficiently to
25  immobilized KDR than the parent scFv.

Example V. Assays and Analysis

FACS analysis.
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COS cells were co-transfected with equal anmbunts of IMCG-1 C 11-L and IMC 1
Cl11-H plasmds for transient 1gG expression. ~Subconfluent COS cells grown

in DVEM WwolQ%kfeS in 150 mm cul ture dishes were rinsed ongerkéimodgy M of
DMVEM containing 40 nmnMTris (pH 7.4), followed by incubation at 37C for 4.5

hwith 4 M of BMEMdssage DEAEOets wéte lirdMAN crjgrxwmﬁc(owéme@smrﬁmm ng 40 mM
Tris, 0.4 nmg/mM of DEAE- Dextran (Sigm), 20 ug each of IMC-1 C1I1-L
and | MC- 1 ®edium W%mlabm0d§9iqur1th@ CERIE$Sion @feK@Ri ksercrahagpeed and washed; t h

by noubat T re v ERY LSRG RN RC 1 BB S AL el
mn. The c®}insub¥ion wquiwm&@emwu BYEMuhar¥e BSsbayd Cappatbetatod0 1 n 20

mM of the same nedium at 37C overnight. The cell cultdre nedi um was changed
to sefu mTfrl@ekaDE‘Elm [WeRrHE st Ryh) fohen edditignalép eninatheceliswvere waishdd guidai n

. DVMEM The ultyre su te 4 120 h after
the transf&R 8%%31‘?‘?@0 %P%’S ?Zﬁﬁaaé %@?S&r(llol”ﬁ@dg? r‘ﬁf?ﬂ? §Qg|wrekus ly
super nat a Vi fhf "8 g

ho. pr ot oca e B R L pan o M REH AN P AP R

| gG cont ai pussegeflHA¥ECons wer e pool ed, buffer exchanged into PBS and
concentrated using Centricon 10 concentrators (Am con Corp., Beverly, M.

The purity anal zed by SDS- PAGE. The concentration of
purified a@'t“i"ff(fﬂﬂ}""v@ﬁ )E/}g?gﬁgrﬂsﬁ 4 by ELISA using goat anti-human y chain
specific antibody as the capture agent and HRP-conjugated goat anti-human

k' chaijp ant i bodyarasustahfoudel SGntiesdiageRle addfd @ﬁbﬂ%&t&%\ze«emﬁ%faﬂr at ed
using a clinical grade antibody, C225. After affinity purification by

Protein learcmtngﬂ@tepﬂdm Waparadk)aind-id@bateDd anawns eerperatnreSoE1 RAGET Widish er n

bl ot anal Si HRP- c ate i - human | Fc s fi ant i body

conf i rrred ?181 %Fé’%egﬁ?@s%efdoﬂhwgﬁ“ﬂg‘gﬁc%?‘ﬂ%rp'P’% E‘?ﬁ?np&*cﬂﬁ‘?é’ Y BEEi n. The
resul ts ofhdhgc bt SP ot DRIWIIHME0LT of mbisB A5 6E o5 J)b@ gmpl n;l%atez5

i mmobi i zed KDR than the parent scFv. Exanple V. says and Anal is FACS

anal ysi s. (Blannacia Biotech) for the scFv, or rabbit anti-human IgG Fc specific antibody-HRP
15  conjugate (Cappel, Organon Teknika Corp.) for the chimeric IgG. The plates were washed
5 times, TMB peroxidase substrate (KPL, Gaithersburg, MD) added, and the OD at 450
nm read using a microplate reader (Molecular Device, Sunnyvale, CA). IMC-1C11 binds

more efficiently to immobilized KDR receptor than the parent scFv.

20  BIA core analysis.

The binding kinetics of antibodies to KDR were measured using BlAcore
biosensor (Pharmacia Biosensor). KDR-AP fusion protein was immobilized onto a sensor
chip, and antibodies or VEGF were injected at concentrations ranging from 25 nM to 200
nM. Sensorgrams were obtained at each concentration and were evaluated using a
25  program, BIA Evaluation 2.0, to determine the rate constants kon and koff . Kd was

calculated as the ratio of rate constants koff7kon.

BIAcore analysis reveals that IMC-1C11 bind to KDR with higher affinity than the
parent scFv (Table 2). The Kd of IMC-1C11 is 0.82 nM, compared to 2.1 nM for the



WO (11/74296 PCT/USO1 /10114 Early passage HUVEC cells were grown in
grow h factor-depleted EBM 2 nedi um overni ght to induce the expression of
KDR. The @@ dhis4yer e harvested and washed three tinmes w thpPBBsoi/fassbat ed
with IMCGplCl | 1gG (5 ug/m) for 1 h at 4C, followed by incubation with a
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96-wel I Maxi - sorp mcrotiter plates (Nunc. Dannar ncubated at room
tenperature for 1 h, after which the plates were washed 3 times with PBS
. contai ngCanwe%vla/\k’E@@mdvmﬂxswat es were then incubated at RT for 1 h
with 100 ul of nouse anti-E tag antibody-HRP conjugate (Phannaci a Bi otech)

f th F t ti-h E fi 1
Loni toat o capon 6 Biiast Y YT QBR ranRReied wrerinivad Math 4 BrediHaOWat os
wer e washegk xBRLAFESo n@/ﬁl@%%&aﬁ%&%&h Shtaird 16'?& h. %Egma%%ec utf@)

added, and the OD at 450 nmread usin crop te rea
Devi ce, Sutmws&ﬁm‘@ toQaywell MicrbGiet pllntematedmxﬂl ¥EGRgs €200 ng/tvell) ambibchbazell KDR

receptor than t arent .sckFv 4 core analysis. The binding kinetics
of anti bodt'&8°P & Eﬁ%? éorr?é’a%qgft@&Bt%Pr&]{eBIWZéﬁ‘ré qut%%‘@ﬁ@d’f’as F‘l‘lgﬁlﬁﬁélaa

Bi osengor )the Kit3tAR oy r and
ant i bodi esth?)r VEGFe %?ep@nﬁg%?ﬁg{}apﬁ&ghcentg gﬁggélfﬁae%gt?r@ggﬁﬁ thfigmr@l to

200 nM SePgeABmateculer. €M@t ai, tiecknibodpcincennaintieqiitainfoas d%snahimbiuat ed
using a 25 ﬁéq}%@{pgéB aluation 2.0, to determne the rate constants kon

and kof f Attt then ¢alilaied.i o of rate constants koff/kon.
Bl Acore analysis reveals that | MC-1Cl1 bind to KDR with higher affinity

than the par erIM@ RV 16188 RDR recddiér £ Bindittolinfmddhiibsy Vel M agermpar ed

to 2.1 nM f or th
dependent manner. The chimeric antibody is more potent in blocking VEGF-KDR

15 interaction with an ICjs (i.e., the antibody concentrations required to inhibit 50% of KDR
trom binding to VEGF) of 0.8 nM, compared to that of 2.0 nM for the scFv. The control
scFv p2A6 also binds KDR but does not block VEGF-KDR interaction.

In the second assay, various amounts of IMC-1C11 antibody or cold VEGF 45
protein were mixed with a fixed amount of 125] labeled VEGF¢s and added to 96-well
20  microtiter plates coated with KDR receptor. The plates were incubated at room
temperature for 2h, washed 5 times and the amounts of radiolabeled VEGF 45 that bound
to immobilized KDR receptor were counted. Concentrations of IMC-1C11 and cold
VEGF 65 required to block 50% of binding of the radiolabeled VEGF to immobilized

KDR receptor were determined.

25 IMC-IC11 efficiently competes with '*°I labeled VEGF for binding to immobilized
KDR receptor in a dose-dependent manner. As expected, C225, a chimeric antibody
directed against EGF receptor does not bind to XDR receptor or block VEGF-KDR -

interaction.
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chimeric wei/idogi S inportant to note that the affinity (Kegr/e§oihivEes | C 11
for bindi n%Ito KDR is simlar to that of the natural |igand VEG- for
1

bi ndi ng t oPhrspkoratien ass1v0. 93 nM as determined in our Bl Acore analysis
(Table 2). 5 Conpetitive VEGF binding assay. In the first assay, various
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bi nd', ng tof @E@Frod’fﬁ%ﬁl gt 'dh A& onAIMS rhinCThd cOlOF ke KEER 2 Erg%; ];r om

Bt
bi nding to i mmobilized VE (%F in a dose- dependent manner.
ant i body |lsuffmr(éOpM$nB 130 oMo Chd VEEH KRRnVBEDRAS 0524 smthu\mth an |1 C50

(i.e., the antlb 0 ions required t nh|b|t 50% of KDR . trom

bi ndi ng to CI%éF/ g“’@dmggohﬁggmé[f“t?@t{%it“gg’? pepgtaiyg FORe/ml @peodimin, phhe
control s KOR llﬁfeﬁ t tion.
In the secf)g)éargg@gf,@hqara :Jj%!olagég!afrmurtlftPtgH § @?Eﬁa?&? %ng”hgg (}wlca% VEGF
165 pllot €Tle MBPRereséptedwas ichmandpreagitated foin the cél?f}ﬂsaﬂeabﬁtl}ﬂd'otém165 and
added to 96-well 20 mcrotiter plates coated with KDR receptor. | at es

ver e i ncubfpBarose bzl duaBivtechnelogynncudshipupleditaan ag rﬂ?ﬁéﬂfa At s

cou:lscej:jm gg‘%cent r@&ﬁi%ge %%WOEL{&% Ii§ &eﬂewjrééf ‘;@g&@%ﬁ‘?}%ﬁ%‘% %{e(ab?ock

50% of bi nWiestgrroblot drealysisliTol ddpelt &WDABRIspherylatisabbibisagste pkddddraeaeat or were
determned. 25 IMC-1C 11 efficiently conpetes with 1 5l Iabel ed VEG- for

bi ndi ng t Antiphewhphyzesne Mk, P¥284IQOV Biemedigns dneldbeatte AEDnEpmibe MAE
EXDECtl%d’ kmazsé ach v1(l“yh )r',l &l {/‘galtebsovgé/re resolved with SDS-PAGE followed by Western

blot analysis using a phospho-specific MAP kinase antibody (New England BioLabs,
Beverly, MA). All signals were detected using ECL (Amersham, Arlington Heights, IL).
In both assays, the blots were reprobed with a polyclonal anti-KDR antibody (ImClone
Systems) to assure that equal amount of protein was loaded in each lane of SDS-PAGE

20 gels.

IMC-1C11 effectively inhibits VEGF-stimulated phosphorylation of KDR receptor
and activation of p44/p42 MAP kinases. In contrast, C225 does not show any inhibition of
VEGF-stimulated activation of KDR receptor and MAP kinases. Neither IMC-1C11, nor
C225 alone has any effects on the activity of KDR receptor and p44/p42 MAP kinases. As

25 preViously seen with the scFv p1C11, IMC-1C11 does not inhibit FGF-stimulated
activation of p44/p42 MAP kinases. Furthermore, neither scFv p2A6, nor the chimeric
IgG form of p2 A6 (c-p2A6), inhibits VEGF-stimulated activation of KDR receptor and
MAP kinases.
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was | oaded in each | ane of SDS-PAGE 20 gels. IMC-1 C 11 effectively
i nhi bits VEGF- sBptulMEeldC Phasishby pl Gt effeativekDRhibétoriptgenesianfHBME at i on of

p44/ p42 NMAP. Ki.n S. c rast,. C225 does .not s ny . i nhihition_ of
VEGE sti AR Uaady; ‘dﬁ&? OW’&f%S Pétf@‘&%%ﬂﬂlaﬁ’cﬁow& RO Raddiced ulogRRrsis 4G 1 ¢
11, nor @Ryt e theparhyshf Bed st hiYd i ifHEGE RO of2Nd
ey \EE S0 apadiiy's BBd} BnRhltrhtiddstelird SR MEGEROO o2
EGF-induced mitogenesis of HUVEC are 0.8 nM for IMC-1C11 and 6 nM for the scFv,
15 respectively. As expected, scFv p2A6 does not show any inhibitory effect on VEGF-

stimulated endothelial cell proliferation.
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KDR - binding analysis of anti-KDR scFv antibodies
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2. Determined by competitive VEGF blocking ELISA, numbers in the parenthesis represent the sEFy,conterliratighsZeuidad,

1. Determined by direct binding ELISA, numbers in the parenthesis represent the scFv cog:&trationg tBaf g

of KDR binding to immobilized VEGF; 3. Determined by BIAcore analysis.

G aeven,
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Table 2. Binding kinetics of pIC11 scFv and IMC-1C11 to KDR receptor.*
Antibody kon koff Kd
10° M1 sh (10%sh - (10° M)
plC11t scFv 1.11 2.27 2.1
IMC-1C11 0.63 0.52 0.82
VEGF 1.87 1.81 0.93

* All rates are determined by surface plasmon resonance using BIAcore system, and are

mean of at least three separate determinations.
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2. Bi ndi nggdkammabdecs of p 1 C 11 scFv and IMC-1 C 11 to KDRpeewSOlmses *

Anti body kon koff Kd (105 M1 s-1) (10-4 s 1) (10-9 M p 1 C 11 scFv 1.11
2.27 2.1 MEATIS CLAAMBDISs? 0.82 VEGF 1.87 1.81 0.93 * Al rates are
determ ned by surface plasnon resonance using Bl Acore system and are nean
of at least three separate determ nations. 49 WO 01/74296 PCT/ USOL/ 10504

WHAT IS CLAI MEDAl Bethdd o/f\un%mg tﬁé gﬂowﬂh Bfﬁdrﬂﬁblifdhtﬁm% e enaf ar@@ﬂnﬁlmtécﬂb}wrmr
cells that are stinmulated by a | ga vascul ar endot helial growth

. factor r echg&xmﬂ*of(v‘d@ﬁ)endnthwhahmbmh fdamrmmepmd (VEGFR) in mammals, the method

comprising treating the mammals with an effective amount of a VEGFR antagonist.
2. A method according to claim 1 wherein the VEGFR 1s KDR.
3. A method according to claim 1 wherein the VEGFR is fik-1.

4. A method according to claim 1 wherein the VEGFR is flt-1.

5. A method according to claim 1 wherein the mammal is a human.
6. A method according to claim1 wherein the antagonist is a biological molecule.
7. A method according to claim 6 wherein the biological molecule is a monoclonal

antibody specific for VEGFR or a fragment that comprises the hypervariable region

thereof.

8. A method according to claim 7 wherein the antibody comprises
at least one variable heavy-chain fragment comprising:

CDRHI, having the amino acid sequence shown in SEQ. ID. NO. 1;

CDRH2, having the amino acid sequence shown in SEQ. ID. NO. 2; and

CDRH3, having the amino acid sequence shown in SEQ. ID. NO. 3;
and at least one variable light-chain fragment comprising:

CDRLI1, having the amino acid sequence shown in SEQ. ID. NO. 4;

CDRL2, having the amino acid sequence shown in SEQ. ID. NO. 5; and
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conprising treating the mammals with an effective anount of a VEGFR
antagonist. 2. A nethod according to claim1l wherein the VEGFR is KDR 3.
A nmet hod aerardrdsg to claiml1l wherein the VEGFR is flk-1. pdrufiiRidyod
according to claim1 wherein the VEGFR is flt-1. 5. A nethod according to
claim| wherei nCORLIrbawiag the aminpavichseqeenca shewhdn SEE: PdNR 6t 0 cl ai m |
wherein the antagonist is a biological nolecule. 7. A nethod according to
cl ai m 6 whgrein,the, bial ogi,cal Lecule i.s nonocl onal . anti body specific
for VEGFR %‘r a r%egtﬁgﬁf‘cﬁcﬂg‘rﬂgéS%ﬂ'P?g‘gﬁ?ﬂ@ tﬁ%%&?@?fﬁ&ﬁ}%w%gi on thereof.
8. A nethod according to claim7 wherein the antibody conprises at |east
., one variabl e hegVyastba¢ DaridAg RBAly-dQ h o3 @QEH; i 1 cid
sequence shown in SEQ ID. NO 1; %gﬂlrr-lé, EQh]g\l}?ng theeaxg%ll}én%ma%ﬁgelgcg(ﬁ%e
shown in SEQEQ.DD.NQ. 2andnd CDRH3, having the anmino acid sequence shown
. in SEQ ID NO _3; and at.least, one. variable |light-chain fragnent

conpri si ng: CDF?_ti?asﬁg’\'ﬁ Hﬂ‘%ﬁ%ﬁﬁ%’%@“&@?@@’é ﬁ\é‘ﬁgg‘%%’sm 3cil ssaEgnceshom,  4;
CDRL2, havyhmrd.he. 8. ®0 aci d sequence shown in SEQ ID. NO 5; and 50 WO
01/ 74296 PCT/ USO01/ 10504 CDRL3, having the am no acid sequence shown in
SEQ ID. NO 6. 9. A nethod according to claim7 wherein the anti body
conprises:, at | east, one vart.i abl e heavy-chai n fragnent having the am no acid
sequence stfown ‘Einﬁet ACCOsling kg claim o yeheggin thesmpnepienal aptibedyels chigrrrizedhar n
fragment haviRgeihe am no acid sequence shown in SEQ ID. NO 8. 10. A
met hod according to claim7 wherein the nonoclonal antibody is chinerized
or humani zed. 11. A nethod according to claiml1l wherein the antagonist is

a smal | ol ecul e. ) . . L
I1. A method according to claim 1 wherein the antagonist is a small molecule.

12. A method according to claim 1 further comprising treating the non-solid tumor

cells with radiation, chemotherapy or combinations thereof.

13. A method according to claim 1 wherein the tumor cells affect hematopoietic
structures.

14, A method according to claim 13 wherein the tumor cells are bone marrow cells.
15. A method according to claim 14 wherein the tumor cells are leukemias.

16. A method according to claim 15 wherein the leukemias are acute myelocytic

leukemia (AML), chronic myelocytic leukemia (CML), acute lymphocytic leukemia
(ALL), chronic lymphocytic leukemia (CLL), erythrocytic leukemia or monocytic

leukemia.

* 17. A method according to claim 14 wherein the tumor cells are multiple myelomas.

%

18. A method according to claim 14 wherein the tumor cells are lymphoid cells.
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12. A method according to claim| further conprising treating the non-solid
tunor cells wth radiation, chenotherapy or conbinations thereof. 13. A

met hod ace@ @difagwet 0 cl aim 1 wherein the tunor cells affectphepsdiPiosiseEtic
structures. 14. A nmethod according to claim 13 wherein the tunor cells are
bone marrow cells. 15. A nmethod according to claim 14 wherein the tunor

cells are ukem as 6. A,nethod. aggor.ding . tq claim1l5 wherein the

| eukeni as Ja‘ﬁfe a Ethﬂéé?‘i%wgéo CH%ﬁgW&ff‘(l&meﬁ,ymeﬁ?@ﬁeas Hﬂﬂe‘leg’&ﬁttpc | eukeni a
(CM) . acufsqdiAmiesutd & NeHkeabRin’d fidaye. Chronic lynphocytic |eukemia
(CLL), erythrocytic leukema or nonocytic |eukema. 17. A nmethod according

to claim 14 wherein the tunmor cells are multiple nyelonmas. 18. A nethod
4 wherein the tunor cells are |ynphoid cells. 51 WO

ding to clai
8(1:/0 32252%@% Esglg]q%%af inhipiting thererepth-Rf nepphg turpors|that ara stimplatediby a he

Do T U el f AERE |
o0 A et g P hadtnb Bl oGP UASARE GER I ARIRE Bhipihogace

sti nul at eccolpriving trding thd mumsiedd Aith @R @okbidlel Aot 694 BorhBiiafion bEE STHGFR
(VEGFR) in mammuals, the method conprising treating the manmals with an
ef f ect i ve aataggnist aid @diadiopi nati on of a VEGFR antagoni st and radiati on.
21.. A nethod according to claim20 wherein the mammal is a human. 22. A
met hod according to claim20 wherein the antagonist is adm nistered before

radi ation.2123. Am@h&Psccafdifg & d8int 20 Ghefei HE N6 EI 8 alHignaNt agoni st is
adm ni stered during radiation. 24. A nethod according to claim20 wherein

the antagonist is admnistered after the radiation. 25. A nethod according

to claim wherein the angagonist I dm nj st er ed .bef or.e.and
%9 A Faéthod Secdr mggto C1Rim 20 W%erem the antagonlstels admlr?istered before

radiation.

23. A method according to claim 20 wherein the antagonist is administered during

radiation.

24. A method according to claim 20 wherein the antagonist is administered after the

radiation.

25. A method according to claim 20 wherein the antagonist is administered before and

during radiation.

26. A method according to claim 20 wherein the antagonist is administered during and

after radiation.

27. A method according to claim 20 wherein the antagonist is administered before and

after radiation.

28. A method according to claim 20 wherein the antagonist is administered before,

during, and after radiation.
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during radiation. 26. A nethod according to claim20 wherein the antagoni st
is adm nistered during and after radiation. 27. A method according to
claim 20 wWerneumet he antagoni st is adm ni stered before andpcait@riosos

radi ation. 28. A method according to claim 20 wherein the antagonist is
adm ni stered before, during, and after radiation. 52 WD 01/ 74296

PCT/USO /10504 29. A nethod according to claim20 wherein the source of

t he radi at 28n i A methedrekconding toledaimedthathere®Che fouree hbthe aadiatiati Isgxtepnalltai m
20 wherein the source of radiation is internal to the nmamual. 31. A nethod
accordi ng tﬂEF‘E‘F”RF}‘?IE'ZO wherein the antagonist is a nonoclonal antibody. 32.
A nethod according to claim20 wherein the tunors affect henoppoietic
structures. 33. A nethod of inhibiting the growh of nonsolid tunors that
are stimulated by a |igand of vascul ar endothelial growh factor receptor
- (VEGFR) in_mammal s, conprising treating the manmmal s with an effective
anount  of - af VEArmetiedaagerndig 19 sépim 200w Hie sqyuck pLradipiing is mtemal tpdha o g
accordi ng ;n%{r%{l%‘l m 33 wherein the antagonist is adm nistered before
treatment w he chenot herapeutic agent. 35. A nethod according to claim
33 wherein the antagonist is admnistered during treatnent with the
chenot her apeutic agent. 36. A nethod according to claim 33 wherein the

ant agoni st 3ls adningthodaceerdimeteclaimel0 wvhcsgin b entagaemstiis a mapesioppkaniibedy.i c
agent. 37. A nethod according to claim 33 wherein the antagonist is

adm ni stered before and during treatnment with the chenotherapeutic agent.

3:8- A net 39@. aC QO EihdE akfordim tocRimVBvekRiréintthe utira afbdt Hermoportibisttusturi €d
uring an

33. A method of inhibiting the _grow{h of nonsolid tumors that are stimulated by a
ligand of vascular endothelial growth factor receptor (VEGFR) in mammals, comprising
treating the mammals with an effective amount of an VEGFR antagonist and a

chemotherapeutic agent.

34. A method according to claim 33 wherein the antagonist is administered before

treatment with the chemotherapeutic agent.

35. A method according to claim 33 wherein the antagonist is administered during

treatment with the chemotherapeutic agent.

36. A method according to claim 33 wherein the antagonist is administered after the

treatment with the chemotherapeutic agent.

37. A method according to claim 33 wherein the antagonist is administered before and

during treatment with the chemotherapeutic agent.

38. A method according to claim 33 wherein the antagonist is administered during and

after treatment with the chemotherapeutic agent.
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after treatnment with the chenotherapeutic agent. 53 WO 01/ 74296

PCT/ US01/ 10504 39. A nethod according to claim33 wherein the antagonist is
adm ni st elyedh1hgfogre and after treatnent with the chenot hep@pesiiigs@gent .
40. A nethod according to claim33 wherein the antagonist is adm ni stered
before, during, and after treatnent with the chenot herapeutic agent. 41. A
met hod according to claim33 wherein the chenot herapeutic agent is selected
fromthe g#dup sthed jageprdmedp spimt33nvhetaia shprantpganistdnedmingtigred hefore and
mechl or et hagi streptQzoecin, .cvcl ophospham de, carmnustine, |onustine,
doxor ubi ci ?\ai?grggeatnr%?nﬁﬁ‘(l@l’ ﬁ.‘e C%SIrngéhae %?glillcn%g,e%?ﬁ tomyci n, cytarabine, etoposide,
net hotrexate, 5-fluorouracil, vinblastine, vincristine, bleonycin,

paclitaxel, docetaxel, aldesleukin, asparagi nase, busulfan, carboplatin,
cl adri bi ne40.dacérethpdeccdrilimgue ictiimea3 wheareiathbhantagoristds adopmistered béfosd, ani de,

. interferon,al pha,,leuprolide estrol .. nel phal an, nercaptopurine,

pl i canyci nc,lmfﬂpgt aé%ﬁgﬁrqreﬁgaggfp‘g&sggﬁg%eﬁgm%@fgﬁ #gendi hobr oman, pl i canyci n,
streptozocin, tanoxifen, teniposide, testolactone, thioguanine, thiotepa,
uraci| nustard, vinorelbine, chloranbucil, taxol and conbinations thereof.
42. A net vd acAanethod ataprdingitoncBiBm 88 ewlesrein threchelhenidrhpnsip egéntds sedemed | s

selected fromthe group consjsting of cjsplatin, doxorubicin, taxol and
Conbi nat i oHeMhe2EP CORBSINE ke ARIam caeH %@e,tdacte}ogwrsmaﬁbr@hﬁmt% t unors

CoLr o PR B e | T AR, a3
procarbazine, mitomycin, cytarabine, etoposide, methotrexate, 5-fluorouracil, vinblastine,
vincristine, bleomycin, paclitaxel, docetaxel, aldesleukin, asparaginase, busulfan,
carboplatin, cladribine, dacarbazine, floxuridine, fludarabine, hydroxyurea, ifosfamide,
interferon alpha, leuprolide, megestrol, melphalan, mercaptopurine, plicamycin, mitotane,
pegaspargase, pentostatin, pipobroman, plicamycin, streptozocin, tamoxifen, teniposide,

testolactone, thioguanine, thiotepa, uracil mustard, vinorelbine, chlorambucil, taxol and

combinations thereof.

42. A method according to claim 33 wherein the chemotherapeutic agent is selected

from the group consisting of cisplatin, doxorubicin, taxol and combinations thereof.

43. A method according to claim 33 wherein the tumors cells affect hemopoietic

structures.

44, A method according to claim 33 wherein the antagonist is a monoclonal antibody.
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