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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 (IGFR), 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 hematopoietic 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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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 VEGF is very high, with Kd values of 10-70pM (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
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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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(magni fication: 400X); D: FLT- 1/ VEGFR-1 expression, also detected on a

subset of |eukem ¢, gRithé dnAthédiCRE in%ﬁod@(tﬂ?%ent ERRfHof cob&es treatin

expression, showi ng specific |eukemc cell (E d, as a positive control,
peri cyt el whhumampatoamts wjth stcaimbinagiof vl gm effeative iaoTound@Xy EGFResrgagomsatl t s ar e
representative of, 4 different sanples. Figure 2A: VEGFR-2 expression by
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| eukem as) expressed KDR/ VEGFR-2, as detected by RT-PCR K562 cells were
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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 (magniﬁcatibn: 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. 3-actin was used as an internal control.
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Figure 4. A tyrosine kinase inhibitor with a high affinity for KDR/VEGFR-2 blocked
VEGF 65 -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/VEGEFR-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 supernatants, 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 65 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-



2 and FLT-1/VEGFR-I. Mgration of HL-60 cells and 4 primary | eukem as
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| evel s were r@@sﬁm@nﬁy ELI SA at different tinme-points after injection. The
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Figure 9. Hi stighaipn (f pko.04). T(hAse Bpulenaregppresmizli@e oDP differentixBimenteatded
mce. 25 Untreated g ontrgl% had evi dence of . netastatic disease in
the liver (wfRFRcopitionyasde eo‘ﬁé”p 2%nd spleen (D). On the contrary, nice
treated with IMC-1 C 11 showed no evidence of |leukemc cells in the liver
(A) and the spleen had evidence of apoptosis (blue arrows, C but nornal
hi st ol ogy. 3Figirg@r A. Hﬂ-é@ljeVEﬁiﬁtQNﬁ)B-SCKDmib@mﬁmhghIMEG-'ofr’rmynwthmpnmtt

Lghkem ¢ 562%%&%@}7%12{11%%96 plg &y a rllcg Svegel ung%cr:tee %Jlt?qu%grﬁL cel V%l %3%33 rt]qel um
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 400ug
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
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mul tiple nyelonas and | ynphomas. These tunor cells generally 15 appear in
t he bone ' ' T of non-solid tunors
that can be t%ﬁ‘gét@e% ;Bﬁ{cgegggér%lgn%}éﬁﬁ%‘% % ue?%§8§]§§§1 are any non-solid
tunors that are stinulated by a ligand of VEGFR. The VEG-R famly of

receptors includes, for exa Ie VEGFR-Z, (KDR, fl k 1) and 20 VEGFR-1
(flt-1). Some exanpl es B ? DN IO ¢ XRENTIONe VEGF. Sorre

I f - Kk el
Cranples of o oItk MR LRGSR T o ey e Aor St 2

(AML), chr onltamasys?baﬁiscmaelylneﬂisem shali turﬁ@ﬂstﬁﬂuﬁ{mﬁﬁﬁyﬁﬂsc | eukem a (ALL),
25 chronic |ynmphocytic | eukema (CLL), eryt hrocytl c l'eukem a or nonocytic

| eukermi al0 Sone exanpl es of | ynphomas incl ude |'ynphomas associ ated i th
Hodgki n' s di ﬁgsgohgx Qfdgk' n's di sease. The non-solid tunors may
express VEG- or they may 30 overexpress VEGFR at |evels,
for exanple, that N&esalid laRs tellOinclhlOnhord ARR atbBemaPolBtL shréMBles- 7

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 ({lt-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 myelocytic 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.
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the stinmulation of VEGFR by a VEGFR |igand. Such inhibition of stinulation
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Nevert hel ess, VEGFR tyrosine ki nases are generally activated by neans of
phosphoryl at i # tSeonifle’ ef ore, the antagoni sts of the invention
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mol ecul er) i Nilviegigon.  NEveRthalEhd, VEGHR 826866 Rihidase Siidralg! a)éﬁgﬁ&hay hid@ss of

ol i gopeptides, 25 pol ypeptides, peptides, and proteins; an
ol i gonucl eot plkespheryiptionleyents| Eharepes the Qithgnminicdfthe irdestiamdenpodliyrinbibiot i des

i nclude, for_gexanple,. NA, i 0l ogj ca | ecul es further .include
dor i vat | ves. BIRHDYBHOTRE VIRTHCURERorSal: PRORMQAn S0 aigiLin |

derivatives gledRtial @ fodgonBtambfif $n tHRPréd8: inh@tbnand 30 gl ycosylation
derivatives of oligopeptides, polypeptides, peptides and proteins. 8 WD

01/ 74296 PCT/ US01/ 10504
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 t
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.



Derivatives of biological nolecules further include Iipid derivatives of

ol i gosacchari des and pol ysacchari des, e.g. |ipopolysaccharides. Most

typi cal | ywobi/oi2egi cal nol ecul es are anti bodi es, or functipOoBUSEgWsMal ent s
5 of antibodi es. Functional equival ents of antibodi es have binding

char act er i st Pesvattigapébwbrgical malenydes fofthannslsdedinid derwativieakf bit t he growt h

of cells that,.express., VEGFR, Such _.functional,equivalents include, for
exanpl e, chi ?}égqsgcec an Mﬁrpf aCHRHIS Rl gpocﬂ‘?gisﬂccéﬁ'i‘flﬁodi es as well as
fragnents thereof. 10 The functional equivalent of an antibody is

preferably a chinerized or humanized anti body. A chinerized anti body
conpri ses the varMalst piceliy,drolbogical molzculbsiaerntbddién dy flactotdlequivaleh@ant
regi on of  a human anti pody. hupani zed. ang i hody onprises the .

hyper var i5abl<éfu Pg‘ﬁs'(%‘é néifeqélwﬁg‘i‘i‘i‘srfgﬂﬁgﬁcﬁ?ﬁd%&&ﬁ%Ckbaé?‘ft%}lbﬁlt’és regi on
ot her than t £ Yoabbe. 1RE:an8 ifhibi [ region,
and the 15 ‘g)gnst;g[%t Y(f%fé)?‘gn %r{tﬁgaﬁgrfgggij%égﬁgﬁtér%%%egspﬂ%lseg&%% a human
anti body. FOVEGHR. Buchdasgiontl ¢duivalappinciude, fonexasnple,athiraenized] Airheniasd
hypervari abl e A regi ons of non-human anti bodies may be derived from

ant i bodi es pqmé@aa?gacwnawbm%ﬁrﬁsmmw fragmeals thereghi ch nonocl onal anti bodi es
are nmade. Suitable exanples of 20 mammal s ot her than humans include, for
exanpl e, rabbits, rats, mce, horses, goats, or primtes. Mce are

preferrgd. FunctiDinefunetonal @hginblent offahhatiboédyck petderbbagiahivneriadd @nt i bodi es
that have binding characteristics that are the sane as, or are conparable
to, those ofhunmanizgdsmabodys 4whimeined amiibadysiomprisegythe yedalle regien afg n¥bdy

i ncl ude any ; ' LGl ord i an . .
R e L A R R LR
speci fi cal | yooniftideyuhl Ihyﬁbtfvﬁi‘iﬂile Rigicd (GDR$)\6f atnon okl dneibodyi The varighi h of
cells that express such receptors. 30 Such fragnments may, for_ exanple,

cont ai n one regiopether taen the Aypasvariabls regies, e.&(the fipmepiosly nastrble Pemeprtithy t he
ggErI/ ng% Pzga ggtgﬁtsregl%plto ia@lu%alniz%id )ént%)orgl a?gﬁxrc])geal 5%5% Xumagn avf\ﬁb%%l 7 4296
- 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



determ ni ng regi ons of the whole anti body, although functional fragnents
containing fewer than all of such regions, such as three, four or five
CDRs, aravabwondécl uded. The preferred fragnments are si ngPeT/wR@l/ 10504

anti bodi es, g{. Fv . fragnents. Single 5§ chain antibodjes are pol ypeptides
that conpri sé&erminEngfegions afdhs 9(81)]@ apfibpdynalgough dungtieagl fragaants ¢mtainiag

anti body lin i i t ] i j L. W t hout
an inter connleﬁg"gt;l ?llntgaxlt‘ ?l(r?lI?ggﬁdh%%@?g’gg&?%atg%\gh{&%éé}n%?% (s:?sk%t 8 agﬁtlp?lga%dﬁti body
conbining site. These chains nmay be produced in bacteria or in eukaryotic

cells. 10 The antibodi es and functional equivalents may be nenbers of any
class of i munoglldsureisered digements arq fjugle Fagin anigodiesypr Fofraggents afingae
subcl asses t . oo T r rrg ti bodi.es_are nbers, of .t he d
subcl ass. 5 Th rél E%ﬁ%%??%drggﬁem@ & ?ii I \%ﬁ%ﬁ 3 Eslat ﬁnglP réfes%ﬁ%a@t g%u‘ia{}lﬁﬁlg ATEOHP f éh%

conbi nat i ons hevyadhirodf the anablydikkA&S@S vansble sdghs @ﬁtﬁ@ﬁﬁllltlélaﬁﬂt\z\jﬂh%i es may

be made fromthe desired receptor by nethods that are we known in the
art. The receypthoptaminécrepnrseting inkesr dhud, Fy fragaienhedmprisss theentiveantdoldat ed

by well known nethods, FEgr ex | e t hqds f.or_isal ating,and .purjifying KDR
ate  found i ROBERITER oliiese COAMRs ey e pRAtsed R ber St BRI PUFPRYEREIF k-1 are
found in 20 Proc. Natl. Sci. 88:9026-30(1991). Methods for isolating and

purifying fit-1 are found in Oncogene 5:519-24. Methods for making
monocl ond® ant i bodihesniibediesiand faectiomaliepiivdgntainay ive tirepgbedestanyméats bf Kohl er

and MIstein._in Nature.256, 495- 1975 nd by 25 bel | i
"Monocl onal KHF&“BB%}?@&% ﬁ‘&h&gylggﬁ%‘&%zﬁ%@ Grfe n@déﬁgg;gﬁaé'ﬁ?sztg?ﬁ%ﬁ of
Rodent and HygeR disd A01REes afk BUNHAR ofthedbGl shblassl AP TARINalT€ChNi ques
in Biochenistry and Ml ecul ar Biology, Voltne 13, El sevier Science
Publ i shers, eduisilentd amy(adg8 equlvedenteciovhibizationDhifames fthel abescrlasseschridy Huse
et al. in Sci e?ce 246, 1275-1281 (1989) is also suitable. 30 10
subclasses.
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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WO 01/ 74296 PCT/ US01/10504 Briefly, in order to produce nonocl onal

anti bodies, a host mammal is inoculated with a receptor or a fragnent of a
recept or wasuaeseri bed above, and then, optionally, boospenUSowiosrsder to
be useful, the receptor fragnment nust contain sufficient amno acid

resi dues to defi nBrichig, mpirdepe pnédttchmomblenallaetibedimg adesegpmtal sf 5 t he

fragment is too short to be i nmunqggenic, jt ma tedto carrier
mol ecul e. Sotculatedanitlya gegepiog or HE%SE’GP alfﬁ‘c'ﬂplﬁiea%i%?ﬁ%? hoppend cyani n
and bovi ne ]%ég} Vi ods known
inthe art. 5 dﬂgll met hog%?%éﬂ?%%%:g |he 2&8 ?EE ggle{r%é%ﬁu tfgméirht he
fragment wt kufﬁcreusmimemld esidusetoadefinb ehecspitopeof e Inedledude bdifg SpteeedisIfar e

collected fromthe inoculated manmals a few days after the final boost.
Cel | suspensihgdtagmenpisitae short éxhe mamanggsaisdit aybesopingateddepcarrithe

and i ntai nBR AT argraeb e AERI AN (AR POl D00

produced in bédEfiS g lnGIbERHTEE6njugsida Gha/ Hexcafrrealrm@plneeﬂmds&nmatm @eeart.
genetically nodified to express human antibodies. Methods for nmaking

chi meri ¢ and Onersagh meghashis |ttb@qmbglearcersrsm§c§eakd1m the fagmentawith a Fysteigsanpl e,
nmet hods for naki n%ggﬁl ner.i c a Godl es include those 20 described in U S
pat ents by B@gléiuf %aéﬂfr Cabilly (Genentech). See U. S. Patent
Nos. 4, 8ikp, 397 and 4, 816,567, respectively. Methods for maki ng hunmani zed
ant i bodi es are described, for exanple, in Wnter, U S. Patent No.

5,225, 539. The pr8pleenseate getitaset from théinohulated imeaninals agdtwalays pldetitessfingd

called CDR- 25 grafting. I.n - qraftin the regjons of t ant i body
Chat Car e o r By Cel nRbrutn OB AT srateecai SareSt et Eare iRy
det erm ni ng §ARHdBMaLelICHIRE exﬁfe@s the bkl atd RoRKABBrovA, aA® hRidtEaedRs 10
create "reshdped human" variable regions. These fully. humani zed vari abl e

regi ons are ¢dlewe.j oi ned to human constant regions to
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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create conplete "fully humani zed" antibodies. 30 11 WD 01/74296
PCT/ US01/ 10504 In order to create fully humani zed anti bodi es that bind well
to an antw@en742pé i s advantageous to design the reshapedrtivaot/Msnd abl e

regions carefully.. The human riable regigns.into which the CDRs wi |l be
grafted shoul d be BAEUPIIF 8@8@?“%?@gntﬁ1°§16§ t}t?éﬁg}djl yelhirasadiggniibisnpake
a few am no agigh Q%g%@ 101 fhk bd AR Ll L] f [ K
regi ons (FRs) of tt e ﬁﬁéngﬁé%arhi a%s‘lﬁgﬂ)er eqgl oa%s‘%ﬂglgyréeégg%p%é%mﬁ%eﬁ%es apl)led
human vari ablvarieklgiregisnsvayo ivhidhuthe COR stwill the rgrafeedi shouldbedt aedfalygededidd, bhe FRs
of the selected hunpn light chain variahle region, and  as many as twelve
am no aci d cHbNgeelymeacasanHe makeafewagiae aed Chingsh aha@itispl pesiions vothiar i abl e
region. The [NA; . i f uman heavy and |i ght
chain var?abl e r%‘g’%ﬁﬂ‘gﬁé@gg@%Ogﬁee@af%‘evﬁiﬁﬁgg%g%%es coding for the
human heavy and |ight chain constant region genes, preferably yl and x,
respectively. The reshaped humanized antibody is then expressed in

mammal i an cel | s ad@r examples theireshapesthuiman vazipbletregionsmay intludetp tofiet of t he

correspondin i i i mer i nt i bqd 15 Met hods for

sel ect !Ong thgr%q}gi%&ggggﬁﬁe Q?ﬂéem%@eesﬁ[eﬁﬁfimq{%t fgin ﬁ’ﬁ%{%’?‘? et ag for
maki ng the subgiany Ut twelse amenovid clengWinithe FREoAE sclS@d hiifhn B¥ARRINEIn Co et
al ., Nature 351, 501-502 (1992); Queen et al., Proc. Natl. Acad. "Sci. 86,

10029- 1068  vagads regien. AdGPNAssquances codingrfor thgse reslraped huSap peasyemd 1iggtF
45-50 (1992) ., A net.had f 20 h I Zi d reshapi ng the 225 anti- EGFR
nonocl (()nal Ziﬁﬁlggfeav%ggg%g?{)%gglesérr?j%@gc?]@ %etqugrllc.egl‘:ﬂ&ﬁ%?orafﬁf)gi@ﬁ? }‘BEH’YV\D
96/ 40210. Thi irCégh t | i ; api

anti bodi es aéhgigg}?h%? her S*ragf/vtégﬁ?ag??%% 9?5%%"%?2? ﬁtlgrg’olg?%ecmﬁl?hggggéw%%w

Met hods f or ~raianiged amighaslydhthien eapressod it memanatianleslds dnuownaffinity fie imrtargetSome
sui tabl e exaggrlnggrea %J[hut?xgt cgﬂﬁes gorge%ggﬁ’dir?gegmbl}{e Yar\‘xétgbsod?ltang lchirﬁergic%%’iigggy?n pat ent

15

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,

12



application 502 812 and Int. J. Cancer 60, 137-144 (1995). Single chain
anti bodies may al so be prepared by screeni ng phage display libraries. See
bel ow. 3Wa@nihrer9eret hods for produci ng the functional equipal/@stBlodEscri bed
above are disclosed in PCT @ |ication WD 93/21319,  Eur opean_Pat ent

Appl i cation 63 Applicatipp SO $/P9eR20Eumpm Rstant vgmdigatieri3 Sy, Ushhatentwo

Pat ent 5, 693 700 Snd Er4aRaoBas eﬁﬁdﬁﬁ?gﬁﬁ%ﬁéﬁ@@%ﬁ%55’%45??ed” >

VEGFR anti bodi es are the chinerized, hunmani zed, and single chain
anti bodi es derived froma nurine antibody for whi ch the amno acid and

nucl eoti de sequedeelsrred VH{eFR antitodiasdrd ihgiﬁhimfﬁiﬂed ypaevizeds prethsingle ebhions
are shown beIo The. chi,nerized antiho | e chai n, an ib di.es can
e mmde | actihadiotcderfidRony B ik AE N aAs Sefiiel ARERREE  bec
bel ow. The h'dé’ﬂii%h@c%cbf‘%ﬂé h&%‘)ﬁn& ght @&rﬂiﬁ@ﬁaﬁﬁbl’e@e@@ﬁ@ﬁé%ﬂ&@n BEIbK. tThe

nmet hod descri bed in exanpl e application WO 96/ 40210, which is
i ncor por at ed c}mmmznd bmlbwfy@xﬂmnfgle dtaén mrdidpodies ean bé ntade nhgqaerdaaw ‘artjhe (CDR)

e e
PCT/ US01/ 10544 gr%%ﬂn%@ir%@é%%@hﬁ%&dﬁ mmsn@ymlgle%pﬁq D NO. 1

Gy Phe Asn | s Asp Phe Tyr Met Hs SEQ ID gcttcaaca ttaaagactt
ct at at gcae @RR:aSEQWO 963210, which is incorporated herein by reference.

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.

13



Trp Ile Asp Pro Gu Asn Ay Asp Ser Asp Tyr Ala Pro Lys Phe G n dy SEQID
NO 10 tggattgatc ctgagaatgg tgattctgat tatgccccga agttccaggg ¢ CDR3 SEQ I D
NO 3 Tymwayt/74by Asp Tyr Au Gy Tyr SEQ ID NO 11 tactrCDys@/MS4acgaagyg

ctac LI GHT CHAI N HYPERVARI ABLE REG ONS (VL): CDRL SEQ ID NO 4 Ser Al a Ser
Ser Ser Val Ser Tyr Met Hs SEQ ID NO 12 agtgccagct caagtgtaag ttacatgcac

14 WO 01/ 74296 PCT/US01/ 10504 CDR2 SEQID NO 5 Ser Thr Her Asn Leu Al a
Ser SEQ ID R3 SEQID NGO 6 An dn Arg

. ) Ca . CD
Ser Her Ty#=H . : ; D= BN LY B gtagttaccc attcacg The
sequences @bglhe entire Ilght and heavy chain are reproduced bel ow. The

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

CDR3
SEQIDNO: 3
Tyr Tyr Gly Asp Tyr Glu Gly Tyr

SEQ ID NO: 11
tactatggtg actacgaagg ctac

LIGHT CHAIN HYPERVARIABLE REGIONS (VL):

CDR1

SEQIDNO: 4
Ser Ala Ser Ser Ser Val Ser Tyr Met His

SEQ ID NO: 12
agtgccagct caagtgtaag ttacatgeac

14



nucl eoti de sequence is indicated bel ow the am no acid sequence.

SEQIDNO7 A@n Val Lys Leu dn dn Ser Ay Ala Qu Leu Val @y Ser

Ser Val Wwa@oleussSer Cys Thr Thr Ser Ay Phe Asn |l e Lys ABQI/BR@/1030ar Met
Hs Trp Val Lys Gdn Arg Pro GQu An Gy Leu Qu Trp lle Gy Trp Ile Asp
Pro A u As@GDB2y Asp Ser Asp Tyr Ala Pro Lys Phe dn Ay Lys Ala Thr Met
Thr Al a mh§E§%§§§[5mr Asn Thr Ala Tyr Leu A n Leu Ser Her Leu Thr Ser
Gu Asp T I t“Tyr Tyr Cys Asn Ala Tyr Tyr Ay Asp Tyr Au Ay Tyr
Trp Ay GseCryr Thir Tkt ne\@hlaTher Val Ser Ser SEQ I D NO 15 caggt caagc

caggggcctc agtcaaattg 60 tcctgcacaa

t gcact gggt gaagcagagg 120 cctgaacagg
agaatggtga ttctgattat 180 gccccgaagt
catcctccaa cacagcctac 240 ctgcagctca
gcagcctgac atctgaggac actgccgtct attactgtaa tgcatactat 300 ggtgactacg
aaggctactg ccaaggg accacggtca ccgtctcctc a 351 15 WO 01/74296

PCT/ US01/ Light Chain SEQID NO 8 Asp Ile Qu Leu Thr A n Ser Pro
Ala lle MaﬁtE(i?ﬁ a6Ser Pro Gy Qu Lys Val Thr Ile Thr Cys Ser Al a Ser
Ser Ser Va er “Tyr "Met His Trp Phe G n A n Lys Pro Gy Thr Ser Pro Lys
Leu Trp Ile Tyr Ser Thr Ser Asn Leu Ala Ser Ay Val Pro Ala Arg Phe Ser
Ay Ser (QeinSern @y Sy s&erryfyrroSere lre Thr 1le Ser Arg Met Gu Ala Qu
Asp Ala AISEGID N@1r1dlyr Cys G n A n Arg Ser Ser Tyr Pro Phe Thr

t gcagcagt c tggggcagag cttgtggggt
cttctggct tSEQdDaNOadh gacttctata
gcctggagtg gattggatgg attgatcctg
t ccagggcaatfFERatTa et fcagact

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 Ser

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

SEQ ID NO: 15

Heavy Chain
Ay Ala

caggtcaagc
tcctgcacaa
cctgaacagg
gcceccgaagt
ctgcagctca
ggtgactacg

tgcagcagte
cttctggcett
gcctggagtyg
tccagggcaa
gcagcctgac
aaggctactg

tggggcagag
caacattaaa
gattggatgg
ggccaccatg
atctgaggac

gggccaaggyg

cttgtggggt
gacttctata

attgatcctg
actgcagact
actgccgtct
accacggtca

15

caggggcctc
tgcactgggt
agaatggtga
catcctccaa
attactgtaa
ccgtctecte

agtcaaattg
gaagcagagg
ttctgattat
cacagcctac
tgcatactat
a

60

120
180
240
300
351



Lys Leu Gu Ile Lys SEQ ID NO 16 gacat cgagc tcactcagtc

Phe Gy Ser Ay Thr
60 ataacctgca gtgccagctc

tccagcaatc atgtctgcat ctccagggga gaaggtcacc
aagt gt aagvovac@abgcact ggttccagca gaagccaggc 120 actt ct cceral/asetyvs@gat
ttatagcaca tccaacctgg cttctggagt ccctgctcgc 180 ttcagtggca gtggatctgg
gacctcttac tctctcacaa tcagccgaat ggaggctgaa 240 gatgctgcca cttattactg
ccagcaaagg‘agtagttacc cattcacgtt cggctcgggg 300 accaagctgg aaataaaa 16 WO
01/ 74296 P t 0504 O her exanples of biological nolecules useful as
antagonisthggﬁﬁﬂgggsoluble receptors. (Exp. Cell Res. 241:1, 161-170;

Proc. Natl. ad. Sci. 92:23, 10457-61) In addition to the biol ogical

nol ecul es dfscisseth: dboveir Ghe Semt BgoRilst BleuBef Berixla Set lreopersent

i nvention gﬂﬁgflsﬁ b% sq@]l nol ecul es. _Any nol ecule that is not a

bi ol ogi cal Y&clite T8 TonEPué8d T m AEhi ¥ s prciSP C4tli BFF toréeta sl |

nol ecul e. fppmr‘ﬁxﬁrmﬂe@i% é:lfn L Mrl) @RJ Qﬁylﬁ bfde&)QeLe%r gl.agg'lﬁfzp'f)y@ounds’
organonetal | i ¢ conpounds, salts of organic and organonetallic conpounds,
sacchari deSgr dnirnteraébsdgeuahth sec| @ot VdeseroSaed Arg nleesedt &3 yvfsyt her i ncl ude
nol ecul es that woul d ot herwi se be considered biol ogical 10 nol ecul es,

except thefT¥ W6Fetll aPT WsFght™ STttt ghedtier Sthard 450, Crhdda Gval |
nol ecul es | pi ol afi "ol i des,
oIigonuclé%%?gégﬁkghghfﬁgrr&ﬁg??sg%?Vggggﬁﬁa%%%ggggﬁ%lg%hf&?“&%ight of 450
or | ess. |thd slenphasizatrt hat rsnedllu Mo egul es can have any nol ecul ar
wei ght. They are 15 nerely called small nol ecul es because they typically
have nol ecul ar wei ghts | ess than 450. Small nol ecul es include conpounds
that are found in nature as well as synthetic conpounds. Preferably, the
smal |, nolecules inhibit the growh of non-solid tunor cells that express
VEGFR t yr o3EQdDNAd$e. 20 Sone exanpl es of small nol ecul es useful as VEGFR
nol ecul es i nclude the quinazolines, quinolines and cinnolines described by
Hennequin et al. in J. Med. Chem

gacatcgagc tcactcagtc tccagcaatc atgtctgceat

ctccagggga gaaggtcacc 60

ataacctgca
acttctccca
ttcagtggca
gatgctgcca

gtgccagcectc
aactctggat

gtggatctgg
cttattactg

accaagctgg aaataaaa

aagtgtaagt
ttatagcaca
gacctcttac
ccagcaaadgg

tacatgcact
tccaacctgg
tctctcacaa
agtagttacc
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ggttccagca
cttctggagt
tcagccgaat
cattcacgtt

gaagccaggce 120
ccctgetcege 180
ggaggctgaa 240
cggctegggg 300



42, 5369-5389 (1999). See also Annie et al., Journal of Acquired I mmune
Deficiency Syndrones and Human Retrovirol ogy 17, A41 (1998). 25

Adm ni st va® bom206 VEGFR ant agoni sts The present inventi onPCHUBUd®S04

adm nistering an effective amount of the VEGFR antagoni st to human
patients. AdM nigthel bt FishRcANhaBaNESiS 130 aheoAEa0MRII RSN 1 3
variety of ways including systemcally by the parent%ra and entera

rout es. ForrecepossplEap. OE&JRQSaZﬁlalgdﬁilslﬂQ; Brioct Natl. pxeadeSidi. 928046M-6¢N easi |y
be adm nistered 30 intravenously (e.g., intravenous injection) which is a
preferred route of delivery. Intravenous admnistration can be

acconpl i shed by : | e i .

PCT/ US01/ 10504 h\&/:m'gdtmﬁﬁgﬁ gﬂi@’f é{ﬁkﬁ gé{ %@n@%%@%&%g%ﬁbﬁ%&% %%‘lﬁgoéc}‘r%%%“sgﬁﬂ n

exci pi et #e praget Biventbrbmay hise deshialllnadecules. ARG nesléculdihat ¥EGERLANAGANI St s
of the present jnvention significantly inhibit the growth 5 of non-solid
tunor cel | SOiFH léﬂﬂ’ilsd&sr?‘zpb@l% wesifigaiantobsd sl melegwle o examplesefunt . As

used herei t:] [ fective to hieve t he

speci fi ed pmaft t"?%é‘%i ‘}r‘nﬂ?%?ﬁguénwg}‘%t"'ﬁg‘pé?‘g&\& ﬁ‘[%#&i‘%tgﬁﬂ%&ﬁ@8}‘i“%ﬁ sl OIS rrml
doses of VEfFGeandmgahicTompoandd)eadtieded] AaidobyidendificReEdRaSeghipn a 10
nunber of paraneters including, for exanple, age, sex, weight, severity of

the condi t Mokeculssifighar irgdudsgmolerules fhabyenidstthereiseeaonsidered diddogicalnd t he

route agm ni. gt r.at. . ral...a serumconcentration of th

ant agoﬁ{ st %%Lég{'ll%%’ee%%né@ rslheslg N rhﬂ'gft?1 ?ag r‘f‘% aht tlmoqtgéeraéeé?hanrg@egﬁhé‘rs’ qxgalld@gfépéls; e. In
the case omapot YiprR}] dldesachdriddyl bhgshHeptdes! MMd AXMIBotides, HRANREPHEM QB | N
excess of approximately 0.1 nMis normally sufficient. For exanple, a 15
dose of 100avig amobsculas weightisdd$0 pr I898.des” a serum concentrati on of
approximately 20 nM for approxi mately ei ght days. As a rough guideline,
doses of anti bodies may be given weekly in anounts of 10- 300 ny/n2.

Equi val ent dosef i0dmalitsleadat kAt TRALASAN v OsHaGHodh: WBf: TRguent 20
intervals in order to nmaintain a serumlevel 1 n eéxcess of the concentration
t hat pér ni 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
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saturation of the receptors. Conbination Therapy In one preferred

enbodi nent the non-solid tunor can be treated with an effective 25 anpbunt
of a comweeat/iee of a VEGFR ant agoni st as descri bed abovePCHUE01/10504
chenot her apgut i ¢ ents, radiation or .c i nations thereof. | es,,0
chenot her ﬁﬁﬁm ?%tagge&tagh?%e lt(i%ecaﬁrllﬁif Yﬂ‘&‘ﬁ%"%&lﬁie@ %W}Jeéﬁg%%agg%f IP%CIJen
must ar ds, jetewrenei m ne conpounds and al kyl sul phonates; anti netabolites,

for 30 exanple, folic acid, purine or pyrimdine antagonists; mtotic
inhibitors, for exanple, 18 WD 01/74296 PCT/USO1/ 10504 vinca al kal oi ds and

Gomma or 1 ne orPE IR R i laRAn e AChGunt P i ed BN aRe growen o
chenot her %Pﬁbﬁ-is&ic?ﬂﬁ-‘rﬂ)‘r%egiwﬁ@ﬁ Hﬁ&xﬂﬁﬁ@ﬂ@ td Qﬁﬁx’ﬂgr‘?patrrbnﬂnsﬁ Sl ve dRGARPAZI ne

(DTIC), dactinomycin, nechlorethamne (nitrogen” nustar streptozocin,
cycl ophos pheineten, avsffacsive amoiBGIthat almomitsdffastve OCNLIeve doxevified iresult of
(adri amycin),. .daynor ubi_ci procar.bazi ne, mtomycin, cytarabine, etoposide,
net hot rexﬁﬁj&ltlgga?ﬁ%?m %E' ,nOQTSH{%EQgWrne, vincristine, bleonycin,
paclitaxel (taxol), docetaxel (taxotere), aldesleukin, asparagi nase,

busul fan, carbopl atin, cladribine, 10 dacarbazine, floxuridine,

f1 udar abi ne, hygtimay dogs,of i VEGFRah#Agonise tat bedaamsh@hby physitigistasétton a
megestrol, nel phal an, mercaptopurine, plicamycin, mtotane, pegaspargase,
pent ok at Pwmbey; (i sraspsiers iptlidingfor gxample.ageorscyaight sewsxity ehthecendifesi de,

chi or anoultre “FaS e AR RGe Rhk ERfnio BE ey ML BBl

chl or anbuci t axol ere ni-s

chenot her parudlj £s@@osic@aritiog of gtaitdoaRethat Permity 3atuRA NS thdfsget | ncl udi ng
systemcally by the parenteral and enteral routes, as described above. In

yet anot hecepipbisdiepisahle.t etha sasesefipolypeniidss apd antikodiesefor samplehaan ef f ecti ve

20 amount . gl AEGFR 3042 Bh bl 801 A6 RBertihy VubAULA P exallifle SOUT C@
15  dose of 100 mg/m? of an antibody provides a serum concentration of approximately 20

nM for approximately eight days.

As arough 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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can be either external or internal to the patient being treated. Wen the

source is external to the patient, the therapy is known as external beam

radi ati owohereapy (EBRT). When the source of radiation iBCT/oB@rrsi4 to the
i,s.cal |l ed. br BT). 25 The radiation is

patient, the treat.nent chyt her.ap S

admi ni st er'd aiaﬁkaz%gg%ﬂ%rév VEROLR Pl%ﬁ’«[%%"% QF1 ApRNAHEG ARE Comgpeynds
standard emdiidaARpd o RHERE WMEONRAQKpEdLisn PUr pose, such as AECL Theratron
and Varian Cinac. The dose of radiation depends on numerous factors as is

well known in the art. Such factors include the organ being treated, the
heal thy organs jn.the path of .the radiation that m ght inadvertently be
adversely aff eéjﬁa{ﬁu@ﬁg{ap@ﬂe@Pgr{%@mgfhefqggufbc‘aqgegmorfc pgiherapy inaludh t her apy,
and the ar [ : 2 W jcally be
bet ween 1 °§§haﬁ%b%&%%9g%m?§ %g‘é‘?{"fﬁé{ﬁ Fg%ﬂ%éﬁtﬂv;%glﬁl g gﬁgrﬁ g@%%ma/m) Sonme doses

that 19 ¥efdZocds eclPiospharhide) ehhustiav@ANEE)) lorrpaine ¢3CIND), dekeordbickyy to

t he spinal Cé,ord,,réS Gy tq.the kidneys, 20 Gy, to the [liver, and 65-80 Gy to
the prost Adiamyeingdatingrybicia, pypcasbazane, THGREGES cytarbine; ¢fePesideent i on  is not
limted t t kgl : er [ the treating
physi ci anﬁ}eﬁ{%rgg%eﬁg?élg%v&r ?ﬁﬁt% hné)];{pggrrl%%fg\g{rl“f’ gget%gggnl, ﬁﬂgg%lg(xaxé’ |Bt uati on,

i ncl udi ngdbdegaxzl (taxdteres, dldsslculiie dspabpittise, basulding tabeglatigicleeibidd)e source of
the external radiation_and the point of entr Into the patient may be any

di st ahe dpparbazisy @%Wti@n@erﬂtw@ea@meabydéomv%Xf@sﬁg@ti%éﬁen&rpn ahda, t ar get

cel | s and; m. il z) J Typical Ly, the .soutce of the external
Fadi at on' e RO bR Tursc e Rt i S P g ek TS he
patient. PBemaeditid)piggbyomsn, giienatihysteplozbdd, amoxiTyn, RbAFbIId, tdidlssdLse of
radiation in the patient. Typically, the source of radiation is placed
appr oxi nathéguaping, diatepa wracHanestard enonsbingy chloramtagil, solwndtaothinaiions

i ncl ude iﬁ]te%ro titial, intercavitary, and surface 15 brachytherapy. The

radi oacti V€ se€eds can be inplanted permanently or tenporarily. Some typical
radi ogrtive atons that have been used in permanent inplants include iodine-
125 and radon. Sone typical radioactive atons that have been used in
tenporary i npAdmisisicnak ghempthgiapeyticogsite wrn B accamplishéddinuarvation, ofSways

addi ti 0na}ncfu%gﬂgos?fgtteha\{gally 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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atons that have been used in brachytherapy include anericium 241 and
gol d-198. 20 The dose of radiation for brachytherapy can be the sane as
t hat mentwonst20bove for external beam radiation therapyPCT/uS@ddsi4 on t o

the factors nentioned above for determning the dose of external beam
radi ation hEn@rIEpy repomied nagludes3 o6y ththerspitiaberrtli 1eGy & thekidneys.i2) @Y sotheaken

into accou t n t he rach her .25 1n referred
enbodi nent ! %rl'cgg%t 86?9' t&@%@%ﬁ%g? ﬁgﬁloél &%Wﬁﬁﬁla %}éﬁ‘lng?ﬂ Oiare
treated vv'rsrhor heitVES Ry PpiAoQni éésea'me%&rw{lf'é’é@e@@rﬁﬁh&i BOGRLRalg ' adi ati on
or conbi nations thereof”. In other words, the inhibition ot turmr grow h by
t he VEGFR plarstcaaagmmasmndancenmm&ed)avﬁwrarcfmm me a givieh lsitedtemp trichrdimethei c
agents or radiation or %0 conbi nati ons thereof. Synergy may be shown, for
exanpl €, ClOFeRERIOneIAY8YE i on of non- solid tumor growth with conbi ned
treatnment than woul d be expected fromtreatnent with 20 WO 01/74296

PCT/ US01/ 10504 either the VEGFR ant agoni st, chenot herapeutic agent or

radi ation al oneThedisfancabétyeen thgougy of thedanmnatradittich dnd the pods odentsf t he
cancer where rem ssion is not_expected from treatnent w th VEGR

ant agoni stlnt%ql?é PEHER Bayebe g0y da%j@rﬂe that repraseats asracseRiphle balangeboppegkilling
ant agoni st, @&Qaﬂhﬁﬁﬁ&l@? &fec%rg@?caug?fth@ &ﬁf.? SPﬁE"J%QFehPa@ d radiation is

chenotherap |c age as any

t her edfo, lbeeweexﬁm@rcelmcfwmﬂ@,pohefo@eﬁrﬁﬂﬁo tifetRtientdur i ng and after, or
before, during, and after conmmencing the chenotherapeutic agent and/or
radi ati on therapy. For exanple when the - VEGFR antagoni st is an anti body,

t t | | 10 pref erably between 3
and 20 dhys. mpRRrBREbEITERRRERTed ony FB-EYE R R AR RR "
radi ati on gaiehta Py padatih Othe GHE@IID bheldaipeH i ﬁla@@ﬁdﬁpﬁomﬂiﬁ&lﬁ%f’&i ﬁanbmb €¥sue

denonstrate that certain subsets of |eukem as not only produce VEG- but
al so expr eeing tggnded. dﬁmw@ehques mcmdvmtm@tlalmnw@avaiaryr, esdiswfagg in the

pr62|e|r g fa t %%ygfegap%in ﬂacrhvelsgg SC %E: 1%5%”1%8 perma6nuelr(1ﬁy or templolrarlly.
Some typical radioactlve 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 otherAwords, 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



Approxi mately 50% of freshly isolated Acute Myel obl astic Leukem as (AM.)
exam ned expressed nRNA and protein for VEGFR-2. VEGF165 i nduced
phosphor Wabvi/onof VEGFR- 2 and increased proliferation oPCT/@akerwse cel |l s.
VEGF165 al so induced the expression of netalloproteinase-9 (MWP-9) by

| eukeni ¢ cethesthgiE @FBeptagdnish ehemethgrapeutioragent gugdiatiopalpee greblyed

b t nbr ar Ne 4 . MoAb .t 0 VEGFR- d . i fi ti
Cah b or ReteR i dembn S i e e ot rmrupa s st cSpSll A ¢
cells and t}éﬁ%edt!wtuwﬁdmé&ﬁagcﬁﬁst,%b}ngmﬁ%%ﬁg%@ggcﬁl%ep&u{ﬁ%rako%@t ation of

human | eukem as into i nmunoconpronm se D mce resulted in
significant elevation of human but not nurine VEGF in plasnma and death of

i nocul gted mce within two weeks. |Injectipn of human specific .

neut ragi zi ng %T‘?o{gﬁbﬁgi anlaao; BWdFHJé’Pteéﬁolé?é?ﬁev RS, PHURS COTHAICH g t hr ough
human VEGRR: 2 otHeplbehiit 86bnt BF ldidiSh ahdrasy, af wiBAQLARBSRbAR SmBHERN ! eukeni as
and increzfse OSSEH\;’FvéI %efn tfledn?\‘ftlce tr%&(’)ughout t % perlﬁg%&g?l i{éﬁ{gﬂ.e.

exper i nentbefd?® a2d diing) befote aod BN/ dintily did>Ger, cealdet, dSriAl) amdhefter cal s and
reagents were obtaiped from Signa unl ess stated otherwi se. Exanple I.

| nhi bi t i oOB¥Mepererhe cheinotaprapSHICARC R A yadipionsthsssPes Fameranyds whew theof
nmononucl e I £ |, s [ ' I

P e A e s e LR

phl eb®0 omprefeiablit dwéér?3 aind PRdkyss mowd prefeabl Between 6@nbdQ BB heforend overl ai d
10 on 5 ms of Lynphoprep (Ficoll, Accurate Chem cal and Scientific

Cor por at | GAMINALINZEA uatlglathﬁr@maé/ogshﬁn%ltber&p@éwra@w%r 30 mins, and the
nononucl ear cell interphase was collected into a fresh tube and washed
twice with Hank's for 5 mns at 2500 rpm The resulting cell pellet was
finally resuspasdesnples BV ded¥onbtesie 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¢s induced phosphorylation of VEGFR-
2 and increased proliferation of leukemic cells. VEGF 45 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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15 Cell culture The 3 AML cell lines used in this study, HL-60

(pro-nyel ononocytic), HEL, (nmegakaryocytic) and K562 (erythroid) were
cultured wooRPIP6 Wi th 10% FCS, penicillin (100 U ), strepusoaywse (100

g/ ), and fungizone (0.25 gg/nm). E&é&l g%&encubatl on wth VEGF and/or
ant i bodi es/ protein kinase inhibitor P re serumstarved for 16 hrs to
20 over ni ghff ch&mfRRM anﬁlr@@%nts'%etr@ﬁblﬁﬁﬂe}i Eﬁgfkn?zﬂﬂﬂ A Ald (Rﬂer% grononucl ear
cells fromperipheral blood, prinary em s wer e ured
overnight in RPM/10% FCS, to elimnate possible contam nation with

nonocyt es/ gacr oph Wwhich adhere readily to the tissue culture flasks.
The cells %ﬂ@ i [“Eﬂ" on consist mainly of |eukemc cell

bl astss These | eukem c ceI | s were subsequently transferred to another
flask and, prior to the addition of VEGF and/or anti- VEGFR anti bodies,
ser um st ar@@tection of printasy AMBYyaermple) Bird isoluttors ofmdrieRicFIN ellsdy Floswe.  For
proliferation, experinents, cells were cultured in 6 well plates (Corning),
at a cel | S1@#€Mty 30 of 1x105 cells/well, in serumfree RPM. Cells were

the. pr esencrpAciablliod Saiplesom GHRL BRusE o0 4 BNt BlLhHS Grd "
PCT/ US01/ t0Heeted byrphieboterty; dilitzd 04 ikt ObUERRMEGRR(@ibch MR, adldveth) or

a M to FLT- 1/VEGFR-1, clone 6.12 (both from |InCl one Systens
| ncor pBr ared) miswf legrhoprapiFisoll MR ChemicabadsS antificGorporatiau RER: Eactel |

lines werg het i ¢ 0 n_kinase i to
with a hi gﬁgglgfl r?:%g uﬁ?{r V@E}@?ﬁ (ﬁ‘&i%ﬁ% r%g%onugle%\ﬁeh t&’:ﬁﬁﬁe&eﬁ'éﬁﬁe agll
Jol | a, CA)ntwasfrahsabwaﬁﬁwamd avico RGBITIART S &5 50hink QM 5EEPHE CIORTFEY &y th
manuf acturers. After 24, 48 and 96 hrs, viable cells (as determ ned by
trypan bl @ell eté%slféfﬁl]éiﬁ?s‘\ﬁﬁ*’ée‘étmlﬁ?w/m% Fe€Bplicate using a haenmocyt oneter.
Each experinental condition was done in triplicate and experinents with
the | eukemic cell lines were repeated 3 tinmes. 10 RNA extraction, cDNA
synt hesi s GandblneR Total RNA was extracted using TRI-reagent, follow ng
t he manufacturers instructions. cDNA was subsequently s?/nt hesi zed from

(¢)

total RNAIHSi AgAME relhdynasonsgst knt thimnsvdshakL-60 (pro-myelomonocytic), HEL,
(megakaryocytic) and K562 (erythroid) were cultured in RPMI with 10% FCS, penicillin

S(.C)

e

(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 RPMIL. Cells were treated (10-50 ng/mL VEGF) or
untreated (medium alone), and cultured in the presence or absence of 500ng to 1pg/mL of an
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Phar maci a Bi ot ech, Piscataway, NJ) and PCR was perforned using a PCR
thermal cycler (MAG Biotech, Hi gh Point, NC). The PCR programused to
anplify ROROUF2¥6 1 and 13 15 actin consisted of a pre-cycberohoblosai ns at
94C, 45 sec at 60C and 45 sec at 72C. Followng this initial cycle, the
reacti on wasmmon¢utraligthgf dfoAg5 te FADREAVIOGFR-2%yi IMGH1 (A4 123 orsedMapba®GFLEND 2
mns at 7 concl ude ith 7.m t 72C. The priner sequences were as
fol | ows: (%gl g@? FﬁPf gioner 12‘31(';)(2]&&0@2&@]9{1? g@@&ﬁ {n&aam(%&%- ?ILI'.J9 F\ﬁi‘ﬁ%)ﬂ}e
(3-actin i g ] ¢ in PCR
broduct - S ceny, A YRI5 bl egR, e B A e et d 1 b
NO 19); Va@h&®icproriekinesednhibitor witk e dgghodlihieg flr JRGER £ (ASHQA3BI0N9. 20,
(VEGFR-2 PCR product: 660 bp); VEGFR-1 forward priner:

at t t gt yat Celhjgdsnt. de JoBEG A Dvals@used, aypcoReertration of $@uldy asuscommended by

Endot nel i 31 BePACOR AAS Gect BT GbdTei Vet Sl G A0rranr 37 Jeplh jue

primers. 3&1&&9&&&&5&5@& i tﬁgn@dwuéaﬁgaﬁaanwg%ﬁ&ag EEQPSRIRAMehal 8shdWiar
receptors (VEGFR-1 and VEGFR-2) were detected by western™ blotting, after

cel | i ncubasidone i triplie@n ghdriexpeEGRIBSVIIRED 18yisndosell Nips Were rdieatedr3 tines. 37C.
After this brief stinmulation, total protein extracts fromprimry | eukem c
cells and cell 30 Iines were obtained by lysing the cells in cold RI PA

buf f egq ( %@A@@Jﬁ&&ion?cﬁNA@Iﬁzesi}%dﬁﬁm X-114, 0.4% Sodi um cacodyl ate and
150mMM NaCl' ), 1 n the presenCe of protease 23 WO 01/74296 PCT/ USO01/ 10504

i nhi bi t or ol RN whs eytraoted nsing TRO-remgént] follewipgtthamadufadiues-igityuctorsptlaAhat e,
1mM sodi um or}hovanadat e and mM PMSE)... Embryoni ¢ fi brobl ast t he MRCS
cell i ne)”aﬁéiléseﬂ%‘&f%’aéym??ébzggi]};ﬁ“c% r]%NA UR Fh%gﬁ?‘iﬁ'%%‘éﬁb%énﬁrsg%ve
cel | debr pgasdDenfMANDRcdAvd NG ald PERI Was HarfY ; RhAaE
im"runopreg?pl tatg% over ni(g:ght 3{2 4zal\?mdth p‘?%st |rﬁi-r%gg]élg{n§§gﬂgeads g %Céeran
ant i - phos V%W @Bisieok, HighiPoadyNChartiesPCR prodiia tueehtodraplyfy KIaR, FOT{radipi t at e

phosphoryl ated proteins. These were re§u§£ended i,n | oading buffer and
subj ekt eda¢tis copsistebaf Precqyie o dringyeh 9eb <t see st e end 49 secal/d &t S pllovingr

reduci ng ﬁﬁ)snlgxiitﬁeil %9<§le,(th9 rdalBoPiES EGBued 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: atttgtgattttggectige (SEQ | ID NO: 21); VEGFR-1 reverse primer:
caggctcatgaacttgaaage (SEQ ID NO: 22) (VEGFR-1 PCR product: 550 bp). Endothelial cell
cDNA 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 western
blotting, after cell incubation with 20ng/ml VEGF 45 (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 NaCl), in the presence of protease
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of (3-nercaptoethanol). Proteins were subsequently blotted onto a
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triplicatelpdha fdososdrihatiaskiap I¢G-URP{(forarRGERM)I draditppoad TEGEHRPEfor

Astra scanner were used to scan the gel s and the intensity of the
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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¢s, 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.
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5 mgration technique (14) was used. Briefly, LC aliquots (100 L) were
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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 light microscope.
30
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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 staining
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
VEGEF (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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15  VEGFgs 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 s 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  VEGF¢s induced, in a dose-dependent manner, an increase in proliferation of VEGFR-2-
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30 VEGF165 induced, in a dose-dependent manner, an increase in
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These results show that VEGF s 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 g5 transduces its mitogenic effects
20  through VEGFR-2.

VEGF induces MMP secretion/production by leukemic cells
VEGF 65 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  VEGF5 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
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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 ¢ 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 1ug/ml) could only partially (40%) block VEGF¢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 65 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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through matrigel (Fig 6). On the contrary, a MbAb to VEGFR-1, used at the
sane concentration, significantly blocked (60-70% HL-60 cell mgration
(Fig 6 *w@a072%), suggesting that on these cells VEG-16BCTvEg0l/106dce MVP
activation and cell mgration by 30 interacting with both receptors.
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MoAbs showed, overall, conparable mgration-blocking effects (Fig 6).
However, as for HL-60 cells, incubation of 10 primary |eukemas with a
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ei ther antibody al one, bl ocki ng VEGF165-induced nigration by 80% (Fig 6).
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in this mgration process. As nentioned above, the m gration assa din
our st udi &nallygibe meigration pfleuliuric seltsrin résponsedn i E& is eatlil ant bedsoslelbyaaticel |

chenot axi § 4 esppnse to VEGF165. Furthernore, the antibady . and protein
ki nase i nﬁfl%ﬁ)t'% rangﬁ?fgfsegl WY Yele el CSWEG&'{[G‘@SI fandisantly wpausadqd celly vigen
VEGFR 20 incuBaeXFEERVAVIPEY nQfrall it oSl i3] jnvade
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muscle cells (17). Taken together, these resul.ts show that VEG-165 i nduces
a nore invasive phenotype on a

As mentioned above, the migration assay used in our studies requires active MMP secretion
and activation, as well as cell chemotaxis in response to VEGF 5. Furthermore, the antibody
and protein kinase inhibitor studies suggest that VEGF 45 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 membrapé. 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 vitro.
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25 subset of |eukemc cells, as determ ned by increased proliferation, MV
production and mgration through the basenent nenbrane. These effects are
medi at ed wobranpé y t hrough VEGFR-2, al t hough, parti cul arPgTAUSE1/YB@ at i on
and MWP activation, signaling through VEGFR- 1 may al so be required. 30
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t hroughout the period of the experipnent (>80 days, Fig 8B, p<0.Q05).
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t her e wass@nived direagi®out thetpariod o MhSkxpdrisdm (+ §Valys, Fig 8BOp+0.005)( ioreailgd)

m ce which correlated with a decrease in overall nouse survival (Fig 8A and
B). Theseitihas {acoptly besn qoafippsst thahthe patibasiyaised inviseye shpdiesvisepgrific fof human

regul ad i ng-d-akem el l,, 20 gr . este 1 nti bodi.es, agai nst
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formation of Ijiver and spl een netastasis ) )
mice which 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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H st ol ogi cal analysis of liver and spleen, 14 days after start of
treatnent, fromHL-60-injected 25 PBS-treated m ce reveal ed the presence
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sections had several areas invaded by |eukemic cells, with signs of active
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l'iver and spI een histology (Fig 9A and Q In 30 treated mce, there was no
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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 MOoAb 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 §B). 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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inhibition in proliferation of HL-60 human | eukem a in NOD-SCI D m ce and
their long-term survival throughout the experinental period (>80 days,
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our in vivo data, the gro o -60 cells xenotransplanted i nto NOD- SClI D
autocrine loops gegerat\éﬁ qay {/EHIF/V EGFR-2, in addition to garacrine loops, mediate

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% CO2.
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 KDR 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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m ce was inhibited by human specific neutralizing MAb to VEGFR- 2,
suggesting that autocrine |oops generated by VEGF VEGFR-2, in addition to
paracri navOoope medi ate | eukem c cell proliferation (Fi BOT/@S@50420
Exanpl e Il. Producing Single Chain Antibodies  Cell |ines and Proteins
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M ce inmunization and construction of single chain antibody phage display
library Faeriioa dSAOREERRAP e?® wi ofdRBlwbtheritmapktht fiost dmmunizaio. The
injections.of 10,uqg 5. .KDR- hn 2 R juvant, Syst f ol l.owed by
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N ce wer edéhdiGnigk Weke RnfoiRe dh@fRQURs (Brclisdlatel MREAL Wi lex@facttl aHE ntfORAAP i n
200 ul of RIBI at the tinme of the first imunization. The mce were

boost HH i wes pwitfied fomitgtabRNIRE srteronytes AlssFy thego displayitiveary siaa coBiueted s

from dongr. m.ce e removed.and the cells we igol at ed. ,RNA was

ext ract edu%ﬂ%Wfﬂw&&go K rql§R?aé'SEPP5ﬁ9 T‘Sfaﬁ? O%QW%P%WF 5-A scFy
phage display library was constructed wusing the nRNA which was displ ayed
on the surfacemadisping ileutBnon BahERes PHhde surface] SRIBYY VY dhB &/ Sfoain

filament ous.phg(ge surface, antibody VH and VL donmins are joined together
by a 15 aarejgenediagethenby hilflkeing-addds)SligSEG GATNO (SEQ) IDENG: 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 pPCANTAB 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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fused to the N-term nal of phage protein Ill. A 15 am no-acid-long E tag,
which is 15 foll owed by an anber codon (TAG, was inserted between the
C-term navoof/742b6 and the protein II1l for detection and orPaBUSENAbAL i C
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Denmar k) were, f.irst lLLacked w th 3% m.| k/ at 37C for | h, and then
Phcubat bt StpREY and gl Rcstking: T Mechd TobarioHpa B AIaR oRoL b The

t ubes gner gy yaghsisked Ond m@ﬁgatmgperﬁ}gﬁﬁa@@bépwed by 10 times with PBS (PBS
contai ning 0.1% Tween 20). The bound phage was eluted at room tenperature

for 10 mn. with 1 m of a freshly prepared solution of 100 nmM
triethyl am ne.Ningtyeniot pewentih8dyéSaefeldnes sdyedned afiet the Bed rdundfof piuthihgg phase

TGL col | "B FRHEb PRTBn SR Bders ekt o205 Qi) pFiBe e 0nh gt ot
ggcbawin in%dcwkbﬁ HREdiIEE R irhrhBBiEEEV EefF. IHQAGRKIR I REEELnRLE 8F b1 SEdnbPund
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 FLISA

Individual TG1 clones were grown at 37°C in 96 well plates and rescued with
M13KO07 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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were found to be specific KDR binders. However, only 15 (8% of these

bi nders could block KDR binding to inmmobilized VEG-. DNA BstN |
fingerpriwoongi2eé t hese 15 clones indicated the presencePof/uRoidiosdder ent
di gestion patterns; whereas 21 randomy picked 15 VEG- nonbl ockers yiel ded
4 di f f er erRreparationtuf sohdble idFe di gestion patterns were al so seen in clones
identified after the 2nd round of panning. Representative clones of each
di gestion pattern were pi.cked fromclones recovered after the 2nd round of
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wi th PBST and incubated wth a rabbit anti-ML3 phage Ab-HRP conjugate. The

pl at es wepkekingted Is Aftereentrifagatiop et bx0bpm Sull§tmiat, sheastdeble seidwashe OD at
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HB2151 and the I nfectant sel ected on 2YTAG N pl ates. Expression of scFv in
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1 nM i sopEsamiplé 1. AsaysB- D- gal act opyr anosi de at 30C. A periplasnmc extract
of the cells was prepared by resuspending the cell pellet in 25 M Tris
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centrifugation at 15,000 rpmfor 15 mn., the soluble scFv was
Two assays were employed to examine quantitatively the binding of purified

soluble scFv to XDR.

15 Four different clones, including the two VEGF blockers, p1C11 and pIF12, 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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purified fromthe supernatant by affinity chromatography using the RPAS
Purification 10 Modul e (Pharmacia Biotech). Exanple IIl. Assays

Quant i t atw@er/KDBs bi ndi ng assay Two assays were enpl oyed tPRPCEX&0W 10604
quantitatively the binding of purified soluble scFv to KDR 15 Four

different clongganhiel AdhNG.el g%péﬁ@egﬁﬁﬁ%%ﬁ%%s%%&g}'?’u@ﬁgoﬁi@gﬂz’ one

nonbl ocker, the dom nant clon € nonbi r wer e essed

i n shaker solubkesicEv weiregizecwith afixeé asounthd KD EARGOInghBAd Blkubgkd 8t robml C 11

has heavy chain anpd Iig,{,t chai n sequences shown in Figure 11. The sol uble
an

scFv was HERFTRUERITar o 8K piessthee tragsterredcio 6ovel Emiarotiter platesrronted- t ag

ffinit ' ified scF 20 |
anged 1 r St bgor g S8 me O g led kb S iinedi Stpdeii Sec g
vari ous ambicli the platssowerde! veasheds ties an@didedbitadBRAPCHA £f1ed%o &@Aﬂti@%i -sorp

mcrotiter plates and incubated at roomtenerature for 1 h, after ich
the pl at eBowid EDRaARamolgculesiGsoni & +heBEY. conpentratian exjuived dort 7096 inhikitibat ed at

room te iy r Lt h 0 u f use anti-E tag anti body foll owed
by i ncuba fon wﬁflaﬁgfé%#’Waséﬁeq?h%?ﬁtecgﬁti -mouse anti body- HRP conj ugat e.
The pl ates were washed and devel oped foll owi ng the procedure descri bed

above for the Qhagel€Ll oAd pIF38, MPnBLHXAE A6oRIIKISO R/bLRRA o i&rﬂn@ﬁﬂ%&fr ‘

assay, i.e., the conpetitive VEG- bl ocking assay, variouS amounts o

sol ubl e s¥E@FaFlonapied yiine HomimankelaneafianeachofoukBf pRn(E) shgyedihed | ncubat ed

i or o't eMERRE R Bistdle Condeipy G gt pERRRL AP RS E G hbimeda KR« oom
t enper at uTabfeor). The éﬂlﬁﬁd&gf%ﬁ&em&aﬁ@ns&fﬂcﬁfne%l@ﬁ ¢ofif8 B /%ot Hﬁgﬁlk%_s hed 5

times and the substrate for AP was added to quantify the boun AP
nol ecul esbindiggdo KD and fire 08¢ efinbibitioartf kR bmdireroi VEGF frare 83%NImhd Bi t i on

ot pane, i Bty Rk B ednbALS bk rmosyied fat it LI 1B ana pias ™"

were 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 BlAcore
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 BIAcore
instrument. The VEGF-blocking scFv, plC11 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 KXDR on the BIAcore.

Phosphorylation assay
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VEGF. Clone p 1 C 11, the dom nant clone after each round of panning,
showed the 10 hi ghest KDR binding capacity and the highest potency in

bl ocki ngwaeH74206di ng to KDR (Table 1). The anti body coneenMusatiosess of
clone p 1 C 11 required for 50% of maxi mum binding to KDR and for 50% of

i nhi bi tion of KiRspheidlatgn essavEerepsriernedwitiveadpdsageMIUNHpEdiowieg ¢ ( See

Table 1). Lvsi d |C 11, plF 12
2l 02! & Te BTSRRI S B C e Bl i orerfaed Bl or e
anal ysi s afasé hedreh mgjlp@erﬁéiﬁad WiB 00590 Bb¥igle ki@t d16EmRf at SO HREBp&aiYe fof 15PR

wer e neasured_ using Acore biosensor (Pharmacia Biosensor). KDR- AP fusion
prot ei n wasin imidbipréseret @rabscrge o€ sefoyrantibpdips atrfdugdmil,ubllewsd by stwanlationj ect ed

at congentrations, r ibpg from62.5 nMto 100Q,nM ensorgrans were

bt & na STCLAL DR Fa el SR dRaPsares B 4 dad DEnelsSita ToF GEENEE20 51 A
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cal cul at egy%‘%gg%dtﬂ%he rate?ﬁ%f&%g@@ggﬁ%ga%@~ eg‘%ﬂ lg_g%%sewgﬁgﬁ%%% he
resul t s ofSepharosaibdads eoyghled tomrabbis am@AdRR polycoiilAatibedy (Im€HonenSystemsThe
VEGF- bl ocki ng scFv 1Cl1 and plF12, boupd, i ilized KDRwith Kd of
> 1 and o retprrategl ThEGeaa Y re st A BFO R NP SIOpdine SERET. B o KOR
wth 25 a i = £ iy he best
bi nder pl%ﬁé%%aglﬁﬁl b}é C%Sgo ﬁgé%ﬂnﬁgﬁ%gﬁlérﬂdq%%cg% %}%U i %lrlglyheét}ogsa&o{s

anti ciipat edbre pdbd ehith anodntigphedpliaryiobiae MabydGil 01 BdhdMR R Rirabeadiiviyg assy,

Phosphoryl ati on assay 37 01/ 74296 PCT/ US01/ 10504 Phosphoryl ation assays
vere perf 6ehbEatRs Mﬁree%mkyg&é@aﬁéés-ﬁ@@oﬂl@weémﬁ?&eséerﬁrbéqt@@alysraé@@giabed

Clippl orenba TP ERe g D KL S et Rl Skl e M bR R PN o Tor 10

mn. in the presence or absence of scFv antibodies at 5 ug/n, followed by
stimul ati on 5 Resuits2hongd that VIHGTL6bchingrsePnp I @hlp duahdtrike hom-bRiekigdcFv onal

15 mn. The cells re. lysed and the KDR receptor was jmmunoprecipitated
fromthe 8@46? |%§£§Sto\j‘pl[1i it ESCRPtar phosphorylatign stimulated by VEGF. Further,

15 plCl11 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 0of 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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Sephar ose beads coupled to a rabbit anti-KDR pol ycl onal antibody (InC one

Systens | ncorporated). The beads were washed, m xed with SDS | oadi ng

buf fer, awaot/m296 supernatant subjected to Western bl ot aneCPEs6L/103@ det ect
KDR phosphoryl ation, blots 10 were probed with an anti-phosphotyrosi ne Mab,
4Gl0. For the NipaRilitgebsdvantippdienrashlock VEEF-stinpdlated sitpgenicretivitved wit h

SDS- PAGE er : in hospho-specific MAP
ki nase anm‘gggﬁgiﬁ Si 91511 12' %%Eggfaéeléé@éﬁ %%:Vl‘?gc Eﬁ&orﬁggﬁﬁbéggﬁ}oé%g t hat
VEGF- bl ockiduged DRNA pyrithésislih, HUVEwith th €030 =h kiecditiBeds 6ditentPatRMGhatas abl e

to inhibit KDR receptor C$h0$phoryl ation stinulated by VEG-. Further, 15
plC 11 al &hikitedXd% EMEGpliBIated myitagenssis afiHBVEL, of eppraimaielyfS WAPThé nases

p44/ pae. it her plC.11.. nor -2A6 i.nhi bited .FGe-stipul ated
et vat ofiSisb iRty p2R 5T i el urif miBetaie bR B4t 03

cel | s/ vel Neither 1 (il 1l p2a8tighiBRe IBF GFLihGRde DNA biiBes Atipg v, (Val | ach,
Inc., Gaithersburg, MD) in 200 ul of EBM 2 nedi umw t hout VEG-, bFG- or

EGF and incubated at 37C for 72 h. Various anounts of antibodies were added
to dupli DI Produ cingeC hineeric Aatibodi7C for 1 h, after which VEGF165
was added to a final concentration of 16 ng/m . After 18 h of incubation,
0.25 uG pf - rsham was added to each well and incubated for
an addi tigﬁ%%%gﬂﬁ%m?ﬁoe&%ﬁ s were 25 placed on ice, washed twice with
serum contai ning nmedium followed by a 10 minute incubation at 4Cwith 10%
TCA. The cel | sPrimingy-tilenedhshatuabilRalvdii en@itisliabodls (BRI VIC) wéed in 25 ul
of 2% SDS. Scintillation fluid (150 ul/well) was added and DNA

i ncorifor aamtained wdeBMy? medinar abfEt €5 AYafed2 drells bsiavesniprssags 319 werawsed for

Wal | ach, I r t intill i OR Counter). 01/ 74296
bCH Usor SNBSS YEGR i OB HaL Bhinndlh Beldp @ P il 200
i t ogeni Cexpedssad inybaruloviMEEnd NI BABReils) rEdpgetivily, B pWid RlGkadhesCFV pl1C

11 strongly inhibited VEGF induced DNA synthesis in HUVEC with an EC50,
i.e., t h@rgmdu%sgr@bﬁ@eqbpygﬁ}@mnnh(ng scFv pIC11 and scFv p2A6, an antibody that

binds to KDR but does not block XDR-VEGF interaction, were isolated from a phage

FLERI PR

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 p1C11

The variable domains of the light (V) and the heavy (Vy) 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 V. 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
CT1C3'

25 Primer2: 5 TCG ATC TAG AAG GAT CCA CTC ACG TTTTAT TTC CAG3'
BamHI
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i nhi bited 50% of VEGF-stinul ated mtogenesis of HUVEC, of approximtely 5
nM The 5 non-bl ocking scFv p2A6 showed no inhibitory effect on the

m t ogeni ovaeot/iazpéy of VEG-. Neither p 1 C 11 nor p2A6 i nhCDUB@A 0504
bFGF-i nduced DNA synthesis in HUVEC. Exanple |IV. Producing Chineric

Ant i bodi ePrinfel3: 3 CTRsGAAIGRAOAEITNGCRr ACTIFGAUGTAICAT MR CAGGITIO edGvei n
endothelial_cells (HUVEC) were 10 maintained in EBM2 nediumat 37C, 5%
c®. Cell £t ween passage 2-5 were used for all assays. VEGF165 and
KDR- al kal i ne phosphat ase fusion proteins (KDR- AP) were expressed in

bacul ovi r ys; N T ; speet | I—MEﬁ A follow ng the-
proceduregﬁlggﬁ%r' :glb?géa%é&?b] Ct?\n??-e&ésc v%&?éw&t%@’g%cw p2A6, an

anti body that binds to K?Em does not bl ock KDR-VEGF i nteraction, were

i solated froma phage 15 di'spfay library constructed froma nouse i mmuni zed

agai nst eRTERTIAr HEve A SASELaE GabClhiCadtehadl TR ViR ot o

domai ns of scFv pl C I The}}(’%{,ﬁ_ﬂbl e domains of the light (VL) and the heavy
(VH) chains of plC 11 were* ed fromthe scFv expression vector by PCR
using prinmers 1 and 2, and primers 3 and 20 4, respectively. The |eader
pepti de sequen@gAf@frAp@}g'tA’e‘iAx T3ecretion in manmmalian cells was then added to
the 5° of the VL and the VH by PCR using prinmers 5 and 2, and priners 5

and 4, regpRgshi Yof thh | Y CT GGA GTA CAT TCA
CAC ATC CRTSEUHBI of T efBesston Vectbridor e Mo ARG R0 305 TrT Tan
TTC CAG' BanH 39 WO 01/74296 PCT/USO1/ 10504 Primer 3: 5 CTA GIA GCA
ACT GCA ACT CCBepaf#e Céckorb@Ar S4EeEidn AABIMETEZG Relit khsin 4nd heaviChade@emAT CCA
CTC TGA GGA 3
Ai%c constructe%e%%—ned V1 gene was digested with Hind Il and BamH 1 and ligated into

the vector pPKIN100 containing the human « light chain constant region (Cp) to create the

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

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

the human IgG1 (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 Vy and the V|, domains are precisely fused on their 5'

ends to a gene segment encoding a leader peptide sequence as marked. The Vg and the Vi
domains are ligated via Hind III/BamH 1 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 « chain constant region gene, respectively. In each
case, expression is under control of the HCMVi 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-H1 to H3 and CDR-L1 to L3, respectively.

IgG expression and purification.
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BamrH 5 Primer 5: 5° GGI' CAA AAG CIT ATG GGA TGG TCA TGT ATC ATC CTT TTT
Hnd Il CTA GTA GCA ACTS Construction of the expression vectors for the
chimeric wb@/142pgG Separate vectors for expression of chpaeuse/106@ | i ght
chain and heavy chains were 10 constructed. The cloned VL gene was

di gested wi th H0OF ckild wardoBaAsrdeteanglith bl Seloiits afIMbelcfﬁQL%d Rjf. 100

containing the human x |ight chain constant region (CL) to create the

expr essi onl GdcHalastuds fordrapsientdgGoexprebsion. Imbconfient B Scells lgvin 8 DMAM The
cl oned VH W|th Hnd LIl and ted .into the
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chain, M1 C 11- constructs were exam ne y restrl C | on enzyrre
di gest fon DEAEMtn‘ahe!d)Iﬁ& mixtiee)@MEMeonuademMGmgo 4 Ase/aeNDEAR-I gure 4

f d d
gene. seqnanASHEIRY Sbeechabigel s ohend A1 Gar wdalasmhis) vikeants  ne
WL dormi i rﬁut,atg@a@ﬁowfar Y S O

1 DI 05, 20 contains a cC version o stant regi on

gene, and chlﬁﬂi@ﬁne @igmh), falovweal bysineute A wigr 55 an o@QOVJ@y&Bﬂ@I&HPBS &habi
constant regi on gene, reﬁﬁectlvel In each case, PvFressmn i s under

control ofSTRPREAMEMET 105, b‘*e?elhﬁﬁﬁer?é‘faﬁh%%@ ‘Mlﬂl QME 1 §% 41 andripeyhatest i on

sequenge. [ o€h I eterm eg| on
(CgR) ?gesf%ggéﬂl Ogclfa% |%§%%€t§‘6@§a@w (fﬂ%"ﬁ’ﬁﬁer vart 8\1 urgé%ﬁigﬁ%évaag%‘ﬁgfl dn of
Kabat et atrum-fr26DMEMUYMEPES aﬁélr taB dell ek eehskddtviilde ivith HRid DMEIRTHE to L3,
respecti ve!dé.ewl[er expression and purification. 40 WD 01/74296

PCT/ US01/ ¢ eoperratiy wascellewied pibslt end B wifter tbqtramsf@cm@unﬂse of IMC1 C
el s qr b e i Bt e HrBH% Pl it & B ERE  R  tnce.
with 20 nPrabinldvVEdusenfoHbwingdhe 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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40 MM Tris (pH 7.4), followed by incubation at 37C for 4.5 h with 4 ml of

DVEM / 5 DEAE-Dextran / DNA m xture (DMEM containing 40 mM Tris, 0.4 ng/m
of DEAE- vienrt/7e2m6 (Si gma), and 20 ug each of IMC-1 C 11-L peOUBMB0304C 11 - H
plasm ds). The cells were incubated at 37C for 1 h with 4 mM of DMEM/ 2%
FCS cont ai ni ng Erdy passage HIEYEG colluivers grSvy imgrowtiofactmeltpleyed FBMbAt i on wi t h

wnshod ¢t okt indbice s SR hinn SERBES THe SotlsShere s Bied g Saed "' ¢
medi um at (géEtimes WHhAMLS, inb@atall Witle it yie 1 e %%)’ﬁ}ﬁ)p fb?ar}g%%é%%%lﬁg&&'m free

DMEM / HEPES after the cells were washed twce w l'ain cell
cul ture sbyénqwhaton withs IJ00 lebdlediraabit 48tihusan Ft 26tibodyf (Cappérh®rganansf ect i on.
The  chi jc,lgG purjfied fromthe pooled supernatant by affjnity
chr oma ogﬁrﬁ*ﬁﬁﬂlfa %@ﬂﬁmg@eﬂ {Sb%%t% %A‘i r&ﬁﬁg‘ﬁlﬁfmﬁ\ﬁlﬂﬁ@mt ﬁée B‘?@t‘ﬁ%rﬁlwaé dhed by
t he manuf r J | y LY f | wer e
R R RN G
concent r asemnswiitheparenCocky, p1 Gely &@vICy ] CMY)indSipecifisaily Yo KOR dxpecshaionasly

anal yzed bX S[%B@%} The concentration of purified antibody was

det er mi ned®¥5§e sing goat anti-human y chain specific antibody as the
capture agent and HRP-conjugated goat anti-human k chain anti body as the
det ect i on gREGAt.vE X DTt BNABHS a5y Ve was calibrated using a clinical grade
ant i body, "C225. After affinity purification by Protein G a single protein
band of -150 kD was seen in SDS-PAGE. Western bl ot anal ysis using

HRP- cbhj ugat edVarious droemnis p@tibedies pecd 4dded takDiRbaryedctvell ibakitshep pr esence

of human | gG Ec ti in.the purifie rotein. The results, of the ELISA
Show t ot mipplier BRES Qe iripaRLind inf et Fopth tamnesston: F J - RO HiFan 1 he
parent scku. ! i R o8 peEIRY Y 1/ 74296
PCT/ US01/ {Pg%%é@ggﬂre ﬁ’{/éﬁﬁ%ﬁ z%gélﬁué‘/%%ﬁgg#%?n%egrdg grown |%§' g}?l g\&‘f‘%es\/@erg

f act or - dethentimub&Bi/aRRi¥edi Uitnvartet 00 ghof moudernttidetagrmtibady-ERI comjighteKDR. The

cells werg, har d h
S ﬁ’hanne}é?aséf%tec%] gorv’}ﬁes sc%C\i/, 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-IC11 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
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three tines with PBS, incubated with IMC-plCl1l 1gG (5 ug/m) for 1 h at 4C,
followed by incubation with a FITC | abel ed rabbit anti-human Fc anti body
(Capper, Woganap 5 Tekni ka Corp., West Chester, PA) for arCrgditiosnal 60
mn. The cells were washed and analyzed by a flow cytoneter (Model

EPI CS(r ) scbul TherinOeasged, affiditg ohIMEKIC1 | As mpirdy doeisl a/sloweedissucidtion bate par ent

F 1 f [y to KDR d I
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pl at es werlDRashied i80.08 mds asviléthrnB&] mantr BIAL g aaalgzsﬁ/r(ifmaa)zo The pl ates
were. then incubated at RT for 1 h with 100 ul of npuse anti-E tag

ant i bogy ZRP colré lgpannam a Biotech) for the scFv, or rabbit
anti-h L 83%15 anfT8dy- HRP 15 conj ugate (Cappel Organon
Tekni ka Corp for the chineric IgG The plates were washed 5 tines,

per oxi dase Subsg} fiat rs{ 4Rky v%b&ﬂ?ﬁf«ﬁcu anbtfR)digddler B%%sttup? %{ﬁmm

read using a mcroplate réader ar Device, unnyva
11 bi nds off&iR- éﬂ’f(SGlnngBhdﬂrtcubatamnﬁmbmztadp&ERré ford(i. d?hetxﬂmamréshweneah@ﬂt

Fv. 20 BL4 | The bi ndi ng ki net f_anti bodies, to KDR
measur od GEFHETE KOO S e e VB e re%@d‘qg'/w%@iﬁq%:n&mr%“r )

protein “@?robmm#eka%@ﬁé f8f‘£19a<f’d1§&ﬁ? Ot of %g&nﬁ@% pgzggg 99%1»9%119& s Yl g e

i njected at concentrations ranging ensor grans were

obt ai béd dte smbstnte forceP (p-aftiapheryl phosphetep St ved adddd q@aﬁ&fyﬂh@@cﬁ@m Bl A
Eval uati O%é\’sgﬂ) to determne the rate constants kon and koff Kd was
cal cul at e olegyles, Fffsorig-dheambodn canarairatiorgrquisidnos P A%winhibytinnof

reveal s t %W i h higher affinity than the parent
scFv (Tab@RZ‘%u. golyc}i%f’vlo%&g %%&s 0.82 nM conpared to 2.1 nMfor the
42 WO 01/ 74296 PCT/ US01/10504 scFv. The increased affinity of IMC-1 C 11
is mainly due IMCalGlbheck KRR oeeptdt fiomrtadding to immobilized VEGF in a dose-

dépendent manner. The chimeric antibody is more potent in blocking VEGF-XDR

15  interaction with an ICs (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-XDR interaction.

In the second assay, various amounts of IMC-1C11 antibody or cold VEGF s
protein were mixed with a fixed amount of 1251 labeled VEGF 45 and added to 96-well
20  microtiter plates coated with XDR 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 KDR receptor or block VEGF-KDR -

interaction.
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(koff) of the bivalent chimeric IgG It is inportant to note that the
affinity (Kd) of IMC- 1 C 11 for binding to KDRis simlar to that of the
nat ural WwW@andWeG- for binding to KDR, which is 0.93 nWawuSet®sni ned in
our Bl Acorg, an I)/ is (Table 2). 5 Conpetitive VEGF binding assay. In the
first assaf/foseé?ryzﬂéo”a%ﬁ%ts of antibodies were nixed with a fixed anount
of KDR-AP (50 ng) and incubated at roomtenperature for 1 h. The m xtures

were then tramsfieen@ebnk GIIPBENRES %fergas%%gﬂ@w ?a%t&%bﬁe@deEBM-Q/F@gﬂﬁE

(200 ng/well) and incubated at room tenperature for an additiona
af t er whi dhr 2hio $Shaprer twexpenimeitatios AfienpetaithebOwWithe 0siNsbdiatre f or AP

-nit h | , .S dded tify the b KDR- AP
ol ecul oo OrREaRARRROR S it HE FHA e SHRCBAER 1 16 5r75Eth SrbsSTEe B0%s
ohi b ki ' R . ' y « KDR
I nhi DI &I O%Hf)odlgspBrQ'SQHinUﬂ)lIoneMF@:stlgﬁf\?}aél i f@g%/&ﬁl%&'??{%ﬁr{ﬁ%#%pﬁ 8¢ The

receptor frombinding to Iimobilize in a dose- ner.

chi meri c a&ith dodymi tsmperaturp doremt additidnhbtkiniyy TUEGEH KWetelthen k&t mdysion with
ntrations required to inhibit 50% of KDR

? P olmcg?ngi:bﬁgfe”i @%{}%@%}E%E 8‘8%@2%%1%'6& 1M ERT210.25% seditmor t he scFv.

The contr j : o] - .
interacti gggxﬁﬁﬁﬁegqggggg ggisg ) I\I%a:ﬁiegﬂlljﬁsf 1a %%1 %tsg#}lhl K}Ep%ﬁp%rbggly or
col d VEGFI6H angtled eslinlysete @sod foe Bothithd1 KB K dndeM ARMTobe phbsphdblationskad.

VEGF165 and added to 96-well 20 microtiter plates coated with KDR
recept®r. Tha&DR siceptofayas Imprmppicsipitated fivonibecal drsates math RrotemhA washed 5

times and |,Gh: 1 - Op- iljzed
KDR receptS % m@ggiﬁﬁg %@%? %chﬁ?%ﬁsﬂ:c o’f%‘Al‘ %le%qﬁ%ggﬁd%%‘?gg 165
required tMuabd. 08 KniKOme Sykiking). Peoteihs ifate feaslived aheISEX-VEGE 4l subjeekidltb zed

KDR receptor were determned. 25 I MC-1C 11 efficiently conpetes with 1251
| abel ed VEGsters bldiiapgiysig. TodetastdoP R iphesphoribrioneblefs wereiprobedgwigheariependent

e AR e e BT o BB SeBEETER IRDENAF, o
15  kinase activity assay, cell lysates were 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 XDR 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 p2A6 (c-p2A6), inhibits VEGF-stimulated activation of KDR receptor and
MAP kinases.
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WO 01/ 74296 PCT/ USO01/ 10504 Phosphoryl ati on assay. Subconfluent HUVEC cells
were grown in growh factor depleted EBM2 nedium for 24 to 48h prior to
experi mewabni/on After pretreatnment with 50 nM sodi um orpPéoDVanzaise f or 30
mn, the cells were incubated in the presence or absence of 5 antibodies
for 15 ni wir¥-spireghed &55@stinul ation with 20 ng/ M of VEGF165, or 10 ng/n
of FGF at roomtenperature for an additional 15 mn. The cells were then

lysed in lysis M OTT S, o . % .NP- 40, 2 EDTA, 0. 25%
sodi um deoxyc h%%%%%& f£%%f Wﬂiﬁﬁ%l% ?T?n Weﬁ%%?lﬁl%@f ’B@?S?Pe%seg‘si\f%‘a’?%, 10
ug/ m  apr adndoihelialddlls wasdetndinch vitied [PHI-ToR DNUSRGohefatibe blkay NeinOR and MAP

ki nase phosphoryl ati on assays. 10 The KDR receptor was inmunoprecipitated
fromt he EG, SHI¥EGHiSth] Presiigvpl )werspltted inte 9barlisissSantimreplates in 200

Bi ot echnol coupl nt i.- ant i.bo 3

(1 nQ oge §§g‘¥feErr¢s§£2 B%%‘%PP{EH&EEQE@S@@& @l@h’?’gégcqbﬂ y%ﬁaﬁg’ﬁﬁ@i‘t ed to
Vst er n bl iricis ahibings of BatBELiECherK BRI O IRPAEME Hell®Bnd BleOhSiniRiIE:: BFePed
with an anti {)hosphotyrom ne Mab, PY20 (I CN Bi onedicals, Inc. Aurora, .

For the MAPr 1 heuk pfiersehightVRGE ys wassalded toed findlywatedration ef t@sginte d fiwr B
SDS- PAGE f.0l | owed by ..\ . b | ysi i ho- ific MAP
A b B 8 28 PP R RS R0 RRS e

det ect ed ld&ﬂﬂf'iﬁnﬁ@—h&vﬁ@pM%coﬁfol‘dté@faﬁfbakﬁﬁ%& dét&-%}qila?d \?}tﬁ%’é&nﬁﬁ%@i et he

bl ots were reprobed with a polyclonal anti- ant 1 bo one ns)
to asdQreconeter.equal anount of protein was |oaded in each | ane of SDS-PAGE
20 gels. IMC-1 C 11 effectively, inhibits VEG--stinmul ated phosphoryl ati on

Goes ot - show BREIIEERH B S MleBfebelfehabib GeRoisaenionl BEVERE 1 ecept or
and MAP KisigsRSed INQVEI('BT G &g pi/s bkeronQ4r 1121?%3& & W@th%céﬁl}hi&)f fex‘?{sﬁssofo n the

activity of KDR réceptor and p44/ p42 P ases. previ ousl'y seen
with the $BFAVEQ tharGhepardnVs:Fy. Thd dntibodyg comdenirationsi requifad-ts inlbibit 50%hf

activatio . p44/ p42 NAP Ki Furt he r neither scFv p2A6, nor the
chi mor i ¢ ECRGTREFH BroRoRe CEIBORES a1 AN fe TEGECH] Fid b BDLE 368 foF 1 on of
KDR 1 egeptlpedily. As expected, scFv p2A6 does not show any inhibitory effect on VEGF-

stimulated endothelial cell proliferation.
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MAP ki nases. 44 WD 01/74296 PCT/US01/ 10504 Anti-mtogenic assay. The
effect of anti-KDR antibodies on VEG--stinul ated m togenesis of human
endot hel ivad ovei2be was deternmined with a [ 3H - TR DNA i ncorP@DUS/®R04asSSay
using HUVEC. HUVEC (5 x 103 cells/we|l) were plated into 96-well tissue
culture plates in 200 5 | of EBM 2 ndtffehsPesSt hout VEGF, bFGF or EGF and

i ncubated at 37C for 72 h. Various anounts of antibodies were added to
duplicate wells and pre-incubated at 37C for 1 hour, after which VEG-165
was added It chgIEf aJ Lgd%ﬂaat riet.j Povadd, G6 AngDel MaAht Br, N@lleh®iy Matlla, B.,

i ncubati on 25 p TdR was added to each well and incubated for
an addit |Qﬂb§’ﬂm hd\ﬁr»§asdll@\1b Relshd-aBeek. rhdZeniani ¥ D> swskPesehler b (PN th
a scintill@tian un Both I MC-1Cl11 and scFv piCl | effectively
inhibit m oggﬁégg(gd'g% ILEJ%{E% stinmulated by VEG-F. IMC-1 ClI1 is a stronger

i nhi bi t or 20FieMEGFWI, GHsed, U), Eﬁ@@nssvaag«ﬁ S HAMEQNL BarkicARdBAMnd$edsyfeldT he
anti body concent rati ons required to in ibit 50% of EGFinduced m togeneS| S
of HUVEC &.K(189hHMpod 89(Hs-1876-5 1 and 6 nM for the scFv, 15 respectively.
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Table 2. Binding kinetics of pIC11 scFv and IMC-1C11 to KDR receptor.*
Antibody kon koff Kd
(10° M1 s (10*sh - (10° M)
pl1C11 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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,fl 0GL. c¢cbAi~'"~0O00O NNUUNN;p iz, Nx 0 QCl13 g 48 WO 01/74296
PCT/ US01/ 10504 Table 2. Binding kinetics of p 1 C 11 scFv and IMC1 C 11
to KDR ravept/on * Anti body kon koff Kd (10, MLsl1l) (104silpct/uBeiliosd4 pld |
sckv 1.11 2.27 2.1 |IM:-1Cl1 0.63 0.52 0.82 VEG- 1.87 1.81 0.93 * Al
rates are E, :ace pl asnon resonance using Bl Acore system and
are nean of at |east three separate determ nations. 49 WO 01/ 74296

PCT/ US01/ 10504 WHAT IS CLAIMED IS: 1. A nmethod of inhibiting the growth of
non-sol i d 1t unorA arkliosl dffaliibaing thé prawthbe dobyolal tuiniog a¢itk thht asrastimuted by a
endot helial growth factor receptor (VEGFR) in mammals, the method

conpri si ndigendat Yasgulahendehiahal grovith Faciay redopis (Y bEF Rody mangnals, thenethod
ant agoni st . ] i ] | I3 ej 5. KDR. 3.
A motnod SRubriate JRpaREpR HabERLAR T RERYE AR, Y BOPIE RO 1T
according to claim1 wherein the VEGFR is flt-1.

2. A method according to claim 1 wherein the VEGFR is KDR.

3. A method according to claim 1 wherein the VEGFR is flk-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 claiml 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

50



5. A nethod according to claim1l wherein the manmal is a human. 6. A nethod
according to clainl wherein the antagonist is a biological nolecule. 7. A
nmet hod aoxoepdi4rg6t o cl aim 6 wherein the bi ol ogi cal nol ecubPeT/iusolznormnocl| onal
ant i body speci fi r. VEGFR or .a fragnment that conprises the hypervariable
region ther eof¢ﬁ§£?’,&‘ar¥é‘fgn@8 %E%?ﬁ&gﬁqu%cedhﬁ?"ﬁﬂ? A NQ-Be anti body
conprises at |east one variable heavy-chain fragnment conprising: CDRHL,

havi ng the am noRejH RESEIES MM whireRRE: i H2, having the
am no aci d sequence shown in SEQ 1D. Ng. 2, a%%c?%{se lavi ng the am no
acid sequence shown in SEQ ID. NO 3; and at |east one variable

| i ght - chai n fr ayleesttoneomprblsihegvy- SRl fragrhentihaging ke animmcitieduesgshowe
shown in SEQ. I . ,4:  CDRL2, having the am no acid sequence shown in
SEQ ID. r\’ib.gEQ; H%-A&N8%aoaf\¢o 01/ 74296 PCT/ US01/10504 CDRL3, having the anino
aci d sequence SpRWE dnB vafisble 1ignt- N ' L 7
wherei n the anti body corrp%gel: g@?%ﬁ%@e%ﬁg{@ ??%%rﬁgﬁg%gélgbﬁggr%eﬁsh ragnent
havi ng t hex SBQND.&¢0d8.sequence shown in SEQ ID. NO 7; and at |east one

vari abl e light-chain fragnment having the am no acid sequence shown in SEQ
ID. NO. 8. 10. A nethod according to claim7 wherein the nonocl onal

anti body kg chi i : J: : i o claim1l
wherein tglg' aan 2}5%%%29 C?irdg%;{ggﬁlﬁno }é%épetﬁé @hgﬁg@%ﬁgéggggbweﬁg {lgr claim
1 further homapizédi ng treating the non-solid tunor cells with radiation,
chenot herapy or conbi nations thereof. 13. A method according to claim1

wherein the tunor cells affect hematopoietic structures.
11. 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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14. A nmethod according to claim213 wherein the tunor cells are bone marrow
cells. 15. A nethod according to claim 14 wherein the tunor cells are

| eukem asvo 867429 net hod according to claim15 wherein t herCPUR@Moss are
acute nyelocytic |eukema (AM.), chronic myelocytic | eukemia (CM), acute
I ynphocytic leukemia (ALL), chronic |ynphocytic |eukema (CLL),
erythrocy c | I 1 ding to

ol 5 m 14 Rer ei RSy BEoREAG A 15 AR R tvibnp(d OB RRGRAGRGC, 10,
accor di ng Hodgkind disdzbe vhBlogiHodghtn’§ disedsecel | s are | yrrphOI d cells. 51 WD
01/ 74296 PCT%USOI/10504 19. A method according to claim 18 wherein the

| ynphoid cells are rel ated to Hodgki n' s di sease or Non-Hodgki n's di sease.

20. A rret d of it rovvt of _non rs tha e

st mul at ed0ny 4 el ar ot e Wi Sladtepd RugPr s gtz o
(VEGFR) i ma%eulmdaﬁiemdgmmao% ké&&tbf At GRR) e AR e MkthBd an

ef fective am)unt of a conbination of a ant agoni st and radi ati on.

21.. A netéwgrisiog treafingthe snaphraplnwith anhedfestive atheunteireebmbinagiohoffa VEGER A
nethod accordln%aﬁg (% |n120 wherein the antagonist is adm ni stered before
r adi at i on313goM tfid# dcording to clai m 20 wherein the antagonist 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 cl ai m 20 whér mithotl hecadingdo niagh 20 sviwdein Hieshaned! seflamearand  duri ng

radi ation. 26. A nmethod according to claim 20 wherein the antagonist is
adm ni stered during and after radiation. 27. A nethod according to claim

20 wher ei g t he 3Rt RaQ @l:&)trdi'nﬁ t& O 26 WileRin Bl%faﬂfa%oﬁﬂgis administered 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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after radiation. 28. A nethod according to claim 20 wherein the antagoni st
is adm ni stered before, during, and after radiation. 52 WO 01/ 74296

PCT/ USO1MO8042929. A met hod according to claim20 wherei PCT/8013O804CEe Of
the radi.ation is external to the manmal. 30. A nethod according to claim
20 wherein the source of radiation is internal to the mamual. 31. A nethod

according to claim20 wherein the aptagonist is a ocl gnal anti body. 32.
A net hod actor d‘gr%etﬁ‘bd STt it o) HA e wonee aF %@eﬁﬁﬁ%%lacﬁxm to
structure 33.m4) Method of inhibiting the growth of nonsolid tunors that
are stimulated by a |igand of vascul ar endothelial growh factor receptor
(VEGFR) in manmal s, conprising treating the mammals with an effective
anount of an VEGFR antagoni st and a chenot herapeutic agent. 34. A nethod
according to claim 33 wherein the antagoni st is adm ni stered before
treatnment g th rapeyt.l c : . accor di claim
33 wherei nwf he Aan eé%(;(}ﬁ%%pcﬁrgﬁdp# i %@%ﬁ%&ln&ggf%ﬁcgﬁgggr%ﬁg ST %‘ﬂgttégne
chenot her apgutdat agent. 36. A nethod according to claim33 wherein the
antagonist is admnistered after the treatnent with the chenotherapeutic
agent. 37. A nethod according to claim 33 wherein the antagonist is

adm ni stergd before and  duri t.r nt. wth the.chenot her ti. ent.
36, A met i act i did i) BRGNS F Bo el Aripadel o
during and after treatnent with the chenot herapeutic agent. 53 WD 01/ 74296

PCT/ US01/ 10504 39. A nethod according to claim33 wherein the antagonist is
adni ni st er3d@d bek orethagdmatcording to claim 20 wherein the tumors affect hemopoietic structures.

33. A method of inhibiting the growth 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. 40. A nmethod according to
claim 33 wherein the antagonist is adm nistered before, during, and after
t r eat mentwowt/i2bhe chenot herapeutic agent. 41. A nmethod apcoudimgseso cl ai m
33 wherein the chenot herapeutic agent is selected fromthe group
consisting of cisplatin, dacarbazi ne, dactinonycin, nechloretham ne,

Gaunor b cn KrREABRIE f 15 & Ao e ABRLOGH s Befbre and
met hot r exaf@r trBatfdeHOR AU R Ehomth¥RbABE aB&. Vi nCri stine, bl eonyci n,

paclitaxel, docetaxel, aldesleukin, asparaginase, busul fan, carboplatin,
cl adri bi ne, dacarbazi ne, floxuridine, fludarabine, hydroxyurea, ifosfam de,

i nterferon al pha, |euprolide, esirol, nelphal an, rnerc¢aptopurineg,

ol camyci f0- m thfugod a%eﬁﬂ%@r'%%%g Bg?f@@s%gﬁmﬁ,gmaﬁtdas B by i .
strept ozogy t i L i , thioguani ne, thiotepa,
urac!ol nugugpé’,ﬁ\%g%g?ﬁﬁf??“?ﬁﬁ%?%ﬁ%%ﬁ,ﬁ%uggrgg&ghd co?mi nati ons thereof.

42. A nethod according to claim33 wherein the chenot herapeutic agent is

selected fromthe group consisting of cisplatin, doxorubicin, taxol_ and
conbi nati dis t Hepsdiod aggordmgrorgigin 3 wherainige eherpothergpesioggentds peleded t unor s

wher oi n t RSThACAaan Spisfeing ELRRE pot ety TEL IR Wb T 55
streptozocin, cyclophosphamide, carmustine, lomustine, doxorubicin, daunorubicin,
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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