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ABSTRACT 

The present invention provides vascular endothelial cell 
growth factor (VEGF) antagonists and methods of using 
VEGF antagonists. VEGF antagonists contemplated by the 
invention include VEGF antibodies and VEGF receptor 
fusion proteins. Methods of treating edema and stroke using 
VEGF antagonists are also provided. 
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VASCULAR ENDOTHELIAL CELL GROWTH 
FACTOR ANTAGONISTS AND USES THEREOF 

[0001] This is a non-provisional application ?led pursuant 
to 37 CFR 1.53(b). 

FIELD OF THE INVENTION 

[0002] The present invention relates to vascular endothe 
lial cell growth factor (VEGF) antagonists, to therapeutic 
compositions comprising the antagonists, and to methods of 
use of the antagonists for diagnostic and therapeutic pur 
poses. In particular, the present invention relates to methods 
of treatment of stroke or edema using VEGF antagonists. 

BACKGROUND OF THE INVENTION 

[0003] The tWo major cellular components of the vascu 
lature are the endothelial and smooth muscle cells. The 
endothelial cells form the lining of the inner surface of all 
blood vessels, and constitute a nonthrombogenic interface 
betWeen blood and tissue. In addition, endothelial cells are 
an important component for the development of neW capil 
laries and blood vessels. Thus, endothelial cells proliferate 
during the angiogenesis, or neovasculariZation, associated 
With tumor groWth and metastasis, as Well as a variety of 
non-neoplastic diseases or disorders. 

[0004] Various naturally occurring polypeptides report 
edly induce the proliferation of endothelial cells. Among 
those polypeptides are the basic and acidic ?broblast groWth 
factors (FGF), Burgess and Maciag, Annual Rev. Biochem., 
58:575 (1989), platelet-derived endothelial cell groWth fac 
tor (PD-ECGF), IshikaWa, et al., Nature, 338:557 (1989), 
and vascular endothelial groWth factor (VEGF), Leung, et 
al., Science 246:1306 (1989); Ferrara & HenZel, Biochem. 
Biophys. Res. Commun. 161:851 (1989); Tischer, et al., 
Biochem. Biophys. Res. Commun. 165:1198 (1989); Fer 
rara, et al., PCT Pat. Pub. No. W0 90/ 13649 (published Nov. 
15, 1990). 
[0005] VEGF Was ?rst identi?ed in media conditioned by 
bovine pituitary follicular or folliculostellate cells. Bio 
chemical analyses indicate that bovine VEGF is a dimeric 
protein With an apparent molecular mass of approximately 
45,000 Daltons, and With an apparent mitogenic speci?city 
for vascular endothelial cells. DNA encoding bovine VEGF 
Was isolated by screening a cDNA library prepared from 
such cells, using oligonucleotides based on the amino 
terminal amino acid sequence of the protein as hybridiZation 
probes. 
[0006] Human VEGF Was obtained by ?rst screening a 
cDNA library prepared from human cells, using bovine 
VEGF cDNA as a hybridiZation probe. One cDNA identi?ed 
thereby encodes a 165-amino acid protein having greater 
than 95% homology to bovine VEGF, Which protein is 
referred to as human VEGF (hVEGF). The mitogenic activ 
ity of human VEGF Was con?rmed by expressing the human 
VEGF cDNA in mammalian host cells. Media conditioned 
by cells transfected With the human VEGF cDNA promoted 
the proliferation of capillary endothelial cells, Whereas con 
trol cells did not. See, Leung, et al., Science 246:1306 
(1989). 
[0007] Several additional cDNAs Were identi?ed in 
human cDNA libraries that encode 121-, 189-, and 206 
amino acid isoforms of hVEGF (also collectively referred to 
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as hVEGF-related proteins). The 121-amino acid protein 
differs from hVEGF by virtue of the deletion of the 44 amino 
acids betWeen residues 116 and 159 in hVEGF. The 189 
amino acid protein differs from hVEGF by virtue of the 
insertion of 24 amino acids at residue 116 in hVEGF, and 
apparently is identical to human vascular permeability factor 
(hVPF). The 206-amino acid protein differs from hVEGF by 
virtue of an insertion of 41 amino acids at residue 116 in 
hVEGF. Houck, et al., Mol. Endocrin. 5:1806 (1991); Fer 
rara, et al., J. Cell. Biochem. 47:211 (1991); Ferrara, et al., 
Endocrine RevieWs 13:18 (1992); Keck, et al., Science 
246:1309 (1989); Connolly, et al., J. Biol. Chem. 264:20017 
(1989); Keck, et al., EPO Pat. Pub. No. 0 370 989 (published 
May 30, 1990). 

[0008] Receptors for VEGF have been described in the 
literature. TWo such receptors, ?t-1 and ?k-1, have been 
found to mediate VEGF effects [DeVries et al., Science 
255:989 (1992); Shibuya et al., Oncogene 5:519 (1990); 
MattheWs et al., Proc. Natl. Acad. Sci. 88:9026 (1991); 
Terman et al., Oncogene 6:1677 (1991); Terman et al., 
Biochem. Biophys. Res. Comm. 187:1579 (1992); Neufeld 
et al., Prog. GroWth Factor Res. 5:89-97 (1994); Walten 
berger et al., J. Biol. Chem. 269:26988 (1994); Quinn et al., 
Proc. Natl. Acad. Sci. 90:7533 (1993)], but their regulation 
and mechansims are not yet fully understood. Lennmyr et 
al., J. Neuropathology and Exp. Neurology 57:874-882 
(1998). Both the ?t-1 and ?k-1 receptors are membrane 
spanning receptors and belong to the class III tyrosine kinase 
receptor family. Barleon et al., J. Cell Biochem. 54:56 
(1994); Neufeld et al., supra. 

[0009] VEGF not only stimulates vascular endothelial cell 
proliferation, but also induces angiogenesis. Angiogenesis, 
Which involves the formation of neW blood vessels from 
preexisting endothelium, is an important component of a 
variety of diseases and disorders including tumor groWth 
and metastasis, rheumatoid arthritis, psoriasis, atherosclero 
sis, diabetic retinopathy, retrolental ?broplasia, neovascular 
glaucoma, age-related macular degeneration, hemangiomas, 
immune rejection of transplanted corneal tissue and other 
tissues, and chronic in?ammation. 

[0010] In the case of tumor groWth, angiogenesis appears 
to be crucial for the transition from hyperplasia to neoplasia, 
and for providing nourishment to the groWing solid tumor. 
Folkman, et al., Nature 339:58 (1989). Angiogenesis also 
alloWs tumors to be in contact With the vascular bed of the 
host Which may provide a route for metastasis of the tumor 
cells. Evidence for the role of angiogenesis in tumor 
metastasis is provided, for example, by studies shoWing a 
correlation betWeen the number and density of microvessels 
in histologic sections of invasive human breast carcinoma 
and actual presence of distant metastases. Weidner, et al., 
NeW Engl. J. Med. 324:1 (1991). 

[0011] VEGF has also been reported to be involved in 
endothelial and vascular permeability. See, Ferrara et al., 
Endocrine RevieWs 18:4-25 (1997); DobrogoWska et al., J. 
Neurocytology 27:163 (1998). Although not fully under 
stood, VEGF is believed to increase endothelial cell leakage 
in skin, retina, and tumor tissues. Collins et al., Brit. J. 
Pharmacology 109:195 (1993); Connolly et al., J. Clin. 
Invest. 84:1470 (1989); ShWeiki et al., Nature 359:843 
(1992); Monacci et al., Am. J. Physiol. 264:C995 (1993); 
Stone et al., J. Neurosci. 15:4738 (1995); Detmar et al., J. 
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Invest. Dermatol. 108:263 (1997); Weindel et al., Neurosur 
gery 35:437 (1994). The potential effects and role of VEGF 
(and its receptors, particularly, the ?t-1 receptor), on endot 
helial cell and blood-brain barrier permeability have also 
been examined. See, e.g., Rosenstein et al., Proc. Natl. Acad. 
Sci. 95:7086 (1998); DobrogoWska, supra; Kovacs et al., 
Stroke 27:1865 (1996). Relatively diffuse VEGF mRNA 
expression has been observed in adult rat brain but at 
someWhat loW abundance. Monacci et al., Am. J. Physiol. 
146:368-378 (1993). HoWever, reduced oxygen tension has 
been shoWn to trigger VEGF expression [Dor and Keshet, 
Trends in Cardiovascular Med., 7:289-294 (1998)] and 
enhanced levels of VEGF, ?t-1, and ?k-1 have been shoWn 
to occur in the rat brain folloWing the induction of focal 
cerebral ischemia. Hayashi et al., Stroke 28:2039 (1997); 
Kovacs et al., supra; Lennmyr et al., J. Neuropathology and 
Experimental Neurology, 57:874 (1998). The role of VEGF 
in the pathogenesis of stroke and BBB breakdoWn has been 
unclear With contradictory experimental observations cited 
in the literature. For example, Nag et al., J. Neuropathology 
and Experimental Neurology 5 6:912 (1997), in their cortical 
cold-injury rat model, demonstrated the presence of mural 
VEGF in permeable pial vessels and arterioles Within the 
damaged tissue and, from this observation, it Was inferred 
that VEGF is one of several factors that may mediate BBB 
breakdoWn and edema formation. On the other hand, in 
Hayashi et al., J. Cerebral Blood FloW and Metabolism, 
18:887 (1998), it is reported that VEGF itself, When applied 
topically on the surface of a reperfused rat brain after 
transient cerebral artery occlusion, reduced ischemic brain 
damage, infarct volume and edema formation. 

SUMMARY OF THE INVENTION 

[0012] The present invention provides antagonists of 
VEGF, including (a) antibodies and variants thereof Which 
are capable of speci?cally binding to hVEGF, hVEGF 
receptor, or a complex comprising hVEGF in association 
With hVEGF receptor, (b) hVEGF receptor and variants 
thereof, and (c) hVEGF variants. The antagonists inhibit, 
sequester or neutraliZe the mitogenic, angiogenic, vascular 
permeability or other biological activity of hVEGF, and thus 
are useful for the treatment of diseases or conditions char 
acteriZed by undesirable excessive neovasculariZation, 
including by Way of example, tumors, and especially solid 
malignant tumors, rheumatoid arthritis, psoriasis, athero 
sclerosis, diabetic and other retinopathies, retrolental ?bro 
plasia, age-related macular degeneration, neovascular glau 
coma, hemangiomas, thyroid hyperplasias (including 
Grave’s disease), corneal and other tissue transplantation, 
and chronic in?ammation. The antagonists also are useful 
for the treatment of diseases or conditions such as edema 
Which may be associated With, e.g., tumors, stroke, head 
trauma, ascites associated With malignancies, Meigs’ syn 
drome, lung in?ammation, nephrotic syndrome, pericardial 
effusion (such as that associated With pericarditis), and 
pleural effusion. 

[0013] In other aspects, the VEGF antagonists are 
polyspeci?c monoclonal antibodies Which are capable of 
binding to (a) a non-hVEGF epitope, for example, an 
epitope of a protein involved in thrombogenesis or throm 
bolysis, or a tumor cell surface antigen, or to (b) hVEGF, 
hVEGF receptor, or a complex comprising hVEGF in asso 
ciation With hVEGF receptor. 
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[0014] In still other aspects, the VEGF antagonists are 
conjugated With a cytotoxic moiety. 

[0015] In another aspect, the invention concerns isolated 
nucleic acids encoding the monoclonal antibodies as here 
inbefore described, and hybridoma cell lines Which produce 
such monoclonal antibodies. 

[0016] In another aspect, the invention concerns compo 
sitions, such as pharmaceutical compositions, comprising a 
VEGF antagonist in an amount effective in reducing or 
eliminating hVEGF-mediated mitogenic, angiogenic, or 
other biological activity in a mammal. 

[0017] In a different aspect, the invention concerns meth 
ods of treatment comprising administering to a mammal, 
preferably a human patient in need of such treatment, an 
effective amount of a VEGF antagonist. If desired, the 
VEGF antagonist is co-administered, either simultaneously 
or sequentially, With one or more other VEGF antagonists, 
anti-tumor or anti-angiogenic substances, or therapies suit 
able for the disease or condition being treated. 

[0018] In another aspect, the invention concerns a method 
for detecting hVEGF in a test sample by means of contacting 
the test sample With an antibody capable of binding speci? 
cally to hVEGF and determining the extent of such binding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 shoWs the effect of anti-hVEGF mono 
clonal antibodies (A4.6.1 or B2.6.2) or an irrelevant anti 
hepatocyte groWth factor antibody (anti-HGF) on the bind 
ing of the anti-hVEGF monoclonal antibodies to hVEGF. 

[0020] FIG. 2 shoWs the effect of anti-hVEGF mono 
clonal antibodies (A4.6.1 or B2.6.2) or an irrelevant anti 
HGF antibody on the biological activity of hVEGF in 
cultures of bovine adrenal cortex capillary endothelial 
(ACE) cells. 
[0021] FIG. 3 shoWs the effect of anti-hVEGF mono 
clonal antibodies (A4.6.1, B2.6.2, or A2.6.1) on the binding 
of hVEGF to bovine ACE cells. 

[0022] FIG. 4 shoWs the effect of A4.6.1 anti-hVEGF 
monoclonal antibody treatment on the rate of groWth of 
groWth of NEGSS tumors in mice. 

[0023] FIG. 5 shoWs the effect of A4.6.1 anti-hVEGF 
monoclonal antibody treatment on the siZe of NEGSS 
tumors in mice after ?ve Weeks of treatment. 

[0024] FIG. 6 shoWs the effect of A4.6.1 anti-hVEGF 
monoclonal antibody (VEGF Ab) treatment on the groWth of 
SK-LMS-l tumors in mice. 

[0025] FIG. 7 shoWs the effect of varying doses of A4.6.1 
anti-hVEGF monoclonal antibody (VEGF Ab) treatment on 
the groWth of A673 tumors in mice. 

[0026] FIG. 8 shoWs the effect of A4.6.1 anti-hVEGF 
monoclonal antibody on the groWth and survival of NEGSS 
(G55) glioblastoma cells in culture. 

[0027] FIG. 9 shoWs the effect of A4.6.1 anti-hVEGF 
monoclonal antibody on the groWth and survival of A673 
rhabdomyosarcoma cells in culture. 

[0028] FIG. 10 shoWs the effect of A4.6.1 anti-hVEGF 
monoclonal antibody on human synovial ?uid-induced 
chemotaxis of human endothelial cells. 
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[0029] FIG. 11 shows the effect of ?t-IgG treatment on the 
extent of edematous tissue as depicted by high signal 
intensity on the T2-Weighted MR image. 

[0030] FIG. 12 shoWs representative T2-Weighted MR 
images recorded 24 hours following onset of ischemia for 
both the control (top panel) and treatment group (bottom 
panel), shoWing reduction in edematous tissue in the treat 
ment group. 

[0031] FIG. 13 shoWs the effect of ?t-IgG treatment on the 
siZe of infarction determined using high resolution anatomi 
cal MRI 8-12 Weeks folloWing onset of ischemia. 

[0032] FIGS. 14A-B shoW an alignment of the amino acid 
sequences for the light and heavy variable domains respec 
tively of affinity matured anti-VEGF antibodies compared to 
the F(ab)-12 antibody. CDRs are underlined and designated 
by L, light, or H, heavy chains, and numbers 1-3. The affinity 
matured sequences are designated YO243-1; YO238-3; 
YO313-1; and YO317. Differences from F(ab)-12 are shoWn 
in shaded boxes. 

[0033] FIGS. 15A-B shoW an alignment of the amino acid 
sequences for the light and heavy variable domains respec 
tively of affinity matured anti-VEGF antibodies compared to 
the F(ab)-12 antibody. CDRs are underlined and designated 
by L, light, or H, heavy chains, and numbers 1-3. The affinity 
matured sequences are designated YO192; YO238-3; 
YO239-19; and YO313-2. Differences from F(ab)-12 are 
shoWn in shaded boxes. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] The present invention provides antagonists of 
hVEGF Which are capable of inhibiting, sequestering, or 
neutraliZing one or more of the biological activities of 
hVEGF. Antagonists of hVEGF act by interfering With the 
binding of hVEGF to a cellular receptor, by incapacitating or 
killing cells Which have been activated by hVEGF, or by 
interfering With vascular endothelial cell activation after 
hVEGF binding to a cellular receptor. All such points of 
intervention by an hVEGF antagonist shall be considered 
equivalent for purposes of this invention. Thus, included 
Within the scope of the invention are antibodies, monoclonal 
antibodies and humaniZed antibodies, or fragments thereof, 
that bind to hVEGF, hVEGF receptor, or a complex com 
prising hVEGF in association With hVEGF receptor. Also 
included Within the scope of the invention are fragments and 
amino acid sequence variants of hVEGF that bind to hVEGF 
receptor but Which do not exhibit a biological activity of 
native hVEGF. Also included Within the scope of the inven 
tion are hVEGF receptor and fragments and amino acid 
sequence variants thereof Which are capable of binding 
hVEGF. 

[0035] The term “hVEGF” as used herein refers to the 
165-amino acid human vascular endothelial cell groWth 
factor, and related 121-, 189-, and 206-amino acid vascular 
endothelial cell groWth factors, as described by Leung, et al., 
Science 24611306 (1989), and Houck, et al., Mol. Endocrin. 
511806 (1991), together With the naturally occurring allelic 
and processed forms of those groWth factors. 

[0036] The term “hVEGF receptor” or “hVEGFr” as used 
herein refers to a cellular receptor for hVEGF, ordinarily a 
cell-surface receptor found on vascular endothelial cells, as 
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Well as fragments and variants thereof Which retain the 
ability to bind hVEGF. Typically, the hVEGF receptors and 
fragments and variants thereof that are hVEGF antagonists 
Will be in isolated form, rather than being integrated into a 
cell membrane or ?xed to a cell surface as may be the case 
in nature. One example of a hVEGF receptor is the fms-like 
tyrosine kinase (?t or ?t-l), a transmembrane receptor in the 
tyrosine kinase family. DeVries, et al., Science 2551989 
(1992); Shibuya, et al., Oncogene 51519 (1990). The full 
length ?t receptor comprises an extracellular domain, a 
transmembrane domain, and an intracellular domain With 
tyrosine kinase activity. The extracellular domain is 
involved in the binding of hVEGF, Whereas the intracellular 
domain is involved in signal transduction. 

[0037] Another example of a hVEGF receptor is the ?k-l 
receptor (also referred to as KDR). MattheWs, et al., Proc. 
Nat. Acad. Sci. 8819026 (1991); Terman, et al., Oncogene 
611677 (1991); Terman, et al., Biochem. Biophys. Res. 
Commun. 18711579 (1992). 

[0038] Binding of hVEGF to the ?t receptor results in the 
formation of at least tWo high molecular Weight complexes, 
having apparent molecular Weight of 205,000 and 300,000 
Daltons. The 300,000 Dalton complex is believed to be a 
dimer comprising tWo receptor molecules bound to a single 
molecule of hVEGF. 

[0039] Variants of hVEGFr also are included Within the 
scope hereof. Representative examples include truncated 
forms of a receptor in Which at least the transmembrane and 
cytoplasmic domains are deleted from the full length recep 
tor molecule, and fusions proteins in Which non-hVEGFr 
polymers or polypeptides are conjugated to the hVEGFr or, 
preferably, truncated forms thereof. An example of such a 
non-hVEGF polypeptide is an immunoglobulin. In that case, 
for example, an extracellular domain sequence of the 
hVEGFr is substituted for the EV domain of an immunoglo 
bulin light or (preferably) heavy chain, With the C-terminus 
of the receptor extracellular domain covalently joined to the 
amino terminus of the CH1, hinge, CH2 or other fragment 
of the heavy chain. Such variants are made in the same 
fashion as knoWn immunoadhesins. See e.g., Gascoigne, et 
al., Proc. Nat. Acad. Sci. 8412936 (1987); Capon, et al., 
Nature 3371525 (1989); Aruffo, et al., Cell 6111303 (1990); 
AshkenaZi, et al., Proc. Nat. Acad. Sci. 88110535 (1991); 
Bennett, et al., J. Biol. Chem. 266123060 (1991). Examples 
of various ?t-IgG fusion proteins are described in Example 
3 beloW. Truncated forms of the extracellular domain of the 
hVEGF receptor contemplated for use in the invention 
include ECD fragments (for instance, having one or more 
amino acids in the ECD sequence deleted) and ECD forms 
having one or more immunoglobulin-like domains in the 
ECD deleted. Example 3B describes, for instance, a trun 
cated ECD form Which includes only the ?rst three immu 
noglobulin-like domains of ?t fused to a Fc-IgG. Preferably, 
a truncated form of the ECD used in making an antagonist 
molecule Will include suf?cient immunoglobulin-like 
domain(s) to ensure a desired binding to hVEGF. 

[0040] In other embodiments, the hVEGFr or fragments or 
variants thereof are conjugated to a non-proteinaceous poly 
mer such as polyethylene glycol (PEG) (see e.g., Davis, et 
al., US. Pat. No. 4,179,337; Goodson, et al., BioTechnology 
81343-346 (1990); AbuchoWski, et al., J. Biol. Chem. 
25213578 (1977); AbuchoWski, et al., J. Biol. Chem. 
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252:3582 (1977)) or carbohydrates (see e.g., Marshall, et al., 
Arch. Biochem. Biophys., 167177 (1975)). This can serve to 
extend the biological half-life of the hVEGFr and reduce the 
possibility that the receptor Will be immunogenic in the 
mammal to Which it is administered. 

[0041] The hVEGFr is used in substantially the same 
fashion as antibodies to hVEGF, taking into account the 
af?nity of the antagonist and its valency for hVEGF. An 
extracellular domain sequence of hVEGF receptor, either by 
itself or fused to an immunoglobulin polypeptide or other 
carrier polypeptide, is especially useful as an antagonist of 
hVEGF, by virtue of its ability to sequester hVEGF that is 
present in a host but that is not bound to hVEGFr on a cell 
surface. 

[0042] HVEGFr and fragments and variants thereof also 
are useful in screening assays to identify agonists and 
antagonists of hVEGF. For example, host cells transfected 
With DNA encoding hVEGFr (for example, ?t or ?k-1) 
overexpress the receptor polypeptide on the cell surface, 
making such recombinant host cells ideally suited for ana 
lyZing the ability of a test compound (for example, a small 
molecule, linear or cyclic peptide, or polypeptide) to bind to 
hVEGFr. hVEGFr and hVEGFr fusion proteins, such as an 
hVEGFr-IgG fusion protein, may be used in a similar 
fashion. For example, the fusion protein is bound to an 
immobiliZed support and the ability of a test compound to 
displace radiolabeled hVEGF from the hVEGFr domain of 
the fusion protein is determined. 

[0043] The term “recombinant” used in reference to 
hVEGF, hVEGF receptor, antibodies, or other proteins, 
refers to proteins that are produced by recombinant DNA 
expression in a host cell. The host cell may be prokaryotic 
(for example, a bacterial cell such as E. coli) or eukaryotic 
(for example, a yeast or a mammalian cell). 

Antagonist Antibodies 

[0044] The term “monoclonal antibody” as used herein 
refers to an antibody obtained from a population of substan 
tially homogeneous antibodies, i.e., the individual antibod 
ies comprising the population are identical in speci?city and 
af?nity except for possible naturally occurring mutations 
that may be present in minor amounts. It should be appre 
ciated that as a result of such naturally occurring mutations 
and the like, a monoclonal antibody composition of the 
invention, Which Will predominantly contain antibodies 
capable of speci?cally binding hVEGF, hVEGFr, or a com 
plex comprising hVEGF in association With hVEGFr 
(“hVEGF-hVEGFr complex”), may also contain minor 
amounts of other antibodies. 

[0045] Thus, the modi?er “monoclonal” indicates the 
character of the antibody as being obtained from such a 
substantially homogeneous population of antibodies, and is 
not to be construed as requiring production of the antibody 
by any particular method. For example, monoclonal anti 
bodies of the invention may be made using the hybridoma 
method ?rst described by Kohler & Milstein, Nature 
256:495 (1975), or may be made by recombinant DNA 
methods. See, e.g., Cabilly, et al., US. Pat. No. 4,816,567. 

[0046] In the hybridoma method, a mouse or other appro 
priate host animal is immuniZed With antigen by subcuta 
neous, intraperitoneal, or intramuscular routes to elicit lym 
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phocytes that produce or are capable of producing antibodies 
that Will speci?cally bind to the protein(s) used for immu 
niZation. Alternatively, lymphocytes may be immuniZed in 
vitro. Lymphocytes then are fused With myeloma cells using 
a suitable fusing agent, such as polyethylene glycol, to form 
a hybridoma cell. Goding, Monoclonal Antibodies." Prin 
ciples and Practice, pp.59-103 (Academic Press, 1986). 
[0047] The antigen may be hVEGF, hVEGFr, or hVEGF 
hVEGFr complex. The antigen optionally is a fragment or 
portion or variant of any one of hVEGF or hVEGFr having 
one or more amino acid residues that participate in the 
binding of hVEGF to one of its receptors. For example, 
immuniZation With an extracellular domain sequence of an 
hVEGFr (such as, a truncated hVEGFr polypeptide lacking 
at least transmembrane and intracellular domains) Will be 
especially useful in producing antibodies that are antagonists 
of hVEGF, since it is region(s) Within the extracellular 
domain that are involved in hVEGF binding. 

[0048] Monoclonal antibodies capable of binding hVEGF 
hVEGFr complex are useful, particularly if they do not also 
bind to non-associated (non-complexed) hVEGF and 
hVEGFr. Such antibodies thus only bind to cells undergoing 
immediate activation by hVEGF and accordingly are not 
sequestered by free hVEGF or hVEGFr as is normally found 
in a mammal. Such antibodies typically bind an epitope that 
spans one or more points of contact betWeen the receptor and 
hVEGF. Such antibodies have been produced for other 
ligand receptor complexes and may be produced here in the 
same fashion. These antibodies need not, and may not, 
neutraliZe or inhibit a biological activity of non-associated 
hVEGF or hVEGFr, Whether or not the antibodies are 
capable of binding to non-associated hVEGF or hVEGFr. 

[0049] The hybridoma cells thus prepared are seeded and 
groWn in a suitable culture medium that preferably contains 
one or more substances that inhibit the groWth or survival of 
the unfused, parental myeloma cells. For example, if the 
parental myeloma cells lack the enZyme hypoxanthine gua 
nine phosphoribosyl transferase (HGPRT or HPRT), the 
culture medium for the hybridomas typically Will include 
hypoxanthine, aminopterin, and thymidine (HAT medium), 
Which substances prevent the groWth of HGPRT-de?cient 
cells. 

[0050] Preferred myeloma cells are those that fuse ef? 
ciently, support stable high level expression of antibody by 
the selected antibody-producing cells, and are sensitive to a 
medium such as HAT. medium. Among these, preferred 
myeloma cell lines are murine myeloma lines, such as those 
derived from MOPC-21 and MPC-11 mouse tumors avail 
able from the Salk Institute Cell Distribution Center, San 
Diego, Calif. USA, SP-2 cells available from the American 
Type Culture Collection, Manassas, Va. USA, and 
P3X63Ag8U.1 cells described by Yelton, et al., Curr. Top. 
Microbiol. Immunol. 81:1 (1978). Human myeloma and 
mouse-human heteromyeloma cell lines also have been 
described for the production of human monoclonal antibod 
ies. KoZbor, J. Immunol. 13313001 (1984); Brodeur, et al., 
Monoclonal Antibody Production Techniques and Applica 
tions, pp.51-63 (Marcel Dekker, Inc., NeW York, 1987). 
[0051] Culture medium in Which hybridoma cells are 
groWing is assayed for production of monoclonal antibodies 
directed against the antigen. Preferably, the binding speci 
?city of monoclonal antibodies produced by hybridoma cells 






































