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ABSTRACT 

The present invention provides VEGF variants having at 
least a single amino acid mutation in the native VEGF 
sequence and selective binding a?inity for either the KDR 
receptor or the FLT-1 receptor. Methods of making the 
VEGF variants and methods of using the VEGF variants are 
also provided. 
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VASCULAR ENDOTHELIAL CELL GROWTH 
FACTOR VARIANTS AND USES THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention relates to vascular endothe 
lial cell growth factor (VEGF) variants, to methods for 
preparing such variants, and to methods, compositions and 
assays utilizing such variants. In particular, the invention 
relates to VEGF variants Which have binding af?nity prop 
erties for the VEGF receptors, KDR and FLT-1, different 
from that of native VEGF. 

BACKGROUND OF THE INVENTION 

[0002] 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. 

[0003] 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., 
581575 (1989), platelet-derived endothelial cell groWth fac 
tor (PD-ECGF), IshikaWa et al., Nature, 3381557 (1989), and 
vascular endothelial groWth factor (VEGF), Leung et al., 
Science, 24611306 (1989); Ferrara and HenZel, Biochem. 
Biophys. Res. Commun., 1611851 (1989); Tischer et al., 
Biochem. Biophys. Res. Commun., 16511198 (1989); Ferrara 
et al., PCT Pat. Pub. No. WO 90/13649 (published Nov. 15, 
1 990). 

[0004] 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. 
[0005] 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; this 165-amino acid 
protein is typically referred to as human VEGF (hVEGF) or 
VEGFl65. The mitogenic activity of human VEGF Was 
con?rmed by expressing the human VEGF cDNA in mam 
malian host cells. Media conditioned by cells transfected 
With the human VEGF cDNA promoted the proliferation of 
capillary endothelial cells, Whereas control cells did not. 
[See Leung et al., Science, 24611306 (1989)]. 

[0006] Although a vascular endothelial cell groWth factor 
could be isolated and puri?ed from natural sources for 
subsequent therapeutic use, the relatively loW concentrations 
of the protein in follicular cells and the high cost, both in 
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terms of effort and expense, of recovering VEGF proved 
commercially unavailing. Accordingly, further efforts Were 
undertaken to clone and express VEGF via recombinant 
DNA techniques. [See, e.g., Laboratory Investigation, 
721615 (1995), and the references cited therein]. 

[0007] VEGF has been reported to be useful for treating 
conditions in Which a selected action on the vascular endot 
helial cells, in the absence of excessive tissue groWth, is 
important, for example, diabetic ulcers and vascular injuries 
resulting from trauma such as subcutaneous Wounds. VEGF, 
a vascular (artery and venus) endothelial cell groWth factor, 
can restore cells that are damaged, a process referred to as 
vasculogenesis, and can stimulate the formulation of neW 
vessels, a process referred to as angiogenesis. [See, e.g., 
Ferrara et al., Endocrinol. Rev., 1814-25 (1997)]. VEGF is 
expressed in a variety of tissues as multiple homodimeric 
forms (121, 165, 189, and 206 amino acids per monomer) 
resulting from alternative RNA splicing. VEGF121 is a 
soluble mitogen that does not bind heparin; the longer forms 
of VEGF bind heparin With progressively higher a?inity. 
The heparin-binding forms of VEGF can be cleaved in the 
carboxy terminus by plasmin to release (a) di?fusible form(s) 
of VEGF. Amino acid sequencing of the carboxy terminal 
peptide identi?ed after plasmin cleavage is ArgnO-Alaln. 
Amino terminal “core” protein, VEGF (1-110) isolated as a 
homodimer, binds neutraliZing monoclonal antibodies (such 
as the antibodies referred to as 4.6.1 and 3.2E3.1.1) and 
soluble forms of FLT-1 and KDR receptors With similar 
a?inity compared to the intact VEGF165 homodimer. 

[0008] VEGF contains tWo sites that are responsible 
respectively for binding to the KDR (kinase domain region) 
and FLT-1 (FMS-like tyrosine kinase) receptors. These 
receptors are believed to exist only on endothelial (vascular) 
cells. VEGF production increases in cells that become 
oxygen-depleted as a result of, for example, trauma and the 
like, thereby alloWing VEGF to bind to the respective 
receptors to trigger the signaling pathWays that give rise to 
a biological response. For example, the binding of VEGF to 
such receptors may lead to increased vascular permeability, 
causing cells to divide and expand to form neW vascular 
pathWaysiie, vasculogenesis and angiogenesis. [See, e.g., 
Malavaud et al., Cardiovascular Research, 361276-281 
(1997)]. It is reported that VEGF-induced signaling through 
the KDR receptor is responsible for the mitogenic effects of 
VEGF and possibly, to a large extent, the angiogenic activity 
of VEGF. [Waltenberger et al., J. Biol. Chem., 269126988 
26995 (1994)]. The biological role(s) of FLT-1, hoWever, is 
less Well understood. 

[0009] The sites or regions of the VEGF protein involved 
in receptor binding have been identi?ed and found to be 
proximately located. [See, Weismann et al., Cell, 281695 
704 (1997); Muller et al., Proc. Natl. Acad. Sci., 9417192 
7197 (1997); Muller et al., Structure, 511325-1338 (1997); 
Fuh et al., J. Biol. Chem., 273111197-11204 (1998)]. The 
KDR receptor has been found to bind VEGF predominantly 
through the sites on a loop Which contains arginine (Arg or 
R) at position 82 of VEGF, lysine (Lys or K) at position 84, 
and histidine (His or H) at position 86. The FLT-1 receptor 
has been found to bind VEGF predominantly through the 
sites on a loop Which contains aspartic acid (Asp or D) at 
position 63, glutamic acid (Glu or E) at position 64, and 
glutamic acid (Glu or E) at position 67. [Keyt et al., J. Biol. 
Chem., 27115638-5646 (1996)]. Based on the crystal struc 
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ture of VEGF and functional mapping of the KDR binding 
site of VEGF, it has further been found that VEGF engages 
KDR receptors using tWo symmetrical binding sites located 
at opposite ends of the molecule. Each site is composed of 
tWo “hot spots” for binding that consist of residues from 
both subunits of the VEGF homodimer. [Muller et al., 
supra]. TWo of these binding determinants are located Within 
the dominant hot spot on a short, 3-stranded [3-sheet that is 
conserved in transforming groWth factor [32 (TGF-B) and 
platelet-derived groWth factor (PDGF). 

[0010] Certain VEGF-related molecules that selectively 
bind to one receptor over the other have been identi?ed. A 
molecule, PlGF, shares 53% identity With the PDGF-like 
domain of VEGF. PlGF appears to bind Flt-1 With high 
af?nity but is unable to react With KDR. As described in the 
literature, PlGF has displayed great variability in mitogenic 
activity for endothelial cells [Maglione et al., Proc. Natl. 
Acad. Sci., 88:9267-9271 (1991); Park et al., J. Biol. Chem., 
269:25646-25654 (1994); SaWano et al., Cell Growth & 
Di/j'erenlialion, 7:213-221 (1996); Landgren et al., Onco 
gene, 16:359-367 (1998)]. 

[0011] Recently, OgaWa et al. described a gene encoding 
a polypeptide (called VEGF-E) With about 25% amino acid 
identity to mammalian VEGF. The VEGF-E Was identi?ed 
in the genome of Orf virus (N Z-7 strain), a parapoxvirus that 
affects sheep and goats and occasionally, humans, to gen 
erate lesions With angiogenesis. The investigators conducted 
a cell proliferation assay and reported that VEGF-E stimu 
lated the groWth of human umbilical vein endothelial cells as 
Well as rat liver sinusoidal endothelial cells to almost the 
same degree as human VEGF. Binding studies Were also 
reported. A competition experiment Was conducted by incu 
bating cells that overexpressed either the KDR receptor or 
the FLT-1 receptor With ?xed amounts of 125I-labeled human 
VEGF or VEGF-E and then adding increasing amounts of 
unlabeled human VEGF or VEGF-E. The investigators 
reported that VEGF-E selectively bound KDR receptor as 
compared to FLT-1. [OgaWa et al., J. Biological Chem., 
273:31273-31281 (1998)]. 

[0012] Meyer et al., EMBO J., 18:363-374 (1999), have 
also identi?ed a member of the VEGF family Which is 
referred to as VEGF-E. The VEGF-E molecule reported by 
Meyer et al. Was identi?ed in the genome of Orf virus strain 
D1701. In vitro, the VEGF-E Was found to stimulate release 
of tissue factor and stimulate proliferation of vascular endot 
helial cells. In a rabbit in vivo model, the VEGF-E stimu 
lated angiogenesis in the rabbit cornea. Analysis of the 
binding properties of the VEGF-E molecule reported by 
Meyer et al., in certain assays revealed the molecule selec 
tively bound to the KDR receptor as compared to the FLT-1 
receptor. See also, Wise et al., Proc. Natl. Acad. Sci., 
96:3071-3076 (1999). 

[0013] Olofsson et al., Proc. Natl. Acad. Sci., 95:11709 
11714 (1998) report that a protein referred to as “VEGF-B” 
selectively binds FLT-1. The investigators disclose a 
mutagenesis experiment Wherein the Asp63, Asp64, and 
Glu67 residues in VEGF-B Were mutated to alanine resi 
dues. Analysis of the binding properties of the mutated form 
of VEGF-B revealed that the mutant protein exhibited a 
reduced af?nity to FLT-1. 
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SUMMARY OF THE INVENTION 

[0014] Applicants have identi?ed VEGF variants Which 
include at least one amino acid mutation (as compared to the 
native VEGF amino acid sequence), particularly at least one 
amino acid mutation at or betWeen amino acid positions 17 
to 25 and/or positions 63 to 65. Applicants have also 
identi?ed VEGF variants Which include at least one amino 
acid mutation (as compared to the native VEGF amino acid 
sequence) at positions 43, 46, 79 or 83, and particularly 
Which include amino acid substitutions to alanine at each of 
positions 43, 46, 79 and 83. Applicants surprisingly found 
that various VEGF variants exhibited altered binding af?ni 
ties With respect to the KDR and FLT-1 receptors (as 
compared to native VEGF) and further exhibited selective 
binding affinity for the KDR receptor or FLT-1 receptor. 

[0015] The invention provides VEGF variants Which 
include at least one amino acid mutation (as compared to the 
native VEGF amino acid sequence) and have selective 
binding affinity for the KDR receptor. Optionally, the at least 
one amino acid mutation comprises an amino acid substi 
tution(s) in a native VEGF polypeptide. 

[0016] In one embodiment, the invention provides VEGF 
variants comprising at least one amino acid mutation at or 
betWeen positions 17 to 25 of VEGF. Optionally, such VEGF 
variants Will comprise an amino acid substitution at or 
betWeen positions 17 to 25. Particular amino acid substitu 
tions include F17I, M18E, Y21L, Y21F, Q22R, Q22K, 
Q22E, Y25S or Y25I. In a preferred embodiment, such 
VEGF variants Will include at least one amino acid substi 
tution at positions 18 and/or 21 of VEGF, Wherein the 
methionine amino acid residue at position 18 is substituted 
With glutamic acid and/ or the tyrosine amino acid residue at 
position 21 is substituted With leucine. 

[0017] In another embodiment, the invention provides 
VEGF variants comprising at least one amino acid mutation 
at or betWeen positions 63 to 66 of VEGF. Optionally, such 
VEGF variants Will comprise an amino acid substitution at 
or betWeen positions 63 to 66. Particular amino acid sub 
stitutions include D63S, G65M, G65A, L66R or L66T. 
Preferred VEGF variants have one or more amino acid 

substitutions at positions 63, 65, and/or 66 of VEGF, 
Wherein the amino acid residue aspar‘tic acid at position 63 
is substituted With serine, the amino acid residue glycine at 
position 65 is substituted With methionine, and/or the amino 
acid residue leucine at position 66 is substituted With argi 
nine. 

[0018] Further preferred VEGF variants Will include mul 
tiple (i.e., more than one) amino acid mutations at positions 
63, 65, and/or 66 of VEGF and/or one or more amino acid 
mutations at one or more of positions 17, 18, 21, 22, and/or 
25 of VEGF. Even more preferably, the VEGF variants 
comprise one or more amino acid substitutions at positions 
18 and/or 21 of VEGF, Wherein position 18 is substituted 
With glutamic acid and/or position 21 is substituted With 
leucine, and one or more amino acid substitutions at posi 
tions 63, 65, and/or 66 of VEGF, Wherein position 63 is 
substituted With serine, position 65 is substituted With 
methionine, and/or position 66 is substituted With arginine. 
Most preferably, the VEGF variants may include one of the 
folloWing groups of amino acid substitutions: M18E, Y21L, 
Q22R, Y25S; D63S, G65M, L66R; M18E, D63S, G65M, 
L66R; or Y21L, D63S, G65M, L66R. 



US 2007/0142284 A1 

[0019] In a preferred embodiment, the VEGF variant is a 
polypeptide comprising the VEGF165 amino acid sequence 
Which includes one or more amino acid substitutions 
described in the present application. 

[0020] Additional preferred VEGF variants comprising 
multiple amino acid substitutions at such positions in the 
VEGF sequence are described in Table 2. 

[0021] In a further embodiment, the invention provides 
VEGF variants Which have selective binding af?nity for the 
FLT-1 receptor, and preferably such VEGF variants Will 
include one or more amino acid mutations at one or more of 

positions 43, 46, 79 or 83. Preferably, such FLT-1 selective 
VEGF variants Will comprise multiple (i.e., more than one) 
amino acid mutations at positions 43, 46, 79 and/or 83 of 
VEGF. Even more preferably, the FLT-1 selective VEGF 
variants Will comprise one or more amino acid substitutions 
to alanine at positions 43, 46, 79 and/or 83 of VEGF. Most 
preferably, the FLT-1 selective VEGF variants Will comprise 
the set of amino acid substitutions: I43A, I46A, Q79A, and 
1 83A. 

[0022] In another aspect, the invention provides isolated 
nucleic acids encoding the VEGF variants described herein. 
Expression vectors capable of expressing the VEGF variants 
of the invention, host cells containing such vectors, and 
methods of producing VEGF variants by culturing the host 
cells under conditions to produce the VEGF variants are also 
provided. 

[0023] In additional embodiments, the invention provides 
compositions comprising a VEGF variant and a carrier. 
Optionally, the carrier may be a pharmaceutically-accept 
able carrier. 

[0024] The invention further provides methods for treating 
conditions in Which vasculogenesis or angiogenesis is desir 
able, such as trauma to the vascular netWork, for example, 
from surgical incisions, Wounds, lacerations, penetration of 
blood vessels, and surface ulcers. In the methods, an effec 
tive amount of VEGF variant can be administered to a 

mammal having such condition(s). 

[0025] The invention also provides diagnostic methods for 
using the VEGF variants in vitro. In one embodiment, the 
methods include assaying cells or tissue using VEGF vari 
ant(s) to detect the presence or absence of the KDR and/or 
FLT-1 receptor. 

[0026] Finally, the invention provides kits and articles of 
manufacture containing the VEGF variant(s) disclosed 
herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIGS. 1A and 1B shoW the nucleotide sequence 
and putative amino acid sequence of the 165-amino acid 
native (“Wild type”) VEGF. 

[0028] FIG. 2 shoWs the ELISA assay titration curve for 
the native VEGF (8-109). 

[0029] FIG. 3 shoWs the KIRA assay titration curve for the 
native VEGF (8-109). 

[0030] FIG. 4 shoWs the HUVEC proliferation assay titra 
tion curve for the native VEGF (8-109). 
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[0031] FIG. 5 shoWs the binding affinities for KDR by 
native VEGF (“WT VEGF”), LK-VRB-2s* (KDR selective 
variant) and Flt-l-sel (Flt-1 selective variant) as measured 
by competitive displacement of l25I-VEGF (1-165) from 
KDR expressing NIH3T3 cells, using various concentrations 
of ligand. The assay is described in detail in Example 7. 
Each point represents the average of duplicate determina 
tions, and errors are estimated to be less than 15% of the 
values. 

[0032] FIG. 6 shoWs the binding affinities for Flt-1 by 
native VEGF (“WT VEGF”), LK-VRB-2s* (KDR selective 
variant) and Flt-l-sel (Flt-1 selective variant) as measured 
by competitive displacement of IZSI-VEGF (1-165) from 
FLT-1 expressing NIH3T3 cells, using various concentra 
tions of ligand. The assay is described in detail in Example 
7. Each point represents the average of duplicate determi 
nations, and errors are estimated to be less than 15% of the 
values. 

[0033] FIG. 7 shoWs a table identifying fold reduction in 
binding of various VEGF alanine substitution variants. As 
described in Example 8, protein ELISAs Were performed 
With the various alanine variants. Listed for each residue is 
the ratio of the IC5O of the variant to the IC5O of native VEGF 
(1-109), representing the fold reduction in binding of the 
variant compared to the native VEGF. ICSOs for the native 
VEGF (1-109) are shoWn in parentheses. Residues shoWn in 
bold face Were used to generate the Flt-1 selective variant. 
To generate KDR selective variants, the mutated regions 
Were divided into ?ve groups as shoWn, and the ?rst four 
Were used to construct libraries for subsequent phage display 
selections. Residues marked With an asterisk (*) Were soft 
randomiZed for a 50% bias toWard Wild type, and residues 
marked With tWo asterisks Were hard randomiZed. 

[0034] FIG. 8A shoWs the results of a radio-immuno 
receptor binding assay (RIA) in Which the Flt-1 selective 
variant (“Flt-l-sel”) Was shoWn to have at least 470-fold 
reduced KDR binding affinity. The binding af?nity for native 
VEGF (“WT VEGF”) is also shoWn. Each point represents 
the average of duplicate determinations, and errors are 
estimated to be less than 15% of the values. 

[0035] FIG. 8B shoWs the results of a radio-immuno 
receptor binding assay (RIA) in Which the Flt-1 selective 
variant (“Flt-l-sel”) Was shoWn to have binding affinity for 
FLT-1 similar to that exhibited by native VEGF (“WT 
VEGF”). Each point represents the average of duplicate 
determinations, and errors are estimated to be less than 15% 
of the values. 

[0036] FIG. 9 shoWs the results of a KIRA assay measur 
ing the ability of native VEGF (“WT VEGF”) and Flt-1 
selective variant (“Flt-l-sel”) to induce KDR phosphoryla 
tion. 

[0037] FIG. 10 shoWs the results of a HUVEC prolifera 
tion assay measuring the ability of native VEGF (“WT 
VEGF”) and Flt-1 selective variant (“Flt-l-sel”) to induce 
HUVEC cell proliferation. Each data point Was the average 
of triplicate experiments With an estimated error of 10-20%. 

[0038] FIG. 11 shoWs the results of a gelatin Zymography 
analysis to determine the ability of native VEGF, LK-VRB 
2s* (KDR selective variant), Flt-sel (Flt-1 selective variant), 
and PlGF to stimulate MMP-9 secretion by human ASMC 
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cells. The Zymogram shown is one of tWo independent 
experiments. Fold change represents the relative band den 
sity. 
[0039] FIGS. 12A and 12B illustrate Western blot analyses 
conducted to determine activation of MAP kinases by native 
VEGF (“WT VEGF”), Flt-sel (Flt-1 selective variant), and 
KDR selective variant (“KDR-sel”). The assay is described 
in detail in Example 10. 

[0040] FIGS. 13A and 13B illustrates Western blot analy 
ses conducted to determine the role of native VEGF (“Wt” or 
“VEGF”), KDR-selective variant (“KDR-sel”), and Flt-1 
selective variant (“Flt-sel”) and KDR in PLC-gamma and 
PI3'-kinase phosphorylation. The assays are described in 
detail in Example 11. 

[0041] FIGS. 14A and 14B shoW bar diagrams illustrating 
the results of HUVEC migration assays conducted in modi 
?ed Boyden chambers. FIG. 14A shoWs the HUVEC migra 
tion achieved by the indicated concentrations of native 
VEGF (“Wt”), Flt-selective variant (“Flt-sel”), and KDR 
selective variant (“KDR-sel”). FIG. 14B shoWs the results of 
an experiment in Which addition of PI3'-kinase inhibitor 
(“LY”) impaired HUVEC migration in response to native 
VEGF (“VEGF”). Experiments Were performed in triplicate, 
and error bars represent the standard error. 

[0042] FIGS. 15A and 15B shoW the results ofan in vivo 
corneal pocket angiogenesis assay. The slides in FIG. 15A 
shoW representative examples of the extent of corneal angio 
genesis in response to control treatment, native VEGF 
(“VEGF”), KDR-selective variant and Flt-selective variant. 
FIG. 15B illustrates a quantitative analysis of the surface 
areas of corneal angiogenesis resulting from control treat 
ment, native VEGF (“VEGF”), KDR-selective variant 
(“KDR-sel”), Flt-1 selective variant (“Flt-sel”), and PlGF. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A. De?nitions 

[0043] The terms “VEGF” and “native VEGF” as used 
herein refer to the 165-amino acid 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), (and further provided in 
FIGS. 1A and 1B), together With the naturally occurring 
allelic and processed forms thereof. The terms “VEGF” and 
“native VEGF” are also used to refer to truncated forms of 
the polypeptide comprising amino acids 8 to 109 or 1 to 109 
of the 165-amino acid vascular endothelial cell groWth 
factor. Reference to any such forms of VEGF may be 
identi?ed in the present application, e.g., by “VEGF (8-109), 
”“VEGF (1-109)” or “VEGF165 or VEGF (1-165).” The 
amino acid positions for a “truncated” native VEGF are 
numbered as indicated in the native VEGF sequence. For 
example, amino acid position 17 (methionine) in truncated 
native VEGF is also position 17 (methionine) in native 
VEGF. The truncated native VEGF preferably has binding 
affinity for the KDR and FLT-1 receptors comparable to 
native VEGF. 

[0044] The term “VEGF variant” as used herein refers to 
a VEGF polypeptide Which includes one or more amino acid 
mutations in the native VEGF sequence and has selective 
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binding affinity for either the KDR receptor or the FLT-1 
receptor. In one embodiment, the VEGF variant having 
selective binding affinity for the KDR receptor includes one 
or more amino acid mutations in any one of positions 17 to 
25 and/or 63 to 66 of the native VEGF sequence. Optionally, 
the one or more amino acid mutations include amino acid 

substitution(s). Preferred KDR selective VEGF variants 
include one or more amino acid mutations and exhibit 

binding affinity to the KDR receptor Which is equal to or 
greater (2) than the binding affinity of native VEGF to the 
KDR receptor, and even more preferably, the VEGF variants 
exhibit less binding affinity (<) to the FLT-1 receptor than 
the binding affinity exhibited by native VEGF to FLT-1. 
When binding affinity of such VEGF variant to the KDR 
receptor is approximately equal (unchanged) or greater than 
(increased) as compared to native VEGF, and the binding 
affinity of the VEGF variant to the FLT-1 receptor is less 
than or nearly eliminated as compared to native VEGF, the 
binding affinity of the VEGF variant, for purposes herein, is 
considered “selective” for the KDR receptor. Preferred KDR 
selective VEGF variants of the invention Will have at least 
10-fold less binding affinity to FLT-1 receptor (as compared 
to native VEGF), and even more preferably, Will have at 
least 100-fold less binding affinity to FLT-1 receptor (as 
compared to native VEGF). The respective binding affinity 
of the VEGF variant may be determined by ELISA, RIA, 
and/or BIAcore assays, knoWn in the art and described 
further in the Examples beloW. Preferred KDR selective 
VEGF variants of the invention Will also exhibit activity in 
KIRA assays (such as described in the Examples) re?ective 
of the capability to induce phosphorylation of the KDR 
receptor. Preferred KDR selective VEGF variants of the 
invention Will additionally or alternatively induce endothe 
lial cell proliferation (Which can be determined by knoWn art 
methods such as the HUVEC proliferation assay in the 
Examples). Induction of endothelial cell proliferation is 
presently believed to be the result of signal transmission by 
the KDR receptor. 

[0045] In one embodiment, the VEGF variant having 
selective binding affinity for the FLT-1 receptor includes one 
or more amino acid mutations in any one of positions 43, 46, 
79 or 83 of the native VEGF sequence. Optionally, the one 
or more amino acid mutations include amino acid substitu 
tion(s), and preferably, amino acid substitutions to alanine. 
Preferred FLT-1 selective VEGF variants include one or 
more amino acid mutations and exhibit binding affinity to 
the FLT-1 receptor Which is equal to or greater (2) than the 
binding affinity of native VEGF to the FLT-1 receptor, and 
even more preferably, such VEGF variants exhibit less 
binding affinity (<) to the KDR receptor than the binding 
affinity exhibited by native VEGF to KDR. When binding 
affinity of such VEGF variant to the FLT-1 receptor is 
approximately equal (unchanged) or greater than (increased) 
as compared to native VEGF, and the binding affinity of the 
VEGF variant to the KDR receptor is less than or nearly 
eliminated as compared to native VEGF, the binding affinity 
of the VEGF variant, for purposes herein, is considered 
“selective” for the FLT-1 receptor. Preferred FLT-1 selective 
VEGF variants of the invention Will have at least 10-fold 
less binding affinity to KDR receptor (as compared to native 
VEGF), and even more preferably, Will have at least 100 
fold less binding affinity to KDR receptor (as compared to 
native VEGF). The respective binding affinity of the VEGF 
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variant may be determined by ELISA, RIA, and/or BlAcore 
assays, known in the art and described further in the 
Examples below. 

[0046] For purposes of shorthand designation of VEGF 
variants described herein, it is noted that numbers refer to 
the amino acid residue position along the amino acid 
sequence of the putative native VEGF (provided in Leung et 
al., supra and Houck et al., supra.). Amino acid identi?cation 
uses the single-letter alphabet of amino acids, i.e., 

Asp D Aspartic acid Ile I Isoleucine 

Thr T Threonine Leu L Leucine 

Ser S Serine Tyr Y Tyrosine 

Glu E Glutamic acid Phe F Phenylalanine 

Pro P Proline His H Histidine 

Gly G Glycine Lys K Lysine 

Ala A Alanine Arg R Arginine 

Cys C Cysteine Trp W Tryptophan 

Val V Valine Gln Q Glutamine 

Met M Methionine Asn N Asparagine 

[0047] “Operably linked” refers to juxtaposition such that 
the normal function of the components can be performed. 
Thus, a coding sequence “operably linked” to control 
sequences refers to a con?guration Wherein the coding 
sequence can be expressed under the control of these 
sequences and Wherein the DNA sequences being linked are 
contiguous and, in the case of a secretory leader, contiguous 
and in reading phase. For example, DNA for a presequence 
or secretory leader is operably linked to DNA for a polypep 
tide if it is expressed as a preprotein that participates in the 
secretion of the polypeptide; a promoter or enhancer is 
operably linked to a coding sequence if it affects the tran 
scription of the sequence; or a ribosome binding site is 
operably linked to a coding sequence if it is positioned so as 
to facilitate translation. Linking is accomplished by ligation 
at convenient restriction sites. If such sites do not exist, then 
synthetic oligonucleotide adaptors or linkers are used in 
accord With conventional practice. 

[0048] “Control sequences” refer to DNA sequences nec 
essary for the expression of an operably linked coding 
sequence in a particular host organism. The control 
sequences that are suitable for prokaryotes, for example, 
include a promoter, optionally an operator sequence, and a 
ribosome binding site. Eukaryotic cells are knoWn to utiliZe 
promoters, polyadenylation signals, and enhancers. 

[0049] “Expression system” refers to DNA sequences con 
taining a desired coding sequence and control sequences in 
operable linkage, so that hosts transformed With these 
sequences are capable of producing the encoded proteins. To 
effect transformation, the expression system may be 
included on a vector; hoWever, the relevant DNA may then 
also be integrated into the host chromosome. 

[0050] As used herein, “cell,”“cell line,” and “cell culture” 
are used interchangeably and all such designations include 
progeny. Thus, “transformants” or “transformed cells” 
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includes the primary subject cell and cultures derived there 
from Without regard for the number of transfers. It is also 
understood that all progeny may not be precisely identical in 
DNA content because deliberate or inadvertent mutations 
may occur. Mutant progeny that have the same functionality 
as screened for in the originally transformed cell are 
included. Where distinct designations are intended, it Will be 
clear from the context. 

[0051] “Plasmids” are designated by a loWer case p 
preceded and/ or folloWed by capital letters and/ or numbers. 
The starting plasmids herein are commercially available, are 
publicly available on an unrestricted basis, or can be con 

structed from such available plasmids in accord With pub 
lished procedures. In addition, other equivalent plasmids are 
knoWn in the art and Will be apparent to the ordinary artisan. 

[0052] The term “VEGF receptor” as used herein refers to 
a cellular receptor for VEGF, ordinarily a cell-surface recep 
tor found on vascular endothelial cells, as Well as fragments 
and variants thereof Which retain the ability to bind VEGF 
(such as fragments or truncated forms of the receptor extra 
cellular domain). One example of a VEGF receptor is the 
fms-like tyrosine kinase (FLT or FLT-1), a transmembrane 
receptor in the tyrosine kinase family. The term “FLT-1 
receptor” used in the application refers to the VEGF receptor 
described, for instance, by DeVries et al., Science, 2551989 
(1992); and Shibuya et al., Oncogene, 5:519 (1990). The full 
length FLT-1 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 VEGF, Whereas the intracellular 
domain is involved in signal transduction. Another example 
of a VEGF receptor is the KDR receptor (also referred to as 
FLK-l). The term “KDR receptor” used in the application 
refers to the VEGF receptor described, for instance, by 
MattheWs et al., Proc. Nat. Acad. Sci., 8819026 (1991); and 
Terman et al., Oncogene, 611677 (1991); Terman et al., 
Biochem. Biophys. Res. Commun, 18711579 (1992). 

[0053] “Treatment” refers to both therapeutic treatment 
and prophylactic or preventative measures, Wherein the 
object is to prevent or sloW doWn (lessen) the targeted 
pathologic condition or disorder. Those in need of treatment 
include those already With the disorder as Well as those 
prone to have the disorder or those in Whom the disorder is 
to be prevented. 

[0054] “Chronic” administration refers to administration 
of the agent(s) in a continuous mode as opposed to an acute 
mode, so as to maintain the initial therapeutic effect (activ 
ity) for an extended period of time. lnterrnittent administra 
tion is treatment that is not consecutively done Without 
interruption, but rather is cyclic in nature. 

[0055] “Mammal” for purposes of treatment refers to any 
animal classi?ed as a mammal, including humans, domestic 
and farm animals, and ZOO, sports, or pet animals, such as 
dogs, cats, coWs, horses, sheep, or pigs. Preferably, the 
mammal is human. 

[0056] Administration “in combination With” one or more 
further therapeutic agents includes simultaneous (concur 
rent) and consecutive administration in any order. 
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B. Methods and Compositions 

[0057] 1. Preparation of VEGF Variants 

[0058] Amino acid sequence variants of VEGF can be 
prepared by mutations in the VEGF DNA. Such variants 
include, for example, deletions from, insertions into or 
substitutions of residues Within the amino acid sequence 
shoWn in Leung et al., supra and Houck et al., supra. Any 
combination of deletion, insertion, and substitution may be 
made to arrive at the ?nal construct having the desired 
activity. Obviously, the mutations that Will be made in the 
DNA encoding the variant must not place the sequence out 
of reading frame and preferably Will not create complemen 
tary regions that could produce secondary mRNA structure 
[see EP 75,444A]. 

[0059] The VEGF variants optionally are prepared by 
site-directed mutagenesis of nucleotides in the DNA encod 
ing the native VEGF or phage display techniques, thereby 
producing DNA encoding the variant, and thereafter 
expressing the DNA in recombinant cell culture. 

[0060] While the site for introducing an amino acid 
sequence variation is predetermined, the mutation per se 
need not be predetermined. For example, to optimiZe the 
performance of a mutation at a given site, random mutagen 
esis may be conducted at the target codon or region and the 
expressed VEGF variants screened for the optimal combi 
nation of desired activity. Techniques for making substitu 
tion mutations at predetermined sites in DNA having a 
knoWn sequence are Well-knoWn, such as, for example, 
site-speci?c mutagenesis. 

[0061] Preparation of the VEGF variants described herein 
is preferably achieved by phage display techniques, such as 
those described in Example 1. 

[0062] After such a clone is selected, the mutated protein 
region may be removed and placed in an appropriate vector 
for protein production, generally an expression vector of the 
type that may be employed for transformation of an appro 
priate host. 

[0063] Amino acid sequence deletions generally range 
from about 1 to 30 residues, more preferably 1 to 10 
residues, and typically are contiguous. 

[0064] Amino acid sequence insertions include amino 
and/or carboxyl-terminal fusions of from one residue to 
polypeptides of essentially unrestricted length as Well as 
intrasequence insertions of single or multiple amino acid 
residues. lntrasequence insertions (i.e., insertions Within the 
native VEGF sequence) may range generally from about 1 
to 10 residues, more preferably 1 to 5. An example of a 
terminal insertion includes a fusion of a signal sequence, 
Whether heterologous or homologous to the host cell, to the 
N-terminus to facilitate the secretion from recombinant 
hosts. 

[0065] Additional VEGF variants are those in Which at 
least one amino acid residue in the native VEGF has been 
removed and a different residue inserted in its place. Such 
substitutions may be made in accordance With those shoWn 
in Table 1. 
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TABLE 1 

Original Residue Exemplary Substitutions 

Ala (A) gly; ser 

Arg (R) lys 

Asn (N) gln; his 

Asp (D) glu 

Cys (C) ser 

Gln (Q) asn 

Glu (E) asp 

Gly (G) ala; pro 

His (H) asn; gln 

Ile (I) leu; val 

Leu (L) ile; val 

Lys (K) arg; gln; glu 

Met (M) leu; tyr; ile 

Phe (F) met; leu; tyr 

Ser (S) thr 

Thr (T) ser 

Trp (W) tyr 

Tyr (Y) trp; phe 

Val (V) ile; leu 

[0066] Changes in function or immunological identity 
may be made by selecting substitutions that are less con 
servative than those in Table l, i.e., selecting residues that 
differ more signi?cantly in their effect on maintaining (a) the 
structure of the polypeptide backbone in the area of the 
substitution, for example, as a sheet or helical conformation, 
(b) the charge or hydrophobicity of the molecule at the target 
site, or (c) the bulk of the side chain. The substitutions that 
in general are expected to produce the greatest changes in 
the VEGF variant properties Will be those in Which (a) 
glycine and/or proline (P) is substituted by another amino 
acid or is deleted or inserted; (b) a hydrophilic residue, e.g., 
seryl or threonyl, is substituted for (or by) a hydrophobic 
residue, e. g., leucyl, isoleucyl, phenylalanyl, valyl, or alanyl; 
(c) a cysteine residue is substituted for (or by) any other 
residue; (d) a residue having an electropositive side chain, 
e.g., lysyl, arginyl, or histidyl, is substituted for (or by) a 
residue having an electronegative charge, e.g., glutamyl or 
aspartyl; (e) a residue having an electronegative side chain 
is substituted for (or by) a residue having an electropositive 
charge; or (f) a residue having a bulky side chain, e.g., 
phenylalanine, is substituted for (or by) one not having such 
a side chain, e.g., glycine. 

[0067] The effect of the substitution, deletion, or insertion 
may be evaluated readily by one skilled in the art using 
routine screening assays. For example, a phage display 
selected VEGF variant may be expressed in recombinant 
cell culture, and, optionally, puri?ed from the cell culture. 
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The VEGF variant may then be evaluated for KDR or FLT-1 
receptor binding affinity and other biological activities, such 
as those disclosed in the present application. The binding 
properties or activities of the cell lysate or puri?ed VEGF 
variant can be screened in a suitable screening assay for a 
desirable characteristic. For example, a change in the immu 
nological character of the VEGF variant as compared to 
native VEGF, such as af?nity for a given antibody, may be 
desirable. Such a change may be measured by a competitive 
type immunoassay, Which can be conducted in accordance 
With techniques knoWn in the art. The respective receptor 
binding af?nity of the VEGF variant may be determined by 
ELISA, RIA, and/or BIAcore assays, knoWn in the art and 
described further in the Examples beloW. Preferred VEGF 
variants of the invention Will also exhibit activity in KIRA 
assays (such as described in the Examples) re?ective of the 
capability to induce phosphorylation of the KDR receptor. 
Preferred VEGF variants of the invention Will additionally 
or alternatively induce endothelial cell proliferation (Which 
can be determined by knoWn art methods such as the 
HUVEC proliferation assay in the Examples). 

[0068] VEGF variants may be prepared by techniques 
knoWn in the art, for example, recombinant methods. Iso 
lated DNA used in these methods is understood herein to 
mean chemically synthesiZed DNA, cDNA, chromosomal, 
or extrachromosomal DNA With or Without the 3'- and/or 
5'-?anking regions. Preferably, the VEGF variants herein are 
made by synthesis in recombinant cell culture. 

[0069] For such synthesis, it is ?rst necessary to secure 
nucleic acid that encodes a VEGF or VEGF variant. DNA 
encoding a VEGF molecule may be obtained from bovine 
pituitary follicular cells by (a) preparing a cDNA library 
from these cells, (b) conducting hybridization analysis With 
labeled DNA encoding the VEGF or fragments thereof (up 
to or more than 100 base pairs in length) to detect clones in 
the library containing homologous sequences, and (c) ana 
lyZing the clones by restriction enZyme analysis and nucleic 
acid sequencing to identify full-length clones. If full-length 
clones are not present in a cDNA library, then appropriate 
fragments may be recovered from the various clones using 
the nucleic acid sequence information disclosed herein for 
the ?rst time and ligated at restriction sites common to the 
clones to assemble a full-length clone encoding the VEGF. 
Alternatively, genomic libraries Will provide the desired 
DNA. 

[0070] Once this DNA has been identi?ed and isolated 
from the library, it is ligated into a replicable vector for 
further cloning or for expression. 

[0071] In one example of a recombinant expression sys 
tem, a VEGF-encoding gene is expressed in a cell system by 
transformation With an expression vector comprising DNA 
encoding the VEGF. It is preferable to transform host cells 
capable of accomplishing such processing so as to obtain the 
VEGF in the culture medium or periplasm of the host cell, 
i.e., obtain a secreted molecule. 

[0072] “Transfection” refers to the taking up of an expres 
sion vector by a host cell Whether or not any coding 
sequences are in fact expressed. Numerous methods of 
transfection are knoWn to the ordinarily skilled artisan, for 
example, CaPO4 and electroporation. Successful transfec 
tion is generally recogniZed When any indication of the 
operation of this vector occurs Within the host cell. 
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[0073] “Transformation” refers to introducing DNA into 
an organism so that the DNA is replicable, either as an 
extrachromosomal element or by chromosomal integrant. 
Depending on the host cell used, transformation is done 
using standard techniques appropriate to such cells. The 
calcium treatment employing calcium chloride, as described 
by Cohen, Prac. Natl. Acad. Sci. (USA), 69: 2110 (1972) and 
Mandel et al., J. Mol. Biol, 53: 154 (1970), is generally used 
for prokaryotes or other cells that contain substantial cell 
Wall barriers. For mammalian cells Without such cell Walls, 
the calcium phosphate precipitation method of Graham and 
van der Eb, Wralogy, 52: 456-457 (1978), is preferred. 
General aspects of mammalian cell host system transforma 
tions have been described by Axel in US. Pat. No. 4,399,216 
issued Aug. 16, 1983. Transformations into yeast are typi 
cally carried out according to the method of Van Solingen et 
al., J. BacL, 130: 946 (1977) and Hsiao et al., Proc. Natl. 
Acad. Sci. (USA), 76: 3829 (1979). HoWever, other methods 
for introducing DNA into cells such as by nuclear injection 
or by protoplast fusion may also be used. 

[0074] The vectors and methods disclosed herein are suit 
able for use in host cells over a Wide range of prokaryotic 
and eukaryotic organisms. 

[0075] In general, of course, prokaryotes are preferred for 
the initial cloning of DNA sequences and construction of the 
vectors useful in the invention. For example, E. c0li K12 
strain MM 294 (ATCC No. 31,446) is particularly useful. 
Other microbial strains that may be used include E. coli 
strains such as E. coli B and E. c0li X1776 (ATCC No. 
31,537). These examples are, of course, intended to be 
illustrative rather than limiting. 

[0076] Prokaryotes may also be used for expression. The 
aforementioned strains, as Well as E. coli strains W3110 
(Ff, lambda-, prototrophic, ATCC No. 27,325), K5772 
(ATCC No. 53,635), and SR101, bacilli such as Bacillus 
sublilis, and other enterobacteriaceae such as Salmonella 
zyphimurium or Serralia marcesans, and various pseudomo 
nas species, may be used. 

[0077] In general, plasmid vectors containing replicon and 
control sequences that are derived from species compatible 
With the host cell are used in connection With these hosts. 
The vector ordinarily carries a replication site as Well as 
marking sequences that are capable of providing phenotypic 
selection in transformed cells. For example, E. coli is 
typically transformed using pBR322, a plasmid derived 
from an E. coli species (see, e.g., Bolivar et al., Gene, 2:95 
(1977)]. pBR322 contains genes for ampicillin and tetracy 
cline resistance and thus provides easy means for identifying 
transformed cells. The pBR322 plasmid, or other microbial 
plasmid or phage, must also contain, or be modi?ed to 
contain, promoters that can be used by the microbial organ 
ism for expression of its oWn proteins. 

[0078] Those promoters most commonly used in recom 
binant DNA construction include the [3-lactamase (penicil 
linase) and lactose promoter systems [Chang et al., Nature, 
375:615 (1978); Itakura et al., Science, 198:1056 (1977); 
Goeddel et al., Nature, 281:544 (1979)] and a tryptophan 
(trp) promoter system [Goeddel et al., Nucleic Acids Res., 
8:4057 (1980); EPO Appl. Publ. No. 0036,776]. While these 
are the most commonly used, other microbial promoters 
have been discovered and utiliZed, and details concerning 
their nucleotide sequences have been published, enabling a 




































