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MODIFIED CHIMERIC POLYPEPTIDES WITH 
IMPROVED PHARMACOKINETIC PROPERTIES 
AND METHODS OF MAKING AND USING 

THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of appli 
cation Ser. No. 10/009,852 filed 6 Dec. 2001, which is the 
National Stage of International Application No. PCT/US00/ 
14142 filed 23 May 2000, which claims the benefit under 35 
USC S 119(e) of U.S. Provisional 60/138,133 filed 8 Jun. 
1999, which applications are herein specifically incorpo 
rated by reference in their entireties. 

BACKGROUND 

STATEMENT REGARDING RELATED ART 

0002. A class of cell-derived dimeric mitogens with 
selectivity for vascular endothelial cells has been identified 
and designated vascular endothelial cell growth factor 
(VEGF). VEGF is a dimer with an apparent molecular mass 
of about 46 kDa with each Subunit having an apparent 
molecular mass of about 23 kDa. The membrane-bound 
tyrosine kinase receptor, known as Flt (also known as 
VEGFR2), was shown to be a VEGF receptor (DeVries et al. 
(1992) Science 255:989991). Another form of the VEGF 
receptor, designated KDR or Flk-1 (also known as 
VEGFR3), is also known to bind VEGF and induce mito 
genesis (Terman et al. (1991) Oncogene 6:1677-1683; Ter 
man et al. (1992) Biochem. Biophys. Res. Comm. 187: 1579 
1586). 
0003 U.S. Pat. No. 6,011,003 describes an altered, 
soluble form of Flt polypeptide capable of binding to VEGF 
comprising five or fewer complete immunoglobulin 
domains. WO 97/44453 describes chimeric VEGF receptor 
proteins comprising amino acid Sequences derived from 
VEGF receptors Flt1 and KDR. 

BRIEF SUMMARY OF THE INVENTION 

0004. In a first aspect, the invention provides an isolated 
nucleic acid molecule, comprising (a) a nucleotide sequence 
encoding a vascular endothelial growth factor (VEGF) 
receptor component consisting essentially of an immuno 
globulin-like (Ig) domain 2 of a first VEGF receptor and Ig 
domain 3 of a second VEGF receptor; and (b) a nucleotide 
Sequence encoding a multimerizing component, wherein the 
first VEGF receptor is Flt1, the second VEGF receptor is 
Flk1 or Flt4, and the VEGF receptor component is the only 
VEGF receptor component of the fusion polypeptide. In one 
embodiment, the nucleotide Sequence encoding Ig domain 2 
of the extracellular domain of the first VEGF receptor is 
upstream of the nucleotide Sequence encoding Ig domain 3 
of the extracellular domain of the second VEGF receptor. In 
another embodiment, the nucleotide Sequence encoding Ig 
domain 2 of the extracellular domain of the first VEGF 
receptor is downstream of the nucleotide Sequence encoding 
Ig domain 3 of the extracellular domain of the second VEGF 
receptor. In one embodiment, the multimerizing component 
comprises an immunoglobulin domain. Preferably, the 
immunoglobulin domain is the Fc domain of IgG or the 
heavy chain of IgG. In Specific embodiments, the nucleotide 
Sequence is Selected from the group consisting of the nucle 
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otide sequence of SEQID NO:11, 13, and 15, or a nucleotide 
Sequence which, as a result of the degeneracy of the genetic 
code, differs from the nucleotide sequence of SEQ ID 
NO:11, 13, and 15. 

0005 The components of the fusion polypeptide encoded 
by the nucleic acid molecule of the invention are arranged as 
1,2,3, 1.3.2; 2,1,3,2,3,1; 3,12; or 3.2,1, wherein 1 is the first 
VEGF receptor component, 2 is the second VEGF receptor 
component, and 3 is the multimerizing component. 

0006. In a second aspect, the invention features a vector 
comprises a nucleic acid molecule of the invention. In a 
more specific embodiment, the Vector is an expression 
vector comprising the nucleic acid molecule of the invention 
operatively linked to an expression control Sequence. 

0007. In a third aspect, the invention features a host 
vector System for the production of a fusion polypeptide 
which comprises the expression vector of the invention in a 
suitable host cell. The Suitable host cell may be a bacterial 
cell, yeast cell, insect cell, or mammalian cell. In a preferred 
embodiment, the host cell is an E. coli cell or a CHO cell. 

0008. In a fourth aspect, the invention features a method 
of producing a fusion polypeptide which comprises growing 
cells of the host-vector system of the invention under 
conditions permitting production of the fusion polypeptide 
and recovering the fusion polypeptide So produced. 

0009. In a fifth aspect, the invention features a dimeric 
vascular endothelial growth factor (VEGF) antagonist, com 
prising two fusion polypeptides, each fusion polypeptide 
comprising (a) a VEGF receptor component consisting 
essentially of an immunoglobulin-like (Ig) domain 2 of an 
Flt-1 VEGF receptor and Ig domain 3 of an Flk-1 or Flt-4 
VEGF receptor; and (b) a multimerizing component, 
wherein the VEGF receptor component is the only VEGF 
receptor component of each fusion protein. In specific 
embodiments, the dimeric VEGF antagonist is modified by 
acetylation or pegylation. 

0010. In a sixth aspect, the invention features a fusion 
polypeptide, comprising (a) a VEGF receptor component 
consisting essentially of an immunoglobulin-like (Ig) 
domain 2 of an Flt-1 VEGF receptor and Ig domain 3 of an 
Flk-1 or Flt-4 VEGF receptor; and (b) a multimerizing 
component, wherein the VEGF receptor component is the 
only VEGF receptor component of the fusion polypeptide. 
In one embodiment, the multimerizing component com 
prises an immunoglobulin domain. More specifically, the 
multimerizing component is an immunoglobulin domain 
which is one of the Fc domain of IgG or the heavy chain of 
IgG. In specific embodiments, the fusion polypeptide com 
prises an amino acid Sequence Selected from the group 
consisting of SEQ ID NO:12 (Flt1D2. Flk1D3FcAC1(a)), 
SEQ ID NO:14 (Flt1D2.VEGFR3D3.FcAC1(a)), and SEQ 
ID NO:16 (VEGFR1R2 FcAC1(a)). 
0011. In a seventh aspect, the invention features a phar 
maceutical composition comprising the fusion polypeptide 
of the invention and a pharmaceutically acceptable carrier. 

0012. In an eighth aspect, the invention features a thera 
peutic method for treating or ameliorating an eye disorder, 
comprising administering the pharmaceutical composition 
of the invention to a patient in need thereof. In one embodi 
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ment, the eye disorder treated is age related macular degen 
eration. In another embodiment, the eye disorder treated is 
diabetic retinopathy 
0013. Other objects and advantages will become apparent 
from a review of the ensuing detailed description. 

BRIEF DESCRIPTION OF THE FIGURES 

0014 FIG. 1. Binding of unmodified Flt1(1-3)-Fc, basic 
region deletion mutant Flt1(1-3)-Fc and Flt1(1-) N 
mutant proteins in a Biacore-based assay. 
0015 FIG.2. Binding of unmodified Flt1(1-3)-Fc, Mut1: 
Flt1(1-3A)-Fc, Mut2: Flt1(2-3A)-Fc, and Flt1(2-3) mutant 
proteins to Matrigel E) coated plates. 

0016 FIG.3. Binding of unmodified Flt1(1-3)-Fc, Mut1: 
Flt1(1-3A)-Fc, Mut2: Flt1(2-3A)-Fc, and Flt1(2-3) mutant 
proteins in an ELISA-based assay. 
0017 FIG. 4. Pharmacokinetic profiles of unmodified 
Flt1(1-3)-Fc, Mut1: Flt1(1-3A)-Fc, Mut2: Flt1(2-3A)-Fc, 
and Flt1(2-3) mutant proteins. 
0018 FIG. 5. Extra cellular matrix (ECM) assay of 
Flt1D2. Flk1D3.FcAC1(a) and 
Flt1D2.VEGFR3D3.FcAC1(a). 
0019 FIG. 6. MG/R2 Cell proliferation assay. Modified 
Flt receptors Flt1(1-3)-Fc, Flt1D2. Flk1D3.FcAC1(a) and 
Flt1D2.VEGFR3D3.FcAC1(a), plus an irrelevant receptor 
termed Tie2-Fc as a negative control, were titrated from 40 
nM to 20 pM and incubated on the cells for 1 hr at 37° C. 
0020 FIG. 6. Biacore analysis of binding stoichiometry. 
Binding Stoichiometry was calculated as a molar ratio of 
bound VEGF165 to the immobilized 
Flt1D2Flk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a), using 
the conversion factor of 1000 RU equivalent to 1 ng/ml. 

0021 FIG. 8. Pharmacokinetics of Flt1(1-3)-Fc (A40), 
Flt1D2. Flk1D3.FcAC1(a) and VEGFR1R2-FcAC1(a). 
0022 FIG. 9. Pharmacokinetics of Flt1(1-3)-Fc (A40), 
Flt1D2. Flk1D3.FcAC1(a) and 
Flt1D2.VEGFR3D3.FcAC1(a). 
0023 FIG. 10. The ability of Flt1D2.FIk1D3.FcAC1(a) 
to inhibit HT-1080 fibrosarcoma tumor growth in vivo. 
0024 FIG. 11. The ability of Flt1D2.FIk1D3.FcAC1(a) 
to inhibit C6 glioma tumor growth in vivo. 
0025 FIG. 12. VEGF-induced uterine hyperpermeabil 

ity. 

0.026 FIG. 13A-B. Assessment of corpus luteum angio 
genesis using progesterone as a readout. 

0027 FIG. 14. VEGFR1R2-FcAC1(a) prevents Evans 
Blue leakage in Streptozotocin-treated rats. 

0028 FIG. 15. VEGFR1R2-FcAC1(a) prevents neovas 
cularization induced by retinal ischemia. Serial 10 um croSS 
Sections were collected and Stained with hematoxylin and 
eosin. For each animal, nuclei in preretinal neoVessels were 
counted in a series often sections within 300 microns of the 
optic nerve head and averaged. Counts were obtained in 
three independent experiments, nea for each treatment 
group in each Study. 
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0029 FIG. 16. Effect of subcutaneous VEGFR1R2 
FcAC1(a) injections on choroidal neovascularization area. 
The size of CNV lesions was measured in choroidal flat 
mounts. The images were digitized using an Axioskop 
microScope equipped with a video camera, and the total area 
of choroidal neovascularization associated with each laser 
burn was measured using Image-Pro Plus Software. 
0030 FIG. 17. VEGFR1R2-FcAC1(a) inhibits subretinal 
neovascularization in Rho/VEGF transgenic mice. 
0031 FIG. 18A-B. VEGF-Induced breakdown of the 
blood retinal barrier. A. Following intravitreal injections of 
VEGF, adult mice (C57BL/6) treated with injections of 
VEGFR1R2-FcAC1(a) had a significantly smaller retina to 
lung leakage ration than mice treated with Fc fragment, 
indicating less breakdown of BRB. B. Double transgenic 
mice treated with injections of VEGFR1R2-FcAC1(a) had a 
Significant reduction in the retina to lung leakage ration 
compared to mice treated with Fc fragment. 

0032 FIG. 19. Effect of VEGFR1R2-FcAC1(a) admin 
istration on corneal thickness in Suture and alkali burn 
models of corneal trauma. Corneas were injured by Suture 
placement or application of NaOH as described, and a single 
dose of VEGFR1R2-FcAC1(a)(25 mg/kg, ip) or saline (n=5 
per group) was administered immediately following injury. 
The contralateral cornea Served as normal, undamaged con 
trols. Corneas were collected 7 days later and cross-sections 
were cut and Stained with hematoxylin and eosin. Corneal 
thickness was measured as an index of corneal edema. 

0033 FIG. 20. System or intravitreal VEGF trap admin 
istration prevents laser-induced choroidal neovasculariza 
tion (CNV) and reverses vascular leak in established lesions. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0034. It has been a long standing problem in the art to 
produce a receptor based VEGF antagonist that has a phar 
macokinetic profile that is appropriate for consideration of 
the antagonist as a therapeutic candidate. Applicants 
describe herein, for the first time, a chimeric polypeptide 
molecule, capable of antagonizing VEGF activity, that 
exhibits improved pharmacokinetic properties as compared 
to other known receptor-based VEGF antagonists. The chi 
meric polypeptide molecules described herein thus provide 
for the first time appropriate molecules for use in therapies 
in which antagonism of VEGF is a desired result. 
0035. The extracellular ligand binding domain is defined 
as the portion of a receptor that, in its native conformation 
in the cell membrane, is oriented extracellularly where it can 
contact with its cognate ligand. The extracellular ligand 
binding domain does not include the hydrophobic amino 
acids associated with the receptor's transmembrane domain 
or any amino acids associated with the receptor's intracel 
lular domain. Generally, the intracellular or cytoplasmic 
domain of a receptor is usually composed of positively 
charged or polar amino acids (i.e. lysine, arginine, histidine, 
glutamic acid, aspartic acid). The preceding 15-30, predomi 
nantly hydrophobic or apolar amino acids (i.e. leucine, 
valine, isoleucine, and phenylalanine) comprise the trans 
membrane domain. The extracellular domain comprises the 
amino acids that precede the hydrophobic transmembrane 
Stretch of amino acids. Usually the transmembrane domain 

24



US 2005/017561.0 A1 

is flanked by positively charged or polar amino acids Such as 
lysine or arginine. Von Heijne has published detailed rules 
that are commonly referred to by skilled artisans when 
determining which amino acids of a given receptor belong to 
the extracellular, transmembrane, or intracellular domains 
(See, von Heijne (1995) BioEssays 17:25. 
0036) Nucleic Acid Constructs 
0037. The present invention provides for the construction 
of nucleic acid molecules encoding chimeric polypeptide 
molecules that are inserted into a vector that is able to 
express the chimeric polypeptide molecules when intro 
duced into an appropriate host cell. Appropriate host cells 
include, but are not limited to, bacterial cells, yeast cells, 
insect cells, and mammalian cells. Any of the methods 
known to one skilled in the art for the insertion of DNA 
fragments into a vector may be used to construct expression 
vectors encoding the chimeric polypeptide molecules under 
control of transcriptional/translational control signals. These 
methods may include in vitro recombinant DNA and syn 
thetic techniques and in Vivo recombinations (See Sam 
brook, et al., Molecular Cloning, A Laboratory Manual, 
Cold Spring Harbor Laboratory; Current Protocols in 
Molecular Biology, Eds. Ausubel, et al., Greene Publ. 
Assoc., Wiley-Interscience, N.Y.). 
0.038 Expression of nucleic acid molecules encoding the 
chimeric polypeptide molecules may be regulated by a 
Second nucleic acid Sequence So that the chimeric polypep 
tide molecule is expressed in a host transformed with the 
recombinant DNA molecule. For example, expression of the 
chimeric polypeptide molecules described herein may be 
controlled by any promoter/enhancer element known in the 
art. Promoters which may be used to control expression of 
the chimeric polypeptide molecules include, but are not 
limited to, the long terminal repeat as described in Squinto 
et al., (1991, Cell 65:1-20); the SV40 early promoter region 
(Bernoist et al. (1981) Nature 290:304-310), the CMV 
promoter, the M-Mul V 5" terminal repeat the promoter 
contained in the 3' long terminal repeat of Rous Sarcoma 
virus (Yamamoto et al. (1980) Cell 22:787-797), the herpes 
thymidine kinase promoter (Wagner et al. (1981) Proc. Natl. 
Acad. Sci. U.S.A. 78:144-1445), the regulatory sequences of 
the metallothionine gene (Brinster et al. (1982) Nature 
296:39–42); prokaryotic expression vectors such as the 
f3-lactamase promoter (Villa-Kamaroff et al. (1978) Proc. 
Natl. Acad. Sci. U.S.A. 75:3727-3731), or the tac promoter 
(DeBoer et al. (1983) Proc. Natl. Acad. Sci. U.S.A. 80:21 
25); promoter elements from yeast or other fungi Such as the 
Gal 4 promoter, the ADH (alcohol dehydrogenase) pro 
moter, PGK (phosphoglycerol kinase) promoter, alkaline 
phosphatase promoter, and the following animal transcrip 
tional control regions, which exhibit tissue specificity and 
have been utilized in transgenic animals: elastase I gene 
control region which is active in pancreatic acinar cells (see 
for example, Swift et al. (1984) Cell 38:639-646); insulin 
gene control region which is active in pancreatic beta cells 
(Hanahan (1985) Nature 315:115-122), immunoglobulin 
gene control region which is active in lymphoid cells 
(Grosschedl et al. (1984) Cell 38:647-658), mouse mam 
mary tumor virus control region which is active in testicular, 
breast, lymphoid and mast cells (Leder et al. (1986) Cell 
45:485-495), albumin gene control region which is active in 
liver (Pinkert et al. (1987) Genes Devel. 1:268-276), alpha 
fetoprotein gene control region which is active in liver 
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(Krumlaufetal. (1985) Mol. Cell. Biol. 5:1639-1648); alpha 
1-antitrypsin gene control region which is active in the liver 
(Kelsey et al. (1987) Genes Devel. 1:161-171), beta-globin 
gene control region which is active in myeloid cells 
(Mogram et al. (1985) Nature 315:338-340); myelin basic 
protein gene control region which is active in oligodendro 
cyte cells in the brain (Readhead et al. (1987) Cell 48:703 
712); myosin light chain-2 gene control region which is 
active in skeletal muscle (Shani (1985) Nature 314:283 
286), and gonadotropic releasing hormone gene control 
region which is active in the hypothalamus (Mason et al. 
(1986) Science 234:1372-1378). 
0039 Thus, according to the invention, expression vec 
tors capable of being replicated in a bacterial or eukaryotic 
host comprising chimeric polypeptide molecule-encoding 
nucleic acid as described herein, are used to transfect the 
host and thereby direct expression of Such nucleic acids to 
produce the chimeric polypeptide molecules, which may 
then be recovered in a biologically active form. AS used 
herein, a biologically active form includes a form capable of 
binding to VEGF. Expression vectors containing the chi 
meric nucleic acid molecules described herein can be iden 
tified by three general approaches: (a) DNA-DNA hybrid 
ization, (b) presence or absence of “marker gene functions, 
and (c) expression of inserted Sequences. In the first 
approach, the presence of a foreign gene inserted in an 
expression vector can be detected by DNA-DNA hybridiza 
tion using probes comprising Sequences that are homologous 
to the inserted chimeric polypeptide molecule sequences. In 
the Second approach, the recombinant vector/host System 
can be identified and Selected based upon the presence or 
absence of certain “marker gene functions (e.g., thymidine 
kinase activity, resistance to antibiotics, transformation phe 
notype, occlusion body formation in baculovirus, etc.) 
caused by the insertion of foreign genes in the vector. For 
example, if the chimeric polypeptide molecule DNA 
Sequence is inserted within the marker gene Sequence of the 
vector, recombinants containing the insert can be identified 
by the absence of the marker gene function. In the third 
approach, recombinant expression vectors can be identified 
by assaying the foreign gene product expressed by the 
recombinant. Such assays can be based, for example, on the 
physical or functional properties of the chimeric polypeptide 
molecules. 

0040 Cells of the present invention may transiently or, 
preferably, constitutively and permanently express the chi 
meric polypeptide molecules. 
0041. The chimeric polypeptide molecules may be puri 
fied by any technique which allows for the Subsequent 
formation of a stable, biologically active chimeric polypep 
tide molecule. For example, and not by way of limitation, 
the factors may be recovered from cells either as soluble 
proteins or as inclusion bodies, from which they may be 
extracted quantitatively by 8M guanidinium hydrochloride 
and dialysis (see, for example, U.S. Pat. No. 5,663,304). In 
order to further purify the factors, conventional ion 
eXchange chromatography, hydrophobic interaction chroma 
tography, reverse phase chromatography or gel filtration 
may be used. 
0042. Therapeutic Methods 
0043. The present invention also has diagnostic and 
therapeutic utilities. In particular embodiments of the inven 
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tion, methods of detecting aberrancies in the function or 
expression of the chimeric polypeptide molecules described 
herein may be used in the diagnosis of disorders. In other 
embodiments, manipulation of the chimeric polypeptide 
molecules or agonists or antagonists which bind the chi 
meric polypeptide molecules may be used in the treatment of 
diseases. In further embodiments, the chimeric polypeptide 
molecule is utilized as an agent to block the binding of a 
binding agent to its target. 

0044. By way of example, but not limitation, the method 
of the invention may be useful in treating clinical conditions 
that are characterized by vascular permeability, edema or 
inflammation Such as brain edema associated with injury, 
Stroke or tumor, edema associated with inflammatory dis 
orderS Such as psoriasis or arthritis, including rheumatoid 
arthritis, asthma, generalized edema associated with burns; 
ascites and pleural effusion associated with tumors, inflam 
mation or trauma; chronic airway inflammation; capillary 
leak Syndrome; Sepsis, kidney disease associated with 
increased leakage of protein; and eye disorderS Such as age 
related macular degeneration and diabetic retinopathy. 

Specific Embodiments 

004.5 The eye comprises several structurally and func 
tionally distinct vascular beds, which Supply ocular compo 
nents critical to the maintenance of Vision. These include the 
retinal and choroidal vasculatures, which Supply the inner 
and outer portions of the retina, respectively, and the limbal 
vasculature located at the periphery of the cornea. Injuries 
and diseases that impair the normal Structure or function of 
these vascular beds are among the leading causes of Visual 
impairment and blindness. For example, diabetic retinopa 
thy is the most common disease affecting the retinal vascu 
lature, and is the leading cause of vision loSS among the 
working age population in the United States, while the wet 
form of age-related macular degeneration (AMD) is the 
most common form of choroidal neovascularization and a 
leading cause of blindness in the elderly. Vascularization of 
the cornea Secondary to injury or disease is yet another 
category of ocular vascular disease that can lead to Severe 
impairment of vision. 

0.046 Each of the above conditions is characterized by 
pathological neovascularization, asSociated with or pre 
ceded by abnormal, excessive vascular permeability that 
often leads to pronounced edema in the affected tissue 
(cornea or retina). The production of abnormally high levels 
of VEGF has been implicated as a principal cause of the 
increased vascular permeability, as well as pathological 
angiogenesis (Aiello et al. (1994) N. Engl. J. Med. 
331:1480-1487). Moreover, both the edema associated with 
abnormal vascular permeability and pathological neovascu 
larization contribute directly to the impairments of vision. 
Therefore, inhibition of VEGF action is one strategy now 
being explored for the treatment of ocular vascular diseases 
such as diabetic retinopathy and AMD. 

0047. Other features of the invention will become appar 
ent in the course of the following descriptions of exemplary 
embodiments which are given for illustration of the inven 
tion and are not intended to be limiting thereof. 
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EXAMPLES 

Example 1 

Expression of Flt1(1-3)-Fc Protein in CHO K1 
Cells 

0048. Using standard molecular biology techniques (see 
Sambrook et al. Supra), the gene encoding Flt1(1-3)-Fc was 
inserted into the expression vector peE14.1 (Lonza Biolog 
ics) at a multiple cloning site downstream of the CMV 
promoter. CHO K1 cells were transfected with the peE14.1/ 
Flt1(1-3)-Fc DNA construct using lipofectamine (Gaithers 
burg, Md.). The transfected CHO K1 cells were grown in 
glutamine-free DMEM (JRH, Kansas City, Mo.) containing 
25uM methionine sulfoximine (MSX) from Sigma Inc., St. 
Louis, Mo., and high recombinant protein expressors were 
obtained by screening the CHO K1 cell Supernatants from 
over 100 hand-picked colony isolates using a Standard 
immunoassay which captures and detects human Fc. The 
Selected hand-picked clone was amplified in the presence of 
100 uM MSX followed by a second round of screening of 
the amplified clones. The highest producing clone had a 
specific productivity of recombinant Flt1(1-3)-Fc protein of 
55 pg/cell/day. 
0049) The selected clone was expanded in 225 cm 
T-flasks (Corning, Acton, Mass.) and then into 8.5 L roller 
bottles (Corning, Acton, Mass.) using the cell culture media 
described Supra. Cells were removed from the roller bottles 
by Standard trypsinization and put into 3.5 L of Suspension 
medium. The Suspension medium is comprised of 
glutamine-free ISCHO medium (Irvine Scientific, Santa 
Ana, Calif.) containing 5% fetal bovine serum (FBS from 
Hyclone Labs, Logan, Utah), 100 uM MSX and GS Supple 
ment (JRH Scientific, Kansas City, Mo.) in a 5 L Celligen 
bioreactor (New Brunswick Scientific, New Brunswick, 
N.J.) at a density of 0.3x10° cells/mL. After the cells reached 
a density of 3.6x10°/mL and were adapted to suspension 
they were transferred to a 60 L bioreactor (ABEC, Allen 
town, Pa.) at a density of 0.5x10° cells/mL in 20 L of ISCHO 
medium with 5% fetal bovine serum. After two days an 
additional 20 L of ISCHO+5% fetal bovine serum was added 
to the bioreactor. The cells were allowed to grow for an 
additional two days reaching a final density of 3.1x10 
cells/mL, and a final Flt1(1-3)-Fc concentration at harvest 
was 95 mg/L. At harvest the cells were removed by tangen 
tial flow filtration using 0.45um Prostak Filters (Millipore, 
Inc., Bedford, Mass.). 

Example 2 

Purification of Flt1(1-3)-Fc Protein Obtained from 
CHO K1 Cells 

0050 Flt1(1-3)-Fc protein was initially purified by affin 
ity chromatography. A Protein A column was used to bind, 
with high specificity, the Fc portion of the molecule. This 
affinity-purified protein was then concentrated and passed 
over a SEC column. The protein was then eluted into the 
formulation buffer. The following describes these proce 
dures in detail. 

0051) Materials and Methods. All chemicals were 
obtained from J. T. Baker, Phillipsburg, N.J. with the excep 
tion of PBS, which was obtained as a 10x concentrate from 
Life Technologies, Gaithersburg, Md. Protein A Fast Flow 

26



US 2005/017561.0 A1 

and SuperdeX 200 preparation grade resins were obtained 
from Pharmacia, Piscataway, N.J. Equipment and mem 
branes for protein concentration were obtained from Milli 
pore, Bedford, Mass. 
0.052 Approximately 40 L of 0.45 um-filtered CHO 
conditioned media containing Flt1(1-3)-Fc protein was 
applied to a 290 mL Protein A Fast Flow column (10 cm 
diameter) that had been equilibrated with PBS. The column 
was washed with PBS containing 350 mM NaCl and 0.02% 
CHAPS and the bound protein was eluted with 20 mM Citric 
Acid containing 10 mM NaHPO. The single peak in the 
elution was collected and its pH was raised to neutrality with 
1M NaOH. The eluate fractions was concentrated to 
approximately 9 mg/mL using 10K regenerated cellulose 
membranes by both tangential flow filtration and by stirred 
cell concentration. To remove aggregates and other contami 
nants, the concentrated protein was applied to a column 
packed with Superdex 200 preparation grade resin (10 
cmx55 cm) and run in PBS containing 5% glycerol. The 
main peak fractions were pooled, Sterile filtered, aliquoted 
and stored at -80 C. 

Example 3 

Acetylation of Flt1(1-3)-Fc Protein 
0053. Two milligrams of Flt1(1-3)-Fc protein were acety 
lated as described in the instruction manual provided with 
the sulfo-NHS-acetate modification kit (Pierce Chemical 
Co., Rockford, Ill., Cat. #26777). 

Example 4 

Characterization of Acetylation of Flt1(1-3)-Fc 
Protein 

0054 IEF analysis: Flt1(1-3)-Fc and acetylated Flt1(1- 
3)-Fc were analyzed by standard IEF analysis. Flt1(1-3)-Fc 
protein is not able to migrate into the gel and therefore must 
have a pl greater than 9.3, the highest pl in the Standard. 
However, acetylated Flt1(1-3)-Fc is able to migrate into the 
gel and equilibrate at a pl of approximately 5.2. This result 
demonstrates that acetylation reduces the net positive charge 
of the protein and therefore its pl considerably. 
0.055 Binding to extracellular matrix components. To test 
for binding to extracellular matrix components, Flt1(1-3)-Fc 
and acetylated Flt1(1-3)-Fc where tested in an assay 
designed to mimic the interaction with extracellular matrix 
components. In this assay, 96-well tissue culture plates are 
coated with Matrigel (Biocoat MATRIGEL(R) matrix thin 
layer 96 well plate, Catalog #40607, Becton Dickinson 
Labware, Bedford, Mass.). The plates are incubated with 
varying concentrations of either Flt1(1-3)-Fc, acetylated 
Flt1(1-3)-Fc, or rTie2-Fc (an irrelevant control) protein are 
added to the wells. The plates are incubated for 1-2 hours at 
either room temperature or 37 C. degrees and then detection 
of bound proteins is accomplished by adding a Secondary 
alkaline phosphatase-conjugated anti-human Fc antibody to 
the Wells. Finally, alkaline phosphatase Substrate is added to 
the Wells and optical density is measured. Like the irrelevant 
control protein rTie2-Fc, acetylated Flt1(1-3)-Fc does not 
exhibit any binding to the Matrigel coated plate, whereas the 
non-acetylated Flt1(1-3)-Fc protein exhibits significant 
binding. This result indicates that acetylation of basic amino 
acid residues is an effective way to interfere with the charge 
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interactions that exist between positively charged proteins 
and the negatively charged extracellular matrix components 
they are exposed to in Vivo. 

Example 5 

Pegylation of Flt1(1-3)-Fc Protein 
0056) Materials and Methods. Purified Flt1(1-3)-Fc 
derived from CHO cells (see Supra) was used in the follow 
ing pegylation experiments. Functionalized PEGs were 
obtained from Shearwater Polymers, Huntsville, Ala., 
Bicine from Sigma, St Louis, Mo.; Superose 6 column from 
Pharmacia, Piscataway, N.J.; PBS as a 10x concentrate from 
Life Technologies, Gaithersburg, Md., Glycerol from J. T. 
Baker, Phillipsburg, N.J.; and Bis-Tris precast gels from 
Novex, Calif. 
0057 20K PEG strands functionalized with amine-spe 
cific terminal moieties were used in Small-scale reaction 
Studies that were set-up to evaluate different reaction con 
ditions in which the PEG.protein stoichiometry was varied. 
Based on these reactions and the analyses of Samples on 
standard SDS-PAGE, Flt1(1-3)-Fc at a concentration of 1.5 
mg/mL was reacted at pH 8.1 with 20K SPA-PEG (PEG 
succinimidyl propionate) molecules at a PEG-to-Flt1(1-3)- 
Fc monomer molar ratio of 1:6. The reaction was allowed to 
proceed at 8 C. overnight. For initial purification, the 
reaction products were applied to a 10mmx30 cm Superose 
6 column equilibrated with PBS containing 5% Glycerol. 
The column appeared to separate pegylated Flt1(1-3)-Fc 
molecules based on the extent of pegylation. Fractions 
corresponding to what appeared to be primarily mono 
pegylated and di-pegylated dimeric Flt1(1-3)-Fc, as judged 
by banding patterns on reducing and non-reducing SDS 
PAGE gels were pooled. The protein concentration was 
determined by measuring absorbance at 280 nm. The pegy 
lated Flt1(1-3)-Fc protein was sterile filtered, aliquoted and 
stored at -40° C. 

Example 6 

Binding of Unmodified, Acetylated, and Pegylated 
Flt1(1-3)-Fc 

0.058 Unmodified, acetylated, and pegylated Flt1(1-3)- 
Fc proteins were tested in a Biacore-based assay to evaluate 
their ability to bind to the Flt1 ligand, VEGF. In this assay, 
unmodified Flt1(1-3)-Fc protein was immobilized on the 
Surface of a Biacore chip (see Biacore Instruction Manual, 
Pharmacia, Inc., Piscataway, N.J., for standard procedures) 
and a Sample containing 0.2 tug/ml VEGF and either 
unmodified Flt1(1-3)-Fc, acetylated Flt1(1-3)-Fc or pegy 
lated Flt1(1-3)-Fc (each at 25 ug/ml) was passed over the 
Flt1(1-3)-Fc-coated chip. To minimize the effects of non 
Specific binding, the bound Samples were washed with a 
0.5M NaCl wash. In one sample, unmodified Flt1(1-3)-Fc 
was mixed with heparin. Heparin is a negatively charged 
molecule and the Flt1(1-3)-Fc protein is a positively charged 
molecule, So when the two molecules are mixed together, 
they should interact through their respective charges. This 
essentially neutralizes Flt1(1-3)-Fc's inherent positive 
charge making the molecule behave as if it has been chemi 
cally or genetically modified So as to reduce its charge and 
its tendency to bind via charge interactions. Acetylated, 
pegylated, and heparin-treated Flt1(1-3)-Fc are each able to 
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completely compete with the Biacore chip-bound Flt1(1-3)- 
Fc for VEGF binding as compared to control and irrelevant 
protein. Unmodified Flt1(1-3)-Fc appeared to only partially 
compete with Biacore chip-bound Flt1(1-3)-Fc for VEGF 
binding. However, washing the bound samples with 0.5M 
NaCl resulted in a binding profile similar to the modified 
forms of Flt1(1-3)-Fc, indicating that the unmodified protein 
was exhibiting non-specific binding to the chip that could be 
eliminated by the salt wash. 

Example 7 

Binding of Unmodified, Acetylated, and Pegylated 
Flt1(1-3)-Fc in an ELISA-Based Assay 

0059 Unmodified, acetylated, and pegylated Flt1(1-3)- 
Fc proteins were tested in a Standard ELISA-based assay to 
evaluate their ability to bind the Flt1 receptor ligand VEGF. 
Both pegylated and acetylated Flt1(1-3)-Fc proteins are 
capable of binding to VEGF, demonstrating that modifying 
the protein either by pegylation or acetylation does not 
destroy its ability to bind its ligand. 

Example 8 

Pharmacokinetic Analysis of Unmodified Flt1(1-3)- 
Fc, Acetylated Flt1(1-3)-Fc, and Pegylated Flt1(1- 

3)-Fc 
0060. In vivo experiments were designed to assess the 
pharmacokinetic profiles of unmodified Flt1(1-3)-Fc, acety 
lated Flt1(1-3)-Fc, and pegylated Flt1(1-3)-Fc protein. 
Balb/c mice (23-28 g; 3 mice/group) were injected Subcu 
taneously with 4 mg/kg of unmodified, acetylated, or pegy 
lated Flt1(1-3)-Fc. The mice were tail bled at 1, 2, 4, 6, 24 
hours, 2 days, and 3 days after injection of protein. The Sera 
were assayed in a Standard ELISA-based assay designed to 
detect Flt1(1-3)-Fc protein. Briefly, the assay involves coat 
ing an ELISA plate with VEGF, binding the unmodified, 
acetylated, or pegylated Flt1(1-3)-Fc-containing Sera, and 
reporting with an anti-Fc antibody linked to alkaline phos 
phatase. The Tmax for all of the Flt1(1-3)-Fc proteins was 
between the 6 hour and 24 hour time points. The Cmax for 
the different proteins was as follows: Unmodified: 0.06 
tl/ml–0.15 ug/ml, acetylated: 1.5 lug/ml-4.0 lig/ml, and pegy 
lated: approximately 5 lug/ml. 

Example 9 

Step-Acetylation of Flt1(1-3)-Fc 
0061. To determine what minimal amount of acetylation 
is necessary to eliminate binding to extracellular matrix 
components, an experiment was designed that acetylated the 
Flt1(1-3)-Fc protein in a step-wise fashion by using increas 
ing amounts of molar excess of acetylation reagent in the 
acetylation reaction mixture. The range of molar exceSS was 
as follows: 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 
moles of acetylation reagent per 1 mole of Flt1(1-3)-Fc 
monomer. The reactions were performed as detailed in the 
instruction manual provided with the sulfo-NHS-Acetate 
modification kit (Pierce Chemical Co., Rockford, Ill., Cat. 
#26777). 

Example 10 

Characterization of Step-Acetylated Flt1(1-3)-Fc 
0062 IEF analysis. Unmodified Flt1(1-3)-Fc and step 
acetylated Flt1(1-3)-Fc proteins were analyzed by standard 
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IEF analysis. Unmodified Flt1(1-3)-Fc protein was not able 
to migrate into the gel due to its extremely high pl (greater 
than 9.3). However, most of the step-acetylated Flt1(1-3)-Fc 
samples (30-100 fold molar excess samples) were able to 
migrate into the gel and equilibrate at pls ranging between 
4.55-8.43, depending on the degree of acetylation of the 
protein. This result demonstrates that acetylation can change 
the positive charge of the protein in a dose-dependent 
manner and that reduction of the pl can be controlled by 
controlling the degree of acetylation. 
0063 Binding of step-acetylated Flt1(1-3)-Fc to extra 
cellular matrix components. To test for binding to extracel 
lular matrix components, Flt1(1-3)-Fc and step-acetylated 
Flt1(1-3)-Fc where tested in the above-described assay 
designed to mimic the interaction with extracellular matrix 
components. Varying concentrations of either unmodified 
Flt1(1-3)-Fc, step-acetylated Flt1(1-3)-Fc (10, 20, and 30 
fold molar excess Samples), or rTie2-Fc (an irrelevant con 
trol) protein were added to the wells. The plates were 
incubated for 1-2 hours at room temperature or 37 C. and 
then detection of bound proteins was accomplished by 
adding a Secondary alkaline phosphatase-conjugated anti 
human Fc antibody to the Wells. Alkaline phosphatase 
Substrate was Subsequently added to the Wells and optical 
density measured. Like the irrelevant control protein rTie2 
Fc, step-acetylated Flt1(1-3)-Fc (20 and 30 fold molar 
excess Samples) did not exhibit any significant binding to the 
Matrigel coated plate, whereas the non-acetylated Flt1(1-3)- 
Fc protein exhibited significant binding. The binding is 
saturable, indicating that the Flt1(1-3)-Fc protein may be 
binding to Specific Sites, rather than a more general charge 
mediated interaction that might not be saturable. The 10 fold 
molar exceSS Sample showed reduced binding, but the 
degree of acetylation was not enough to completely block 
binding to extracellular matrix components. The 20 fold 
molar exceSS and higher Samples displayed no detectable 
binding, despite the fact that by IEF analysis the lower molar 
exceSS Samples Still had a large net positive charge. This 
result demonstrates that it is not necessary to completely 
acetylate all available basic amino acids in order to eliminate 
binding to extracellular matrix components. 
0064 Binding of step-acetylated Flt1(1-3)-Fc in a Bia 
core-based assay. Unmodified and step-acetylated Flt1(1-3)- 
Fc proteins where tested in a Biacore-based assay to evalu 
ate their ability to bind to the Flt1 ligand, VEGF. In this 
assay, unmodified Flt1(1-3)-Fc protein (0.5, 1.0, or 5.0 
Aug/ml) was immobilized on the Surface of a Biacore chip 
(see Biacore Instruction Manual, Pharmacia, Inc., Piscat 
away, N.J., for Standard procedures) and a Solution contain 
ing 0.2 tug/ml VEGF and either unmodified Flt1(1-3)-Fc (at 
either 0.5, 1.0, or 5.0 lug/ml) or 10 different step-acetylated 
Flt1(1-3)-Fc samples (at 0.5, 1.0, or 5.0 tug/ml each) were 
passed over the Flt1(1-3)-Fc-coated chip. At a sub-stoichio 
metric ratio (0.5 lug/ml of either unmodified Flt1(1-3) or 
step-acetylated Flt1(1-3)-Fc vs. 0.2 tug/ml VEGF), there is 
not enough Flt1(1-3)-Fc (either unmodified or step-acety 
lated) in the solution to completely bind the VEGF. At 1.0 
tug/ml, which approximates a 1:1 Stoichiometric ratio, both 
unmodified and step-acetylated Flt1(1-3)-Fc are better able 
to compete for VEGF binding, but there is still insufficient 
Flt1(1-3)-Fc protein (either unmodified or step-acetylated) 
to completely bind the available VEGF. However, at 5.0 
tug/ml, which is Several times greater than a 1:1 Stoichio 
metric ratio, both the Flt1(1-3)-Fc and the step-acetylated 
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Flt1(1-3)-Fc proteins are able to bind the VEGF, regardless 
of the degree of acetylation. This clearly demonstrates that 
acetylation does not alter Flt1(1-3)-Fc's ability to bind 
VEGF. 

0065 Pharmacokinetic analysis of step-acetylated 
Flt1(1-3)-Fc. In vivo experiments were designed to assess 
the pharmacokinetic profiles of unmodified Flt1(1-3)-Fc and 
step-acetylated Flt1(1-3)-Fc protein. Balb/c mice (23-28 g) 
were injected Subcutaneously with 4 mg/kg of unmodified or 
10, 20, 40, 60 and 100 fold molar excess samples of 
step-acetylated Flt1(1-3)-Fc (3 mice for unmodified, 10, 20 
and 40 fold molar excess samples and 2 mice for 60 and 100 
fold molar excess Samples). The mice were tail bled at 1, 2, 
4, 6, 24 hours, 2 days and 3 days after injection. The Sera 
were assayed in an ELISA-based assay designed to detect 
Flt1(1-3)-Fc (described supra). The Tmax for all of the 
Flt1(1-3)-Fc proteins tested was at the 6 hour time point but 
the Cmax was as follows: unmodified Flt1(1-3)-Fc: 0.06 
tug/ml, 10 fold molar exceSS Sample: -0.7 ug/ml, 20 fold 
molar exceSS Sample: 2 tug/ml, 40 fold molar exceSS Sample: 
4 tug/ml; 60 fold molar excess sample: 2 tug/ml, 100 fold 
molar exceSS Sample: 1 ug/ml. This results demonstrates that 
acetylation or pegylation of Flt1(1-3)-Fc significantly 
improves its pharmacokinetic profile. 

Example 11 

Construction of Flt1 (1-3)-Fc Basic Region 
Deletion Mutant Designated Mut1: Flt1(1-3)-Fc 

0.066 Based on the observation that acetylated Flt1(1-3)- 
Fc, which has a plbelow 6, has much better pharmacoki 
netics than the highly positive unmodified Flt1(1-3)-Fc 
(pla9.3), it was asked whether the difference in pharmaco 
kinetics could be attributed to the net charge of the protein, 
which made it Stick to negatively charged extracellular 
matrix components, or whether there were perhaps Specific 
locations on the surface of the Flt1(1-3)-Fc protein that 
constituted Specific binding sites for extracellular matrix 
components. Referring to the nucleic acid and amino acid 
sequence of SEQ ID NO:1 and 2, the signal sequence for 
Secretion is located at the beginning of the Sequence and 
extends to the glycine coded for by nucleotides 76-78. The 
mature protein begins with Ser-Lys-Leu-Lys (SEQ ID 
NO:35), starting at nucleotide 79 of the nucleic acid 
sequence. Flt 1 Ig domain 1 extends from nucleotide 79 to 
393, ending with the amino acids Ser-Asp-Thr. Flt1 Ig 
domain 2 extends from nucleotide 394 to 687 (encoding 
Gly-Arg-Pro to ASn-Thr-Ile), and Flt1 Ig domain 3 extends 
from nucleotides 688 to 996 (encoding Ile-Asp-Val to Asp 
Lys-Ala). There is a bridging amino acid Sequence, Gly 
Pro-Gly, encoded by nucleotides 997-1005, followed by the 
nucleotide sequence encoding human Fc (nucleotides 1006 
1701 or amino acids Glu-Pro-Lys to Pro-Gly-Lys-stop). 
0067. A more detailed analysis of the Flt1 amino acid 
Sequence reveals that there is a cluster, namely, amino acid 
residues 272-281 of SEQ ID NO:2, in which 6 out of 10 
amino acid residues are basic. This Sequence is located in 
Flt1 Ig domain 3 of the receptor, which is not itself essential 
for binding of VEGF ligand, but which confers a higher 
affinity binding to ligand. An alignment of the Sequence of 
Ig domain 3 with that of Ig domain 2 reveals that in this 
region, there is very poor alignment between the two Ig 
domains, and that there are about 10 additional amino acids 
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in Ig domain 3. An analysis of the hydrophilicity profiles 
(MacVector computer software) of these two domains 
clearly indicates the presence of a hydrophilic region in the 
protein. These observations raised the possibility that the 
actual three dimensional conformation of Flt1 Ig domain 3 
allowed for some type of protrusion that is not in Flt1 Ig 
domain 2. To test this hypothesis, the 10 additional amino 
acids were deleted and the resulting protein was tested to See 
whether the deletion would affect the pharmacokinetics 
favorably without seriously compromising the affinity of the 
receptor for VEGF. This DNA construct, which was con 
Structed using Standard molecular biology techniques in the 
mammalian expression vector pMT21 (Genetics Institute, 
Inc., Cambridge, Mass.), is referred to as Mut1: Flt1(1-3A)- 
Fc. The Mut1: Flt1(1-3)-Fc construct (SEQ ID NO:3-4) 
was derived from Flt1(1-3)-Fc by deletion of nucleotides 
814-843 of SEQ ID NO:1, which deletes the highly basic 
10-amino acid residue sequence from Flt 1 Ig domain 3. The 
final DNA construct was sequence-verified using an ABI 
373 A DNA sequencer and Taq Dideoxy Terminator Cycle 
Sequencing Kit (Applied BioSystems, Inc., Foster City, 
Calif.). 

Example 12 

Construction of Flt1(1-3)-Fc Basic Region Deletion 
Mutant Designated Mut2: Flt1(2-3Ab-re 

0068 A second deletion mutant construct, designated 
Mut2: Flt1(2-3A)-Fc (SEQ ID NO:5-6), was derived from 
the Mut1: Flt1(1-3A)-Fc construct by deletion of Flt1 Ig 
domain 1 encoded by nucleotides 79-393 (SEQ ID NO:1); 
for convenience, nucleotides 73-78 were changed 
(TCCGGA; SEQ ID NO:26). This introduced a restriction 
Site (BspE1) without altering the associated amino acid 
Sequence, Ser-Gly. 

Example 13 

Construction of Flt1(1-3)-Fc Deletion Mutant 
Designated Mut3: Flt1(2-3)-Fc 

0069. A third deletion mutate construct, designated Mut3: 
Flt1(2-3)-Fc (SEQ ID NO:7-8), was constructed the same 
way as the Mut2: Flt1(2-3A)-Fc construct, except that Flt1 
Ig domain 3 was left intact (the basic region amino acids 
were not deleted). 

Example 14 

Construction of Flt(1-3)-Fc Basic Region 
N-Glycosylation Mutant Designated Muta: 

Flt1(1-3 -)-Fc 
0070 A construct was made in which a N-glycosylation 
Site was introduced into the middle of the basic region of 
Flt1 Ig domain 3. This construct was designated Muta: 
Flt1(1-3 -)-Fc (SEQ ID NO:9-10) and was made by 
changing nucleotides 824-825 of SEQ ID NO:1 from GA to 
AC, consequently changing the coded Arg residue (AGA) 
into an ASn residue (AAC). The resulting amino acid 
Sequence is therefore changed from Arg-Ala-Ser to ASn 
Ala-Ser, which matches the canonical signal (ASn-XXX-Ser/ 
Thr) for the addition of a N-glycosylation site at the ASn 
residue. 
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Example 15 

Characterization of Acetylated Flt1(1-3)-Fc, Mut1: 
Flt1(1-3A)-Fc, and Muta: Flt1(1-3 -)-Fc 

Mutants 

0071 Binding to extracellular matrix components. To 
determine whether the three modified proteins were more or 
less likely to have improved pharmacokinetic properties, 
Matrigel coated 96-well dishes were incubated with varying 
concentrations of the mutant proteins and detected with 
anti-human Fc/alkaline-phosphatase conjugated antibodies. 
As shown in FIG. 2, this experiment showed that while the 
unmodified Flt1(1-3)-Fc protein could bind avidly to these 
wells, the Mut3: Flt1(2-3)-Fc protein bound somewhat more 
weakly, the Mut1: Flt1(1-3A)-Fc protein bound more 
weakly still, and the Mut2: Flt1(2-3A)-Fc protein showed 
the best profile, binding more weakly than any of the other 
mutant proteins. The Muta: Flt1(1-3 -)-Fc glycosylation 
mutant protein showed only marginal benefit on the Matrigel 
assay. These results confirm the hypothesis that a linear 
Sequence of positive amino acids can be deleted from the 
primary Sequence resulting in a decrease in charge interac 
tion with extracellular matrix components. 
0072 Binding of Mut1 and Muta in a Biacore-based 
assay. Unmodified and acetylated Flt1(1-3)-Fc and geneti 
cally modified Mut1: Flt1(1-3A)-Fc and Muta: Flt1(1-3 - 
N)-Fc proteins where tested in a Biacore-based assay to 
evaluate their ability to bind to the Flt1 ligand, VEGF. In this 
assay, unmodified Flt1(1-3)-Fc protein (0.25, 0.5, or 1.0 
Aug/ml) was immobilized on the Surface of a Biacore chip and 
a solution containing 0.1 tug/ml VEGF and either purified or 
COS cell supernatant containing unmodified Flt1(1-3)-Fc (at 
approximately (0.25, 0.5, or 1.0 ug/ml), purified acetylated 
Flt1(1-3)-Fc (at (0.25, 0.5, or 1.0 ug/ml), COS cell Super 
natant containing Mut1: Flt1(1-3A)-Fc (at approximately 
(0.25, 0.5, or 1.0 ug/ml), or COS cell supernatant containing 
Muta: Flt1(1-3 -)-Fc (at approximately (0.25, 0.5, or 1.0 
Aug/ml) were passed over the Flt1(1-3)-Fc-coated chip. AS 
shown in FIG. 1, at the sub-stoichiometric ratio (0.25ug/ml 
Flt1(1-3)-Fc of unmodified, acetylated or genetically modi 
fied samples vs. 01. ug/ml VEGF), there is insufficient 
Flt1(1-3)-Fc protein to block binding of VEGF to the 
Flt1(1-3)-Fc immobilized on the Biacore chip. At 0.5ug/ml 
of unmodified, acetylated or genetically modified Flt1(1-3)- 
Fc proteins, the Stoichiometric ratio approximates 1:1 and 
there is an increased ability to block VEGF binding to the 
Biacore chip. At 1.0 lig/ml of unmodified, acetylated or 
genetically modified Flt1(1-3)-Fc proteins, which is 
approximately a 10:1 stoichiometric ratio, the Flt1(1-3)-Fc 
proteins are able to block binding of VEGF to the Biacore 
chip, but they are not equivalent. Unmodified, acetylated, 
and Mut1: Flt1(1-3A)-Fc are essentially equal in their 
ability to block VEGF binding, whereas Muta: Flt1(1-3 - 
N)-Fc is somewhat less efficient at blocking binding. These 
results confirm the hypothesis that it is possible to reduce the 
non-specific binding of a positively charged molecule by 
genetically removing a linear Sequence of predominantly 
negatively charged amino acids. 
0073 Binding of Mut1. Mut2 and Mut3 in an ELISA 
based assay. To determine whether the three mutant proteins 
could bind the Flt1 ligand VEGF, binding experiments were 
done in which 96-well plates coated with VEGF were 
incubated with varying concentrations of the respective 
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mutant protein, and after washing, the amount bound was 
detected by incubating with an alkaline phosphatase conju 
gated anti-human Fc antibody and quantitated colorimetri 
cally by the addition of an appropriate alkaline phosphatase 
substrate. As shown in FIG. 3, this experiment showed that 
all the mutant proteins could bind VEGF similarly, at the 
concentrations tested. 

Example 16 

Pharmacokinetic Analysis of Acetylated 
Flt1(1-3)-Fc, Mut1, and Unmodified Flt1(1-3)-Fc 

0074. In vivo experiments were designed to assess the 
pharmacokinetic profiles of unmodified Flt1(1-3)-Fc, Mut1: 
Flt1(1-3)-Fc, and 40 fold molar excess acetylated Flt1(1- 
3)-Fc protein. Balb/c mice (25-30 g) were injected subcu 
taneously with 4 mg/kg of unmodified Flt1(1-3)-Fc, 40 fold 
molar excess acetylated Flt1(1-3)-Fc, and Mut1: Flt1(1- 
3A)-Fc proteins mice each). These mice were tail bled at 1, 
2, 4, 6, 24 hours, 2 days, 3 days, and 5 days after injection. 
The Sera were assayed in an ELISA designed to detect 
Flt1(1-3)-Fc protein which involves coating an ELISA plate 
with VEGF, binding the Flt1(1-3)-Fc and reporting with an 
anti-Fc antibody linked to alkaline phosphatase. AS shown in 
FIG. 4, the Cmax for these reagents was as follows: 
Unmodified Flt1(1-3)-Fc -0.15ug/ml; 40 fold molar excess 
acetylated Flt1(1-3)-Fc-1.5ug/ml; and Mut1: Flt1(1-3A)- 
Fc-0.7 tug/ml. 

Example 17 

Modified Flt1 Receptor Vector Construction 

0075 Chimeric molecules were constructed, denoted 
R1R2 (Flt1...D2.FIk1D3.FcAC1(a) and VEGFR1R2 
FcAC1(a) and R1R3(Flt1D2.VEGFR3D3-FcAC1(a) and 
VEGFR1R3-FcAC1(a) respectively, wherein R1 and 
Flt1D2=Ig domain 2 of Flt1 (VEGFR1); R2 and Flk1D3=Ig 
domain 3 of Flk1 (VEGFR2); and R3 and VEGFR3D3=Ig 
domain 3 of Flt-1 (VEGFR3)) were much less sticky to ECM, 
as judged by an in vitro ECM binding assay and had greatly 
improved PK as described herein. In addition, these mol 
ecules were able to bind VEGF tightly and block phospho 
rylation of the native Flk1 receptor expressed in endothelial 
cells. 

0076 Construction of the expression plasmid 
pFlt1D2.FIk1D3.FcAC1(a). Expression plasmids 
pMT21. Flt1(1-3).Fc (6519 bp) and pMT21.Flk-1(1-3).Fc 
(5230 bp) are plasmids that encode amplicillin resistance and 
Fc-tagged versions of Ig domains 1-3 of human Flt1 and 
human Flk1, respectively. These plasmids were used to 
construct a DNA fragment consisting of a fusion of Ig 
domain 2 of Flt1 with Ig domain 3 of Flk1, using PCR 
amplification of the respective Ig domains followed by 
further rounds of PCR to achieve fusion of the two domains 
into a single fragment. For Ig domain 2 of Flt1, the 5' and 3 
amplification primers were as follows: 5': bsp/flt1D2 (5'- 
GACTAGCAGTCCGG-AGGTAGACCTTTCGTA 

GAGATG-3) (SEQ ID NO:18), 3': Flt1D2-FIk1D3.as (5'- 
CGGACTCAGAACCACATCTATGATTGTATTGGT-3) 
(SEQ ID NO:19). The 5' amplification primer encodes a 
BspE1 restriction enzyme site upstream of Ig domain 2 of 
Flt1, defined by the amino acid sequence GRPFVEM (SEQ 
ID NO:20) corresponding to amino acids 27-33 of SEQ ID 
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NO:12. The 3' primer encodes the reverse complement of the 
3' end of Flt1 Ig domain 2 fused directly to the 5" beginning 
of Flk1 Ig domain 3, with the fusion point defined as TIID 
of Flt1 (corresponding to amino acids 123-126 of SEQ ID 
NO:12) and continuing into VVLS (SEQ ID NO:17) (cor 
responding to amino acids 127-130 of SEQ ID NO:12) of 
Fk1. 

0077. For Ig domain 3 of Flk1, the 5' and 3' amplification 
primers were as follows:5': Flt1D2-Flk1D3.s (5=-ACAAT. 
CATAGATGTGGTTCTGAGTCCGTCTCATGG-3) (SEQ 
ID NO:21); 3': Flk1D3/apa/Srfas (5'-GATAATGC 
CCGGGCCCTTTTCATGGACCCTGACAAATG-3) (SEQ 
ID NO:22). The 5' amplification primer encodes the end of 
Flt1 Ig domain 2 fused directly to the beginning of Flk1 Ig 
domain 3, as described above. The 3' amplification primer 
encodes the end of Flk1 Ig domain 3, defined by the amino 
acids VRVHEK (SEQ ID NO:23) (corresponding to amino 
acids 223-228 of SEQ ID NO:12), followed by a bridging 
Sequence that includes a recognition Sequence for the restric 
tion enzyme Srf1, and encodes the amino acids GPG. The 
bridging Sequence corresponds to amino acids 229-231 of 
SEO ID NO:12. 

0078. After a round of PCR amplification to produce the 
individual domains, the products were combined in a tube 
and subjected to a further round of PCR with the primers 
bsp/flt1D2 and Flk1D3/apa/Srfas (described supra) to pro 
duce the fusion product. This PCR product was subsequently 
digested with the restriction enzymes BspEl and Small and 
the resulting 614 bp fragment was subcloned into the BspEl 
to Srfl restriction sites of the vector pMT21/AB2.Fc, to 
create the plasmid pMT21/Flt1D2. Flk1D3.Fc. The nucle 
otide sequence of the Flt1D2-Flk1D3 gene fusion insert was 
Verified by Standard Sequence analysis. This plasmid was 
then digested with the restriction enzymes EcoR1 and Srfl 
and the resulting 702 bp fragment was transferred into the 
EcoR1 to Srfl restriction sites of the plasmid pFlt1(1-3)B2 
FcAC1(a) to produce the plasmid 
pFlt1D2. Flk1D3.FcAC1(a). The complete DNA and 
deduced amino acid Sequences of the 
Flt1D2. Flk1D3.FcAC1(a) chimeric molecule is shown in 
SEO ID NO:11-12. 

0079 Construction of the expression plasmid 
pFlt1D2VEGFR3D3FcAC1(a). The expression plasmid 
pMT21. Flt1(1-3).Fc (6519 bp) encodes amplicillin resistance 
and an Fc-tagged version of Ig domains 1-3 of human Flt1 
receptor. This plasmid was used to produce a DNA fragment 
containing Ig domain 2 of Flt1 by PCR. RNA from the cell 
line HEL921.7 was used to produce Ig domain 3 of Flk1, 
using standard RT-PCR methodology. A further round of 
PCR amplification was used to achieve fusion of the two Ig 
domains into a single fused fragment. For Ig domain 2 of 
Flt1, the 5' and 3' amplification primers were as follows: 5': 
bsp/flt1D2 (5'-GACTAGCAGTCCGGAGGTAGAC 
CTTTCGTAGAGATG-3) (SEQ ID NO:24), 3': 
Flt1D2.VEGFR3D3.as(TTCCTGGGCAACAGCTGGA 
TATCTATGATTGTATTGGT) (SEQ ID NO:25). The 5' 
amplification primer encodes a BspE1 restriction Site 
upstream of Ig domain 2 of Flt1, defined by the amino acid 
sequence GRPFVEM (SEQ ID NO:20) (corresponding to 
amino acids 27-33 of SEQ ID NO:11-12). The 3' amplifi 
cation primer encodes the reverse complement of the end of 
Flt1 Ig domain 2 fused directly to the beginning of VEGFR3 
Ig domain 3, with the fusion point defined as TIID of Flt 1 
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(corresponding to amino acids 123-126 of SEQ ID NO:14) 
and continuing into IQLL of VEGFR3 (corresponding to 
amino acids 127-130 of SEQ ID NO:14). 
0080 For Ig domain 3 of VEGFR3, the 5' and 3' primers 
used for RT-PCR were as follows: 5': R3D3.s (ATCCAGCT. 
GTTGCCCAGGAAGTCGCTGGAGCTGCTGGTA) (SEQ 
ID NO:27), 3': R3D3.as (ATTTTCATGCACAATGAC 
CTCGGTGCTCTCCCGAAATCG) (SEQ ID NO:28). Both 
the 5' and 3' amplification primerS match the Sequence of 
VEGFR3. The 296 bp amplification product of this RT-PCR 
reaction was isolated by Standard techniques and Subjected 
to a second round of PCR to add suitable sequences to allow 
for fusion of the Flt1D2 with the Flk1D3 domains and fusion 
of the Flk1D3 and Fc domains via a GPG bridge (see below). 
The amplification primers were as follows: 5': 
Flt1D2.VEGFR3D3.s(TCATAGATATCCAGCTGTTG 
CCCAGGAAGTCGCTGGAG) (SEQ ID NO:29), 3': 
VEGFR3D3/srfas (GATAATGCCCGGGCCATTTTCATG 
CACAATGACCTCGGT) (SEQ ID NO:30). The 5' ampli 
fication primer encodes the 3' end of Flt1 Ig domain 2 fused 
directly to the beginning (5' end) of VEGFR3 Ig domain 3, 
as described above. The 3' amplification primer encodes the 
3' end of VEGFR3 Ig domain 3, defined by the amino acids 
VIVHEN (SEQ ID NO:31) (corresponding to amino acids 
221-226 of SEQ ID NO:14), followed by a bridging 
Sequence that includes a recognition Sequence for Srf1, and 
encodes the amino acids GPG. The bridging Sequence 
corresponds to amino acids 227-229 of SEQ ID NO:14. 
0081. After one round (for Flt1 Ig domain 2) or two 
rounds (for Flt-4 Ig domain 3) of PCR to produce the 
individual Ig domains, the PCR products were combined in 
a tube and subjected to a further round of PCR amplification 
with the amplification primers bsp/flt1D2 and VEGFR3D3/ 
Srf.as described Supra, to produce the fusion product. This 
PCR product was subsequently digested with the restriction 
enzymes BspEl and Smal and the resulting 625bp fragment 
was subcloned into the BspEl to Srfl restriction sites of the 
vector pMT21/Flt1AB2.Fc (described supra), to create the 
plasmid pMT21/Flt1D2. VEGFR3D3.Fc. The sequence of 
the Flt1D2-VEGFR3D3 gene fusion insert was verified by 
Standard Sequence analysis. This plasmid was then digested 
with the restriction enzymes EcoR1 and Srfl and the resulting 
693 bp fragment was subcloned into the EcoR1 to Srfl 
restriction sites of the plasmid pFlt1(1-3)AB2-FcAC1(a) to 
produce the plasmid designated 
pFlt1D2.VEGFR3D3.FcAC1(a). The complete DNA 
deduced amino acid Sequence of the 
Flt1D2.VEGFR3D3.FcAC1(a) chimeric molecule is shown 
in SEO ID NO:13-14. 

Example 18 

Extracellular Matrix Binding (ECM) Binding Assay 
0082) ECM-coated plates (Becton Dickinson catalog 
#35-4607) were rehydrated with warm DME supplemented 
with glutamine (2 mM), 100 U penicillin, 100 U Strepto 
mycin, and 10% BCS for at least 1 hr. before adding 
Samples. The plates were then incubated for 1 hr. at room 
temperature with Varying concentrations of 
Flt1D2. Flk1D3.FcAC1(a) and 
Flt1D2.VEGFR3D3.FcAC1(a) starting at 10 nM with sub 
sequent 2-fold dilutions in PBS plus 10% BCS. The plates 
were then washed 3 times with PBS plus 0.1% Triton-X and 

31



US 2005/017561.0 A1 

incubated with alkaline phosphatase-conjugated anti-human 
Fc antibody (Promega, 1:4000 in PBS plus 10% BCS) for 1 
hr. at room temperature. The plates were then washed 4 
times with PBS 0.1% Triton-X and alkaline phosphatase 
buffer?pNPP solution (Sigma) was added for color develop 
ment. Plates were read at I=405-570 nm. The results of this 
experiment are shown in FIG. 5 and demonstrate that the 
Flt1D2. Flk1D3.FcAC1(a) and 
Flt1D2.VEGFR3D3.FcAC1(a) proteins are considerably 
less sticky to the ECM as compared to the Flt1(1-3)-Fc 
protein. 

Example 19 

Transient Expression of pFlt1D2. Flk1D3.FcAC1(a) 
in CHO-K1 (E1A) Cells 

0083) A large scale (2 L) culture of E. coli DH.10B cells 
carrying the pFlt1D2. Flk1D3.FcAC1(a) plasmid described 
Supra in Example 17(a) was grown overnight in Terrific 
Broth (TB) plus 100 tug/ml amplicillin. The next day, the 
plasmid DNA was extracted using a QlAgen Endofree 
Megaprep kit following the manufacturer's protocol. The 
concentration of the purified plasmid DNA was determined 
by Standard techniques using a UV spectrophotometer and 
fluorometer. The plasmid DNA was verified by standard 
restriction enzyme digestion of aliquots using the restriction 
enzymes EcoRI plus Notl and Asel. All restriction enzyme 
digest fragments corresponded to the predicted sizes when 
analyzed on a 1% agarose gel. 
0084. Forty 15 cm petri plates were seeded with CHO 
K1/E1A cells at a density of 4x106 cells/plate. Plating media 
was Gibco Ham's F-12 supplemented with 10% Hyclone 
Fetal Bovine Serum (FBS), 100 U penicillin/100 U strep 
tomycin and glutamine (2 mM). The following day each 
plate of cells was transfected with 6 ug of the 
pFlt1D2. Flk1D3.FcAC1(a) plasmid DNA using Gibco Opti 
mem and Gibco Lipofectamine in 12 ml Volume, following 
the manufacturer's protocol. Four hours after adding the 
transfection mix to the cells, 12 ml/plate of Optimem 
supplemented with 10% FBS was added. Plates were incu 
bated at 37 C. in a 5% CO incubator overnight. The 
following day the media was removed from each plate and 
25 ml expression media (Gibco CHO-S-SFM II supple 
mented with glutamine (2 mM) and 1 mM sodium butyrate) 
was added. The plates were incubated at 37 C. for 3 days. 
After 3 days of incubation, the media was aspirated from 
each plate and centrifuged at 400 rpm in a Swinging bucket 
rotor to pellet cells. The Supernatant was decanted into 
Sterile 1 L bottles and purification of the expressed protein 
was performed as described infra. 

Example 20 

Construction pVEGFR1R2-FcAC1(a) Expression 
Vector 

0085. The pVEGFR1R2.FcAC1(a) (SEQ ID NO:15-16) 
expression plasmid was constructed by insertion of DNA 
encoding amino acids SDT (corresponding to amino acids 
27-29 of SEQID NO:16) between Flt1d2-Flk1d3-FcAC1(a) 
amino acids 26 and 27 of SEQ ID NO:12 (GG) and removal 
of DNA encoding amino acids GPG corresponding to amino 
acids 229-231. The SDT amino acid sequence is native to the 
Flt1 receptor and was added back in to decrease the likeli 
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hood of heterogeneous N-terminal processing. The GPG 
(bridging sequence) was removed so that the Flt1 and Flk1 
Ig domains were fused directly to one another. The complete 
DNA and deduced amino acid Sequences of the 
pVEGFR1R2.FcAC1(a) chimeric molecule is shown in SEQ 
ID NO:15-16. 

Example 21 

Cell Culture Process Used to Produce Modified 
Flt1 Receptors 

0086) Cell Culture Process Used to Produce 
Flt1D2. Flk1D3.FcAC1(a). The process for production of 
Flt1D2. Flk1D3.FcAC1(a) protein using the expression plas 
mid pFlt1D2. Flk1D3.FcAC1(a) described Supra in Example 
1 involves Suspension culture of recombinant Chinese ham 
ster ovary (CHO K1/E1A) cells which constitutively express 
the protein product. The cells are grown in bioreactors and 
the protein product is isolated and purified by affinity and 
Size exclusion chromatography. 
0087 Cell Expansion. Two confluent T-225 cm flasks 
containing the Flt1 D2. Flk1D3.FcAC1(a) expressing cell 
line were expanded by passaging cells into eight T-225 cm 
flasks in medium (GMEM+10% serum, GIBCO) and incu 
bated at 37 C. and 5% CO. When the flasks approached 
confluence (approximately 3 to 4 days) the cells were 
detached using trypsin. Fresh medium was added to protect 
the cells from further exposure to the trypsin. The cells were 
centrifuged and resuspended in fresh medium then trans 
ferred to eight 850 cm roller bottles and incubated at 37° C. 
and 5% CO until confluent. 
0088 Suspension Culture in Bioreactors. Cells grown in 
roller bottles were trypsinized to detach them from the 
Surface and washed with Suspension culture medium. The 
cells are aseptically transferred to a 5 L bioreactor (New 
Brunswick Celligen Plus) where the cells are grown in 3.5 
Lof Suspension culture. The Suspension culture medium was 
a glutamine-free low glucose modification of IS-CHO (Irv 
ine Scientific) to which 5% fetal bovine serum (Hyclone), 
GS supplement (Life Technologies) and 25 uM methionine 
sulfoximine (Sigma) was added. The pH was controlled at 
7.2 by addition of carbon dioxide to the inlet gas or by 
addition of a liquid Solution of Sodium carbonate to the 
bioreactor. Dissolved oxygen level was maintained at 30% 
of Saturation by addition of oxygen or nitrogen to the inlet 
gas and temperature controlled at 37 C. When a density of 
4x10 cells/mL was reached the cells were transferred to a 
40 L bioreactor containing the same medium and Setpoints 
for controlling the bioreactor. The temperature Setpoint was 
reduced to 34° C. to slow cell growth and increase the 
relative rate of protein expression. 
0089 Cell Culture Process Used to Produce 
Flt1D2.VEGFR3D3.FcAC1(a). The same methodologies as 
described Supra for Flt1D2. Flk1D3.FcAC1(a) were used to 
produce Flt1D2.VEGFR3D3.FcAC1(a). 

Example 22 

Harvest and Purification of Modified Flt1 Receptors 
0090 Harvest and Purification of 
Flt1D2. Flk1D3.FcAC1(a). The product protein was asepti 
cally harvested from the bioreactor while retaining cells 
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using Millipore Prostak tangential-flow filtration modules 
and a low-shear mechanical pump (Fristam). Fresh medium 
was added to the bioreactor to replace that removed during 
the harvest filtration. Approximately 40 L of harvest filtrate 
was then loaded onto a 400 mL column containing Protein 
A Sepharose resin (Amersham Pharmacia). After loading the 
resin was washed with buffer containing 10 mM sodium 
phosphate, 500 mM sodium chloride, pH 7.2 to remove any 
unbound contaminating proteins. Flt1D2. Flk1D3.FcAC1(a) 
protein was eluted with a pH 3.0 citrate buffer. The eluted 
protein was neutralized by addition of Tris base and frozen 
at -20° C. 

0091) Several frozen lots of Flt1D2. Flk1D3.FcAC1(a) 
protein from the Protein Astep above were thawed, pooled 
and concentrated using a Millipore 30 kD nominal molecu 
lar weight cutoff (NMWCO) tangential flow filtration mem 
brane. The protein was transferred to a stirred cell concen 
trator (Millipore) and further concentrated to 30 mg/mL 
using a 30 kD NMWCO membrane. The concentrated 
protein was loaded onto a size exclusion column packed 
with Superdex 200 resin (Amersham Pharmacia) that was 
equilibrated with phosphate buffered saline plus 5% glyc 
erol. The same buffer was used to run the column. The 
fractions corresponding to Flt1D2. Flk1D3.FcAC1(a) dimer 
were pooled, sterile filtered through a 0.22 micron filter, 
aliquoted and frozen. 
0092) Harvest and Purification of 
Flt1D2.VEGFR3D3.FcAC1(a). The same methodologies as 
described supra for Flt1D2. Flk1D3.FcAC1(a) were used to 
harvest and purify Flt1D2.VEGFR3D3.FcAC1(a). 

Example 23 

Phosphorylation Assay for Transiently Expressed 
VEGFR2 

0.093 Primary human umbilical vein endothelial cells 
(HUVECs), passage 4-6, were starved for 2 hrs in serum 
free DME high glucose media. Samples containing 40 ng/ml 
(1 nM) human VEGF165, which is a ligand for the VEGF 
receptors Flt1, Flk1 and Flt-4(VEGFR3) were prepared and 
were preincubated for 1 hr. at room temperature with vary 
ing amounts of the modified Flt1 receptors Flt1(1-3)-Fc, 
Flt1(1-3)-Fc (A40), Flt1D2Flk1D3.FcAC1(a) and 
Flt1D2VEGFR3D3.FcAC1(a) in serum-free DME-high glu 
cose media containing 0.1% BSA. Cells were challenged for 
5 minutes with the samples prepared above +VEGF165, 
followed by whole cell lysis using complete lysis buffer. Cell 
lysates were immunoprecipitated with an antibody directed 
against the C-terminus of VEGFR2 receptor. The immuno 
precipitated lysates were loaded onto 4-12% SDS-PAGE 
Novex gel and then transferred to PVDF membrane using 
Standard transfer methodologies. Detection of phosphory 
lated VEGFR2 was done by immunoblotting with the anti 
phospho Tyrosine mAb called 4G10 (UBI) and developed 
using ECL-reagent (Amersham). Detection by Western blot 
of tyrosine phosphorylated VEGFR2(FIk1) by VEGF165 
ligand Stimulation shows that cell-Surface receptors are 
phosphorylated to varying levels depending on which modi 
fied Flt1 receptor is used during the preincubations with 
VEGF. At a 1.5 molar excess of either Flt1(1-3)-Fc, Flt1(1- 
3)-Fc (A40) or transient Flt1D2Flk1D3.FcAC1(a) there is 
complete blockage of receptor Stimulation by these three 
modified Flt1 receptors as compared to control media chal 
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lenge. In contrast, transient Flt1D2VEGFR3D3.FcAC1(a) 
does not show significant blockage at this molar exceSS, as 
compared with VEGF positive control challenge. Where the 
modified Flt receptors are in a 3-fold molar excess to 
VEGF165 ligand and modified Flt1 receptors are in a 6-fold 
molar excess to VEGF165 ligand, transient 
Flt1D2VEGFR3D3.FcAC1(a) can now be shown to be par 
tially blocking VEGF165-induced stimulation of cell-sur 
face receptorS. 

0094) Detection by Western blot of tyrosine phosphory 
lated VEGFR2(Flk1) by VEGF165 ligand stimulation shows 
that cell-Surface receptors are not phosphorylated by chal 
lenge samples which have VEGF165 preincubated with 1 
and 2 fold molar excess or 3 and 4 fold molar excess of 
either transient Flt1D2FIk1D3.FcAC1(a), stable 
Flt1D2Flk1D3.FcAC1(a), or transient VEGFR1R2 
FcAC1(a). At all modified Flt1 receptor concentrations 
tested there is complete binding of VEGF165 ligand during 
the preincubation, resulting in no detectable Stimulation of 
cell-surface receptors by unbound VEGF165 as compared to 
control media challenge. 

Example 24 

Cell Proliferation Bioassay 

0.095 The test cell population is MG87 cells that have 
been stably transfected with a expression plasmid that 
contains a DNA insert encoding the VEGFR2(Flk1) extra 
cellular domain fused to the TrkB intracellular kinase 
domain, thus producing a chimeric molecule. The reason the 
TrkB intracellular kinase domain was used rather than the 
native VEGFR2(Flk1) intracellular kinase domain is that the 
intracellular kinase domain of VEGFR2(Flk1) does not 
cause a strong proliferative response when Stimulated by 
VEGF165 in these cells. It is known that MG87 cells 
containing full length TrkB receptor give a robust prolifera 
tive response when stimulated with BDNF, so the TrkB 
intracellular kinase domain was engineered to replace the 
intracellular kinase domain of VEGFR2(Flk1) to take 
advantage of this proliferative response capability. 

0096) 5x10 cells/well were plated in a 96 well plate and 
allowed to settle for 2 hrs at 37 C. The following modified 
Flt receptors Flt1(1-3)-Fc, Flt1D2. Flk1D3.FcAC1(a) and 
Flt1D2.VEGFR3D3.FcAC1(a), plus an irrelevant receptor 
termed Tie2-Fc as a negative control, were titrated from 40 
nM to 20 pM and incubated on the cells for 1 hr at 37° C. 
Human recombinant VEGF165 in defined media was then 
added to all the wells at a concentration of 1.56 nM. The 
plates were incubated for 72 hrs at 37° C. and then MTS 
(Owen's reagent, Promega) added and the plates were 
incubated for an additional for 4 hrs. Finally, the plates were 
read on a spectrophotometer at 450/570mm. The results of 
this experiment are shown in FIG. 6. The control receptor 
Tie2-Fc does not block VEGF165-induced cell proliferation 
at any concentration whereas Flt1D2. Flk1D3.FcAC1(a) 
blocks 1.56 nM VEGF165 with a half maximal dose of 
0.8nM. Flt1(1-3)-Fc and Flt1D2.VEGFR3D3.FcAC1(a) are 
less effective in blocking VEGF165 in this assay with a half 
maximal dose of -2 nM. VEGF165 alone gives a reading of 
1.2 absorbance units and the background is 0.38 absorbance 
units. 
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Example 25 

Binding Stoichiometry of Modified Flt Receptors to 
VEGF165 

0097 BIAcore Analysis. The stoichiometry of 
Flt1D2Flk1D3.FcAC1(a) and VEGFR1R2-FcAC1(a) inter 
action with human VEGF165 was determined by measuring 
either the level of VEGF saturation binding to the 
Flt1D2Flk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a) surfaces 
or measuring concentration of VEGF165 needed to com 
pletely prevent binding of Flt1D2Flk1D3.FcAC1(a) or 
VEGFR1R2-FcAC1(a) to VEGF BIAcore chip surface. 
0.098 Modified Flt receptors Flt1D2FIk1D3.FcAC1(a) 
and VEGFR1R2-FcAC1(a), captured with an anti-Fc spe 
cific antibody that was first immobilized on a Biacore chip 
(BIACORE) using amine-coupling chemistry. A blank anti 
body surface was used as a negative control. VEGF165 was 
injected at a concentration of 1 nM, 10 nM, and 50 nM over 
the Flt1D2FIk1D3.FcAC1(a) and VEGFR1R2-FcAC1(a) 
Surfaces at 10 up/min for one hour. A real-time binding 
Signal was recorded and Saturation binding was achieved at 
the end of each injection. Binding Stoichiometry was calcu 
lated as a molar ratio of bound VEGF165 to the immobilized 
Flt1D2Flk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a), using 
the conversion factor of 1000 RU equivalent to 1 ng/ml. The 
results indicated binding stoichiometry of one VEGF165 
dimeric molecule per one Flt1D2Flk1D3.FcAC1(a) or 
VEGFR1R2-FcAC1(a) molecule (FIG. 7). 
0099] In solution, Flt1D2FIk1D3.FcAC1(a) or 
VEGFR1R2-FcAC1(a) at a concentration of 1 nM (esti 
mated to be 1000 times higher than the KD of the 
Flt1D2FIk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a)/ 
VEGF165 interaction) were mixed with varied concentra 
tions of VEGF165. After one hour incubation, concentra 
tions of the free Flt1D2FIk1D3.FcAC1(a) in solution were 
measured as a binding Signal to an amine-coupled VEGF165 
Surface. A calibration curve was used to convert the 
Flt1D2Flk1D3.FcAC1(a) BIAcore binding signal to its 
molar concentration. The data showed that the addition of 1 
nM VEGF165 into the Flt1D2Flk1D3.FcAC1(a) solution 
completely blocked Flt1D2Flk1D3.FcAC1(a) binding to the 
VEGF165 surface. This result suggested the binding sto 
ichiometry of one VEGF165 molecule per one 
Flt1D2Flk1D3.FcAC1(a) molecule. When the concentration 
of Flt1D2Flk1D3.FcAC1(a) was plotted as a function of 
added concentration of VEGF165, the slope of the linear 
portion was -1.06 for Flt1D2Flk1D3.FcAC1(a) and -1.07 
for VEGFR1R2-FcAC1(a). The magnitude of the slope, very 
close to negative one, was indicative that one molecule of 
VEGF165 bound to one molecule of either 
Flt1D2FIk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a). 
01.00 Size Exclusion Chromatography. 
Flt1D2Flk1D3.FcAC1(a) was mixed with a 3-fold excess of 
VEGF165 and the receptor-ligand complex was purified 
using a Pharmacia Superose 6 size exclusion chromatogra 
phy column. The receptor-ligand complex was then incu 
bated in a buffer containing 6M guanidine hydrochloride in 
order to dissociate it into its component proteins. 
Flt1D2Flk1D3.FcAC1(a) was separated from VEGF165 
using Superose 6 size exclusion chromatography column run 
in 6M guanidium chloride. In order to determine complex 
Stoichiometry, Several injections of 
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Flt1D2Flk1D3.FcAC1(a) and VEGF165 were made and 
peak height or peak integrated intensity was plotted as a 
function of the concentration of injected protein. The cali 
bration was done under condition identical to one used in 
separating components of Flt1D2Flk1D3.FcAC1(a)/VEGF 
complex. Quantification of the Flt1D2Flk1D3.FcAC1(a)/ 
VEGF complex composition was based on the calibration 
curves. The results of this experiment (FIG. 7) shows the 
ratio of VEGF165 to Flt1D2Flk1D3.FcAC1(a) in a complex 
to be 1:1. 

Example 26 

Determination of the Binding Stoichiometry of 
Flt1D2FIk1D3.FcAC1(a)/VEGF165 Complex by 

Size Exclusion Chromatography 

01.01 Flt1D2FIk1D3.FcAC1(a)/VEGF165 Complex 
Preparation. VEGF165 (concentration=3.61 mg/ml) was 
mixed with CHO cell transiently expressed 
Flt1D2. Flk1D3.FcAC1(a) (concentration=0.9 mg/ml) in 
molar ratio of 3:1 (VEGF165:Flt1D2. Flk1D3.FcAC1(a)) 
and incubated overnight at 4 C. 

0102) Size Exclusion Chromatography (SEC) under 
native conditions. To Separate the complex from excess of 
unbound VEGF165, 50 ul of the complex was loaded on a 
Pharmacia Superose 12 PC3.2/30 which was equilibrated in 
PBS buffer. The sample was eluted with the same buffer at 
flow rate 40 ul/min. at room temperature. Peak #1 represents 
the complex and peak #2 represents unbound VEGF165. 
Fractions eluted between 1.1 and 1.2 ml were combined and 
guanidinium hydrochloride (GuHCl) was added to a final 
concentration 4.5M to dissociate the complex. 

0103) Size Exclusion Chromatography (SEC) under dis 
Sociative conditions. To Separate the components of the 
receptor-ligand complex and to determine their molar ratio, 
50 ul of dissociated complex as described Supra was loaded 
onto a Superose 12 PC3.2/30 equilibrated in 6M GuHCl and 
eluted with the same solution at a flow rate 40 l/min. at 
room temperature. 

01.04 Calculation of Flt1D2FIk1D3.FcAC1(a):VEGF165 
Complex Stoichiometry. The stoichiometry of the receptor 
ligand complex was determined from the peak area or the 
peak height of the components. Concentrations of VEGF165 
and Flt1D2Flk1D3.FcAC1(a) corresponding to the peak 
height or peak area, respectively, were obtained from the 
standard curves for VEGF165 and Flt1D2Flk1D3.FcAC1(a). 
To obtain a Standard curve, four different concentrations 
(0.04 mg/ml -0.3 mg/ml) of either component were injected 
onto a Pharmacia Superose 12 PC 3.2/30 column equili 
brated in 6M guanidinium chloride and eluted with the same 
Solution at flow rate 40 ul/min. at room temperature. The 
Standard curve was obtained by plotting peak area or peak 
height VS protein concentration. The molar ratio of 
VEGF165:Flt1D2FIk1D3.FcAC1(a) determined from the 
peak area of the components was 1.16. The molar ratio of 
VEGF165:Flt1D2FIk1D3.FcAC1(a) determined from the 
peak height of the components was 1.10. 
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Example 27 

Determination of the Stoichiometry of the 
Flt1D2FIk1D3.FcAC1(a)/VEGF165 Complex by 
Size Exclusion Chromatography with On-Line 

Light Scattering 

0105 Complex preparation. VEGF165 was mixed with 
CHO transiently expressed Flt1D2. Flk1D3.FcAC1(a) pro 
tein in molar ratio of 3:1 
(VEGF165: Flt1D2FIk1D3.FcAC1(a)) and incubated over 
night at 4 C. 
0106 Size Exclusion Chromatography (SEC) with On 
Line Light Scattering. Size exclusion chromatography col 
umn with a MiniDawn on-line light Scattering detector 
(Wyatt Technology, Santa Barbara, Calif.) and refractive 
index (RI) detectors (Shimadzu, Kyoto, Japan) was used to 
determine the molecular weight (MW) of the receptor-ligand 
complex. Samples were injected onto a Superose 12 HR 
10/30 column (Pharmacia) equilibrated in PBS buffer and 
eluted with the same buffer at flow rate 0.5 ml/min. at room 
temperature. The elution profile shows two peaks. Peak #1 
represents the receptor-ligand complex and peak #2 repre 
Sents the unbound VEGF165. MW was calculated from LS 
and RI Signals. The same procedure was used to determine 
MW of the individual components of the receptor-ligand 
complex. The results of these determinations are as follows: 
MW of the Flt1D2FIk1D3.FcAC1(a)/VEGF165 complex at 
the peak position is 157 300, the MW of VEGF165 at the 
peak position is 44390 and the MW of R1R2 at the peak is 
1133OO. 

0107 These data indicated that the stoichiometry of the 
Flt1D2Flk1D3.FcAC1(a)/VEGF complex is 1:1 as its cor 
responds to the Sum of molecular weights for 
Flt1D2Flk1D3.FcAC1(a) and VEGF165. Importantly, this 
method conclusively proved that the 
Flt1D2Flk1D3.FcAC1(a)/VEGF165 complex was indeed 
composed of only one molecule of VEGF165 ligand and 
only one molecule of the Flt1D2FIk1D3.FcAC1(a). 

Example 28 

Peptide Mapping of Flt1D2. Flk1D3.FcAC1(a) 
0108. The disulfide structures and glycosylation sites in 
Flt1D2. Flk1D3.FcAC1(a) were determined by a peptide 
mapping method. In this method, the protein was first 
cleaved with trypsin. Tryptic fragments were analyzed and 
identified by HPLC coupled with mass spectrometry, in 
addition to an N-terminal Sequencing technique. Reduction 
of the tryptic digest was employed to help identify disulfide 
bond-containing fragments. Treatment of the tryptic digest 
with PNGase F (Glyko, Novato, Calif.) was employed to 
help identify fragments with N-linked glycosylation sites. 
0109 There are a total of ten cysteines in 
Flt1D2. Flk1D3.FcAC1(a); six of them belong to the Fc 
region. Cys27 has-been confirmed to be disulfide bonded to 
Cys76. Cys121 is confirmed to be disulfide bonded to Cys 
182. The first two cysteines in the Fc region (Cys211 and 
Cys214) form an intermolecular disulfide bond with the 
Same two cysteines in another Fc chain. However, because 
these two cysteines can not be separated enzymatically from 
each other, it can not be determined whether disulfide 
bonding is occurring between same cysteines (CyS211 to 
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Cys211, for example) or between Cys211 and Cys214. 
Cys216 is confirmed to be disulfide bonded to Cys306. Cys 
352 is confirmed to be disulfide bonded to Cys410. 
0110. There are five possible N-linked glycosylation sites 
in Flt1D2. Flk1D3.FcAC1(a). All five of them are found to be 
glycosylated to varying degrees. Complete glycosylation 
was observed at ASn33 (amino acid sequence NIT), Asn193 
(amino acid sequence NST), and ASn282 (amino acid 
Sequence NST). In addition, partial glycosylation is 
observed on ASnó5 and Asn120. 

Example 29 

Pharmacokinetic Analysis of Modified Flt 
Receptors 

0111 Pharmacokinetic analysis of Flt1(1-3)-Fc (A40). 
Flt1D2. Flk1D3.FcAC1(a) and VEGFR1R2-FcAC1(a). 
Balb/c mice (25-30 g) were injected subcutaneously with 4 
mg/kg of Flt1(1-3)-Fc (A40), CHO transiently expressed 
Flt1D2. Flk1D3.FcAC1(a), CHO stably expressed 
Flt1D2. Flk1D3.FcAC1(a), and CHO transiently expressed 
VEGFR1R2-FcAC1(a). The mice were tail bled at 1, 2, 4, 6, 
24 hrs, 2 days, 3 days and 6 days after injection. The Sera 
were assayed in an ELISA designed to detect Flt1(1-3)-Fc 
(A40), Flt1D2.FIk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a). 
The ELISA involves coating an ELISA plate with 
VEGF165, binding the detect Flt1(1-3)-Fc (A40), 
Flt1D2. Flk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a) and 
reporting with an anti-Fc antibody linked to horse radish 
peroxidase. The results of this experiments are shown in 
FIG.8. The T for Flt1(1-3)-Fc (A40) was at 6 hrs while 
the Tmax for the transient and stable 
Flt1D2. Flk1D3.FcAC1(a) and the transient VEGFR1R2 
FcAC1(a) was 24 hrs. The C for Flt1(1-3)-Fc (A40) was 
8 ug/ml. For both transients (Flt1D2. Flk1D3.FcAC1(a) and 
VEGFR1R2-FcAC1(a)) the C was 18 tug/ml and the C. 
for the stable VEGFR1R2-FcAC1(a) was 30 tug/ml. 
0112 Pharmacokinetic analysis of Flt1(1-3)-Fc (A40). 
Flt1D2. Flk1D3.FcAC1(a) and 
Flt1D2.VEGFR3D3.FcAC1(a). Balb/c mice (25-30 g) were 
injected subcutaneously with 4 mg/kg of Flt1(1-3)-Fc (A40), 
CHO transiently expressed Flt1D2. Flk1D3.FcAC1(a) and 
CHO transiently expressed Flt1D2. VEGFR3D3.FcAC1(a). 
The mice were tail bled at 1, 2, 5, 6, 7, 8, 12, 15 and 20 days 
after injection. The Sera were assayed in an ELISA designed 
to detect Flt1(1-3)-Fc, Flt1D2. Flk1D3.FcAC1(a) and 
Flt1D2.VEGFR3D3.Fc1C1(a). The ELISA involves coating 
an ELISA plate with 165, binding the Flt1(1-3)-Fc, 
Flt1D2. Flk1D3.FcAC1(a) or Flt1D2.VEGFR3D3.FcAC1(a) 
and reporting with an anti-Fc antibody linked to horse radish 
peroxidase. Flt1(1-3)-Fc (A40) could no longer be detected 
in the serum after day 5 whereas, Flt1D2. Flk1D3.FcAC1(a) 
and Flt1D2. VEGFR3D3.FcAC1(a) were detectable for 15 
days or more. The results of this experiment are shown in 
FIG 9. 

Example 30 

Evaluation of the Ability of 
Flt1D2. Flk1D3.FcAC1(a) to Inhibit Tumor Growth 

In Vivo 

0113 To evaluate the ability of Flt1D2. Flk1D3.FcAC1(a) 
to inhibit tumor growth in vivo a model in which tumor cell 
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Suspensions are implanted Subcutaneously on the right flank 
of male severe combined immunodeficiency (SCID) mice 
was employed. Two cell lines, the human HT-1080 fibrosa 
rcoma cell line (ATCC accession no. CCL-121) and the rat 
C6 glioma cell line (ATCC accession no. CCL-107), each of 
which exhibit distinctly different morphologies and growth 
characteristics, were used in the assay. The first dose of 
Flt1D2. Flk1D3.FcAC1(a) (at 25 mg/Kg or as indicated in 
FIG. 10-11) was given on the day of tumor implantation. 
Animals Subsequently received Subcutaneous injections of 
Flt1(1-3)-Fc (A40), Flt1D2. Flk1D3.FcAC1(a) or vehicle 
either every other day (EOD) or two times per week (2x/wk) 
for a period of 2 weeks. After 2 weeks, animals were 
perfused with fixative, tumors were removed and Samples 
were blinded. Tumor Volume was determined by measuring 
the length and width of visible subcutaneous tumors. Both of 
Flt1(1-3)-Fc (A40) and Flt1D2. Flk1D3.FcAC1(a) signifi 
cantly reduced the growth of tumors formed by HT-1080 and 
C6 cells. 

Example 31 

The Effect of VEGF165 and Modified Flt 
Receptors in Female Reproductive System 

0114. The stereotypic pattern of vascular remodeling 
which occur in the uterus and Ovary over the course of the 
reproductive cycle has been well characterized, making 
these tissues particularly well Suited to the Study of mecha 
nisms which regulate angiogenesis, vascular remodeling and 
vascular regression. Indeed, in Situ hybridization Studies in 
the reproductive tissueS provided the first clear evidence that 
VEGF acts as a mediator of physiological angiogenesis in 
mature rodents, as well as humans and non-human primates. 
AS cyclic angiogenesis and vascular remodeling are promi 
nent features of the normal ovary and uterus, it is not 
Surprising that abnormal blood vessel growth and/or vascu 
lar dysfunction have been found to characterize many patho 
logical conditions which affect these organs. Furthermore, 
these pathogenic vascular abnormalities are thought to be 
caused or perpetuated by the dysregulated expression of one 
or more angiogenic or anti-angiogenic factors, most promi 
nently VEGF. 
0115 For example, abnormal angiogenesis is character 
istic of polycystic ovary disease, endometriosis and endome 
trial carcinoma, and in each case VEGF is over expressed in 
the affected tissue. Overexpression of VEGF is also thought 
to play a pathogenic role in the establishment of Systemic 
vascular hyperpermeability in ovarian hyperStimulation Syn 
drome and preeclampsia. In addition, VEGF has been impli 
cated as the permeability factor responsible for the produc 
tion of asciteS associated with Ovarian carcinoma and other 
tumors. Agents which effectively neutralize the biological 
actions of VEGF can reasonably be anticipated to be of 
therapeutic benefit in the above and related conditions. 
011.6 Angiogenesis and vascular remodeling are also 
hallmarks of blastocyst implantation and placental develop 
ment. VEGF is strongly expressed both in the maternal 
decidua and in embryonic trophoblasts, where it is thought 
to first Stimulate expansion and hyperpermeability of the 
uterine vasculature during the peri-implantation period and 
Subsequently mediate formation of both the maternal and 
embryonic components of the placental vasculature. VEGF 
is also required for luteal angiogenesis and associated 
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progesterone Secretion necessary to prepare the uterus for 
implantation. Thus, agents which inhibit the biological 
actions of VEGF may prove to be useful as contraceptive 
agents (by preventing implantation), or as an abortifacients 
in the early Stages of gestation. The latter application might 
find particular use as a non-Surgical intervention for the 
termination of ectopic pregnancies. 

0.117) While the expression of VEGF receptors is largely 
confined to the vascular endothelium in normal reproductive 
tissues, Flt1 is also expressed by trophoblasts in the placenta 
in both humans and animals where it has been proposed to 
play a role in trophoblast invasion. Interestingly, both Flt1 
and KDR (Flk1) are expressed by choriocarcinoma cell line 
BeWo, and VEGF has been shown to promote DNA syn 
thesis and tyrosine phosphorylation of MAP kinase in these 
cells. Furthermore, primary and metastatic Ovarian carcino 
mas not only to express high levels of VEGF, but-in 
addition to the vascular endothelium-the tumor cells them 
Selves express KDR and/or Flt1. These findings Suggest that 
VEGF may not only be critically involved in the generation 
and maintenance of tumor vasculature, but that at least in 
Some tumors of reproductive origin VEGF may subserve an 
autocrine role, directly Supporting the Survival and prolif 
eration of the tumor cells. Thus agents which block the 
actions of VEGF may have particularly beneficial applica 
tions to the treatment of tumors of reproductive origin. 

0118 Assessment of VEGF-Induced Uterine Hyperper 
meability. Pregnant mare's serum gonadotrophin (PMSG) 
was injected Subcutaneously (5 IU) to induce ovulation in 
prepubertal female rats. This results in a Surge of estradiol 
after 2 days which in turn causes an induction of VEGF in 
the uterus. It is reported that this induction results in 
hyperpermeability of the uterus and an increase in uterine 
wet weight 6 hrs. later and, therefore, could potentially be 
blocked by the modified Flt receptors Flt1(1-3)-Fc (A40), 
Flt1D2. Flk1D3.FcAC1(a) and 
Flt1D2.VEGFR3D3.FcAC1(a). In this in vivo model, the 
normal weight of the rat uterus is about 50 mg and this can 
be induced to 300-350 mg by PMSG. Desiccation of the 
tissue reveals that this is all water weight. Subcutaneous 
injection of Flt1(1-3)-Fc (A40), Flt1D2. Flk1D3.FcAC1(a) 
and Flt1D2.VEGFR3D3.Fc1C1(a) at 25 mg/kg at 1 hr. after 
PMSG injection results in about a 50% inhibition of the 
increase in uterine wet weight. Increasing the dose of 
modified Flt receptor does not further reduce the increase in 
wet weight Suggesting that there is a VEGF-independent 
component to this model (FIG. 12). 
0119 ASSessment of corpus luteum angiogenesis using 
progesterone as a readout. Pregnant mare's Serum gonadot 
rophin (PMSG) is injected Subcutaneously (5 IU) to induce 
ovulation in prepubertal female rats. This results in a fully 
functioning corpus luteum containing a dense network of 
blood vessels after 4 days that allows for the secretion of 
progesterone into the blood Stream in order to prepare the 
uterus for implantation. The induction of angiogenesis in the 
corpus luteum requires VEGF; therefore, blocking VEGF 
would result in a lack of new blood vessels and thus a lack 
of progesterone Secreted into the blood Stream. In this in 
Vivo model, resting levels of progesterone are about 5 ng/ml 
and this can be induced to a level of 25-40 ng/ml after 
PMSG. Subcutaneous injection of Flt1(1-3)-Fc (A40) or 
Flt1D2. Flk1D3.FcAC1(a) at 25 mg/kg or 5 mg/kg at 1 hr. 
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after PMSG injection results a complete inhibition of the 
progesterone induction on day 4 (FIG. 13A-B). 

Example 33 

Pharmacokinetic Analysis of Flt1(1-3)-Fc (A40) 
and Pegylated Flt1(1-3)-Fc 

0120) Flt1(1-3)-Fc was PEGylated with either 10 kD 
PEG or 20 kD PEG and tested in balb/c mice for their 
pharmacokinetic profile. Both PEGylated forms of Flt1(1- 
3)-Fc were found to have much better PK profiles than 
Flt1(1-3)-Fc (A40), with the Tmax occurring at 24 hrs. for 
the PEGylated molecules as opposed to 6 hrs. for Flt1(1- 
3)-Fc (A40). 

Example 34 

VEGF165 ELISA to Test Affinity of Modified Flt1 
Receptor Variants 

0121 10 pM of VEGF165 was incubated overnight at 
room temperature with modified Flt1 receptor variants rang 
ing from 160 pM to 0.1 pM. The modified Flt1 receptor 
variants used in this experiment were Flt1(1-3)-Fc, Flt1(1- 
3)-Fc (A40), transiently expressed 
Flt1D2FIk1D3.FcAC1(a), transiently expressed 
Flt1D2VEFGFR3D3-FcAC1(a), Flt1-(1-3Ns)-Fc, Flt1(1- 
3 -)-Fc and Tie2-Fc. Flt1(1-3NAs)-Fc is a modified ver 
sion of Flt1(1-3)-Fc in which the highly basic amino acid 
sequence KNKRASVRRR (SEQ ID NO:32) is replaced by 
NASVNGSR (SEQ ID NO:33), resulting in the incorpora 
tion of two new glycosylation sites and a net reduction of 
five positive charges, both with the purpose of reducing the 
unfavorable effects of this sequence on PK. Flt1(1-3 -)-Fc 
is a modification in which a single arginine (R) residue 
within the same basic amino acid Sequence is changed to a 
cysteine (C) (KNKRASVRRR (SEQ ID NO:32)->KNK 
CASVRRR (SEQ ID NO:34)) to allow for pegylation at that 
residue, which could then Shield the basic region from 
exerting its unfavorable effects on PK. After incubation the 
Solution was transferred to a plate containing a capture 
antibody for VEGF165 (R&D). The amount of free 
VEGF165 was then determined using an antibody to report 
free VEGF165. This showed that the modified Flt1 receptor 
variant with the highest affinity for VEGF165 (determined as 
the lowest amount of free VEGF165) was 
Flt1D2Flk1D3.FcAC1(a), followed by Flt1(1-3)-Fc and 
Flt1(1-3)-Fc (A40) and then by Flt1(1-3 -)-Fc, Flt1(1- 
3Ns)-Fc and Flt1D2VEFGFR3D3-FcAC1(a). Tie2Fc has 
no affinity for VEGF165. 

Example 35 

Breakdown of Blood-Retinal Barrier in Diabetes is 
Reversed by Inhibition of VEGF 

0122) Rats received a single injection of VEGFR1R2 
FcAC1(a) (SEQ ID NO:16) (25 mg/kg, i.p.) or PBS 4 weeks 
after induction of diabetes by Streptozotocin (65 mg/kg, i.v.). 
The permeability of retinal vessels was assessed 24 hours 
later by measuring the extravasation of Evans Blue dye, 
which binds to albumin in the circulation. Under deep 
anesthesia, Evans Blue dye (45 mg/kg) was injected intra 
venously, and allowed to circulate for 60 minutes, and blood 
Samples were taken periodically to assess the concentration 
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of dye in the circulation. The animals were then perfused to 
flush dye and blood from the vasculature, the eye enucleated 
and the retinas removed. Evans blue was extracted, and the 
concentration of dye in the retina was normalized to retinal 
weight and the time-averaged concentration of Evans blue in 
the circulation (mL plasmaxg retina weight'xhr') to pro 
vide an index of vascular leak. VEGFR1R2-FcAC1(a) nor 
malized retinal vascular permeability to levels evident in 
non-diabetic rats. 

Example 36 

VEGFR1R2-FcAC1(a) Prevents Neovascularization 
Induced by Retinal Ischemia 

0123 Excessive upregulation of VEGF expression is 
responsible for pathologic neovascularization in many reti 
nal diseases. The anti-angiogenic properties of VEGFR1R2 
FcAC1(a) were investigated in a mouse model of oxygen 
induced ischemic retinopathy (OIR). OIR was produced by 
transiently exposing mouse pups to increased ambient oxy 
gen (hyperoxia), resulting in obliteration of the developing 
microvasculature within the central retina. Subsequent 
return of the animals to room air results in relatively hypoxic 
conditions in the retina, which in turn Stimulates an angio 
genic response that shares features with both diabetic retin 
opathy, retinopathy of prematurity and other ischemic ret 
inopathies. VEGFR1R2-FcAC1(a) (25 mg/kg, ip) was 
administered every other day beginning 12-24 hours after 
returning the mice from hyperoxia to room air. Littermate 
controls received injections of human Fc following the same 
Schedule. Retinas were collected 1 week following return to 
room air. Flat mounts were prepared from one retina 
obtained from each animal, and the retinal vessels Stained 
with fluoresceinated lectin (griffonia simplicifolia). The 
other retina was embedded and cross-sections were cut and 
Stained with hematoxylin and eosin. 
0.124 Retinas of all control mice exposed to hyperoxia 
exhibited marked pathologic angiogenesis, characterized by 
the presence of vascular tufts penetrating the inner limiting 
membrane and chaotic Sprouting of vessels on the Surface of 
the retina, particularly around the optic nerve head. Admin 
istration of VEGFR1R2-FcAC1(a) almost completely 
blocked the development of these vascular abnormalities as 
quantitated by counting endothelial cell nuclei in the abnor 
mal pre-retinal vessels (FIG. 15). Although pathologic 
angiogenesis was dramatically inhibited, Systemic adminis 
tration of VEGFR1R2-FcAC1(a) did not block the growth of 
normal-appearing intraretinal vessels in these animals. 

Example 37 

Subcutaneous Administration of 
VEGFR1R2-FcAC1(a) Suppresses Choroidal 

Neovascularization 

0.125 Though animals do not develop age related macu 
lar degeneration (AMD) per se, choroidal neovasculariza 
tion resembling that seen in AMD can be produced by using 
a laser to produce focal disruptions in Bruch's membrane 
and the overlying retinal pigment epithelium (RPE). This 
injury Stimulates the abnormal growth of underlying chor 
oidal capillaries into the rpe layer and Subretinal Space. 
Disruption of Bruch's membrane is common to all forms of 
choroidal neovascularization (CNV), including that which 
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characterizes the wet form of AMD. In the laser-induced 
model of choroidal neovascularization, groups of 9 or 10 
mice were treated with Sc injections of 25 mg/kg of 
VEGFR1R2-FcAC1(a) or human Fc one day prior to laser 
injury and on days 2, 5, 8, and 11 after laser. At 14 days after 
laser injury, the mice were injected intravenously with 
fluorescein-labeled dextran (50 mg), euthanized, and eyes 
were rapidly dissected for choroidal flat mounts or frozen in 
optimum cutting temperature embedding compound and 
Sectioned for evaluation of the lesions. VEGFR1R2 
FcAC1(a) administration reduced the area of CNV lesions 
by approximately 70% (FIG. 16). 

0126 The effect of VEGFR1R2-FcAC1(a) on laser-in 
duced choroidal neovascularization also was evaluated in 
adult cynomolgus monkeys. In this experiment, 
VEGFR1R2-FcAC1(a) was administered by intravenous or 
intravitreal injection. Each animal received nine or ten laser 
burns to each retina, and the development of active choroidal 
neovascular lesions was assessed by fluorescein angiogra 
phy, once before the initiation of treatment and 15, 20 and 
19 days postlaser. VEGFR1R2-FcAC1(a) was administered 
intravenously once per week, beginning one week before 
laser injury, at a dose of 3 mg/kg or 10 mg/kg. Intravitreal 
injections were made once every two weeks, at a dose of 50, 
250 or 500 mcg/eye beginning one week before laser, or 
once, two weeks following laser (500 mcg dose only), at 
which time active CNV lesions had already formed. Control 
animals received weekly intravenous or biweekly intravit 
real injections of placebo, beginning one week before laser. 
Each of the above experimental and control groups com 
prised six animals, 3 males and 3 females. CNV lesions were 
Visualized by fluorescein angiography and graded. Active 
CNV lesions characterized bright hyperflourescence, with 
late leakage beyond the borders of the laser spot (Grade 4), 
developed at 32% and 48% of the laserburn sites, in animals 
receiving intravitreal or intravenous administration of pla 
cebo. In contrast, the development of grade 4 lesions was 
completely or nearly completely prevented in all groups of 
animals receiving intravenous or intravitreal injections of 
VEGFR1R2-FcAC1(a) (FIG. 20). Moreover a single intra 
vitreal injection (500mcg) of VEGFR1R2-FcAC1(a) made 
following the laser injury reduced the incidence of grade 4 
lesions from 44% to 0% within 10 days of treatment (FIG. 
20). 

Example 38 

Subcutaneous Administration of 
VEGFR1R2-FcAC1(a) Inhibits Subretinal 

Neovascularization in Rho/VEGF Transgenic Mice 

0127 Transgenic mice expressing a recombinant human 
VEGF transgene under the control of the rhodopsin pro 
moter (Rho/VEGF) were used in these experiments. These 
animals begin to express VEGF in photoreceptors on about 
postnatal day (P) 7, which typically results in pronounced 
subretinal neovascularization by P21. At P7, mice were 
divided into 2 groups and treated with 25 mg/kg of 
VEGFR1R2-FcAC1(a) (9 mice, 17 eyes) or human Fc (10 
mice, 19 eyes) on P7, P10, P13, P16, and P19. On P21, the 
mice were anesthetized and perfused with fluorescein-la 
beled dextran. Retinal whole mounts from mice treated with 
VEGFR1R2-FcAC1(a) showed few areas of neovasculariza 
tion while many new vessels were present in the Subretinal 
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space of mice that had been treated with Fc. Measurement 
of the total area of neovascularization per retina by image 
analysis showed Significantly leSS neovascularization in 
VEGFR1R2-FcAC1(a)-treated mice, compared to those 
treated with Fc (FIG. 17). 

Example 39 

Subcutaneous Injections of VEGFR1R2-FcAC1(a) 
Suppress VEGF-Induced Breakdown of the 

Blood-Retinal Barrier 

0128. Adult C57BL/6 mice were given a sc injection of 
25 mg/kg of VEGFR1R2-FcAC1(a) or Fc fragment and on 
the following day received an intravitreous injection of 1 ul 
of 10M VEGF. Six hours later, retinal vascular permeabil 
ity was measured using H-mannitol as a tracer. Mice 
treated with VEGFR1R2-FcAC1(a) (9 mice, 18 eyes) had a 
Significantly Smaller retina to lung leakage ratio (the ratio of 
radioactivity in the retina compared to excised lung) than 
mice treated with Fc fragment (9 mice, 18 eyes) indicating 
less breakdown of the blood retinal barrier (FIG. 18A). 
0129. The effect of VEGFR1R2-FcAC1(a) on VEGF 
mediated vascular leak was also evaluated in a Second 
experiment, which employed double transgenic mice (rtTA/ 
rho-TRE/VEGF). These mice are characterized by photore 
ceptor-specific expression of the VEGF transgene that is 
inducible by administration of doxycycline. Adult rtTA/rho 
TRE/VEGF mice were injected Sc with 25 mg/kg 
VEGFR1R2-FcAC1(a) (10 mice, 20 eyes) or Fc fragment 
(10 mice, 20 eyes). On the following day, doxycycline (2 
mg/mL) was placed in their drinking water to Stimulate 
over-expression of VEGF within the retina. Two days later, 
they were given a second Sc injection of VEGFR1R2 
FcAC1(a) or Fc fragment and then the next day retinal 
vascular permeability was measured with H-mannitol. 
Mice treated with VEGFR1R2-FcAC1(a) exhibited a sig 
nificant reduction in the retina to lung leakage ratio com 
pared to mice treated with Fc (FIG. 18B), indicating that 
impairment in the blood-retinal barrier was ameliorated. 

Example 40 

VEGFR1R2-FcAC1(a) Inhibits Injury-Induced 
Corneal Neovascularization, Edema, and 

Inflammation 

0.130 Corneal neovascularization was induced in male 
C57BL/6 mice by intrastromal placement of 3 nylon Sutures, 
or by chemical injury (NaOH) and mechanical debridement 
of the corneal epithelium. Multiple experiments were con 
ducted in which VEGFR1R2-FcAC1(a) was administered 
intraperitoneally once or at multiple time points immediately 
before or following injury. The growth of corneal neoVessels 
was evaluated by Slit-lamp microScopy and histological 
evaluation. The vasculature was labeled with an endothelial 
cell Specific fluorescein-conjugated lectin, and neovascular 
ization was evaluated in corneal flat-mounts, as well as in 
cross sections using PECAM immunohistochemistry. The 
presence of corneal edema was evaluated, using Slit lamp 
microScopy, and corneal thickness was measured in croSS 
Sections, increases in corneal thickness reflect the amount of 
edema. The numbers of polymorphonuclear leukocytes 
(PMN) and macrophages were determined by Staining cross 
Sections with HEMA-3 or rat anti-mouse F4/80 monoclonal 
antibody, respectively. 
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0131 Dosing regimens which employed multiple injec 
tions of VEGFR1R2-FcAC1(a)(25 mg/kg, ip) completely 
inhibited corneal neovascularization in both the Suture and 
chemical injury models. Moreover, Single injections of 25 or 
12.5 mg/kg. VEGFR1R2-FcAC1(a) given immediately after 
Suture injury effectively blocked corneal neovascularization 
for at least 9 days, while injections of 6.25 and 2.5 mg/kg 
ameliorated but did not block corneal neovascularization. 
The lowest dose of VEGFR1R2-FcAC1(a) tested (0.5 
mg/kg) had no evident effect. Corneal thickness, reflecting 
the amount of edema present, was significantly reduced in 
VEGFR1R2-FcAC1(a)-treated animals compared to 
vehicle-treated controls (FIG. 19). Histological analyses 
showed that the infiltration of neutrophils and macrophages 
into the damaged cornea also was dramatically reduced by 
VEGFR1R2-FcAC1(a) treatment. 

Example 41 

Transient Treatment with VEGFR1R2-FcAC1(a) 
Produces Long-Lasting Inhibition of Corneal 
Neovascularization and Conjunctivalization 

Following Alkali Burn Injury 
0132) Corneas were injured by application of NaOH and 
mechanical debridement of the corneal epithelium in adult, 
male C57BL/6 mice. VEGFR1R2-FcAC1(a) or a control 
protein (human Fc) was administered Subcutaneously (12.5 
mg/kg) on days 0 (the day of injury), 7 and 14, at which time 
re-epithelialization of the cornea was complete. The animals 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 35 

<210> SEQ ID NO 1 
&2 11s LENGTH 1704 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 1 
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were euthanized on days 28 or 42 (14 or 28 days following 
the last injection of VEGFR1R2-FcAC1(a) and corneas 
taken for histological evaluation. Tissues were processed as 
described above. 

0133) Treatment with VEGFR1R2-FcAC1(a) inhibited 
corneal neovascularization during the period of active treat 
ment (as determined by Slit-lamp microscopy), as well as 2 
and 4 weeks following treatment cessation. In eyes evalu 
ated on day 28 (14 days after the last injection of 
VEGFR1R2-FcAC1(a), the neovascular response to injury 
remained completely Suppressed and conjunctivalization of 
the cornea was also inhibited as evidenced by a more normal 
appearing morphology of the re-epithelialized cornea and a 
substantial reduction in goblet cell number (-30% relative to 
controls). Corneal inflammation and edema also were 
reduced Substantially. Evaluation of flat-mounted corneas 
taken at Day 42 showed that neovascularization was still 
largely Suppressed, though limited, focal Sprouting of ves 
Sels at the corneal margin was observed in Some cases. 

0134) The data show that when administered at the time 
of injury, VEGFR1R2-FcAC1(a) improves corneal healing 
by potently inhibiting the development of corneal neovas 
cularization, inflammation, edema and conjunctivalization 
of the corneal epithelium. These effects persisted for several 
weeks following cessation of treatment, Suggesting that 
acute inhibition of VEGF following corneal injury may have 
long-term benefits. 

atggtoagct actoggacac cqgggtoctd citgtgcgc.gc toctoragctg. tctgcttcto 60 

acaggat.cta gttcaggttcaaaattaaaa gatcctgaac toagtttaaa aggcac coag 120 

cacat catgc aag caggcca gacactgcat citccaatgca ggggggaagc agcc cataaa 18O 

tggtotttgc ctgaaatggit gagtaaggaa agcgaaaggc toag cataac taaatctgcc 240 

tgtggaagaa atggcaaaca attctgcagt actttalacct togalacacago toaa.gcaaac 3OO 

cacactggct tctacagct g caaatat cita gctdtacct a cittcaaagaa gaaggaaa.ca 360 

gaatctgcaa totatatatt tattagtgat acaggtagac ctitt.cgtaga gatgtacagt 420 

gaaatcc cc g aaattataca catgactgaa ggaagggagc togtoattcc cit gcc.gggitt 480 

acg to accta acatcactgit tactittaaaa aagtttccac ttgacactitt gatccctgat 540 

ggaaaacgca taatctggga cagtagaaag ggcttcatca tatcaaatgc aacgtacaaa 600 

gaaatagggc titctgacct g togaa.gcaa.ca gtcaatgggc atttgtataa gacaaactat 660 

citcacacatc gacaaac caa tacaatcata gatgtccaaa taag cacacic acgc.ccagtc 720 

aaattacitta gaggccatac tottgtc.ctc aattgtact g ctaccactcc ctitgaacacg 78O 
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-continued 

agagttcaaa tacctggag ttaccctgat gaaaaaaata agaga.gcttic cqtaaggcga 840 

c gaattgacc aaa.gcaattic coatgccaac atattotaca gtgttcttac tattgacaaa 9 OO 

atgcagaa.ca aagacaaagg actittatact totcgtgtaa goagtgg acc atcattcaaa 96.O 

totgttaa.ca cctoragtgca tatatatgat aaag.caggcc cqggc gagcc caaatcttgt O20 

gacaaaactc acacatgc.cc accgtgcc.ca gcaccitgaac toctogggggg accgtcagtic O8O 

titcc tottcc ccc.caaaacc caaggacacc citcat gatct cocgg accoc to agg to aca 14 O 

tgcgtggtgg togacgtgag ccacgaagac cct gaggtoa agttcaact g g tacgtggac 200 

ggcgtggagg togCataatgc Caaga caaag cc.gcgggagg agcagtacala Cag cacgtac 260 

cgtgtggtoa gcgtoctoac cqtcc tocac caggactggc tigaatggcaa gagtacaag 320 

tgcaaggtot coaacaaagc cct cocagoc cccatc.gaga aaacCatcto caaag.ccaaa 38O 

gggcago.ccc gagaac caca ggtgtacacc ctdcc.cc cat cocgg gatga gct gaccaag 4 40 

alaccaggtoa gcc tacctg. cct ggtoa aa gqottctato coag.cgacat cqc.cgtggag 5 OO 

tgggaga.gca atgggcagcc ggagaacaac tacaagacca cqc citcc.cgit gctgg acto c 560 

gacggcto ct tctitcc tota cagdaagcto accgtggaca agagcaggtg goagcagggg 62O 

aacgtottct catgcticcgt gatgcatgag gottctgcaca accactacac goaga agagc 680 

citct coct gt citc.cgggtaa atga O4 

<210> SEQ ID NO 2 
&2 11s LENGTH 567 
&212> TYPE PRT 
<213> ORGANISM: Homo sapienss 

<400 SEQUENCE: 2 

Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser 
1 5 10 15 

Cys Lieu Lleu Lieu. Thr Gly Ser Ser Ser Gly Ser Lys Lieu Lys Asp Pro 
2O 25 30 

Glu Leu Ser Leu Lys Gly. Thr Gln His Ile Met Glin Ala Gly Glin Thr 
35 40 45 

Lieu. His Leu Glin Cys Arg Gly Glu Ala Ala His Lys Trp Ser Lieu Pro 
50 55 60 

Glu Met Val Ser Lys Glu Ser Glu Arg Lieu Ser Ile Thr Lys Ser Ala 
65 70 75 8O 

Cys Gly Arg Asn Gly Lys Glin Phe Cys Ser Thr Lieu. Thir Lieu. Asn Thr 
85 90 95 

Ala Glin Ala Asn His Thr Gly Phe Tyr Ser Cys Lys Tyr Leu Ala Val 
100 105 110 

Pro Thr Ser Lys Lys Lys Glu Thr Glu Ser Ala Ile Tyr Ile Phe Ile 
115 120 125 

Ser Asp Thr Gly Arg Pro Phe Val Glu Met Tyr Ser Glu Ile Pro Glu 
130 135 1 4 0 

Ile Ile His Met Thr Glu Gly Arg Glu Leu Val Ile Pro Cys Arg Val 
145 15 O 155 160 

Thr Ser Pro Asn Ile Thr Val Thr Leu Lys Llys Phe Pro Leu Asp Thr 
1.65 170 175 

Lieu. Ile Pro Asp Gly Lys Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe 
18O 185 19 O 
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Ile 

Ala 

Glin 
225 

Pro 

Asn 

Ala 

Asp 
305 

Ser 

Pro 

Glu 

Asp 

Asp 
385 

Gly 

Asn 

Trp 

Pro 

Glu 
465 

Asn 

Ile 

Thr 

Cys 
545 

Teu 

Ile 

Thr 
210 

Thr 

Telu 

Telu 

Asn 
29 O 

Telu 

Thr 
370 

Wall 

Wall 

Ser 

Telu 

Ala 
450 

Pro 

Glin 

Ala 

Thr 

Telu 
530 

Ser 

Ser 

Ser 
195 

Wall 

Asn 

Telu 

Asn 

Arg 
275 

Ile 

Gly 

Asn 

Ser 

Telu 
355 

Telu 

Ser 

Glu 

Thr 

Asn 
435 

Pro 

Glin 

Wall 

Wall 

Pro 
515 

Thr 

Wall 

Telu 

Asn 

Asn 

Thr 

Thr 
260 

Ala 

Phe 

Telu 

Thr 

Cys 
340 

Gly 

Met 

His 

Wall 

Tyr 
420 

Gly 

Ile 

Wall 

Ser 

Glu 
5 OO 

Pro 

Wall 

Met 

Ser 

Ala 

Gly 

Ile 

Gly 
245 

Arg 

Ser 

Tyr 

Tyr 

Ser 
325 

Asp 

Gly 

Ile 

Glu 

His 
405 

Arg 

Lys 

Glu 

Tyr 

Teu 
485 

Trp 

Wall 

Asp 

His 

Pro 
565 

<210> SEQ ID NO 3 
&2 11s LENGTH 
&212> TYPE DNA 

1674 

Thr 

His 

Ile 
230 

His 

Wall 

Wall 

Ser 

Thr 
310 

Wall 

Lys 

Pro 

Ser 

Asp 
390 

Asn 

Wall 

Glu 

Lys 

Thr 
470 

Thr 

Glu 

Teu 

Lys 

Glu 
550 

Gly 

Tyr 

Teu 
215 

Asp 

Thr 

Glin 

Arg 

Wall 
295 

Cys 

His 

Thr 

Ser 

Arg 
375 

Pro 

Ala 

Wall 

Tyr 

Thr 
455 

Teu 

Cys 

Ser 

Asp 

Ser 
535 

Ala 

Lys 

Lys 
200 

Tyr 

Wall 

Telu 

Met 

Arg 
280 

Telu 

Arg 

Ile 

His 

Wall 
360 

Thr 

Glu 

Lys 

Ser 

Lys 
4 40 

Ile 

Pro 

Telu 

Asn 

Ser 

Arg 

Telu 

Glu 

Lys 

Glin 

Wall 

Thr 
265 

Arg 

Thr 

Wall 

Tyr 

Thr 
345 

Phe 

Pro 

Wall 

Thr 

Wall 
425 

Cys 

Ser 

Pro 

Wall 

Gly 
505 

Asp 

Trp 

His 

Ile 

Thr 

Ile 

Telu 
250 

Trp 

Ile 

Ile 

Arg 

Asp 
330 

Cys 

Telu 

Glu 

Lys 

Lys 
410 

Telu 

Lys 

Lys 

Ser 

Lys 
490 

Glin 

Gly 

Glin 

Asn 

Gly 

Asn 

Ser 
235 

Asn 

Ser 

Asp 

Asp 

Ser 
315 

Pro 

Phe 

Wall 

Phe 
395 

Pro 

Thr 

Wall 

Ala 

Arg 
475 

Gly 

Pro 

Ser 

Glin 

His 
555 

19 

-continued 

Teu 

Tyr 
220 

Thr 

Glin 

Lys 

Gly 

Ala 

Pro 

Pro 

Thr 

Asn 

Arg 

Wall 

Ser 

Lys 
460 

Asp 

Phe 

Glu 

Phe 

Gly 
540 

Leu Thr Cys 

Teu 

Pro 

Thr 

Pro 

Ser 
285 

Met 

Pro 

Gly 

Pro 
365 

Trp 

Glu 

Teu 

Asn 
4 45 

Gly 

Glu 

Asn 

Phe 
525 

Asn 

Thr 

Thr 

Arg 

Ala 

Asp 
27 O 

Asn 

Glin 

Ser 

Pro 

Pro 
35 O 

Glu 

His 
43 O 

Glin 

Telu 

Pro 

Asn 

Telu 

Wall 

Glin 

His 

Pro 

Thr 
255 

Glu 

Ser 

Asn 

Phe 

Gly 
335 

Ala 

Pro 

Wall 

Wall 

Glin 
415 

Glin 

Ala 

Pro 

Thr 

Ser 
495 

Glu 

Arg 

Wall 
240 

Thr 

His 

Lys 
320 

Glu 

Pro 

Wall 

Asp 
400 

Asp 

Telu 

Arg 

Lys 
480 

Asp 

Ser 

Ser 

Ser 
560 
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-continued 

Lieu. His Leu Glin Cys Arg Gly Glu Ala Ala His Lys Trp Ser Lieu Pro 
50 55 60 

Glu Met Val Ser Lys Glu Ser Glu Arg Lieu Ser Ile Thr Lys Ser Ala 
65 70 75 8O 

Cys Gly Arg Asn Gly Lys Glin Phe Cys Ser Thr Lieu. Thir Lieu. Asn Thr 
85 90 95 

Ala Glin Ala Asn His Thr Gly Phe Tyr Ser Cys Lys Tyr Leu Ala Val 
100 105 110 

Pro Thr Ser Lys Lys Lys Glu Thr Glu Ser Ala Ile Tyr Ile Phe Ile 
115 120 125 

Ser Asp Thr Gly Arg Pro Phe Val Glu Met Tyr Ser Glu Ile Pro Glu 
130 135 1 4 0 

Ile Ile His Met Thr Glu Gly Arg Glu Leu Val Ile Pro Cys Arg Val 
145 15 O 155 160 

Thr Ser Pro Asn Ile Thr Val Thr Leu Lys Llys Phe Pro Leu Asp Thr 
1.65 170 175 

Lieu. Ile Pro Asp Gly Lys Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe 
18O 185 19 O 

Ile Ile Ser Asn Ala Thr Tyr Lys Glu Ile Gly Lieu Lleu Thir Cys Glu 
195 200 2O5 

Ala Thr Val Asin Gly His Leu Tyr Lys Thr Asn Tyr Leu Thr His Arg 
210 215 220 

Gln Thr Asn Thr Ile Ile Asp Val Glin Ile Ser Thr Pro Arg Pro Val 
225 230 235 240 

Lys Lieu Lieu Arg Gly His Thr Lieu Val Lieu. Asn. Cys Thr Ala Thir Thr 
245 250 255 

Pro Leu Asn Thr Arg Val Gln Met Thr Trp Ser Tyr Pro Asp Glu Ile 
260 265 27 O 

Asp Glin Ser Asn Ser His Ala Asn Ile Phe Tyr Ser Val Leu Thir Ile 
275 280 285 

Asp Llys Met Glin Asn Lys Asp Lys Gly Lieu. Tyr Thr Cys Arg Val Arg 
29 O 295 3OO 

Ser Gly Pro Ser Phe Lys Ser Val Asn Thr Ser Val His Ile Tyr Asp 
305 310 315 320 

Lys Ala Gly Pro Gly Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys 
325 330 335 

Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu 
340 345 35 O 

Phe Pro Pro Llys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu 
355 360 365 

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys 
370 375 38O 

Phe Asn Trp Tyr Val Asp Gly Val Glu Wal His Asn Ala Lys Thr Lys 
385 390 395 400 

Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu 
405 410 415 

Thr Val Lieu. His Glin Asp Trp Lieu. Asn Gly Lys Glu Tyr Lys Cys Lys 
420 425 43 O 

Val Ser Asn Lys Ala Lieu Pro Ala Pro Ile Glu Lys Thir Ile Ser Lys 
435 4 40 4 45 
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-continued 

Ala Lys Gly Glin Pro Arg Glu Pro Glin Val Tyr Thr Leu Pro Pro Ser 
450 455 460 

Arg Asp Glu Lieu. Thir Lys Asn. Glin Val Ser Lieu. Thr Cys Lieu Val Lys 
465 470 475 480 

Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Glin 
485 490 495 

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly 
5 OO 505 51O. 

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln 
515 52O 525 

Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu. His Asn 
530 535 540 

His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys 
545 550 555 

<210 SEQ ID NO 5 
&2 11s LENGTH 1359 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 5 

atgg to agct actggg acac cqgggtocto citgtgc.gc.gc tigcto agctg. tctgcttct c 60 

acaggatcta gttcc.ggagg tag accttitc gtagagatgt acagtgaaat coccgaaatt 120 

atacacatga citgaaggaag ggagctogto attcc cit gcc gggttacgtc. accita acatc 18O 

actgttacitt taaaaaagtt to cacttgac actittgatcc citgatggaaa acgcataatc 240 

tgggacagta gaaagggctt catcatat ca aatgcaacgt acaaagaaat agg gottctg 3OO 

acct gtgaag caa.cagtcaa toggcatttg tataagacaa act atctoac acatcgacaa 360 

accalatacaa toatagatgt coaaataagc acaccacgcc cagtoaaatt acttagaggc 420 

catacticttg toctoaattig tactgctacc acticcicttga acacgag agt tdaaatgacc 480 

tggagttacc ctdatgaaat tdaccaaag.c aattic coatg cca acatatt citacagtgtt 540 

cittact attg acaaaatgca gaacaaagac aaagg actitt atacttgtcg totaaggagt 600 

ggaccatcat tdaaatctgt talacacctica gtgcatatat atgataaag.c aggcc.cgggc 660 

gag.cccaaat cittgttgacaa aactcacaca tocccaccgt gcc cago acc tdaactcctg 720 

gggggaccgt cagtc.ttcct citt.ccc.ccca aaaccolaagg acaccct cat gatctoccgg 78O 

accoct gagg to acatgcgt ggtggtggac gtgagcc acg aag accotga ggtoaagttc 840 

aactggtacg toggacggcgt ggaggtgcat aatgccalaga Caaag.ccgc g g gaggag cag 9 OO 

tacaa.ca.gca C gtaccgtgt ggtoag.cgto: citcaccgtoc tocaccagga citggctgaat 96.O 

ggcaaggagt acaagtgcaa got citccaac aaag.cccitcc cago.ccc.cat cqagaaaacc 1020 

atctocaaag ccaaagggca gcc cc gagaa ccacaggtgt acaccct gcc cc catcc.cgg 1080 

gatgagct ga ccaagaacca ggtoagcc to acctgcctgg toaaaggctt citatcc.cago 1140 

gacatcgc.cg toggagtggga gag caatggg cagcc.ggaga acaactacaa gaccacgc.ct 1200 

cc.cgtgctgg acticcgacgg citcctitctitc citctacagoa agcto accgt ggacaagagc 1260 

aggtgg cago aggggaacgt Cittcticatgc ticcgtgatgc atgaggotcit gcacalaccac 1320 

tacacgcaga agagccitcto cotgtc.to cq ggtaaatga 1359 
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<210> SEQ ID NO 6 
&2 11s LENGTH 452 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 6 

Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser 
1 5 10 15 

Cys Leu Leu Leu Thr Gly Ser Ser Ser Gly Gly Arg Pro Phe Val Glu 
2O 25 30 

Met Tyr Ser Glu Ile Pro Glu Ile Ile His Met Thr Glu Gly Arg Glu 
35 40 45 

Leu Val Ile Pro Cys Arg Val Thr Ser Pro Asn Ile Thr Val Thr Leu 
50 55 60 

Lys Llys Phe Pro Leu Asp Thr Lieu. Ile Pro Asp Gly Lys Arg Ile Ile 
65 70 75 8O 

Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys Glu 
85 90 95 

Ile Gly Lieu Lieu. Thir Cys Glu Ala Thr Val Asn Gly His Leu Tyr Lys 
100 105 110 

Thr Asn Tyr Leu Thr His Arg Glin Thr Asn. Thir Ile Ile Asp Val Glin 
115 120 125 

Ile Ser Thr Pro Arg Pro Val Lys Leu Leu Arg Gly His Thr Leu Val 
130 135 1 4 0 

Leu Asn Cys Thr Ala Thr Thr Pro Leu Asn Thr Arg Val Glin Met Thr 
145 15 O 155 160 

Trp Ser Tyr Pro Asp Glu Ile Asp Glin Ser Asn. Ser His Ala Asn. Ile 
1.65 170 175 

Phe Tyr Ser Val Lieu. Thir Ile Asp Llys Met Glin Asn Lys Asp Lys Gly 
18O 185 19 O 

Leu Tyr Thr Cys Arg Val Arg Ser Gly Pro Ser Phe Lys Ser Val Asn 
195 200 2O5 

Thr Ser Val His Ile Tyr Asp Lys Ala Gly Pro Gly Glu Pro Lys Ser 
210 215 220 

Cys Asp Llys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 
225 230 235 240 

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Llys Pro Lys Asp Thr Leu 
245 250 255 

Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser 
260 265 27 O 

His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu 
275 280 285 

Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Glin Tyr Asn. Ser Thr 
29 O 295 3OO 

Tyr Arg Val Val Ser Val Leu Thr Val Leu. His Glin Asp Trp Leu Asn 
305 310 315 320 

Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Lieu Pro Ala Pro 
325 330 335 

Ile Glu Lys Thir Ile Ser Lys Ala Lys Gly Glin Pro Arg Glu Pro Glin 
340 345 35 O 

Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thir Lys Asn Glin Val 
355 360 365 
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-continued 

<211& LENGTH 462 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 8 

Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser 
1 5 10 15 

Cys Leu Leu Leu Thr Gly Ser Ser Ser Gly Gly Arg Pro Phe Val Glu 
2O 25 30 

Met Tyr Ser Glu Ile Pro Glu Ile Ile His Met Thr Glu Gly Arg Glu 
35 40 45 

Leu Val Ile Pro Cys Arg Val Thr Ser Pro Asn Ile Thr Val Thr Leu 
50 55 60 

Lys Llys Phe Pro Leu Asp Thr Lieu. Ile Pro Asp Gly Lys Arg Ile Ile 
65 70 75 8O 

Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys Glu 
85 90 95 

Ile Gly Lieu Lieu. Thir Cys Glu Ala Thr Val Asn Gly His Leu Tyr Lys 
100 105 110 

Thr Asn Tyr Leu Thr His Arg Glin Thr Asn. Thir Ile Ile Asp Val Glin 
115 120 125 

Ile Ser Thr Pro Arg Pro Val Lys Leu Leu Arg Gly His Thr Leu Val 
130 135 1 4 0 

Leu Asn Cys Thr Ala Thr Thr Pro Leu Asn Thr Arg Val Glin Met Thr 
145 15 O 155 160 

Trp Ser Tyr Pro Asp Glu Lys Asn Lys Arg Ala Ser Val Arg Arg Arg 
1.65 170 175 

Ile Asp Glin Ser Asn Ser His Ala Asn Ile Phe Tyr Ser Val Leu Thr 
18O 185 19 O 

Ile Asp Llys Met Glin Asn Lys Asp Lys Gly Lieu. Tyr Thr Cys Arg Val 
195 200 2O5 

Arg Ser Gly Pro Ser Phe Lys Ser Val Asn. Thir Ser Val His Ile Tyr 
210 215 220 

Asp Lys Ala Gly Pro Gly Glu Pro Llys Ser Cys Asp Lys Thr His Thr 
225 230 235 240 

Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe 
245 250 255 

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro 
260 265 27 O 

Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val 
275 280 285 

Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr 
29 O 295 3OO 

Lys Pro Arg Glu Glu Glin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val 
305 310 315 320 

Lieu. Thr Val Lieu. His Glin Asp Trp Lieu. Asn Gly Lys Glu Tyr Lys Cys 
325 330 335 

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thir Ile Ser 
340 345 35 O 

Lys Ala Lys Gly Gln Pro Arg Glu Pro Glin Val Tyr Thr Leu Pro Pro 
355 360 365 

Ser Arg Asp Glu Lieu. Thir Lys Asn. Glin Val Ser Lieu. Thr Cys Lieu Val 
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gacggcto ct tctitcc tota cagdaagcto accgtggaca agagcaggtg goagcagggg 1620 

aacgtottct catgcticcgt gatgcatgag gottctgcaca accactacac goaga agagc 1680 

citct coct gt citc.cgggtaa atga 1704 

<210> SEQ ID NO 10 
&2 11s LENGTH 567 
&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 10 

Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser 
1 5 10 15 

Cys Lieu Lleu Lieu. Thr Gly Ser Ser Ser Gly Ser Lys Lieu Lys Asp Pro 
2O 25 30 

Glu Leu Ser Leu Lys Gly. Thr Gln His Ile Met Glin Ala Gly Glin Thr 
35 40 45 

Lieu. His Leu Glin Cys Arg Gly Glu Ala Ala His Lys Trp Ser Lieu Pro 
50 55 60 

Glu Met Val Ser Lys Glu Ser Glu Arg Lieu Ser Ile Thr Lys Ser Ala 
65 70 75 8O 

Cys Gly Arg Asn Gly Lys Glin Phe Cys Ser Thr Lieu. Thir Lieu. Asn Thr 
85 90 95 

Ala Glin Ala Asn His Thr Gly Phe Tyr Ser Cys Lys Tyr Leu Ala Val 
100 105 110 

Pro Thr Ser Lys Lys Lys Glu Thr Glu Ser Ala Ile Tyr Ile Phe Ile 
115 120 125 

Ser Asp Thr Gly Arg Pro Phe Val Glu Met Tyr Ser Glu Ile Pro Glu 
130 135 1 4 0 

Ile Ile His Met Thr Glu Gly Arg Glu Leu Val Ile Pro Cys Arg Val 
145 15 O 155 160 

Thr Ser Pro Asn Ile Thr Val Thr Leu Lys Llys Phe Pro Leu Asp Thr 
1.65 170 175 

Lieu. Ile Pro Asp Gly Lys Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe 
18O 185 19 O 

Ile Ile Ser Asn Ala Thr Tyr Lys Glu Ile Gly Lieu Lleu Thir Cys Glu 
195 200 2O5 

Ala Thr Val Asin Gly His Leu Tyr Lys Thr Asn Tyr Leu Thr His Arg 
210 215 220 

Gln Thr Asn Thr Ile Ile Asp Val Glin Ile Ser Thr Pro Arg Pro Val 
225 230 235 240 

Lys Lieu Lieu Arg Gly His Thr Lieu Val Lieu. Asn. Cys Thr Ala Thir Thr 
245 250 255 

Pro Leu Asn Thr Arg Val Gln Met Thr Trp Ser Tyr Pro Asp Glu Lys 
260 265 27 O 

Asn Lys Asn Ala Ser Val Arg Arg Arg Ile Asp Glin Ser Asn. Ser His 
275 280 285 

Ala Asn. Ile Phe Tyr Ser Val Lieu. Thir Ile Asp Lys Met Glin Asn Lys 
29 O 295 3OO 

Asp Lys Gly Lieu. Tyr Thr Cys Arg Val Arg Ser Gly Pro Ser Phe Lys 
305 310 315 320 

Ser Val Asn Thr Ser Val His Ile Tyr Asp Lys Ala Gly Pro Gly Glu 
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325 330 335 

Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro 
340 345 35 O 

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Llys Pro Lys 
355 360 365 

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val 
370 375 38O 

Asp Wal Ser His Glu Asp Pro Glu Wall Lys Phe Asn Trp Tyr Val Asp 
385 390 395 400 

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Glin Tyr 
405 410 415 

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu. His Glin Asp 
420 425 43 O 

Trp Lieu. Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Lieu 
435 4 40 4 45 

Pro Ala Pro Ile Glu Lys Thir Ile Ser Lys Ala Lys Gly Glin Pro Arg 
450 455 460 

Glu Pro Glin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys 
465 470 475 480 

Asn Glin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp 
485 490 495 

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys 
5 OO 505 51O. 

Thir Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser 
515 52O 525 

Lys Lieu. Thr Val Asp Lys Ser Arg Trp Glin Glin Gly Asn Val Phe Ser 
530 535 540 

Cys Ser Val Met His Glu Ala Leu. His Asn His Tyr Thr Glin Lys Ser 
545 550 555 560 

Leu Ser Lieu Ser Pro Gly Lys 
565 

<210> SEQ ID NO 11 
&2 11s LENGTH 1453 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 11 

aagcttgggc tigcaggtoga togactictag aggat.cgatc ccc.gggc gag citcga attcg 60 

calaccaccat ggtoagctac toggacaccg g g g to citgct gtgc.gc.gct g citcagctgtc. 120 

tgcttctoac aggatctagt toc ggaggta gacctitt.cgt agagatgtac agtgaaatcc 18O 

cc.gaaattat acacatgact gaaggaaggg agotcgtcat tocctg.ccgg gttacgtcac 240 

ctaacatcac tattactitta aaaaagtttc. cacttgacac tittgatccct gatggaaaac 3OO 

gcataatctg ggacagtaga aagggctt.ca toatato aaa togcaacgtac aaagaaatag 360 

ggcttctgac citgtgaag ca acagt caatg ggcatttgta taalgacaaac tat citcacac 420 

atcgacaaac caatacaatc atagatgtgg ttctgagtcc gtc.to atgga attgaactat 480 

citgttggaga aaagcttgtc. ttaaattgta cagcaagaac togalactaaat gtggggattg 540 

acttcaactg g gaataccct tctitcgaagc atcagoataa gaaacttgta aaccqagacc 600 

taaaaaccoa gtctgggagt gagatgaaga aatttittgag caccitta act atagatggtg 660 
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taac coggag taccalagga ttgtacacct gtgcago atc cagtgggct g atgaccalaga 720 

agaacagdac atttgtcagg gtc. catgaaa agggc.ccggg cqacaaaact cacacatgcc 78O 

caccgtgc.cc agcaccitgaa citcctggggg gaccgtoagt citt.ccitcttic cocccaaaac 840 

ccaaggacac cctoratgatc. tcc.cggaccc ctdaggtoac atgcgtggtg gtggacgtga 9 OO 

gccacgaaga ccctgagg to aagttcaact g g tacgtgga cqgcgtggag gtgcataatg 96.O 

ccaaga caaa gocgcgg gag gag cagtaca acago acgta cc.gtgtgg to agcgtc.citca O20 

cc.gtcc toca ccaggactgg citgaatggca aggagtacaa gtgcaagg to tccaacaaag O8O 

cc citcc cago coccatcgag aaaac catct coaaag.ccaa agggcagocc cqagalaccac 14 O 

aggtgtacac cct gcc.ccca toccgggatg agctgaccala galaccagg to agcct gacct 200 

gcctggtoaa aggcttctat cocagogaca togcc.gtgga gtgggagagc aatgggcago 260 

cggagaacaa citacaag acc acgc.citcc.cg to citggacitc cqacggctoc ttctitcc tot 320 

atagoaa.gct caccgtggac aagag caggt ggcagoaggg gaacgtottc. tcatgcticcg 38O 

tgatgcatga ggctotgcac aaccactaca C go agaagag cctotcc ct g totcc.gggta 4 40 

aatgagcggC C gC 453 

<210> SEQ ID NO 12 
&2 11s LENGTH 458 
&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 12 

Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser 
1 5 10 15 

Cys Leu Leu Leu Thr Gly Ser Ser Ser Gly Gly Arg Pro Phe Val Glu 
2O 25 30 

Met Tyr Ser Glu Ile Pro Glu Ile Ile His Met Thr Glu Gly Arg Glu 
35 40 45 

Leu Val Ile Pro Cys Arg Val Thr Ser Pro Asn Ile Thr Val Thr Leu 
50 55 60 

Lys Llys Phe Pro Leu Asp Thr Lieu. Ile Pro Asp Gly Lys Arg Ile Ile 
65 70 75 8O 

Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys Glu 
85 90 95 

Ile Gly Lieu Lieu. Thir Cys Glu Ala Thr Val Asn Gly His Leu Tyr Lys 
100 105 110 

Thr Asn Tyr Leu Thr His Arg Glin Thr Asn. Thir Ile Ile Asp Val Val 
115 120 125 

Leu Ser Pro Ser His Gly Ile Glu Lieu Ser Val Gly Glu Lys Lieu Val 
130 135 1 4 0 

Lieu. Asn. Cys Thr Ala Arg Thr Glu Lieu. Asn Val Gly Ile Asp Phe Asn 
145 15 O 155 160 

Trp Glu Tyr Pro Ser Ser Lys His Gln His Lys Lys Lieu Val Asn Arg 
1.65 170 175 

Asp Leu Lys Thr Glin Ser Gly Ser Glu Met Lys Lys Phe Leu Ser Thr 
18O 185 19 O 

Leu Thir Ile Asp Gly Val Thr Arg Ser Asp Gln Gly Leu Tyr Thr Cys 
195 200 2O5 
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Ala Ala Ser Ser Gly Leu Met Thr Lys Lys Asn Ser Thr Phe Val Arg 
210 215 220 

Val His Glu Lys Gly Pro Gly Asp Llys Thr His Thr Cys Pro Pro Cys 
225 230 235 240 

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro 
245 250 255 

Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys 
260 265 27 O 

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp 
275 280 285 

Tyr Val Asp Gly Val Glu Wal His Asn Ala Lys Thr Lys Pro Arg Glu 
29 O 295 3OO 

Glu Glin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu 
305 310 315 320 

His Glin Asp Trp Lieu. Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 
325 330 335 

Lys Ala Lieu Pro Ala Pro Ile Glu Lys Thir Ile Ser Lys Ala Lys Gly 
340 345 35 O 

Gln Pro Arg Glu Pro Glin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu 
355 360 365 

Leu Thr Lys Asn Glin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr 
370 375 38O 

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Glin Pro Glu Asn 
385 390 395 400 

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe 
405 410 415 

Leu Tyr Ser Lys Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glin Gly Asn 
420 425 43 O 

Val Phe Ser Cys Ser Val Met His Glu Ala Leu. His Asn His Tyr Thr 
435 4 40 4 45 

Glin Lys Ser Lieu Ser Lieu Ser Pro Gly Lys 
450 455 

<210> SEQ ID NO 13 
<211& LENGTH: 1444 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 13 

aagcttgggc tigcaggtoga togactictag aggat.cgatc ccc.gggc gag citcga attcg 60 

calaccaccat ggtoagctac toggacaccg g g g to citgct gtgc.gc.gct g citcagctgtc. 120 

tgcttctoac aggatctagt toc ggaggta gacctitt.cgt agagatgtac agtgaaatcc 18O 

cc.gaaattat acacatgact gaaggaaggg agotcgtcat tocctg.ccgg gttacgtcac 240 

ctaacatcac tattactitta aaaaagtttc. cacttgacac tittgatccct gatggaaaac 3OO 

gcataatctg ggacagtaga aagggctt.ca toatato aaa togcaacgtac aaagaaatag 360 

ggcttctgac citgtgaag ca acagt caatg ggcatttgta taalgacaaac tat citcacac 420 

atcgacaaac caatacaatc atagatat co agctgttgcc caggaagtcg citggagctoc 480 

tggtagggga gaagctgg to citcaactgca cc.gtgtgggc tigagtttaac to aggtgtca 540 

CCtttgactg. g.gactaccca gggaag Cagg cagagcgggg talagtgggtg CCC gag.cgac 600 
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gctoccaa.ca gacccacaca gaactictoca gcatcctgac catccacaac gttcagc.cago 660 

acg acctggg citcgitatgtg togcaaggcca acaacgg cat coag.cgattt cqggaga.gca 720 

cc gagg to at tdtgcatgaa aatggc.ccgg gcgacaaaac toacacatgc ccaccgtgcc 78O 

cago acct ga acticcitgggg g g accgtoag tottcct citt cocco caaaa cccaaggaca 840 

cc ct catgat citc.ccgg acc cct gaggtoa catgcgtggit ggtggacgtg agccacgaag 9 OO 

accotgaggit caagttcaac togtacgtgg acggcgtgga ggtgcataat gccaaga caa 96.O 

agcc.gcggga ggagcagtac alacago acgt accgtgtggit cagogtc.ctic accgtcc to c O20 

accagg acto gotgaatggc aaggagtaca agtgcaaggit citccaacaaa goc citcc cag O8O 

cc cc catcga gaaaac catc. tccaaag.cca aaggg cagoc cc.gagaacca caggtgtaca 14 O 

ccct gcc.ccc atc.ccgggat gagct gacca agaac Caggit cagotctgacc tocctgg to a 200 

aaggottcta toccagogac atc.gc.cgtgg agtgg gagag caatggg cag cog gagaa.ca 260 

actacaagac cacgc.citc.cc gtgctggact cogacggcto cittctitcctic tatagoaa.gc 320 

to accqtgga caagag cagg togg cagoagg ggaacgtott citcatgctoc gtgatgcatg 38O 

aggctotgca caaccactac acgcagaaga gcc to tccct gtc.to cqggit aaatgag cqg 4 40 

cc.gc 444 

<210> SEQ ID NO 14 
&2 11s LENGTH 45.5 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 14 

Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser 
1 5 10 15 

Cys Leu Leu Leu Thr Gly Ser Ser Ser Gly Gly Arg Pro Phe Val Glu 
2O 25 30 

Met Tyr Ser Glu Ile Pro Glu Ile Ile His Met Thr Glu Gly Arg Glu 
35 40 45 

Leu Val Ile Pro Cys Arg Val Thr Ser Pro Asn Ile Thr Val Thr Leu 
50 55 60 

Lys Llys Phe Pro Leu Asp Thr Lieu. Ile Pro Asp Gly Lys Arg Ile Ile 
65 70 75 8O 

Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys Glu 
85 90 95 

Ile Gly Lieu Lieu. Thir Cys Glu Ala Thr Val Asn Gly His Leu Tyr Lys 
100 105 110 

Thr Asn Tyr Leu Thr His Arg Glin Thr Asn. Thir Ile Ile Asp Ile Glin 
115 120 125 

Leu Lleu Pro Arg Lys Ser Leu Glu Lieu Lieu Val Gly Glu Lys Lieu Val 
130 135 1 4 0 

Leu Asn Cys Thr Val Trp Ala Glu Phe Asin Ser Gly Val Thr Phe Asp 
145 15 O 155 160 

Trp Asp Tyr Pro Gly Lys Glin Ala Glu Arg Gly Lys Trp Val Pro Glu 
1.65 170 175 

Arg Arg Ser Glin Gln Thr His Thr Glu Leu Ser Ser Ile Leu Thir Ile 
18O 185 19 O 

His Asn. Wal Ser Glin His Asp Leu Gly Ser Tyr Val Cys Lys Ala Asn 
195 200 2O5 
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Asn Gly Ile Glin Arg Phe Arg Glu Ser Thr Glu Val Ile Val His Glu 
210 215 220 

Asn Gly Pro Gly Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro 
225 230 235 240 

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Llys Pro Lys 
245 250 255 

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val 
260 265 27 O 

Asp Wal Ser His Glu Asp Pro Glu Wall Lys Phe Asn Trp Tyr Val Asp 
275 280 285 

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Glin Tyr 
29 O 295 3OO 

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu. His Glin Asp 
305 310 315 320 

Trp Lieu. Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Lieu 
325 330 335 

Pro Ala Pro Ile Glu Lys Thir Ile Ser Lys Ala Lys Gly Glin Pro Arg 
340 345 35 O 

Glu Pro Glin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys 
355 360 365 

Asn Glin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp 
370 375 38O 

Ile Ala Val Glu Trp Glu Ser Asn Gly Glin Pro Glu Asn. Asn Tyr Lys 
385 390 395 400 

Thir Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser 
405 410 415 

Lys Lieu. Thr Val Asp Lys Ser Arg Trp Glin Glin Gly Asn Val Phe Ser 
420 425 43 O 

Cys Ser Val Met His Glu Ala Leu. His Asn His Tyr Thr Glin Lys Ser 
435 4 40 4 45 

Leu Ser Lieu Ser Pro Gly Lys 
450 455 

<210 SEQ ID NO 15 
&2 11s LENGTH 1377 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 15 

atgg to agct actggg acac cqgggtocto citgtgc.gc.gc tigcto agctg. tctgcttct c 60 

acaggatcta gttcc.ggaag tdataccggit agaccttitcg tagagatgta cagtgaaatc 120 

cc.cgaaatta tacacatgac toga aggaagg gag citcgtoa titc.cctgcc g g gttacgtoa 18O 

cctaacatca citgttactitt aaaaaagttt coactitgaca citttgatccc tdatggaaaa 240 

cgcataatct g g g acagtag aaagggctitc atcatat caa atgcaacgta caaagaaata 3OO 

gggcttctga cct gtgaagc aac agtcaat ggg catttgt ataag acaaa citatcto aca 360 

catcgacaaa ccaatacaat catagatgtg gttctgag to cqtct catgg aattgaacta 420 

totgttggag aaaagcttgt cittaa attgt acago aagaa citgaactaaa totggggatt 480 

gacittcaact g g gaataccc ttctt.cgaag catcago ata agaaacttgt aaaccgagac 540 

citaaaaacco agtctgg gag tdagatgaag aaatttittga gcaccittaac tatagatggit 600 
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gtaaccogga gtgaccalagg attgtacacc totgcagoat coagtgggct gatgaccaag 660 

aagaac agca catttgtcag g g to catgaa aaggacaaaa citcacacatg cccaccgtgc 720 

ccago accitg aactcc togg g g g accgtca gtottcc tot toccoccaaa accolaaggac 78O 

accotcatga totcc.cggac coctogagg to acatgcgtgg togtogacgt gag coacgaa 840 

gaccct gagg toaagttcaa citggtacgtg gacgg.cgtgg agg to cataa toccaag aca 9 OO 

aag.ccg.cggg aggagcagta caa.ca.goacg taccgtgtgg to agcgt.cct caccgtoctd 96.O 

caccaggact ggctgaatgg caaggagtac aagtgcaagg totccaacaa agcc.citcc.ca 1020 

gcc.cccatcg agaaaaccat citccaaagcc aaagggcago coc gaga acc acaggtgtac 1080 

accotgcc cc catcc.cggga tigagctgacc aagaaccagg to agcctgac citgcctdgto 1140 

aaaggottct atcc.ca.gcga catc.gc.cgtg gagtgggaga gcaatgggca gcc.ggagaac 1200 

aactacaaga ccacgc.citcc cqtgctggac toc gacggct cottctt.cct citacago aag 1260 

citcaccgtgg acaagag cag gtggcagoag g g gaacgtot totcatgctic cqtgatgcat 1320 

gaggctctgc acaaccacta cacgcagaag agcct citccc totcitcc.ggg taaatga 1377 

<210> SEQ ID NO 16 
&2 11s LENGTH 458 
&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 16 

Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser 
1 5 10 15 

Cys Lieu Lleu Lieu. Thr Gly Ser Ser Ser Gly Ser Asp Thr Gly Arg Pro 
2O 25 30 

Phe Val Glu Met Tyr Ser Glu Ile Pro Glu Ile Ile His Met Thr Glu 
35 40 45 

Gly Arg Glu Leu Val Ile Pro Cys Arg Val Thir Ser Pro Asn Ile Thr 
50 55 60 

Val Thr Lieu Lys Lys Phe Pro Leu Asp Thr Lieu. Ile Pro Asp Gly Lys 
65 70 75 8O 

Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr 
85 90 95 

Tyr Lys Glu Ile Gly Lieu Lleu Thir Cys Glu Ala Thr Val Asin Gly. His 
100 105 110 

Leu Tyr Lys Thr Asn Tyr Leu Thr His Arg Gln Thr Asn Thr Ile Ile 
115 120 125 

Asp Val Val Leu Ser Pro Ser His Gly Ile Glu Leu Ser Val Gly Glu 
130 135 1 4 0 

Lys Lieu Val Lieu. Asn. Cys Thr Ala Arg Thr Glu Lieu. Asn Val Gly Ile 
145 15 O 155 160 

Asp Phe Asn Trp Glu Tyr Pro Ser Ser Lys His Gln His Lys Lys Lieu 
1.65 170 175 

Val Asn Arg Asp Leu Lys Thr Glin Ser Gly Ser Glu Met Lys Llys Phe 
18O 185 19 O 

Leu Ser Thr Lieu. Thir Ile Asp Gly Val Thr Arg Ser Asp Glin Gly Lieu 
195 200 2O5 

Tyr Thr Cys Ala Ala Ser Ser Gly Leu Met Thr Lys Lys Asn Ser Thr 
210 215 220 
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Phe Val Arg Val His Glu Lys Asp Llys Thr His Thr Cys Pro Pro Cys 
225 230 235 240 

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro 
245 250 255 

Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys 
260 265 27 O 

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp 
275 280 285 

Tyr Val Asp Gly Val Glu Wal His Asn Ala Lys Thr Lys Pro Arg Glu 
29 O 295 3OO 

Glu Glin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu 
305 310 315 320 

His Glin Asp Trp Lieu. Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 
325 330 335 

Lys Ala Lieu Pro Ala Pro Ile Glu Lys Thir Ile Ser Lys Ala Lys Gly 
340 345 35 O 

Gln Pro Arg Glu Pro Glin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu 
355 360 365 

Leu Thr Lys Asn Glin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr 
370 375 38O 

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Glin Pro Glu Asn 
385 390 395 400 

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe 
405 410 415 

Leu Tyr Ser Lys Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glin Gly Asn 
420 425 43 O 

Val Phe Ser Cys Ser Val Met His Glu Ala Leu. His Asn His Tyr Thr 
435 4 40 4 45 

Glin Lys Ser Lieu Ser Lieu Ser Pro Gly Lys 
450 455 

<210 SEQ ID NO 17 
<211& LENGTH 4 
&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 17 

Wal Wall Leu Ser 
1 

<210> SEQ ID NO 18 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 18 

gactagoagt cog gaggtag accttitcgta gagatg 36 

<210 SEQ ID NO 19 
&2 11s LENGTH 33 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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<400 SEQUENCE: 19 

cgg acticaga accacatcta to attgtatt got 33 

<210> SEQ ID NO 20 
&2 11s LENGTH 7 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 20 

Gly Arg Pro Phe Val Glu Met 
1 5 

<210> SEQ ID NO 21 
&2 11s LENGTH 35 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 21 

acaatcatag atgtggttct gag to cqtct catgg 35 

<210> SEQ ID NO 22 
&2 11s LENGTH 38 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 22 

gataatgc.cc ggg.cccttitt catgg accot gacaaatg 38 

<210> SEQ ID NO 23 
&2 11s LENGTH 6 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 23 

Val Arg Val His Glu Lys 
1 5 

<210> SEQ ID NO 24 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 24 

gactagoagt cog gaggtag accttitcgta gagatg 36 

<210> SEQ ID NO 25 
&2 11s LENGTH 38 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 25 

titcc toggca acagotggat atctatoatt gtattggit 38 
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<210> SEQ ID NO 26 
&2 11s LENGTH 6 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION Mutant 

<400 SEQUENCE: 26 

to cqga 

<210 SEQ ID NO 27 
&2 11s LENGTH 39 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 27 

atccagotgt tocccaggaa gtc.gctggag citgctggta 

<210> SEQ ID NO 28 
&2 11s LENGTH 39 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 28 

attittcatgc acaatgacct c ggtgctotc cc.gaaatcg 

<210 SEQ ID NO 29 
&2 11s LENGTH 38 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 29 

toatagatat coagctgttg cccaggaagt cqctggag 

<210 SEQ ID NO 30 
&2 11s LENGTH 39 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 30 

gataatgc.cc gggccattitt catgcacaat gacct cqgt 

<210> SEQ ID NO 31 
&2 11s LENGTH 6 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 31 

Wall Ile Wal His Glu Asn 
1 5 

<210> SEQ ID NO 32 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

36 
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-continued 

<400 SEQUENCE: 32 

Lys Asn Lys Arg Ala Ser Val Arg Arg Arg 
1 5 10 

SEQ ID NO 33 
LENGTH 8 
TYPE PRT 

ORGANISM: Homo sapiens 

<400 SEQUENCE: 33 

Asn Ala Ser Val Asn Gly Ser Arg 
1 5 

SEQ ID NO 34 
LENGTH 10 
TYPE PRT 

ORGANISM: Homo sapiens 

<400 SEQUENCE: 34 

Lys Asn Lys Cys Ala Ser Val Arg Arg Arg 
1 5 10 

SEQ ID NO 35 
LENGTH 4 
TYPE PRT 

ORGANISM: Homo sapiens 

<400 SEQUENCE: 35 

Ser Lys Lieu Lys 
1 

We claim: 
1. A therapeutic method for treating or ameliorating an 

eye disorder, comprising administering a fusion polypeptide 
capable of binding vascular endothelial growth factor 
(VEGF) to a patient in need thereof, wherein the fusion 
polypeptide consists essentially of an immunoglobulin-like 
(Ig) domain 2 of a first VEGF receptor and Ig domain 3 of 
a Second VEGF receptor; and a multimerizing component. 

2. The therapeutic method of claim 1, wherein the first 
VEGF receptor is Flt1, the second VEGF receptor is Flk1 or 
Flt4, and the VEGF receptor component is the only VEGF 
receptor component of the fusion polypeptide. 

3. The therapeutic method of claim 2, wherein the fusion 
polypeptide is arranged as 1,2,3, 1.3.2; 2,1,3,2,3,1; 3,12; or 
3.2,1, wherein 1 is the first VEGF receptor component, 2 is 
the second VEGF receptor component, and 3 is the multi 
merizing component. 

4. The therapeutic method of claim 1, wherein the immu 
noglobulin domain is the Fc domain of IgG or the heavy 
chain of IgG. 

5. The therapeutic method of claim 1, wherein the fusion 
polypeptide is encoded by a nucleic acid Sequence Selected 
from the group consisting of SEQ ID NO:11, 13, and 15, or 
a nucleotide Sequence which, as a result of the degeneracy 
of the genetic code, differs from the nucleotide Sequence of 
SEQ ID NO:11, 13, and 15. 

6. The therapeutic method of claim 1, wherein the fusion 
polypeptide comprises an amino acid Sequence Selected 
from the group consisting of SEQ ID NO:12, 14, and 16. 

7. The therapeutic method of claim 6, wherein the fusion 
polypeptide comprises the amino acid Sequence of SEQ ID 
NO:16. 

8. The therapeutic method of claim 1, wherein the eye 
disorder is age related macular degeneration or diabetic 
retinopathy. 

9. The therapeutic method of claim 8 wherein the eye 
disorder is associated with choroidal neovascularization, 
vascular leak, and/or retinal edema. 

10. A therapeutic method for treating or ameliorating an 
eye disorder, comprising administering a fusion polypeptide 
capable of binding vascular endothelial growth factor 
(VEGF) to a patient in need thereof, wherein the fusion 
polypeptide consists essentially of an immunoglobulin-like 
(Ig) domain 2 of a Flt1and Ig domain 3 of a Flk1 or Flk4; 
and a multimerizing component, wherein the multimerizing 
component is an immunoglobulin domain. 

11. The therapeutic method of claim 10, wherein the 
immunoglobulin domain is the Fc domain of IgG or the 
heavy chain of IgG. 

12. The therapeutic method of claim 11, wherein the 
fusion polypeptide comprises an amino acid Sequence 
selected from the group consisting of SEQ ID NO:12, 14, 
and 16. 

12. A method of normalizing or improving retinal vascu 
lar permeability, comprising administering a fusion polypep 
tide capable of binding vascular endothelial growth factor 
(VEGF) to a patient in need thereof, wherein the fusion 
polypeptide consists essentially of an immunoglobulin-like 
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(Ig) domain 2 of a first VEGF receptor and 1 g domain 3 of 
a Second VEGF receptor; and a multimerizing component. 

13. The therapeutic method of claim 12, wherein the first 
VEGF receptor is Flt1, the second VEGF receptor is Flk1 or 
Flt4, and the VEGF receptor component is the only VEGF 
receptor component of the fusion polypeptide. 

14. The therapeutic method of claim 14, wherein the 
fusion polypeptide comprises an amino acid Sequence 
selected from the group consisting of SEQ ID NO:12, 14, 
and 16. 

15. A method of normalizing or improving retinal vascu 
lar permeability, comprising administering a fusion polypep 
tide capable of binding vascular endothelial growth factor 
(VEGF) to a patient in need thereof, wherein the fusion 
polypeptide consists essentially of an immunoglobulin-like 
(Ig) domain 2 of a Flt1 and Ig domain 3 of a Flk1 or Flk4; 
and a multimerizing component, wherein the multimerizing 
component is an immunoglobulin domain. 

16. The method of claim 15, wherein the fusion polypep 
tide comprises an amino acid Sequence Selected from the 
group consisting of SEQ ID NO:12, 14, and 16. 

17. A method of treating retinal neovascularization, com 
prising administering a fusion polypeptide capable of bind 
ing vascular endothelial growth factor (VEGF) to a patient 
in need thereof, wherein the fusion polypeptide consists 
essentially of an immunoglobulin-like (Ig) domain 2 of a 
Flt1 and Ig domain 3 of a Flk1 or Flk4; and a multimerizing 
component, wherein the multimerizing component is an 
immunoglobulin domain. 

18. The therapeutic method of claim 17, wherein the 
fusion polypeptide comprises an amino acid Sequence 
selected from the group consisting of SEQ ID NO:12, 14, 
and 16. 

19. The method of claim 17, wherein neovascularization 
is induced by ischemia. 
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20. A method of treating, ameliorating, or inhibiting 
choroidal neovascularization, comprising administering a 
fusion polypeptide capable of binding vascular endothelial 
growth factor (VEGF) to a patient in need thereof, wherein 
the fusion polypeptide consists essentially of an immuno 
globulin-like (Ig) domain 2 of a Flt1 and Ig domain 3 of a 
Flk1 or Flk4, and a multimerizing component, wherein the 
multimerizing component is an immunoglobulin domain. 

21. The method of claim 20, wherein the fusion polypep 
tide comprises an amino acid Sequence Selected from the 
group consisting of SEQ ID NO:12, 14, and 16. 

22. A method of treating, ameliorating, or inhibiting 
vascular leak in the retina, comprising administering a 
fusion polypeptide capable of binding vascular endothelial 
growth factor (VEGF) to a patient in need thereof, wherein 
the fusion polypeptide consists essentially of an immuno 
globulin-like (Ig) domain 2 of a Flt1 and Ig domain 3 of a 
Flk1 or Flk4, and a multimerizing component, wherein the 
multimerizing component is an immunoglobulin domain. 

23. The method of claim 22, wherein the fusion polypep 
tide comprises an amino acid Sequence Selected from the 
group consisting of SEQ ID NO:12, 14, and 16. 

24. A method of treating, ameliorating, or inhibiting 
retinal edema, comprising administering a fusion polypep 
tide capable of binding vascular endothelial growth factor 
(VEGF) to a patient in need thereof, wherein the fusion 
polypeptide consists essentially of an immunoglobulin-like 
(Ig) domain 2 of a Flt1 and Ig domain 3 of a Flk1 or Flk4; 
and a multimerizing component, wherein the multimerizing 
component is an immunoglobulin domain. 

25. The method of claim 24, wherein the fusion polypep 
tide comprises an amino acid Sequence Selected from the 
group consisting of SEQ ID NO:12, 14, and 16. 

k k k k k 
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