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application.

INTRODUCTION

The field of this invention is modified polypeptides with improved
pharmacokinetics. Specifically, the field of this invention relates to
Fit1 receptor polypeptides that have been modified in such a way as io
improve their pharmacokinetic profile. The field of this invention also
relates to methods of making and using the modified polypeptides
including but not limited to using the modified polypeptides to decrease

or inhibit plasma leakage and/or vascular permeability in a mammai.
BACKGROUND

The ability of polypeptide ligands to bind to cells and thereby elicit a
phenotypic response such as cell growth, survival, cell product
secretion, or differentiation is often mediated through transmembrane
receptors on the cells. The extracellular domain of such receptors (i.e.
that portion of the receptor that is displayed on the surface of the cell)
is generally the most distinctive portion of the molecule, as it provides

the protein with its figand binding characteristic. Binding of a ligand
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kinases (RTKs) such as the Trk family of receptors which are generally
limited to celis of the nervous system, the cytokine family of receptors
including the tripz;trtate CNTF receptor complex {Stahl & Yancopoulos,
1994, J. Neurobio. 25:1454-1466) which is aiso generally limited to the
cells of the nervous system, G-protein coupled receptors such as the

B,-adrenergic receptor found on, for instance, cardiac muscle cells, and

the multimeric [gE high affinity receptor FceRl which is localized, for

the most part, on mast cells and basophils (Sutton & Gould, 1993,
Nature 366:421-428).

All receptors identified so far appear to undergo dimerization,
multimerization, or some related conformational change following
ligand binding (Schlessinger, J., 1988, Trend Biochem. Sci. 13:443-447;
Ullrich & Schlessinger, 1990, Cell 61:203-212; Schlessinger & Ullrich,
1992, Neuron 9:383-391) and molecular interactions between
dimerizing intracellular domains lead to activation of catalytic
function. In some instances, such as platelet-derived growth factor
(PDGF), the figand is a dimer that binds two receptor molecules (Hart,
et al., 1988, Science, 240:1529-1531; Heldin, 1989, J. Biol. Chem.
264:8905-8912) while, for example, in the case of epidermal growth



which transmts a biological signal to intracellular targets. Oten, this
signal transduction acts via a catalytic intracellular domain. The
particular array of sequence notifs of this catalytic infrkasebbttcds donain
determnes its access to potential kinase substrates (Mhammadi, et
al.,1990, Mol. Cell. Biol. 11:5068-5078; Fantl, et at., 1992, Cell

69: 413-413). Exanpl es of recept ors that transduce signals via catalytic
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appear to play some general role in tissue growth and maintenance.

Members of the Trk RTK family (Giass & Yancopoulos, 1993, Trends in

Cell Biol. 3:262-268) of receptors are more generally limited to cells

of the nervous system, and the Nerve Growth Factor family consisting

of nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF),

neurotrophin-3 (NT-3) and neurotrophin-4/5 (NT-4/5), which bind the

Trk RTK family receptors, promote the differentiation of diverse groups

of neurons in the brain and periphery (Lindsay, R. M, 1993, in

Neurotrophic Factors, S.E. Loughlin & J.H. Fallon, eds., pp. 257-284, San

Di'ego, CA, Academic Press). FceRl is localized to a very limited number
of types of cells such as mast cells and bésophils. Mast cells derive
from bone marrow pluripotent hematopoietic stem cell lineage, but
complete their maturation in the tissue following migration from the
blood stream (See Janeway & Travers, 1996, in Immunobiology, 2d.
Edition, M. Robertson & E. Lawrence, eds., pp. 1:3-1:4, Current Biology

Ltd., London, UK, Publisher) and are involved in the allergic response.
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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 has been purified from
conditioned growth media of rat glioma cells {Conn et al., (1990}, Proc.
Nati. Acad. Sci. U.S.A., 87. pp 2628-2632]; and conditioned growth media
of bovine pituitary follicle stellate cells [Ferrara and Henzel, (1989),
Biochem. Biophys. Res. Comm., 161, pp. 851-858; Gozpadorowicz et al.,
(1989), Proc. Natl. Acad. Sci. U.S.A., 86, pp. 7311-7315] and conditioned
growth medium from human U937 cells [Connolly, D. T. et al. (1989),
Science, 246, pp. 1309-1312]. VEGF is a dimer with an apparent
motecular mass of about 46 kDa with each subunit having an apparent
molecular mass of about 23 kDa. VEGF has some structural similarities
to platelet derived growth factor (PDGF), which is a mitogen for
connective tissue cells but not mitogenic for vascular endothelial cells

from large vessels.

The membrane-bound tyrosine kinase receptor, known as Fli, was shown
to be a VEGF receptor [DeVries, C. et al., (1992), Science, 255, pp.989-



bl ood stream (See Janeway & Travers, 1996, in |Imunobiol ogy, 2d. Edition,
M Robertson & E. Lawence, eds., pp. 1:3-1:4, Current Biology Ltd.,
London, UK, Publisher) and are involved in the all ergic1tEspomse2003 11
Novenber 2003 Many studi es have denonstrated that the extracellul ar donain
of a receptor provides the specific |ligand binding characteristic.
Furthernore, the cellular environnent in which a receptor is expressed nay

e ). TReDER REBor” 85EORERIP MANBE! SEAPORT tha0ces 2l gand 1o

t he rece For  ex eur onal expressing a Trk receptor

i's expﬁﬁt@éetn@si’s.nﬁﬂb‘?hépﬁbrrﬂ shited PEGF rb@eﬁﬂﬂ‘ﬁ designatyrd KDByrisnal
survival and differentiation results. Wen the sane receptor is expressed

by a falsookhewh, tetind WEGH dritk induce tmitqiemesiss Tihes pantialpeONA er at i on of
the fibroblast (G ass, et al., 1991, Cell 66:405.413). A class of
cel | - deeqvedceiand ineany dgldength pretaieseauance &f KRE:is dNOVhEs hel i al

{ ?c'tir@%?mlﬁfqer?n&x‘ééﬁt. Hastoabn (595Tr P atang Bt 1BoRGiPe T oRBrmBBiB or o
J620r abss! 2F7888) Biothiom é?%ﬁi%-nfé%%a i, 1872%p. TB79.ve8efy 1 o, PP

stellate cells [Ferrara and Henzel, (1989), Biochem Biophys. Res. Comm,
161, pp. 851-858; Gozpadorow cz et al. (1989), Proc. Natl. Acad. Sci.

U. S. A PeBistdit a ﬁgldgréﬁéﬁls Al aRn@iet ioPnexacarat hcerdindiseases such U937
cells [Connol ly, D. et al. (1989), Science, 246, pp. 1309-1312]. VEGF
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diabetic retmopa y and neovascular glaucoma An inhibitor of VEGF
activity would be useful as a treatment for such diseases and other
VEGF-induced pathological angiogenesis and vascular permeability
conditions, such as tumor vascularization. The present invention

relates to a VEGF inhibitor that is based on the VEGF receptor Flt1.

Plasma ieakage, a key component of inflammation, occurs in a distinct
subset of microvessels. In particular, in most organs plasma leakage
occurs specificatly in the venules. Unlike arterioles and capillaries,
venules become leaky in response to numerous inflammatory mediators
including histamine, bradykinin, and serotonin. One characteristic of
inflammation is the plasma ieakage that results from intercellutar
gaps that form in the endothelium of venules. Most experimental
models of inflammation indicate that these intercellular gaps occur
between the endothelial cells of postcapillary and collecting venules
(Baluk, P., et al., Am. J. Pathol. 1998 152:1463-76). It has been shown
that certain lectins may be used to reveal features of focal sites of
plasma leakage, endothelial gaps, and finger-like processes at

endothelial ceif borders in inflamed venules (Thurston, G., et al., Am. J.
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i n nost organs plasma | eakage occurs specifically in the venules. Unlike

arterioles and capillaries, venules becone |eaky in response to nunerous
i nf | ammEt@rpyropedtias ook the microvessels are dynamic. Chronic inflammatory

diseases, for example, are associated with microvascular remodeling,
including angiogenesis and microvessel enlargement. Microvessels can
also remodel by acquiring abnormal phenotypic properties. In a murine
model of chronic airway inflammation, airway capillaries acquire
properties of venules, including widened vessel diameter, increased
immunoreactivity for von Willebrand factor, and increased
immunoreactivity for P-selectin. In addition, these remodeled vessels
leak in response to inflammatory mediators, whereas vessels in the

same position in the airways of normal mice do not.

Certain substances have been shown to decrease or-inhibit vascular
permeability and/or plasma leakage. For example, mystixins are
synthetic polypeptides that have been reported to inhibit plasma
leakage without blocking endothelial gap formation (Baluk, P., et al, J.
Pharmacol. Exp. Ther., 1998, 284: 693-9). Also, the beta 2-adrenergic
receptor agonist formotero! reduces microvascular leakage by

inhibiting endothelial gap formation (Baluk, P. and McDonaid, D.M., Am. J.
Physiol., 1994, 266:L461-8).
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venul es, including w dened vessel dianeter, increased inmmunoreactivity for
von W [Tharagedticac Lonjtedndiiselosessen altered, soluble form of FLT

polypeptide being capabte of binding to VEGF and thereby exerting an
inhibitory effect thereon, the polypeptide comprising five or fewer

complete immunoglobulin domains.

US Patent No. 5,712,380, issued January 27, 1998 and assigned to Merck
& Co., discloses vascular endothelial cell growth factor (VEGF)
inhibitors that are naturally occurring or recombinantly engineered
soluble forms with or without a C-terminal transmembrane region of

the receptor for VEGF.

Also assigned to Merck & Co. is PCT Publication No. WO 98/13071,
published Aprif 2, 1998, which discloses gene therapy methodology for
inhibition of primary tumor growth and metastasis by gene transfer of
a nucleotide sequence encoding a soluble receptor protein which binds
to VEGF.

PCT Publication No. WO 97/44453, published November 27, 1997, in the
name of Genentech, Inc., discloses novel chimeric VEGF receptor

proteins comprising aminc acid sequences derived from the vascular
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neovascularization such as solid tumors. A polypeptide containing the
first immunoglobulin-like domain and the second immunoglobulin-like
domain in the extracellular region of a VEGF receptor FLT but not
containing the sixth immunoglobulin-like domain and the seventh

immunoglobulin-like domain thereof shows a VEGF inhibitory activity.

Sharifi, J. et al., 1998, The Quarterly Jour. of Nucl. Med. 42:242-249,
disciose that because monoclonal antibodies (MADbs) are basic,
positively charged proteins, and mammalian cells are negatively
charged, the electrostatic interactions between the two can create
higher levels of background binding resulting in tow tumor to normai
organ ratios. To overcome this effect, the investigators attempted to
improve MADb clearance by using various methods such as secondary

agents as well as chemical and charge modifications of the MAD itself.

Jensen-Pippo, et al., 1996, Pharmaceutical Research 13:102-107,
disclose that pegylation of a therapeutic protein, recombinant human
granulocyte colony stimulating factor (PEG-G-CSF), results in an
increase in stability and in retention of in vivo bioactivity when

administered by the intraduodenal route.
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di seaSOMBRL Qgﬁ'@i B£ Q@b‘(ﬁaggﬂﬁari zation such as solid tunors. A

pol ypeptide containing the first immunoglobulin-Ilike domain and the second
i mmunogl obul in-1ike domain in the extracellular region of a VEG- receptor

FLT bufaiipt of )t 249689 GARcSl e eBTH0aisiiubé trdtkeoffutpitioreist the seventh
polyethylene glycoi to recombinant human interleukin-2 (iL-2) results
in a compound, polyethylene glycol-modified ilL-2 (PEG-IL-2} that
retains the in vitro and in vivo activity of IL-2, but exhibits a markedly

prolonged circulating half-life.

R. Duncan and F. Spreafico, Clin. Pharmacokinet. 27: 290-306, 296
(1994) review efforts to improve the plasma half-life of asparaginase

by conjugating polyethytene glycol.

PCT International Publication No. WO 99/03996 published January 28,
1999 in the name of Regeneron Pharmaceuticals, Inc. and The Regents of
The University of California describes modified human noggin
polypeptides having deletions of regions of basic amino acids. The
modified human noggin polypeptides are described as retaining
biological activity while having reduced alffinity for heparin and
superior pharmacokinetics in animal sera as compared to the

unmodified human noggin.



I mmunogl obul i n-1i ke domain thereof shows a VEGF inhibitory activity.
Sharifi, J. et al., 1998, The Quarterly Jour. of Nucl. Med. 42:242-249,

di scl ose that because nonocl onal antibodi es (MAbs) are bhNpEmMbepddt i vel y
charged proteins, and mamualian cells are negatively charged, the

el ectrostatic interactions between the two can create higher |evels of
background binding resulting in low tunor to normal organ ratios. To

overcone this effect, thaumuESRYITPEEHE! ifVENSEC | Nprove MAb cl earance
g

by using various nethods™such as S as well as chem cal and
charge nodifications of the MAb itself. Jensen-Pippo, et al., 1996,

Phar maceuti cal Research 13:102-107, disclose that pegylation of a

t her apdite @rpsentiinyentonnisi directeéd nin VEGEN@ndagorist®| with Boproatexd i ng
factor (PEG G CSF), results in an increase in stability and in retention

of in P\ETRAIEHENE tprapesiiesadninpeefefred wmbrdimant dgusdeiglaiasite. 8 11

Novenb 003 T. i | ... 1997, Th Ha . 77:168-73, di |
Sepert Muedac, AGRL moBRLIS eriiaring s dsiaib Ry BoGRas e aRabie. S el e
xper | ARSIURERMPIERLIS o1 MRV CHLEP FR92B ohd |
O ol VERGF! b8fypeptile, Etidhistng BT 3 nucfiotidd) s¥dugea dhabiin' YEGPSL TS
| L-6. t 5 T++9 i H i ti f
Lol et KePEptdt clnporietitoopef&FalY, KRkES toth) & SRIeEHUBAseqRBNEGS O ©F
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component is the only VEGF receptor component of the fusion

polypeptide and wherein the nucleotide sequence of (a) consists

essentially of a nucleotide sequence encoding the amino acid sequence

of Ig domain 2 of the extracellular domain of a first VEGF receptor and

a nuclectide sequence encoding the amino acid sequence of Ilg domain 3

of the extracellular domain of a second VEGF receptor.

In a further embodiment, the isolated nucleic acid of the first VEGF

receptor is FIt1,

In a further embodiment, the isolated nuéieic acid of the second VEGF

receptor is Flk1.

In yet another embodiment, the isolated nucleic acid of the second VEGF

receptor is Fli4.

In another preferred 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.

10



prol onged circulating half-life. R Duncan and F. Spreafico, din

Phar macoki net. 27: 290-306, 296 (1994) review efforts to inprove the
plasma hal f-1ife of asparagi nase by conjugating pol yet hyNeweenbgi 3088| . PCT
I nternational Publication No. WO 99/03996 published January 28, 1999 in
t he nane of Regeneron Pharmaceuticals, Inc. and The Regents of The
University of California describes nodified human noggi n pol ypepti des
havi ng del eti ons of regions of basic am no acids. The nodified human
noggi n pol ypepti des are described as retaining biological activity while

havi ng |/ et esh&iHdr"bleichRid remesdiment tresipricieotigbasequendaet i cs in

ani mal "sera as conpared to the wunnodified hunman nog{ in. 9 11 Novenber 2003
SUMVARG ridodTivy igNBhTAiaN2 Tok thte essdnaceliulan dasaains ofi g@cﬁ@é YBGIEGF

antagoni sts wth inproved pharnmacokinetic properties. A Brlef [ %

enbodi meneptar im davensiream gfidne; eUﬁ'@PHdﬁDFESHEBCEn%‘a‘?‘HB a'% 3@%"@ n

pol ypepti de capabl e of binding a VEG- pal } i.sing (a) a

nucl eotd o ﬂw@ﬂ@@eélh'&%ﬁﬁ&ﬂgn\@ e rsga(p Q(F;Sféb(gﬁpone ttbr(siperati vely |inked

to (b) a nucleotide sequence encoding a nultinerizing conponent, wherein
the VEGF receptor conponent is the only VEG- receptor conponent of the

fusion ;ﬁ%yy@%?%ﬁrgﬁ ?gxg?c}(@ﬁ{éiﬁnoi heenuplafiidetive oneltraedkinga) consi sts

essenti nuc e sequence encoding the am no acid sequence of
| g domagampdiferitheompiristse Bhuiamutagiobulil @miist VEGE receptor and

in another embodiment, the immunoglobulin domain is selected from the
group consisting of the F¢ domain of IgG, the heavy chain of 1gG, and the
fight chain of 1gG.

Preferred embodiments include an isolated nucleic acid

molecule comprising a nucleotide sequence encoding

a modified Flt1 receptor fusion polypeptide, wherein the coding region of the nucleic
acid molecule consists essentially of a nucleotide se_qucﬁce selected from the group
consisting of:

(@)  the nucleotide sequence set forth in Figure 21A-21C

(b)  the nucleotide sequence set forth in Figure 22A-22C;

() the nucleotide sequence set forth in Figure 24A—24C; and

(d) a nucleotide sequence which, as a resuit of the degeneracy of the.
genetic code, differs from the nucleotide sequence of (a), (b) or (c) and which

encodes a fusion polypeptide molecuie having the biological activity of the modified

Flt1 receptor fusion polypeptide.

11



a nucl eoti de sequence encoding the am no acid sequence of Ig domain 3 of
the extracel lul ar donmain of a second VEGF receptor. In a further

enbodi nent, the isolated nucleic acid of the first VEG-11 Hexwembpend008s Flt 1.
In a further enbodi nent, the isolated nucleic acid of the second VEGF
receptor is Flkl. In yet another enbodi ment, the isolated nucleic acid of
the second VEGF receptor is FIt4. In another preferred enbodi nent, the
nucl eoti de sequence encoding Ig donmain 2 of the extracellular domai n of
the first VEG- receptor is upstream of the nucl eotide sequence encoding Ig
domai n iWOf the extracellular domain of the second VEGF receptor. 10 11

NovenbeFrétryge negmhqdimaiis naclyderal rsalatad pusieie  acidemalesdst i de
sequenc ing | oy n 2 of the extracel | ul ar..d .0 of the first
VeGE: T SorRaSRa 8, pilaleRtRlen Balienberatroffite RadlinRicPhl RedlSt ' doma n
3 of th r d aH opshi reee in | i referred
enbodi rrglrl]tﬁﬁgf %ﬁ%}é\t\%%’t ?Jgﬁﬁr&[rﬁféh%ﬁ?iﬁgr rézjglﬁgc%fzgﬁrrl%oﬁte‘ﬂel%oénbﬂgi ges an

i munogimblddute deormiists bh @naidiestiesastivmide selectedmironglthbuidyflomain is
selected fromthe group consisting of the Fc domain of |gG the heavy

chai n ofcangistingd afhe |ight chain of 1gG Preferred enbodi nents include an

i sol ate ucl ei ¢ aci nol ecul e compr.i sin nucl eoti de _sequence encodin
c{aT the nuc eot?de sequence sgP forth :gn ai=igure 13A-13D; g J

(b) the nuclecotide sequence set forth in Figure 14A-14C;
(c) the nucleotide sequence set forth in Figure 15A-15C;
(d) the nucleotide sequence set forth in Figure 16A-16D; and

(¢) a nucleotide sequence which, as a result of the degeneracy of the
genetic code, differs from the nucleotide sequence of (a), (b), (c )

or (d) and which encodes a fusion polypeptide molecule having

the biological activity of the modified FIt1 receptor fusion polypeptide.

In a further embodiment of the invention, a fusion polypeptide is

encoded by the isolated nucleic acid molecules described above.

A preferred embodiment is a composition capable of binding a VEGF

molecule to form a nonfunctional complex comprising a multimer of the

fusion polypeptide.

Also preferred is a composition wherein the multimer is a dimer.

In yet another embodiment, the composition is a pharmaceutical composition further

comprising a carrier.

12



a nodified Fltl receptor fusion pol ypeptide, wherein the coding region of
the nucleic acid nolecule consists essentially of a nucl eotide sequence
sel ected fromthe group consisting of (a) the nucl eoti dt! Nevgueerc®038et forth
in Figure 21 A-21 C (b) the nucleotide sequence set forth in Figure
22A-22C; (c) the nucl eotide sequence set forth in Figure 24A-24C, and (d) a
nucl eoti de sequence which, as a result of the degeneracy of the. genetic

code, dj : ugl eot | S ce of .(a),,.(b) or.(c).gnd which
encode;%rtééﬁ?zi %hﬂ%%'@%éﬁt fsdg %eg"éuﬁ@ﬁﬁ\ﬁ%%'ﬁ(a%g k}hg’l bb'PLQAé Ja“dal vity of the
nodi fi r ; f ALSd tLqe r 3.:Preterred
enbodi Qngg%ésfitfllﬁgl ﬁgg&?ﬂt%é? s%%%dﬁ%&%@ggchgc?é&%oﬁggmﬂggr‘r:por%?@'? '§ba£‘

nucl eotthée nsietpienaeid moldcop s desdribiedd whidrein ehephocicid Ui@nmprdoept i de,
wherein the coding region of the nucleic acid nolecule consists of a

nucl eotifdepsesfialyeligieed doeant espragsionyrenngrolceagitencag of (a) the

nucl eoti de sequence set forth in Figure 13A-13D;, (b) the nucleotide
sequence set forth in Figure 14A-14C, (c) the nucl eotide sequence set

forth i L Ou oyr e C tl engce set forth in Figure
16A- 16D<|?ﬂg¢{gl‘lr2%u%éc e%cé'ﬂ’}dae&tgeaﬂ%r#cg‘?ﬁh%%ﬁ?&ggyﬁ%@sfﬂrt hbef t he degeneracy
of the perigitich ©ida, fubibheps h | &t ofee i6d), (b), (c
). or (%) and whi ch encédegﬁayPﬁgﬁgE ggmeﬁf‘gggﬁil eculrég%ﬁ%%/sliég t he

bi ol ogieadtoactinvat guitdblehdiasbdedll;ethd-| Hdstraxstot ayshos avhdrelry dget i de.

suitable host cell is a bacterial cell, yeast cell, insect cell, or

mammatian cell; the host-vector system wherein the suitable host cell

is E. Coli: the host-vector system wherein the suitable host cell is a

COS cell; the host-vector system wherein the suitable host cell is a
CHO cell.

Another embodiment of the invention is a method of producing a fusion
polypeptide which comprises growing cells of the host-vector system
under conditions permitting production of the fusion polypeptide and

recovering the fusion polypeptide so produced.

Additional embodiments include a fusion polypeptide produced by the method
described above; the fusion polypeptide being encoded by the nucleic acid sequence

set forth in Figure 10A-10D, Figure 21A-21C, Figure 22A-22C, or Figure 24A-24C,

which haé been modified by acetylation or pegylation wherein the
acetylation is accomplished with at least about a 100 fold molar
excess of acetylation reagent or wherein acetylation is accomplished
with a molar excess of acetylation reagent ranging from at least about
a 10 fold molar excess to about a 100 fold molar excess or wherein the
pegylation is 10K or 20K PEG.

13



In a further enbodi nent of the invention, a fusion polypeptide is encoded
by the isolated nucleic acid nol ecul es descri bed above. A preferred

enbodi nent is a conposition capable of binding a VEGF #oNeewber 2083 f orm a
nonfuncti onal conplex conprising a nultinmer of the fusion polypeptide.

Al so preferred is a conposition wherein the nmultimer is a dinmer. In yet
anot her enbodi nent, the conposition is a pharmaceutical conposition further
conprising a carrier. 12 11 Novenber 2003 Anot her enbodi nent is_a vector

whi ch deripiafered: renbediment inoludes: svathad efsdectasiagoe inhibilingii ng an
' t i si th | ej i | d i had
wher o PIeRE feRkad8a & Hiftofal SOmBHS|E AdNiryeTinG: b e BREblRRCs s on
trol ¥ ' - - am f
Che. | P RaBAe poIE0Udd Uk oB RSN e (R fg e Rl RARE whERGAT | o
vect or .thennfaramdialE & egtagetie fudienhpslypeptider is \exietytavderaai thd he

suitable host cell is a bacterial cell, yeast cell, insect cell, or

manmal ifasicr| polypeptidestis veegylatesist em wherein the suitable host cell is
E. Coll: the host-vector systemwherein the suitable host cell is a COS
cell; the host-vector systemwherein the suitable host cell is a CHO cell.

ool ypert AT chebiiefis 578, fdion By REpRER. YnBh SHERARaRy PEIAY' e

condi ti Qs ERSH iddepoP i@ahd VEgFOof the fusion pol ypeptide and

A preferred embodiment of the invention is a method of blocking blood
vessel growth in a human comprising administering an efiective amount

of the fusion polypeptide described above.

Also preferred is a method of inhibiting VEGF receptor ligand activity
in 2 mammat comprising administering to the mammal an effective

amount of the fusion polypeptide described above.

Preferred embodiments of these methods are wherein the mammal is a
human.

Further embodiments of the methods of the invention include
attenuation or prevention of tumor growth in a human; attenuation or
prevention of edema in a human, especially wherein the edema is brain
edema; attenuation or prevention of ascites formation in a human,

especially wherein the ascites is ovarian cancer-associated ascites.

Preferred embodiments of the invention include a fusion polypeptide

capable of binding a VEGF polypeptide comprising (a) a VEGF receptor

14



recovering the fusion pol ypeptide so produced. Additional enbodi nents

I ncl ude a fusion pol ypeptide produced by the nethod described above; the
fusi on pol ypepti de being encoded by the nucleic acid setjudenembers®3forth in
Figure 10A-10D, Figure 21A-21C, Figure 22A-22C, or Figure 24A-24C, which
has been nodified by acetylation or pegylation wherein the acetylation is
acconplished with at |east about a 100 fold nolar excess of acetylation
reagent or wherein acetylation is acconplished with a nolar excess of

acet y| aomnpnenigeperativaly nlipkacd toafb) eadnulilioedzing sOMRPRERel ar excess to
about a 100, fol d excess or_wherein the e | ' OK or 20K PEG
13 11 W&%ﬁﬁb?h%o‘%égb? Pf é’ﬂ’metn@n&h? r?fﬁ%g‘gééf %@8}01‘ decr easi ng
or i nhipit,d FIER ' : tS i endifln 8 ahieng to the
manmal bem&?%%t%rﬁ%ggl t/pepti e‘yggg}:‘g?be haggeée‘?tﬁsr%‘];udi ngperérf)odi ment s

wher ei amihbe aBRMEBhuehice dfulfpdordia Pust ahe pattyauyiulate dosnaineoy laat ed or the
fusion polypeptide is pegylated. A further enbodinents is a fusion

pol ypefirstdy BEABF cteceptar anhd dhieyaniindsacidhsequence of gt dpmaigah®iViber. A
preferred enbodi nent of the invention is a nethod of bl ocking blood vessel
gr owt h xtraceliwaim deaain; fi ﬁgs%%ﬁ‘%i\gggﬁr\'ﬁc%ﬂméffective amount  of the
fusion pol ypepti de descri bed above. Al so preferred is a nethod of

i nhibiting VEG-F receptor ligand activity in a mammal conpri sing

adm ni Sheq! Afther BRfoSTTEH! 8N 1661 RN PoigBpnde Otné st UBEQ pol ypept i de
descri bed above. ' )

receptor is Flt1.

In yet a further embodiment of the fusion polypeptide, the second VEGF

receptor is FIk1.

Stilt another embodiment of the fusion polypeptide ig one in which the
second VEGF receptor is Flt4.

Preferred embodiments include a fusion polypeptide wherein amino acid
sequence of lg domain 2 of the extracellular domain of the first VEGF
receptor is upstream of the amino acid sequence of ig domain 3 of the
extraceliular domain of the second VEGF receptor and a fusion
polypeptide wherein the amino acid sequence of g domain 2 of the
extracellular domain of the first VEGF receptor is downstream of the

amino acid sequence of 1g domain 3 of the extracellular domain of the

second VEGF receptor.
In yet another embodiment, the fusion polypeptide multimerizing

component comprises an immunoglobulin domain including an

embodiment wherein the immunoglobulin domain is selected from the

15



Preferred enbodi nents of these nethods are wherein the mammal is a human.
Furt her enbodi nents of the nethods of the invention include attenuation or
prevention of tunor growth in a human; attenuation or TPriwvemberciVdf edema
in a human, especially wherein the edema is brain edemm; attenuation or
prevention of ascites formation in a human, especially wherein the ascites
is ovarian cancer-associ ated ascites. Preferred enbodi nents of the

i nvention include a fusion pol ypeptide capable of binding a VEG-

pol ypepti de conprisin a) a VEG- . re or, 14 11 Novyenber, ,2003 c onent

Doer ot ey A o1 (B EenApeiof J0Rg (B8 HRshEhATMRL1Gtn a1 R

recept 0 e s the only VEGF receptor conponent in the fusion

pol ypeg{qhge&gﬁa Qf)r@ésts essentially of the am no acid sequence of Ig

domain 2 of the extracellular domain of a first VEG- receptor and the

am no acid sequence of Ig domain 3 of the extracellular domain of a second

VEGF r demgemed embodimariter irolbddi asiusiat pdigpéptidencooipyiséng iate, the first

VEG- receptor is Fltl. In yet a further enbodi ment of the fusion

pol ypeAMHIC acid sequancevtra mesifiadg Fitls recqntor siyhereim bR eRMWiBodi ment  of

the fusion polypeptide is one in which the second VEGF receptor is Flt4.

Pr ef er r acidesdrpiinenisssélaetadd frotn ftkis igobup AongRidingder W Bienamind aickei d

sequence of Ig domain 2 of the extracellular domain of the first VEGF
sequence set forth in Figure 21A-21C; (b) the amino acid sequence set forth in

Figure 22A-22C; and (c¢) the amino acid sequence set forth in Figure 24A-24C.

Preferred embodiments include a fusion polypeptide comprising an amino acid
sequence of a modified FIt1 receptor, wherein the amino acid sequence is
selected from the group consisting of : (a) the amino acid sequence set forth in
Figure 13A-13D; (b) the amino acid sequence set forth in Figure 14A-14C; (c)
the amino acid sequence set forth in Figure 15A-15C; and (d) the amino acid

sequence set forth in Figure 16A-16D.

Another preferred embodiment is a method of decreasing or inhibiting
plasma leakage in a mammal comprising administering to the mammal

the fusion polypeptide described above.
An alternative preferred embodiment is a method of inhibiting VEGF

receptor ligand activity in a mammal comprising administering to the

mammal an effective amount of the fusion polypeptide described above.
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receptor is upstreamof the ami no acid sequence of ig domain 3 of the
extracel lul ar domain of the second VEGF receptor and a fusion polypeptide
wherein the am no acid sequence of Ig domain 2 of the &xilevaoekd2PPar domain
of the first VEGF receptor is downstream of the am no acid sequence of Ig
domain 3 of the extracellular domain of the second VEGF receptor. In yet
anot her enbodi nent, the fusion polypeptide nultinerizing conponent
conprises an inmunogl obulin domain including an enbodi mrent wherein the

i mrunogl obulin domain is selected fromthe 15 11 Novenber 2003 group
consisting of the Fe domain of 1gG the heavy chain of |gG and the |ight
chain of 1gG Preferred enbodi nents include a fusion polypeptide conprising
an amno acid sequence of a nodified Fitt receptor, wherein the am no acid
sequende prefaeddcératodinuantt b teoinventioni & iangisef of ad miaenrmai rfosiaai d
sequence set forth in Figure 21A-21 C, (b) the am no acid sequence set
forth ipplygdpgidee o224- 28Ripoaitibn( GlestliBedmaboveicind tise gmanatactete fodr ah i n

Fi gure 24A-24C. Preferred enbodi ments include a fusion pol ypeptide

conpri shédicamenbiferougs ifla metisrNerdédreasimadd inftbifmd plasene pakageviherei n the
am no acid sequence is selected fromthe group consisting of : (a) the

am no JCiAnvALH RemethefMARMAINs afBHAR, 13A-13D; (b) the am no acid
sequence set forth in Figure 14A-14C, (c) the ami no acid sequence set

forth in Figure 15A-15C, and (d) the am no acid sequence set forth in
Fi gure 16A-16D. Another preferred enbodinent is a nmethod of decreasing or

I nhi DI tA fiher preferred embodiment is a use of the fusion polypeptide or a
composition described above in the manufacture of a medicament for use in a

method of blocking blood vessel growth in a human.

Further preferred embodiment is a use of the fusion polypeptide or a
composition described above in the manufacture of a medicament for use in a
method of inhibiting VEGF recepfor Iigandi activity in a mammal, wherein the

mammal is a human.

Further embodiments of the use of the invention include attenuation or
prevention of tumor growth; attenuation or prevention of edema; attenuation or
prevention. of ascites formation in a human; especially wherein the edema is
a brain edema; especially wherein the ascites is ovarian cancer associated

ascites.
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pl asma | eakage in a manmmal conprising adm nistering to the mammal the
fusion pol ypepti de descri bed above. An alternative preferred enbodinent is
a nethod of inhibiting VEG- receptor ligand activity i idoveehered003
conprising admnistering to the mamual an effective anount of the fusion
pol ypepti de descri bed above. 16 11 Novenber 2003 A preferred enbodi nent of
the invention is a use of a mammal fusion polypeptide or a conposition
descri bed above in the manufacture of a nedicanent for use in a method of
decreasing or inhibiting plasma | eakage in a mammal, wherein the mamal is
a human. Anot her preferred enbodinment is a use of the fusion pol ypeptide or
a conposition deSCFIB nuf acture of a nedi canent for use
ina nmethod of block MM@EME@M&E@ Further preferred
enbodi ment is a use of the fusion polypeptide or a conposition described
above in the manufacture of a nedicanent for use in a nethod of inhibiting

VEGF rebdguce 1igdtF ael i anilysish o RmoRifie f'a%%ﬁﬂgéeﬁsﬁgﬂ{]aéfgﬁ human.

Furt her errbodl nments of the use of the invention inc

pr event PERIENRSt ur\cﬂ?mgﬂﬁkﬁtch Flta?t(ﬂ eBjuBECi protein i awrBlzofb WnRdeR: [g%t, t enuat i on
or pr elﬁﬁ@tk gsc formation in a human; especially wherein the
edemn i §7% Prll§ r?% @3% A¢stylgied iyt (1ha)-Escig exblestooepteéamhgancer

associ aged alﬁ?%dlﬁﬁbra}@aatlﬂjl Noyember 2003

Figure 2. Binding of unmodified Fit1(1-3)-Fc and acetylated Fit1(1-
3)-Fc proteins to Matrigel® coated plates. Unmodified Flt1(1-3)-Fc
proteins binds extensive to extracellular matrix components in
Matrigel®, whereas acetylated Flt1(1-3)-Fc does not bind.

Figure 3. Binding of unmodified FIt1(1-3)-Fc, acetylated Fit1(1-3)-
Fc, and pegylated FIt1(1-3)-Fc in a Biacore-based assay. Acetylated
(columns 13-16), pegylated (columns 17-20), and heparin-treated
FIt1(1-3)-Fc (columns 21-24) are each able to completely compete
with the Biacore chip-bound Fit1(1-3)-Fc for VEGF binding as compared
to control (columns 1-4) and irrelevant protein (columns 5-8).
Unmodified FIt1(1-3)-Fc (columns 5-8) appears to only partially
compete with Biacore chip-bound Fit1(1-3)-F¢ for VEGF binding.
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BRI EF DESCRI PTI ON QE THE FI GURES Figure 1. | EF gel analysis of unnodified
and acetylated FIt1(1-3)-Fc proteins. Unnodified FIt1(1-3)-Fc protein is
unable to enter the gel due to its >9.3 pl, whereas acéthd¢vamber 2003
FIt1(1-3)-Fc is able to enter the gel and equilibrate at pl 5.2. Figure 2.
Bi ndi ng of unnodified FIt1(1-3)-Fc and acetylated FItl (1- 3)-Fc proteins
to Matrigel (r) coated plates. Unnodified FIt1(1-3)-Fc proteins binds

acet yriiareh eBARR atio ol rAPRIF ATF oM NaPL b T 8G Tea
Flt1( %eégn&em %%Mﬁi@d F+fi|b( Lidllar Fo tABJ pRGQifiedt 98rhkt bf 1Fﬁ)IFF-‘r?%'L” a
Bi acor e- based assay. ePy ated (colums 13-16), pegylated (colums

17- ZOFC,aI?ﬂjibéﬁﬁ?i thaf epeedinnibdifiet Probein( 69! urnibitiig 2Adnagreifieh able to
conpletely conpete wth the Biacore chip-bound FIt1(1-3)-Fc for VEGF

bi ndi bindiagctorgheedhip dhabrwanobe( ebminatedl by) therdalt mAsivant protein
(colums 5-8). Unnodified FItl(1-3)-Fc (colums 5-6) appears to only
partially conpete with Biacore chip-bound FIt1(1-3)-Fc for VEG- bi nding.

(oo R, BBV S SomB A3 S, MR T
non- s 594 PAgRIRE A RE-EQT VR I SO AR tsa e BB L "ash.
Fi gur Begglﬁe?fid?ﬁi YcatPrmdaf Fﬁd(FJsguté-éaotEms iRl YiateEGH t4itd- 3) - Fc, and

pegyl (1-3)-Fc’'to VEGF I'n an ELI SA-based assay. Both
affinities approaching that of unmodified FIt1{1-3)-Fc.

Figure 5. Pharmacokinetic profiles of unmodified Fit1(1-3)-Fc,
acetylated Fit1(1-3)-Fc¢, and pegytated FIt1(1-3)-Fc. Balb/c mice (23-
28g) were injected subcutaneously with 4mg/kg of unmodified,
acetylated, or pegylated 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 and the sera
were assayed in a standard ELiSA-based assay designed to detect
Fit1(1-3)-Fc protein. The T_,, for all of the Fit1(1-3)-Fc proteins was
between the 6 hour and 24 hour time points. The C,, for the different
proteins was as follows: Unmodified: 0.06 pg/ml - 0.15 pg/mi;
acetylated: 1.5 ug/ml - 4.0 pg/ml; and pegylated: approximately 5
pg/ml.

Figure 6A-6B. |EF gel analysis of unmodified and step-acetylated
Fit1(1-3)-Fc proteins. Unmodified FIt1(1-3)-Fc protein is unable to
enter the gel due to its >9.3 pl, whereas most of the step-acetylated
Flt1(1-3)-Fc samples (30-100 fold excess samples) were able to
migrate into the gel and equilibrate at pls ranging between 4.55 - 8.43,

depending on the degree of acetyiation.
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pegyl ated and acetylated FItl(1-3)-Fc proteins bind to VEGF with affinities
approaching that of unnodified FItl(1-3)-Fc. Figure 5. Pharnmacokinetic
profiles of unnodified FItl(1-3)-Fc, acetylated Fit 1(1113yaovFmberZaes

pegyl ated FIt1(1-3)-Fc. Balb/c mce (23- 28g) were injected subcutaneously
wi th 4ng/ kg of unnodified, acetylated, or pegylated FItl (1-3)-Fc. The
mce were tail bled at 1, 2, 4, 6, 24 hours, 2 days, and 3 days after
injection of protein and the sera were assayed in a standard ELI SA-based
assay designed to detect FlItl(1-3)-Fc protein. The Tnmax for all of the

FI t1 ( Figuréc7pr oBandinghast ubetoditiodt Fti§1F@uFcaadd24tépwaceatylaedoi nts. The

Crmex for the different proteins was as follows: Unnodified: 0.06 g/nl -
0.15 giit(1-3pnfet prateids to Mglnigel® coatgd/ platesnd pegylitlx e appr oxi matel y
5 [ml. Fi 6A-6B. | EF gel ly f di f t tyl ated
Fi 1 10 ingjevaNpraamirab. Puias Tsae e (Stegyaret %iﬁifﬁnﬁ‘?@aﬁ{fﬁéﬁ Yent er
th I ts >0, t h {
Fi't1 ( 2nsh 36 tldpesss pAmplstorace duak exBinih Hiy; HBIBGCl o cMatrigel, o

t di
on ¢ n&REHc MR SBAREET e "hoRide "‘%ﬁ%&‘*’%@e@ﬂ. & Fojei Eatipepend no
Un”Dd'sf:Wi@\thi 'tﬁﬁg?ﬂpq FCTﬁBOH 8t fid %ﬁdésatﬁ‘?npl'a shoolvs3reffiGedd dbiniditeg,t O

Matrigef(r) coate ates. As wth the irrelevant control protein,

r Ti e2th, ths ejegreet vt adestyFtidn( 1s JotFendgh toccBOpiaibly blads bisding es)
does not exhibit any binding to the Mtri gel
to extracellular matrix components.

Figure 8. Binding of unmodified Fit1(1-3)-Fc and step-acetylated
Flt1(1-3)-Fc in a Biacore-based assay. At a sub-stoichiometric ratio
(0.5 pg/mi of either unmodified Flit1(1-3) or step-acetylated FIt1(1-
3)-Fc vs. 0.2 ng/ml VEGF), there is not enough Fit1(1-3)-Fc (either
unmodified or step-acetylated) in the solution to completely bind the
VEGF. At 1.0 pg/ml, which approximates a 1:1 stoichiometric ratio, the
both unmodified and step-acetylated Fit1(1-8)-Fc are better abie 1o
compete for VEGF binding, but there is still insufficient Fit1{1-3)-Fc
protein {either unmodified or step-acetylated) to completely saturate
the available VEGF. However, at 5.0 ug/ml, which is several times
greater than a 1:1 stoichiometric ratio, both the Flt1(1-3)-Fc and the
step-acetylated Fit1(1-3)-Fc proteins are able to saturate the VEGF,

regardless of the degree of acetylation.

Figure 9. Pharmacokinetic profiles of unmodified Fit1(1-3)-Fc and
step-acetylated Fit1(1-3)-Fc. Balb/c mice (23-28g) were injected
subcutaneocusly with 4mg/kg of unmodified or 10, 20, 40, 60 and 100

fold excess samples of step-acetylated FIt1(1-3)-Fc (3 mice for
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coated plate, whereas the non-acetylated FItl(1-3)-Fc protein exhibits
significant binding. The 10 fold excess sanple shows reduced binding, but
the degree of acetylation is not enough to conpl etely blibbkvelibad?0dg to
extracel lular matrix conponents. Figure 8. Binding of unnodified

FItl (1-3)-Fc and step-acetylated Fltl(1-3)-Fc in a Biacore-based assay. At
a sub-stoichionetric ratio (0.5 g/m of either unnodified Fltl(1-3) or

st ep- a%g@(@ﬁ?g Rid. 146 -ant) ﬁiﬁe‘@- eQ(:g?Q/ éﬂmé g:}and;?eﬁﬁcé StoP A0 eHah

Fitl(1- ~(ef thér™ unmo or “step-acetyl ate I'n"the solution to
conpl etigly fdldndxédis sHRfpiesit The seédiwemhitgih edraxiinee ed, 6,124

stoichionetric ratio, the oth unnodi fied and step-acetylated FItl (1-3)-Fc
are betioars,aBl day® ambBpdaysf aftevVitGectiondi The beta Menee assaged|ih an
insufficient Fitl (1-3)-Fc protein (either unnodified or_step-acetyl ated)
to conBildbA-hasaduassay desigaed lamieteotddt! (dodkVer:, HResTaq/fRr allii ch is
several tines greater than a 1:1 stoichionetric ratio, both the

Fl t | (1132 - Fi16h3)Hee protaipsatestgdanas Aitt thg B Howc tippdt o bBuk thel e to

saturate the VEG-, _regardl ess of the deqgree of tylation  Figure 9.
Phar malokineVagé 8% ofallodes:of Eﬁ'ﬁﬂﬁglfﬁidﬂﬁﬂf‘rgk‘%gé?&%@ypjﬂﬂ' sk%ﬂgg:get yl at ed
FIt1l(1-3)-Fc. Balb/c mce (23- 28&) were injected subcutaneously with
4mg/ kg eocesansamed -oP . Zun/milo, 2 dold exarssiGamplel d dwedss 49nidlds of

- I d Fltl(1:3)-F i f 18 11 No 0 ified,
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sanpl ese)me‘gges%ewgr?ubﬂht bled at 1, 2, 4, 6, 24

Figure 10A-10D. Nucleic acid and deduced amino acid sequence of
Fit1(1-3)-Fc.

Figure 11. Schematic diagram of the structure of FIt1.

Figure 12A and 12B. Hydrophilicity analysis of the amino acid

sequences of Ig domain 2 and Ig domain 3 of Flt1.

Figure 13A-13D. Nucleic acid and deduced amino acid sequence of
Muti: Fit1(1-3,g)-Fc.

Figure 14A-14 C. Nucleic acid and deduced amino acid sequence of
Mut2: Fit1(2-3,5)-Fc.

Figure 15A-15C. Nucleic acid and deduced amino acid sequence of
Mut3: Fit1(2-3)-Fc.

19



hours, 2 days and 3 days after injection. The sera were assayed in an

ELI SA- based assay designed to detect FItl(1-3)-Fc. The Trmax for all of the
FItl (1-3)-Fc proteins tested was at the 6 hour time poi htNeugmber903 Crax was
as follows: Unnodified FItl(1-3)-Fc: 0.06g/m; 10 fold excess sanple: -
0.7g/mM, 20 fold excess sanple - 2g/m, 40 fold excess sanple - 4g/m, 60
fold excess sanple - 2g/m, 100 fold excess sanple - 1g/m . Figure

Frgur & BHISIRAABRL " RUGRE 4416, 78T BPuRGel AR 70 RoglPh b5 e 128
Hydr oplaitaCiptlys @nglysiyspef the amno acid sequences of Ig domain 2 and Ig
domai n %I of Fl tq ﬁt’tj‘{}re 13A-13D. Nucleic acid and deduced am no acid

sequence of Mutt: FIt'l (1-3AB)-Fc. Figure 14A-14 C. Nucleic acid and
deduced am no acid sequence of Mitt: Fltl (2-3AB)-Fc. Figure 15A-15C.

Nucl ei picagtel fnd deipidemy cfmurmedifiéd eatEnc8)-Fc, bhisie: régioh( A¢ptibn. 19 11
Novenber 2003 Fi gure 16A-16D. Nucl eic acid and deduced am no aci d seguence
of  Murditaht t ER1(BB)-M),- Bnd FFigUfe3)d., Bimdiarg pfoteimodnf aeBistarte-(1-3) - Fc,
basic region deletion nutant Fltl (1-§)-Fc, and Flti (1-3)R >N nutant

prot eitnaséd asBagcorkt thesedbastoighioMetrite ratib- 0 A&k higimek Mt (1a8)-6¢( 0. 25

g/m Fltl(1-3)-Fc
of unmodified, acetylated or genetically modified samples vs. 01.
ng/ml VEGF), there is insufficient Fit1{1-3)-Fc protein to block binding
of VEGF to the Flt1{1-3)-Fc immobilized on the Biacore chip. At 0.5
png/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 biock VEGF binding to the Biacore chip. At 1.0
pug/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:
Fit1(1-3,5)-Fc are essentially equal in their ability to block VEGF

binding, whereas Mut4: Fit1(1-3g_,n)-Fc is somewhat less efficient at

blocking binding

Figure 18. Binding of unmodified FIt1(1-3)-Fc, Muti: Fit1(1-3,g)-Fc,
Mut2: Flt1(2-3,5)-Fc, and Fit1(2-3) mutant proteins to Matrigel®

coated plates. Unmodified FIt1(1-3)-Fc pr_otein binds avidly {o these
wells, the Mut3: Fit1(2-3)-Fc protein binds somewhat more weakly, the

Mut1: Flt1(1-3,g)-Fc protein binds more weakly still, and the Mut2:
Fit1(2-3,5)-Fc protein shows the best profile, binding more weakly

than any of the other mutant proteins. The Mut4: FIt1(1-35_,p)-FC
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of unnodified, acetylated or genetically nodified sanples vs. 01. g/m
VEGF), there is insufficient FIt1l(1-3)-Fc protein to block binding of VEG-
to the FIt1(1-3)-Fc i mobilized on the Biacore chip. AttiNGemgerAl0Bf

unnodi fied, acetylated or genetically nodified FItl (1-3)-Fc proteins, the
stoichionetric ratio approximates 1:1 and there is an increased ability to
bl ock VEGF binding to the Biacore chip. At 1.0 g/m of unnodified,

acetyl ” j I j T I -3): i kch is
appr o WEPela R S 6 ProRih $8WE, bl ripdihal B FCon RECS T e are
abl e tabtigek ddg2di.ng of VEG- to the Biacore chip, but they are not

equi val ent” Unnodi'fied, acetylated, and Mutt: FIt1(1-3B)-Fc are
essentially equal in their ability to block VEG- binding, whereas Mit4:
Fitl(1-3R-,N-Fc is somewhat |ess efficient at bl ocking binding Figure 18.
Bi ndi nhigreu®di Birdirg tof( urepogidiedvitit1 (1-8)Fo 1 Mut13) FRA(1-ygdtFCr ti
(2-30B)-Fc, and FIt1(2-3) nutant proteins to Matrigel (r) coated plates.
Unnodi Mud®: FFit1(2:33))+Fec, pandeFH1(2-8)smatadt yroteinsese aneELESAtaseadit 3:

Flti (2-3)-Fc protein binds sonmewhat nore weakly, the Mitt:

Flt 1( laSsaR) - At thetebmcentnatonsrtestedklunmodifigd drliil {1r3)Ma,t Mutfi t
(2-3QB)-Fc protein shows the best profile, binding nore weakly _than any of
t he ot Rl (B aek-Fee obMaitBs . FIEhE2-Qus4-F &1 andl -FBRGNP) ravutant 1p18eEber 2003

gl ycosylation nutant protein shows only nmarginal benefit on the Matrigel
assay. biRdgMEGF9 sirBilading of unnodified FIt1(1-3)-Fc, Mut1l :
Flt1(1-3,,)-Fc,

Figure 20. Pharmacokinetic profiles of unmodified Fit1(1-3)-Fc,
Mut1: Fit1(1-3,5)-Fc, Mut2: Fit1(2-3,5)-Fc, and Fit1(2-3) mutant
proteins. the Cmax for these reagents was as follows: Unmodified

Fit1(1-8)-Fc - 0.15ug/ml; 40 fold molar excess acetylated FIt1(1-3)-
Fc - 1.5pg/mi; and Mut1: FIt1(1-3,g)-FCc - 0.7ug/mi.

Figure 21A-21C. Nucleotide and deduced amino acid sequence of the

modified Flt1 receptor termed Flt1D2.FIlkiD3.FcaC1(a).

Figure 22A-22C. Nucleotide and deduced amino acid sequence of the

modified Fit1 receptor termed Fit1D2.VEGFR3D3.FcaCi(a).

Figure 23. Extracellular Matrix (ECM) Assay. The results of this
assay demonstrate that the Flt1D2.Flk1D3.FcAC1(a) and
FIt1D2.VEGFR3D3.FcaC1(a) proteins are considerably less sticky to the

ECM as compared to the Flt1(1-3)-Fc protein.
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Mutt: FlIt1(2-3,,3)-Fc, and FlItl(2-3) nutant proteins in an ELI SA-based
assay. At the concentrations tested, unnodified FIt1(1-3)-Fc, Mutl:
FIt1(1-3eB)-Fc, Mut2: FlIt1(2-3aB)-Fc, and Fltl (2-3) nufhlevembeta®i0ds bind
VEGF simlarly. Figure 20. Pharmacokinetic profiles of unnodified
FIt1(1-3)-Fc, Mitt: FItl (1-3aB)-Fc, Mutt: Flt1(2-3eB)-Fc, and Fltl (2-3)
mutant proteins. the Crax for these reagents was as follows: Unnodified
FIt1(1-3)-Fc - 0.15g/ m; 40 fold nolar excess acetylated FItl(1-3) Fc -

1. 50/ nFigwured 244240 t Nukiddfile Rind dbdigiad arhirguri@ ISedlidnce\wd| #wt i de and
deduced am no acid sequence of the nodified Fitt receptor terned FItl

D2. Fl kholfide (it Clfedeptbl Adrm e AV RAER MRSl R Cdgayand deduced ani no aci d
sequence of the nodified FItl receptor terned FIt1l D2. VEGFR3D3. FCAClL(a) .

Figure 23. Extracellular Matrix (ECM Assay. The results of this assay
denonstrate that the FItl D2. Flkl D3. FcACl(a) and Flt1l D2. VEGFR3D3. Fct Cl(a)

oy o4 1 PG SSRSPSE Dol RTBNIGH A EYEmepRiad ortle
Ro- Fo; gy PRECl s B8] aEerbRaPh Portrabel R 5 175 ol ar excess
o o iR PLiE i BT B Bl BES0Mn e, 5,2 KL
three gtli)%iu];étiegn Ftl);lthre%%e%%%és n%gdﬁi% aFrltG1d rte%eptors as compared to

control media challenge. In contrast, transient |

Fit1 D2VEGFR3D3.F¢AC1(a) does not show significant blockage at this

molar excess, as compared with VEGF positive contro! challenge.

Similar results are seen in Figure 25B, where the modified Flt

receptors are in a 3-fold molar excess to VEGF165 ligand. In Figure

25C, where the modified Flt1 receptors are in a 6-fold molar excess to

VEGF165 ligand, transient FitiD2VEGFR3D3.FcAC1(a) can now be shown

to be partially blocking VEGF165-induced stimulation of cell-surface

receptors.

Figure 26A-26B. Phosphorylation assay. Detection by Western blot
of tyrosine phosphorylated VEGFR2(Flk1) by VEGF165 ligand stimulation
shows that cell-surface receptors are not phosphorylated by challenge
samples which have VEGF165 preincubated with 1 and 2 fold molar
excess (Figure 26A) or 3 and 4 fold molar excess (Figure 26B) of either
transient FIt1D2FIk1D3.FcAC1(a), stable Fit1D2FIk1D3.FcaC1(a), or
transient VEGFR1R2-FcAC1{a). At all modified Flt1 receptor
concentrations tested there is compiete binding of VEGF165 ligand
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control nedia challenge. In contrast, transient Fltl D2VEGFR3D3. FCACL(a)
does not show significant blockage at this nolar excess, as conpared with
VEGF positive control challenge. Sinmlar results are sHdivemb#ri2gtd e 25B
where the nodified Fit receptors are in a 3-fold nolar excess to VEG-165
ligand. In Figure 25C, where the nodified FItl receptors are in a 6-fold
nol ar excess to VEGF165 ligand, transient Fitt D2VEGFR3D3. FCACl(a) can now
be shown to be partially blocking VEG-165-i nduced stimrul ati on of

cel | - sdufriepe theepepineubatiorgureslting2@B. nhdetduiaplat sitmubaiiory . oDaxadkt i on
by Western blot. of tyrosine phosphorylated VEGFR2(Fl kl) by VEGF165 |igand

stinul giirRde FEEBOIh Y apboundr VERF165eps Womparedad ehasphaigdiat ed by
chal | enge sanpl es whi ch have VEG-165 preincubated with 1 and 2 fold nol ar

EXCESS ohfE| gP,__,‘ZGA) or 3 and 4 fold nolar excess (Figure 26B) of either
transient FIt71 D2Fl k1 D3. FcACl(a), stable Flt1 D2Fl k1l D3. FcACl(a), or
transient VEGFRL R2-FcACl(a). At all nodified FlItl receptor concentrations
tested there is conplete binding of VEGF165 |igand 22 11 Novenber 2003

O FERE S MM Ce bAoA Bt ool oy oo ool
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as a negative control, were titrated from 40nM to 20pM and incubated

on the cells for 1hr at 37°C. Human recombinant VEGF165 in defined

media was then added to all the wells at a concentration of 1.56nM.

The negativé control receptor Tie2-Fc does not block VEGF165-induced

cell proliferation at any concentration whereas Flt1D2.Flk1D3.FcAC1(a)

blocks 1.56nM VEGF165 with a half maximal dose of 0.8nM. Fit1(1-3)-

Fc and Fit1D2.VEGFR3D3.FcAC1(a) are less effective in blocking

VEGF165 in this assay with a half maximal dose of ~ 2nM. VEGF165

alone gives a reading of 1.2 absorbance units and the background is 0.38

absorbance units.

Figure 28. Biacore analysis of Binding Stoichiometry. Binding
stoichiometry was calculated as a molar ratio of bound VEGF165 to the
immobifized FitiD2FIk1D3.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 FIt1D2FIkiD3.FcAC1(a) or VEGFR1R2-FcAC1(a) molecule.
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as a negative control, were titrated from40nMto 20pM and i ncubated on
the cells for 1 hr at 37C. Human reconbi nant VEGF165 in defined nedia was
then added to all the wells at a concentration of 1.56nM NovEhmberZdgati ve
control receptor Tie2-Fc does not block VEGF165-induced cell proliferation
at any concentration whereas FIt1l D2. Fl k1 D3.Fc\Cl(a) blocks 1.56nM
VEGF165 with - a half nmaxi mal dose of 0.8nM Fltl(1-3)- Fc and Fitt

D2. VEGFR3D3. FcoCl(a) are less effective in blocking VEG-165 in this assay

with Figare poxafd Figsre F0.- -SeM EXNECsI6n Chomamgraphy reading of 1.2
absor bance units and the background is 0.38 absorbance units. Figure 28.

Bi acorgagRiorib eyl FR DSFNG! 58 FeAT p(t by . VEGERNG2-FraCiaprat oy was
calculated as a molar ratio of bound VEG-165 to the immobilized Flti
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1000 quivalent to e results indicated binding stoichionetry
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VEGF165 into the FIt1D2FlkiD3.FcAC1(a) solution completely blocks
FIt1D2FIk1D3.FcAC1(a) binding to the VEGF165 surface. This result
suggested the binding stoichiometry of one VEGF165 molecule per one

Fit1D2Fik1D3.FcAC1(a) molecule.

Figure 31. Size Exclusion Chromatography (SEC) under native
conditions. Peak #1 represents the Flt1D2FIk1D3.FcAC1(a)/ VEGF165
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.

Figure 32. Size Exclusion Chromatography (SEC) under dissociative
conditions. To separate the components of the receptor-ligand complex
and to determine their molar ratio, 50nl of dissociated complex was
loaded onto a Superose 12 PC 3.2/30 equilibrated in 6M GuHC! and
eluted. Peak #1 represents Flt1D2FIk1D3.FcaC1(a) and peak #2
represents VEGF165.
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VEGF165 into the FIti D2Fl k1l D3. FcACl(a) solution conpletely blocks Flt1l
D2FI k1 D3. FcACl(a) binding to the VEGF165 surface. This result suggested

t he bi nding stoichionetry of one VEGF165 nol ecul e per oreNovpinber 2D0F| k1

D3. FcACl(a) nol ecule. Figure 31. Size Exclusion Chromatography (SEC) under
native conditions. Peak #1 represents the Fltl D2Fl k1 D3. FcACl(a)/ VEGF165
conpl ex and peak #2 represents unbound VEGF165. Fractions eluted between
1.1 and 1.2 m were conbi ned and guani di ni um hydrochl oride (GHC )was
added to a final concentration 4.5Mto dissociate the conplex. Figure 32.
Si ze Exclusion Chromatography (SEC) under dissociative conditions. To

separ aFigule 3dmRiganes3df anitk Figaept 86: | | Qipad Eompplision and to determ ne
their nolar ratio, 501 of dissociated conplex was |oaded onto a Superose

12 PC grbatategraphpr@e) iwitbMORIHAe anght Scdittindlealizd axamisisants Fitl
D2Fl k1 D3. FcACI(a) and peak #2 represents VEGF165. 24 11 Novenber 2003

\I/:v: ?Er e cRPomBtSYfahhif Gillnin INItA A MiRiBaWR< Wrilfingn light' Seakeangrhy ( SEC)

On-Line LT ght "Scattering. Size exclusion chrofatography Colum with a
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two pe?rl\(és 'mgf"ttzackulgr1 \Ar!g%rh?sﬁ\ﬂ{ﬂf) to?ethe receptor-ligand complex. As shown in

Figure 33, the elution profile shows two peaks. Peak #1 represents the

receptor-ligand complex and peak #2 represents the unbound VEGF165.

MW was calculated from LS and R 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 Fit1D2Flk1D3.FcAC1(a)/VEGF165 complex at the peak

position is 157 300 (Figure 33), the MW of VEGF165 at the peak

position is 44 390 (Figure 34) and the MW of R1R2 at the peak is 113

300 (Figure 35).

Figure 36. Peptide mapping and glycosylation analysis. The disulfide
structures and glycosylation sites in FIt1D2.FIk1D3.FcAC1{a) were
determined by a peptide mapping method. There are a total of ten
cysteines in Flt1D2.FIk1D3.FcAC1{a); six of them belong to the Fc
region. Cys27 is disulfide bonded to Cys76. Cys121 is 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, it can not be determined
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receptor-|ligand conpl ex and peak #2 represents the unbound VEGF165. MN was
calculated fromLS and Rl signals. The sane procedure was used to

determ ne MV of the individual conmponents of the receptorNodemyparizPO3onpl ex.
The results of these determnations are as follows: MWNof the FItl D2Fl k1
D3. FcACl(a) NEGF165 conpl ex at the peak position is 157 300 (Figure 33), the
MWV of VEGF165 at the peak positionis 44 390 (Figure 34) and the MW of
R1132 at the peak is 113 300 (Figure 35). Figure 36. Peptide nmapping and

gl ycoswhathen disalfidel Honthieg diss Wccuditng sbetwéonesamel qiisyeiosysd ation sites
in Fltl D2. Fl k1 D3. FcACl(a) were determ ned by a peptide mappi ng net hod.

There @@ws2a 1t edaCye211 efor exah@hiBsor Bethédn By ki &H¥d FopsA{4); six of
them bel'ong to the Fc region. Cys27 is disulfide bonded to Cys76. Cysl21l

| s di sglbpdg |§OH 4|d¢ Ddnged &é: C }QQOE‘ rg é 2CY$ cﬁéﬂﬁﬁe‘ Bohdedfo " €gi on

(Cyszll and orm an i nternolecul e bond with the sanme
?Eggges |n anot her Fc chai n. Fbmever |t can not be determ ned 25 11

hbvenbe 3 whet her disulfide bonding is occurring bet ween sane cyst ei nes

(Cys211 to Cys21l, for exanple) or between Cys211 and Cys214. Cys216 is

di sul fi de bonded to Cys306. Cys 352 I's disulfide bonded to Cys410. There

fi bl.e N-|inked Flt1 D2. Fl k1 D3. FcACl
ana ar ShefRare ofus, sl MTEke, s vﬁahgﬁe'a B Compl ete

I b d at Asn33, Asnl93
J ycos'\i_lt IOEIkﬁ)BOF%ngVF(a) aand E{]re foun(? to be giycosylated to varying

degrees. Complete glycosylation is observed at Asn33, Asn193, and
Asn282. Partial glycosylation is observed on Asn65 and Asn120. Sites

of glycosylation are highlighted by underline in the Figure.

Figure 37. Pharmacokinetics of Fit1(1-3)-Fc (A40),
Fit1D2.FIk1D3.FcAC1(a) and VEGFR1R2-FcAC1(a). Baib/c mice were
injected subcutaneously with 4mg/kg of FIt1(1-3)-Fc (A40), CHO
transiently expressed Fit1D2.Fik1D3.FcAaC1(a), CHO stably expressed
FIt1D2.FIk1D3.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 FIti(1-3)-Fc (A40), Fit1D2.FikiD3.FcAC1(a) or VEGFR1R2-
FcAaC1(a). The Tmax for Fit1{1-3)-Fc (A40) was at 6 hrs while the
Tmax for the transient and stable FIt1D2.FIk1D3.FcAC1(a) and the
transient VEGFR1R2-FcAC1(a) was 24hrs. The Cmax for Flt1(1-3)-Fc
(A40) was 8ug/ml, For both transients (Fl{1D2.FIkiD3.FcAC1(a) and
VEGFR1R2-FcaC1(a)} the Cmax was 18pug/ml and the Cmax for the
stable VEGFR1R2-FcAaC1(a) was 30ug/ml.
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Asn282. Partial glycosylation is observed on Asn65 and Asn120. Sites of

gl ycosyl ation are highlighted by underline in the Figure. Figure 37.

Phar macoki netics of Fltl(1-3)-Fc (A40), Flt1 D2.Fl k1 D37THimneneen2043d VEGFRI
R2-FcACl(a). Balblc mce were injected subcutaneously with 4ng/ kg of Fltl
(1-3)-Fc (A40), CHO transiently expressed Fill D2.Fl ki1 D3.FcACl(a), CHO
stably expressed FItl D2.Fl k1l D3. FcACl(a), and CHO transiently expressed
VEGFRI R2- FcACl(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 ELI SA
designed to detect FItl (1-3)-Fc (A40), Fitt D2. Flkl D3. FcACl(a) or VEGFRI
R2- Fckigyeg 38hePhasimdankifetics ( 0f SFIP1¢3%6c wek4@), 6 hrs while the Tmax
for the transient and stable FItl D2. Flkl D3. FcACl(a) and the transient
VEGFRI FR2 D=2 A1 25. Fea€ 1{ahrand Fid D2WE GBRIDI FchGi(afc Bade) mies 89/ ni |,
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an ELISA designed to detect Flt1(1-3)-Fc, Fit1D2.Flk1D3.FcAC1(a) and

5, 6,

Fit1D2.VEGFR3D3.FcAC1{a). Fit1(1-3)-Fc (A40) could no longer be
detected in the serum after day 5 whereas Fit1D2.Flk1D3.FcAC1(a) and
Fit1D2.VEGFR3D3.FcAC1(a) were detectable for 15 days or more.

Figure 39. The Ability of FIt1iD2.Fik1D3.FcAaC1(a) to Inhibit HT-1080
Fibrosarcoma Tumor Growth In Vivo. Every other day or 2 times per
week treatment of SCID mice with Flt1D2.Flk1D3.FcAC1(a) at 25mg/Kg
significantly decreases the growth of subcutaneous HT-1080

fibrosarcoma tumors.

Figure 40. The Ability of Flt1D2.FIk1D3.FcAC1i{a) to Inhibit C6 Glioma
Tumor Growth In Vivo. Every other day or 2 times a week treatment of
SCID mice with Fit1D2.Fik1D3.FcAC1(a) significantly decreases the

growth of subcutaneous C6 glioma tumors at doses as low as 2.5mg/Kg.

Figure 41. VEGF-Induced Uterine Hyperpermeability. PMSG injected
subcutaneously (5 IU) to induce ovulation in prepuberial female rats
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Fitt D2. VEGFR3D3. FcACl(a). FIt1(1--3)-Fc (A40) could no longer be detected
in the serumafter day 5 whereas FItl D2. Fl k1 D3. FcACl(a) and FIt1l

D2. VEGFR3D3. FcAC1(a) were detectable for 15 days or nor#¥l Neveghere2089. The
Ability of FItl D2.Flkl D3.FcACl(a) to Inhibit HT-1080 Fi brosarconma Tunor
Gowth In Vivo. Every other day or 2 times per week treatnent of SLID m ce
with FItl D2. Flkl D3. FcACl(a) at 25ng/Kg significantly decreases the
growt h of subcutaneous HT-1080 fibrosarcoma tunors. Figure 40. The Ability
of FI tresbiisFirk 8 BRrge ATl eajradioll afiebi2 dzfysGwhigh inMTinor caus&shann Vi vo.
Every other day or 2 tinmes a week treatnment of SCID mice with FItl D2. Fl k1l
D3. FcAndlualioni ghiVEGENiH \thdenterases Titie igdastibnofesultxihaneous C6 gl i oma
tunors at doses as |ow as 2.5ng/ Kg. Figure 41. VEGF-I1nduced Uerine

Hy per geypedleiriidabilityVo6 the) atdred andbent Bftgedseyir( utékhet awgtnduce ovul ation
in prepubertal female rats 27 11 Novenber 2003 results in a surge of

est r adg@bcafdridods daysctibh C@f P U-8)-FRUAI N Fltm@@Fll@erQde@:(a n the

uterus. This induction results in hyperpermeability of the uterus and an
0

1 ok R EGETRpa Fekts ﬁ@?ﬁﬁ?%oﬁ%ck%%&(‘%\%“?%”ﬂs U

it eri o Maiie®'a SR iDibHloR R 08 RIIERSE; R AR Mictweightase 1

Angi ogenesi s USI ng Progesterone as a Readout. PI\/SG was i njected
subcut aneously (5 IU) to induce ovulation in prepubertal fenmale rats,

resul t#rbq.l' 4%!\-'&' lEy Assessment of Corpus Luteum Angiogenesis Using
Progesterone as a Readout. PMSG was injected subcutaneously (5 1U) to
induce ovulation in prepubertal female rats, resulting in a fully
functioning corpus Iuteum containing a dense network of blood vessels
that secretes progesterone into the blood stream to prepare the uterus
for implantation. The induction of angiogenesis in the corpus luteum
requires VEGF. Resting levels of progesterone are about 5ng/ml and can
be induced to 25-;10ng/ml after PMSG. Subcutaneous injection of
Fit1(1-3)-Fc (A40) or FIt1D2.Fik1 D3.FcAC1(a) at 25mg/kg or bmg/kg at
thr. after PMSG injection resulted in a complete inhibition of the

progesterone induction on day 4.

DETAILED DESCRIPTION OF THE INVENTION

It has been a long standing problem in the art to produce a receptor
based VEGF antagonist that has a pharmacokinetic profile that is
appropriate for consideration of the antagonist as a therapeutic
candidate. Applicants describe herein, for the first time, a chimeric
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functioning corpus |uteum containing a dense network of blood vessels that
secretes progesterone into the blood streamto prepare the uterus for

i npl antation. The induction of angi ogenesis in the cor plikN¢vgreerd008 equires
VEG-. Resting |l evels of progesterone are about 5ng/m and can be induced
to 25-40ng/mM after PVMSG Subcutaneous injection of Fltl(1-3)-Fc (A40) or
FItl D2. Flkl D3. FcACl(a) at 25ng/kg or 5ng/kg at 1 hr- after PMSG
injection resulted in a conplete inhibition of the progesterone induction
on daypclypegtive  Foleader capapeonf TratagwERINGOY G Mhactyilyn Watong st andi ng
problemin the art to produce a receptor based VEGF antagoni st that has a
phar meotikbitet ineprowefd |Ehatmaacokinetipp poppédies fas coonpadsd atd @thef t he

ant agoni st as a therapeutic candidate. Applicants describe herein, for the
first Known receptorbaseddVEGNoartdyonigR03 Poé yeteipternie pallypeptide capabl e of
ant agoni zi ng VEGF activity, that exhibits inproved pharnacokinetic

properhbRc s CABRENBEJ! Peptifethuknpravitec fht ehe bfipsd tiiFapptemiatiest s. The
chinmeric polypeptide nolecules described herein thus provide for the first

time %ﬁarébgné@tfar 8y QﬁUﬂh%?aTng {t$ Qvhidht aﬁfa?qzjr%m bf WEEF ast 809adissd of
VEGF is a desired result. e present invention provides for novel
chinegi%LH?Iypeptide nol ecul es fornmed by fusing a nodified extracellul ar
I i gan eblnd'lng dormain of the FItf receptor to the Fc region of 1gG The
extracellular ligand binding domain is defined as the portion of a

The present invention provides for novel chimeric polypeptide
molecules formed by fusing a modified extraceliular ligand binding

domain of the Fit1 receptor to the Fc¢ region of I1gG.

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 extraceliular 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 intracellular
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, predominanily hydrophobic or apolar amino acids (i.e.
leucine, valine, isoleucine, and phenylalanine) comprise the
transmembrane domain. The extracellular domain comprises the amino
acids that precede the hydrophobic transmembrane stretch of amino
acids. Usually the transmembrane domain is flanked by positively
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receptor that, inits native conformation in the cell nenbrane, is

oriented extracellularly where it can contact with its cognate ligand. The
extracel lul ar |igand bindi ng domai n does not include th& Newpenbedvebi ¢ ami no
aci ds associated with the receptor's transnmenbrane domain or any am no

aci ds associated with the receptor's intracellular domain. Generally, the
intracellular or cytoplasmc domain of a receptor is usually conposed of
positively charged or polar amino acids (i.e. lysine, arginine, histidine,
gl ut anfBaegadi orpelartamine iatids Bush pselysihen@ridrgdinepr adonHeijng has

hydr ophobi ¢ or apolar amno acids (i.e. |eucine, valine, isoleucine, and
phenyl| publishey detgiled autése that careneximmoniyorederredThe eyt skidedl ul ar donmai n
conprises the amno acids that precede the hydrophobic transmenbrane

st r et cartigarsriwioen adetdFmibiplwiichharinanackidrioging diveni mecepfdranked by
positively 29 11 Novenber 2003 charged or polar am no acids such as |ysine

or argbsigiyg tonhbekeixfadedivlanuanshesmiehak! ast intragelinrlr domamsonl y
referred to by skilled artisans when determ ning which am no acids of a

gi ven (S&8PYEH Hgghgpgggg)\;,t %Eé&é%eﬂ}ﬂfggg),t rgﬁ‘t%'?ﬁﬁﬁﬁélﬁjw@bgg)es on

I ntracel lul ar domains (See von Hel| neE, Bl oEssays 25-

Al t er ngt 450N the Internet, such as
http:/?fﬁ ﬁgg%ml?\rt#%ﬂc /?gftvvar e/ TWPRED form htm . have beconme avaflable to

or ot of (B R FESIYRT T ot/ SUR AR Rl Atk T o4 P TR B on of
nucl el 8v%ﬁégle to provide protein chemists with information about making

predictions about protein domains.

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 introduced into an appropriate host cell. Appropriate host cells
include, but are not limited to, bacterial cells, yeast cells, insect celils,
and mammalian ceils. 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
synthetic techniques and in vivo recombinations {genetic
recombination) (See Sambrook, 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,
NY).
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nol ecul es encodi ng chineric polypeptide nolecules that are inserted into a
vector that is able to express the chineric polypeptide nol ecul es when

i ntroduced into an appropriate host cell. Appropriate hdstowwealbes2008ncl ude,
but are not limted to, bacterial cells, yeast cells, insect cells, and
mammal i an cells. Any of the nethods known to one skilled in the art for
the insertion of DNA fragnents into a vector may be used to construct
expression vectors encoding the chineric pol ypeptide nolecul es under
control of transcriptional/translational control signals. These nethods
may include in vitro reconbinant DNA and synthetic techniques and in vivo
r econbEXBfESHAN (Qbruigleia asithonetacuias emeedisghiheorhinaeria| PolyRsPEEg ar

Cl oning, A Laboratory Manual, Cold Spring Harbor Laboratory; Current

Pr ot ocBldecuiesbnayuber re@ilatashpy Edsecond uniileiceacist sequeseaessPibat Assoc. ,
Wl ey-Interscience, NY). 30 11 Novenber 2003 Expression of nucleic acid

nol ecuthss ahimedicn palyeeptideemioteuby e miptessed| e dwstatrabsforetgd at ed by
a second nucl ei c acid sequence so that the chineric polypeptide nol ecul e

I s expwiths titk iracenibdaant TBINAf avgledulen tfort kxanspiertexpessidiAofhecul e.  For
exanpl e, expression of-the chinmeric polypeptide nol ecul es described herein

may beckipiéfi€! pSIYpRYtiden ndlceliid S 'deithReE hetbaamyk Bewaohitolied byt .
Pronmoters which may be used to control expression of the chinmeric

2o vpei bR anc e iberbingi e anLEbignoile e, i

early BEO(TRLE" td Sritfbl 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 and Chambon, 1981, Nature 290:304-310), the CMV promoter,
the M-MuLV &' 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 f-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, see also “Useful proteins from recombinant
bacteria® in Scientific American, 1980, 242:74-94), promoter elements
from yeast or other fungi such as the Gal 4 promoter, the ADH (alcohol
dehydrogenase) promoter, PGK (phosphoglycerol kinase) promoter,
alkaline phosphatase promoter, and the following animal
transcriptional control regions, which exhibit tissue specificity and
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(Bernoi st and Chanbon, 1981, Nature 290: 304-310), the CW pronoter, the

M MILV 5' term nal repeat the pronoter contained in the 3' long termna
repeat of Rous sarconm virus (Yamanoto, et al., 1980, C&liNove@per7Z893797),

t he herpes thym di ne kinase pronoter (Wagner et al., 1981, Proc. Natl.
Acad. Sci. U S. A 78:144-1445), the regulatory sequences of the

net al | ot hi oni ne gene (Brinster et al., 1982, Nature 296:39-42);
prokaryotic expression_vectors such as the 3-1actanase pronnﬁer ]

(Vi || raegrrest utidizegl in triarsgemeoanimats: . elastape dcgeng, §oAtrol region
75:3727-3731), or the Lac pronoter (DeBoer, et al., 1983, Proc. Natl.

Acad. bich s Sagtivesdn2papsreatie agiparcelts USwiflorsi Ak, 184+ &&hbi nant
bacteria” in Scientific Amrerican, 1980, 242:74-94); pronoter elenents from
yeast 38:639:646f Owiitzsethalgs1986, Gold4SpriogoHarbot HympH QuaobnhiBiol.

dehydr ogenase) pronmoter, PGK (phosphogl ycerol kinase) pronoter, alkaline
phos phsd Bo-atemaiacDordd | egx)| H@Tp'atglow Yad 25 H1B); r instuliongeneont r ol

regi ons, which exhibit tissue specificity and 31 11 Novenber 2003 have been

uti i Zeghtrd) trégibwwﬁiéham tve @ rdmseaticuBata ey qHaregiam 1985¢ch i s
active in pancreatic acinar cells (Swft et al., 1984, Cell 38:639-646;

Qi t2nghul 91 986.148), dirSHSLIBBLRAT GBHEPCORRI redion! whigh: 899- 409

MacDona pat ol ogy 7: -515); i nsulin gene ~ control region which

' actufid MnPRABGI el (oRfidchet AaaRN 19885 Colldiioa AbEATS. 122).

i Nmuno ul'l'n rol *Tegion which 1’5 active | ynmphoi d ‘cel |I's

S10; 5o808ee Rt Al 8O iNaTTre ARS8 ARKERRRCbt B, 19870 MORT UTe
Cell. Biol. 7:1436-1444), mouse mammary tumor virus control region
which is active in testicular, breast, lymphoid and mast celis (Leder et
al., 1986, Cell 45:485-495), aibumin gene control region which is
active in liver (Pinkert et al., 1987, Genes and Devel. 1:268-276),
alpha-fetoprotein gene control region which is active in liver (Krumiauf
et al., 1985, Mol. Cell. Biol. 5:1639-1648; Hammer et al., 1987, Science
235:53-58); alpha 1-antitrypsin gene control region which is active in
the liver (Kelsey et al, 1987, Genes and Devel. 1:161-171), beta-globin
gene control region which is active in myeloid cells (Mogram et al.,
1985, Nature 315:338-340; Kollias et al., 1986, Cell 46:89-94); myelin
basic protein gene control region which is active in oligodendrocyte
cells in the brain (Readhead et al., 1987, Cell 48:703-712); myosin light
chain-2 gene contro! 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).
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Cell. Biol. 7:1436-1444), nouse mammary tunor virus control region which
Is active in testicular, breast, |ynphoid and mast cells (Leder et al.,
1986, Cel | 45:485-495), al bumi n gene control region whithNevemberd0P¥e in
l'iver (Pinkert et al., 1987, Genes and Devel. 1:268-276),

al pha-fetoprotein gene control region which is active in liver (Krun auf
et al., 1985, Mdl. Cell. Biol. 5:1639-1648;, Hammer et al., 1987, Science
235:53-58); al pha 1-antitrypsin gene control region which is active in the
liver [IKé$sagcerding tadbe inuandion nexpiession ivedors capalier af paipdn  gene
control region which is active in nyeloid cells (Mbgramet al., 1985,

Nat ur deplicated- gu®@ bacteriad et eukaryotigéhost| compratng4ehimgeci n  basi c
protein gene control region which is active in oligodendrocyte cells in
t he brpolypeptidehaanlectulsencotid®y nu@leic 48id 03s 7describgdsherdingrare chai n- 2

gene control region which is active in skeletal nuscle (Shani, 1985,
Nat ur eusiid 128 tra2i3fect the lyostadntr therebye direst nexressiore gfesachcnatieid
region which is active in the hypothal amus (Mason et al., 1986, Science

234: 134gidd 3tB)prodacd 1l \chiveric2 peBypeptide aneridliles, Whithendy enén obe

expression vectors capable of being replicated in a bacterial or

eukar yl@dggleli‘@ﬂtirP rid'é i ' ﬁ&ighia%ﬁvb%rﬁw ypaPlisde Mgl 8- smegidauynucl eic

acid as scri bed he a used to transfect the host and Thereéby

) e
a bed "~ used {0 't ran: st and |
pol y peit e (RSt (OHA Eufan@ of DihAR 39 9B e i or ogi cal |y

active form As used herein, a biologically active formincludes a form
capabl e of binding to VEG-.

Expression vectors containing the chimeric nucleic acid molecules
described herein can be identified by three general approaches: (a)
DNA-DNA hybridization, (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 hybridization using probes
comprising sequences -that are homologous fo 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.q.,
thymidine kinase activity, resistance to antibiotics, transformation
phenotype, 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

33



Expression vectors containing the chineric nucleic acid nol ecul es

descri bed herein can be identified by three general approaches: (a)

DNA- DNA hybri di zation, (b) presence or absence of "marké&rNowgeher 2008inct i ons,
and (c) expression of inserted sequences. In the first approach, the
presence of a foreign gene inserted in an expression vector can be

det ected by DNA- DNA hybri di zati on usi ng probes conprising sequences that
are honol ogous to the inserted chineric polypeptide nol ecul e sequences, In

the seserdreippr gase. prdluct’ exoEdsBaNby VeR! pechddinanst Suatpassaysdenti fi ed
and sel ected baSed upon the presence or absence of certain "marker" gene

funct icans pee pdsed, BY B MpIe! ?ﬁ%@%ﬂyﬁi&e}% of 8&h&tianse gfr@péﬂtésbicﬂ’t i cs,

transformation phenotype, occlusion bo ormation in bacul ovirus, etc.)

causeg,.py N ela ¥ ' genes in the vector. For exanple, if
t he cﬁ'ﬂ?re?.hgﬁeﬂg ?@@?@‘é‘ﬁ)ﬁoff@%@%ﬁm sequence is inserted within the
mar ker gene sequence of the vector, reconbinants containing the insert can

be identified by the absence of the nmarker gene function. In the third
appro reconbi nant expression vectors can,be_ id | by assaying 33
11 No rgfzg@% Pﬁ%s‘?’gtr éri"berfﬁb%[hemﬁyo @&S"EQBYeQrSeﬁ?% rgﬁ 'r ecombi nant .
Such assays ..can bﬁgﬁased, for exanBIe, on tggragysical or Phnctional

pr operqanssitytivelyh @ndhi pRIMangBily pexPress e (HBENCHIYPEPIE e present

i nvention may transiently or, preferably, constitutively and permanently
expr edBoteRUIES: meri ¢ pol ypeptide nol ecul es.

The chimeric polypeptide molecules may be purified by any technique
which allows for the subsequent formation of a stable, biologically
active chimeric polypeptide 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, Builder, et al.,, US Patent No. 5,663,304). In order to further
purify the factors, conventional ion exchange chromatography,
hydrophobic interaction chromatography, reverse phase chromatography

or gel filtration may be used.

In one embodiment of the invention, the nucleotide sequence encoding
the first component is upstream of the nucleotide sequence encoding
the second component. In another embodiment of the invention, the
nucleotide sequence encoding the first component is downstream of the
nucleotide sequence encoding the second component. Further
embodiments of the invention may be prepared in which the order of the
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The chinmeric pol ypeptide nol ecul es may be purified by any techni que which
allows for the subsequent formation of a stable, biologically active

chi meric pol ypeptide nol ecule. For exanple, and not by tayovember303t ati on
the factors may be recovered fromcells either as soluble proteins or as
I ncl usi on bodies, fromwhich they may be extracted quantitatively by 8M
guani di ni um hydrochl oride and dialysis (see, for exanple, Builder, et al.,
US Patent No. 5,663,304). In order to further purify the factors,
convenfirginssedond enchdhygd tusionapolypepiige combopéols arentearaanged.

chr omat ogr aphy, reverse phase chromatography or gel filtration may be
used. Foroexamptmdifnthe mfcliebidenseqiience efeodingl due ifilst ssayaponenerisodi ng
the first conponent is upstream of the nucleotide sequence encoding the

second desigrratedt 1, tie anadlbetidensegi:emed ericddingi theesbcond tompomegiteist i de
sequence encoding the first conponent is downstream of the nucleotide

sequengRsRiAENg, Efl #96 onGciesiBeNS8quehité td¥ethe aRedcBRicnat ishe
i nvention Tay be prepared in which the order of the 34 11 Novenber 2003

first, d%%lfq}fsﬁﬁané ttﬁéﬁdtﬁ SrBBr PO wmarﬂﬁoﬁ@ﬁgyﬁﬁ% PSatedigrd.  For

exanpl €, e nlcl éot'de sequence encoding the first conponent is

os! O0SRS chy i PRI e FoBHERE T, SRR rpey |86 A7 BCuROToAGMG |
et KRR ER B P
six conmbinations: 1,2,3; 1,3,2; 2,1,3; 2,3,1; 3,1,2; or 3,2,1.
The present invention also has diagnostic and therapeutic ufilities. In
particular embodiments of the invention, methods of detecting
aberrancies in the function or expression of the chimeric polypeptide
molecules described herein may be used in the diagnhosis of disorders.
in other embodiments, manipulation of the chimeric polypeptide
molecules or agonists or antagonists which bind the chimeric
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.

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 disorders such as psoriasis or arthritis, including
rheumatoid arthritis; asthma; generalized edema associated with burns;
ascites and pleurai effusion associated with tumors, inflammation or
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The present invention also has diagnostic and therapeutic utilities. In
particul ar enbodi nents of the invention, nethods of detecting aberrancies
in the function or expression of the chineric pol ypepti tieNovepbeciids

descri bed herein may be used in the diagnosis of disorders. In other
enbodi ments, mani pul ati on of the chineric polypeptide nolecules or

agoni sts or antagonists which bind the chineric polypeptide nol ecul es may
be used in the treatnment of diseases. In further enbodi ments, the chineric
pol ypefraiuteaywhronice adiswayi inftachnstioan ceglant debkosknthemisi; ngepgisof a

bi nding agent to its target. By way of exanple, but not limtation, the

met hodkifndyhelisewsntdsyocimed hbthidaérdaded teskagagic proieial ananeiyei ons t hat
are characterized by vascular perneability, ederma or inflammuation such as

brai n gagjfaerfSHRH Ascage rolatel Unacutdr degedlerhtioRr an€dgiametigsoci ated with
I nfl ammat ory di sorders Such as psoriasis or arthritis, including

r heumat gfifl iﬁ*ﬁgitis; ast hma; generalized edema associated with burns;
ascites ang pledral effusion associated with tunors, inflammtion or 35 11
Novenmber 2003 traumm; chronic airway inflammation; capillary | eak syndrone;
sepsis; kidney disease associated wth increased | eakage of protein; and

©2%, noli AR, 0 B AR T TSP AR e hREIS,
LS50S o R o B BT e A P
greaterAn IEF analysis of Fit1(1-3)-Fc showed that this protein has pl greater

than 9.3, confirming the prediction that the protein is very basic. It

was hypothesized that the basic nature of Flt1(1-3)-Fc protein was

causing it to bind to extracellular matrix components and that this

interaction might be the cause of the extremely short detectable

circulating serum half-life exhibited by FIt1(1-3)-Fc when injected

into mice. In order to test this hypothesis, Fit1(1-3)-Fc protein ‘was

acetylated at the lysine residues to reduce the basic charge.

Acetylated Fli1(1-3)-Fc was then tested in the assays described infra.
The following examples are offered by way of illustration and not by
way of limitation.

EXAMPLES

Example 1: Expression of Fit1{1-3)-Fc protein in CHO K1 cells.

Using standard molecular biology techniques (see e.g., Molecular
Cloning, A Laboratory Manual (Sambrook, et al., Cold Spring Harbor
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than 9.3, confirmng the prediction that the protein is very basic. It was
hypot hesi zed that the basic nature of FItl(1.3)-Fc protein was causing it
to bind to extracellular matrix conponents and that thik Nivember@803 on ni ght
be the cause of the extrenely short detectable circulating serumhalf-life
exhibited by FItl(1-3)-Fc when injected into mce. In order to test this
hypot hesi s, Fltl(l 3)-Fc protei n was acetylated at the lysine residues to

reduc t he har Iate t he sted .in, the
[educs fsates Et RIGEOF O Je@uiafp%e@vw?@ﬂﬁer@%ﬁ@gﬁ'w g

i1 lustration and not way of limtation, EXAMPLES Exa :#ﬁgression
of FItG(erns l?—‘éb'prlﬁ%%‘i)%l iiedntarssignce, NY9; fhesg8ngaeac 'I”&:u Tni ol ogy
techni ques (see e.g., Ml ecular Coning, A Laborator Manual ( Sambrook, et
al . +Hdc syasningertedrings the mpéeﬁﬁéanzw@etmagﬁp?dt% yfLoraa Rinlogiesit ocol s
in Ml ecul ar Biol ogy (Eds. Ausubel, et al. G eene Publ. Assoc.

W | ey-pla) ea’msalmmldimler\mommgsugaamvamwtamgoﬂthe CMVsprqmotms iGt@r ted i nt o
t he expression vector pEE14.1 (Lonna Biologics, plc) at a nultiple cloning

site downetlieaweoé triamsdbiagr avith ethe (p‘IEEmn/Féﬁl(s-s\)eFe DiNeksfected with
the pEE14. 1/FIt1(1-3)-Fc DNA construct using |ipofectam ne (Gaithersburg,

MD) . Tduhdtradts s dipafbttaflinec(GaithersorgpWmD)) JThé atranefdoted OMEM (JRH,
Kansas Gity, M) containing 25M net hionine sul foximne (MSX) from Sigma

L;C K -celloWetre HowAnd Hilddmicsored TANEMT (ORI NKRNBASSSRYS Meje obt ai ned
containing 25uM methionine sulfoximine (MSX) from Sigma Inc., St.

Louis, MO, and high recombinani 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.

The selected clone was expanded in 225cm?2 T-flasks (Corning, Acton,
MA) and then into 8.5L roller botties (Corning, Acton, MA) using the cell
culture media described supra. Cells were removed from the roller
bottles by standard trypsinization and put into 3.5L of suspension
medium. The suspension medium is comprised of glutamine-free ISCHO
medium (lrvine Scientific, Santa Ana, CA) containing 5% fetal bovine
serum (FBS from Hyclone Labs, Logan, UT), 100uM MSX and GS
supplement (JRH Scientific, Kansas City, MO) in a 5L Celligen
bioreactor (New Brunswick Scientific, New Brunswick, NJ) at a density
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screening the CHO K1 cell supernatants from over 100 hand-pi cked col ony

| sol ates using a standard i nmunoassay which captures and detects human Fc.
The sel ected hand-pi cked clone was anplified in the pré&kknembef20000 M MSX
foll owed by a' second round of screening of the anplified clones. The

hi ghest producing clone had a specific % productivity of reconbi nant

FItl (1-3)-Fc protein of 55 pg/cell/day The sel ected cl one was expanded in

225cnmR_T-.f (Co ton and the roller bottles

( Cor mﬂ%oi 5?’6 glstﬁggﬂgp&% the ce %uﬁ%c{l@d&&r@é@ Fb'g upra. Cells
wer e r$§r€ ed fromthe roller, bottles by standard trypsinization and put
into 3 b and pupte grlapted Eﬁnsuﬂﬁ’@fﬁ%éﬁ§yoweﬁﬁd‘f§ﬂﬂ%r%rﬁﬁr AsBlLlof
glutam ne-free | SCHO medium (lIrvine Scientific, Santa Ana, 6’zmcontal ni ng
5% f et Bioreaciaie(ABECuMAlleBBWRORAY @it oredensity afofdn X GOF, celsnivER and GS
suppl ement (JRH Scientific, Kansas Cty, MJ) in a 5L Celligen bioreactor

( New B2Qhsofi BRCBE anediurs, witevb % dekali dyinslserama Aftesi two faysl aNovenber
2003 of 0.3 x 106 cells/n. After the cells reached a density of 3.6 x
106/ mLadditionat @0ldaptISCHO suSierdsiadrbdviey s@uen twas Hddaddotthea 60L

bi oreactor (ABEC, Allentown, PA) at a density of 0.5 x 106 cells/nL in 20L

of | Shigreadiorm WHd &Bid Q\F@{e bilvives Sﬁrgmwﬁifdreant addiymlatvo dalgl ti onal
20L of | SCHO + 5% fetal bovine serum was added to the bioreactor. The

cel | s wRichiah! 8vedal Qie‘ilfsw bpra.anxafids t EoMsyimit W%rﬁﬁ)las fifsaF1(g-3-Fenal
density of 3.1 x 106 cells/ni, ‘and a final FItl(1-3)-Fc concentration at

har vesgoN@eni?atidR’ &t HarvBat \§84 d9SmeAl! S Ateh&rvest the cells were

removed by tangential flow filtration using 0.45um Prostak Filters

(Millipore, iInc., Bedford, MA).

Example 2: Purification of FI1t1(1-3)-Fc protein obtained

from CHO K1 cells

Flt1{1-3)-Fc protein was initially purified by affinity 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

procedures in detail.

Materials and Methods

All chemicals were obtained from J.T. Baker, Phillipsburg, NJ with the
exception of PBS; which was obtained as a 10X concentrate from Life
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renoved by tangential flow filtration using 0.45m Prostak Filters
(MIlipore, Inc., Bedford, MA). Exanple 2: Purification of FIt1(1-3)-Fc
protein obtained from CHO K1 cells Fltl(1-3)-Fc proteinlWdsyvenhenZogsd | y
purified by affinity chromatography. A Protein A colum was used to bind,
with high specificity, the Fc portion of the nolecule. This
affinity-purified protein was then concentrated and passed over a SEC
colum. The protein was then eluted into the fornulation buffer. The

f ol | oWl aghBiRlOGieheGaithessburg, ddBY urR¥otein defast Flowt apdaPupgrdexmdtbds Al |
chemi cals were obtained fromJ. T. Baker, Phillipsburg, NJ with the

except preparatioBSgratiectesias wierai nbthineda fromx Egacmmclizat fisealawar.e 38 11
Novenber 2003 Technol ogi es, Gaithersburg, MD. Protein A Fast Flow and
Super dBi. 2@quipresitr ahdomeynbrineedonprotein concemization owerd aobtatned

Pi scataway, NJ. Equi prent and nenbranes for protein concentration were
obt ai nggm fISINpdte,| Beeferd,Baihord, MA. Approxi mately 40L of
0.451limfiltered CHO conditioned nmedia containing FItl (1-3)-Fc protein
was applied to a 290nL Protein A Fast Flow colum (10cm di aneter) that had
been equilibrated with PBS. The colum was washed wi th PBS cont ai ni ng

oot MioRSa IO T iy 0o eopmuongachiagd L 2o

col I ectad: ARfhd 'SitfF-3)-Fc protein was applied to a 290mL Protein A Fast
Flow column (10cm diameter) that had been equilibrated with PBS. The
column was washed with PBS containing 350mM NaCl and 0.02% CHAPS
and the bound protein was eluted with 20mM Citric Acid containing
10mM Na,HPO,. 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/mbL using 10K regenerated
cellulose membranes by both tangential flow filtration and by stirred
cell concentration. To remove aggregates and other contaminants, the
concentrated protein was applied to a column packed with Superdex 200
preparation grade resin (10cm x 55cm) and run in PBS containing 5 %

glycerol. The main peak fractions were pooled, sterile filtered,

aliqguoted and stored at -80°C.

Exampte 3: Acetylation of FIt1(1-3)-Fc protein.

Two milligrams of Fit1(1-3)-Fc protein were acetylated as described
in the instruction manual provided with the sulfo-NHS-acetate
modification kit (Pierce Chemicai Co., Rockford, IL, Cal.#26777).
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was raised to neutrality with 1M NaOH. The eluate fractions was
concentrated to approximately 9 ng/nlL using 10K regenerated cell ul ose
menbranes by both tangential flow filtration and by sti itdeyembeq3003
concentration. To renpove aggregates and other contam nants, the
concentrated protein was applied to a colum packed wi th Superdex 200
preparation grade resin (10cmx 55cm) and run in PBS containing 5 %

gl ycerol. The nmain peak fractions were pooled, sterile filtered, aliquoted
and stored at -80C. Examle 3: Acetylation of FIt1(1-3)-Fc protein. Two
mlligranms of FItl (1-3)-Fc protein were acetylated as described in the

i nst r uEdam pe bl Ghagacderizabioncof dgetyimtedeFit (1 dHifecation kit
(Pierce Chem cal Co., Rockford, IL, Cat.#26777). 39 11 Novenber 20 03
Exanpl protedhar acteri zati on of acetylated_ FItl t-3y-Fc protein. FIEF
analysis: FItl(1-3)-Fc and acetylated FIt1(1-3)-Fc were analyzed by
standard | EF analysis. As shown in Figure 1, FIt1(1-3)-Fc protein is not
able to mgrate into the gel and therefore nust have a pl greater than
9.3, the)hiEremapsig: t IEtpUaBIFEd. artpveystyiarnet Tt a{©d)-Fd tivetd-3)-Fc is
able to mgrate into the gel and equilibrate at a pl of approximtely 5. 2.

This rsﬁala}ze@e Bynatdridg lE‘Iatar?él9§Dé' atAQ%HcﬁOH%S Fi B@m Retriepgl-8j-Fe charge

of the protein nd therefore its pl considerably. Binding to extracellular

Tt 1 ApESERRIE MGt EBId 18 lifate 9 WRIghP &itd tRERoHE HnuBR Hidve CPRONENT S,

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.

(b.) Binding to extracellular matrix components

To test for binding to extracellular matrix components, Fit1(1-3)-Fc
and acetylated FIt1(1-3)-Fc where tested in an assay designed to
mimic the interaction with extracellular matrix components. I[n this
assay, 96-well tissue culture plates are coated with Matrigel (Biocoat
MATRIGEL® matrix thin layer 96 well plate, Catalog #40607, Becton
Dickinson Labware, Bedford, MA). The plates are incubated with varying
concentrations of either Fit1(1-3)-Fc, acetylated FIt1(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
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and acetylated FItl(1-3)-Fc where tested in an assay designed to mmc the
Interaction with extracellular matri x conponents. In this assay, 96-well
tissue culture plates are coated with Matrigel (Biocoat?! NANFRPEREO0P?) matri x
thin layer 96 well plate, Catal og #40607, Becton D ckinson Labware,
Bedford, MA). The plates are incubated with varying concentrations of
either FIt1(1-3)-Fc, acetylated FItl(1-3)-Fc, or rTie2-Fc (an irrel evant
contro protein_are added to the wells. The plates are incubated for 1-2
nour o tle B, PRy chlbaine.pBosPhatse RupSLRIS I addad dot tha wallof
bound prqteins is acconplished by adding a secondary alkaline

phosphg'ﬂ sePtichlj deasidy is mrasuedan Fountd sbews dhaorasuliowénthés 2003 t he
wel I s. Finally, alkaline phosphatase substrate is added to the wells and
opt i cafSeRyisi thike stheedstelevanticnnteol2 psateis thie2-Ecyl asetylateld FltHdsay.
Like the irrelevant control protein rTie2-Fc, acetylated FlIt1(1- 3)-Fc does
not exB)-bict daes bohdixighit canyebintitng del theoMaligel ateateshglatas whbeeas
non-acetylated FIt1(1-3)-Fc protein exhibits significant binding. This
resul tthendicaiaretylaedadtn(iad)-Fe grobsini expibite siRjrificant digdling. an
effective way to interfere with the charge interactions that exist between

posi ti Yhlsy reBargpiioawiseitnat aaskiyRRide Bt bislyy fiRmdeskiderédiaass! | ar
matri x conponents they are exposéed to in vivo. Exanple 5: Pegylation of

FIEL(Tad) elfechiet Wy, 1) SitgHEronSaM AHOLnahgby Siiatheriend! Wi exdFO) of

protei ns has been own to Increase their 1h vivo potency r’ﬁ%anci ng

st abi | § ki | | abichibRY nRkik: | b -2 e |.C] (see

refere%%&é%ﬁt%%m%w HArGBhY pPEYeifs Al The' R gtV MU e
extracellular matrix components they are exposed to in vivo.

Example 5: Pegylation of Fit1(1-3)-Fc protein.

Although pegylation (polyethyiene glycol - PEG) of proteins has been
shown 1o increase their in vivo potency by enhancing stability and
bioavailability while minimizing immunogenicity (see references cited
supra), it is counter-intuitive that pegylating molecules that are too
large to bé filtered by the kidney glomeruli would improve their
pharmacokinetic properties. Without being bound by theory, Applicants
postulated that pegylation of the Fit1(1-3)-Fc molecules could improve
the pharmacokinetic properties, possibly not by altering the positive
charge or by decreasing the pi of Flt1(1-3)-Fc, but rather by physicaily
shielding the positive charges from interacting with the extracellular
matrix. Applicants decided io attempt to improve the pharmacokinetic
properties of Flt1(1-3)-Fc molecules by attaching strands of 20K PEGs
as described infra.
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supra), it is counter-intuitive that pegylating nolecules that are too

|arge to be filtered by the kidney gloneruli would inprove their
phar macoki neti c properties. Wthout being bound by theofyNovwbppki 208t s

postul ated that pegylation of the FItl(1-3)-Fc nol ecul es could inprove

t he

phar macoki neti c properties, possibly not by altering the positive charge
or by decreasing the pl of FItl(1-3)-Fc, but rather by physically

shielding the positive charges frominteracting with the extracellul ar

matri

X. Applicants decided to attenpt to inprove.the pharnacokinetic

properties of FlItl(1-3)-Fc nolecules by attaching strands of 20K PEGs

descr
Flt1(

pegyl

Pol ymers, Huntsville, AL; Bicine fromSigma, St Louis, MJ Superose 6

i Matenrials and Methodsber 2003 Materials and Met hods Purified

as

1-3)-Fc derived fromCHO cells (see supra) was used in the follow ng h
ation experinments. Functionalized PEGs were obtained from Shearwater

col umPuribiedPFtt (k) c Risdaedviagm KHOPBS!Isasee 1d0peneest used ihrom Life
ol ogi es, Gaithersburg, MD;, dycerol fromJ.T. Baker, Phillipsburg,

NJ;  antheBifetidwing pyeg@atiote expriomemey eXFufdtio?dii FEPEGRWere

Techn

f unct
snal |
react
Based
Fl tl

ionalized wth am ne-specific termnal noieties were used in

- 6BEdiRelle RO OBhEAKIARS FHYmMARS e HghtsVRid, 0 AV aBiaAR fr@rﬁfs%?’ia,ed

ion conditions in which the PEG protein stoichionetry was

(g»i‘ \%&ﬁé,e MO2EU R8¢ édiﬁrng?ﬁ‘_oﬁ?hngﬂcfnnfa\%g'sl%c%wéﬁ,aM?rﬁb§Ds' PAGE,

-Fc’ at a concenfration
as a 10X concentrate from Life Technologies, Gaithersburg, MD; Glycerol

from J.T. Baker, Phillipsburg, NJ; and Bis-Tris precast gels from Novex,

CA.

20K PEG strands functionalized with amine-specific terminal moieties
were used in small-scale reaction studies that were set-up i{o evaluate
different reaction conditions in which the PEG:protein stoichiometry
was varied. Based on these reactions and the analyses of samples on
standard SDS-PAGE, Fit1(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 ailowed to proceed at 8°C overnight. For initial
purification, the reaction products were applied to a 10mm x 30cm
Superose 6 column equilibrated with PBS containing 5% Glycerol. The
column appeared to separate pegylated FIt1(1-3)-Fc molecules based on
the extent of pegylation. Fractions corresponding to what appeared io
be primarily mono-pegylated and di-pegylated dimeric FIt1(1-3)-Fc, as
judged by banding patterns on reducing and non-reducing SDS-PAGE gels
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reacted at pH 8.1 with 20K SPA- PEG ( PEG succi ni m dyl propionate) nolecules
at a PEGto-Flt1(1-3)-Fc nononer nolar ratio of 1:6. The reaction was
allowed to proceed at 8C overnight. For initial purifitatidvembertd®83reacti on
products were applied to a 10nm x 30cm Superose 6 colum equilibrated with
PBS contai ni ng 5% d ycerol. The colum appeared to separate pegyl ated

FItl (1-3)-Fc nol ecul es based on the extent of pegylation. Fractions
correspondi ng to what appeared to be primarily nono-pegyl ated and

di - pegyEER RPAeder i the proteinzcopgenyationuwssd %}eﬁamm YpAaasHindn

reduci ng and non-reduci ng SDS- PAGE gels 42 11 Novenber 2003 were pool ed.
The prabseansec @it 280i om.wathdepegiiated Bit1fksddr ¢ ngrotains erassderiee 280
nm The pegylated FItl(1-3)-Fc, protein was sterile filtered, aliquoted
and stfiitewdt aliqoGtedxang| stored Bt ndi0ig.of unnodi fi ed, acetyl ated, and
pegylated FItl (1-3)-Fc in a Biacore-based assay. Unnodified, acetyl ated,
and pegylated FItl(1-3)-Fc proteins were tested in a Biacore-based assay
to evaluate their ability to bind to the Fitt ligand, VEG-. In this assay,
unnodi Exefnipiel 61-Bin&tn §' &f ¢iimpgificdope bt ¢Ratad, bir] pEderated a

Bi acore chip (see Biacore Instruction Mnual, Pharmacia, Inc., Piscataway,

NJ, fomﬁ%@r_#sﬂ CEHISehbrib AsetPY £a¢0ontaining 0.2 g/mM VEG- and
ei t her—un ITie Fﬁ[_l El-d)-l—c, acet_yl_at_% Fltl(1-3)-Fc or pegyl ated
FIt1(1-3)-Fc (each at 25 .tg/m) was passed over the FItl (1-3)-Fc-coated
chip. To minimze the effects of non-specific binding, the bound sanples

were ‘A@ﬁﬂ%jdi%ht] S‘éeﬂﬂgﬁéd, and pegylated FIt1(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 Fit1(1-3)-Fc protein was
immobilized on the surface of a Biacore chip (see Biacore instruction
Manual, Pharmacia, Inc., Piscataway, NJ, for standard procedures) and a
sample containing 0.2 ug/m! VEGF and either unmodified FIt1(1-3)-Fc,
acetylated Fit1(1-3)-Fc or pegylated FIt1(1-3)-Fc (each at 25 pg/ml)
was passed over the Fit1(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 FIt1(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 Fit1{1-3)-Fc’s inherent positive
charge making the molecule behave as if it has been chemically or
genetically modified so as to reduce its charge and its tendency to bind
via charge interactions. As shown in Figure 3, acetylated (columns 13-
16), pegylated (columns 17-20), and heparin-treated Fiti(1-3)-Fc
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NaCl wash. In one sanple, unnodified FIt1(1-3)-Fc was m xed with heparin.
Heparin is a negatively charged nolecule and the FItl(1-3)-Fc proteinis a
positively charged nol ecul e, so when the two nol ecul es *taNevembgre08 oget her,
they should interact through their respective charges. This essentially
neutralizes Fltl (1-3)-Fc's inherent positive charge nmeking the nol ecule
behave as if it has been chemcally or genetically nodified so as to
reduce its charge and its tendency to bind via charge interactions. As
shown (ool@mngmsr 81324 haaey eacbdabtoitamaemydetely) copppie awilh (e Biagsra 7- 20) ,
and heparin-treated FItl (1-3)-Fc 43 1 1 Novenber 2003 (colums 21-24) are
each athip-ihoundnpite( pi3)-FofpetVEG@R tintdingBiss @ompateg-tbooadirbl t | (1- 3) - Fc
for VEG- binding as conpared to control (colums 1-4) and irrel evant

prot ei (tdigringMs4p-dnd idtedanl gdotdint {€dudinscs5{80! ubdnmdadifipdappeared to
only partlally conpete with Biacore chip-bound FIt1(1-3)-Fc for VEGF

bi ndi nlgtpI PMRE mdsgsBpleaagéaﬁbéamolcﬁﬂprrafrruQuﬁmeetécwumms 7-8)

resulte binding profile simlar to thé nodified forns of

Fltl (113?9#% ghﬁﬂbﬁﬁhh”?ltﬁgﬁ #&1% R i rsjﬂam T eHbWESeSWaBhirg'g

non- specl Ing to th at coul | i m nat ed by t he “sal t

o ﬁ%"‘%ﬁ% saitRs A, gez”dl”‘;@??y*%an@n@@fsfy?a%f%%@?‘?? Ao S gy at e
cval ueREPHRC TR | 1S Bl ot Pof ERA I ot OGRR T 2 o 1

Froure, & Llljr%gd%iegcylpro%em was exhibiting non-specific binding to the chip

that could be eliminated by the salt wash.

Example 7: Binding of unmodified, acetylated. and pegylated

FIt1(1-3)-Fc in an ELISA-based assay.

Unmodified, acetylated, and pegylated Fit1(1-3)-Fc proteins were
tested in a standard ELISA-based assay to evaluate their ability to bind
the Flt1 receptor ligand VEGF. As shown in Figure 4, 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 FIt1(1-3)-

Fc, acetylated Fit1(1-3)-Fc, and pegylated Fit1{1-3)-Fec.

In vivo experiments were designed to assess the pharmacokinetic
profiles of unmodified Fit1(i1-3)-Fc, acetylated FIt1(1-3)-Fc, and
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acetylated FlItl (1-3)-Fc proteins are capable of binding to VEG,
denonstrating that nodifying the protein either by pegylation or
acetylation does not destroy its ability to bind its il yahaembxeaipt e 8:

Phar macoki netic anal ysis of unnodified FIt'!(1-3)- Fc, ace ylated
FIt1(1-3)-Fc, and pegylated FItl 1-3 -Fc. In vivo experinents were designed
to assess the phar macoki netic profiles of unnodified FlIt1(1-3)- Fc,

acetyl at ed FItI L and . 44 11 Novenber 2003 egyl at ed fﬁf -3)-Fc

pr otelﬂegﬁélt%?‘c Hﬂ& 3()2%(9 Beptedn., Balgfeupjce v(@r3€2 By edt BYCS(HBUPAneous| y
w th 4ng/ kg of unnodified, acetylated, or pegylated FIt1(1-3)-Fc. The mce
were tWPrepinigcted subcutanegushy witbudsng/kgd ey sunmadifiedayaceptiaied.nj ecti on
of protein. The sera were assayed in a standard ELI SA-based assay desi gned
to detecpegyiatet Fjt1(FS)gret eilThe Bricef were tthd bleshati hv@,vés6c24 i ng an

ELI SA plate with VEG-, binding the unnodified, acetyl ated, or pegyl ated

FI t1 ( 1h@Yrsrc2 dayd,aami n§ daysa afterdinjegtoon iofgpnaiteim. anTlaatsefac warei body
linked to al kaline phosphatase. As shown in Figure 5 the Tmax for all of

the Fhsddyed)inFa SiapicRirdSEMSALRAYeE Naddsy Gdigiednd detboUFitli(ME3)poi nt s.
The Crax for the different proteins was as follows: Unnodified: 0.06 Wni

- 0. 15rg/ ﬂ?oteﬁfpetﬂhéﬂ?d thé 2s€aylinvofdd %Himgaéﬁ BEOIAapate wlppr oxi mately
5 pg/ M. Exanple 9: e -acet tion of Fl 3)-Fc To determ ne what

7 ) U Binging SR LAGNiR, santan L6, MATGR o (lap
containing sera, and reporting with an anti-Fc aniibody linked to
alkaline phosphatase. As shown in Figure 5, the Tmax for all of the
FIt1(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

w/ml - 0.15 pg/ml; acetylated: 1.5 pg/ml - 4.0 p.g/ml; and pegylated:

approximately 5 ug/ml.

Example 9: Step-acetyiation of FIt1{(1-3)-Fc

To determine what minimal amount of acetylation is necessary to
eliminate binding to extracellular matrix components, an experiment
was designed that acetylated the FIt1(1-3)-Fc protein in a step-wise
fashion by using increasing amounts of molar excess of acetylaiion
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 Fit1(1-3)-Fc monomer. The reactions

were performed as detailed in the instruction manual provided with the
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was designed that acetylated the FItl(1-3)-Fc protein in a step-w se
fashi on by using increasing anounts of nolar excess of acetylation reagent
in the acetylation reaction m xture. The range of nol ar 1eNoesder 2088 as
follows: O, 10, 20, 30, 40, 50, 60, 70, 80 , 90, and 100 nol es of
acetylation reagent per 1 nole of FlItl(1-3)-Fc nononmer. The reactions were
performed as detailed in the instruction manual provided wth the 45 11
Novenber , 2003 sul f o- NHS- Acetate nodification kit (Pierce Chem cal Co.,

Rockf ofuifoNHScAcelates modlificatignpkdt {Biergeahemicalalion Becktarg. ddet yi at ed
FItl 1-3 Fc. |IEF analysis Unnodified FItl(1-3)-Fc and step-acetyl ated

FI t1 (1C8}-#E6FHfei ns were anal yzed by standard | EF analysis. As shown in
Figure 6A-6B, unnodified FItl(1-3)-Fc protein was not able to mgrate into
the gel due to its extrenely high pl (greater than 9.3). However, npbst of
the step-acetylated FIt | (1-3)-Fc sanples (30-100 fold nolar excess

sanpl eExawnrelabl @: tOhrirgreter izd oo Ositeprd catytate dt El bt (pi3)+ angi ng
bet ween 4.55 - 8.43, depending on the degree of acetylation of the
proteiRe.This result denonstrates 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.

Bi ndi ng of step-acetylated FItl(1-3)-Fc to extracelluiar nmatrix conponents

{(a.) IEF analysis Unmodified Fit1(1-3)-Fc and step-acetylated

Flt1(1-3)-Fc proteins were analyzed by standard IEF analysis. As
shown in Figure 6A-6B, unmodified FIt1(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 FIt1(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 controlied by

controlling the degree of acetylation.

(b.) Binding of step-acetylated Fit1(1-3)-Fc to extracelluiar

matrix components

To test for binding to extraceliu!ar matrix components, Flt1(1-3)-Fc
and step-acetylated FIt1(1-3)-Fc where tested in the above-described
assay designed to mimic the interaction with extracellular matrix
componenis. Varying concentrations of either unmodified FIt1{1-3)-Fc,
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To test for binding to extracelluiar matrix conmponents, Fltl(1-3)-Fc and
step-acetylated FItl (1-3)-Fc where tested in the above-descri bed assay
designed to minmc the interaction with extracel |l ul ar matirhiovembarggohent s.
Varyi ng concentrations of either unnodified FIt1(1-3)-Fc, 46 11 Novenber
2003 step-acetylated FItt (1-3)-Fc (10, 20, and 30 fold nol ar excess
sanples), or rTie2-Fc (an irrelevant control) protein were added to the
wel I's. The plates were incubated for 1-2 hours ?qt! roomtenperature or 37C
and ¢ heteRaaeRiiatf Jrit lamr it i@ reOuanchAbripld AR PHEESng |
secondary al kal i ne_phosphat ase-conj ugated anti-human Fc antibody to the
vel | s. saimpdesheophddphdiadansimelevant cenirall bRESGiMWoradflded 4o the wel | s
and optical density nmeasured. Figure 7 shows the results of this assay.

Li ke twellsr r dtey plateowersd ipcubated fai 22 Faoues &3- ronsst tamapettare | Q- 3) - Fc
(20 and 30 fold nolar excess sanples) did not exhibit any significant

bi ndi n7¢t© &hé et detdctivratoddglird @rovdinsewas adeomplishedtlyy adding a
FItl(1-3)-Fc protein exhibited significant binding. The binding is

sat ur abbgondaf) Gakanhdet Fnbsphatdad—bbﬁh@atéd Rhttieimamey-c Emtiodli g to
specific sites, rather than a nore general charge- nedi ated interaction

that nt;;&g.tw@%. b%@w c%é)hﬁiaséos&@é@at@!v@ds RIRRIPISTAI beldelowed
e i ndi ng, d

reduc ut th egree of acetylation was not enough to

conpl efgl XvQﬂlQﬁég\cmd(}ﬂidéq &é’nﬁé}s rnﬁééé{ﬂ‘&cﬁr P‘@tdrgXT SRERENEHE Seslits P fold

nol ar excess a er sanp I'splayed n etectabl e binding, despite

Lhe ! aflis! BBbafl e 2L RisiekBh euRh BRSifirichert ougprol ar excess
acetylated FlIt1(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 Fit1(1-3)-Fc protein exhibited significant binding.
The binding is saturable, indicating that the FIt1(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 extracellutar matrix
components. The 20 fold molar excess and higher samples displayed no
detectable binding, despite the fact that by IEF analysis (Figure 6A and
6B) 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.
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charge. This result denonstrates that it is not necessary to conpletely
acetylate all available basic amno acids in order to elimnate binding to
extracellular matri x conponents. 47 11 Novenber 2003 j gji1 Bovedibeg20of
step-acetylated FIt1(1-3)-Fc in a Biacore based assay. Unnodified and
step-acetylated FItl (1-3)-Fc proteins where tested in a Biacore-based
assay to evaluate their ability to bind to the Fitt ligand, VEGF. In this
assay, unnodified FItl(1-3)-Fc protein (0 5, 1.0 or 5.Q gglm) was

i nmobi(ci-Y &ilimd i nige ofistapeage ty Rted Bltd{iz3)skc in acBAag@Eer uction
Manual , Pharmacia, Inc., Piscataway, NJ, for standard procedures) and a
squtHnmsednﬂaSaung 0.2 gg/mM VEGF and either unnodified FItl (1-3)-Fc (at
either 0.5, 1.0, or 5.0 .g/m) or 10 different step-acetylated Fltl
(1-3)-Fc sanples (at 0.5, 1.0, or. 5.0.. gg/m each) were passed over the
FItl (1-3)-Fc-coated chip. As shown in Figure 8, at a sub-stoichionetric
ratio Rmpdifédl ant @téb%cet\émdl Flaq1B)LFe 1p3¢te‘inssm1ereceesieat dd
FlItl(1-3)-Fc vs. 0.2 g/ , there is not enough FItl(1-3)-Fc (either
unmodig 'mﬁcheﬁa%n %%%hg' ) eéi)aluaté hﬁeﬁOhumtsantd ®isd™) ahel Fithi nd t he

VEGF. At approximates a 1:1 stoichionetric ratio, both

Unmodiiidafty, a{}% B! e PRl AU Thiniddletl e @-9) R pbrathl .50 £orpet e f or

VEGFd ng, ut there is s |nsu cien tI( 3)-Fc plroteln (either
EG-.
Foveves” 50 Ho/gi S%ﬁe@#@hﬂ@e&s&&e?ﬁ? fifade D05, BRI ey el

Biacore Instruction Manual, Pharmacia, Inc., Piscataway, NJ, for

standard procedures) and a solution containing 0.2 ng/mi \)EGF and
either unmodified FIti{1-3)-Fc (at either 0.5, 1.0, or 5.0 ug/ml) or 10
different step-acetylated FIt1(1-3)-Fc samples (at 0.5, 1.0, or 5.0
pg/mi each) were passed over the Flt1(1-3)-Fc-coated chip. As shown
in Figure 8, at a sub-stoichiometric ratio (0.5 pg/ml of either
unmodified FIt1(1-3) or step-acetylated FIt1(1-3)-Fc vs. 0.2 pg/ml
VEGF), there is not enough Fit1(1-3)-Fc (either unmodified or step-
acetylated) in the solution to completely bind the VEGF. At 1.0 pag/mi,
which approximates a 1:1 stoichiometric ratio, both unmodified and
step-acetylated FIt1(1-3)-Fc are better able to compete for VEGF
binding, but there is still insufficient Fit1(1-3)-Fc protein (either
unmodified or step-acetylated) to completely bind the available VEGF.
However, at 5.0 pg/ml, which is several times greater than a 1:1
stoichiometric ratio, both the FIt1(1-3)-Fc and the step-acetylated
FIt1(1-3)-Fc proteins are able io 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.
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stoichionetric ratio, both the FIt1(1l.-3)--Fc and the step-acetyl ated

FItl (1-3)-Fc proteins are able to bind the VEG-, regardless of the degree

of acetylation. This clearly denonstrates that acetyl at1iodovdmes 2000t al t er

Fltl (1-3)-Fc's ability to bind VEGF. 48 11 Novenber 2003 Pharmacokinetic

anal ysis of step-acetylated Fit1l(1-3)-Fc In vivo experinents were designed

to assess the pharmacokinetic profiles of unnodified FItl(1-3)-Fc and

step-acetylated FItl(1-3)-Fc protein. Balb/c mce (23-28g) were injected

subcut aneously with 4ng/kg of unnodified or 10, 20, 40, 60 and 100 fold

nol ar excess sanples of step-acetylated FItl(1-3)-Fc (3 mce for

unnodifid.@dP haltn fxfo kine t4€ aalad ymilsaiofesteps aceiy) kst e & B 1of o8 -1 60 and

100 fold nolar excess sanples). The mce were tail bled at 1, 2, 4, 6, 24

hours, 2 days and 3 days after injection. The sera were assayed in an

ELI SA- based assay designed to detect FIt1(1-3)-Fc (described supra).

Fi gur en9viv@ctrpbfinidits’ @ikt 8esigricd YoShedess T Prarmi@coldnktiel the

FItl (1-3)-Fc ©proteins tested was at the 6 hour time point but the Chrax was

as f : b b 8di F t : 6 ' d ess
?Ho‘?ﬂ‘%%g?m&‘?ﬂng%&?leﬁ Ekt gf-)agﬁﬁc and ]éiégf%‘_xc%t}@atféﬂ FITRL fI3)EeE

sanpl old no xcess sanpl Lg/m, 40 tol'd nolar

SRS Dafeinidh LR et eI B, ¥
00! o LIS RARS: SEET2A! SETL4Y AR UESld g RIoEREEk e

samples of step-acetylated Fit1(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 FIt1(1-3)-Fc (described supra). Figure 9
details the results of this study. The Tmax for all of the Flt1(1-3)-Fc¢
proteins tested was at the 6 hour time point but the Cmax was as
foflows: Unmodified FIt1(1-3)-Fc: 0.06pg/mi; 10 fold molar excess
sample: - 0.7ug/m!, 20 fold molar excess sample - 2ug/ml, 40 fold
molar excess sample - 4pg/mil, 60 fold molar excess sample - 2ug/mi,
100 fold molar excess sample - 1ug/ml. This resuits demonstrates
that acetylation or pegylation of FIt1(1-3)-Fc significantly improves

its pharmacokinetic profile.

Example 11: Construction of Fit1(1-3)-F¢c basic region

deletion mutant desighated Mut1: FIt1(1-3,5)-Fc.

Based on the observation that acetylated Flt1(1-3)-Fc, which has a pi
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del etion mutant designated Mutt: FlItl 1-3AB -Fc. Based on the observation
that acetylated FlIt1(1-3)-Fc, which has a pl 49 11 Novenber 2003 bel ow 6,
has nmuch better pharnmacokinetics than the highly positi VieNovembed0h$ ed
FItI(1-3)-Fc (pl > 9.3), it was asked whether the difference in

phar macoki netics could be attributed to the net charge of the protein,
which nmade it stick to negatively charged extracellular matrix conponents,
or whether there were perhaps specific |locations on the surface of the

FI t 1( ba3dwF &, phas eimudth dtettem phiarmaed képetics itbahi thié nigighty tpssitive

extracel lular matrix conponents. For exanple, many proteins are known to

have hepaodifidd relt nol -8) iR, (pdfs ed. ) prisiwhs ngskéd awtletiseethef diffareince
resi dues. Sonetines these residues are found in a cluster on the primary

sequerrﬁeplartan’hh@otzrmitmsr1 couiE@f attfibuldd abathe edtaghhegatoff tiesl " consensus
sequences for such heparin binding si tes (see for exanple Hileman, et

J;ﬁ%tenrﬁ RARERY thadl 4} - dodk 6O né dhtf O?rcﬁalﬁgéd bnﬁacbnem FhaEhal

structure a protein revea s a clus positively charged residues on

the Stﬁcfrﬁﬁ%n%t@ BF e ?’l%fgﬁ%%‘%%ﬁwﬁ @@teﬁ i Qéﬁér?éeéﬁ thegdi ons of

t he y seqdence an en the protein folds

:Egloat%fff% 8?;%‘33%@@ d‘&i'F% ﬁ@tbi{}'ﬁt&édbg‘lgfmﬁee&r %J?&gggfctz’ re@pg{regnon
t . .

chgr ;g'%{easmei% g%tracgﬁg\t uBEatE%mEﬁﬁ‘p%ﬁ'ﬁtér y Eéﬁrﬁ}l s@agg Efu'ts t"?e%'r 'ﬁo‘?'%?a g Vel
unreasonabl e to surm se that. the r.esidues re S

|
anot hedreakowyHe haNeeheParipe bding pitgs, o onsrsat o 8°8uster’s

basic residues. Sometimes these residues are found in a cluster on the
primary sequence of the protein; some of the literature has identified
“consensus sequences” for such heparin binding sites (see for example
Hileman, et al., 1998, Bioessays 20(2):156-67). In other cases, the
known crystal structure of a protein reveals a cluster of positively
charged residues on the surface of a protein, but the residues come
from different regions of the primary sequence and are only brought
together when the protein folds into its tertiary structure. Thus it is
difficult to deduce whether an isolated amino acid residue forms part
of a cluster of basic residues on the surface of the protein. However, if
there is a cluster of positively charged amino acid residues in the
primary sequence, it is not unreasonable to surmise that the residues
are spatially close to one another and might therefore be part of an
extracellular matrix component binding site. Flt1 receptor has been
studied extensively and various domains have been described (see for
example Tanaka et al., 1997, Jpn. J. Cancer Res 88:867-876). Referring
to the nucleic acid and amino acid sequence set forth in Figure 10A-10D
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extracellular matrix conponent binding site. FItl receptor has been

studi ed extensively and vari ous domai ns have been described (see for

exanpl e Tanaka et al., 1997, Jpn. J. Cancer Res 88:867-87dvempef@3ing to
the nucleic acid and am no acid sequence set forth in Figure 1 OA-10D 5,0
11 Novenber 2003 of this application, one can identify the signal sequence
for secretion which is |located at the beginning of the sequence and
extends to.the | yci ne_coded for by nucleotides 76-78. The mature protein
begt s ofi e pnifiafion catey Gansentinotha Sardlcsehients o SRETaENS: o ac d
sequence., FIt1l Ig domain 1 extends from nucleotide 79 to %33, ending wth
the amWiichdsdecatad gfpthebegmping gf dBaesenyenss éH!fE extefds docin®t i de 394
to 687 (encodin G%-Arg-Pro to Asn-Thr-Ile), and FItl 1g domain 3 extends
fromn Q;aei@@ge@ rty ovacieetidesi KG-18.c- Abg- wature oprpin \peOANG) Witlther e
Is a bridging am no acid sequence, Ay-Pro-A@y, encoded by nucl eotides
997- 10@Rr-Lys-Lewedysy staming cite owicteotéde uédcef tbecodichgichasith Fc

(nucl eotides 1006-1701 or am no acids Qu-Pro-Lys to Pro-dy-Lys-stop). A

nmor e deegueadean®ifisig duombire Fiekterxds dromcndeleetden?® te\389d, sendiiag t here
Is a cluster, nanely, amno acid residues 272-281 (KNKRASVRR) of Figure

10A- 10kt nhvhagling &sitisoBetASGITTHY. adIEh Ngsudietinag ee@mids. fromi s sequence
is located in FItl Ig donmain 3 of the receptor (see Figure 11), which is

not it geicleSB@EM394! {d T8I (IR Gﬁﬁﬁrgiyﬁﬁ% N -Thirdfe), cand eFR1a
hi gher affinity binding to 1igand.™An "alignnment of the sequence of Ig
domai ni3 ¥hkih eletbntd HYM Audlcbhited! BsBh#d 996! (lirtoding lie-Asp-Val
to Asp-Lys-Ala). There is a bridging amino acid sequence, Giy-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).

A more detailed analysis of the Fit1 amino acid sequence reveals that
there is a cluster, namely, amino acid residues 272-281 (KNKRASVRR)
of Figure 10A-10D, in which 6 out of 10 amino acid residues are basic.
This sequence is located in Fli1 1g domain 3 of the receptor (see Figure
11), which is not itself essential for binding of VEGF ligand, but which
confers a higher affinity binding to ligand. An alignmeni 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 lg domains, and
that there are about 10 additional amino acids 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 (Figure 12A-12B). These observations raised ihe
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region, there is very poor alignnment between the two | g domains, and that
there are about 10 additional amno acids in | g domain 3. An analysis of
the hydrophilicity profiles (MacVector conputer softwar é} Nowsmberedd ¢ wo
domains clearly indicates the presence of a hydrophilic region in the
protein (Figure 12A-12B). These observations raised the 51 11 Novenber 2003
possibility that the actual three dinensional conformation of Fitt Ig
domai n_3 all.owed, for, sone type of protrusion that,is not in Fi lg donain
2" "o plsBIfS thoPanedtsidl Tafae "Aiesional ‘Shtasaitn Gl d¥er eq and
the resulting protein was tested to see whefher the deleti uld affect
the phdPmaiBkdnalieweds tiopaRs WPeneLPreEksKIns that dﬁnﬂ%ms?ﬁbvﬁe affinity
of the receptor for VEG-. This DNA construct, which was constructed using
st andad@maine2ul 30 Besi i hypethesisicthe sH addjtionghlaBinaaciisweae A
Laborat ory Manual (Sanbrook, et al., Cold Spring Harbor Laboratory),

Cur r entleletedoandsthen resulting qprot@nowagy tegled tausepewhetiienlthe G eene Publ .
Assoc., Wley-] nterscience, NY) in the nmanmalian expression vector pMI21
( Genet detetiorst woude, affect , theCapihaimgeokiMblticsi favefablyedvitboat deriously
FIt1(1-3A8)-Fc. The Mutt: FIt1(1-3ss)-Fc construct was derived from

FI t 1( Lca3mpromigiriteitee i aifinity ofubkersdelrer §o4-BEGH.seThioMNA n Figure
10A- 10D), which deletes the highly basic 10-anm no acid residue sequence

Lys- Asgoh¥rutt Iwhidh wels \@mstfuctéagulirg fstamdbrd! mdlegan®m bidiogyhe fi nal
DNA construct was sequence-verified using an ABI 373A DNA sequencer and
Tad Di deqiiqlies sl 8'g. MAblcafdt e16hing, KA tLAKSIRItbAA Manual (Sambrook,
et al., Cold Spring Harbor Laboratory), Current Protocols in Molecular
Biology (Eds. Ausubel, et al., Greene Publ. Assoc., Wiley-Interscience,
NY) in the mammalian expression vector pMT21 (Genetics Institute, Inc.,
Cambridge, MA), is referred to as Mutl1: FIt1(1-3,5)-Fc. The Muti:
FIt1(1-3A'B)-Fc construct was derived from Fit1(1-3)-Fc by deletion of
nucleotides 814-843 (set forth in Figure 10A-10D), which deletes the
highly basic 10-amino acid residue sequence Lys-Asn-Lys-Arg-Ala-

Ser-Val-Arg-Arg-Arg from FIt1 Ig domain 3.

The final DNA construct was sequence-verified using an ABI 373A DNA
sequencer and Taq Dideoxy Terminator Cycle Sequencing Kit (Applied
Biosystems, Inc., Foster City, CA). The sequence of Muti: FIt1{1-3,g)-
Fc is set forth in Figure 13A-13D.
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Bi osystens, Inc., Foster Cty, CA). The sequence of Mitt: Fltl(l 3Ag) - Fc
Is set forth in F| gure 13A-13D. 52 11 Novenber 2003 Exanpl e

Construction of Fltl(1-3) Fc basic region deletion wt%ﬁn‘i’ovﬁ@g?r&q%ed Mut 2:
FItl (2-3 es -Fc. A second del etion nutant construct, designated Mt 2:
Fitl(2-3,e)-Fc, was derived fromthe Mitt: FIt1(1-3ee)-Fc construct by
deletion of FItl ig domain 1 encoded by nucl eotides 79-393 (see Figure

1OA- for nveni ence, nucl eoti des 73 78 (TCA GGI) were changed to TCC
“EkamBle, 12 Epnatcuelicn o FIEL (1 calie basiadediofe: i ng i he

assom ated am no acid sequence, Ser-GI Thi s DNA construct, which was
@iﬁjﬂﬁgﬂ&_ﬁéﬁu I

const deteanimutant i M@Bdﬁ(see e.g.,

Mol ecul ar d oning, A Laboratory Manual (Sanbrook, et al., Cold Spring
Har bor Laboratory), Current Protocols in Ml ecular Biology (Eds. Ausubel,

et al., Geene Publ. Assoc., Wley-[nterscience, NY) in the nmammlian
expr eshi seconrd t delgiidre In(tavtetonstruokt designatedc Mut2Cafitd ( g)NFE, was
al so sequence-verified using an ABi 373A DNA sequencer an aq Di deoxy

Ter mi ngaordépobd Hemmetted nduld:t FMgmla £0-FBi e6istrats by IublenEﬁSbBrFlﬁ ty,
CA). The sequence of Mit2: Fit1(2- ae) Fc is set forth in Figure 14A-14C.

Exanplig ddmdPanst sHebHed 9{; midIdofdss - 793t q&e@nFlaurénmAd%D?n%ned Mut 3:
FIt1(2-3)-Fe. Athird deletion nutate construct, d€signated M

Fl t1 ( Zohverfiend@SnuERIGHde4CT S5 8! fFCAER TRWerE ¢isnddd to TEELGARYE) - Fc

construct,
This introduced a restriction site (BspE1) without altering the

associated amino acid sequence, Ser-Gly. This DNA construct, which
was constructed using standard molecular biology techniques (see e.q.,
Molecular Cloning, A Laboratory Manual (Sambrook, et al., Cold Spring
Harbor Laboratory), Current Protocols in Molecular Biology (Eds.
Ausubel, et al.,, Greene Publ. Assoc., Wiley-interscience, NY) in the
mammalian expression vector pMT21 (Genetics Institute, Inc.,
Cambridge, MA), was also sequence-\}erified using an ABl 373A DNA
sequencer and Taq Dideoxy Terminator Cycle Sequencing Kit (Applied
Biosystems, Inc., Foster City, CA). The sequence of Mut2: Fii1(2-3,5)-

Fc is set forth in Figure 14A-14C.

Example 13: Construction of FIt1(1-3)-Fc deletion mutant

designated Mut3: FIt1(2-3)-Fc.

A third deletion mutate construct, designated Mut3: Flt1(2-3)-Fc, was
constructed the same way as the Mut2: FlIti(2-3,5)-Fc construct,
except that Fit1 Ig domain 3 was left intact (the basic region amino
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except that FItl Ig domain 3 was left intact (the basic region amno 53 11
Novenber 2003 acids were not deleted). The construct was constructed using
standard nol ecul ar biol ogy techniques and the final cohishqvgEpengee3
sequence- verified as described supra. The sequence of Miut3: FlIt1(2-3)-Fc
Is set forth in Figure 15A-15C. Exanple 14: Construction of FIt(1-3_)-Fc
basic region N glycosylation nmutant designated Mut4: FlItl(1-3 R'>N) Fc. A
final canstruct wa de i.n ich a N-glycosylation site was _jntroduced
nro A0 bae BT dRSRAN . The it VoR gohshuced usihl sstadad et
was desiO?nat ed W Flt1(1-3R l\%-Fc and was made by changi ng nucl eoti des
824- 82B0IRGHAGAICILR, techiniis® rANY 1R fifan CORHEUCH RS AU Rue (AGA)
into an Asn residue (AAC) (see Figure 10A- 10D). The resulting am no acid
sequen¥@riiied (afe dgssribathafed.f r bhe sequence sdr MudSasit1ARa3)se€ isweeth

mat ches t he canoni cal signal (Asn- Xxx-Ser/Thr) for the addition of a

N- gl ycissih dni biguie el 3A-156. Asn  resi due. The sequence of Mt 4:
FIt1(1-3R:,,N)-Fc is set forth in Figure 16A-16D. Examle 15:
Characterization of acetylated FIt1(1-3)-Fc. Mitt: FItl 1-3AB -Fc and
Mut4: FItl 1-3R ,N)-Fc nutants. (a.~ Binding to extracellular matrix
conponExtsmisl el qiger nC o swbel beiohhef HItee- Ipd ¢ ikeals Pe ateeg o nvRr-e nore or

| ess 54 11 Novenber 2003

glycosylation mutant designated Mut4: Fit1(1-3 5 _.)-Fc.

A final 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 Mut4: Fit1(1-3g.,5)-Fc and was made by
changing nucleotides 824-825 from GA to AC, consequently changing
the coded Arg residue (AGA) into an Asn residue (AAC) (see Figure 10A-
10D). 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. The sequence of Mut4: Flt1(1-35_,y)-Fc is set forth in Figure

16A-16D.

Example 15: Characterization of acetylated Fit1(1-3)-Fec,
Mutl: Fit1(1-3,5)-Fc, and Mut4: FIt1(1-3_ y)-Fc mutants.

(a.) Binding to extraceliular matrix components

To determine whether the three modified proteins were more or less
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i kely to have inproved pharnmacokinetic properties, Matrigel coated

96-wel | dishes (as described supra were incubated with varyin
concentrations of the mutant proteins and detected wit h11a‘?‘|‘i"i‘9'-“gEh'r@igi3

Fc/ al kal i ne- phosphat ase conj ugated anti bodies. As shown in Figure 18, this
experinment showed that while the unnodified FIt1(1-3)-Fc protein could
bind avidly to these wells, the Mut3: FItl(2-3)-Fc protein bound sonmewhat
nore weakly, the Mutt: FItl (1-3,A8)-Fc protein bound nore weakly still,
and t higkelt 0 Irdve (ImpuBed-PhrEnacekiardite Propertinst Mqﬁmh%t,’aiﬁ%di ng nore
weakly than any of the other nmutant proteins. The Mit4: FIt1(1-3R >N)-Fc
gl ycos9bavelbrdishesn(aprdesgribetosigeraonl wergaingpuidtedewdthi vagyinghe Matri gel
assay. These results confirmthe hypothesis that a |linear sequence of

posi t i eencammatiansdef dive rutadd| preteins oand hdetedtedr wikeq@mdirbemasul ting in
a decrease in charge interaction with extracellular matrix conponents.

(b.) BFotiikalimé-pddphdthtd doSjugafed aantibbities. Fl A $hdRn>M) _Fighicei H8a

Bi acore-based assay. Unnodified and acetylated FIt1(1-3)-Fc and genetically
nodi fi gs Makperinteitl Showed ) tifet aHlldVthe UrichbGiice®_FM (=8)IF ot pigsirmher e

tested in a Biacore-based assay to evaluate their ability to bind to the

Fltl I} i | i i 4 L ' 0. 25,
t bSql?%blgét/ﬁdl ol mé%@f\aéus weodits e E1H (bLEILF3) BF&em B&id (

0.5, or ) s i mobi | 1 zed on the surface of a Biacore chip (see
2 Soor SomALHOR BRD! B MRE gt (15, ) PRt iRpoltl et andr
Novembgiak{P%tin, and the Mut2: Fit1(2-3,5)-Fc protein showed the best

profile, binding more weakly than any of the other mutant proteins. The

Mutd: Flit1(1-35_,5)-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

interaction with extracellular matrix components.

(b.) Binding of Mut1: Fit1(1-3,5)-Fc and Mutd: FIt1(1-3; ,\)-

FEc in a Biacore-based assay.

Unmodified and acetylated Flt1(1-3)-Fc and genetically modified Mut1:
Fit1(1-3,5)-Fc and Mutd: FIt1(1-35_,y)-Fc proteins where tested in a
Biacore-based assay to evaluate their ability to bind to the Fit1 ligand,
VEGF. In this assay, unmodified Flt1(1-3)-Fc protein (0.25, 0.5, or 1.0
ng/ml} was immobilized on the surface of a Biacore chip (see Biacore
instruction Manual, Pharmacia, Inc., Piscataway, NJ, for standard
procedures) and a solution containing 0.1 ug/ml VEGF and either
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purified or COS cell supernatant containing unnodified FItl(1-3)-Fc (at
approximately (0.25, 0.5, or 1.0 g/m), purified acetylated Fltl §1-3)- Fc
(at (0.25, 0.5, or 1.0 g/nml), COS cell supernatant cont HiNvEELRAAP3 :
FIt1(1-3AB)-Fc (at approximately (0.25, 0.5, or 1.0 g/m ), or COS cell
supernatant containing Muit4: FIt1(1-3R ,N-Fc (at approximately (0. 25,

0.5, or 1.0 gg/m) were passed over the FItl (1-3)-Fc-coated chip. As

shown in Figure 17, at the sub-stoichionetric ratig, (0. /

I Pajied of Goibdall GHPAIBAIINbGRMBINIE LrTRRp el 1 -Egmfes v,
01. g/m VEGF), there is insufficient FItl(1-3)-Fc protein to bl ock

bi ndi rappioxiUBatelyo (0H25,FI0.5( 108)1.08c Hgfmibi IRWHiednaceylaat BBy At 0.5
gg/ m of unnodified, acetylated or genetically nodified FIt1(1- 3)-Fc

pr ot ei e, (at HO.8% 0i0ch onet.0i pgrmat), CaSHoalii supemdtant eentaliing Mutlan

i ncreased ability to block VEGF binding to the Biacore chip. At 1.0 p.g/nm
of unnpﬁnti&nda)asetwtaapprmmw (028, yorfdbf i O Rg/in()l- 8) -GOS wedlt ei ns,
‘which is approxinmately a 10:1 stoichionetric ratio, the FItl(1-3)-Fc

protei echMamingk Nifgli Wt qh -YEGE Y iRe tize  Bppeoxienately f0.28f t hey
are no?%%ﬁi%\}ghtent. Unrr!D I fied, ace‘f(yl a'{;((a%',) and(mNUt %)p Fltlt&enlq gAB)-Fc are

e -~ Unmodi fi'ed, ut: Fo a
i 1( 105k g R e oy A e h i i ng. These

oo AR RGP, itibpae s Josdigmi e

[ OOVl PRl f A EE  of SINSEEEICY, HGHGIHEBA O gehRIRAIN® MobRRIP Sarifley
vs. 01. pg/ml VEGF), there is insufficient Fit1(1-3)-Fc protein to block
binding of VEGF to the Flt1(1-3)-Fc immobilized on the Biacore chip.
At 0.5 pg/ml of unmodified, acetylated or genetically modified FIt1(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
pg/mi of unmodified, acetylated or genetically modified Fit1(1-3)-Fc
proteins, which is approximately a 10:1 stoichiometric ratio, the
Fit1(1-3)-Fc proteins are able to block binding of VEGF to the Biacore
chip, but they are not equivalent. Unmodified, acetylated, and Muti:
Fit1(1-3,g)-Fc are essentially equal in their ability to block VEGF
binding, whereas Mut4: Fit1(1-3g.,4)-Fc is somewhat less efficient at
blocking binding. These resulis 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.
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Binding of Mutt: FItl1 1-3) -Fc Mut2: FItl 2-3,, -Fc Mit3: FItl 2-3 -Fc and
I n an ELI SA-based assay. To determ ne whether the three nutant proteins
could bind the FItl |igand VEGF, binding experiments whrROGBRE 308% whi ch
96-wel | plates coated with VEGF were incubated with varying concentrations
of the respective nmutant protein, and after washing, the anount bound was
detected by incubating with an al kal i ne phosphat ase conjugated anti- human

Fc antj bqdy.and quantitated | netricall t h jthion,of an

appr op@é—-@lﬁ@%—r\%—' *é&b‘éﬁaﬁ&ﬂi—gﬂ %Mﬁ—m gﬁ)—e‘f:—fe “this
experipen SEE&E tEa al | t[1e mut roteins could bind VEG- simlarly,
at the@é@e 7 .%@&Mﬂéﬁé‘ 1o~ @AM ¢ anal ysis of

acetylated FItl 1- 3 -Fc Mutl: FItl 1-3aB -Fc. and unnodified Fltl (1-3)-Fc.
In vivo experinments were designed to assess the pharnmacokinetic profiles
of unnodified Fltl(1- 3%- Fc, Mutl: Flt1(1-3eB)-Fc, and 40 fold _nolar excess
acet y| dpedefermine whatbepritieetireeBanulant npeye(ns-oygy bingd dhenfldt ed

subcut aneously with 4ng/ kg of unnodified FItl(1-3)-Fc, 40 fold nolar
excessligartdyVER, Bindiny- @xpEcdments were: déhel in whieh) 96ewellr plaieas (4 nice
each). These mce were tail bled at 1, 2, 4, 6, 24 hours, 2 days, 3 days,
and 5 deytedifith VEGRtwere ilbebated with evandsgyeohceantxatiehs Sef dhei gned to
detect FItl (1-3)-Fc protein which involves coating an ELI SA plate with
VEGF, pegpkdibrd hufdnt! plotéin,Fanandfter washipiggnrey s4fioant apsudd ngasi th an
anti-Fc anti body |inked to al kaline phosphatase. As

detected by incubating with an alkaline phosphatase conjugated anti-
human Fc antibody and quantitated colorimetrically by the addition of
an appropriate alkaline phosphatase substrate. As shown in Figure 19,
this experiment showed that ali the mutant proteins could bind VEGF

similarly, at the concentrations tested.

Example 16: Pharmacokinetic analysis of acetylated Fit1(1-

3)-Fc, Mut1i: Flt1(1-3__5_5_)-Fc‘ and unmodified F1t1(1-3)-Fc.

In vivo experiments were designed to assess the pharmacokinetic
profiles of unmaodified Fit1(1-3)-Fc, Muti: Fit1(1-3,5)-Fc, and 40 fold
molar excess acetylated Fli1(1-3)-Fc protein. Balb/c mice (25-30g)
were injected subcutaneously with 4mg/kg of unmodified Fit1(1-3)-Fc,
40 fold molar excess acetylated Fit1{1-3)-Fc, and Mutl: Fit1(1-3,z5)-Fc
proteins (4 mice each). These mice were tail bled at 1, 2, 4, 6, 24
hours, 2 days, 3 days, and & days after injection. The sera were
assayed ih an ELISA designed to detect FIt1(1-3)-Fc protein which
involves coating an ELISA plate with VEGF, binding the Fit1{1-3)-Fc and
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shown in Figure 20, the Cmax for these reagents was as follows: Unnodified
FItl (1-3)-Fc - 0.15g/m; 40 fold nolar excess acetylated FItl(1l-3)-Fc -
1.5g/m; and Mutt: FIt1(1-30a)-Fc - 0.7g/m . Exanple 1717 Ny8MpeedOFi tt
receptor vector construction The rationale for constructing nodified
versions of the Fitt receptor (also known as VEGFRI) was based on the
observation that the protein sequence of FItl was highly basic, and was

therefore likely, to sti to xtragel |l ul ar trix he highly basic
nat ur J&??’“ﬁﬁ |W%?o%ab99%%%ﬁ%WMWWGi aikaling, &’%%P&')a}%%e( 081 i bed
supra)_, has poo&i&uphar macoki etici that make it difficult to use as a

t her a PR 1B gkigure 2Q, dbe kM Ielfhase 1eaganisi was| gSmMoWSsd form of 40
fold nolar excess acetylated FIt1(1-3)-Fc, hereinafter ternmed A40,

exhi bidRmoglifigd cltn {1ipFeve O JiuaiadoidGelald rdprpeseess aceiylated

non- acetyl at ed Fitlél-S)-Fc. Therefore, attenpts were nmade to engi neer DNA
nol ec I 1tBxt-ccoullddSpg/mbe@nd MottnifiitibtByy esd.fpgimied forns of a
Fitt receptor nolecule that woul d possess the inproved PK profile

exhi bited by A40 and still maintain the ability to bind tightly to VEG-. It
Is known in the literature that the first Ig domain of Fitt (which has a

net ctBxaenpfie+b7at Medifidd Fit1i e depteyseaicitalr tomstnbttionding to

VEG-, so this domain was deleted. The third Ig domain (having a net charge
of +11) is not essential for binding, but confers higher affinity 58 11
Novenber 2003 for VEGF than the second Ig domain, so instead of deleting it

entirefpe ddtiondle foiPlcRnRHrudting 'MSdRRIY \8nd BRIRE Fit1t PecEpiok receptor
(also known as VEGFR1) was based on the observation that the protein
sequence of Flt1 was highly basic, and was therefore likely to stick to
extracellular matrix (ECM). The highly basic nature of Fit1 probably
explains why unmodified FIti1(1-3)-Fc (described supra) has poor
pharmacokinetics that make it difficult io use as a therapeutic agent.
As described supra, the chemically modified form of 40 fold molar
excess acetylated FR1(1-3)-Fc, hereinafter termed A40, exhibited a
greatly improved pharmacokinetic (PK) profile over the non-acetylated
Fit1(1-3)-Fc. Therefore, attempts were made to engineer DNA
molecules that could be used to recombinantly express modified forms
of a Fit1 receptor molecule that would possess the improved PK profile

exhibited by A40 and still maintain the ability to bind tightly to VEGF.

It is known in the literature that the first Ig domain of Fit1 (which has
a net charge of +5 at neutral pH) is not essential for tight binding to
VEGF, so this domain was deleted. The third Ig domain (having a net
charge of +11) is not essential for binding, but confers higher affinity
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relatives Flkl (also known as VEGFR2) and FIt4 (al so known as VEGFR3).
These chineric nol ecul es (denoted R1112 (Flt1l. D2. FI k1D3. FcACl(a) and
VEGFRI R2-FcACl(a) and RL R3 (Flt| D2.VEGFR3D3- FCACL(a) hiryew p3
R3-FcaCl(a) respectively, wherein RL and Fitl D2 = 1g domain 2 of Fltl
(VEGFR1); R2 and FIkl1 D3 = 1g domain 3 of Flkl (VEGFR2); and R3 and
VEGFR3D3 = I g domain 3 of Fl1t4 (VEGFR3)) were nmuch less sticky to ECM as
judged by an in vitro ECM bi ndi ng assay as described infra , had greatly
i mpr o¥ed /\@\Ggsﬂd%@cﬁhebwwﬁﬂrkg amaiddi 3¢ dnstaatbsd deleding dsentiegly. dbl e to
bi nd VEGF ti?htly as described infra and bl ock phosphorylation of the

nat i vevas Keplacept withetlpe cagsualantedamainsi af theeFild seceRlotri bed infra. a
Construction of the expression plasmd pFItl D2.Fi kl D3. FCAC1( Expression
pl asnirdtiveS2ElKAl (&isd- Biown @$31BGHFR2ndndMFz4 . (BIse khowrs asFYECH2RBBhp) are
pl asm ds that encode anpicillin resistance and Fc- tagged versions of Ig

domai fhelse3 chifmevicamdlettlesnddénoted RKR2 (FthBA FldiDG.FEhesidaplawdn ds were
used to construct a DNA fragnment consisting of a fusion of ig domain 2 of

FItl wiGFR ReiriAC f0f afd H1R3 Yt D P¢RGIFRBDF-FaACagaphntihe respective

g domains followed by further rounds of PCR to achieve fusion of the two

S Gl e G s e LR U T
(5" - TR EEHRA RGNS PR HFSASHFHS AN 3 of Fik1 (VEGFR2); and R3

and VEGFR3D3 = Ig domain 3 of Fit4 (VEGFR3)) were much less sticky to

ECM, as judged by an in vitro ECM binding assay as described infra , had

greatly improved PK as described infra. In addition, these molecules

were able to bind VEGF tightly as described infra and block

phosphorylation of the native Flk1 receptor expressed in endothelial

cells as described infra.

(a) __Construction of the_ expression plasmid
pFIt1D2.Fik1D3.FcAC1{a)

Expression plasmids pMT21.Fit1(1-3).Fc (6519bp) and pMT21.Flk-1(1-
3).Fc (5230bp) are plasmids that encode ampicillin resistance and Fc-
tagged versions of Ig domains 1-3 of human Flt1 and human Flk1,
respectively. These plasmids were used to co-nstruct a DNA fragment
consisting of a fusion of Ig domain 2 of Fif1 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
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3': FlIti D2-Flki D3.as (5'-CGGACTCAGAACCACATCTATGATTGTATTGGT-3") The 5
anplification prinmer encodes a BspEl restriction enzyne site upstreamof Ig
domain 2 of Flti, defined by the anino acid sequence GRPHEmPer 2003
(corresponding to am no acids 27-33 of Figure 21A-21C). The 3' priner
encodes the reverse conplenent of the 3' end of FIti Ig domain 2 fused
directly to the 5 beginning of Flki Ig domain 3, with the fusion point

defi neg. Te f . Fltd (gor nel ami acids, 123- of Figure
21n 210y d RGN o i STRRE" B BF el bolef - abd S APIERIE™ 27 150 of
Figure_21A-21C) of Fikl, For 1g domain 3 of Flkl, the 5 and 3'
anpl i f PERISSn WSS "O¥PWSs follows: 5 : FlIti D2-Flki D3.s

(5' - ACAATCATAGATGTGGTTCTGAGICCGTCTCATG G- 3') 3': Fl k1 D3/apal/srf.as

(5' - GATAATGCCCGEECCC | 11 | CATGGACCCTGAC AAATG 3') 60 11 Novenber 2003 The
5" anplification prinmer_encodes the end of Fitt I1g domain 2 fused directly
to t heShdWPAHIRY 5'-GACTAGCARRCRRGABGIAGAC GIAGAGATG-3)
anplification prinmer encodes the end of Flkl Ig domain 3, defined by the
am no acids VRVHEK (corresponding to am no acids 223-228 of Figure
21A-21C), followed by a bridging sequence that includes a recognition
sequenBt FlbTDeHdki B as (6l-QGEAGTEAGAACCATATETNEGATRG TATIGGACBYs GPG
The bridgi ng sequence corresponds to am no acids 229-231 of Figure
21A-21C.

The 5' amplification primer encodes a BspE1 restriction enzyme site
upstream of 1g domain 2 of Fit1, defined by the amino acid sequence
GRPFVEM (corresponding to amino acids 27-33 of Figure 21A-21C). The
3' primer encodes the reverse complement of the 3’ end of Fit1 Ig
domain 2 fused directly to the 5’ beginning of Flki Ig domain 3, with
the fusion point defined as TIID of Fit1 (corresponding to amino acids
123-126 of Figure 21A-21C) and continuing into VVLS {(corresponding
to amino acids 127-130 of Figure 21A-21C) of Flk1.

For Ig domain 3 of Flk1, the 5' and 3' ampiification primers were as

follows:

5 Flt1D2-FIk1D3.s (5'-ACAATCATAGATGTGGTTCTGAGTCCGTCTCATG
G-3')

3" Flk1D3/apa/srf.as (5'-GATAATGCCCGGGCCCTTTTCATGGACCCTGAC
AAATG-3")
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After a round of PCR anplification to produce the individual domains, the
products were conbined in a tube and subjected to a further round of PCR
with the primers bsp/fltl D2 and Fl kIl D3/apal/srf.as (desicieveege @lpra) to
produce the fusion product. This PCR product was subsequently digested with
the restriction enzynmes BspEl and Smal and the resulting 614bp fragnent
was subcloned into the BspEl to Srfl restriction sites of the vector
pMr21/ AB2. Ec, to create the plasmd pM21/FItl1 D2. Fl kl D3, Fc. The

nucl eol P@ed s apiification prisner enaoreas khe mand @nEl uig lemaie2 fuged verifi ed
by standard sequence analysis. This plasmd was then digested with the
rest r i direelly dazthee begburngaoti Féct Ilg damaine.r asuleseripad Bhpva.aghkeit was
transferred into the EcoRl to Srfl restriction sites of the plasmd pFltl
(1- 3) BY- Rondif{cationo ppinoeiu encodes phasend of FFtkl 1. G033 Fdetihed) by The
conpl ete DNA and deduced am no acid sequences of the FItl D2. Fl k1

D3. Fcafik( aminli aeidsc VRVEEK gcosresplonding tte amifboaciels? 232228 ¢fL 11
Novenber 2003 O Construction of the expression plasmd Fltl

D2VEGHR#UECATA-21 Ehe f@iowedshbyna PhAGHiIng BEHAGNLE! thdt Hiclli@es65219bp)

encodes anpicillin resistance and an Fe-tagged version of Ig domains 1-3

of hu i rgér:gpé i I ki t r Eercdi¥s frhagnent
cont aininaibn ﬁ'f'%"do inl%ze offmFﬁe? r%?fﬁpcﬁd?di@%m romg'lt’fﬁ’e ce lelﬁ? ne HET%ZL 7 was

4ocs, AIRSSHGE QOB hRing s o aBERES, [ AbSFoTRLpRCol ooy A
229-231 of Figure 21A-21C.

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/fit1D2 and Flk1D3/apa/sri.as (described
supra) to produce the fusion product. This PCR product was
subsequently digested with the restriction enzymes BspEl and Smal and
the resulting 614bp fragment was subcloned into the BspEl to Sril
restriction sites of the vector pMT21/AB2.Fc, to create the plasmid
pMT21/FIt1D2.FIkiD3.Fc. The nucleotide sequence of the Fit1D2-FIk1D3
gene fusion insert was verified by standard sequence analysis. This
plasmid was then digested with the restriction enzymes EcoRl and Srfl
and the resuiting 702bp fragment was transferred into the EcoRl to Sril
restriction sites of the plasmid pFlt1(1-3)B2-FcAC1(a) to produce the
plasmid pFlt1D2.FIk1D3.FcAC1(a). The complete DNA and deduced amino
acid sequences of the Fit1D2.FIk1D3.FcAC1(a) chimeric molecule is set

forth in Figure 21A-21C.
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two g domains into a single fused fragnent. For Ig domain 2 of FItl, the
5" and 3' anplification priners were as follows: 5 : bsp/ltl D2

(5' - GACTAGCAGTCCGGAGGTAGACCTTTCGTAGAGATG 3') 3': FlIt1 11 November 2003

D2. VEGFR3D3. as( Tr CCTGGGCAACAGCTGGATATCTATGATTGTA TTGGT) The 5
anplification primer encodes a BspEl restriction site upstream of Ig
domain 2 of Fitl, defined by the am no acid sequence GRPFVEM

(corregpondj to a /- 33 of F| gur 22A-22C). The 3

anpl i f@aﬁ—gﬁﬁ#@ s orentat of the end of FItl |Ig
domai n I rectl o] beglnnlng of VEGFR3 | g domain 3, with the
fusio Itt (corresponding to am no acids 123-126
of Figure 22A-22C) and continuing into | QL of VEGFR3 (corresponding to
amno acids 127-130 of Figure 22A-22C). 62 11 Novenber 2003 For Ig dorrai n 3
of VEGFR3, the 5 and 3 prlrrers used for RT-PCR were as follows: 5

R3D3. s T NATeXP S GoESTechAaMEa0 TEILA GG BOEGERA) 9p): eRsDaess ampicillin
(ATTTTCATGCACAATGACCTCGGTGCTCTCCCGAAATCG) Both the 5 and 3' anplification
pri ner kesisiacicet hadsanuBodaggedvEersBn offlg @omtansnpld bF dawrinan phtdduct of
this RT-PCR reaction was isolated by standard techni ques and subjected to

a secorgteptond vhisoglﬁsmloawhs Used kb epreriiieeneeDNA faé%@wﬁt%oritaﬁiiﬁg of the
FItl D2 with the FI D3 donmains and fusion of the FIkl D3 and Fc donmi ns

via a [gPdobidiflo dfSFR1 BEIFOR. HIGAOH the o HIERSS 1 e tisbal | ovs:

to produce 1g domain 3 of Flk1, using standard RT-PCR methodology. A
further round of PCR ampilification was used to achieve fusion of the
two Ig domains into a single fused fragment. For Ig domain 2 of Fltt,

the &' and 3' ampilification primers were as follows:
5" bsp/it1D2 (5"-GACTAGCAGTCCGGAGGTAGACCTTTCGTAGAGATG-3")

3" Flt1D2.VEGFR3D3.as{TTCCTGGGCAACAGCTGGATATCTATGATTGTA
TIGGT)

The 5' amplification primer encodes a BspE1 restriction site upstream
of Ig domain 2 of Fit1, defined by the amino acid sequence GRPFVEM
(corresponding to amino acids 27-33 of Figure 22A-22C). The 3'
amplification primer encodes the reverse complement of the end of Flt1
ig domain 2 fused directly to the beginning of VEGFRS3 Ig domain 3, with
the fusion point defined as TID of Flt1 (corresponding to amino acids
123-126 of Figure 22A-22C) and continuing into IQLL of VEGFR3
(corresponding to amino acids 127-130 of Figure 22A-22C).
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5':Flt1l D2. VEGFR3D3. s ( TCATAGATATCCAGCTGITGCCCAGGAAGTCGCTGGAG 3':
VEGFR3D3/ srf.as ( GATAATGCCCGGGCCA TTTCATGCACAATGACCT CGGT? The 5'
anplification prinmer encodes the 3' end of FItl Ig domal hNe¥empgiOB3 direct |y
to the beginning (5 end) of VEGFR3 I g domain 3, as described above. The
3" anplification primer encodes the 3' end of VEG-R3 Ig domain 3, defined
by the am no acids VIVHEN (corresponding 63 11 Novenber 2003 to am no aci ds
221-226 of Figure 22A-22C), followed by a bridging sequence that includes
a recognition sequence for Srfl, and encodes the amno acids GPG The

bri dgi ng sequence corresponds to am no acids 227-229 of Fiqure 22A-22C.
After baelgdslamair 3r0i:Mé)GF@3ddhﬁi 5 andol prwersuies (@oRTEPCR We@onai n

3) of PCR to produce the individual |Ig domains, the PCR products were

conbi nad fellewsube and subjected to a further round of PCR anplification
with the anplification priners bsp/fltl D2 and VEG-R3D3/srf.as described
supra, to produce the fusion product. This PCR product was subsequently
digested with the restriction enzynes BspEl and Smal and the resulting

625bp &% RGO (ZNHSCAG@T QTFGCCCAGCARGRSTLTEGEARCTGCREGTAY i on sites of
the vector pMr21/Flt1i B2. Fc (described supra), to create the plasmd

pMr21/ Flt1 D2. VEGFR3D3. Fc. The sequence of the Flt1l D2- VEGFR3D3 gene
fusion insert was verified by standard sequence analysis. This plasm d was

then dagefPfla M ATTTTCATGCACAATGACCTCGGTGCTCTCCCGAAATCG)

Both the 5’ and 3' amplification primers match the sequence of VEGFRS.
The 296bp ampiification 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 Fit1D2 with the Fik1D3
domains and fusion of the Fik1D3 and Fc domains via a GPG bridge (see

below). The amplification primers were as follows:

5"Fit1D2.VEGFR3D3.s
(TCATAGATATCCAGCTGTTGCCCAGGAAGTCGCTGGAG)

3': VEGFR3D3/sri.as
(GATAATGCCCGGGCCATTTTCATGCACAATGACCTCGGT)

The 5 amplification primer encodes the 3’ end of Fltt 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 (corresponding
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the restriction enzynmes EcoR and Srfl and the resulting 693bp fragnent
was subcl oned into the EcCoOR to Srfl restriction sites of the plasmd
pFlt1(1-3), &B2-FceCl(a) to produce the plasm d desi gnat &uNoygriber 2003

D2. VEGFR3D3. FcaCl (a). The conpl ete DNA deduced am no acid sequence of the
FIti D2. VEGFR3D3. FcACl(a) chimeric nolecule is set forth in Figure
22A-22C. 64 11 Novenber 2003 Exanple 18: Extracellular Matrix Binding (ECM
Bi ndi ng Assay ECM coated plates (Becton Di ckinson catal o #85_-4607) wer e
r ehydrt@t 8minPt ACigks ram28upb|%@§m&|2waap}gl inltgwed bbyndy) brigging
penicillin, 1000 streptomycin, and 10% BCS for at least 1 hr. before

addi ngequesass thahinglides sa wecognition isesuenced fon Srit,handaencedas the
tenperature with varying concentrations of Fitt D2. Fl kl D3. FcACl(a) and
Fitl REImWEEERRIE GRRACL(He bridging geguehteMoireSpends dguanming -gails

dilutions in PBS plus 10% BCS. The plates were then washed 3 tines wth
PBS plas7 @200k iF[i%[]fé( zp0d-27Cubated with al kal i ne phosphat ase- conj ugat ed
anti-human Fc anti body (Pronmega, 1:4000 in PBS plus 10% BCS) for 1 hr. at
roomtenperature. The plates were then washed 4 tines with PBS 0. 1%
Triton-X and al kal i ne phosphat ase buffer/pNPP solution (Sigm) was added

for coAgby QﬁYéa'trBBﬁﬁnéfﬁr Rt 68 UBHRIACEF cltwd routilz FERNPIt4 TRE dopsaint s of

this experinment are own In“Figure 23 and denonstrate that the FlIt1l

07y B R ol ! s TR e O g e dr ol
combined in a tube and subjected to a further round of PCR
amplification with the amplification primers bsp/fltiD2 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 subcioned into
the BspEl to Srfi restriction sites of the vector pMT21/FIt1AB2.Fc
(described supra), to create the plasmid pMT21/Fit1D2.VEGFR3D3.Fc.
The sequence of the FIt1D2-VEGFR3D3 gene fusion insert was verified
by standard sequence analysis. This plasmid was then digested with
the restriction enzymes EcoRl and Sril and the resulting 693bp
fragment was subcloned into the EcoRl to Srfl restriction sites of the
plasmid pFit1(1-3)AB2-FcAC1(a) to produce the plasmid designated
pFltiD2.VEGFR3D3.FcAC1(a). The complete DNA deduced amino acid
sequence of the FlIt1D2.VEGFR3D3.FcAC1(a) chimeric molecule is set
forth in Figure 22A-22C.
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Exanpl e 19: Transi ent expression of pFltl D2.Flkl D3.FcaCl(a) in CHO K1l
(ElIA) cells Alarge scale (2L) culture of E. coli DHLOB cells carrg/l ng the
pFltl D2. Fl k1 D3.FcACl(a) plasnid described supra in ExHnrembe (29

grown overnight in Terrific Broth (TB) plus 100g/m anpicillin. The 65 11
Novenber 2003 next day, the plasm d DNA was extracted using a Q Agen
Endofree Megaprep kit followi ng the manufacturer's protocol. The
concentratloln of t he purlfled pl asmd DNA was determ ned by standard

was verified by standard restrl cti on enzyrre di gest [ on of al |quots usi ng
the restriction enzymes EcoRl plus Notl and Asel. Al restriction enzyne
di gest fragments corresponded to the predicted sizes when analyzed on a 1%

agar oEClybboated t plates cBartbni Ditidhssn eakalogepegsad7Ciwangl! E1 A cel | s at
a density of 4 x 106 cells/pl ate PI atlng media was G bco Ham's F-12

suppl qeRYtpsted WitH Qlaimichame W:%mf e (PPYA), 100U
penicillin/ 100U streptonycin an gI ut amne (2 . The following day each

L AT MO BRSO, B
oL ARG SR e SHeReg R ep 6EUBRRRI LHET RIB0RE (1S
10% gﬁgﬁy@éﬁgpﬁ,tgweggfaﬁefc%ncaﬁ%%%% % RSO FRABEFRE A R
Fit1D2.VEGFR3D3.FcAC1(a) starting at 10nM with subsequent 2-fold
dilutions in PBS plus 10% BCS. The plates were then washed 3 times
with PBS plus 0.1% Triton-X and 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 development. Plates were read at
| = 405-570nm. The results of this experiment are shown in Figure 23
and demonstrate that the FR1D2.FIk1D3.FcACi(a) and
FIit1iD2.VEGFR3D3.FcAC1(a) proteins are considerably less sticky to the

ECM as compared to the FIt1(1-3)-Fc protein.

Example 19: Transient expression of pFli1D2.Flk1D3.FcACi(a)

in CHO-K1 (E1A) celis

A large scale (2L) culture of E. coli DH10B cells carrying the

pFit1D2.FIk1D3.FcAC1(a) plasmid described supra in Example 17(a) was

grown overnight in Terrific Broth (TB) plus 100upg/mil ampicillin. The
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the nedia was renoved fromeach plate and 25 m expression nedia (G bco
CHO S-SFM || supplenented with glutamne (2mV and 1 mM sodi um butyrate)
was added. The plates were incubated at 37C for 3 daysi! Mpvesper£08dys of

i ncubation, the nedia was aspirated fromeach plate and centrifuged at 400
rpmin a sw nging bucket rotor to pellet 66 11 Novenber 2003 cells. The
super nat ant was decanted into sterile 1 L bottles and purification of the
expressed protejn ) r nmed as described infr Exanpl e 20:

Const raeK: BAV JharRESRIrRRA Was cdiacied Gingde (GIAGRTE R2. FeACL( )
expression plasm d was constructed by insertion of DNA encoding am no

aci ds MBOaePr kihépowing dhanmanufaeterersy protegolri glhe cancenitatigBt ween
Fitl d2-Fl kt d3-FCACl(a) amino acids 26 and 27 of Figure 21A-21C (G35 and
r enovadf dheopuarifiedcplismgidafdMG weisd detmrminedr bypstadidagdt techniguesci ds
229-231 of Figure. The SDT am no acid sequence is native to the FItl

r ecept usingnd UM sspeddrapHodoineater tandi fluocametehe Th&gabond DNAevas ogeneous
N- term nal processing. The GPG (bridging sequence) was renoved so that

the Fltvériied Bk stdmdaehaestriotiore énmateddigadtion taf aliquatet dsing The

conpl ete DNA and deduced am no acid sequences of the pVEGFRI R2. FcACl(a)

chi mer p&stABtigaUbAZY ML EJORE Plud NMoguaad2Abel.4CAlIExesmictonl engghie Cul ture
Process Used to Produce Modified FItl Receptors (a) Cell Culture Process

Used 1 gifdstita§ments corresponded to the predicted sizes when analyzed on

a 1% agarose gel.

Forty 15 cm petri plates were seeded with CHO-K1/E1A cells at a
density of 4 x 106 ceils/plate. Plating media was Gibco Ham’'s F-12
supplemented with 10% Hyclone Fetal Bovine Serum (FBS), 100U
penicillin/100U streptomycin and glutamine (2mM). The following day
each plate of cells was transfected with 6 pg of the
pFIt1D2.Flk1D3.FcAC1{a) plasmid DNA using Gibco Optimem and Gibco
Lipofectamine in 12 mi 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
incubated at 37°C in a 5% CO, incubator overnight. The following day
the media was rémoved from each plate and 25 ml expression media
(Gibco CHO-S-SFM I supplemented with glutamine (2mM) and 1mM
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 peliet
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Fitt D2. Flkl D3. FcACl(a) The process for production of Fltl1 D2.Flkl

D3. FcACl(a) protein using the 67 11 Novenber 2003 expression plasmd pFltl
D2. Fl k1 D3. FcaCl(a) described supra in Example 1 invol {&¥ovem8peRSs on

cul ture of reconbi nant Chinese hanster ovary (CHO K1 /E1 A) cells which
constitutively express the protein product. The cells are grown in

bi oreactors and the protein product is isolated and purified by affinity

and si ze ch ion chro a s IS ov' ed in greater

det ai | ?EJ Vﬁ%bﬁvp%&ﬁﬁ%&fgﬁaEQQ#Q§ﬁﬁﬁﬂuEH QEQG c tg?k?"@bntaining t he
Fitt D2.Fl D3. FcOCl(a) expressing cell line mere ex anded a I n
cel I's i|PHEG i diicatipn of ihe expressed profeinmvdsu Pertaveed mﬁy @93gj agd
i ncubated at 37C and 5% CO2. Wen the fl asks approached confluence
(approximately 3 to 4 days) the cells were detached using trypsin. Fresh
nedluntmas added to protect the cells frontfurther1exposure to t he
trypsin > P: we s . 1 ples

transferred to elght 850 cn? roIIer bottl es and i ncubated at 37C and 5%
C2 untvectoanfl uent. Suspension Culture in Bioreactors Cells grown in
roller bottles were trypsinized to detach themfromthe surface and washed
W th suspension culture nedium The cells are aseptically transferred to a
5L bioreactor (New Brunswi ck Celligen Plus) where the cells are grown in

3. 5L of TRESP¢BEFM1RYLEekE1(d) ' @xpression plasmid was constructed by

insertion of DNA encoding amino acids SDT (corresponding to amino
acids 27-29 of Figure 24A-24C) between Fit1d2-Flk1d3-FcAC1(a)
amino acids 26 and 27 of Figure 21A-21C (GG) and removal of DNA
encoding amino acids GPG corresponding to amino acids 229-231 of
Figure. The SDT amino acid sequence is native to the FIt1 receptor and
was added back in to decrease the likelihood of heterogeneous N-
terminal processing. The GPG (bridging sequence) was removed so that
the Fit1 and Flk1 lg domains were fused directly to one another. The
complete DNA and deduced amino acid sequences of the

pVEGFR1R2.FcAC1(a) chimeric molecule is set forth in Figure 24A-24C.

Example 21: Cell Culture Process Used to Produce_Modified

Fit1 Receptors

(a) Cell Culture Process Used to Produce
Fit1D2.Fik1D3.FcAC1{(a)

_The process for production of Fit1D2.Fik1D3.FcAC1(a) protein using the
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68 11 Novenber 2003 suspension culture nediumwas a glutam ne-free | ow
glucose nodification of IS-CHO (Irvine Scientific) to which 5% fetal

bovi ne serum (Hycl one), GS suppl ement (Life Technol ogi EsYovsmgers90§,

met hi oni ne sul foxi mne (Sigm) was added. The pH was controlled at, 7.2 by
addition of carbon dioxide to the inlet gas or by addition of a Iliquid

sol ution of sodium carbonate to the bioreactor. Di ssolved oxygen |evel was
mai ntai ned at 30% of .sat ' b itipn,of oxygen or ni.trogen to the
"ol ot - 5REresied cpamif PETATE Pt e i) nsinied sgherd jhofRaeis

cell s/, was reached the cells were trans,ferreé to a ,40L bi oreactor

cont ai hi WYOIYRS SMSPERSIPNINTAt e &f pwcarabingnt ¢BNess INaystalc O¥RBY eact or .
The tenperature setpoint was reduced to 34C to slow cell growth and

i ncr eagHﬁheKT/@l'ﬁ) eellsandich eeostiutiveby gxpsessnthe jprotein” pupduete Process
Used to Produce FIt1l D2. VEGFR3D3. FCACl a The sane net hodol ogi es as

descri bBe eelis ;arcogrewnl imhipreacioss Rwtihe) prokaie pextuctoispiseiated Fit |

D2. VEGFR3D3. FCACl(a). Exanple 22: Harvest and Purification of Mdified

Fit'i &adeptnfisd6By laffiNiyeainer s 2xch)sitar olesamatagraphiyt i CEté on of Flt1l
D2. Fl k1 D3. FcACl(a) The product protein was aseptically harvested fromthe
bi or eaptsgess is provided in greater detail below..

Cell Expansion

Two confluent T-225 cm?2 flasks containing the Fit1D2.Flk1D3.FcAC1(a)
expressing celi line were expanded by passaging cells into eight T-225
cm? flasks in medium (GMEM + 10% serum, GIBCO) and incubated 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 protéct the cells from further exposure to the trypsin. The cells

were centrifuged and resuspended in fresh medium then transferred to
eight 850 cm? roller bottles and incubated at 37°C and 5% CO, until

confluent.

Suspension Culture in Bioreactors

Cells grown in roller bottles were trypsinized to detach them from the
surface and washed with suspension culture medium. The celis are
aseptically transferred to a 5L bioreactor (New Brunswick Celligen
Plus) where the cells are grown in 3.5L of suspension culture. The
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while retaining cells using MIIlipore Prostak tangential-flow filtration
nodul es and a | owshear nechani cal punp (Fristam. Fresh nedium was added
to the bioreactor to replace that renmoved during the hatideembeid002ati on.
Approxi mately 40L of harvest filtrate was then | oaded onto a 400 niL col um
containing Protein A Sepharose resin (Arersham Pharmacia). After |oading
the resin was washed with buffer containing 10 mM sodi um phosphate, 500 nM
sodiumchloride, pH 7.2 to _renove any unbound contam nating proteins. Flt1l
D2. FI k$ume'ﬂ@§z@1@ér}tq5eomdw%s\~a%|@t@l@tm"neér% lovo AUEPEBe buffer. The
eluted protein was neutralized by addition of Tris base and frozen at
-20C. modtieation 0@k S-6HOofIrvinel Soiemtific) . morch( 896 phesakibovinem t he
Protein A step above were thawed, pooled and concentrated using- a

M | | i peerim 3kyeiane),n&@S ranllp@dnmant wWkifghTechnofdgiesivand) 26aplkntial fl ow

filtration nmenbrane. The protein was transferred to a stirred cell
concentredhimmig® suilfgdimiheaf8igmalt vers cdadeent rihedpHowd8 cohtrbliedi afy a 30kD
NMACO nmenbr ane. The concentrated protein was | oaded onto a size exclusion

col um7 padieddditidn Bfpeadn dkidesio théndiethgis Shaymaddition it avwas
equilibrated wth phosphate buffered saline plus 5%glycerol. The sane

buf f erjjy@e %éﬁﬁléf‘i) 6fU§oHﬂﬁnC@éllb'Hhatérhﬁ) thbaﬁidr@&%t&or r OERYIEA Sox ﬂ;&“ 1
D2. Fl k1 D3. FCACLl(a) diner were pooled, sterile filtered through a o.

" T oGkl g, e ERES AT0iL o SanBubh M BRI gkl <t an
descri QRfbgitPt8 Y ifkt lgdZ dnid feMpeFafiird Bbntrolied at 37°C. When a
density of 4 x108 cells/mL was reached the cells were transferred to a
40L 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.

{b) Cell Culture Process Used to Produce

FIt1D2.VEGFR3D3.FcAC1(a)

The same methodologies as described supra for Flt1D2.Flk1D3.FcAC1(a)
were used to produce Fit1D2.VEGFR3D3.FcAC1(a).

Example 22: Harvest and Purification of Modified FIt1

Receptors
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were used to harvest and purify Fltl1 D2. VEGFR3D3. FcACl(a). Exanple 23: Phos
hor cation Assay for Transiently Expressed VEGFR2 Primary human unbili cal
vein endot helial cells (HUVECs), passage 4-6, were stathidtyember 280hrs in
serumfree DMVE high glucose nmedia. Sanples containing 40 ng/m (1 nM
human VEGF165, which is a ligand for the VEGF receptors Fl1tl, Flkl and
FIt4(VEGFR3) were prepared and were preincubated for 1 hr. at room
t enper at.ure ":th varyi ng ano ntstigf th? 'Ei eI Flt1l receptors

i ] h)y ] D1 NPT

) A

D2VEGFR3D3. FcACl(a) in serumfree DME-high glucose nedia containing 0.1%
BSA. Cells were challenged for 5 mnutes with the sanpl es prepared above
+1- VEGF1Gh, followed by whole cell lysis using conplete lysis buffer.

Cel | | Tbat prodiete proteinnwase dseipticady harvesiedadtdmothye dioseaetdragai nst t he
Ctermnus of VEGFR2 receptor. The i munoprecipitated |ysates were | oaded
onto whilevorsbsnPAGE cedisexuging Midliporen Prasisiertaed) endi dPMDFwnditinasios usi ng
standard transfer nethodol ogi es. Detection of phosphorylated VEGFR2 was

done bmaduesiciidtd ilog-shédr mieckeriicalpposgh qFhstasi)ne Fregh m@ldivd 4GLO
(UBlI') and devel oped using ECL-reagent (Amersham). 71 11 Novenber 2003

Fi gur ewag54dded fndthabhictBBcriIow trBpldcRs thas rEBmdvdd dRFREY itABNharvddtgur e
25A- 25C reveal s that detection by Western bl ot of tyrosine phosphoryl ated

Fecept o R DL T Rl e RN, BT Ef loabbbGhito
a 400 mL column containing Protein A Sepharose resin (Amersham
Pharmacia). After loading the resin was washed with buffer containing
10 mM scdium phosphate, 500 mM sodium chloride, pH 7.2 to remove any
unbound contaminating proteins. FIt1D2.FIK1D3.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.

Several frozen lots of Fit1D2.FIk1D3.FcAC1(a) protein from the Protein
A step above were thawed, pooled and concentrated using a Millipore
30kD nominal molecular weight cutoff (NMWCO) tangential fiow
filtration membrane. The protein was transferred to a stirred cell
concentrator (Millipore) and further concentrated to 30 mg/mL using a
30kD 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% glycerol. The same buffer was used fo run the column. The
fractions corresponding to FIH1D2.FlkiD3.FcAC1(a) dimer were pooled,
sterile fillered through a 0.22 micron filter, aliquoted and frozen.
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on which nodified FItl receptor is used during the preincubations with
VEGF. As is seen in Figure 25A, at a 1.5 nolar excess of either FItl (1-
3)-Fc , FItl(1-3)-Fc (A40) or transient Flt1 D2Fl k1 D3.1FinerPe)20Ppere is
conpl ete bl ockage of receptor stimulation by these three nodified FIt1l
receptors as conpared to control nedia challenge. In contrast, transient
FIt1l D2VEGFR3D3. FcACl(a) does not show significant blockage at this nolar
excess, as conpared with VEGF positive control challenge. Simlar results
are seen in Figure 25B, where the nodified FIt receptors are in a 3-fold
nol ar excess to VEGF165 | igand. In Figure 25C mhere the nodified FItl
recept by Aa: ango| Rugifigati : t1 R i CH pdfA) ent FIt1
D2VEGFR3D3. FcACl(a) can now be shomm to be partially bIocklng

VEGF165-i nduced stinmulation of cell-surface receptors. In Figure 26A-26B,
detection by Western bl ot of tyrosine phosphorylated VEG-R2(FI kl) by
VEGF16THe gamk shethddulogiess hswdesdritted arlgras ufdra€it1 D2 Bkt i 3. Fon Haf
phosphorylated by chal | enge sanpl es which have VEGF165 preincubated with 1
and 2 fwdré oBkdrteeheessst &hdopueiy? /DY VEGRASDHI. PLACTgARr excess (Figure
26B) of either transient Fill D2Fl k1l D3.FcACl(a), stable FIt1l D2FI k1l

D3. FcACl(a), or transient VEGFRI R2- FcACl(a). At all nodified Fltl

receptor 72 11 Novenber 2003 concentrations tested there is conplete

ol nd! NELAmPTEF B> | PRYALh ALY Ialthy] ARy et} Ll idifityl Elrddbdl

det ect abl'e strmulrartrom of - SUrtace receptors anboun

conpar %é?_-r_f{;émt rol nmedia

Primary human umbilical vein endothelial celis (HUVECSs), passage 4-6,
were starved for 2 hrs in serum-free DME high glucose media. Samples
containing 40 ng/m! (1nM) human VEGF165, which is a ligand for the
VEGF receptors Fit1, Flk1 and 'Flt4(VEGFR3) were prepared and were
preincubated for 1 hr. at room temperature with varying amounts of the
modified Flt1 receptors Fit1{1-3)-Fc, Fit1(1-3)-Fc (A40),
Fit1D2FIk1D3.FcAC1(a) and Flt1D2VEGFR3D3.FcAC1(a) in serum-free
DME-high glucose 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 immunoprecipitated lysates were loaded onto
4-12% SDS-PAGE Novex gel and then transferred to PVDF membrane
using standard transfer methodologies. Detection of phosphorylated
VEGFR2 was done by immunoblotting with the anti-phospho Tyrosine
mAb called 4G10 (UBt) and developed using ECL-reagent (Amersham).
71



chal l enge. Exanple 24: Cell Proliferation Bioassay The test cell popul ation
Is M37 cells that have been stably transfected wth a expression plasmd
that contains a DNA insert encoding the VEGFR2(FIkl) exXtMewesPEid%8? domai n
fused to the TrkB intracel lular Kkinase domain, thus producing a chineric
nol ecul e. The reason the TrkB intracellular kinase domain was used rather
than the native VEGFRZ2(FlIkl) intracellular kinase donmain is that the

i ntracegt, ' A AO, EGFR2(El kl ) dqes .cause a strong

ool 1 raHres, 29A0C BRMTARAZ SR S0k g oebiSeel this iGBRght Ty i o
known that | s_cont ai.nin ull length TrkB receptor giye a robust
ool |1 B eebAEE s eV Mt Delaction. B WeRkeIny Piohedfriv@sine

i ntracel |l ul gr kjnase Ln was engineered to replace the intracellular

i nace RIARANPT|AGRCHIBIPRR(Fikia DLKUEGHR B digarst Stmul3sion Showa: the
response capability. 5 x 103 cells/well were plated in a 96 well plate and
al | one8lbSeHRERe regeptarshate phesmhorphatetoto ov Agnaoiaveleddependmgpt or s
FItl(1-3)-Fc, FItl D2.Flkl D3.FcaCl(a) and FIti D2. VEGFR3D3. FcACl(a), plus
an irrd evbigh needifiest Ribr redeptar2isaised aluringattivee preimoudlationsr evith t r at ed

73 11 Novenber 2003 from 40nM to 20pM and i ncubated on the cells for 1 hr

at 37C.VEGHan As dsosdemant Figbee 1264 at deflifadormdercess dfheithed@ad (1o al |
the wells at a concentration of 1.56nM The plates were incubated for 72

hrf at 3)3F€ arFltt{1e8)HES (AA@WNo8 treasent. FANOMR) DElRedCd) tierel af es
e complete blockage of receptor stimulation by these three modified
Flt1 receptors as compared to control media challenge. In contrast,
transient FIt1D2VEGFR3D3.FcAC1(a) does not show significant blockage
at this molar excess, as compared with VEGF positive control challenge.
Similar results are seen in Figure 25B, where the modified FIit
receptors are in a 3-fold molar excess to VEGF165 ligand. In Figure
25C, where the modified Fit1 receptors are in a 6-fold molar excess to
VEGF165 ligand, transient Fit1tD2VEGFR3D3.FcAC1(a) can now be shown

to be partially blocking VEGF165-induced stimulation of cell-surface

receptors.

In Figure 26A-26B, detection by Western blot of tyrosine
phosphorylated VEGFR2(Flk1) by VEGF165 ligand stimulation shows that
cell-surface receptors are not phosphorylated by challenge samples
which have VEGF165 preincubated with 1 and 2 fold molar excess
(Figure 26A) or 3 and 4 fold molar excess (Figure 26B) of either
transient Flt1D2FIk1D3.FcaC1(a), stable Fit1D2Flk1D3.FcAC1(a), or
transient VEGFR1R2-FcAC1(a). At all modified Flt1 receptor -
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I ncubated for an additional for 4 hrs. Finally, the plates were read on a
spectrophot oneter at 450/ 570nm The results of this experinent are shown
in Figure 27. The control receptor Tie2-Fc does not bl otkNovomRER 883 nduced
cell proliferation at any concentration whereas FIt1l D2. Fl k1 D3. FcACl(a)

bl ocks 1.56nM VEGF165 with a half maxi mal dose of 0.8nM FIt1(1-3)-Fc and
FItl D2. VEGFR3D3. FCACl(a) are less effective in blocking VEGF165 in this
assay with a half nmaxi mal dose of -- 2nM_VEGF165 al one gives a readi ng of
1.2 atesHHERtions tiesied theie isacrgrRigtR lD@dU.lsBS)faNﬁﬁﬁéﬁgellgﬁnds. Exanpl e
25: Binding Stoichionetry of Mdified Fit Receptors to VEGF165 (a) Bl Acore
Anal ysdurimietha oprginounkatignpfresutting2inl ko Detectatlleastiamad atiBorRIF cell-

R2- FCACl(a) interaction with human VEGF165 was determ ned by measuring

ei t hersurfaee Ireceptars bFGinisatng &f EGF 185 disngotrpared o tcbnBRSF dagdiB. FCACL( a)
or VEGFRI R2-FCACl(a) surfaces or neasuring concentration of VEGF165
needecbhajlam)gpj etely prevent binding of FIti D2Fl k1l D3. FcACl(a) or VEGFRI
R2- FcACl(a) to VEGF Bl Acore chip surface. 74 11 Novenber 2003 Modified Fit
receptors Flti D2Fl k1l D3.FcACl(a) and VEGFRI R2-FcACl(a), were captured
with an anti-Fc specific antibody that was first immobilized on a Biacore

chip ( g3k N9 ERIINPFANErattbn C Bidadd A bl ank anti body surface

was used as a negative con . jected at a concentration of
1 nM 10 nM and 50 nM over

The test cell population is MG87 cells that have been stably transfected
with a expression plasmid that contains a DNA insert encoding the
VEGFR2(FIk1) extracellular domain fused to the TrkB intraceliular
kinase domain, thus producing a chimeric molecule. The reason the
TrkB intracellular kinase domain was used rather than the native
VEGFR2(FIk1) intraceilular kinase domain is that the intracellular
kinase domain of VEGFR2(FIk1) does not cause a strong proliferative
response when siimulated by VEGF185 in these celis. It is known that
MG87 cells containing full length TrkB receptor give a robust
proliferative 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.

5 x 10% cells/well were plated in a 96 well plate and allowed to settle
for 2 hrs at 37°C. The following modified Fit receptors Fit1(1-3)-Fc,
Fit1D2.FIk1D3.FcAaC1(a) and Fit1D2.VEGFR3D3.FcAC1(a), plus an
irrelevant receptor termed Tie2-Fc as a negative control, were titrated
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the FIt1l D2Fl kl D3.FcACl(a) and VEGFRI R2-FcACl(a) surfaces at 10 i /mn
for one hour. A real-tine binding signal was recorded and saturation

bi ndi ng was achi eved at the end of each injection. BindihtjovestsizRomet ry
was cal culated as a nolar ratio of bound VEG-165 to the immobilized Fft1l
D2Fl k1 D3. FcACl(a) or VEGFRI R2-FcACl(a), using the conversion factor of
1000 RU equivalent to 1 ng/m. The results indicated binding stoichionetry
of one VEGF165 dineric nol ecule per one Fltl D2Fl k1 D3. FcACl(a) or VEGFRI
R2- Fc AGara O de2CpiFagdr icupgied |an dbe aelisnforrithr ab2399Q. O3upEsc (a) or
VEGFRI R2-FcACl(a) at a concentration of i nM(estimated to be 1000 tines
hi gherraceanbineat RIEGHF 185 én Felin@2 AinkdizD3vas AtefapddedvieGalll the wells

R2- FCACl(a)/ VEGF165 interaction) were m xed with varied concentrations of
VEGF168t aAtorcentvatiohoof 1.56nkht i Dme plateemearat ircubatedt for V2elrs-hat 1 D2FI k1
D3. FcACl(a) in solution were neasured as a binding signal to an

am ne-3PPplad theiTS @W@ﬂg.reégeﬁt,imﬁhéga? addert el tiee pldtescmapert the
FIt1l D2Fl k1 D3. FcACl(a) Bl Acore binding signal to its nolar concentration.

The dahaupheedot i ddistieddi foe ats.l PGS pldtes Werd lrdiiey ofbar 2003
the Fitt D2Fl k1l D3. FcACl(a) solution conmpletely blocked FlItl D2FI k1

D3. Fcﬁgést?g?@dﬁ‘girﬁ?téro a? hgsY Sufﬁtﬁcr%sium‘; f a5k bEP?E‘%% gt he

bi ndi netry of one 35 nol ecul e per one f
D3. F d [ ' : i
2 A EEFEGHECE 056 S el o et o0

VEGF165-induced cell proliferation at any concentration whereas
FIt1D2.FIkiD3.FcAC1(a) blocks 1.56nM VEGF165 with a half maximal
dose of 0.8nM. Fli1(1-3)-Fc and FIt1D2.VEGFR3D3.FcAC1(a) are less
effective in blocking VEGF165 in this assay with a half maximal dose
of ~ 2nM. VEGF165 alone gives a reading of 1.2 absorbance units and

the background is 0.38 absorbance units.

Example 25: Binding Stoichiometry of Modified FIt Receptors
to VEGF165

(a) _BlAcore Analysis

The stoichiometry of FIt1D2Fik1D3.FcAC1(a) and VEGFR1R2-FcaCi(a)
inferaction with human VEGF165 was determined by measuring either
the level of VEGF saturation binding to the Fit1D2FIk1D3.FcAC1(a) or
VEGFR1R2-FcAC1(a) surfaces or measuring concentration of VEGF165
needed to completely prevent binding of FIt1D2FIk1D3.FcAC1{a) or
VEGFR1R2-FcAC1(a) to VEGF BiAcore chip surface.
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added concentration of VEGF165, the slope of the linear portion was - 1.06
for FItl D2Fl k1 D3. FceCl(a) and -1,07 for VEGFRI R2-Fci Cl(a). The

magni t ude of the slope, very close to negative one, was'iNerieeheidPe3t hat
one nol ecul e of VEGF165 bound to one nol ecule of either Flt1l D2Fl k1l

D3. FcACl(a) or VEGFRI R2-FcACl(a). (b) Size Exclusion Chromatography Fltl
D2Fl k1 D3. Fci Cl(a) was m xed with a 3-fold excess of VEG-165 and the
receptor-ligand conplex was purified using a Pharmacia Superose 6 size
excl usi on chromat ography columm. The receptor-1ligand conplex was then

I ncubated in a buffer containing 6M guani di ne hydrochloride in order to
di ssociMedified iRt seceptarsnpihBaF ot DB FarC 1)t ank MEGFB3LARACKC) (a)as
separated from VEG-165 usi ng Superose 6 size exclusion chronatography
col um were icapdiredawitti am antbFedepetific arntisody deitenwashdirsbnpl ex
stoichionetry, several injections of FItl D2Fl k1 D3. Fci C1(a) and VEG-165

wer e magenebifizedasn hgi Bldicope cﬁﬁ?k(BliAE@H edingt&nfid-roupsingl otted as a

function of the concentration o i njected protein. The calibration was

done ur&ﬂ@mi%gg.di tA HahKeant ytémrfa‘?!@aeww%sie@ ﬁ%parﬁégﬁﬂvé%ﬂ?ﬁﬂﬁ[‘ts of
FIti D2FI k1l . FcoCl(a)/ VEGF 76 11 Novenber 2003 conpl&x. Quantification of

19 1 NEGEEE R FASBAEN Mgl oI, (OISR T,

calibration curves. 'S experinént ar€ se

compl el BEURFIMRE Tat P, Soll LRI R BRCUD Sty ST UAR: Sret ry
of pl/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 calculated as a molar ratio of bound VEGF165 to the
immobilized Fit1D2Fik1D3.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 Fit1D2FIk1D3.FcaC1(a) or VEGFR1R2-FcAC1(a) motecule (Figure
28).

In solution, FIt1D2FIk1D3.FcAC1(a) or VEGFR1R2-FcaC1(a) at a
concentration of 1nM (estimated to be 1000 times higher than the KD of
the Fit1D2Fik1D3.FcAC1(a) or VEGFR1R2-FcAC1(a)/VEGF165

interaction) were mixed with varied concentrations of VEGF165. After
one hour incubation, concentrations of the free FIt1D2Fik1D3.FcAC1{a}
in solution were measured as a binding signal to an amine-coupled
VEGF165 surface. A calibration curve was used to convert the
Fit1D2FIk1D3.FcAC1(a) BlAcore binding signal to its molar
concentration. The data showed that the addition of 1 nM VEGF165 into
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FItl D2Fl k1 D3. FcACl(a)/ VEGF165 Conpl ex Preparati on VEG-F165 (concentration
= 3.61 ng/nm) was mixed with CHO cell transiently exprtshegmpen20082. F| k|
D3. FcACl(a) (concentration = 0.9 nglm) in nolar ratio of 3:1

(VEGF165: FIt1l D2. Fl k1l D3. FcACl(a)) and incubated overnight at 4C ,(a)

Si ze Excl usion Chronmat ography (SEC) under native conditions To separate the
conpl ex from excess of unbound VEGF165, 50 | of the conplex was | oaded on
a Phar ihéi £1ERrikd®3Fcal 1{a}/ solufignc isompletelyuitloekeded i n PBS buffer.
The saghple was eluted with the same buffer at flowrate 401l /mn. at room
t enper dtlditR2FKIOI.EcaG Hapfbinding teEbeaMEGRIGS soridicgur eTBIS. remsk #1
represents the conplex and peak #2 represents unbound VEG-165. Fractions
el ut ed sigggyestedlthe bindihg2sibictibnietve rdfeon@0UE GiF 188 r mobecddenpelr amd

guani di ni um hydrochl ori de (GQHC )was added to a final concentration 4.5M

t o di sspitiRRFIKIDS.Fend1€a) rholcite wel 28 &hdoRiggurgr aphy \WHe@) thander
di ssoci ative conditions To separate the conponents of the receptor-I|igand

conpl exc@isbritpatisiet 6F FINO MR DIPLAC1(E) | was SPlotRdd Hs o Funteigncefpl ex as
described supra was |oaded onto a Superose 12 PC 3.2/30 equilibrated in 6M
QUHC aqy&h WiiteMtidtidd of SPEG SIS M 1bpé f e’ M&ar*PortibA- wak -

1.06 for Fit1D2Flk1D3.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

Flt1D2Flk1D3.FcAC1(a) or VEGFR1R2-FcaC1(a).

(b) Size Exclusion Chromatography

FR1D2FIk1D3.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 chromatography column. The receptor-ligand complex
was then incubated in a buffer containing 6M guanidine hydrochloride in
order to dissociate it into its component proteins.
Fit1D2FIk1D3.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
Fit1iD2FIk1D3.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 calibration was done under condition identical to
one used in separating components of FIt1D2FIk1D3.FcAC1(a)/VEGF
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roomtenperature. The results of this SEC are shown in Figure 32. Peak #1
represents Flt1l D2Fl k1l D3. FcoCl(a) and peak #2 represents VEG-165. (c | _
Cal cul ation of FItl D2FI k1l D3. FCACL(a): VEGF165 Conpl ex &t Nevenbei®0dy The
stoichionetry of the receptor-ligand conplex was determi ned from the peak
area or the peak height of the conmponents. Concentrations of VEG-165 and
Flti D2Fl k1 D3. FcACl(a) corresponding to the peak height or peak area,
respectively, e obtained fromthe, standard curves f VEGF165 and FIt1l
Do KO AIhCT Gayarn e of T (LRI S& nita) MERR bl
concentrations (0.04 ng/m -0.3ng/ m) of either conponent were injected
ont o aCPEMAOHHOR Wwapcbased 10n Hbe3 cafiBmiian wdivegui ITihg desdits nobihis

guani di nium chl oride and eluted with the same 78 11 Novenber 2003 sol ution
at fl oexperinerdl ane reetafonthoim Fegurer 28urwhicheshaws died radarok was obt ai ned
by plotting peak area or peak height vs protein concentration. The nol ar
rati o VEGEGE 66: Fitl D252 RB3.Fe\Gtiaflinad commpdexitadoke ft:dm t he peak area of
t he conponents was 1.16. The nolar ratio of VEG-165: Fltl D2Fl k1l D3. Fci Cl(a)
determned fromthe peak height of the conmponents was 1.10. Exanple 27:
Determ nation of the Stoichionmetr of the ‘FItl D2Fl k1l D3. FcACl a / VEGF165

Conpl eExaynpig e28XC| DeRYmMINWIGER! I ke Bihdiky- Stofchidmetpgaidieri ng
Conpl ex preparation

FIt1D2FIk1D3.FcAC1(a)/VEGF165 Complex by Size Exclusion

Chromatoqraphy

Fit1D2FIk1D3.FcAC1(a)/VEGF165 Complex Preparation

VEGF165 {(concentration = 3.61 mg/ml) was mixed with CHO cell
transiently expressed FIt1D2.FIk1D3.FcAC1(a) (concentraiion = 0.9
mg/ml) in molar ratio of 3:1 (VEGF165:FIt1D2.Fik1D3.FcAC1(a)) and

incubated overnight at 4°C.

(a)_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 PC 3.2/30 which was
equilibrated in PBS buffer. The sample was eluted with the same
buffer at flow rate 40ul/min. at room temperature. The results of this
SEC are shown in Figure 31. Peak #1 represents the complex and peak
#2 represents unbound VEGF165. Fractions eluted between 1.1 and 1.2
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VEGF165 was m xed with CHO transiently expressed FIt1l D2.Flkl D3. FcACLl(a)
protein in nolar ratio of 3:1 (VEG-165:FIt1l D2Fl k1l D3. FcaCl(a)) and

i ncubat ed overni ght at 4C. (a) Size Exclusion Chronmat ogtBitem8EE00%i t h
On-Line Light Scatterin Size exclusion chromatography colum with a

M ni Dawn on-line light scattering detector (Watt Technol ogy, Santa
Barbara, California) and refractive index (RI) detectors (Shi madzu, Kyoto,

Japan) susedt term ne the.nol | ar_.wei,gh of th

ecept Bl WelruBingdand Siianidai, ByHraUeRHe ol ok iRR ASkIet 301& 10/ 30

colum 79, 11 Novenber 2003 (Pharnmacia) equilibrated in PBS buffer and

el ut ed i@ WQW@&%O%U‘FW ttdispegiatatr e COMPIER-n. at room tenperature.

As shown in Figure 33, the elution profile shows two peaks. Peak #1

represents the receptor- |igand conplex and peak #2 represents the unbound

VEGF165. Mvaas cal cul at ed from LS and RI signals. The sane procedure was
: V.5 : aphy o (SEG dért issoctative- | i gand

conpl ex. The results of these determ natlons are as follows: MWof the

FItl Denkdifi@rdsACl(a)/ VEG-165 conpl ex at the peak position is 157 300

(Figure 33), the MW of VEGF165 at the peak position is 44 390 (Figure 34)

and the MW of R1142 at the peak is 113 300 (Figure 35). These data

i ndicated that the stoichionmetry of the FIt1l D2Fl kI D3. FcACL(a) NEGF conpl ex

is 1:1 RBR& P lt1 D2Fl k1
~ FCAE?(S g)bbgrrlngéggl@@ﬁ@dr@rké%f e RcoRbrighal ¥omdde 4R tb

determine their molar ratio, 50ul of dissociated complex as described

supra was loaded onto a Superose 12 PC 3.2/30 equilibrated in 6M
GuHCI and eluted with the same solution at a flow rate 4Qpl/min. at
room temperature. The results of this SEC are shown in Figure 32.
Peak #1 represents FIt1D2FIk1D3.FcAC1(a) and peak #2 represents
VEGF165.

{c )} Calculation of FI1D2FIk1D3.FcAC1{a):VEGF165 Compiex

Stoichiometry

The stoichiometry of the receptor-ligand compliex was determined from
the peak area or the peak height of the components. Concentrations of
VEGF165 and Fit1D2FIk1D3.FcAC1(a) corresponding to the peak height
or peak area, respectively, were obtained from the standard curves for
VEGF165 and FIt1D2FIk1D3.FcAC1(a). To obtain a standard curve, four
differeni concentrations (0.04 mg/ml -0.3mg/mi) of either component
were injected onto a Pharmacia Superose 12 PC 3.2/30 column
equilibrated in 6M guanidinium chloride and eluted with the same
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| mportantly, this method conclusively proved that the FIt1l D2Fl k1

D3. FcACl(a) NEG F165 conpl ex was i ndeed conposed of only one nol ecul e of
VEGF165 |igand and only one nol ecule of the FIt1l D2FI k11 D3overheri{08s .

Exanpl e 28: Pe tide Mapping of FIt1D2. Fl k1D3. FcACL a The disul fide
structures and glycosylation sites in Fltl D2. Fl kIl D3.FcACl(a) were

determ ned by a peptide mapping nethod. |In this nethod, the protein was
first cleaved with trypsin. Tryptic fragnents were analyzed and identified
by HPIs@letiom! atl flow hrates 40pd/nlin. Nolv eodRy teUp@rapes:. r ofber gtandardddi tion to
an N-term nal sequencing technique. Reduction of the tryptic digest was
enpl oyxggveowhs! pbialaetli by plditing fpedk oea-cro peakn heightr egrpnotain Tr eat nent
of the tryptic digest wth PNGase F (d yko, Novato, CA) was enployed to
hel p igsiddritbatidl.a0maet sndialr hratid iotK¢EGHF 18851 2BIK193.EeaCTlta) resul ts are
summari zed in the acconpanying Figure 36. There are a total of ten

cystei ' ttdorh2 (e cdmpdHentsh@@sbe! @19 Tige trheldrc

regi onq@%{/@g)ié:qw{ﬂso eteﬂr?'l (i%’rﬁ‘kiagﬁgﬁc%omt?ecgml fide bonded to Cys76. Cysl2l

I s contk; ' frd i j t ysteines in
t he Fcr}fa?‘é’gﬁ’gn@%@?ﬁ%ﬁ#ﬂ? %@?}?ﬁe?%ﬁ&%?%@?%%@?éﬁ%?ﬁ%i Bk Ge bond
wWth t | ' npg her Fc chain. However, because these

t wo Cﬁ%ﬁgﬁﬁgﬁ? @ﬁ% c%’t%ggaﬁ§elb%rsaﬁéﬁé'enzynat ically fromeach other, it can
not be determ ned whether disulfide bonding is occurring between sane
cyst ei nes

Example 27: Determination of the Stoichiometry of the

FIit1D2FIk1D3.FcAC1(a)/VEGF165 Complex by Size Exclusion

Chromatography with On-Line Light Scattering

Complex preparation

VEGF165 was mixed with CHO transiently expressed
Fit1D2.FIk1D3.FcAC1(a) protein in molar ratio of 3:1
(VEGF165:Fit1D2Flk1D3.FcAC1(a)) and incubated overnight at 4°C.

(a} Size Exclusion Chromatography (SEC) with On-Line Light

Scattering

Size exclusion chromatography column with a MiniDawn on-line light
scattering detector (Wyatt Technology, Santa Barbara, California) 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
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(Cys211 to Cys21l1, for exanple) or between Cys211 and Cys214. Cys216 is
confirnmed to be disulfide bonded to Cys306. Cys 352 is confirnmed to be

di sul fi de bonded to Cys410. There are five possible N-|1nkevdmben208%yl ati on
sites in FItl D2. Flk1D3.Fc(c)Cl(a). Al five of themare found to be

gl ycosylated to varying degrees. Conplete glycosylation was observed at
Asn33 (amno acid sequence NIT), Asnl93 (am no acid sequence NST), and
Asn282 iam no acid sequence NST). In addition, partial glycosylation is 81
11 Novd nEgn3) csyalivradedni gutiensand elu tﬂe\gltbfﬁ'geﬁﬂm?l kuffer are
hi ghl i ghted by underline in the Figure 36. Exanple 29:

Phar macatkfloet iraten ). § sind/mih. Midrdoradtémperaiceet os Shovandnniigikiendsi c

anal ysis- of FItl(1-3)-Fc (A FIt1l D2. Fl k1l D3. FcACl(a) and VEGFRI

R2- FcAGheaplRidh/profile esH3fs 30y peales. i nPeake# spdprasamts uthley receptotny/ kg
of FIt1l(1-3)-Fc (A40), CHO transiently expressed FItl D2. Flkl D3. FctCl(a),

CHO st-agy a)hd%l(:b egtrid gbaQZ#flrbéréﬁerﬁsnﬁb( anhboand VEGFE16BISI MW Iwas
expressed VEGF R2- FcACl(a). The mice were tail bled at 1, 2, 4, 6,

24hrs, cniddtsted %r&ﬁyésaaﬁdﬁnﬂ%vqmﬁét evhenwmte PRocddigres Wz 8EE RSsayed in
an ELI SA de5| gned to detect FIt71(1-3)-Fc (A40), Fitt D2.Fl k1 D3. FcACl(a) or

¥Eg§g \ | nd'i% I@Ml’eahq 1r§ﬁYtdlu\(éT é@pgﬁ%n@ QE?F iié%)@lrw FcoCl(a)

or VEszﬂmB?éfcaﬁJré Pestftd GFRNELE "Goterminations are as follows: MW of
the Fit1D2Fik1D3.FcAC1(a)/VEGF165 complex at the peak position is
157 300 (Figure 33), the MW of VEGF165 at the peak position is 44 390
(Figure 34) and the MW of R1R2 at the peak is 113 300 (Figure 35).

These data indicated that the stoichiometry of the
Fit1D2Ftk1D3.FcAC1(a)/VEGF complex is 1:1 as its corresponds to the
sum of molecular weights for Flit1D2FIk1D3.FcAC1(a) and VEGF165.
Importantly, this method conclusively proved that the
FItiD2Flk1D3.FcAC1(a)/VEGF165 complex was indeed composed of only
one molecule of VEGF165 ligand and only one molecule of the

FIt1D2Fik1D3.FcAC1{a).
Example 28: Peptide Mapping of FIt1D2.Fik1D3.FcAC1(a

The disulfide structures and glycosylation sites in
Fit1D2.FIk1D3.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
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with an anti-Fc antibody |inked to horse radi sh peroxi dase. The results of
this experinents are shown in Figure 37. The Trmax for FIt1(1-3)-Fc (A40)
was at 6 hrs while the Tmax for the transient and stabl & Fpverbe200s k|

D3. FceCl(a) and the transient VEGFRI R2-FcaCl(a) was 24hrs. The Cmax for
FIt1(1-3)-Fc (A40) was 8g/m . For both transients (Fitt D2.Flkl

D3. FcdCl(a) and VEGFRL R2- FcACl(a)) the Crax 82 11 Novenber 2003 was 18g/ m
and the X fo the stabl e VEG-R1L -FcbCl(a) was (b)

Phar macEGERMe r&ndﬂyﬁj N fo ang termln,thsecip.u@qcngg %Qﬁhﬂwq:cACl(a) and
Fltl D2. VEG-R3D3. FCACI (a) Balb/c mice (25-30g) were injected

subcut dredustionpt Khentyrcofigeat: was1 egyplpyedaton) helpHidentifisi ent | v
expressed FIti D2.Fl k1l D3.FcACl(a) and CHO transiently expressed FIt1l

D2. VEGRRsDHide-bangagontaining cieagmandst ai Tréatrdent of the Sryptic 7digast12, 15
and 20 days after injection. The sera were assayed in an ELI SA designed to

det ect With| PHCRserE, (GRikd, BBvatdi CB3. WadGimployd tbl help identify
D2. VEGFR3D3. FcaCl(a). The ELISA involves coating an ELI SA plate with 165,

bi ndi ngragmerits Iwith3N-FinkedFigliicd®i&lisd E8e§CEQIHG) redjuld tdre
D2. VEGFR3D3. FcACl1(a) and reporti ng W|th an anti-Fc antibody linked to

hor se rashAtamMmYIPIh dRee actbird could no | onger be detected in
the serum after day 5 whereas t| FI k1 D3. FcAC1 (a) and Fitt

D2. VEGFR3D3. FCACl(a) were detectable for 15 days or nore. The results of
this experiment are shown in Figure 38.

There are a total of ten cysteines in Fit1D2.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 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.

There are five possibie N-linked glycosylation sites in
Fit1D2.Flk1D3.FcaC1(a). Al 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
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Exanpl e 30: Evaluation of the Ability of FlItl1l D2. FIkl D3. FcACl(a) to

I nhibit Tunmor G owh In Vivo To evaluate the ability of FItl D2. Fl k1

D3. FcAC1(a) to inhibit tumor growth in vivo a nodel in'\VMYERPEEBE cel |
suspensions are inplanted 83 11 Novenber 2003 subcut aneously on the right
flank of male severe conbined inmunodeficiency (SCID) mce was enpl oyed.
Two cell lines, the hunman HT-1080 fibrosarcoma cell |ine (ATCC accession
no. CCL-121 and the rat C6 glioma cell |jn ATCC. accessi on nq. -107),
Cach opDSaRach B ASGS dns ARVIED. di $Hes oot s i earex oticlie
characteristics, were used in the assay. The first dose of FIt1l D2.Flkl

D3. Fc AbY (dedine inghggFiguras3®ndi cated in Figures 39 and 40) was given on
the day of tunor inplantation. Aninmals subsequently received subcutaneous
injections of FIt1(1-3)-Fc (A40), Fitl D2.Fl k1l D3.FcACl(a) or vehicle
either every other day (EOD) or two times per week (2X/wk) for a period of

2 weekExathpbe 29veekBharmzicukinetic eAmalysisd ofi fodifiedi Wt t unors were

renoved and sanples were blinded. Tunor vol unme was determ ned by

nmeasur Repephborsength and wi dth of visible subcutaneous tunors. Both of
FIt1(1-3)-Fc (A40) and FIt1 D2.Flkl D3.FCACl(a) significantly reduced the

gromh of tunors fornmed by HT-1080 and C6 cells. The results of these
experiments are shown in Figure 39 and Figure 40. Exanple 31: The Effect of

VEGF162, N ioitha ckiidti Se AR/ sisi Nolrenpiig (Repy-e@UCciAM®)Syst em
FItiD2.Fik1D3.FcaC1(a) and VEGFR1R2-FcAC1(a)

Balb/c mice (25-30g) were injected subcutaneously with 4mg/kg of
Fit1(1-3)-Fc (A40), CHO transiently expressed FIt1D2.Flk1D3.FcAC1(a),
CHO stably expressed Flt1D2.Flk1D3.FcAaC1(a), and CHO transiently
expressed VEGFR1R2-FcAC1(a). The mice were tail bled at 1, 2, 4, 6,
24hrs, 2 days, 3 days and 6 days after injection. The sera were assayed
in an ELISA designed to detect Fit1(1-3)-Fc (A40),
Fit1D2.FIk1D3.FcAaC1(a) or VEGFR1R2-FcAC1(a). The ELISA involves
coating an ELISA plate with VEGF165, binding the detect Flt1(1-3)-Fc
(A40), Fit1D2.FIk1D3.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 Figure 37. The T.,, for Fit1(1-3)-Fc
(A40) was at 6 hrs while the T, for the transient and stable
FIit1D2.FIk1D3.FcAC1(a) and the transient VEGFR1R2-FcAC1(a) was

24hrs. The C for Fit1(1-3)-Fc (A40) was 8ug/ml. For both

max

transients (FIt1D2.FIk1D3.FcAC1(a) and VEGFR1R2-FcAC1(a)) the Cpioy
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The stereotypic pattern of vascul ar renodeling which occur in the uterus
and ovary over the course of the reproductive cycle has been well
characterized, making these tissues particularly well stitegmber200he study
of mechani snms whi ch regul ate angi ogenesi s, vascular 84 11 Novenber 2003
renodel i ng and vascul ar regression. Indeed, in situ hybridization studies
I n the reproductive tissues provided the first clear evidence that VEG-
acts as a nedi tor of e} i cal 0 i S in matur rodents, as
wel | a‘é’aﬁuﬂrﬁhg hé"ﬁloﬂp%ﬁmu g‘gf e e%taghngﬁ%%@b@‘?df CA&l&)OW%Vi ndr anat h
et al, 1992; Shweiki et al, 1993; Kamat et al, 1995). As cyclic
anglogaﬁ#él§nbnd vascul ar renndellng are pronlnent features of the nornal
ovary and uterus, it is not surprising that abnormal bl ood vessel growh
and/ or vascul ar dysfunction have been found to characterize many

pat hol ogi cal conditions which affect these organs. Furthernore, these

pat hogém) c Plerunaeokiheticrebinzlygsisr @f t hAlihi1-8)-Be AB@Y or perpetuat ed
by the dysregul ated expression of one or nore angi ogenic or

anti - SRR IFIkTR8IPEAC @yt andm Férthe VEEFR IS, Fxaal(a) abnor nal

angi ogenesis 1s characteristic of polycystic ovary disease, endonetriosis
and endonetrial carcinoma, and in each case VEGF is over expressed in the
affected tissue (Kamat et al, 1995; Shifren et a[, 1996; Guidi et al,

1996; BAIIe? nfibedos we@q igteasslBBulndy’ difl pmigheyatt to Pl ay

a pat hogenic ro |n t estab rrent 0 system vascu
hyper pe ARyl Ed y(AL{b)?Vérl-iGntranSIently expressed Fit1D2.FIk1D3.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 Fit1(1-3)-Fc,
FIt1D2.Flk1D3.FcAC1(a) and FIt1D2.VEGFR3D3.FcAC1{a). The ELISA
involves coating an ELISA plate with 165, binding the FIt1(1-3)-Fc,
Fit1D2.FIk1D3.FcAC1(a) or FIt1D2.VEGFR3D3.FcAC1(a) and reporting
with an anti-Fc antibody linked to horse radish peroxidase. FIt1(1-3)-
Fc (A40) could no longer be detected in the serum after day 5 whereas ,
Fit1D2.FIk1D3.FcAC1(a) and Fit1D2.VEGFR3D3.FcAC1(a) were detectable
for 15 days or more. The results of this experiment are shown in Figure

38.

Example 30: Evaluation of the Ability of
FIt1D2.Flk1D3.FcAC1(a) to_Inhibit Tumor Growth In Vivo

To evaluate the ability of FIt1D2.FIk1D3.FcAC1(a) to inhibit tumor
growth in vivo a model in which tumor cell suspensions are implanted
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hyperstinmul ati on syndrome (McClure et at, 1994; Levin et al, 1998) and
preecl anpsi a (Baker et at, 1995; Sharkey et al, 1996). In addition, VEG-
has been inplicated as the perneability factor responsi bl boyegper 2083
production of ascites associated with ovarian carcinona and other tunors
(Senger et al, 1983; Boocock et al, 1995). Agents which effectively
neutralize the biol ogical actions of VEG- can reasonably be 85 11 Novenber
2003 anticipated to be of therapeutic benefit in the above and rel ated
condi t iSHECUIaRREYslYN B8 Q‘%rfégmaﬁéﬂka@f RAISEVAEL LMBINRA hal | nar ks of

bl astocyst inplantation and placental devel opment (Findlay, 1986). VEGF is
st r onglijnraspedeseiensyt (SCHD) Hviotamahamployedua Bwe celldingsiotha

trophobl asts, where it is thought to first stinmulate expansion and

hyper pdrursabi HiT-y080 fibmoaareomee oedls tink afAiT6Cdaccegstdre nmoer CCL-ARH iint at i on
period and subsequently nedi ate formati on of both the maternal and

enbr yorand ¢hepaed6sglidmaheed| limee (ARCC axeession @o. (COWe167),edactt ,0f1993;
Cul I'i nan- Bove and Koos, 1993; Chakraborty et at, 1995; Das et al, 1997).

VEGF | swhicso ergiibitr elilstimstly Uﬂﬁﬁéreﬁﬂghﬂﬂ@h@%@es@%cﬁs?mm ed progesterone
secretion necessary to prepare the uterus for inplantation (Ferrara et at,

1998) . cHutactatitss whiehusddiihi thd Rssay ol pgh itk agdé@ngs of VEGE may prove

S :
to be useful as contraceptive agents ng preventing I nplantation), or as

an aboie {59 R 5ol PeAOT(EPY 25HHANGD & adoRiaRARR: il ofg 3l [ cation

m ght fin artlcul'a_r us _ rgical 1nterventio
term nafoR gRrdPRIF tRECEAFGE $8mor implantation. Animals subsequently

received subcutaneous injections of FIt1(1-3)-Fc (A40),
Fit1D2.FIk1D3.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 FIt1D2.FIk1D3.FcAC1(a) significantly reduced the growth of
tumors formed by HT-1080 and C6 cells. The results of these

experiments are shown in Figure 39 and Figure 40.

Example 31: The Effect of VEGF165 and Modified Fit

Receptors in Female Reproductive System

The stereotypic pattern of vascular remodeling which occur in the
uterus and ovary over the course of the reproductive cycie has been
well characterized, making these tissues particularly well suited to

the study of mechanisms which regulate angiogenesis, vascular
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VWil e the expression of VEG- receptors is largely confined to the vascul ar

endot heliumin normal reproductive tissues, FItl is also expressed by
trophobl asts in the placenta in both humans and ani mal s1{&vemiercd003t |, 1996;
He et at, 1999) where it has been proposed to play a role in trophobl ast

I nvasion. Interestingly, both FIti and KDR (Fl ki) are expressed by
choriocarcinoma cell 1ine BeWw (Charnock-Jones et al, 1994), and VEGF has

i nasorTHOERIEY 830 Saspula rﬁﬁéﬁ%%éforﬁr”?m@@p hﬁ?%h“%:@%%:gﬁéhg(?og;wb

\Y; X v VE t

e n st o8 R, ZBERAGER dRslRerbide B, e Clest SVidRRAR el ves
t
That Vi UEIE abfs B’ B, MERAGRI o prilsiolbORaY: AldRbengs MRS
mai Nt eAsAERsOfad UpEM a@%mmahgrﬁnd%nlmﬁhaﬁt +Iﬁ~?a?t&s'{)|7n.ﬁﬁ§§rec ;S of

reproductlve 0r|g| n VEGF may subserve an auto rrne

suppor 1990; tRavihdrahatl engl, p1992f SHVERk &f al,NeobBNMKameg! &6 a, Thus agents
whi ch bl ock the actions of VEGF may have partlcul arl'y beneficial

appl i cd996ps Bs cyelicr aagivgenesis ambnaselilar epmadietinigv arer paimindvitt hods
and Results a Assessnent of VEGFinduced Uterine Hyperperneabillity

Pr egnaffathtes of heunpgoahavarypand ¢rVBS) ihds hof ewrpdsingiithat aneously (5
IU) to jnduce ovul ation in prepubertal female rats. This results in a
sur ge 6#’”95’!’@&0@'89%]"{3%9'2 gaa\pféhvaﬂ@!ﬁ)rmamlﬁrc@xﬁjygcann have been

found to characterize many pathological 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 prominently
VEGF.

For example, abnormal angiogenesis is characteristic of polycystic
ovary disease, endometriosis and endometrial carcinoma, and in each
case VEGF is over expressed in the affected tissue (Kamat et al, 1995;
Shifren et al, 1996; Guidi et al, 1996; Donnez et al, 1998).
Overexpression of VEGF is also thought to play a pathogenic role in the
establishment of systemic vascuiar hyperpermeability in ovarian
hyperstimulation syndrome (McClure et al, 1994; Levin et al, 1998) and
preeclampsia (Baker et al, 1995; Sharkey et al, 1996). In addition,
VEGF has been implicated as the permeability factor responsible for the
production of ascites associated with ovarian carcinoma and other
tumors (Senger et al, 1983; Boocock et al, 1995). Agents which

effectively neutralize the biological actions of VEGF can reasonably be
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I nduction of VEGF in the uterus. It is reported that this induction
results in hyperperneability of the uterus and an increase in uterine wet
weight 6 hrs. later and, therefore, could potentially b BGeReELEy the
nodified FIt receptors FIt1(1-3)-Fc (A40), FItl D2.Flkl D3. FcACl(a) and
FIt1l D2. VEGFR3D3. FcACl(a). In this in vivo nodel, the normal weight of the
rat uterus is about 50 ng and this can be induced to 300- 350 ng by PNMSG

Desi ccafj LS hj S i r i ght .

subcut Skipdled 36, borst bR, biter s hé Adve N fidll:

D2. Fl klcdidditigdsl(a) and Fitt D2. VEGFR3D3. FcaCl(a) at 25ng/kg at 1 hr.
after PMSG injection results in about a 50%inhibition of the increase in
uterine wet weight. Increasing the dose of nodified Fit receptor does not
further reduce the increase in wet wei ght suggesting that there is a
VEGF- i rARgiogetaesis ampdneagcular trensodelily] .arehealseshdltmarks ofhiblashopgst nent
are shown in Figure 41. (@- Assessnent of corpus |uteum angi ogenesis using
pr ogestigijastation arsh pdacemas grevalopments(Fiadlay, gd88abt r VEGR iEPVSG) i s

i njected subcutaneous] ﬁo&S J U% to induce ovulation in prepubertal fenale
rats. StRQlyesxpressed Rotly inythe fpatarpahfaciduasand:idumidvoaii ng a dense

or ogestErtha s, WSS 4bds Sthaudht To oiat. SimiiRie PNt ends for

L= e B e SHRSTAR D PR SRR s oo e res
implantation period and subsequently mediate formation of both the
maternal and embryonic components of the placental vasculature
(Shweiki et al, 1993; Cullinan-Bove and Koos, 1993; Chakraborty et al,
1995; Das et al, 1997). VEGF is also required for luteal angiogenesis
and associated progesterone secretion necessary to prepare the uterus
for implantation (Ferrara et al, 1998). 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.

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
(Clark et al, 1996; He et al, 1999) where it has been proposed {0 play a
role in trophoblast invasion. Interestingly, both Fit1 and KDR (Flk1) are
expressed by choriocarcinoma cell line BeWo (Charnock-Jones et al,
1994), and VEGF has been shown to promote DNA synthesis and tyrosine

phosphorylation of MAP kinase in these cells. Furthermore, primary and
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bl ood vessels and thus a | ack of progesterone secreted into the bl ood
stream In this in vivo nodel, resting |l evels of progesterone are about
5ng/mM and this can be induced to a | evel of 25-40ng/ m 1hiNewembpNASE3

Subcut aneous injection of FlItl(1-3)-Fc (A40) or FItl D2. Fl kl D3.FcACl(a) at
25ng/ kg or 5mg/kg at 1 hr. after PMSG injection results in a conplete

I nhi bition of the progesterone induction on day 4. The results of thIS

Bhar mac R FRETE Mﬁ?@ oSt o éﬁx%&*r’i@#%@b IV T TS5
FI t] (1-ge Foy 't%t L e Wadk ot ETdoRKRURFG 8 %P'@%u g tested in

bal b/c mce Por t e|r har nacoki neti c pr | ate fornms of

Fl t 1(1-fRlenfigelves Gb)f[ﬁé@ﬂ KBF&]W/%&CFltﬁe(B@éc&k R0l | E98)haThddd | (1-3) - Fc
(A40), with the Tnax occurring at 24 hrs. for the PEGylated nol ecul es as

opposedfindingshssggésr tiat IM(EGB) ntay (MetOdniyEbenpritically WiweRAED iBLIRA to Test
Affinity of Modified FItl Receptor Variants 10pM of VEGF165 was i ncubat ed
over ni ghenarationomnce mpairdenarce oh tumodi vaseulatune, r babphat atalgasit @ rangi ng
from160pMto 0.1 pM The nodified FItl receptor variants used.in this
exper i ngmenkraors tof (reproduetve mriging VEGE Mm@y subserg A RUtYCERBr essed

Fltl D2FI k1 ACL tra |entI pressed Flt1, D2V R3D3- FcACl(a),
it L rlfadieatly AUPRATEG tho- RUriHel ArD WONTeIatign & TRASHIBOr o a
modi fi egeIY houns %fge'rzll lv&ﬂ”cﬁ)b o%k {he\'\@a'cf gn§ hc')ef Q"é&'f‘-‘ym%?fshﬁve

particularly beneficial applications to the treatment of tumors of

reproductive origin.

Methods and Resulis

(a)_Assessment of VEGF-Induced Uterine Hyperpermeability

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 Fit receptors Flt1(1-3)-Fc (A40), Fit1D2.FIk1D3.FcAC1(a)
and FitiD2.VEGFR3D3.FcAC1(a). In this in vivo model, the normal
weight of the rat uterus is about 560 mg and this can be induced to 300-
350 mg by PMSG. Desiccation of the tissue reveals that this is ali

water weight. Subcutaneous injection of Flt1(1-3)-Fc (A40),
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am no acid sequence KNKRASVRRR is replaced by NASVNGSR, resulting in the

I ncorporation of two new gl ycosylation sites and a net reduction of five
positive charges, both with the purpose of reducing thell teiraberd8fe
effects of this sequence on PK. FItl(1-3 > )-Fc is a nodification in
which a single arginine (R) residue within the sane basic amno acid
sequence is changed to a cysteine (C) (KNKRASVRRR -> 89 11 Novenber 2003 KN

KCASVR 0 yl at i t idue ich.could . the shield
the badii D2t Rl CRER i FilBEYERrAERS A er 1 Bhmurke T

I ncubat,ion the | utiqQn. was transferred to a plate, containi a capture
ant i bodyFf cﬁf?QfEﬁﬂgg (pigsfionTrRSUlis iRt abput A S0 itiggs Of ¢ det er i ned
using an antibqody to report free VEG-165. This showed that the nodified
Fitt rdReigase jarviefinevwet weight.gnbareasingithg dese oEapediiqdidiltr i ned as
the | owest anount of free VEGF165) was Flt1 D2Fl k1 D3. Fci Cl(a), followed by
Fl t | (1+epepiorami@es not(firtherriedyceidpeaincrease by wet weight suggesting t |
(1-3NAS)-Fc and Fitl1l D2VEFGFR3D3- FCACl(a). Tie2Fc has no affinity for
VEGF163habahéde Neve MEGP2htipenddv® dompmnend! tat duisnonddsic ddied restlesul e
encodi ng a fusion polypeptide capable of binding a VEG- pol ypepti de

conpr i Bfnthis Sexpériment careoshdevrs ¢y URigteeedtodi ng a VEG- receptor conmponent
operatively linked to

(a) Assessment of corpus luteum angiogenesis using
progesterone as a readout

Pregnant mare’s serum gonadotrophin (PMSG) is injected
subcutaneously (5 IU) to induce ovulation in prepubertal female rats.
This resuits 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 luieum
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
5ng/ml and this can be induced to a level of 25-40ng/mi after PMSG.
Subcutaneous injection of FIt1(1-3)-Fc (A40) or
FIlt1D2.Fik1D3.FcAaC1(a) at 26mg/kg or 5mg/kg at 1hr. after PMSG
injection resulis in a complete inhibition of the progesterone induction

on day 4. The results of this experiment are shown in Figure 42A-42B.
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(b) a nucl eotide sequence encoding a multinmerizing conponent, wherein the
VEGF receptor conponent is the only VEG- receptor conponent of the fusion
pol ypepti de and wherein the nucl eotide sequence of (a) towembe 288%entially
of a 10 nucl eoti de sequence encoding the am no acid sequence of Ig domain 2
of the extracellular domain of a first VEGF receptor and a nucl eoti de
sequence encoding the am no acid sequence of Ig domain 3 of the

extracel | ul ar donaln of a second VEGF receptor 15 2 An isolated nuclelc
aci d adaxampre \anakinathe: 4
I sol at ed nuclelc aC|d accordlng to cIa|n11 wher ei n the second VEGF

recept and s Fregylated| t Bl11110-3)-Fo i sol at ed nucl ei ¢ acid nol ecul e according
to any one of clainms 1 to 3, wherein the nucleotide sequence encoding |Ig
domain 2 of the extracellular domain of the first VEG- receptor is
upstream of the nucl eotide sequence encoding Ig domain 3 of the

ext r ac @iy J)-FO R mEety*n@te%emm;de}(E@F TR REG &@@DMEG@@! ed nucleic

acid nol ecul e according to any one of clains | to 3, wherein the

nucl eotédieds BUSAIBR: SRR 189 iHibifRirthedinblie_BISHIBCC BUlPEaTRIBO!

the first VEG- receptor 1s downst e nuc eotlde sequence “encodi ng
lg do a u f - 30 91
11 Novgﬁ'lb[ﬁ? %P(ﬂ;ﬁg? % IE:ngl?a'r{e ﬂlnudgﬁgﬁbgggl H{Jn}%] ecu e acc?ﬁﬁ%gﬁh%any of
the prﬁﬁ%r)g)_glc '(}f40), with the Tmax occurring at 24 hrs. for the

PEGylated molecules as opposed to 6 hrs. for Fit1(1-3)-Fc (A40).

Example 34: VEGF165 ELISA to Test Affinity of Modified Flt1

Receptor Variants

10pM of VEGF165 was incubated overnight at room temperature with
modified Fit1 receptor variants ranging from 160pM to 0.1pM. The
modified Flt1 receptor variants used in this experiment were Fit1{1-
3)-Fc, Flt1(1-3)-Fc (A40), transiently expressed
FIt1D2Flk1D3.FcAC1(a), transiently expressed FIt1D2VEFGFR3D3-
FcaCi(a), FR1-(1-Syag)-Fe, Flt1(1-3g5 .0)-Fc and Tie2-Fc. FlIt1(1-3
nag)-Fc is a modified version of FIt1(1-3)-Fc in which the highly basic
amino acid sequence KNKRASVRRR is replaced by NASVNGSR, resuiting
in the incorporation 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. Fit1(1-3 5 o)-Fcis a
modification in which a single arginine (R) residue within the same
basic amino acid sequence is changed to a cysteine (C) (KNKRASVRRR ->
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wherein the multinmerizing conponent conprises an inmunogl obulin domain. 7.
An isol ated nucleic acid nolecule according to claim®6, wherein the 5

i munogl obul in domain is selected fromthe group consi stliRye®pPetdE3 Fc
domain of 19gG the heavy chain of 1gG and the light chain of 1gG 8. An

i sol ated nucleic acid nol ecul e conprising a nucl eoti de sequence encoding a
nodi fied FItl receptor fusion polypeptide, wherein the coding region of the
nucl eic 10 acid_nol ecul e consists essentially of a nucleotide sequence

sel ect KNKEASYRER) dapallewnisirspeayation atjthahéesigsiee ovhigh §@qu:é?tb@nset
forth in Figure 21 A-21 C (b) the nucl eotide sequence set forth in Figure
22A- 22ghield )theh basic Iregionidremqeseding dis funfakorablei gliest2om HC, and 15

(d) a nucl eotide sequence which, as a result of the degeneracy of the

genet i Afteodimcudhatiosy thér solution was$ eransiersed ulence platg aantablingr a(c) and
whi ch encodes a fusion pol ypeptide nol ecul e having the biological activity
of t hecapidiréi astibédy lfor MREFIBST (R&DY). PThypamioune.of20e8. VEGH 166 avas!

nucl eic acid nol ecul e conprising a nucl eoti de sequence encoding a nodified

FIt] rgfPdetefifia udty REPtAmiBodyhes eepoH fre@OYEGF1 881 oThpé dHrvaycl eic
acid nol ecul e consists essentially of a nucl eotide sequence selected from

th Sk : o oot
e SLRUR JROTRIGUNED o Tockor L Seuscoenageat S0y ot our e

2, 10 5, At s SR o e

Bk ERE RS A PR Pl Wit 1 e
(A40) and then by Flt1(1-3;_,c)-Fc, Flt1(1-3yag)-Fc and
Fit1D2VEFGFR3D3-FcAC1(a). Tie2Fc has no affinity for VEGF165.
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30 encodes a fusion polypeptide nolecule having the biological activity of
the nodified 92 11 Novenber 2003 FItl receptor fusion polypeptide. 10. A
fusi on pol ypepti de encoded by an isol ated nucl ei ¢ aci d holeewber 28080r di ng
to any one of the preceding clains. 5 11. A fusion polypeptide according to
claim 10 which specifically binds the VEG- receptor |igand VEGF. 12. A
conposition capable of binding a Vggigggéecule to forma nonfunctional 10
conplex conprising a nultinmer of t on pol ypeptide of claim10 or 11
13. A conmposition according to claim12, wherein the nultinmer is a diner.
14. A conposition according to claim13 which is a pharnaceuti cal

conposi tibn 1Bafiseldtbnuadacpeid siolepuie ampding . fudén pdlypeptile capableodf conpri ses
a nucleic acid mol ecul e according. to any one of clains 1 to 9. 20 16. An
expr essi ol ‘élgtaoYEggrPﬁgﬁngtH& CRUIYEI%Ei ¢ aci d nol ecul e according to any one

of "cl akms | 0.9, LIS BURR: AOREFTRLERH SmbSndiPB ALK v | T nked

to an “expresston control sequence. “vector syst or the
product i onniet ta fusi on pol ypeptide which 25 conprises the expression
vector of claim16, in _a suitable host cell. 18. The host-vector system of
clai m 17, wher &) 3 nuplsoldds seguense gaeadingsd mujtinegizingeampongyt, whemein heast cel |,

i nsect ce | i ell. 3 The host -vect or tem of claim 17,
uner it HECETerRTEERERRS freodbie? B Sl Stk Pbe AU hSAN
polypeptide and wherein the nucleotide sequence of (a) consists essentially of a
10 nucleotide sequence encoding the amino acid sequence of Ig domain 2 of the
extracellular domain of a first VEGF receptor and a nucleotide sequence encoding

the amino acid sequence of Ig domain 3 of the extracellular domain of a second

VEGEF receptor.

15 2. An isolated nucleic acid according to claim 1 wherein the first VEGF receptor
1is Flt1.

3. An isolated nucleic acid according to claim 1 wherein the second VEGF
receptor 1s Fik1 or Flt4.

20
4. An isolated nucleic acid molecule according to any one of claims 1 to 3,
wherein the nucleotide sequence encoding Ig ddmain 2 of the extracellular domain of
the first VEGE receptor is upstream of the nucleotide sequence encoding Ig domain 3
of the extracellular domain of the second VEGF receptor.

25
5. An isolated nucleic acid molecule according to any one of claims 1 to 3,
wherein 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.

30
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11 Novenber 2003 20. The host-vector systemof claim 17, wherein the
suitable host cell is a COS cell or a CHO cell. 21. A nethod of producing a
fusi on pol ypepti de whi ch conprises growing cells 5 of ﬂh’@o"l‘?%f’r-ﬁ@%tor
system of any one of clains 17 to 20, under conditions permitting
production of - the fusion pol ypeptide and recovering the fusion pol ypeptide
so produced. 22. A fusion pol ypeptide produced by a nethod according to
claim 21.6.10 23n igoléted nurieip atidpepeiudeawnclotetd aoy of the pneretlieg clagos,d sequence
set forth in Figure _10A-. 10D, Figure 21A-21C, Fi gur 2A-22C, or Figure
24A- 24C, WHFTER g OYILRANZIRG QOPPIEnhIPIIRIBES Aty Qﬁlﬁ%ﬂéﬁ@’ﬁ‘@%n. 15 24. The
fusion pol ypeptide of claim23, wherein the nodification is acetyl ation
which is acconplished with at | east about a 100 fold nolar excess of

acetyl ati@n raagssisted abcleitheidimusieine pbydheiol otlémas, whleadinmh23, wherein the.
nodi fication is acetylation 20 which is acconplished with a nolar excess
of acefyl BRPBRCF eRYBfonan i sslgcted drpmnthe gruptconsisiing of thols daripefar excess

t o about %eGlQQe ﬂ‘%)ﬁggézp%%@l:[@’g%é;?%ﬁ86;&130{-@'% pol ypepti de of claim 23,

wherein t nmodi n o usl 10K or 20K PEG 25 27. A
fusi on pol ypepti de capabl e of binding a VEGF pol ypeptide conprising: (a) a
VEG- receptor conponent operatively linked to (b) a multinerizing
conponent $. whef@iislathé nyelar acidaagieorle conprowrga nidedtide seqvegcevaaepdingcept or
component a Im%d&tt{'eed Fltl receptor fusion polypeptide, wherein the coding region of the nucleic
10 acid molecule consists essentially of a nucleotide se_querice selected from the group
consisting of’
(a) the nucleotide sequence set forth in Figure 21A-21C
(b) the nucleotide sequence set forth in Figure 22A-22C;
(c) the nucleotide sequence set forth in Figure 24A-24C; and
15 (d) a nucleotide sequence which, as a result of the degeneracy of the
genetic code, differs from the nucleotide sequence of (a), (b) or (c) and which

encodes a fusion polypeptide molecule having the biological activity of the modified

Flt1 receptor fusion polypeptide.

20 9. An isolated nucleic acid molecule comprising a nucleotide sequence encoding
a modified Fltl receptor fusion polypeptide, wherein the coding region of the nucleic
abid molecule consists essentially of a nucleotide sequence selected from the group
consisting of: - |

(a) the nucleotide sequence set forth in Figure 13A-13D;
25 (b) the nucleotide sequence set forth in Figure 14A-14C;
(c) the nucleotide sequence set forth in Figure 15A-15C;
(d) the nucleotide sequence set forth in Figure 16A-~16D; and
(e) a nucleotide sequence which as a result of the degeneracy of the
genetic code, differs from the nucleotide sequence of (a), (b), (c) or (d) and which

30 encodes a fusion polypeptide molecule having the biological activity of the modified
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30 fusion polypeptide and consists essentially of the am no acid sequence
of I1g domain 94 11 Novenber 2003 2 of the extracellular domain of a first
VEGF receptor and the amino acid sequence of |g domai n!BN@EmMpPe2003
extracel lul ar domain of a second VEGF receptor. 28. A fusion pol ypeptide
consisting essentially of an am no acid sequence of a 5 nodified FItl
receptor, wherein the am no acid sequence is selected fromthe group

consi st i ngltbfecestan fukioa patypeptidei d sequence set forth in Figure 21A-21C (b)
the amino acid sequence set forth in Figure 22A-22C, and (c) the am no
acid sequence set forth in Figure 24A-24C. . 10 29. A fusion pol ypeptide
conpri si ng, an 1 no_aci d uenc f . a. ified.Flt. recept or... wherein the
oo aci P-eeqhanign PEhEanER Bi R B R MGt SRS The A no
aci d sequ@ng§ ohelbf fHRidrfcelithgfdiamse 13A- 13D (b) the amino acid sequence set
forth in Figure 14A-14C, and 15 (c) the amno acid sequence set forth in
Fi gure515A-15C, and (d) the am no acid sequence set forth in Figure

16A-. 16D, , 30. .of manmal fusi on pol i de of..any ,ane of clains 10,

11 or 22 {g 29kﬁ§w°ape gicdr 3@%“&B&Fﬁ&qg%ﬂ%§pgpﬁfﬂﬁﬂﬂmﬁﬁgenanufacture

of a nEdiQﬁﬁﬁﬂ%ﬁﬁgﬁqﬁgﬁdkﬂﬂﬂgo a method of decreasing or inhibiting plasna
. 31

| eakage in a ma Use of claim 30, wherein the mammal is a human.
32. Use of the fusion polypeptide of any one of clains 10, 11 or 22 to 29,
or a 25 conposition of claim12, or 14 in the manufacture of a

) . 13
medi canent2f or ArgEmositign caRabiRf Wading 8 MEGHympleswlg 1 kugigt n igndly a human.

10 complex comprising a multimer of the fusion polypeptide of claim 10 or 11,

-

13. A composition according to claim 12, wherein the muitimer is a dimer.

14. A composition according fo claim 13 which is a pharmaceutical composition

15 further comprising a carrier.

15. A vector which comprises a nucleic acid molecule according to any one of

claims 1 to 9.
20 16.  An expression vector comprising a nucleic acid molecule according to any
one of claims 1 to 9, wherein the nucleic acid molecule is operatively linked to an

expression control sequence.

17. A host-vector system for the.production of a fusion polypeptide which

25 comprises the expression vector of claim 16, in a suitable host cell.

18.  The host-vector system of claim 17, wherein the suitable host cell is a

bacterial cell, yeast cell, insect cell, or mammalian cell.

30 19.  The host-vector system of claim 17, wherein the suitable host cell is E, coli.
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33. Use of the fusion polypeptide of any one of clains 10, 11 or 22 to 29,
or a conposition of claim12, 13 or 14 in the manufact g{]ﬁ of aﬁgi canent
for use in a 30 nmethod of inhibiting VEGF receptor |igaht®48PF in a
manmal . 95 11 Novenber 2003 34. Use of claim 33, wherein the mammal is a
human. 35. Use of claim 34, to attenuate or prevent tunmor growh, to
attenuate or prevent edema, or to attenuate or prevent ascites formation
in a hunmaZl. 5 Bie hddseeaibr gh@imofITaimitye wakieird the seidehimhdss cdlt BiaC@fena. 37.
Use of claim 35, wherein the ascites is ovarian cancer associ ated ascites.
10 38. Ancsls¥iat”E cslicl ei ¢ acid accor di ng to claiml1 which is substantially
as described with reference to the foregoing Exanples. 39. A fusion

pol ypeptide according to claim 10, 22, 23 or 27 which is substantially as

descri bed2wi t hAngéRseaCsotiiidefiksng@dipagtideriih @smpides4Rowig@eNPOSi t i on
according to claim 12 which is substantially as described with reference
t o t he3f opitfjehagj-erlanpysésn ofiany gmendelagns Kt bo2@iundertconditighnper@iting 16 whi ch

is substanti.all described with 20 reference.to t.he f.qregoi ng Exanpl es.
42. " nostodfechdincRE0R edfPaidsimepobEid BEHio  nop Rsr s S borant 1ol |y
as descrpbageedith reference to the foregoing Exanples. 25 43. A nethod

according to claim?21 which is substantially as described with reference
to the foregoi ng Exanpl es. 96

22. A fusion polypeptide produced by a method according to claim 21.

10
23. A fl;éion polypeptide encoded by the nucleic acid sequence set forth in Figure
10A-10D, Figure 21 A-21C, Figure 22A-22C, or Figure 24A-24C, which has been
modified by acetylation or pegylation.

15 24.  The fusion polypeptide of claim 23, wherein the modification is acetylation
which is accomplished with at least about a 100 fold molar excess of acetylation

reagent.

25.  The fusion polypeptide of claim 23, wherein the modification is acetylation
20 which is accomplished with a molar excess of acetylation reagent ranging from at

least about a 10 fold molar excess to about a 100 fold molar excess.

26.  The fusion polypeptide of claim 23, wherein the modification is pegylation
using 10K or 20K PEG.
25
27. A fusion polypeptide capable of binding a VEGF polypeptide comprising:
(a) a VEGF receptor componenf operatively linked to
(b) a multimerizing component,
wherein the VEGF receptor component is the only VEGF receptor component in the

30 fusion polypeptide and consists essentially of the amino acid sequence of Ig domain
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2 of the extracellular domain of a first VEGF receptor and the amino acid sequence

of g domain 3 of the exfracellular domain of a second VEGF receptor.

28. A fusion polypeptide consisting essentially of an amino acid sequence of a
modified Flt1 receptor, wherein the amino acid sequence is selected from the group
consisting of:

(a) the amino acid sequence set forth in Figure 21A-21C

(b) the amino acid sequence set forth in Figure 22A-22C; and

(c) the amino acid sequence set forth in Figure 24A-24C.

29. A fusion polypeptide comprising an amino acid sequence of a modified Fitl
receptor, wherein the amino acid sequence is selected from the group consisting of:
{a) the amino acid sequence set forth in Figure 13A-13D
(b) the amino acid sequence set forth in Figure 14A-14C; and
(c) the amino acid sequence set forth in Figure 15A-15C; and
(d) the amino abid sequence set forth in Figure 16A- 16D;

30. Use of a mammal fusion polypeptide of any one of claims 10, 11 or 22 to 29
or a composition of claim 12, 13 or 14 in the manufacture of a medicament for use in
a method of decreasing or inhibiting plasma leakage in a mammal.

31. Use of claim 30, wherein the mammal is a human.

32.  Use of the fusion polypeptide of any one of claims 10, 11 or 22 to 29, ora

composition of claim 12, 13 or 14 in the manufacture of a medicament for use ina

“method of blocking blood vessel growth in a human.

33.  Use of the fusion polypeptide of any one of claims 10, 11 or 22 to 29, or a
composition of claim 12, 13 or 14 in the manufacture of a medicament for use in a

method of inhibiting VEGF receptor ligand activity in a mammal.
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34. Use of claim 33, wherein the mammal is a human.

35.  Use of claim 34, to attenuate or prevent tumor growth, to attenuate or prevent

edema, or to attenuate or prevent ascites formation in a human.

36. Use of claim 35, wherein the edema is brain edema.
37. Use of claim 35, wherein the ascites is ovarian cancer associated ascites.
38.  Anisolated nucleic acid according to claim 1 which is substantially as

described with reference fo the foregoing Examples.

39. - A fusion polypeptide according to claim 10, 22, 23 or 27 which is

substantially as described with reference to the foregoing Examples.

40. A composition according to claim 12 which is substantially as described with

reference to the foregoing Examples.

41. A vector according fo claim 15 or 16 which is substantially as described with

reference to the foregoing Examples.

42. A host-expression system according to claim 17 which is substantially as

described with reference to the foregoing Examples.

43, A method according to claim 21 which is substantially as described with

reference to the foregoing Examples.
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