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PHARVACOKI NETI C PROPERTI ES The application clains priority of U S.

Provi sional Application No. 60/138,133, filed on June §, 1999 ;ﬂﬁoughout
this application various publications are referenced. The i'sCl osures of
these publications in _their entireties are hereby incorporated by
reference into tMODIFIEREHIMERIGPOLYRROHOER WIHHEPRPYER of this invention
is nodi fied pol ypepti dePRARMACRKNGEY PRREERI# X netics. Specifically, the
field of this invention relates to Fitt receptor polypeptides that have
been nodified in such a way as to inprove their pharmacokinetic profile.
The field of this invention also relates to nethods of making and using
the nodified pol ypeptides including but not limted to using the nodified
pol ypeptides to decrease or inhibit plasma | eakage and/ or vascul ar
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medi at ed t hrough transnenbrane receptors on the cells. The extracel |l ul ar
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bindigg?cﬁar cteristic. Binding of a ligand 1 11 Novenber 2003 to the
ext r acBPPUEEHOAomai n generally results in signal transduction

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



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 catal ytic intNaeetdeub@3 donmin
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). Exanples of receptors that transduce signals via catalytic

Nt races ! e ABRINAal NGO | BBnERARP Rl $ﬁi Sfyndf! faRSAUCREKS) such as

the Trk famly o ecept ors whi are ‘genera to cell's of the

ner vougyfigRt Ranshiies ca/tmdm?icfaanéilghaoftd qffRlcellslard natgstsng Ofeerd,r tipiar t at e
CNTF receptor conplex (Stahl & Yancopoul os, 1994, J. ur obi o.

25: 1454idrd6ranisiduction acte vienar ajdtghiticmintrdcetutdre dormdins dhet he nervous
system G protein coupled receptors such as the 132-adrenergic receptor
found @articwiari asrashcef seauRnRee nietife okl 1his Qﬁl:ﬁ'yilﬁe"ﬂﬁﬁaﬁeﬁ‘élaifc | gE hi gh
affinity receptor FCRI which is localized, for the st part, on nast
cells Hhs e Iinesy s Regassulte, Pasgyial RHlElﬁee W3ies,28) . Al

recept i | § 0 ap (0 eLqos JhRBrdZat |
mul ti ngwpggﬁ%'tﬁmf’og?s%ﬂébgg’ Z@g‘g @8’?1‘1‘ o¢‘§gt ﬁﬁ%ﬁégﬁ%dn-é@é F%BF'OV\?tnSE"I I gand
bindingqa%c | - a1 B'é)é‘és}ﬁ | ; 44 lrich &
Schl esgi ngért?sqg%g%&ﬁﬂsg'l: %%’E%E@%th essi %Sersﬁ-I tuﬁﬁpﬁéﬁt:é %b%nzé,ﬂgNeuron
9: 383- 39d) carayti®| pardGeiluint edefidins simrtdeethe dre®sprngydosinacel | ul ar
domains |lead to activation of catalytic function. In sone instances, such
as pl aketasesl¢RTI€) guoht Asfthet Jirk faRiyF)of tewepibgandhich arei generalbt bi nds
two receptor nolecules (Hart, et al., 1988, Science, 240:1529-1531,
Hel di n limitad tog celisopf mervous system, the cytokine family of receptors

including the tripartate CNTF receptor complex (Stahi & 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



264: 8905-8912) while, for exanple, in the case of epidermal growth 2 11

Novenber 2003 factor (EGF), the ligand is a nononer (Wber, et al., 1984,

J. Biol. Chem 259:14631-14636). In the case of the FcERkovegiBepicos, the

i gand, 1gE, exists bound to FCERI in a nonomeric fashion and only becones

activated when antigen binds to the IgEl FCERI conplex and cross-Ilinks

adj acent IgE nol ecul es (Sutton & Gould, 1993, Nature 366:421-428). Oten,

the tiggy i g t t hirg ni sms
3 ?%]FE) rﬂi i§ %%sﬁiegugwsssp 8f a tfudu hijgkgs;, G‘%ﬁ&%

provi des I'n e bl o og| ca ctron o the receptor. he RTKs

for 5023991@@8*‘13’(833 i figripet casbosr RS tRERI Fe6dp®T, thebrigahdstigrl owt h
factor (FGF), are vmejely expressed and thereforg@pappear t% pl aygsome

ge“eraé)((%% %dd;ld 'tésFt?sFﬂrfh"‘”ahn?d’r%rﬂBhBt a&wolfeéﬁ me§e Trk RTK

ass Yancopoul os, 1993, Tr en 3:262-268) of
recept t n and
{he. NeroavRIE WHich SFeH, o 952*3]§ﬁ2tf@n§%‘sf"new & o ?z%%ﬁﬁ’?ﬁ@),

neur ot PARISERT B (RRIPRIES (TR & X000k, 1993, AQRy Jed A2 L 2eRTC

pronote the differentiation of diverse groups of neurons in the braln and
peri phery (Lindsay, R M 1993, in Neurotrophic Factors, S.E Loughlin &
J. H F@ftem, thdstisspp. d&ibafién Sdna RiagtioulaCAredeptbemvatiinessgheircER i s
| ocalized to a very limted nunber of types of cells such as mast cells
and ba9b@anisens Npravides |ipsighti do thenbi cahriusgtionuaf piefeceptor.

[] ?gﬁbg A efé)ﬁﬁgéf%ﬁm %&la{ei '5:.;8931%”@@8 é|ffererq8.leztloﬁ %ac‘iors mébgﬁaéison 'n the
fibroblast growth factor (FGF), are widely expressed and therefore
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.



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 allergicirespeabsc2003 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

the r olEaphATus® BAVEShehRIRARRE I F SHPRERAE, Al T pOTVE 1P o
is expwg?d?rd\ﬁéégt _{ﬁ&’hé;ﬁ\eémbchgghﬂd%iﬁdﬁnﬁh%harrﬁéﬁﬂsiﬂo. heur onal

surviv fferentiation resul When the sane receptor is expressed

by a fFaripirafire, ekeogetieldro enbironememt iwpkhichr esukteptor iprekphessed on of
the fibroblast (G ass, et al., 1991, Cell 66:405.413). A class of

cel | - dedw éufl gemee i thenbiaggitsl viesposisiee exhiliitad fupory ddndirgr of cadigand i al
cells has been identified and desi gnated vascul| ar  endot hel i al _Ig:rfgl | growth
f act or tq Veerecepter- Haer BXampar iwhen & mawroeahgelli exResHitd Edi a of rat

%Eég.ﬁaé%ét%ahgégaﬁ%?ﬁt%@( heitbiroRbif wnish' bind& 36, 1n8H rasbStl [ o PP
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Ter | opBufEhat silal dhd UliERERfation kts,  WHAIF TheSs Bl Srecgitor, S0

U S. A s & rPPseJ 3y}~  Fitobast gégbg%)bédr@”%’ tha' PwiiRotreghinn dgsatshiman U937

cells tCOn ofTy, D°T. et al. ( Sci ence, 246, pp. 1309-1312]. VEGF
is a dPﬁélﬁérmi@n eh tappfibablastiiass aretmaks 19 Bb@all 45 1dm5 v 18) each

subunit havi ng an apparent
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-



nmol ecul ar mass of about 23 kDa. VEGF has some structural simlarities to
pl atel et derived growh factor (PDGF), which is a mtogen for connective
tissue cells but not mitogenic for vascul ar endot hel i al 1teblesibef2008n | ar ge
vessel s. The nenbrane-bound tyrosi ne ki nase receptor, known as Fit, was
shown to be a VEGF receptor [DeVries, C et al., (1992), Science, 255,
pp-989 4 11 Novenber 2003 991]. The Fit receptor specifically binds VEG-
whi ch § C |4t | S ook f e i or, designated
KDR, i%g ‘Ii@ekﬁ]otvm irnap%gbag%d&ﬁﬁg]uggémﬁtgyﬁgﬁggegﬁe partial cDNA
sequenﬁﬁto@@dxemr anotbiet fbAAGLN the OVEQF yeauptne ddsifiRdd KDBwisas wel |
[ Terman, B. I. et al., (1991) Oncogene 6, pp. 1677-1683; Terman, B. 1. et
al ., (4B92knBivochebindi YEBA .arkkk nducemmitd@hesip. The7pattideeDNAer si st ent
angi ogenesi s nmay cause or exacerbate certain diseases such as psoriasis,
r heunasendease And insarhe full deagis praiein dewiadifg of KPELES ikhovd i8bpat hy and

{7 cat ol Festrin B clsab kPOSEY hoodine: S, raie ABY7ATH o EEtRn. B. °° @

angi oggnesi | ar. pegs | L y eSU > r

vascul oo gt Ga0oR S Rerky BRI 1 s ERML BT EPVEPF R or that 1
based on the VEGF receptor FlItl. Plasna | eakage, a key conponent of

i nflammation, occurs in a distinct subset of mcrovessels. In particular,

i N NS PePsigst ah@@ehegilsamy Qegiges of peradébateycénalmaisease®ssudhnl i ke

arterioles and capilTaries, venules becone |eaky in response to nunerous
i nf | anaet psyriasis atrieumatoid arthritis, hemangiomas, angiofibromas,

diabetic retinopathy and neovascular glaucoma. An inhibitor of VEGF
activity would be useful as a treatment for sdch 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.



I ncl udi ng hi stam ne, bradykinin, and serotonin. One characteristic of

I nflammation is the plasna | eakage that results fromintercellular gaps
that formin the endot helium of venul es. Mst experi nmenttiNovempdied093 of

i nflammation 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

| ecti “?ﬁ@fopﬁgéé,dé 'rﬁ‘é%ql'T—éEgtuiﬁ Hiclfgd p@m%cﬂ S ﬁhgérﬁe%ﬁakage’

endot hel i gaps, and finger-1Ii processes at ot helTa orders in

i nf | anegedeny! egubliter Aichofadgical ddangedmatJendoftielivesbeiordees ihysi ol ,
1996, 271: H2547-62). In particular, plant |lectins have been wused to

vi sual iiaflamexdphehatgs af, foaraasnple, ethdordietraadheze! | Léctinkr such as nf | amed
venul es of, for exanple, the rat trachea. Lectins, such as conconavalin A
and ri @aRconayalipi Ad anstiaiy, that Axindniecallynto deflamed vendgsorevest t he

o oo B ot bR 5251 AR cvpaponBy G388 Mhek?. *1o5ir 6z
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di se s SR 0,1 UEHRE | GrRide, T AR Ero ol & PAIE el | ng.
|nclud¢qgﬁﬁaglqgggesgﬁ gqnghgé ssel enlargenent. M crovessels can also

r enodel acdquiring abnor rmal notypic properties. In a murine nodel of
chronic airway inflammtion, airway capillaries acquire properties of

venul es, including w dened vessel dianeter, increased imunoreactivity for
von W [Thebrprnopeiries oof thedmiomnesssels 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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beta 2-adrenergic receptor agonist fornoterol reduces m crovascul ar
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famly are the only gromh fact ht to be | argel spe flcfor
vascul &t ﬁéoi"hé’ﬂ'P&l ﬂé!ﬁl ghovwg, te\ﬂ nésl REEEFIAY| g?f Yhﬁ Lfg? e ce

have shqown VEGF i s necess f.or th arly s Y%
dovel optevesailr (develhglam; BAAL At and'S, & zeluRlatBidc Bler §§%¢4ﬁa i
renode . 6,011, 003, |ssued January 4, 2000, in the nane of
Metri sl‘} %grléaﬁe@ﬁcs U}ﬁ\ ted, discloses an altered, sol uble formof FLT
pol ypepti de bei ng capabl e of binding to VEGF and thereby exerting an
inhibitory effect thereon, the pol ypeptide conprising five or fewer
conpl et#Si PFatergNobg,0n 1 08 issuedSi&atant ANROG0,7 i tB80namss oédMeétimuar y
27, 1998 and assigned to Merck

Therapeutics Limited, discloses an 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



& Co., discloses vascul ar endothelial cell gromh factor (VEGF) inhibitors
that are naturally occurring or reconbinantly engineered soluble forns
with or without a C-terminal transnmenbrane region of theNewaept4P3f or
VEGF. Al'so assigned to Merck & Co. is PCT Publication No. WO 98/13071
published April 2, 1998, which discloses gene therapy nethodol ogy for

i nhibition of primary tunor growth and netastasis by gene transfer of a

nucl eat | | — e r AR ' hG 1y g t
Ve BdOtRARl EERf ROV 76 18Rt PR SRC DR, HRGERI 00 - e
name %uﬁﬁeeﬁéﬁfm@%hé% 1l FRINRAS KDAY ebcepioreFiLI1 Vifereds aptidr  proteins
conprising amno acid sequences derived fromthe vascular 7 11 Novenber

2003 esiidi MEGHT @ddptbagroteiyEGRY ted4PGET andli antaguhik®Rhei ncl udi ng t he
murine honol ogue to the human KDR receptor FLK1, wherein said chimeric
VEG- remdqiheliabr oelii psolifenative whdr angiogenigoactivity htéher@dot hel i al cel |
proliferative and angi ogenic activity thereof. PCT Publication No. WO

97/ 13787, published April 17, 1997, in the name of Toa Gosei Co., LTD.,

di scl W i  ohi bi ) . _

o ScacbET PR TSNP RT3
a e . B .

OB boe? U G5 T0 b BRE i vl iVt  he second

FLT buihpisitorC ofsadid iRd thd arshemhéni BTubR@ased iaccbinksasiedaiby and the seventh

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.



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

di scl ose that because nonocl onal antibodi es (MAbs) are bbNewembenZ§8%t 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, the investigators attenpted to inprove MAb cl earance
by using various nethods such as secondary agents as well as chem cal and

Char 99 st 2 A7° 1907, DPnMifo LaRldost eRyefedimnodistloge . 1995,

Phar maceut i cal séar I scl ose that pegyl ati on of a

thera Irfn@h & SRerdifCendi IMNKvbuifemigsopoidiiec dativity asfy stinul ating
factor (PEG G CSF), results in an increase in stability and in retention

of i npdiyethyleret giyicoj-mbdifiechdmieileukined KiREG- Ilnﬁﬁadnodr@mh Sdie. 8 11
Novenber 2003 Tsutsum, et al., 1997, Thronb Haenvost, 68- 73, disclose
exper |QfethlBs1WnkyiSm¢| ammq rQI'OUPS @hﬂb@ob\fﬂfﬁeﬁpﬁpﬁﬁ with >PFe WaByet hyl ene
gl ycol - rmdlflcg uk| L EGI1L-6), in which 54% of the 14 |ysine
am no CHRHE fOIL t&‘{ﬁjd with PEG was conpared to that of native
IL-6. Yang, et a!., 1995 Cancer 76:687-94, disclose that conjugation of
pol yet hyl ene gl ycol to recombi nant human inter| euki n- 2 (IL-2) results in a

ComPOupthg pek VAL hyhese shicel 7Edaticel bisdlolEEEatl cdhjdalon reft ains the in
vitro anogln vivo activity o -2, but exhibits a nar

polyethylene glycoi to recombmant 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.



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 half-1ife of asparagi nase by conjugating pol yet hiNewebgl 30881 . 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 regi ngAﬁbeafﬁgoinqpno e nodified human
noggi n pol ypepti des are Tescri be | g ol ogical activity while
havi ng reduced affinity for heparin and superior pharmacokinetics in

ani mal sera as conpared to the unnodified human noggin. 9 11 Novenber 2003
SUMVARY h&F preiEe ntNVEXEhDbh Tise direetedt io MEGRE amtagodisteowitd irop @

ant agoni sts with i nproved pharmacoki netic properties. A preferred

enbodi MERIMacokinetde| praRertigge| of cPERiPIatbesBOPEiBRBbdENgNalgQlatash

DD e AR o B S s AR b CBb AR B befhg 4 i
the. VESE DY cBEReRdE aRRRRing AT e itie- SPRLERPRP-AENBIRCA, vErITLS "
essent 1o DB R O R e e a e e o
| g don@ncoding 4 hauitihesgiid Wompdaent,nwhlereirf ithet VEESF ressgitber  and
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



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-1 Hewepend008s Flt 1.
In a further enbodi nent, the isolated nucleic acid of the second VEGF
receptor is Flkl. In yet another enbodi nent, 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 113 Gy Aot ppeRitdd Umpeament’ titdauntestide &R ewaept or . 10 11

Novemnber 3 In sti nother preferred enbodi ment, the nucleotide
sequengmcoding dighdohgaidouoh tife aixtraneliear fomaiol of thentist YEGhe first

VEG- receptor is downstream of the nucleotide sequence,.encodi l.g domain
3 of threceptoraizldawnstrgamanh the ﬂH@@@Q@nﬁeWgeﬁﬁﬁq}ﬁg &qd;)g%?"gf erred

enbodi nent of the invention, the | tinerizi OFE%%[E‘. conpri ses an
i mmunog? dB¥uthen %F?éi%‘.u'@rndgﬁlﬁ"ﬂe‘i’%&ﬁcﬂgﬁ %‘:[(%}g | m’ruﬁ@{jl obulin domain is
selected fromthe group consisting of the Fc domain of |gG the heavy
chain of 1gG and the |Ilight chain of 1gG Preferred enbodi nents include an

i sol at eg nucl kg ag dMbERER 6P Fivehtomutieanuttimsdgingnce encodi ng

component comprises an immunoglobulin domain.

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 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 dé&! Nexgmbac#®08et 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, differs fromthe nucl eotide sequence of (a), (b) or (c) and which
encodes a fusion pol ypeptide nol ecul e having the biological activity of the

nodifie Fltl receptqor fusion polypeptide. 11 11 Novenber 2003 Preferred
enbodi nEeienrad ambaodiments Jnsludg diisolated Rurleie acidcgiesdleng a

| eot i ' dified Fitt ; i | tide,
wher of n DRSTSHENE” nEGRRIAR BaliShte EfedUi =" REPulen. FIT GRdpol ) ' °°
| eot i t i i 1k ; th
el oot Jore BEAEPIRR R R QR0 ioBR P Bl Rl A e
sequencenskiculer¢dndistsFiog Ul aukldotldé’ seduandd@elsictieeotrone tﬁQQﬁRﬂ&?FS et
In

forth in Figure 15A-15C, (d) the nucleotide sequence set fort i gure
16A- 16DconaistiBy ®fnucl eoti de sequence which, as a result of the degeneracy

of the netic code, differs fromthe, nucl eotide sequence of (a), (b), (c
). or (d)g‘?a&'@ Wh{cgqpt@ﬁ:(ﬁ?éﬂleé‘c_leu_§%ﬁoﬁbl Vbé%gpﬁﬁe m‘g@?ﬂie havi ng the
bi ol ogi @) @ inticidotie 'St B 56¢ Bhhlid S5O 1 AN POl ypepti de.

(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



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 hoteenber 2083form 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

conpri si c | ey 1 e 03, Anot.her .enbodi frent i.§ a vector
whi ch %‘E%trh%sfeghﬁm@'ﬁl?ﬁefscagg%ég{mn{ﬁ’lhﬁ‘ghlcé’é“ﬁréé%ﬁit Qd"!a.'ﬁg‘g%,a‘?‘acl udi ng an
expr esshelec{REE Olle SIS d S incGdiRHCLA] | I,&%{ s be
wherei n the nucl e?c zlimd(izlsérr%%d eI |‘§go%§r§¥€@g’|§§/&$i n eéﬁ%@ﬁ%‘bgr gssi on
cont r olthee queteie. aCldhenclecalegd el senbedi wdreira ke anbioRic WGd omofysilem f or
the production of a fusion polypeptide which conprises the expression
vect or ,iSi aparativelsblieked o asl pxpressiononiealt seqegacem wherein t he

suitable host cell is a bacterial cell, yeast cell, insect cell, or
manmal i an cel|l; the host-vector system wherein the suitable host cell s

E. Collg ; r.ei h | t e hpst.,cell is a COS
cell; t?}aﬁ%&?@%@t&g%ﬁg@%@ﬁé'ﬁ ere r? tr{bga's}’%c?éﬂblsggt%& Pq’remei s a CHO cell.
Anot herpyhadiorerst af fudieni pygpepate ﬁlhi’cﬁf%d?ﬁﬁr@%s Wtféd%?@séoﬁus' on
pol ypepti de which conprises growng cells of the host-vector system under
condi t ivectoperini at suijableodost | cali;othd Hrodtusicior pysterPivisisreandhe

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



recovering the fusion pol ypeptide so produced. Additional enbodi nents

I ncl ude a fusion pol ypeptide produced by the nethod described above; the

f usi on pol ypepti de bei ng encoded by the nucleic acid setjubevembers?®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 yl & ipiefeusgeembodigient nclides a snsthath@it degreasing or dpniRititgcess to
about a,100 f

13711 RsgemefeSisagean, & Ffull KB SnfiadRy B M Ral ohsi ng

or inhifiti p?ﬁgﬁ? ' | ; 21 S "353"“@ ' ' itno the
manmal ‘RFhE"‘ Sgi n po é@@%%gr@ggc@be 'a'@gg}e%{lhéngﬁu ng erﬁné)gﬁlhgrg%ips

wher ei thet hgarfpmakis iss hurfamathe fisiohusolypeptidep Eptdcdtylatediart tHeat ed or the
fusion polypeptide is pegylated. A further enbodinents is a fusion

pol ypeduisiien whblypegdita fis cpegylatécthds the VEGE receptor |igand VEGF. A
preferred enbodi nent of the invention is a nmethod of bl ocking blood vessel
growh in a human conprising adm nistering an effective anmount of the

ot o RoAMRERE' SReEaGIeniE daoh Yo S9uBeRtE iR SpBElefyobines
adm ni E{ﬁ\;m{:oréd@tgpmﬁd aEgEf ective anount of the fusion polypeptide

descri above.

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



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 ptiwembecil08f edema
in a human, especially wherein the edema is brain edema; attenuation or
prevention of ascites formation in a human, especially wherein the ascites
I S ovarian cancer-associ ated ascites. Preferred enbodi nents of the

i nvention include a fusion pol ypeptide caﬁabl e of binding a VEG-

pol ypepomponsipeperatively)linkadde (R @tBritinerdzing, CORPNe Y93 conponent
tiyely,link b | ti | ZI i.p the VEGF
B cent WharkimRenrERE feterdaf Fopuegierd, B e B A RE RPN fosi on
I . ; : Ve ) . . o
ot negnifforfelit £ REChiyER 36 bBpliMeChntiNBpRSHY AEhINAg BIIRCd 1 he

am no  aghifloS BBKE Bequehce bidRomainoR bdhehe esttrassdiulad doneinaoh eof a second
VEGF receptor. In a further enbodi ment of the fusion polypeptide, the first

VEGF fieste MIESGFi recBptor. and thet aminaracidr seqirnnenehtigodomiain 13 Qf the

pol ypeptide, the second VEGF receptor. is Fikl. Still another enbodi nent of
the fugxbrpgediujaye gemain; af §n§e¢Qﬂ‘$th§ﬁ'#t Ke8CeR©ond VEGF receptor is Flt4.
Preferred enbodi nents include a fusion polypeptide wherein amno acid
sequence of Ig domain 2 of the extracellular domain of the first VEGF

in a further embodiment of the fusion polypeptide, the first VEGF
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



receptor is upstreamof the am 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 ¥xMovaweeni2iPar 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

b Achaee e Fostordid of Mottt hasey e 8RR 18 | g
chain %{tg(g}%ﬁrgﬁ@ﬁed enbodi nents i nclude a fusion pol ypeptide conprising

an am S ce of a nodified Fitt receptor, wherein the am no acid
sequence is selected fromthe group consisting of (a) the amno acid
sequence set forth in Figure 21A-21 C, (b) the am no acid sequence set
forth ifreféirgdr enAdidkO)tsaimtl¢de & hfesion moigpedtideqoempeisigg dorth in

Fi gure 24A-24C, Preferred enbodi nents include a fusion, paql ypeptide

conpr i SARNAQRGEH sRAURNGE of eguesified FhFecenios W‘?@!ﬂ“ﬁé@ét %E‘,'n%er ein the
am no acid sequence is selected fromthe group consisting of : (a) the

am no agtid sefeneecissséletyd frobm th&igyouie cbalistiag; of bla)t the amim® aid d
sequence set forth in Figure 14A-14C, (c) the amino acid sequence set

forth i sedudhiteesetFortAICFigure £ H-24l0e (BihROam@idacid RACe Set ot §h in
Fi gure 16A-16D. Another preferred enbodinent is a method of decreasing or

i nhi bi t Fiy@ire 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.

16



pl asma | eakage in a manmal conprising administering to the manmal the
fusion pol ypepti de descri bed above. An alternative preferred enbodinent is
a nmethod of inhibiting VEG- receptor ligand activity il iovesiraed003
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 described above in the manufacture of a nedi canent for use
in a method of blocking blood vessel growmh in a human. Further preferred
enbodi rergretared usabodintdit blisthenimenyipapls de we af somaesnai dasidescri bed
above in the manufacture of a nedicanent for use in a nethod of inhibiting

VEG- 1 eodypieptidel @and aohipdsition iedcriBstahbovédeineitive t inanufauture dfsaa human.
Furt her enbodi nents of the use of the invention include attenuati on or

pr eventrh&dic@ent e ugs anvbhnetiddesiugédreBsing ¢ iRVMRIMInG PladimE tetkageaint enuat i on
or prevention. of ascites formation in a human; especially wherein the

edema issmammbibRivheRERMhe MERTEAIAS hoigheI N the ascites is ovarian cancer
associated ascites. 16a 11 Novenber 2003
Another 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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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 acttdvameer 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
extensive to extracellular nmatrix conponents in Matrigel (r), whereas
acetylated FItl (1-3)-Fc does not bind. Figure 3. Binding of unnodified
FIt1(1-3)-Fe, acetylated FItl(1-3)- Fc, and pegylated FItl(1-3)-Fc in a

Bi acor e- based assay. 13- 16%, pegyl ated (col ums
17-20), and hepari n-t%ﬂgﬂmm E®) are each able to
conpletely conpete wth the Biacore chip-bound FIt1(1-3)-Fc for VEGF

bi ndi ng as conmpared to control (colums 1-4) and irrelevant protein

| Figuss . 1. UlEddidel
é;(r)t :121|1| g?)npet e W ![g;?l GB?*:EH:(S),FE( ?f%nﬁggﬁﬁ: {EE f%f;wlégg‘ﬁ f@é) %ncndl ng.
16b 11 r inmoatsw&/eﬁlti(aa%)hFogptmezmwnmmlapt@SeMem % f:l
rofile simlar to the edforms

col um results in _a bindin
f)f F|t|{?’i'z’3§3‘3 ‘ dfjthbaWP%e%aﬁlcqg‘fM&taﬂnﬁm(fh-&)inru;mmeum exfebithing

non- spe b.'i'amdlé t ip that can be elimnated by the salt wash.
Figureg Bi ndi n h téoatdpfl %Fltl(l 3)-Fc, acetylated FItl(1-3)- Fc, and

pegyl at ed Fltl(1- 3) Fc to VEGF in an ELI SA- based assay. Both

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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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 Fit1(11B)evembperaadds

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

aosay Hible v G5 Fli 308 boliod Cidtap!SL SRTERRF NAGP RMEE LAY of (he.
F't'(%% ﬁrpr USinfeftnye Erofh@t‘éﬁﬁﬂaffh&) QPBOk'ﬁoél'ﬁ‘édz‘iohﬁblro?'FmgPJ ts. The

e di feren rotei ns was as [ows: Unnodified: O

0.15 Wdﬂ indiegthy! thgd:the. anmodified frotgintis erbibesy! Abadsp @tﬂﬂbOXI rratel y
5 pg/ mi. Fi gure 6A-6B. | EF gel analysis of unnodified and step acetyl at ed

FI t 1( birdinBcteprtheechip thiahwanf bedelmingtbd3 pyrthgresleiwasts unable to enter
the gel due to its >9.3 pl, whereas nost of the step-acetyl ated
Fltl(1-3)- Fc sarrpl es (30-100 fold excess sanples) were able to mgrate

on enElGugFe or Eliyg 26F uinPorido BIIKESBho SEed e, Moo ™
enes sty ERPS R NUERY ot L bkl B apL 80l 1
rTie2 & a@%@ﬁa@ﬁfta/d Rdeb! Flteh =6 é@ewﬁwtb.ﬁ@ f@'\lEGF?Qﬁ%hsaWp' es)

does It any nd| ng to the Matri gel
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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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 conpletely bliddkebberdCdy 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
step-acetylated FIt1(1- 3)-Fc vs. 0.2 g/m VEGF), there is not enough
Fit1l(1-3)-Fc (either wunnodified or step-acetylated) in the solution to

conpl @iguyebi7od BhwdingEGF. uAmddifledgFni(1v)-Eb appl stepatcetylmtad1
stoichionetric ratio, the both unnodified and step-acetylated FItl(1-3)-Fc
are bétitidi-3pFe pootainspta eMatigal@Gedsitadi platesut Arewdthi sheti | |

o conEREY saniral braipin SUdIeANTG \Wep-arputend BITEI e 0ni ch 14
Fr e (s BB Tolf ek eSS SIS P88 i AXRIT iy, B0 iRg: B fe Matdgel,
phar miopeP e P, wHeTERSOHE  nBh PRy R TR GRSERE, Brotn eotibts).
TR N e D SR T et reraeat s S

st ep- quat tHeatdedrekt bf ladBtyftidr3 isimet EnoudB td ddmpleiely DOSEk dnindiaicf i ed,

10, 20 and 40 fold excess sanples and 2 mce for 60 and 100 fold excess
sanpl de) extracatiudar weradriXaicompenents.1, 2, 4, 6, 24

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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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 tine poi ht Nouembehd03Chax 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

Figur o AT OGHELE 136 S0, P SOR( RCRPP PGSO 2infee B SO 308, 128

Hydr opRig faltiyercsdsy satniibs).heTRE Afcacidre sgifudadest af 294d@eka 2 and | g
domain 3 of FItl. Figure 13A-13D. Nucleic acid and deduced am no acid

sequentwueg, 2Miays drd '3 days3ar Mjecfogur Fhtdgerd wreNaskayed doi anand
deduced anmi no acid sequence of Mitt: Fltl (2-3AB)-Fc. Figure 15A-15C.

Nucl ei EldSiAdbasaddagsry Hesignedate dletegh dit 108)-Fout 3The T 402-195 atlcof 19 11
Novermber 2003 Figure 16A-16D. Nucleic acid and deduced am no acid sequence
of Mithe Fitl{({-B)3R pipidios Rsjedewsrs aBi tive y hodurudineeli poind but ithe1- 3) - Fc,
basic region deletion nutant Flt|(1-3)-Fc¢,_and Flt] -3 R-2> t ant

prot ei fsmin UaB; &8 ofbOVEs e raggagﬂeqqtsf-)lmé-%h%sst@ioém%’ﬁﬁtﬁfbwpﬁ io (0.25
/Im FlItl(1-3)-Fc

J exc(ess )sample: - 0.7ug/m!, 20 fold excess sample - 2ug/ml, 40 fold

excess sample - 4pg/ml, 60 fold excess sample - 2ug/ml, 100 fold

excess sample - 1pg/ml.

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.
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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 nmmobilized on the Biacore chip. At10ON&emyeng00sf

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,

appr of e JA°TB: el b o Lobacce g R BBl o
104gi VEGF Bi ip,
gqu?v; gﬁ%?%}]mglglﬁ?’g{‘]?ﬁgbet yl ;'?efj, eanl:la(l\:/lcj)'[ '?: CF: ltol( 19238; - E%:/ Zig not

essentially equal in their ability to block VEG- binding, whereas Mit4:
Fitl(1-3R-,N)-Fc is sonewhat |ess efficient at blocking binding Figure 18.

Bi ndi ngiquire/npdi fRipdidd tof LindholifiedVIRIt1 (1-5)-FL( 1b&sit3refion déletionF ti
(2-30B)-Fc, and FIt1(2-3) nutant proteins to Matrigel (r) coated pl ates.
Unrodi dnivednfl Fit{ (+-3)-Fe;  inat efFlb] {i-8BYls_ v indlitartoptdiedes inekl Biacore-Mit 3:
FIti (2-3)-Fc protein binds sonmewhat nore weakly, the Mitt:

FI t 1( 1b3sed) absaypr ot&i nhbi sdb-swichiosaddric satibl (026 wdveniMItt(1-8)-Fic
(2-3@B)-Fc protein shows the best profile, binding nore weakl t han any of
t he otbkrunmodiitechr acetyiatedrios geneticallyi mpdifiedNgamples va. enber 2003

oo Sl heRb ok oS REn? i FEBES  RBF ih, Blodlointity ' 0°
At veaFto the Fit1(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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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:
Flt1(1-3eB)-Fc, Mit2: FIt1(2-3aB)-Fc, and Fltl (2-3) nutldinvepbet2®Phs bi nd
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

1 5/ rdVCaRfieRian MR ol ThoWs SR RarUREE BBl AR bt de and

deducegiagdfigeP Hay sequence of the nodified Fitt receptor termed FIt1l

D2. Fl k1 D3”Fc(c)CI(a). Figure 22A-22C. Nucl eotide and deduced amino acid
sequence of the nodified FItl receptor terned FIt1l D2. VEGFR3D3. FCACL(a) .
Figure 23. Extracellular Matrix (E Assay. The results of this _assay
denonsFigure tigt Birdng ofDRNFNQAIf Fﬁibh‘,ll(a) FandMutill B IVEGR3IEECFct Cl(a)
proteins are considerably- |ess sti cky to the ECM as conEared to the

FI t 1( IMBX2 FFIpt @-8i,p)-Fz1 andNGlUd(@8) @uoantipyoteins4in 2aT. ENRBAdmseatt and
deduced am no acid sequence of the nodified Fitt receptor ternmed VEG-R1
R2- Fci &dgay.. Ritgthe. catcerdatiors oeshed y lurtrnodifiess dylt 1 (At-33-Fe,5Miil ar  excess
of either Fitl(1l-3)-Fc , FItl(1- 3& Fc (A40) _or transient FIt1l D2Fi k1

D3. Fci Eiftd4) -3 hek-Eci sMedpl Eté(HBaghdtny end dobHiRo8) mutadl RIBRING t hese

three nodified FItl receptors as conpared to
bind VEGF similarly.

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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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 sé&bHovembpiZpdbe 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 | - spiguee 24/6248.0r pludedtide Ath-détRicdehesning \Hoid | sewsrsoey .of Diteect i on
by Western blot. of tyrosine phosphorylated VEGFR2(Fl kl) by VEGF165 |igand
sti mul @odefied SPRYSrdditof Slermald NEG FREARPIFEAC&(4).not phosphoryl ated by
chal | enge sanples which have VEG-165 preincubated with 1 and 2 fold nol ar
excess (Figure 26A) or 3 and 4 fold nolar excess (Figure 26B) of either
transient FIt1l D2Fl k1l D3. FcACl(a), stable Flt1 D2Fl k1l D3. FcACl(a), or

transi ?@U$%%'%¢CA%@H}@3[%‘HWt difj edFLty g gﬁ@?}ﬁ%}(c Ggntrations

'élesfted here I'S” conpl'ete ng. _ 165 [I'gand 2 _ lve_ er f2003II
S oo R E o R s AeED SRR 1 Tl il o
modi 11 60T OPFI RS SFAR SR ot ds Gainbleter bloBhate. HoreePel ay and ¢

D2. VEGFR3D3. FCACl1(a), plus an irrel evar]t receptor ternmed Tie2:-Fc
stimulation by these three modified Fit1 rece%tors 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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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 1.56nNNov@hber28¢ati ve
control receptor Tie2-Fc does not bl ock VEGF165-i nduced cell proliferation
at any concentration whereas FItl 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
wi th adoainfy e mreéindubation, - refiitihgVEGHI65detdatable)i sitmubatiemddhgall- 1. 2
absor bance units and the background is 0.38 absorbance units. Figure 28.

Bi acor %u@i@i@bY%éeﬂBrﬁiU@d hﬁ%oﬁh@i VIEH@P®HE Yas Bigidpaed tbocoritroimatedianas
calculated as a nolar ratio of bound VEG-165 to the immobilized Flti

D2Fl k1 ~R3E L[(a) or VEGFRI R2-Fc, & Cl(a), using the conversion factor of
1000 RU equivalent to | ng/m. The results indicated binding stoichionetry
of one VEGF165 dineric nolecule per one FItl D2Fl k1 D3. FcACl(a) or VEGFRI
R2- FcACl(a) nol ecule. 23 11 Novenmber 2003 Figure 29 and Figure 30. Size

T e e e e e
| or adtl PSP kLR ETOR ENRAR AR dndearios. Alter
Cub ol SEBEHASS KNl b1 55 by RAr shoRiof SARHER g pep! i1 on

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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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 binding stoichionetry of one VEGF165 nol ecul e per ofkeNovembgr 098] k1

D3. FcACl(a) nol ecule. Figure 31. Size Exclusion Chronatography (SEC) under
native conditions. Peak #1 represents the FIt1l 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 (GIHC )was

added giguief QQ%nGOFf?ﬁfé 0. onSikebMeEKoILEion 0Catomaitograpdypl ex. Fi gure 32.
Si ze Excl usion Chromatography (SEC) under dissociative conditions. To

Sﬁpf’” %t%iéﬁi%rﬁ@fﬁ??n!eg? B2k {D8. FEME Pl of | YEGFRIRI-FsACATd) tat det er mi ne

their nolar ratio, 5 of dissociated conplex was |oaded onto a Superose

D2FI K &B?%gk%%ﬂél)éfbﬁ gh@ggﬁﬁﬁ%%cbeaﬁ@ooehm@-hiﬁ’ﬁék tHanr 81 e@nes FItl

D2FI k1 an represents VEGF165.724 11 Novenber 2003

| 0 S py S B GG o FRoPRIPEREh @iicar oo aony (SE0

W th L S Ze excl usi on ~ chronat ography colum with a
M ni Dawn on-line |light .scattering . detectar e , S
Bar bar'\é?er@é’l“lol"grwleé qHgefe Mct&@fiﬁgg%w%ﬂ%t%}c?oﬁr@k?gﬁr m&?‘ﬁ? Kyot o,
Japan). was used to determ ne | ec ' tk
r eceptiBFUPAYSRE W@t*_a{&gsSﬂ{)aﬁerﬁreq;it%ﬁg%g%%ﬂ@ég%ﬂaan“’Er ofile shows
two peaks. Peak #1 represents the -
solution were measured. The data shows that the addition of 1 nM
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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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 MW of the individual conponents of the receptdrMoveingerr?80&onpl 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 ycosyl ation analysis. The disulfide structures and glycosylation sites
in Fltl D2. Fl k1 D3. FcACl(a) were determ ned by a peptide mappi ng net hod.
There Figuee t38alFiguree84 ansd drigegei 85F t3iZe2. ExXclusidrFcACL(a); six of
them belong to the Fc region. Cys27 is disulfide bonded to Cys76. Cysl2l

i s di sg@Hrbdtatbg (SECYy witB20nThind iLight Brattfigi NSszé exdigsiba regi on

(Cys211 and Cys214) forman internolecular disulfide bond with the sane
two  CYRkSMARSgldbHRN BdlBMmA CwiRalan MiAMEWST orl-lin@alighe! segdahgr m ned 25 11

Novenber 2003 Whet Her disul fide bonding is occurring between sane cysteines
(V=P Akl Pl TeimhS) Shol SRR AR dorpisele |
o L YRETRAY SRR MG KSbAET V3585 e e T, Pl oACL
gl ycos¥r|13 trin%i]ecguﬁalg l3:§»"\“81IQY1‘?CI(I\?i\t.ﬂ.()'b‘so??’t e %@é&%’r-l%@%d 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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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 FItl(1-3)-Fc (A40), FIt1 D2. Fl k1 D31HgA€Erpean208d VEG-R
R2-FcACl(a). Balblc mce were injected subcutaneously with 4ng/ kg of Fltl
(1-3)-Fc (A40), CHO transiently expressed Fill D2.Fl k1 D3.FcACl(a), CHO
stably expressed FItl1l D2.Flkl 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 dayswhathikiS diguisidel beinding et iceurihg BefwedR! SaRfrs inesan ELI SA
designed to detect FItl (1-3)-Fc (A40), Fitt D2.Flkl .FcACl(a) or VEGFRI

R2- FeSydz)1 tdheydowx, for ekampied-cb) bEEwéétWy¥ps1 adnd dDyseyi | e the Tmax
for the transient and stable FI't1l D2. Flkl D3. FCACl(a) and the transient

VEGFRI 1 h f I T 8g/nil,
For b2 e, g‘n%zusm?%iﬁtdt“%éf Ftlgk?y%?ﬁéAg‘(ég)ﬁ%nés nltige %%gg?:?( a)) the
Cmax Y’F%% @/m and the Crax for the stable VEGFRI R2-FcACl(a) was

30gg/ nT: 11 Novenber 2003 Figure 38. Pharmacokinetics of FIt1(1-3)-Fc
(A40), FIt1 D2.Fl k1 D3. FcACl(a) and FIt1 D2. VEGFR3D3. FcACl(a). Bal b/c mce
were injected subcutaneously with 4ng/kg of FItl(1-3)-Fc (A40), CHO

expr o5 1084 §1EbA e BERRIo- SHnkes. VRO IBtoNerBeBal bl od at 1,2, 5. 6,
£ S Hanb el BodiiaR4R] 4 Fobhd o Becabprbn Bl BERn,
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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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. FcACl(a) were detectable for 15 days or nor&! Nmieggee?088. 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 FItl D2.FIkl D3.FcACl(a) to Inhibit C6 Gioma Tunor Gowh In Vivo.
Every other day or 2 tinmes a week treatnent of SCID mice with FItl D2. Fl kl
D3. FcAEig4ie s?rgglni Phaamdopkinetieasef i (98w ofA40hcut aneous C6 gl i oma
tunors at doses as |ow as 2.5ng/ Kg. Figure 41. VEGF-I1nduced Uerine

Hy per pEAEELFIKG. FeNEa (ahjarad ddt1 BRAMEG ERSDGIFeASI(RY) Balb/edutiesovul ati on
in prepubertal female rats 27 11 Novenber 2003 results in a surge of

est r adia@reainjectet caylscuthnebusly twith SaigRg on Elitﬂgust)im (WAYE@®EH@ t he
uterus. This induction results in hyperperneability of the uterus and an

I ncr eag@nisietter é Rie t SERAL ' f I (A40),
FT 1 DB b P e B IR R G ety g "at 1

it er nG ey ek S DR VETRIDE. RoRPR, S it e i bied B fiezPase 11
SUbcut Shaut O (B I AP SE A0S Bl REHBH, PSSt by Ebfler.in
resul tLAgE SR Lidsighed to detect Fiti(1-3)-Fc, Fit1D2.FlkiD3.FcaC1(a) and
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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functioning corpus |uteum containing a dense network of blood vessels
secretes progesterone into the blood streamto prepare the uterus
i npl ant ati on.

VEGF.

Fltl
i nj ec

pr obl

phar nendkctieni of MEGH @ tthet uiesusapdiigrinduetionr resuits der ati on of the

ant ag
first
ant ag
prope
chi ne
time

VEGF

chi ner
I i gan

for
The induction of angi ogenesis in the cor plisNdvgmeend003 equires

t hat

Resting | evel s of progesterone are about 5ng/m and can be induced
to 25-40ng/mM after PMSG Subcutaneous injection of Fltl(1-3)-Fc (A40) or

D2. Fl k1 D3. FcACl(a) at 25nmg/kg or Sng/kg at 1 hr- after PMSG

tion resulted in a conplete inhibition of the progesterone induction
on dayresultSEMAIL EDr@ESTREBIACIOICRIEHE |dayENWIdshI in liae mayses BOng st andi ng
emin the art to produce a receptor based VEG- antagoni st that has a

oni st as a therapeutic candidate. Applicants describe herein, for the
Hy perperm@abitlyi of 28el tdvogeabelr aROHbrpakgpaptutdenaoetul e, capabl e of

oni zing VEGF activity, that exhibits inproved pharmacokinetic
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extracel lular ligand binding domain is defined as the portion of a

Figure 42A-42B. 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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receptor that, inits native conformation in the cell nenbrane, is

oriented extracellularly where it can contact with its cognate |ligand. The
extracel lul ar ligand bi ndi ng domai n does not include th#l Newabep98bi ¢ ani no
aci ds associated with the receptor's transnmenbrane dormain or any am no

aci ds associated with the receptor's intracellular domain. Generally, the
i ntracellular or cytoplasm c domain of a receptor i's usually conposed of

positively charged or polar am no acids M¥S|ne arginine, histidine,
gl ut aalypeptide ansiecule, acapableriod aptammzw@ G, astivitni it | y
hydr ophobi ¢ or apolar amno acids (i.e. |eucine, valine, isoleucine, and

pheny leadhilbite eimproyed qmammacmkianﬁcepmﬂeﬁi&mraﬁ' rcorftpareﬁt’tcaaﬂhem ar domain
conprises the amno acids that precede the hydrophobic transmenbrane

st r et dmowin awceptorbaded VEGF! gntdgortisns mEndremenaricrgpalypeptidenked by
positively 29 11 Novenber 2003 charged or polar am no acids such as |ysine

or ar ghbigtiuleyodeteribad haseinPuhlssprsiidet ol elder firss tinkat appeopriamaonl y
referred to by skilled artisans when determ ning which am no acids of a

gi ven rﬁSFRR}I@é foPeﬁé@gntl‘PuetrBeié%X‘iﬁ %ﬁlbhuhafaBer{.@ﬁﬁ BYESEE is04 desired
I ntracel l ul'ar domal ns See von Hei | ne , Bi oEssays 17:25-30).

Alterq%% Iy websites on the Internet, such as

http:/ rec3. unit.ch/software/ TMPRED formhtnl. have become available to
provi de protein chemists with information about meking predictions about
protei n domains. The present invention provides for the construction of

nucl el &% fsent 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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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 hbshNoweaPEs2008 ncl 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 ypepti de nolecul es under

cont r othafgad sispelastamine /acidhsiueh asalysountaroargigingnalvon Feife hashods
may include in vitro reconbinant DNA and synthetic techniques and in vivo
r econbpublisbed detaild cules dhit rate commssdy Saferredk to eby askilletibl ecul ar

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

Pr ot ocatttsans Mphex udaternBniricoavhichdamiAvsabils oft aagivenGreeaptdrubl . Assoc.
Wl ey-Interscience, NY). 30 11 Novenber 2003 Expression of nucleic acid

mol ecubeoraciedithe eReradi@ar, CtiaPlyR@mbrafe, "® §aHLRBSINRY RRMAMY ated by
a second nucl ei c acid sequence so that the chineric polypeptide nol ecul e

| S_eXDIS86evon HjHes 1 IgRNBICESEAYs W 1596 I CANERhARVLINReBRIBEULA. For

exanpl e, expressi I mer1 ¢ "pol ypepti de nol ecu escri bed herein
may be d y pronoter/enhancer elenent known in the art.
PronDtgﬁgq&kﬁtﬁﬁhé@%hbggused to control expression of the chineric

pol ypegiid | .&C ' , Linited. to, .t ng term nal

r epeat Hgt? @g!@ﬁﬁbéhﬁfw/ EQE‘W{%&TW’ @ﬁﬁ—@bbfl‘%| ﬁa)é%: P—%'{ngt he Sv40

early RUAMRAR tf)e%'rg{f]ide 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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(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 sarconmm virus (Yamanoto, et al., 1980, GCél NovepRe7&Pp3797),

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-|actamase pronoter
(Villa-Kamaroff, et al., 1978, Proc. Natl. Acad. Sci. U S A '
75:3727-3731), or_ the Lac p[onDteQagDeBoer, et al., 1983, Proc. Natl.

Acad. B¥pression of guicleicosicid gaolgaites LBREeding dhei aRiMede PRYBRPIIHSNt
bacteria” in Scientific Amrerican, 1980, 242:74-94); pronoter elenents from
yeast molettles maygbestegulated by aasecorpd asieic, acige spoHepae cyhdhat

dehydr ogenase) pronmoter, PGK (phosphogl ycerol kinase) pronoter, alkaline
phos phtitea sahiesico pealy p epiid e hmoletulewisn @xpreasaedt imares dragit tranaforowed r ol

regi ons, which exhibit tissue specificity and 31 11 Novenber 2003 have been
utilizegthi thd reoegiinanfdNAl foletalst asfor eganspleordxpressioyi of-thehi ch s
active in pancreatic acinar cells (Swift et al., 1984, Cell 38:639-646;

Or ni t ZgRimétic . dl?ﬁgpti@@ enSleculds MRIRIIbeDY Mereidanty Beokontrdfled9By409;
MacDonal d, 1987, pat ol ogy 7:425-515); insulin gene control region which

I's act hi’igb%ﬁrﬁéféﬁ?&%éﬁcéete%ﬁ!%h't %mﬁiﬁ?gﬂe 1985, PM?‘;??S %ﬁic%l%%yn) :

| nmunog n gene control region active in nphoi d celI’s

(G OSSg@ggg?ﬂfaﬁtﬁlconééoaséi(pgf:i_%ioqggﬁﬁ%g?ﬁimeﬁgaﬁ@ﬁ/p%bti@l'e- moidéaiegdhat ure

318: 53 exan

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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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, Cell 45:485-495), al bumin gene control region whi thNévwembercd0Dge 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); alpha_l-antitrypsin gene control region which is active in the
i ver hae fseretutiized) 3 AransgrRRICaagimalse| elastasy 11 gene SONHOY 681N gene
control region which is active in nyeloid cells (Mgramet al., 1985,

Nat ur ewBicht 388a@ine iKoplnsseatic aacinat 9sml]s dOwifta@tsal.o)984y &ieth  basic
protein gene control region which is active in oligodendrocyte cells in
t he br38B53gR646h&mhitzt edlal,, 1988, Cuitl SpangoRarhay ;Sympsi@uanghBiolchai n- 2

gene control region which is active in skeletal nuscle (Shani, 1985,
Nat ur e5 8385284892 8AhcDonaIdONEBRY, I Blgpatokigya Fi: 485+t Hip nimsysime geoent r ol -
region which is active in the hypothal amus (Mason et al., 1986, Science

234: 138&11%317%?10%2 wHichowe igive2 0 paivreatisc betali cwlls Harabian,en9886n,

expression vectors capable of being replicated in a bacterial or
eukar yQu 5 bS] NEnAIABYIbBUliRCG¥RBPEDASJIDIfiBhe wailgRdisng nucl ei ¢
acid Jg H@?@?ﬁé&éqﬁgi%?%, are ed to Pransfect t he host and t hereby

oo oo oo el NSl ol el e |

b AugHs 8, 41 ToBS Wdhurd 5181004835} YaieRGhki? LP'AT,' POBYRhoR oMM
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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Expression vectors containing the chineric nucleic acid nol ecul es

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

DNA- DNA hybridi zation, (b) presence or absence of "markErNovgeher 2002inct 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 haonol ogous to the inserted chineric polypeptide nolecul e sequences, In
the setiow® AEEPHANG, t@ HEe MU SXPrRsEion / YRlors carakieant heingentified
and sel ected based upon the presence or absence of certain "marker" gene
funct i reMicaéed. in .a yacteriad af rewaryoticyhop! eemipsising ecbinarici bi ot i cs,
transformati on phenotype, occlusion body formation in baculovirus, etc.)
causedptlypeptidei malecutneotcoflonginyclgienacid nas hdeserived . héwaingxaepl e, if
the chinmeric polypeptide nolecul e DNA sequence is inserted wthin the

mar keruggtheo sramstecke tie hdst aadt thierebgyc divieichaewt pressivmi ofi sgchhaucieggert can
be identified by the absence of the nmarker gene function. In the third

appr oagdids’ R HoeBt teX heeErien poRgidptide afolkouléshiwHicRdmay akeaybeg 33
11 Novenber 2003 the foreign gene product expressed by the reconbi nant.

h ¥ i |
Suc Wg?ea{mfeae gﬁl “an‘wrsﬁc%ggﬁrgae. mé hicRihhereay arbi‘dtwgfdaﬂpa

properties C "po ecules. Cell's of thé présent

e RO RILAEL 14 (8, A5ARE HingFRYS Vel v and permnently
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
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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
chinmeric polypeptide nol ecul e. For exanple, and not by Wwayowmbeld0ABt 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,

convemfhé %@éngho BeREC PAodIfctCEXSIERERE" BPhthe réysmORaRL C Sudterasshaiysn
chr omat ogr aphy, “reverse phase chromatography or gel filtration may be

used. o B@ebﬁgﬁad'fﬁ?”éxé}ﬁpié‘eohnfﬁ%n Hyicdingr HuAbEGhaF progersy efencodi ng

the first conponent 1s ups ream of the nucl eoti de sequence encoding the

seconq SOGHRHEHE ptcﬁéﬁ%% nt of the invention, the nucleotide

sequernce enco corrponent I s downstream of the nucl eoti de
sequence encodi ng the second conponent. Further enbodinents of the
i nvention may be prepared i n whi ch the order of the 34 11 Novenber 2003

first, and thir S e tlde C n earranged. For
exanplGe §f°r}dﬁleen95?%? Hé%fﬂ&ug é9 @Jlﬁ“ﬁBRYh Fif P%éftearg@%onent is
desi gnat ed t he nuqc]l eot i de seguence enctg]dl ncghthe sec(gnd C rrponent S
demdi%’tsé'aub"e'é(n@ﬂ PofRARSRIIY cEXRER RS RO FCHIMENG RAYPEREIRent i s
deS|gnated 3, then the order of the conponents in the isolated nucleic
aci d dnoterulesvention as read from5 to 3 may be any of the follow ng
six conbinations: 1,2,3; 1,3,2; 2,1,3; 2,3,1; 3,1,2; or 3,2,1.
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 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 ypeptitieNovepbercdiPes

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 ypefirsidesansret @ral ithirdt fusiesdpalypemtideg somponeinisclarehedsranged. of a

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

met hod Folr éxempieeift then nuplectideusefuénca émeadinggthee ifivist atompodent das t hat
are characterized by vascular perneability, ederma or inflammuation such as

brai n eeeignatedsoctiaé atusiedlidensedivenssd reicoding t thdseceddneoaporanttied with
I nfl ammat ory di sorders such as psoriasis or arthritis, including

r heumaigeisthridtedr 2! 'a$1d «'ﬂsé hh@cleaeaer %qaéﬁc@d@mﬁw@&ﬁw @bmbcyném fgur ns;

ascites and pleural effusion associated tunmors, inflammtion or 35 11
Novenbey, ehf 3i'TRen CtHLBrBeR otfe | rﬁirhgaﬁahtso ﬁﬁeo'.ééuawdlrwewndrorre
sepsi s | sease assocl ated wt crease | eakage of protein; and

(rag;al no ?f‘?]q’qr‘i\?sﬁm ﬁja{@q% ggéﬁéﬁ@@%ﬁ%ym S0 ﬁrksprhjaﬂ%cq?@@gmid t he
<X e, BRI L5 o oL B P S, 2
greater

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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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 thi$! Novembenadd0Bon 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 hesis, FIt1(1-3)-Fc protein was acetylated at the |Iysine residues to
reduce the basic charge. Acetylated FItl(1-3)-Fc was then tested in the
assaystraesna;j ddonid rairwalye iffbdtnonation p)campillasy deakosiadedmey sepsist
illustration and not by way of limtation. EXAMPLES Exanple : Expression

of FIt kidhed) disedseotisociated Witfl inetdased Usakagetaihgaottinplanculege bi ol ogy
techni ques (see e.g., Ml ecular Coning, A Laboratory Mnual (Sanbrook, et

al ., Oatébraefs rﬁxdr%%%g%firélhté@vmmllaﬂ@l%elr@bafahoauai , digietient Protocol s

i n Mol ecul ar Biology (E Ausubel , et al G eene Publ. Assoc.

Wl ey- h’@flﬁ'b?)%"tﬁ ce, NY), the gene encoding FItl (1- 3)-Fc was i nserted into
t he expression vector pEE14.1 (Lonna Biologics, plc) at a multiple cloning

site downstream of the CW pronoter. CHO K1 cells were transfected with
the pEE14. 1/FIt1(1-3)-Fc DNA construct using Ilpof ectam ne (Gaithersburg,

Kahsas A8 ra"’f@foe“fiﬁﬁﬁ%ﬁn#% SR B G QR Sole A8 TRsg BRGNS e
L;C' ' Fan unusualllgr/D higefjn%u%g (E%Smt}' B RS S RIE %réué""?ygngbt ai ned

An 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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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 prédéavenbef206890 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 selected cl one was expanded in

225c¢ -flask rnin Act on, . and then intqg_8.5L roller hotiles
(Cor nitaporalans, Oayent bigteraoin Mbiciiar Biniadts tedsoniRipdl foal cor s
were renmoved fromthe roller bottles by standard trypsinizati nd put
into dxeens Ruklhehsson. Wigyumterssenas pbis); dhenaenenenfs‘OéMﬁQZa- of
glutam ne-free | SCHO nedium (Irvine Scientific, Santa Ana, CA) containing
5% f etB-FeowRReinsasteth intBSher expressioneveatss, PEGJ4h] (lonza @iMagiss.and GS
suppl emrent (JRH Scientific, Kansas Cty, M) in a 5L Celligen bioreactor
(New Brlohsati @ kmsttiplet cloning Nite Blownsstream o that CMMeprsingtesy GH®Novenber
2003 of 0.3 x 106 cells/n. After the cells reached a density of 3.6 x

106/ mKandeller weadatroed fé¢ ctegl syiemsthen pEE Y411 BisFer DRt o a 60L
bi oreactor (ABEC, Allentown, PA) at a density of 0.5 x 106 cells/nL in 20L

of |S@@9fﬁ§&tu%mq hiptteéeinined (Gt essiury, KWDEr The daksfevted GHIDtI onal
20L of ISCHO + 5% Tfetal bovine serumwas added to the bioreactor. The

cel s ppreei@ Waned F&Nﬁriﬁ"‘?ﬁﬂénﬁﬁbm DMEM (UMM dRansaseery Moa final
density of 3.1 x 106 cellsrI'm., and a final FItl(1-3)-Fc concentration at
har vestof¥amifg BM mbthiBhifs sutfdkimflé SMBKS 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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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 proteintWdevemhet3088]| 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

col umm, ein sth ted into the for i 0 ffer. The

fol l om?fny%égéﬁgbﬁg”? i&%c&&l‘;@é‘sl reaghed a 43]&15 8?55) n¥ Met hods Al
chem c?é V\E @g?;btal ned fromJ T. Baker, Phillipsbur NJ with the

except § 8/ WEHe AflaRiedok? Auspenaion they wergetansieaTed oM 8 SAL 38 11
Novenber 2003 Technol ogi es, Gaithersburg, MD. Protein A Fast Flow and
Super deiereactorptABECat Adantowde RAsatsa v@e@stbbtcéu Adu ¥ 1@% prHs/maki ia,

Pi scataway, NJ. Equi prent and nenbranes for protein concentration were
obt ai n2aL of BHCMQ Impdiun Bitlf 5% fetah. bavipeosemmm el AftedLtvd days an.
0.451limfiltered CHO conditioned nmedia containing FItl (1-3)-Fc protein
was apatiditionad 2012 29SOt ¢i 5YA féias tboviheveeraimag Hildedlitantkeer ) that had
been equilibrated with PBS. The colum was washed wi th PBS cont ai ni ng

350mM blatbasid. 0. TS0 saHPver@n cilbli@dd e Ngrdvg ofori AnvaddRidnze dtwe tdayddnv
Citric Acid containing 10mM Na2HPO4. The single peak in the elution was

col | eciribring at®n®Hdensity of 3.1 x 108 cells/mL, and a final Flt1(1-3)-Fc
concentration at harvest was 95 mg/L. At harvest 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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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 t¥aiember]2003
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 main peak fractions were pooled, sterile filtered, _aliquoted
and st deebnaiogisndGaithenshwa: MR etRicdeinoA baskiRlew: apy. Pepsrde%xidP0 Two
mlligrams of Fltl (1-3)-Fc protein were acetylated as described in the

i nst r upteéparatenugrageoresiad wiere obtaipedf frommPhasnacé, fHacatayay.on kit
(Pierce Chem cal Co., Rockford, IL, Cat.#26777). 39 11 Novenber 20 03
Exanpl Bij4: Einsipacdretr andt membfamee iyl giroteinFtoncentsgtién weoe edbiaireEr
analysis: FItl(1-3)-Fc and acetylated FIt1(1-3)-Fc were analyzed by

st andafrgdm BHilapete,sBedided, s 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 highest pl in the standard. However, acetylated FItl (1-3)-Fc is
able to mgrate into the gel and equilibrate at a pl of approximately 5.2.

o nPEprbxhaRily | 0L o8t (25,86 fHiereY eHORenBRioNe AfSdiOS! Live charge

of the elrn refore fts considerably. Binding to extracellular
T L s OB Fei(3-3fF bRbtein WaE' BBpligatd 'R oML PrERR A FagIOnent S,
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. Thé 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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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 (Biocoat1? NeWERPERO0$) 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
control) protein are added to the wells. The plates are incubated for 1-2
hours at either roomtenperature or 37C degrees and then detection of

bound proteins is acconplished by adding a secondary al kal i ne
phosph&%ﬂ%j%%ﬂ!&m&w&glﬁm&ber 2003 t he
wel l's. Finally, alkaline phosphatase substrate is added to the wells and
opti caprodediinty is neasured. Figure 2 shows the results of this assay.
Like the irrelevant control protein rTie2-Fc, acetylated FlIt1(1- 3)-Fc does
not exhibit any binding to the Matrigel coated plate, whereas the
non-acetylated FIt1(1-3)-Fc protein exhibits significant binding. This
resul t (a NdiERA%a lVels -acatly] @t BRFcofarBsaceBiattd FEid(1-8jiRtiewers an
effective way to Interfere wth the charge interactions that exist between
posmxﬂbﬁgp e@t dﬁra' IPF%IZQ@ NGUR R lﬁhﬁi@ﬁfé 1e><it:t1a(qe3¥ AFlcar

matri x cornponen s ey are exposed to in vivo. Exanple 5: Pegylation of

Flt (lﬂﬁatﬁ. ,gr.%te'aﬁ e%tﬁg L R QBI (R YRERAOFE EmYUsY Fhve :fﬁﬂ;l g

pr ot ei een Increase th I'n"vivo potency by enha

Stabi | bty @ty B Qa4 ARibhbke W heud Nihehpd, | BRGNS sbbuidisae

refere

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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supra), it is counter-intuitive that pegylating nolecules that are too
|arge to be filtered by the kidney gloneruli would inprove their

phar macoki netic properties. Wthout being bound by theotyNovampeiZ98ht s
postul ated that pegylation of the FItl(1-3)-Fc nolecules could inprove the
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

shi el d{'hrég thlf posijtive char_ges rominteracting with the extracellul ar

mat ri xtNAYBF IS ant Nl akaliDg RPPERpAtass isuhshAte: ife gaidaddecihimevelts
properties of Fltl(1-3)-Fc mol ecul es_by attaching strands of 20K PEGs as
descri BB PRWecal deasity isomaamiedoodigured showmdhreresidts mfrilis ed
FIt1(1-3)-Fc derived fromCHO cells (see supra) was used in the follow ng
pegyl a@soRY exjdke nthe drrefavant gontralegrolis nEie@-Fobt atekytatedoRisHdar wat er
Pol ymers, Huntsville, AL; Bicine fromSigm, St Louis, M) Superose 6

col um3j-Fendpear nat iexhilsit saay dvingind\to PRS Matsigel 16Xatsah péatey, avhefeasn Li f e
Technol ogi es, Gaithersburg, MD;, dycerol fromJ.T. Baker, Phillipsburg,
NJ; antheBi sod+dcetplateds Flggis3f-Femprotein, eshibitdKsigEisanansinding.
functionalized with am ne-specific termnal noieties were used In

snal | - Thr) gesaRCiididarisidhas ddwyIaMre dicbasit Enme adbiereslaliber ant
reaction conditions in which the PEG protein stoichionetry was varied.

Based gR eqdfdy qBS e I frqaa S DS- PAGE,
B 1§ TR R, 100 BRI A R 1B RRRc IR e
between positively charged proteins and the negatively charged

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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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

al lowed to proceed at 8C overnight. For initial purificatisvempetddd3reaction
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 - pegylated dineric FIt1(1-3)-Fc, as judged by. banding patterns on

reduci ng and non-reduci ng SDS- PAGE gels 42 11 Novenber 2003 were pool ed.
The pr I Methodss deternined by neasuring absorbance at 280
nm The pegylated FItl(1-3)-Fc, protein was sterile filtered, aliquoted
and stored at -40C. Exanple fi: Binding of unnodified, acetylated, and
pegyl ated FIt1l (1-3)-Fc in a Biacore-based assay. Unnodified, acetyl ated,
and pePBwrifiedd FRit(13)-Bg - deriyedt feoms GleOe celles{sub isuprd)i wagr asbdsigd assay
to evaluate their ability to bind to the Fitt ligand, VEG-. In this assay,

unmodi ftieedofibivirig - &gﬁaupnom?@rmtsl mmtbhéﬂidﬁéiliﬁutmg@sﬂvf!@@ of a
Bi acore chip (see Biacore Instruction Mnual, Pharmacia, Inc., Piscataway,

NJ, fObbﬁdlﬁédafr@nWSﬁéﬁmrﬁfér @'?:ﬂyme@arﬂhﬁts‘&ﬂ@ aA’I‘_ nB:(Qﬂ@ fHoth S’ aand

ei ther unnodified Flt -3)-Fc, acetylated FItl(1-3)-Fc or yl at ed
Fltl(1l h ta/ ted
chi p. SO (RS ﬁé’e?’??%c?s‘m P Ront SRy Fﬁgeaﬂ"{’%‘é(ﬁ%unﬁg’aﬁgf‘e?

vere vashed; ikt foisertraly 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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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 1aNevembset08 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 WRrEiRRRlEd3, Hhetpoieied copsenirabion3wass detpugifest Sy MeASHND 17- 20) ,
and heparin-treated Fltl (1- 3%— Fc 43 1 1 Novenber 2003 (colums 21-24) are
each adbpgortbencemate®80ynoumpéte pegplated Bitd<brd-Fehpreteioumpasistedte 3) - Fc
for VEG- binding as conpared to control (colums 1-4) and irrel evant

pr ot ei filt¢redl, uatiqubted) . andnsbrédedt IO 1-3)- Fc (col umms 5-6) appeared to
only partially conpete with Biacore chip-bound FIt1(1-3)-Fc for VEGF .

bi ndi ng. However, washing the bound sanples with 0.5M Nad (colums 7-8)
resulted in a binding profile simlar to the nodified fornms of

Fltl (IEXahplel 64iBRidMgl Sflunifsdified]i d¢8tyPARI @] AR 18tédng
non-specific binding to the chip that could be elimnate y the salt

wash. Ef 2 ZF@iﬁdérEi%Ed#%'ééﬂdas@ yl ated. and pegyl ated
FIti(1-3)-FCc I'n an ELTISA-based assay. Uﬁ'l&f—i ed, acetyl ated, and pegyl ated

FIti (1-3)-Fc proteins were tested in a standard ELI SA-based assay to
evaluate their ability to bind the FItl receptor ligand VEGF. As shown in

Fi gur e dmdRtilaPCR¥E RS- "dnd 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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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 tfadademBrr29pBe 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 pharmacokinetic profiles of unnodified FIt1(1-3)-Fc,

acetylated FItl(1-3)-Fc, and 44 11 Novenber 2003 pegylated Fltl(1-3)-Fc

pr ot ei @olBains/ &1r24k qre3eash; ablaritoecgrmpipiely veompeig ewitbdtha Biacan@ous! y

wi th 4ng/ kg of unnodified, acetylated, or pegylated FIt1(1-3)-Fc. The mce

wer e tehip-bbendaFit1(1-8)-F {6r VBEGHhdinding alayompared tdagenttbl er i nj ection

of protein. The sera were assayed in a standard ELI SA-based assay desi gned

to det@eflufinsl(114$)andcirpgievann . prBieiaf (yolunies a5y | Unatodifiedoati ng an

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

Fltl (1 - 1 , ofd i d¥ilyWpiaittiafly abbimpete amtiilbody

Iinkedet?)(ﬁ?I)kﬁ?@lgm@pﬁFngﬁﬁ%ffﬁom iny\llz\?prgure"}é, the Tmax for all of

t he =3 ” ej &S et a | poi nt s.
"Blddate3tninBLAL Fﬁ%(mtlﬂ? ORSVELTE finAaR. aPbwdvdrouwabhiify

The Cma eér ent eins was as f Unnodi fied: 0.06 Wni
5 pyl e Bourf SohAeBwith. 0, S NRGH o @l 7785 rEROHea [Bra bR ™ <Y
oxt r aceiqRapmier 16 KD naticd A ERS hl efly (Fd) e iRaR it

the unmodified protein was exhibiting non-specific binding to the chip

that could be eliminated by the salt wash.

Example 7: Binding of unmodified, acetylated. and pegylated

FIt1(1-3)-Fc in a

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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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 artiehaesber 20803 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 %003 sul f o- NHS- Acetate nodi fication Kit éPierce Chem cal Co.,

Rockf oP@gylated chit1{1 2477 ) Pradeiy| Salb/c drigadPs-R84i i dnHsedrepPicet yl at ed
FItl 1-3 Fc. |EF analysis Unnodified FIt]l (1-3)-Fc and step-acetyl ated

FI t 1 (1weye Finjeeladeisubardnpeansly idhb¢mg/kad of dunerodifigdy sagetylgtedshown in
Figure 6A-6B, unnodified FItl(1-3)-Fc protein was not able to mgrate into
t he gedr gegyiatect Fitdgi+3rfec.y Hhehmice(yweeattail bleshad. B) 2, #Hofe\@4 , nost of
the step-acetylated FIt | (1-3)-Fc sanples (30-100 fold nolar excess

sanpl ekpurser2 ddotss aod nd glaatse aftraroinjéetiarelof ambteinui | The sseraatvgres rangi ng
bet ween 4.55 - 8.43, depending on the degree of acetylation of the

prot ei assdyed inegustandRidNELISASSatd@t assneiddsigned toadetbengatiiihed)positive
charge of the protein in _ a dose- dependent manner and that reduction of

the pl FéaﬁrdiéirEOr‘Bfi@fI??@hQYasWtih%l\ﬁe%g cbﬁﬁngeﬂﬁeELﬁAaﬁﬁtw @thon.

Bi ndi ng of step-acetylated FItI(1-3)-Fc to extracelluliar nmatrix conponents
VEGF, binding the unmodified, acetylated, or pegylated Flt1(1-3)-Fc-
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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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 mattNaverbenifi@fent 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 | s. The | ates were incubated for 1-2 hours at roon1tenperature or 37C
and t heferNidS-Asptale saoddicationeilds (Rirrcec Cdignicale§ by HagkiRjda 1L

secondary al kal i ne phosphat ase-conj ugated anti-human Fc anti body to t he
wel | s. CAL#al36ve/ Phosphat ase substrate was subsequently added to the wells
and optical density nmeasured. Figure 7 shows the results of this assay.
Like the irrelevant control protein rTie2-Fc, step- acetylated FlItl (1-3)-Fc
(20 and 30 fold nolar excess sanples) did not exhibit any significant

bi ndi ng xtzont ke Ma0 ¢ i @ hla repetexd 2 Hiom ohsteps a d diby hwte dcE11/1 61 €B)) -
FItl(1-3)-Fc protein exhibited significant binding. The binding is
saturapke, indicating that the FlItl(1-3)-Fc protein may be binding to
specific sites, rather than a nore general charge- nediated interaction
that m ght not be saturable. The 10 fold nolar excess sanple showed
reduced binding, but the degree of acetylation was not enough to

A A AR D T 4y SRR 2,00
sanpl LML) ProtolRoieela hgﬁ%é’%ma@"ﬁ? BnaRis. MRS excess

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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charge. This result denonstrates that it is not necessary to conpletely
acetylate all available basic amno acids in order to elimnate binding to
extracel lular matrix conponents. 47 11 Novenber 2003 | gj1.NBivacberg200$
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 FItI§ % Fc protein (0.5 ]1{8% or 5.0 Irﬂ) was

| rmobi Stepsacelylatad Juitt Gcd)dic 418; 20 @nchi3p (ki malar: &xe ﬁst ruction
Manual , Pharmacia, Inc., Piscataway, NJ, for standard procedures) and a
sol ut | samEbeshi ar i Ie2Fqdan invelevaahdcontreb eprateimvereadded to11hs _ Fc (at
either 0.5, 1.0, or 5.0 .g/m) or 10 different step-acetylated Fltl

(1-3) -Wellsarrﬁlf es flates vierel iocubateds far. 1-2 ghputs @dcroometampasidie odfer t he
FItl (1-3)-Fc-coated chip. As shown in Figure 8, at a sub-stoichionetric
rati o 89°G agdnheof det¢dtion ofnbmahd iprotdihs| Wwas 3acecomptisheddey yddding a
FlItl(1-3)-Fc vs. 0.2 g/m VEGF), there is not enough FItl(1-3)-Fc (either
unnodi éeéénearystaﬂnahﬁéeprQpndiaselcbhﬁlgmédt aat-hoameemictaitibddyndot he

VEGF. At 1. whi ch approximates a 1:1 stoichionetric ratio, both
unmodi e Atli@éhr?é’ HosHfabtt $idstate wa Sdtriderieralyl addedcegpet e for
VEGF f)r}n I ng, but thergjlsﬁitlll insufficient FItl(1-3)-Fc protein (either

v 6 s Y R Al ResBIRGE! phinfend, Aoy eid spsanicsr
this assay. Like the irrelevant control protein rTie2-Fc, step-
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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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 at loNododésr 2008t 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 FlItl (1-3)-Fc rotein. Balb/c mce (23-28g) were injected
subcut{gnp@indinia of stgpeacetvitatedFHd (d-3aFodn a0Bia®aka-100 fol d
nol ar excess sanples of step-acetylated FItl(1-3)-Fc (3 mce for
unnmodibaseld ag8ay20 and 40 fold nolar excess sanples and 2 mice for 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 yfmdiifiedl! anthetégdddiglarbdt Mg ($t3)dFc preteinex wharealtestedd tine

FItI (1-3)-Fc proteins tested was at the 6 hour tinme point but the Crax was

as fol or& Rl | | $4 ( thB8ir0 1 df &b dheoFRn excess
sanpl % @iﬂ%p%g/ m, Zg%]gg?didm%\g%hgﬁéggirsgﬁmﬂlﬂ{ér'ﬂ_o Zt)}ﬁg/ m, 40 fold nolar

SEES i) el 8 4 T eer o g, 0 470,010 11
H _ 3 _ . . . . .‘ . .
31 Sl s AR . BEOER B s

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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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 VieNovemberdi0f$ 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
FIt1(1-3)-Fc protein that constituted specific binding sites for

extracel lular matrix conponents. For exanple, many proteins are known to
have HehdrP haximdiggkintedic ahtady sisnsifsstep-afc et ylats drF Bl (bé)i-Ec

resi dues. Sonetinmes these residues are found in a cluster on the primry
sequence of the protein; sone of the literature has identified "consensus
sequences"” for such heparin binding sites (see for exanple Hileman, et

al ., 1999ivoBbrpefmEntdOwdre 186skyNed tB akBeEs CRReDhdgackkipeticcr yst al
structure of a protein reveals a cluster of positively charged residues on

the susigfes bra b airiba i1 H11S)(ee! s ABARacofatal fERieTia)eg] ons of

the primary sequence and are o br oug en the protein folds

o TSGR BaibR! TH (80,2845 ibrd SnjgliEl Sibloutendague gt her an

i sol at am’ no acl resi due for uster o asi c residues on

LD U e LB B, 188 0, . 408" 3ol S cboies Vel

RS o e Dbl M FAEES (0 oS PRY Tl 56, °26
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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extracellular matrix conponent binding site. FItl receptor has been

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

exanpl e Tanaka et al., 1997, Jpn. J. Cancer Res 88: 867-8&vemBRef28p3ing 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 glycine coded for by nucleotides 76-78. The mature protein
begi ndelowh 6, Seas Lymidle bditer, phaamaicokimeticaidhaat thie hightf pasitinecl eic acid
sequence. FIt1l Ig domain 1 extends from nucleotide 79 to 393, ending wth

t he amimmodifiets Eet (1ASp-Fdr(pl B 19.3)g itlonasnagkedt windshér dhe diftérevicede 394
to 687 (encoding Ay-Arg-Pro to Asn-Thr-1le), and FItl 1g donain 3 extends

from VIHCbHﬁPmﬁéékﬁﬁe‘iidsOo%?@d(@é‘%l@mﬂ@téd QoAﬂﬂe et chargsoflyse Al a). There
Is a bridging am no acid sequence, Pro-dy, encoded by nucleotides

7 ek g, oo oo e el
5., SRR gl o AR 0 2
s 1 ocairtate 1Bk e, Bt e MBI At SIPHRRiGH BAaRRE- bigding, BT Eaee
i gherStas 17 SxiRagINEr: BiatriyaRafnaleitsyn et Sretpls Bk A ip e,
domel nar:()’a Vi\cﬁntor\}vr; ht%t h%]:.rel %eggﬁ%' Bmzmﬁavgﬁéé tr?‘ten consri]stmg of a cluster of
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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region, there is very poor alignnment between the two | g domains, and that
there are about 10 additional amno acids in | g donmain 3. An analysis of
the hydrophilicity profiles (MacVector conputer softwarE)Novgmbenz88s two
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

donmi n |l owed. for sone type o rotrusion that is not ,in Fitt_lI donmi n
O "ol dPis HRPliaAomadne. CaReidastEadNG cranahaeqyeatrudotaaeretafle: od and
the resulti n_g_ protein was tested to see whether the  deletion uld affect

|

the ph¥lgk dRilkeated atailier BeaginainghelithesequaATSe athsdeds g 1R affinity
of the receptor for VEGF. This DNA _construct, which was constructed using
st andagiyqine ceedied fior dbygyuclestidesqibs78.sedhe. Hatuge| peter DEAAS nyitha
Laborat ory Manual (Sanbrook, et al., Cold Spring Harbor Laboratory),

Cur r entSePrloystelsLys, sbading aat niickeatige (Tesof Abeulnelcleist agid , Greene Publ .
Assoc., Wley-] nterscience, NY) in the nmanmalian expression vector pMI21
( Genet isegubnsei t Wi, Id domairCanextetyts fidRh, nisleotiier 70dta @GS dnding
FIt1(1-3A8)-Fc. The Mutt: FIt1(1-3ss)-Fc construct was derived from

FI t 1( 1 ydlh RBebinigd caciaB Ser-AssTeet | ¢as 344d8mdifi set ekends fronki gure
10A-10D), which deletes the highly basic 10-am no acid residue sequence

Lys- AS ipde¥Soteld- 49 4- toSGHS?‘/a(bn%@jrg%gGN-ﬂrbf!@m Rbt IAJrITRPIRIN @nd TRR1T i nal

DNA construct was sequence-verifi usi ng”an ABI 373A DNA ‘sequencer and

Taq Di d§od¥mbEh ™ "SkiehdSY fidin SROLRGEHRS BB td'PPd6 edncoding 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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Bi osystens, Inc., Foster City, CA). The sequence of Miutt: FIt1(1-3Ag)- Fc
Is set forth in F| gure 13A-13D. 52 11 Novenber 2003 Exa , 12:
Construction of Fltl(1-3) Fc basic region deletion nut gﬁwo‘ffé?ﬁb?@?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

con  PREsIiy ARk den acaal ﬁ%@e%?ﬁldg?%@%eéﬁég%rwiﬁn S ffshe © T

associ ated .am no_acid sequence, Ser-dvy. Thi DQIA const r yct g/n ch was
constrG@f‘lﬁinuglﬂﬁo‘yﬁﬁnﬁﬁr 8OMS d¥0e 0! lﬂrBVHQPrlé ghilguaat ('@e%i @

Mol ecul ar Cl onin A Laboratory Manual (Sanbrook, et al., Cold Spring

Har bor dpmnaeorgf)o test thist hppothraiss the 1\%|@idjti9ﬂalauamugsy 0ids . Weﬁjsubel
et al., Geene Publ. Assoc., WIley-[nterscience, NY) in the nmammualian
expresdedmedeandr thﬂ/rITESu(tmmmd:eml nas tested tacsee whebheddae MA), was

al so sequence-verified using an ABi 373A DNA sequencer and Taq D deoxy
Ter m naiedsti@y cveoute gatfect nthei phéd ApatokihetBisodasoeally IwithouFosersousliyt v,
CA). The sequence of Mut2: Fitl(2-3ae)- Fc is set forth in Figure 14A-14C.

Exanpl eohiirofifighig tieé i gifinty bf tthelrébeptor dor SVEGF.MUThIE DNési gnat ed Mit 3:
FIt1(2-3)-Fe. Athird delefion nutate construct, designated Mit 3:

Elotnls§ Eazgpsﬁ%ct"‘@ﬂmcﬁoﬂﬁdsr %rﬂ.‘irdétédsﬁgmg\ﬂé‘taﬁﬂai’hen%lbbulﬂ bléidgyde) - Fc
technigues (see e.g., Molecular Cioning, A Laboratory Manua! (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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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 ol ecul ar biol ogy techniques and the final cohSt¥gEPenLs
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 constryct was _nade in which N-glycosyl ation _site was introduced
into EXampde1% E@%&a@@igﬁﬂﬁdﬁi@gmﬁm& const r uct
was designated Mut4: FIt1(1-3R , N)-Fc and_was made by changi ng nucl eoti des
824-8@&3@%&&%&@ WMuh2a0f Hil (243, gdriE@.Ar g resi due (AGA)

into an Asn residue (AAC) (see Figure 10A- 10D). The resulting anino acid
sequence is therefore changed from Arg-Al a-Ser to Asn-Al a-Ser, which

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

N- gl y dosgéeondndsidtmmmtmutentAsonstrast,ddesighietesie dat: eFitf (:Mﬂé:)-Fc,
FIt1(1-3R :,,N)-Fc is set forth in Figure 16A-16D. Examle :

Char aovasi detived @ioractie | iuert Ft11{13 3))-F6. coMdtiruct iy HeleB6B of FFlend
Mut4: FItl 1-3R ,N-Fc nmutants. (a.~ Bndi ng to extracellular matrix

fgggoggngi?mﬁog% gp&%ggg%ﬁtmﬁlebﬁaeé hresg®(sbberigurat ¢DAs10D)efopre or
convenience, nucleotides 73-78 (TCA GGT) were changed to TCC GGA.
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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i kely to have inproved pharnmacokinetic properties, Matrigel coated

96-wel | dishes (as described supra were incubated with varyin
concentrations of the nmutant proteins and detected With1"a{}'\‘it"Ie'3“g%fr?§i?=’i3

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 ti: Fltl (-3, A8)-Fc protein bound nore weakly still,
ondt nECks werr gl dolefidie. Thd dastiicsh@s: renttted tangeStidhithy mor o
weakly than any of the other nmutant proteins. The Mit4: FIt1(1-3R >N)-Fc
gl ycosTICiREYAT rRiCieay peshaigues 8 JinakeFYRHENCH MRS i SBILGRT Mat ri gel
assay. These results confirmthe_hypothesis that a |inear sequence of

posi t i Veiiigd s deswrineth gepralel thedsequanaa ofpMuiadr yikldgdudnte ises@iting in
a decrease in charge interaction with extracellular matrix conponents.

(b.) Biafth in &igue t154418C1-30 -Fc and Mut4: Fltl 1-3R>N)_ Fc in a

Bi acore-based assay. Unnodified and acetylated FIt1(1-3)-Fc and genetically
nodified Mutt: FIt1(1-3,,,)-Fc and Mut4: FItl(1-38 >N)-Fc proteins where
tested in a Biacore-based assay to evaluate their ability to bind to the
Fltl | EgeivplevH@: Coridtsustien, of Fe(i {3pFEdlBasic VedbonrNtei n (0. 25,
0.5, or 1.0 g/m) was imobilized on the surface of a Biacore chip (see

Bi acor gy bosly Itibd Mtk t ddwidimatad Met4:; 'F'mgﬂawaﬂ; NMEd.or standard
procedures) and a solfution contarning 0.1 g/m an er 55 11
Novenber 2003

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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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 é1-3)- Fc
(at (0.25, 0.5, or 1.0 g/nml), COS cell supernatant cont & NeVEEORAAPS :
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 ratio (0.25 gg/m

FI t 1( 1ikply ko dhavenisaprowad Rirainyeceldnedic geaperties. Maibigel i eeatathpl es  vs.
01. g/m VEGF), there is insufficient FItl(1-3)-Fc protein to block

bi ndi ng6ovelvrtishes (ae desgrineqd)smera pmweirei neyibaied hwitBi yesyiegchip. At 0.5
gg/ m of unnodified, acetylated or genetically nodified FIt1(1- 3)-Fc

pr ot ei cancemieationscbf dinet metardt peotains candadetectetl with tardi-buinsan an

I ncreased ability to block VEGF binding to the Biacore chip. At 1.0 p.g/nm
of unnBdldikaithe-phaisphaitade otogjeated adhiibodidst | eAsFEhowh- &) -FFAgurer ¥8gi ns,
which is approximately a 10:1 stoichionetric ratio, the Fltl(1-3)-Fc

pr ot ei fifis agkpafhfedto dhdwéd bt iRl tHeCurimotiifredi RigP 1|E‘—t314*11 Pprdwgin t hey

are not equivalent. Unnodified, acetylated, and Mitt: (1-3AB)-Fc are

eSSeNtbahiy U hyichy [BeIoRDIEAY, I IVRRS: Y2, 81. P81 ploteibas iy Mt &

i
Flt1(1-3R > c Is ‘sonmewhat |ess e cient at bl ocking binding. These

L RN UMD, M, PRl e

non-specific posrtivel _ e cul'e by genetlcg!ly
removi ek, 'R a8 HERGuE: PAATATE LY protBHRt NGl daClifg ke no

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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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 1igand VEGF, binding experinments werRoOGBRY 4083 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 anti body and quantitated colorinetrically by the _addiFt#{ 03 gf an

appr ofpunfied 0k £ 0% glbsmaragtart Lantainingayn eth Ff{drd)-T6, (@t hi s
experiment showed that all the nutant proteins could bind VEGF simlarly,
at t heapprdmatalyi d0s23.e£.68d. oExbAplng/md), PnHifind orcebtated ltlEl-3)of
acetylated FItl 1- 3 -Fc Mutl: FItl 1-3aB -Fc. and unnodified Fltl (1-3)-Fc.
I n vi Vit efap 0. 280 10s5 wer el .@epggnd €O Sacels supeenadiaat neerdriniegi Mutpr of i | es
of unnodified FItl(1-3)-Fc, Mutl: FIt1(1-3eB)-Fc, and 40 fold nolar excess
acet yl piteds E?,gél)éﬁc Hat Fapﬁrci)(iﬁimelszﬁmﬂEg 0i15;e0f 2b.03 gy mi}eor COS:cedd

‘subcut aneousl’y with 4ng/ kg of unnodified FItl(1-3)-Fc, 40 fold nolar
excesss%éﬁddtah?dcﬁﬁdirﬁihﬁ)l\ﬂﬁm: Fnh (WA ,3>N|fll¥dé (61- 3pBroXimatelwt(@.25, (4 nice

each) . ese mce were tail bled at 1, 2,74, 6, 24 ours, 2 days, 3 days,

d5 f L RAACHIRR. . Y esi uned
an @gf?.a fi_egygg@sgwe?a. Raﬁﬁ?aﬁé@ews FRIFRBYFé-RoaredLAHA. dess gned to

detect FI'tT ( rot ei C I nvol ves coating an ELI SA plate with
Ve SO Ro PR A 2 6 PR SRR O g 1 e
Flt1(1-3)-Fc of unmodified, acetylated or genetically modified samples
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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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 (1-3)-Fc -
1.5g/m ; and Mutt: Flt1(1-30a)-Fc - 0.7g/m . Exanpie 171 NRYGMPredOti t t
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

t her ef pr Lkely to Lck . to el {ular I X . Th i.ghly basic
nat ur 60 Bind e pf MGt oF U 260 )R8 WRg ri bt as [oF-2d Y 00
supra) has_ p f rgacoki netics t e it difficult to use as a

t hera = S a i smodi fi ed form of 40
fold nolar excess acetylated FIt1(1-3)-Fc, hereinafter ternmed A40,
exhibited a greatly inproved pharnmacokinetic (PK) profile over the
non-acetylated Fitl(1l-3)-Fc. Therefore, attenpts were nmade to_engi neer DNA
nol eculles determissumhaibenshe thrae dautaniaproteing masdd bing thedHtdrns  of a
Fitt receptor nolecule that woul d possess the inproved PK profile

exhi bi tigandyVEGF abindingl experimeints weseadohet in tvhichn ®6-wehit plates VEGF. |t
Is known in the literature that the first Ig domain of Fitt (which has a
net cheogedfwitt? VEGRWes intlibatedoviteseanyingl cdocenirgtionbi oflithg to

VEG-, so this domain was deleted. The third I g domain (having a net charge
of +1l}edFedtile eAGRINL protbRi, Bhadafter washiey)f #ies dimeobet Bddmadiwes58 11
Novenber 2003 for VEGF than the second Ig domain, so instead of deleting it

enti r elitedted BYSIHAMARRS With hahhaIeiveY ProRpHEAEBE NEoRfuddtedFainti-T ecept or

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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relatives Flkl (al so known as VEGFR2) and FIt4 (al so known as VEGFR3).
These chinmeric nol ecul es (denoted R1112 (Flt1l. D2. FI k1D3. FcACl(a) and
VEGFRI R2-FcACl(a) and R1L R3 (Fltl D2.VEGFR3D3- FcACL( a) l'diryew 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

j udged in.vitro ECM bi ndi,ng, ass descr.i bed infra had, greatly
i npr OJSEXB%?%SWW@S%W ﬁ@%%f? ib 3“@%’%&3&5‘ 58 phosphiedaseveS abl e to
bi nd VEG- ti.ghé] as descri&ed infra and bl ock phosphoryl ati on of the
nati vl e @F@rzgxﬁh@s mpx foethseadaagentgcvps a8 @UOWSbed infra. a
Construction_of the expression plasmd FItl D2. Fi k1l D3. FCACL( Expression
pl asni¥Rmeifbad FFitl (1- )Fcc-(@smwar&ﬁ? piaid 1 molRr 1excess . agetdasbp) are
pl asm ds that encode anpicillin resistance and Fc- tagged versions of Ig
donai fdtH(133pfchunmdnSEgimi;armnch Ml FIRLL(1-85pk€td el /ngfmbe pl asni ds were
used to construct a DNA fragnment consisting of a fusion of ig domain 2 of
FItl with ig domain 3 of Flkl, wusing PCR anplification of the respective
g domains followed by further rounds of PCR to achieve fusion of the two
donui iBxamiple H2: 1M oditivd FIR90ce ceptor veetmntor@trugtionei n 2 of
FlIti, the 5" and 3' anplification priners were as follows: 5 : bsp/fltl D2
(5" - GACTAGCAGT CCGGAGGTAGACCTTTCGTAGAGATG 3')

The rationale for constructing modified versions of the Fit1 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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3': Flti D2-Fl ki 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 GRPRRYERPer 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
defined as_TIID of Flti (corresponding to am no acids 123-126 of Figure
21A- 210y \drGFcthan niliengecand 1g/idomaios ree joataad oft delgdingoitagntkeiy ot 130 of
Figure 21A-21C) of Fikl. For Ig domain 3 of Flkl, the 5 and 3

anpl i Wwasitrepiaged nwits tike ccqgvalantodemains ef tthepfitt| keceptos

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

(5' - GhEisdiveSCEIRAG(AIS ol khownl &\ MEAREE2)GAGd APWT GaBs) kbowrl asoVEfiR3R003 The
5" anplification primer encodes the end of Fitt Ig domain 2 fused directly

to theHesw rhimerief ndletules @@mﬁecBHm2dﬁmr.D2eE|latD&EcAﬂ1€(a) &nd
anplification prinmer encodes the end of Flkl Ig domain 3, defined by the

am no \AEGHR (EMARAC t@) " S5P FFR B At DNVEG FRBDS-RBRCAZE) ahd Figure

21A-21C), followed by a bridging sequence that includes a recognition

o EVEGHHI AUTCLON X ghaNeEelin, FY A Papa e g aminaeg o PG
21A-21¢ Fit1 (VEGFR1); R2 and FIkiD3 = Ig domain 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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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 priners bsp/fltl D2 and Fl kI D3/apal/srf.as (dedthpusader Ppra) 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

ﬁﬂféﬁ%ﬁgﬁéﬁw@eaﬁm& Rrfagh SRS e R0l dn iRl verifi e

by standard sequence . This plasmd was then digested with the
restri BUfHHS eﬁ%@e?sﬁ?ﬁ&‘%d Srfl and the resulting 702bp fragment was

transferred into the EcoRl to Srfl restriction sites of the plasmd pFltl
(1- 3) B2- FcACl(a) to produce the pl asm'd pFlt1 D2. Fl k1l D3. Fci Cl(a). The
conpl ete DNA and deduced am no _acid sequences of the FIt1l D2. Fl kl

D3. FcaBl P/ M DRS GABHTAGLAGTCELGAGBTAGACE QU CCTAGAGATE 3 1
Novenber 2003 O Construction of the expression plasmd Fltl
D2VEGFR3D3FCACl1 a The expression plasmd pMr21. Fltl (1-3).Fc (6519bp)

encodes anpicillin resistance and an Fe-tagged version of Ig domains 1-3
of hungh FHiiD2-Flkt B3 as .(5TUGGAIGEIAGARGSOABATON AT GAICKHE TADYE GTagyent
containing Ig domain 2 of Fitt by POR RNA fromthe cell |ine HEL921,7 was

used to produce Ig domain 3 of Flkl, using standard RT-PCR net hodol ogy. A
further round of PCR anplification was used to achi eve fusion of the

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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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': Flt1 11 November 2003

D2. VEGFR3D3. as( Tr CCTGGGCAACAGCTGGATATCTATGATTGTA TTGGT) The 5
anplification prinmer encodes a BspEl restriction site upstream of Ig
domain 2 of Fitl, defined by the am no acid sequence GRPFVEM
(corresponding to amino acids 27-33 of Figure 22A-22C). The 3

anpl i f 188t PoAMPlifipation psigear wcadasethe ehnfefltdt infdamaindifesedit1 1 g
domain 2 fused directly to the beginning of VEGFR3 Ig domain 3, with the

f usi ordigRFtY tackhenbeginning of dktilgt doawinddpaadiescibkedimbaveacithe 123- 126
of Figure 22A-22C) and continuing into | QL of VEGFR3 (corresponding to
am no dcAadplificatiodo poiméi qncodezAtize @nd 6 Fik INdg edbemaia 08,3 dedinedgbgonai n 3
of VEGFR3, the 5 and 3' priners used for RT-PCR were as follows: 5':

R3D3. stheAAGUACCACTHECVIDANEA\ GECHEERONAITEHIbCEMho 8cidsR2D3-228 of
( ATTTTCATGCACAATGACCTCGGTGCTCTCCCGAAATCG) Both the 5° and 3" anplification

pri merBigiech1AbR21 SpaveIReal byESRdging ecdfenReatmat indlalibgnapr oduct of
this RT-PCR reaction was isolated by standard techni ques and subjected to

' \ f th
2, SSoambaiigh efihis Midne YesaRIRPAMARSSSIT, BqUeistadusren of the
via a SfRineTdds GPEE TR DMdgingSsindd E8HeRPoRsR SinfRbtadRis! 0! | ows:

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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5 :Fltl D2. VEGFR3D3. s ( TCATAGATATCCAGCTGITGCCCAGGAAGICCCTGEAG) 3':
VEGFR3D3/ srf.as ( GATAATGCCCGGGCCA TTTCATGCACAATGACCTCGGT) The 5°
anplification primer encodes the 3' end of FItl | g donalhNvembegsa®d3directly
to the beginning (5 end) of VEGFR3 I g domain 3, as described above. The
3" anplification prinmer encodes the 3' end of VEGFR3 Ig domain 3, defined
by the am no acids VI VHEN (corresponding 63 11 Novenmber 2003 to ami no acids

221-22f of ol | ovved b_ a b i dgi né; sequence that includes
a recoyn FSe0 3 de1ABIC ani no aci ds GPG. The
bri dgl ng 0 am no acids 227-229 of Figure 22A-22C.

' HSrC- 468K n 2) or two rounds (for FIt4 | g domain
3) of PCRto produce t he |nd| Vi dual | g domai ns, the PCR products were
combined in a tube and subjected to a further round of PCR anplification
with the anplification prinmers bsp/fltl D2 and VEG-R3D3/srf.as described
supra, The prpoessionhpldsmicdpMT@IuEt] (1RE)Fc HEB 19juencadess abspigilint | v
digested with the restriction enzynes BspEl and Smal and the resulting
625bp fesistamce and anbEtdagdeidnversivheoBdgEtiomaiiss f1-3r efthumanoRitdi t es of
the vector pMr21/Flt1i B2. Fc (described supra), to create the plasmd

pMI21/ fgceptor. VERSRBR waddhaisiebtens@diicet BeDNA Krdgmértrttiainage
fusion insert was verified by standard sequence analySis. This plasm d was
then digeashesinv®tdf Fit1 by PCR. RNA from the cell line HEL921.7 was used

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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the restriction enzynmes EcoR and Srfl and the resulting 693bp fragnent
was subcl oned into the EcCoOR to Srfl restriction sites of the plasmd

pFl t 1(1-3), &B2- FceCl(a) to produce the plasnid desi gnat EdNov§mpen2003

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 pl ates (Becton Dickinson catal og # 35-4607) were
rehydrated with warm DVE suppl enented with glutamne (2mV), 100U
penicillin, 1000 stre cin, and 10% BCS for at least 1 _hr. before

addi ngFeah@Idamairma gf) %F\W@r dhenshand 3inatiaers dised fer RirPCERywere
tenperature with varying concentrations of Fitt D2. Fl k1l D3. FcACl(a) and
Fitl D2sVEGRE83. FcACl(a) starting at 10nM wi th subsequent 2-fold
dilutions in PBS plus 10% BCS. The plates were then washed 3 tinmes wth
PBS plus 0.1% Triton-X and i ncubated w th al kali ne phosphatase- conjugated
anti-human Fc anti body (Pronmega, 1:4000 in PBS plus 10% BCS) for 1 hr. at

room tSﬂH@[ﬁt@{ﬁﬂ-’C@h@@T GTTGOETAGERAGTEHCTGEAGCTEC MEGTAPBS 0. 1%
Triton-X and al kal i ne phosphat ase buffer/pNPP solution (Sigm) was added

for color devel opnent. Plates were read at | = 405-570nm The results of
this experiment are shown in Figure 23 and denonstrate that the FlIt1l

D2. Fl k ﬁ—rg aXa (1-?1- Tery considerably
| ess s§| %By to gA %@bckorrpared to t e Fl't (C%SD Fc protg)n

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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Exanmpl e 19: Transient expression of pFltl D2. Fl k1l D3.FcaCl(a) in CHO Kl
(ElIA) cells Alarge scale (2L) culture of E. coli DHLOB cells carrying the
pFlt| D2.Fl k1l D3.FcACl(a) plasnid described supra in ExAhPpenbe{2P3was
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

concentration of the purified plasmd DNA was determ ned by standard

t echnitqué§ings aigisa 231 -286c of dpBurend2Ar22pl follpwedebyra ﬁﬁ@gmgasm' d DNA
was verified by standard restriction enzyne digestion of aliquots using
the rseguenad dhatkingludes B oRicoghitiosequengeaier Sril.| apdsepcedesthenzyne

di gest fragnments corresponded to the predicted sizes when analyzed on a 1%
agar osEme) acily GPG5 dihepbridging seasenceecamespdnds tth amixiadis A cel | s at
a density of 4 x 106 cells/plate. Plating nedia was G bco Ham's F-12

supp!l enentoesp it I}FiQQP@ Hyzha®mCFet al Bovi ne Serum (FBS), 1000

penicillin/ 100U streptonycin and glutam ne (2m\V). The foll ow ng day each
plate of cells was transfected with 6g of the pFltl D2.Fl k1l D3. FCACLl(a)
pl asm d DNA using G bco Optimem and G bco Lipofectamne in 12 nl vol une,
fol | owhfg, t aGHE AL SgP | 2) drotiio NRnesA{fc?" FRAdig) donhgin

t rans:‘%efgg{ o&nfemqgnbtg ﬁhg 'gg Is‘g a?@nﬁ/ p1 ate of Opti mf(am suppl egﬁmant ed with

10% P88 W RARIRY o BlALESHC Rl P 35 doffairk, e FORYpRIBUGIBCHERS o
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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the media was renoved fromeach plate and 25 nl 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 days!! Mre@perf08dys of
i ncubation, the nedia was aspirated fromeach plate and centrifuged at 400
rpmin a S ngi ng 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 protein mas perforned as descrlbed i nfra. Exanple 20:
: i 53] ; BinvtigBRIA&SafcACL( a)
expre55| on pI asm d was construct ed by i nsertion of DNA encodi ng am no
acids SDT (corresponding to amno acids 27-29 of Figure 24A-24C) between
Fitl d2-Fl kt d3-FCACL(a) amino acids 26 and 27 of Figure 21A-21C (GG and

r enov & Ch-coifed eplatels NBebtbnoDickidsoffPSatet ef PBBUBATY Quérd no aci ds
229-231 of Figure. The SDT am no acid sequence is native to the FItl

r eceptighyapsted'\awitiRAdaen PBRKE! Qu;ﬁﬁleﬁ%ﬁt@@swfm%mtéﬁﬁid@c&%m Reiory ogeneous

N- term nal processing. The GPG (bridgi ng sequénce) was renpved so that

Egﬁpfed%"'%ﬁﬁ‘ LR ”@?W‘??@FL*?Z%E’%?@Z%?‘E‘%393%3@% 5%‘?'?;%( )
pr ooectd B9 SRR 5 68 Bl el MR InG iRl ol VP BLiPene process

Used ttgnﬁfé)r%'fﬁPe with varying concentrations of Fit1D2.FIk1D3.FcAC1(a) and

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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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 Exanple 1 invol {1d¥ovensyeiRes 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 size exclusjon chra raphy. The rocess i rovided in greater

det ai | NBXL BaY; the) P'aﬁﬁﬂaﬁbm Was exdragted 1sing 2 3idaen | "@®nt ai ni ng t he
Fitt D2. Fl kI D3.FcOCl(a) expressing cell |ine were expanded by passagi ng
cel | s Megapspghkitriolowingthe maauiasturedisumrotoam + e, cRnepntr %‘B@O) and

i ncubated at 37C and 5% CQ2. Wen the fl asks approached confl uence

(appr off ftaeepyrifedoplasnaigly ONAhwase determinedd by agteswiardi tRehnigyesn. Fresh
medi um was added to protect the cells fromfurther exposure to the

t rypsi asingha tAY Ispestroprcdomatéugud fndrorstepentae plasmidshNAdvasn t hen
transferred to eight 850 cnR2 roller bottles and i ncubated at 37C and 5%
CO2 unyétifiedoblyl seaidadlispetriction @hiyme digditioreasft aliquots | ssigigodhei n
roller bottles were trypsinized to detach themfromthe surface and washed

W th sHsRIfBEbANefdyinds FRARUBIuI MGoliehhe Akel. aadptestaictipnt earghryred to a
SL bioreactor (New Brunsw ck |1igen Plus) where the cells are grown in
3. 5L ofjigustPRaghishtsUbbHEe8pohtiBd 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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68 11 Novenber 2003 suspension culture nediumwas a glutam ne-free | ow
glucose nodification of IS-CHO (Irvine Scientific) to which 5%fetal
bovine serum (Hycl one), GS suppl enent (Life Technol ogi Es\Yevamaers§03,

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 quuid

sol ution of sodium carbonate to the bi oreact or. Dissolved oxygen |evel was

mai nt ai n 0% of saturation diti Xygen, o nrtrogentothe
"ol ot - ST RensePaRTHENE gHet iteantgd b, Stards 3C nShiest et %% 1106
cells/nL V\?S reached the cells were transferred to a 40L b| &3%?

cont ai riPHg @W%a‘ﬁfet%d?&ﬁf%ﬁﬁ?%&rﬁtﬁ'ﬁt wago Pertymed a5 iesas dn a'btor
The tenperature setpoint was reduced to 34Cto slow cell growh and
increase the relative rate of protein expression. .j Cell Culture Process
Used to Pr oduce Flt1l D2. VEGFR3D3. FcACl a The sanme net hodol ogi es as
descri bExamplen 20r | i EcxCifa)ll esppession Fit|
D2. VEGFRSDS FcACl(a) Exanpl e 22: Harvest and Purrfrcatron of l\/bdrfred
Fit'i Reeegtioars 69 11 Novenber 2003 (a) Harvest and Purification of Flt1l
D2. FI k1l D3. FcACl(a) The product protein was aseptically harvested fromthe
bi or eact or

The pVEGFR1R2.FcAC1i(a) expression 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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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 renpved during the hat\&eembei300g at i 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 nmM sodi um phosphate, 500 mM
sodi um.chl ori.de, .pH 7.2 r e ound contaminating proteins. Fltl
0. Fi kP s RBs o PR TR R ca RN "deirta8d Bhbrafa ERAmel The
el ut ed pro}oii n was neutralized b¥ addition of Tris bagse and frozen at

-20C. SlWPNes SHSReNSRR GHityie T eoerbingst Fehmgss NABEIMOVABM t he
Protein A step above were thawed, pool ed and concentrated using- a

M I1ipdrdO :J@w%hmﬁqeéls wiliel ucanstiigtiyely expsess (tacopteisngeediel 1 ow
filtration nenbrane. The protein was transferred to a stirred cell
concenthet eelig Mrel igsows) inrkioreacioss anchdbet paotednt praslugigisnisalstaty a 30kD
NMACO nmenbr ane. The concentrated protein was | oaded onto a size exclusion
col umapdcpadfied t by Saffievilye an20Gizee @xcliisiornr chiromaigraphyl. a) Théat was
equilibrated wth phosphate buffered saline plus 5%glycerol. The sane

buf f er prssedssésl provided tine geehtem defdit bdloacti ons corresponding to Fltl
D2. Fl k1 D3. FCACl(a) diner were pooled, sterile filtered through a 0.22

mcron filter, aliquoted and frozen. 70 11 Novenber 2003 (b) Harvest and
Purification of FItl D2. VEGFR3D3. FcACl(a) The same net hodol ogi es as

descri pag} SE&iﬁd‘é}brfl t1l D2. Fl k1l D3. FcACl(a)

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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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 endothelial cells (HUVECs), passage 4-6, were stafldevepger2208rs 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
tenperature with varying anounts of the nodified FItl receptors

Fl t | (1543RERSIon tirg) madigauyas @ tgluteming-free Horcglugoaad Fit 1
D2VEGFR3D3, FcACl(a) in serumfree DME-high glucose nedia containing 0.1%
BsA. dmadifigaiien cabl ISefdi@ {lovines Saieqtiie) ot whigh S%epiesal hravpaeed above
+1- VEGF1Gh, followed by whole cell lysis using conplete lysis buffer.

Cel | | yemmnas(Hyglene),ntis suppbémienat(bifewl ephanlagiesbamyg @br gbt ed agai nst t he
Ctermnus of VEGFR2 receptor. The i munoprecipitated |ysates were | oaded
onto hetBdNBDS- PAlERiwinex(SigmaindasheddadansTeerpd wasPYDRtrolletdr abe  usi ng
standard transfer nethodol ogies. Detection of phosphorylated VEGFR2 was
done by.2 myuadbitivn iofocaibon disxiastio phesipet gusost sy aalitiorfldfed 4GLO
(UBlI') and devel oped using ECL-reagent (Amersham). 71 11 Novenber 2003

Fi gur efqidAs@RftiH bf2§0dRfR adWridle fPEIHk! Pidteachds CHRAIJIVED oxydaur €
25A- 25C reveal s that detection by Western blot of tyrosine phosphoryl ated

ecept S araSmaRlcy 20307 LSRR, B, dfoksgeh' 66¢
nitrogen to the inlet gas and temperature controlied 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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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 Fltl (1-
3)-Fc , FItl(1-3)-Fc (A40) or transient Flt1l D2FI k1l D3."Pdxenbe)?oPhere 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 VEG- positive c%’t ol c,al imlar results
3 marvest -and | Rurdicationgof | FAtHD2. FlcA3.:FeACI(a)in 4 3-fol d
nol ar excess to VEGF165 ligand. In Figure 25C, where the nodified Fltl
receptors are in a 6-fold nolar excess to VEG-165 |ligand, transient Flt1l
D2VEGFR3D3. FcACLl(a) can now be shown to be partially bl ocking
VEGF16bbenpirducts firateint was @sepsicallyuhhncestededupnotie biereagiore 26A- 268,
detection by Western bl ot of tyrosine phosphorylated VEG-R2(Fl kl) by
VEGF168hilegaethisd nguicad isorusihgwditlipore cBrostak fiangerdidflows fitratioot
phosphoryl at ed by chal | enge sanples which have VEGF165 preincubated with 1
and 2 fmoddiesland exdewsshédi gnechatfidal puni AiFlisdaing) d Fresiarmexipass (Figure
26B) of either transient Fill D2Fl k1l D3.FcACl(a), stable FIt1l D2Fl k1l
D3. FcAga6axdded td rthesbritbatise rB?ta'&A@iéﬂ)renﬁ&véi lqurd fthednihidst
receptor 72 11 Novenber 2003 concenirations tested there’ s conplete
bi ndi nglt@ftiofECF ;gp‘?_o&irﬁaféig doLi o ﬁQﬁléytefiﬁFé'lléat\ﬁ%é"thre‘??legUB b'i‘lé@o
tion of Cell y n

detectabl e stinu ( - surface receptors unbou VEG-165 as
conpargdab@ MR EbRIMATEbRtaining Protein A Sepharose resin (Amersham

/e

") ul.e a

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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chal | enge. Exanple 24: Cell Proliferation Bioassay The test cell population
Is M37 cells that have been stably transfected wth a expression plasmd
that contains a DNA insert encoding the VEGFR2(FIKkl) ekthaewperid08% donain
fused to the TrkB intracel lular Kkinase domain, thus producing a chineric
mol ecul e. The reason the TrkB intracellular kinase domain was used rat her
than the native VEGFRZ2(FlIkl) intracellular kinase donmain is that the

i ntracel lular kinase domain of VEGFR2(Fl kl) does not cause a strong
proliferative response when stinulated by VEGF165 in these cells. It is
known t hat NEB? ceIIs contalnlng fuII Ienoth Tr kB receotor gi ve a robust
prolif ébht HA ! J G il EG ¢ g1
|ntraceIIuIar k|nase donaln was englneered to replace the |ntraceIIuIar

ki nase domai n of VEGFR2(F1k1l) to take advantage of this proliferative
response capability. 5 x 103 cells/well were plated in a 96 well plate and
al | onedheo saeate lmetHartol8giess ast dés&@ibahesipral ofom FittDE. FiledD FiRcaCb@pt or s
FlItl(1-3)-Fc, FItl D2.FIkl D3.FcaCl(a) and Flti D2. VEGFR3D3. FcACl(a), plus
an irdrevasedrec epiresstt &n I\Fuﬁf;ﬁﬂtﬁ@@‘ﬁE@Fﬁem .FeaCagay.ol , were titrated
73 11 Novenber 2003 from 40nMto 20pM and incubated on the ceIIs for 1 hr
at 37C. Human reconbi nant VEGF165 in defined nmedia was then added to al
the wells at a concentration of 1.56nM The plates were incubated for 72

hrs at Extihplad 29100 Phe <SPGy BtidiPIR¥say™ I OfraRsRitIgNEd ik it oS
VEGFR2

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).
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I ncubated for an additional for 4 hrs. Finally, the plates were read on a
spectrophotoneter at 450/570nm The results of this experinment are shown
in Figure 27. The control receptor Tie2-Fc does not bl otkNovgrEEI4983i nduced
cell proliferation at any concentration whereas FIt1l D2. Fl k1 D3. FcACl(a)

bl ocks 1.56nM VEGF165 with a half maximal dose of 0.8nM FIt1(1-3)-Fc and
FItl D2. VEGFR3D3. FCACl(a) are less effective in blocking VEGF165 in this

assay 2nM  VEGE165 one ves a readi ng of
1.2 ab\éhbganc% é@éagﬁh gﬁé‘ %%@kﬁﬁ’%‘ﬁn qsregGE ng eﬁ?‘g)@ RPES. Exanpl e
25: B| n C metry of Mdified. Fit eptors to VEGE165 (a) Bl Acore
Anal ysi'sd ‘ﬁﬁ%%gg g‘lﬁ&oﬁ%‘f Sofhah d ftﬁfglﬂrklb ﬁ@ﬁ@ﬂ DlobRf Leesige

R2- FCAC i nt ract hunman VEGE165 was det erm ned by measuring
either P %%%P ter %@2?%& PynV B 6ry Itg@rtdnestmw@tmnsmwﬁs trafacy(a)
or VEGFRI R2-FCACl(a) surfaces or measuri n% concentration of VEG-165
needed Geli-g¥HBCet éey‘eamseﬁfe behespheyiated: ito pparyingpivalacdeapnding VEGFRI
R2- FcACl(a) to VEGF Bl Acore chip surface. 74 11 Novenber 2003 Modified Fit
r ecept s which peeditiedDFIFc Aeteptoraitd ugeG-RIuriRy RbACPreincubationsc apthur ed

with an anti-Fc specific antibody that was first immobilized on a Biacore
chi p (BIBGERE)Auds igeemiineFiganel 257y, athermistmplariektesk afntittherdFits 1S ace

was used as a negative control. VEG-165 was injected at a concentration of
1 nM 13)-FdM, Rt @O3MROA40) or transient FIt1D2FIk1D3.FcAC1(a) there is
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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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. Bindl'fievespeiZOfd onetry
was cal cul ated as a nmolar ratio of bound VEGF165 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 nolecule per one FItl D2Fl k1l D3. FCACl(a) or VEGFRI
R2- FcAONGSNtrtiens | ested gihese isgromplete| binding ¢ff MEGBEBR1IIGBNACAC (a) or
VEGFRI R2-FcACl(a) at a concentration of i nM (estimated to be 1000 times
hi gherdutiag the meiocubatienF|resulirg kin D& RigtettableostivEgation of celi-

R2- FCACl(a)/ VEGF165 interaction) were m xed with varied concentrations of
VEGFlaturfade aecepharshbyrunipoutatV BGF 185 @sntoaipared t0 comérdirmedid t 1 D2FI k1
D3. FcACl(a) in solution were neasured as a binding signal to an

am ne-gialpe . VEGF165 surface. A calibration curve was used to convert the
Flt1l D2FI k1 .FCACl(a) Bl Acore binding signal to its nolar concentration.
The data showed that the addition of 1 nM VEGF165 into 75 11 Novenber 2003
the Fitt D2Fl k1l D3. FcACl(a) solution conmpletely blocked Fltl1l D2FI k1

D3. FCAELaAintl Ndikhg t@ejih PiSH’ }s result suggested the
bi ndi ng st of chr one ry% ?Nﬁ I ass er one FItl D2Fl k1l

D3. FcECl(a) nol ecule (Figure 29 and Figure 30). Wen the concentration of
FItl D2Fl k1 D3. FcACl(a) was plotted as a function of

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

73



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'lNeNeg®Rei3PE3t hat
one nol ecul e of VEGF165 bound to one nolecule 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
recept or - | iégand conpl ex was purified using a Pharmacia Superose 6 size

excl usfrem 4Rndde o2Ppidhangoingubatethon dae nalls fergdha adodpilex Hugwan hen

I ncubated in a buffer containing 6M guani di ne hydrochloride in order to
di ssoctegoembinanht\6EGHt GoripodefimegrroediasvagithenDadded 8. afc #E (wellsvas
separated from VEG-165 usi ng Superose 6 size exclusion chronatography
col umtmatr anconcémdrgtiani df Anb6hibr i Tse platesomcEre ircubetednfore72omd ek

stoi chionetry, several injections of FlItl D2Fl k1 D3. Fci Cl(a) and VEG-165

were nBPEC andl pesk MTFSOOwen'aeakgent)t Reorabgd) iaddiisiand wes platest wdras a
function of the concentration of injected protein. The calibration was

done updabateddbf i) dfiafibhaR ot @ hpse PRV, theepdtesl Were s ont § of
Flti D2Fl k1l D3.FcoCl(a)/VEGF 76 11 November ~2003 conpl ex. Quantification of

the. Fi 44 a5bdidHefar G ABOMERAOTPIEY rEAIROSI 192 EApoRARES 2Rt he

calibrationcurves. The results of this experinent are orth in Figure
compl SRR TG 2T, RS OCRAdbIbt THeg o HFBERY: o Gt 1y
of VEGF165-induced cell proliferation at any concentration whereas

FltiD2.FIkiD3.FcAC1(a) blocks 1.56aM 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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FIt 1D2F1k1 D3. FcACl(a)/ VEGF165 Conpl ex by Size Exclusion Chromatography
FItl D2Fl k1 D3. FcACl(a)/ VEGF165 Conpl ex Preparati on VEG-F165 (concentration
= 3.61 nmy/m) was mxed with CHO cell transiently exprésN@gmpei2008n. FI ki
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 Pharmaci a Superose 12 PC 3.2/ 30 which was equilibrated in PBS buffer.
The sanple was eluted with the sanme buffer at flow rate 401l /mn. at room
t enper dadidiedTidt reseptass oFitt BRIk R FoAC steywanidn VEQERS RA-F o ay 1
represents the conplex and peak #2 represents unbound VEG-165. Fractions

el ut ed voetevemptiirdd awithl ad anti-EcNepestiiry @iiiSody Wateweeliirsed and
guani di ni um hydrochl ori de (GQHC )was added to a final concentration 4.5M

t o di syemnebitizéticonoapPBricor® &hipe(BPACORPN U@ mhaws-aphplingEC) under
di ssoci ative conditions To separate the conponents of the receptor-I|igand

Corm) RISy, SRR il ld Recisth hagee oDl er o2,
QUHC aneGr1dsedad injeltd SERECSAEAN o lof®t FARW 13 hR A8ha8 6 niftover
the FIt1D2Flk1D3.FcAC1(a) and VEGFR1R2-FcAC1(a) surfaces at 10
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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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 k1 D3. FCACL(a): VEGF165 Conpl ex Bthevembei®fy The
stoichionetry of the receptor-ligand conplex was determined 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,
respective:Ey, were obtained fromthe standard curves for VEGF165 and FIt1l
D2FI k1 the. FdARRRIK1 Dk Febldi(a) aselidionacomplelely fdaekedi fferent
concentrations (0.04 ng/m -0.3nmg/ m ) of either conponent were injected
ont o a FEHRAEK1IDIcaCHa) 1EnAm®.to/ BE MEGH 68qsuriaseat ethisnrewit

guani dinium chloride and eluted with the sane 78 11 Novenber 2003 sol ution
at fl ovsuggestddl tha bindingr stwichienpetnatofr ene THE Gt 886 amdleculevpenadeobt ai ned
by plotting peak area or peak height vs protein concentration. The nol ar

rati o ofitMBEFRADIFcA(AZh) nioledule AGIqure 20ehndnFitgdel B0 tWhepethe ar ea of
t he conponents was 1.16. The nolar ratio of VEG-165: Fltl D2Fl k1 D3. Fci Cl(a)

det er m étﬁibéﬁt?é‘ﬁérheofpﬁﬂﬂ_DéﬁkgDi3.FEAUi?aFQ0§§”§IHtﬁ9dN3§5 la ¥anchsanpte 27:
Determ nation of the Stoichionetr of the FItl D2Fl k1l D3. FcACl a / VEG-165

Conpl eX; e P! &ﬁlc@fﬁ}éiﬁirp%f VEREPESI100 Blopb t & e UidSal pdtioSCwRhser | ng
Conpl ex preparation
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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VEGF165 was m xed with CHO transiently expressed FIt1l D2.Fl k1l D3. FcACl(a)
protein in nolar ratio of 3:1 (VEG-165:FItl1l D2Fl k1 D3. FcaCl(a)) and

i ncubat ed overni ght at 4C. (a) Size Exclusion Chronat ogibitem8ECO0i 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 (Shinmadzu, Kyoto,

Japan) was  used determ ne the cul a

! eeopt GPTPIGnd QUAISAIOTSip k. RICHOZFH LB dismt (A BGfer GBPIEX 1R 10/ 30
colum 79 11 Novenber 2003 (Pharmacia) equilibrated in PBS buffer and

el ut edCAMPPSItRN cwas based on dher calibralian @usvas/ nilhe desuisndt dhiser at ur e.
As shown in Figure 33, the elution profile shows two peaks. Peak #1

repr es@merlm&ﬂtrab@rﬂeir fonth gian Figunepi28x whictpediows thepratienos t he unbound
VEGF165. MW was calculated fromLS and R signals. The sane procedure was
used t VG185 rtonEltVd2kk 1 D8.Fox Via)uial accompi@ote ibé t:tie receptor-1igand
conpl ex. The results of these determ nations are as follows: MNof the
FIt1l D2Fl k1 D3. FcACl(a)/ VEGF165 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 thExHWlﬁfe R2642 Fetdyenitfitiohs dlfl&h@OBfﬁdg_geS'ﬁ}ch%ﬁ%lrgam

i ndicated that the stoichionetry o conpl ex

is 1 1FPtSl D2EIKPDBSFRATIN AV EEF 168N ObniPlSe VI WHbehtiExtisidnl D2F k1
cACI(a) and VEG )

D3. F a) an
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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| mportantly, this method conclusively proved that the FIt1l D2Fl k1

D3. FcACL(a) NEG F165 conpl ex was indeed conposed of only one nol ecul e of
VEGF165 |igand and only one nol ecule of the FIt1 D2FI k11D3ovweeheri{08; .

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 mappi ng method. In this nmethod, the protein was
first cleaved wt psi tlc we zed d, identified
by HPLEW cb’@ﬁ?eﬁo’ﬂgf w n%&ggogggr'gﬁegﬁ‘@@“‘? ‘ﬁﬂ%ﬂj&?t@on to
an N—tg rqnal uenci ng techni que. = Reduction of the tryptlc di gest was
enpl oy &fa cf:(Pfé‘F%ﬂ Aden i #pMgie Wissasiatentie GRMPI%g fragments: Treat ment

of the tryptic digest wth PNGase F (d yko, Novato, CA) was enployed to
help identify fragments with N-linked glycosylation sites. The results are
summari zed in the acconpanyi ng Fi gure 36. There are a tot aI of ten

« . : . h

regi on. Cys27 has been confi rrred to be di sulflde bonded to Cys76. Cysl2l
i s contciomdétion®e di sul fide bonded to Cys 182. The first two cysteines in
the Fc region (Cys211 and Cys214) forman internol ecul ar disulfide bond
with the sane two cysteines in another Fc chain. However, because these
two cysteines can not be separated enzymatically fromeach other, it can

ggts t 2ler‘]r‘g§’s%b@rﬂﬂd th¥NesRPorftinty! 6f dee HREDIGr-li§aRd cebmbiék Ratgign sane
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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(Cys211 to Cys21l1, for exanple) or between Cys211 and Cys214. Cys216 is
confirnmed to be disulfide bonded to Cys306. Cys 352 is confirned to be

di sul fi de bonded to Cys410. There are five possible N-|i1hNegmgen2983y| 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 (am no acid sequence NST). In addition, partial glycosylation is 81
11 Nossibten 200 Flabssatee d Opd/riien 68 SPOMASRITPEraBitess dhegp Hation are
hi ghl i ghted by underline in the Figure 36. Exanple 29:

Phar masae nwhiscébrdisietsbyf plettitid i pehk-iare&Renre peaks heightPharpreteiki net i c

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

R2- FcAdricentBaidi.C Thee nidfar3Rgio \wtr ¢EGH 1685 6 1D2ENI &8:Pual) (a) t h 4ng/ kg
of FIt1l(1-3)-Fc (A40), CHO transiently expressed FItl D2. Flkl D3. FctCl(a),

CHO St@éigvrvﬁgklﬁﬁﬁdtr% aIRZ aFbX lof[)ﬁ}é:@bﬁilﬁ&ienténWa@*@ 18.arphenhblar

expresse R2-FcACl(a). The mce were tail bled at 1, 2, 4, 6,

24hr s, 5. DS 1(hNiRabMihed WosPitAe Weegk assayed i n
an ELIrgﬁ de5| gne 0 detec %%t 1( l&éer IQCP(A48§ F?tt D2. F k\i\ﬁéDB FcACl(a) or
VEGFRI ) S 0 coating an ELISA plate with
VEarléﬁgrr#JWt‘i?ﬂ@‘g?gh é{‘ﬁ]\“ “Fc (A40), FIt1 D2.Flkl D3.FcoCl(a)
or VEGFRI R2-FcaCl(a) and reporting

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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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 Tnax for the transient and stabl & Mivemb@Z0p} 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 Cmax for the stable VEGFRL R2-FcbCl(a) was 30g/m. (D)

Phar madBPlaretaciaprequiiibrated i PB3- Butfee elpted withrthe ssBnechaffen) and
Fltl D2: VEGFR3D3.FcACl (a) Balb/c mce (25-30g) were injected

subcut ateflowl yaté 10h5 4miyriin. it rdadmi témpeyatase ( AA® shov tinakiguret BJ,
expressed FIti D2.Fl k1l D3.FcACl(a) and CHO transiently expressed FItl

D2. VEGIR8D2lidrCigrafile Brows devo \woakd. ai Pebke#1 atefdres2nts, the, récegtord2, 15
and 20 days after injection. The sera were assayed in an ELI SA designed to

det ect - ligadd éoﬁigt&ﬁ,and: elakDE2 frelsreséhtscel(aboand VEGF165. MW was
D2. VEGFR3D3. FcaCl(a). The ELISA involves coating an ELI SA plate with 165,

bi ndi ng-dibGtalbd gf&m?’ﬁs':énd &l sigridds F! Kﬁe%aﬁ\%'fﬁéé’éd@’fe Wdslused to
D2. VEGFR3D3. FcACl(a) and reporting wth an anti-Fc antibody |inked to

h ish: i,d Fhtd(: - | i tected i
the serloeTiAc” GYCaF tne dilitn); cprigfieihe 0 te] Focgiefiigaaiet et ed 11
D2. VEGE Al b .Th | t f
C2. VSRR e ekl BFEShe Uaghihadond Wre 86 Mhus:ndcsH! L ©
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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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. FcACl1(a) to inhibit tumor growth in vivo a nodel inl\ilvembena®ds 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-12 } and the rat C6 glio cell line (ATCC accessi on no. CCL-107),
each ofSP&HURCH Yk 1B, tadgi“é‘?ri‘ Wnﬁiﬁfém@ﬁlﬂ FRAYSIFIOG dechn@ug: owt h
characteristics, were used in the assay. The first dose of FItl D2.Flkl

D3. FcAdiedycian ok thexlyypticadigenii wase@mployeduieshaip ddentifo) was gi ven on
the day of tunmor inplantation. Aninmals subsequently received subcutaneous
i nj ect idsylfige-bont-costairing Ataymearits1 DFréalnienB. 6t A dyyptic vdlgeste
either every other day (EOD) or two tinmes per week (2X/wk) for a period of
2 weekswitihf PHGasenekGlykoaniNoaa, wBing wasfermplbyed tof hahs iidentifyunors were
renoved and sanples were blinded. Tunor vol unme was determ ned by

neasur ifaggmigmts | witht IN-inlledi dlycallylaiion bsigeSUbCTH@NAMILS Wimer s. Bot h of
FIt1(1-3)-Fc (A40) and FIt1 D2. Fl'kl D3. FCAC1(a) significantly reduced the

gr owt h stimmidHEies it aheecBymperhd89 Pisdiré3sel |'s. The results of these
experiments are shown in Figure 39 and Figure 40. Exanple 31: The Effect of

VEGF165 and Modified Fit Receptors in Femal e Reproductive System

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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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 sliNe@mPg 200He st udy
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
in the reproductive tissues provided the first clear evidence that VEG-

acts as a nedj at or, of ysj ol ogi cal an sis in.mature od

vel | aSb$@ %ﬂﬁfrﬂndavﬁ% i%Pat e§'t8 Sflg yrosylatipn arﬁwht@‘\r}?ﬁdr anat h
et al, 1992; ShWEI ki et _al, 1993; Kamat et al, 1995). As cyclic

angi ogeYie¢ndeding Vh§BGIEKHH@n%@eI|ng are promnent features of the normal
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 hogExiampée c@8ardPharmsidakieetic eAnadlysist ofo Meditiededitr per pet uat ed
by the dysregul ated expression of one or nore angi ogenic or

anti - ap@ @gploesfactors, nost prominently VEG-. For exanple, abnormal
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; “%ﬁ Aookitittic 4 &re§$'qa|tq 143 d sgnh@,thought to play

a path I'n establ't snnen system C vascul ar

hyperp%ﬁf‘?ﬁﬁ.#hﬁ’nh%&)&@im 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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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 t he permeabi l ity factor responsi bl Hovegiber 2083
production of ascites associated with ovarian carcinona and other tunors
(Senger et al, 1983; Boocock et al, 1995). Agents which effectively
neutralize the bi ol ogi cal actions of VEG- can reasonably be 85 11 Novenber
2003 ant|C| d to be of  therapeutic n the abgve and rel ated
condi t V&8s E’Fb ﬁleﬁ" é'ﬁ?a‘?taB é‘ﬁﬁj‘ Red %‘géfﬂal\’\i%r ks of

bl ast ocyst i nplantation and pI acental devel opment (Findlay, 1986). VEG- is
strong é [ﬂﬂbssed both in the maternal decidua and in enbryonic

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

hyper per meabi | | ty of the uterine vasculature during the peri- inplantation
period and subsequently nedi ate formati on of both the maternal and

enbryofthr Pirarenacokinetide amadysis alofvas @It biuBd-FESHWetB), et at, 1993;

Cul I'i nan- Bove and Koos, 1993; Chakraborty et at, 1995; Das et al, 1997).

VEG- i FlelB2.FHAUD8clcA Q1 (a)t eahdangilbmae\:sEGFaacDamcelga? progesterone
secretion necessary to prepare the uterus for inplantation (Ferrara et at,
1998). Thus, agents which inhibit the biological actions of VEG-F nay prove
to be useful as contraceptive ‘agents (by preventing inplantation), or as

an abopbifRC kS (b8-30) Wl InRicteRS sBbolfFIEBIY. wilte drfigiieg @pp! i cat i on

m ght part I C a non-surgical 1nt er entlon

term n?ﬁﬁ?ﬁﬁfﬁ?c{l@fb)‘f BHE"#AHsiently expressed Flt1D2.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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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{¥%reeei003t | 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
been shown to pronpte DNA synt hesis and tlyrosi ne phosphoryl ation of MAP
ki nase Subcutareodsly) en the thehtrlaek of imaley senarecambistnber 2003
metastatic ovarian carcinomas not only to express high |levels of VEGF, but
- i n admrevsadeticiensyy 6SGHDhrmined stareiarpioyethe Twaoeet dines, theensel ves
express KDR and/ or Fitt (Boocock et al, 1995). These findings suggest

t hat ViemanyHile1086! fibtasarcotria alelly linaviATe& iaccessiorgaer @Clen24hd

mai nt enance of tunor vascul ature, but that at least in sone tunors of

repr odwntd tkee it 06 Ylihanmesg!l dines ¢AVE Giraceession me. CCOLe10d),r eadt yof
supporting the survival and proliferation of the tunor cells. Thus agents

whi ch hiich tdigibr! idvstnely VEHerany ArrpholsgieisC Urrl | yrdwenref i ci al

applications to the treatnent of tunors of Treproductrive origin. Mthods

and ResdHdrBcforfSies Swer @eyﬁﬁ':m&%&%g. Upké Nersthdes@esgmeabi ity

Pregnant nmare's serum gonadotrophin (PM5G was injected subcutaneously (5

) L0 EEDRFIRIGOARLSOI D QAR Tl Aty T HGuASHS S °
40) was given on the day of tumor 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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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
wei ght 6 hrs. later and, therefore, could potentially b&!NevwekedoBy 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 PMSG

Desi cc ti g@ﬂt ssue reveal s that this |s all_ water weight.
Subcut PHJ yASGHIaE Fagres§ion:: i d, &y sitv ayuidigationos Fiti

zl:i)fz t er k%’ﬁ\'?@éeg ﬁ%%ﬁga&cﬁﬁt@%ﬁ S}E%R?’p&)%%f%cfﬁh F"ﬁto%?%g teﬁ’égeﬂﬁ%rease in

L e B Ot HRcheRRIM 6t 15iRbg AbGibgErand TRk ™
VEGF- i pstessadend wemqmméﬁstéhé Haﬁ'ﬁiu érhe ﬁ?r%tP&S Pﬁ’iil&ié"e? gxperiment

are shown in Figure 41. (@- Assessnent pus

progeSﬂQQQpG:laezn@Iraﬁaﬂolﬁt &Y, egoant smwm @tebunnggaacloém%m af PMSQ) i's
i njected subcutaneously (5 1U) to induce ovul'ation in prepubertal fenale

rats. 19856} rdésulcyslicrangitgengsisimrtd vascyloo renmdelingusre optarinerg a dense

networ k of bl ood vessels after 4 days that allows for the secretion of
pr ogesteatures i oft thehaotnabdvaryeandi uterugerit tis potwurprising that us f or

I mpl ant Et I on. t]e i nduct i on of angl%geney s in the corpus luteum requires
VEGF; aRBpENgf dlogdovessgl grewthandiorevaseulan dysfuprtion hawe 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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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/m and this can be induced to a | evel of 25-40ng/m 1hNevwembeNA8as

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

experi ; I Qe Fi -8 e 0 npl e 33:
Phar maco Fcr'l %f\ecé ﬁa ?s?g ‘h?%@?@@'&'&% %4%&92%%8%@?@ %Sa@fl( 1-3)-Fc
Fltl (1-chndigiows PECGyl ated with either 1CkD PEG or 20kD PEG and tested in
balb/c mce for their pharmacokinetic profile. Both PEGyl ated forns of
FIt1(1-3)-Fe were found to have nmuch better PK profiles than FItl(1-3)-Fc
(A40), with the Tmax occurring at 24 hrs. for the PEGyl ated nol ecul es as

opposedingiogemnesis fand Rrasdulan)refrodeiity) . arex aigd eh SmavkSH36 blddtoBhst o Test
Affinity of Mddified Fltl Receci)et or Variants 10pM of VEGF165 was incubated
over ni ghplaptatismanshpdaceniaé aevelopmenitf (Fiddiy, t 1986kpt VEGErisant s rangi ng
from160pMto 0.1 pM The nodified FItl receptor varjants used in this
exper i AN exprassed bofb A the imaterppl degidua) and ign erebopiexpr essed
Flt1l D2FI k1 . FCcACl(a), .trangiently expressed Flt1l D2VEFG-FR3D3-, FCACl(a),
it - ( HOROQRIARES, BHane 1618 Hotantl i Hetosfulale | SPANSIRASATE: | o a
modi T g &b atinty 'Yl #héd) aletidd ViSHIat1E HBg R3S teri-
| 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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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 thel! NovermberRE e
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

the basEP2afbrOfigh SaRi el o8t drlf el BXePFs HBL° vl o MEeF. " !¢

ncubat . t
ant i ody T or TVELETIRN (Rl YASURP aioheanEl ke IRINGE XM, 2 Geter m ned
usi ng aﬁhe@ﬁ%elbégyemeégpnm fdrRF MEEKI6Bodtbek sahoa\redwg at THesgmodi fi ed

Fitt receptor variant with the highest affinity for 165 (deternined as

t he | ovéisdiingsosuggest thae WEGF1ATy wiot 6hlyl b2 Erikitalh3. ianoﬁﬂe(ca)m ftw | oned by
FItl (1-3)-Fc and FItl (1-3)-Fc (A40) and then by FIt1(1-3n_>c)-Fc, Fltl
(1- 3NAgyemeradion RNl M2VECEFRO3TFENODF ayasaulelie, hagt ribabfati leasy for
VEGF165. 90 11 Novenber 2003 CLAIMS 1. An_isolated nucleic acid nolecule
encodi ngoRef LEMers [l ﬁwpdu@avea@rawmev& Fomay sybgetresranp AUIREDede

oL e drddhe bR TRe°SIRTVET S FHoMRoftl of TREPkharoOne™
cells. Thus agents which block the actions of VEGF may have
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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(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) tbNeesPsr X83entially
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

extrac I id o secqgn r r ..« An jsol ated .nucleic
aci d aﬁbﬁ?ﬁdei}'ﬁgc’? %%Té)mﬂeaeew 559%56%&38[9%@0‘%&8@%}&9 éémﬂ g a3 an

I sol ated nucl ei I d.according to ¢claim 1l wherein the second, VEGF

recept cﬁ""r t rkﬁt’@qu:p{u@_ct@g >Sulls 18 cRBerY & f0%i i ‘it’@nrrﬂl?et&ﬂ e accordi ng
to any one of clains.1 to 3, wherein the nuc|eotide sequence encoding Ig
domai n IRCIGASAN elkaTiN (Wl Meigbhmi cseasing ther dpseeet medifjach it s
upstream of the nucl eoti de sequence encoding Ig domain 3 of the

ext r acderapier doesi modffurthers eeduce \tHerinereaseoin wet Iveighti sugaesiingucl ei c
acid nol ecul e according to any one of clainms | to 3, wherein the

nucl eotthdt therpidsace VEGHIndependimiecomporfent hte ¢hisr ameidiul dihed oestilts of

the first VEGF receptor is downstream of the nucl eotide sequence encodi ng

| g dorgfi thi8 ekpérimenttamcehbwrnin deigaire 41. t he second VEG- receptor. 30 91
11 Novenber 2003 6. An isolated nucleic acid nolecule according to any of

t he preceding cl ai s, '

(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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wherein the multinmerizing conponent conprises an inmunogl obulin domain. 7.
An isol ated nucleic acid nolecule according to claim®6, wherein the 5

i mmunogl obulin domain is selected fromthe group consi stiNgyempert2983 Fc
domain of 19gG the heavy chain of 1gG and the light chain of 1gG 8. An

I sol ated nucleic acid nolecule conprising a nucl eotide sequence encoding a
nodi fied FItl receptor fusion polypeptide, wherein the coding region of the
nucleic 10 aC|d nDIecuIe conS|sts essentlally of a nucleotlde sequence

forth in Flgure 21 A-21 C (b) the nucleotlde sequence set forth in Figure
22A- 22@nd c)Pegylated eoFItdd 1s8)uFexce set forth in Figure 24A-24C, and 15
(d) a nucl eotide sequence which, as a result of the degeneracy of the
genetic code, differs fromthe nucl eoti de sequence of (a), (b) or (c) and
whi ch encodes a fusion pol ypeptide nol ecul e having the biological activity

of the padif3)ec Was | PEEsAeer \nﬁﬂhsleﬂﬁepq|0mmf£€§eor22b|83 PEQ iat ed

nucl ei c acid nol ecul e conprising a nucleotide sequence encoding a nodified

FI t] T ¢s&Ri0n Tiibpd Mifte/ ARR! !I'fé?{ ﬁﬁ!ﬁfﬁdébl& 6t|60 ro¥le! €AB8th ¢ G@Tat el ei c

acid nol ecul e consi sts essenti al a nuc eot| e sequence se from

Lhe 9 88ns CONPIR(IO-EE. kel ARl SbeRLVEC RSy Hifor” Bic ATl kY ©

13A- 13 57(b) tthe™nucl eot rde" sequence Se

sequentdl QUi SFERE HAAOR .l imak, OGANTg 4 Adchute fab Bequance wini ch
ﬁac?e{)%t @gé‘at he d eggégc%lgﬁés%&)t %e[llet | gq]rdﬁﬂ(&%flt:erfﬂxléom t he

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 ->
89



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 nucleic acid HotvenPe RE2or 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 VEG-F nol ecule to forma nonfunctional 10
conplex conprising a nultimer of the fusion polypeptide of claim210 or 11.
13. A wﬁsmvamgam@ram o Reaylation atvibakirasidve, nMhichnepuid thesi mer .
14. A conposition according to claim13 which is a pharnaceuti cal
conposshiedth thes bagic regiewrfpeins exgriing dts iunfavesbla edects amhil¥R. conpri ses
a nucleic acid nol ecul e according to any one of claims 1 to 9. 20 16. An
expr esAften mestbatioroithei sohgion was eiransidrdedoloe @lpdate coortairgngoaany  one
of claims | to 9, wherein the nucleic acid nolecule is operatively |inked
to an capturesantibodpivr WEGFI186NRED}.7. ThehasiouneadfofresYSEGF 168 wae
production of a fusion pol ypeptide ich 25 conprises the expression

vect ortifiin dedéfmitfed iusing AN aRibd Yo repbht fre8. VEGFhes! - Teeé athdwedem of
claim 17, wherein the suitable host cell is a bacterial cell, yeast cell,
i nsect | kirea O I i 2 N €yiQ Sit; y. ffael @i m 17,
whor o Hhdng OGS, 531 dEcenich yitiadt gl St RgRest ARy of

IS
VEGF165 (determined as the lowest amount of free VEGF165) was
Fit1D2FIk1D3.FcAC1(a), followed by FIt1(1-3)-Fc and Fit1(1-3)-Fc
(A40) and then by FIt1(1-3g_,c)-Fc, Flt1(1-3y,g)-Fc and
FitiD2VEFGFR3D3-FcAC1(a). Tie2Fc has no affinity for VEGF165.
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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 which conprises growing cells 5 of théovauber-2063t or
system of any one of clains 17 to 20, under conditions permtting
production of the fusion pol ypeptide and recovering the fusion pol ypeptide
so produced. 22. A fusion pol ypept;tg&mduced by a nethod according to
claim?21. 10 23. A fusion pol ypept oded by the nucleic acid sequence
set forth in Figure 10A-10D, Figure 21A-21C, Figure 22A-22C, or Figure
24A- 24C, which has been nodified by acetylation or pegylation. 15 24. The
fusi on pol.ypepandelatd ohdéicrndsd moltvatedmoding arfodod pelapiptide cgpatiteaify| at i on
which is acgonpl i shed th at | east about a 100 fold nol ar excess of
acetyl at i 9f mgé‘a\ﬁ%ﬁf POBpEPHECLOMPEISRG: pol ypepti de of claim 23, wherein the.

modi T1 gati on 'éa IGELMb &L s%guen%g M\!Hdﬁ%d ?Eé%q' dr%ﬁ le‘gén# B?% trn‘itf)%{)?r EXCEesSS

of acetylation eagent rangi ng from east about a 0 EeXCess
to about ®nkkdQofol d nol ar excess. 26. The fusion pol ypeptide of claim 23,
wherein the nodification is pegylation usi ng 10K or 20K PEG 25 27. A

f usi on pol ypep(bi)éélué@%‘ﬁﬂ %qwﬂcﬁleﬁ%ﬂdw amyliorETza g eaone. whesiitieng:  (a) a

component ¢ PP R roRRE i ke BV BEB SR b rbo BB L Pt T ecept or
conmpo nent pdlPpdptide and wherem 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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30 fusion polypeptide and consists essentially of the am no acid sequence
of 1g domain 94 11 Novenber 2003 2 of the extracellular donmain of a first
VEGF receptor and the amino acid sequence of |g domai n!BNgEMpPe2003
extracel l ul ar domain of a second VEGF receptor. 28. A fusion polypeptide
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 sti n@ of : Afajolathé nugitinacidonaeadgaenclingstotany of the preveffing glaém@1A- 21C ( b)

t he am no ﬁCi d tge%;{gnce.set forth in Figure 22A-22C, ?n&g{ﬂéﬁl) t he am no

aci d sequ¥hEESBE MUYNMANITIAS pOTgRPRENboOMPIIRes an immunaglobulin “pol ypept i de
conprising an am no acid sequence of a nodified FItl receptor, wherein the
am no acid sequence is selected fromthe group consisting of (a) the am no
aci d sequence satisdlaed hudleichtidundedddackdidingxp didid Gmhateimthed sequence set

forth in Figure 14A-14C, .and 15 %rc) the am no acid sequence set forth in
Fi gur e”15Waaseeglehigin dopain fesclegief drome th sspp rensiaingaf theFe domanpf gur e

16A- . 16D; {ﬁﬁgﬁ%ﬁtgh@g%g@ﬂ@{mﬁﬁé ﬁghtgﬂixgﬁ%@‘de of any one of clains 10,

11 or 22 ron-of*clarm 13 or 14 in the manufacture
of a medicanment for use in 20 a nethod of decreasing or inhibiting plasm
| eakage in a manmal . 31. Use of claim30, wherein the mammal is a human.

32. Use of. t heAmustleind putlyisapidirdelcafle conpronrg ofud¢cidasequencelenceding? to 29,

0 case SRR L B S SR M BRGNS o purn
10 acid molecule consists essentially of a nucleotide sequence 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 24_A-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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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 manufacture of a nedi canent
for use in a 30 nethod of inhibiting VEGF receptor |ighhtogewedoly 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 edenmm, or to attenuate or prevent ascites formation

in a humakit] fecefior fis®nqhblypeptids. 35, wherein the edema is brain edema. 37.
Use of claim 35, wherein the ascites is ovarian cancer associated ascites.
10 38. An isolated nucleic acid according to claim1 which is substantially

as descrjbed with refere to f oregoli amples.. 39. A fusion
pol ypepti L‘g acgoq["%ijﬂﬁoﬁgepgﬁgie Cﬂf%?%f,n mf%?%dr]g‘?%c nla% oll%cu%sal? %rtd arrt i al | y as
descri be%v&@%e_%f%gava%ﬁg d&ig@sf oregoi ng Exanples. 15 40. A conposition

according to claim12 which is substantially as described with reference
to the5foregoi ng Exanples. 41. A vector according to claim15 or 16 which

is substaptially as described with 20 reference ta_t f.or egoi ng Exanpl es.
43, °A hool LexpfiedPp ROGy St st g h giars LEPEih DY BRIGHIGS Bbetant a1y
as descripef Wiflo 1§88k L0 the foregoing Exanples. 25 43. A net hod
according to claim2I which is substantially as described with reference
to the foregoing Exanples. 96

12. A composition capable of binding a VEGF molecule to form a nonfunctional

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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20. The host-vector system of claim 17, wherein the suitable host cell is a COS
cell or a CHO cell.

21. A method of producing a fusion polypeptide which comprises growing cells
of the host-vector system of any one of claims 17 to 20, under conditions permitting
production of the fusion polypeptide and recovering the fusion polypeptide so

produced.
22. A fusion polypeptide produced by a method according to claim 21.

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.

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
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.

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

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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