;e3eu )r 1$$\% (6(T )12 June 2003 WO 001 37642 PCTI US99/ 30900 METHOD OF
ENHANC! NG THE BI OLQG CAL ACT! NDS Thi's appl i cat 1dfune2904s
priority of U S. Application ‘WW@M\“‘M@S? filed Decenber 23, 1998.

Thr oughou j pplication, us publications are s- 1%&@

di scl osuré@@@%ﬁch and all of tHK&&® publications are helfde y ?’%dgg“rapor at ed
by reference in their entireties into this application. | NTRODUCTION to The
present invention pravides for npovel nethods For producing novel fusion

pol ypept i cREELESS RHROAGE el WA ie VAR QE LIGANDRS hpared to

t he pol ypeptide ligands in their native form The invention also provides

for nucl : i : i | j I } ; i on

pol ypept msﬁﬁggﬁﬂs, é‘lggx\{ ﬁfem?bglgf(;?'%% S&%ﬁ?ﬁ?ﬂfgéﬁ é”fﬁé‘%@ ves. is
BACKGROUNDe@mnbaH23, ARANTTIoN UBhoub Biik applicftiqno vgrieps publitatipasdset o bi nd
cells and. reb ld cit a.phgno C.responss. such as.cel.l grow h,
sur vi vgl %%eragi é/e(flgﬁ]tol(g%‘ieisgr%%?% %‘H{gh oféﬁ?#cﬁ"gﬁlggg?%r %rﬁ&}?rﬁyags menbr ane

tyrosi ne icogsested herefsiehae ¢h theinenfmties dmoahisegsglicagiogpt or tyrosine

ki nase (RTK) is generally the nost distinctive portion of the nole
it provides the protein with its |igand-recognizing characteri mm\m?“‘\ “W\Wb

of aligand to the extracell ul wus in signal tran

an intracellular tyrosine kinase 2s catalytic domai n which transmni tgsig”
bi ol ogi cal signal to intracellular target proteins. The particular array of
sequengce i JhiS. . 1 G, i i 1 3es its access
o potont 1o Frcoedt e bR ndial Moihds SV RGRREIERSRITT 7 CTT:
50b8- 5078fuskampblypeptidé ligah89 that balvk enBneetidbidlRjcal a6t FHTKas appear to

undergo dinerizatjopn or .sone.tel.ated conformtional nge fallow ng |igand
e m;‘;@%“im N
i e hdidbAtse £ 8 ve : :
61: 203-212; .Schl essinger,., and U lfyi.ch, 1992,. Neuron, 9: 383- nol ecul ar
i or ot BHonBpRER AR PR s i Uie eian Pl R g

Ia

391)
thegselvesvat i on of

ki nasgqsfunction. In sone instances, such as the growth factor platelet

derived growh factor s (PDHGF), the ligand is a dinmer that binds two
receptor nol ecul es (Harll&m_%ﬂ.mmo: 1529-1531; Hel di n,
1989, J. Biol. Chem 264:8905-8912) while, for exanple, in the case of EGF,
the ligand is a nononer (Weber, et al., 1984, J. Biol. Chem,

259: 14631 ThéaBiity of ipotypeptide ligaads tsbimdycells antdhérieby elibihel ogy i ndustry,

many novel ,genes.and_associ at ed tei,ns have.been.d dent|.fied virtue of
Thelr "seqRbREa R ERBRIR IR Sl SlstBL s e BRlPh & g Lt port e
to be wecempidinted thudugh Beasineaibran® gyrabitel kigaeds Thavextraetlltlaen i dentifi ed,

they are referred tqQ as or phan receptor e Sscreeni of many of these
or pK an port?on og eaa'm recepto@ tyrosgne keiRase alTlgihls generally tpl most y

distinctive portion of the molecule, as it provides the protein with its
ligand-recognizing characteristic. Binding of a ligand to the extracellular
domain results in signal transduction via an intracellular tyrosine kinase
25 catalytic domain which transmits a biological signal to intracellular target
proteins. The particular array of sequence motifs of this cytoplasmic,
catalytic domain determines its access to potential kinase substrates
(Mohammadi, et al., 1990, Mol. Cell. Biol., 11: 5068-5078; Fantl, et al., 1992,
Cell, 69:413-413).
30
RTKSs appear to undergo dimerization or some related conformational

change following ligand binding (Schlessinger, J., 1988, Trend Biochem. Sci.



~S receptors often leads to the identification of |ligands that are capable
of binding to the receptor, although the binding is often hdfunes2093i at ed
with activation of any intracellular kinases or any other phenotypic
change. Sugb oWesed he case for nmenbers of the Eph recept opctisiolaysoo For sake
of clarity, applicants incorporate by reference herein a letter cited as
Eph 20 Nonencl ature Commttee, 1997, published in Cell vol. 90: 403-403

1997) wh t t | at t t d Eph Li d
a1 cor a3 DR ALRIRAGH ALY Sl Xl DB SRR SR ST, cLponoe
to bi ndi ngUBiclys1992) Ngasrsh 9@8M9ﬁpmdle¢ﬁ1axylmeﬁemlwbm«ie@h to the discovery

as set forth in U S  Patent 47,033 issued My 5,1998. That patent
descri bes $METZHNG SHOPHBINE| 9é?-$ d tgracHyaiion Ré wsﬁﬁP’éC%ahhs of

| gands VeloinG REDINREY sheh 45 SRE BrdTbl 1B SIS@RABLAVE! RS iVALIGRD (e cognat e

r ecept ors. (HD(S%)I cants have now extended the concept USt ering to

addi t i o‘hal nthe liganst g doneartibatepinds b Irgcepten melegwies éHarthet ah e-2
recept or d@ﬁngae&%om 380d. E'f&!lailﬂﬁcﬁﬁoiﬁb' P?&xolaaﬂeﬁkaﬁﬁu@[ B egghfcover ed that

this nethod Tor production ot honbogeheous forins o igands is
br oadl y apwhileafolr @exémplayjin dhve cése ofJEEE,uhe 1izena@ iANONIHRAEAAN EMET/ ¢1S99130900

the affinity [0L. ENGrease.t tiyity of a ligand as conpared to the
native for?h'&?%ﬂeﬁw:'-g@%’?viﬁ%%&gﬁéﬁ(éﬂ:1 (Ang) is one of two known |igands
for the Tie-2 receptor s and has been shown to be an agonist for Tie-2

(Davis, et _al, 1996, Cell Qr:1161-1169), whereas the second knovvn | i gand,
angi opa? et Throygheuk the bistaiinthe Pigiechnolagy indyusiyo aanY nevel 88088 oni st of

the Tie-2 En‘?&‘épéo‘&{atéd\/gkét@ﬁ@'Iﬁ%%eeﬁtld@z{uﬁedllzyzglrn%bﬁﬁ@ﬁ deqendd) . Angl* is

a nmutant form of poietin-1 that conpri N-term-nal donmai n of
angi opoi et hom@lagy Wetbelmqvm gemrese dviany such proteinaiame @ndpmrﬂnsi fa be i nogen domai n

angi ~ has BeeRittsdi ikRisnef tofnatt ey CHhPbelicRhuRba e REe =

Experi ment sefedred tmas anplkarofecaptpirsp@he semeedingruf mamgy optliese brplihnh ave 1 s

domai nd® aftep D oliFRdracheh (DR reaton of letnd Rpl B dmgetieed rc. (i o

t he fibri nggrling edehéréebpditdalihdughethetiindinghe dﬂl@ﬁ&id%)assd‘cimed)luﬁm to the
Tie-2 receptor wth chh hi gher atfinity than nmononeri ¢ Ang-1- FD

(di ner i zat a%vmfsar&um%semér.wpw ABK %}éﬁrv@'éeﬁ‘omclfba%&ﬁmonents of 20
adj acent ‘(%,S&e cﬁ&%}‘?ﬁ$m‘@e]:9%f%hf%ﬁ‘fed L &drQa 1< dece
t he | e

phosphoryl atl on (activate eptor on endothell a ceI | s unl ess
it is furt klarity)applicant incarporpseby anferericartwreif@ latter Gadl asEgliackson

| MTUnor e Slacikle LRGNy TN S SLP0S: O Atads Hernd An02: FD

.e., the r|nogen omal n Wer e eS|gne
| nt rinsi catwhaclmsets forth ll yoroendétere for thecEpir Beeaptorn andeBphdiggrdvi des f or
novel , bi olgo i gal |y active, soluble forns 30 of pol ypeptide |igands that
bind to re 8%[ P% on cells. Such pol ypeptide |ligands are useful in
pronoting a differenti al functi on and/or influencing the phenotype, such as

w h dl/ |i f t , tor- 12 J 003, WO
862 376 4gnpé-%t]@g{j%n|§0 gll(c)a act1v1ty v had'been o SgrrvleHQn response tou{;l%d%ng of

25  aligand to an Eph family receptor prior to the discovery as set forth in U.S.
Patent No. 5,747,033 issued May 5, 1998. That patent describes the concept of
“clustering” whereby the soluble domains of ligands were combined to
create multimers capable of activating the cognate receptors. Applicants
have now extended the concept of dlustering to additional ligands outside

30 the Eph family, for example, the Tie-2 receptor ligands known as the
angiopoietins, and have also discovered that this method for production of
homogeneous forms of clustered ligands is broadly applicable to improve



cells. The invention al so provi des for nucleic acids encodi ng such
pol ypepti de |igands, and both prokaryotic and eukaryotic uas 2085 systens
for producing such pol ypeptide ligands. According to the invention, soluble

forns of thgedRkapepti de |igands described herein may bepdsggdesgoP Pronote
bi ol ogi cal responses in receptor-expressing cells. In particular, a general

nmet hod i s described herein which produces fusion pol ypeptide |igands that
may then he cl. er which functions to..nmake ot herw ijpactive sol uble
pol ypept i @‘é? ﬁ%ﬁ%cﬁ@%’&%@?@ﬁﬁ ?,a%Ft"tlﬁ’v%ff 4 95%&3?%?10"83%%8&% he bi ol ogi cal
activity natipofotpepf itltelibarghnds that, absent such clustering, to would have

| oner | evels of biological activity. This nethod may be used to cluster a-
plurality of {nore than one) receptor binding domains fromany |igand which

has irrpromgi Jiéﬁﬂ-tl)(A@a?ggs%né BERPR RAEWACdatidh ok %hﬁgl“ie?i @&gﬂ»ﬂow ability)

when cl ustered as conpa to the native form of | i gand. 1s DESCRI PTI ON

OF THES G-atukhgs beep-shown te\be En-aghinist éorclied (Davis abalc 9%n&etleduced ami no

aci d sequgh ) - - C F~ - Nucl el g agi d sequence and

deduced aﬁ?’%gﬂgi}@?’g‘géﬁ%%cg%%%cgﬁé%ﬂp Eﬁ%%ﬁﬁogggeﬁge%%aﬁéegnmcl eic acid

sequence ahowteadbecdnaniraily acdudring gueagonisdof AngTib-FiackptokD. 25 Fj, aTure

4A-4E - Nucleic acid se €. and am no, aci d sequence of

Ang- 2- FD- -aff’B.np!erT\ﬁ)Iegéﬂ'lu@g‘}v%‘ilwcﬁzéﬁ%g?'sK:')‘g?A’r?ga- E"-“\i—étgfggrﬁﬁfpr otein. SDS

30 PAGE a@ﬁ%?@ﬁietﬁh@%ﬁﬂgcc&nﬁﬂé& fhie NitBEmitlal dAbensin 3% Qlepi -pon-r educi ng
ane

condition 3) and a_band runnjng at .about 85kD under reducing
condi t‘PonzuiqdaWeth?)C.ml.egZ@ﬂ %n@&r@dzgmﬁb@wﬁmzmmfm%%@mo ~4~xre 6

- Light sqa&ﬁa?fha@mﬁﬁéé %(3:" tB@eP%ﬂIthﬁc’ieRBP&nm £54bas. Web¥haObeet9-1 FD-Fc-FD

and to determ ne her or not t fl)_rot ein Is a honbgeneous species. Light
scat t er i nghpwnaorhenz pptent agonisisfor dhel Tisoh cemaptaat i on of a s macronol ecul e. To
determ ne nol ecul ar weight, the protein sanple was injected onto a gel
filtration colum and the effluent is nonitored with an on line |ight
scat t er i nExghetietdnts wathd nantamfsrafcingiepdietiie anilangiopoietihh2 Hetect or. The on

1 ne RT3 rRrlabetf thal Fhe BbRhogin doRaki i) A8 WE réRpllbitifg
domains, and that dimerized versions of, for example Ang-1-FD-Fc, (i.e., the
fibrinogen domain of Ang-1 fused to an Fc domain), can bind to the Tie-2
receptor with much higher affinity than monomeric Ang-1-FD
(dimerization occurs due to the interaction between the Fc components of

20 adjacent molecules). However, Ang-1-FD-Fc is not able to induce
phosphorylation (activate) the Tie-2 receptor on endothelial cells unless it is
further clustered with goat anti-human Fc antibodies (Jackson
Immunoresearch). For this reason, mutant versions of Ang-1-FD and Ang-
2-FD (i.e., the fibrinogen domain of Ang-2) were designed that were

25 intrinsically more highly clustered.

SUMMARY OF THE INVENTION

The present invention provides for novel, biologically active, soluble forms

30 of polypeptide ligands that bind to receptors on cells. Such polypeptide
ligands are useful in promoting a differential function and/or influencing
the phenotype, such as growth and/or proliferation, of receptor-bearing



protein concentration. Astra 4.7 Software (Watt Technol Oglé Cor?{}@ﬁti on, 1
0o Santa Barbara, CA) is used to calculate the protein con R . The
nol ecul ar wei ght of protein is then calculated fromthe angul ar dependence
of light s¢degsdsng. The nol ecul ar wei ght of the di meric pefraisedsv@ppears to
be approxi mately 200kD and presence of a single peak inplies that the
protein solution is honbgenous. ~s Fi , a 7 - Ml ecul ar Wi ght Anal ysis of

Ang- 2- FD- Fc:.FD., SDS PACGE anhal yses, showi ng a band runni ng at about 200kD

under non-ﬁeBauEﬁhﬁg‘“XS%A*b‘?f} falgﬂs}yr(’f”é%égoﬁng 1C85)C1‘£°‘n‘f:f‘°8 H%%“‘i%unni ng at about

88kD underpdlopestidligaidl, kh@botH brslesystidad éﬁkarg&iﬂ@r@s&ns t@hé scatter

anal ysi s tfo confirmthe nolecul ar weight of Ang-2FD-Fc-FD and to determ ne
Of %ﬁ?@g

whet her or o Rrognang sych pelyrepsided fre SAFEOLGIAE @ the INVERHORcattering is a
function o g{y;?a i @01 : m ne

nmol ecul ar %\%?%th ?ﬁ?ﬂg'&zpr 0 e?’%@%ﬂé%}lgérﬁsd%gl?%gg?g{dﬁ‘gxyg ﬁayaeggf) filtration
col urm andpramoteftiologival fespansestinrecepipr-exprassing cdllse Ihipgmticdamtat eri ng

detector a r ef i ve inde ¢l . e Q e Line
refracti veg‘%heg%lxﬁgg}ao(e@tsoareesgggid?bg%gé g‘%ﬁ%} Bg/%@\f%gf%s‘é%gggﬁpeeggggt ein
concent r at ligandsAiat anay. thebdid slasterdd/Mealiich Taendtivok agymdlar gtheatisen, Sant a

Barbara, CA) i,s used,to cal cul.ate the ot.ei.h concentration., The 30
mol ecul ar HKe SBIF‘%E BPi¥PRPfide ﬁ‘ﬁéﬂdﬁafoi?ﬁlaﬁlg'daq‘“r"(ﬁnﬁ WhidhgfaeYependence

of light segri®kigldgihl adtieity et ﬁswlpaf)ﬁue'uigbﬁd@&\at,%s@utrmmm&&he%n appears to
be approxi mately 171kD and preséence of "a single peak inplies that the 1 5
12 Jund020p® ve dreanlepels afiddologivabactpribt dhis msthad mayibe weAdgenous. Fib

re 9 - Angli i ; - [ =R
bhosphor y1 e AEAY o (Wlp M Pohey fecepier bRidig Hofigind BOSPRRY
reveal ed t Higand\wehich hps Boprayedaaffinifyiarsl/entindreasad gctivity (i.e.sigralingt y t o

bi 11y of HREAREE: EhlsBed s s0fme i fo B BRI ol gt Bedng 0 71 2 0

phosphoryl ation in EAhy926 cells. In a standard phosphoryl ation lo assay,

Ang-2-FD-Fc-FD is able to &g&ﬁﬁgﬁﬁv | f the Tie-2 receptor
when itis present in at | {[@ H ’.@&éxcess of Angl*. _F' ~eure

1 1 Ability of angiopoietin 2 to block Angl*-nedi ated Tie-2 receptor
phosphoryl ation in EAhy926 cells. In a standard phosphoryl ati on assay, at a
1s 20 fol d BigradAcil o Dicleip gridissnuense and deditred apninoagid dagiyence

Angl* nedi at}ﬁ%—g-'i”gﬁ?ﬂgﬁ ylation level to 50% This result, coupled with the
results described In Fclgure 10 inplies that Ang-2-FD-Fc-FD is a nore potent
i nhi bitor of Angl*-nediated Tie-2 receptor phosphorylation than

angi opqj.et iga- Qb _I . 12, [ f s P = k
angi opgoet i%@l‘?&t elgﬁ%)]%bcsp %P‘%ﬂé%f %éngfd e@ﬁge%awg%ggﬁélger&%%‘f EAhy 926
cells. In Amg-2FBRFD-Fhosphoryl ation assay, it is shown that while there is
a trend toward bl ocki ng angi opoi eti n-1-nedi ated phosphoryl ation of the
Tie-2 receptor in 2s these cells, Ang-2-FD Fc-PD seens to be nore effective
at bl ocki nFig\ng3AREI-aNatleR D Bedudnet 288 dedudédarmindiacid kegtierica ofi gure 10.
i r - Ability of_ angiopoietin-2 to bl ock angi opoi eti n-1-nedi at ed
phosphor yl DG hTH-FEAD. Ti e- 2 receptor in EAhy926 cells. In a standard

25

Figure 4A-4E - Nucleic acid sequence and deduced amino acid sequence of
Ang-2-FD-Fc-FD.

Figure 5 - Molecular Weight Analysis of Ang-1-FD-Fc-FD protein. SDS

30 PAGE analyses showing a band running at about 210kD under non-reducing
conditions (lane 3) and a band running at about 85kD under reducing
conditions (lane 7).



30 phosphoryl ation assay, it is shown that there is a tren owar.d bl ocki ng
angi opoi eti n- 1- nedi at ed phosphorylation of the Tie-2 recepltq’otun\é\ﬁog%ese
cells, but, |ike Ang-2-FD-Fc-FD, angiopoietin-2 seens to be nore effective
at 6 12 Jwoeeafs@3 W O 001 37642 PCT/ US99130900 bl ocki ng pagaseomastoat ed
phosphoryl ati on of Tie-2, as shown in Figure 11. Figure 14A-14E - Nucleic
aci d sequence and deduced am no acid sequence of Ephrin-Bl-Ephrin-Bl-Fc. 5
Fi gure 15A-15E - Nucl eic acid sequence and deduced am no acid sequence of
Ephri n- B2- Ephrin-B2-Fc. Figure 1&1& - Conparison of Ephrin-Bl-Fc,

Ephri n- B1- Bphurere BLiglet sckby anhljiss BRcdrdfiran cheéaploldcntdBvEipht ohABg-1FC in

st andard E&E}Bﬁ %{h-’g%? oryl atign ai\sas. COStﬁeI s were igrum starved and
then |eft T e teryleterayne Whegher grnotithe prateinis & hom9ggeeded and
clustered %?Baw-ﬁi hF@cz(t@rﬂfrgaé)wfuhéﬁ@ﬁofzn?a@Sjaﬁd cbh&rt@lton ofgr € al so treated
wi th unflustered and clustered EphrinBl-Ephrin-Bl-Fc (Efn-B1 DD), |anes 4

and 5. I5n aderomelectds.| Jodaternminganpleculas weight, dhie protrirusarnpletwasd and

clustered E i.n-B2- FC 10 , d WL I ed and

Cl ust er ed ELECtel o gt Hibialion ol @t Aefipaiiicbltuel! WKGEED 200
EphB2 phospinolin¢ Hghioscattesing skeesctmrdhriolya aefraghive ipdex gmdsorneUlMedéetector.bl ot t i ng
(upper panel,s) and the relatiyve nts hB2 in each | ane was

ot or i hed P ahiie epfaB e iodeR SRR oV aRerSrafrB dRdne e =5 e 17 -
Angl * - medi gireekiN TonédralitonCHEsted QI7SoiRvArd W yNOTacHrBlbey Eppeatibad Ti e- 2
receptor pf\%sphoro?ati n i,nn EAhy92(i3 el | 6( hy926 celTl's wereasti}rjrul at ed
with 0.1 ~gamta B ara,dgAb;sZuse&/tp,ﬂa %\fate. e pgotein eanggniaden.clipec| one- deri ved
Ang- 1- FD- FCmEQcHIaQt'v@éight 6¢ Ef&%@%%&h@ﬁ@ﬁﬁ&éﬁ %h?&\é"&%él}iaf a¥seRAc hat

stabl e CHO cl one-deriVved Ahg-1-FD Fc-PD was equivalent"to Angl* inits

abi ity to @ftlightissatterning sBhe nydlegulamweight ioé the dimerieprgieior appearsiloy 926

cells. 30 Ri: 18, - i 1\ -2-FD-Fc-FD to
bl ock stab ﬁj)ee @%%éﬁg?ltgbﬁiebqu\ﬁe%“cg%ﬁé%g%&ﬁ%gﬁgﬁkgﬁéélﬁﬁgwsecept or
phosphor yl aprodeini solé&tdry 92 hooelgesoukAny926 cells were treated with 0.2 12

June 2003 WO 00l 37642 PCTJUS99/ 30900 ~g/ m of the Tie-2 agoni st
Ang- 1-FD-Fc-FD and 2 ~,g/m, 4 ~g/m, 8 ~g/m or 16 wg/mM of stable CHO

cl one-deri vgg;mwmcﬁmﬁweigﬁwn{éiﬁ} SCARR2-EDERIED 8DGIRAGEOr stable CHO
cl one-derive A&g- -FD- Fc-FD stinul ati qn of éﬁg Tie-2 receptor when it is
present in 2haly oying)afng typRne %‘k@%%’é 29¢k12 undeg e €f8ne- deri ved

Ang- 1- FD- FCedeitibfal MDY AkPERbAd b BiinEfruhbing AMVEHEL: 8BKD under reducing

conditions (lanes 3 and 4).

20
Figure 8 - Light scatter analysis to confirm the molecular weight of Ang-2-
FD-Fc-FD and to determine whether or not the protein is a homogeneous
species. Light scattering is a function of mass and concentration of a
macromolecule. To determine molecular weight, the protein sample was

25 injected onto a gel filtration column and the effluent is monitored with an
on line light scattering detector and a refractive index and/or a UV detector.
The on line refractive index detector or UV detector serve to measure
protein concentration. Astra 4.7 Software (Wyatt Technology Corporation,
Santa Barbara, CA) is used to calculate the protein concentration. The

30 molecular weight of protein is then calculated from the angular dependence
of light scattering. The molecular weight of the dimeric protein appears to
be approximately 171kD and presence of a single peak implies that the |



As described in greater detail below applicants have di scovered a net hod
io for "clustering" polypeptide |igands, which functions tb fee088 her wi se
i nactive sol ubl e polypeptide |igands biologically active, or which enhances
t he bi ol ogi ivity of polypeptide |ligands that, abs

clustering?ﬁag% %bhave | ower | evels of biological activi?@&”ﬁ%@@mﬁ%thod may
be used to cluster a plurality of (nore than one) receptor binding domains
fromany is |igand which has inproved affinity and/or increased activity
(i.e. signBFORE aPuEioRyY RGBASKIWSt er ed as conpared to the native form of
the Iigand. The present invention provides for a nucleic acid encoding a

fusion pol ypepti de wherein the fusion pol ypeptide conprises a first subunit
20 conpri s'i/‘.?@ﬂ‘sﬁ'l eéef!ﬁl*ﬁﬁ@diétﬁp‘yvﬁaﬁ%b%&%@ﬁgme@iamﬁ ig-2ieeaptorof a | i gand,
the first ' j 0 f e I3 . j merizing
conponent, %g\g?@\éﬂi)ﬂoﬁeﬂ 1§'€§ﬁ89%68c§%1gn%&gg?}%ﬁ#{%ﬁgrggnﬁgﬂ% term nal end
to a sesondewaabethitat dongplFD-AgFX wasegiivalent ¢copngdt in ite abitgpdor bi ndi ng
domain of a ligand., 2s.1n _one egtﬁ(%)eg%%t of thesé&]\i\/g%i on, the receptor

bi ndi ng doﬁﬁﬂ’rﬂa@fphWBhf’ngFo%ﬁ el TRSEBERTUR opi es of the receptor
bi ndi ng domain of the same |ligand. The first and second suburuts nmay each
have one or_nore than one copy of the receptor binding domain of the

li gand. | n Bipaeill < Aligrefotingrifld-FefFD treblogly émglmediated (Tae@pt or bi ndi ng

A Lor nat  valy P Er OB R B8 B8P kA DR BDERR B ot o

bi ndi nglodorassay, i“ng-2-dia-He-Fyisrable tsl blotk Argld stimwdatiproofpthediie2st i ng of t he
EPH fam | j S t i 4zl i t of th
Fventon "ErPOEREER if sigfresert IR 2SRk 89815 08l e SERE AT, 2 00F

of the receptor binding domain of a different ligand fromthe receptor

bi ndi ng domgi ns of the.second subunit. FQr exa e, the tjrst suburut may
conpr | 9e. ¢ HASHEsEt S, 6f FRBaBRER Zoto BACh AR sBlediathd T2 eRePEdond
subuni t B YpHd3 bigiéﬁtiérhﬁx BEARGDI@EeIR] NHi RO ﬁhdé%h&@%&lﬂrﬁéssgg,%tahm i al
gromh factor (VEGR). Alternatively, the first 'subunit’ may conprise the
recept ofS bi 3ufold mplaneYress, apRGPOigHN-2 ienataa do sedurgithe dngléonpri se the
recept or bindj i nai ietd idl rgdyg,lj jof st and
second subuﬁ?%%nggﬁgéﬁﬁﬂgggg&%gao{? sr?gl?'e%ﬁaljr?s%lx'e C p%/d yf?&t ﬂ—{ee receptor

bi ndi'ng doneswltpflesanibed indiguret i0impliegdhat Ang-28§D-Fedd2 st amase poternd domai n”
what is meaQt.al.s. t L al . L 0 ' ks.necessary to
a1 vs. v anptir SEARET FRdel 12 lakbE phpsRiBh hin " The

mul timeri zi angiopojetinet conpri ses an i mmunogl obulin derived domain. Mre
specifically, the 20 i munogl obulin derived domain may be selected fromthe
group consisting of the Fc domain of 1gG the heavy chain of 1gG and the
I'i ght chai nEigiird - AbNiG6R ARE-2FTDFRIIRTE RS blokk anpidpboldtiel-iiddigegonponent  may
be an Fc donmain _fromwhich the first five amno acids (including a

cyst ei ne) heResphesratenef de Tie-Dresantas in BARYRGeells | Byd eGRgarknt referred

to as 25 Pc H&@ho 1B8oR ra§§a§;,"it isRUEWH 9Bt MhIR tRERVE d8FerlPfovbatdl ON
pol ypepti des encoded by thé nucleic acid nol ecul es of the invention.

Pr ef er abl y, blogking angiepeistindemedissed phesphoriationmfrthe BierRmecenter in t he
functi og, of tal e : i_nment, the
il 1 mof® | ¢ Heag cfi AR pE PO PR RNG S oore Bid Rt Bt BIEREEERRE Ded | n
Eur opean Patrediatégpphiosphonylativh ofyTiec: e shown infigurePlbl i cation | Vo. EP 0
721983 Al published 17 July 1996 9

Figure 13 - Ability of angiopoietin-2 to block angiopoietin-1-mediated
phosphorylation of the Tie-2 receptor in EAhy926 cells. In a standard

30 phosphorylation assay, it is shown that there is a trend toward blocking
angiopoietin-1-mediated phosphorylation of the Tie-2 receptor in these
cells, but, like Ang-2-FD-Fc-FD, angiopoietin-2 seems to be more effective at



12 June 2003 WD 00l 37642 PCTNS99| 30900 and include S. cerevisiae

repressi bl e aci d phosphatas~e (M zunaga et al., 1988, J. Bil2&med008 Tokyo)
1:321-326); the S. cerevisiae type 1 killer preprotoxin (Sturley et

al., 1986, KyBeh e 3381-3390); the S. cal sber~e, nsi_s; atpPidoosseso

gal act osi dase nelibiase (Summer-Smth, et al., 1985, Gene 1:333-340); and 5
the bl’ eurospora crassa ornithine decarboxylase (D gangi, et al., 1987, J.

Bi ol . 1188 93 nce codi ng..an, i nogl obyl i n h avy chain
hi nge reglm% %ﬁéhln)‘eeqlasg P Ofﬁgﬁryq%%‘?rf OPTI P Ps N inEigare Ly evi si ae
SUC2 gene (Carl son et al ., 1983 Mol . Cell. Biol. $:439-447);

innunoglobulln ene. sequences, and portions thereof. In a preferred
enbodi nent rNBﬁﬁCcﬂ‘Pd P?ﬁ“ﬁﬁ%ﬁ%éﬁﬂ%@eﬁ@l@eﬁﬂéﬁ%@m%speci ally

one encodi qggnlj}g.ulf.gl PRiRLB1d e used to encode the multimerizing conponent.
The present vention ‘al so contenplates a vector which conprises the

nucl ei ¢ Saci d nol ecul e of the invention as described herein. 1s Al so

provi ded iwﬁg@ 0 risin cleic aci.d mol ecul e of the
Phvent ton 355 PRWEE' g SRS R Raliid Shb o sBRIREY, ¢
oper ati vel yofl Epﬁn&nl—B?.eEphrm-mF&ssi on control sequence. Also provided is a

host -vector system for the production of a fusion polypeptide which 20
conprises the expression vector of the invention which has been introduced

into a hostg,gﬁ%%?ui &idod oCEPRAS-B 10, @‘pl&ﬁﬁBi-‘E?hﬁB—E’PWp}?ﬁHﬂﬂ The

sui tabl e hos may be a bacterial cell "such E. coli, a yeast cell,

such as!®Pj cPa-Ke ﬁ&étﬁﬂhrén‘Baﬁ-’ngbﬁg'FéénIStafEdPGﬁ Ea%x@rdu@phewlmprf rugi ep rda.
or a mamal ddiyd: D6 BHE Wed serubBiatledHl B leftamhtl: fed l1OPE fitne pvent i on

al so provides met hods Produ0|ng sion pol ypepti‘des of the
i nvention byr yesiragtederith unclustared entl-chestered Ep)EimBE-Fde(Eﬁr-Bb)edhﬂmr ein,

under condi 0] e. and
recovering %hfe{&?ug(gﬁqc%)% {&gléeg %g%é%&gy%@ggxsfcegga%g Cﬁf'ﬁ%ﬁ Eﬁ%rr%eptl des
usef ul fﬁr BI-E@h:mB@FaI:( (EneBEDE)] laney £ahd 31 Ineadditton celpovwert llil;evas@r eSSI on
in a prokaryoti ¢ or, eu ot Cc expressi Sys 1 e

001 37643 PCYFRied gt SBstUsHEze #éﬁgﬁg\iﬁﬁ%fﬁflofgéﬁ‘é‘ ﬁi? t@%eﬁ%)r éé’:?ég aawzs’d the

pol ypepti deazpdu RitH Gelclubiebd? bR@ cBidYerBd 'EYHrirRB2- IBhbiads)-Fd (BmOS)BIRY be
subcl oned |nto a bacterial expression vector, Such as for exarrpl e, but not

by way of |lanes &angP B@w@ent@fwﬁfwsmoadammas@wsmbmnﬁm| fied by
tech
b1 51 0g1 cal | ProsHtroBirletBa bRl biotEng (st el 3RAAE dBLBYe Babli ™ e

fact ors nmayobEphB2 by ezdddlane ovascddtermined fhyr ardisEphB2i wiestepn blagting or as

i ncl usi b which they may ~o be extracted quantitatively by 8M
guani di ?]?u ﬁﬂkgr&ﬁ{e@f de and dialysis. In order to further purify the

factors, conventlonal ion exchange chr omat ogr aphy, hydrophobic interaction
chromat ogr GEM\{ ef{nsgel ateﬁh\;so stafaf)egéﬁWXlone- r1vecfl Xzitgr-fl%’bolgc-lgﬁy be used.

mediated Tie-2 receptor phosphorylation in EAhy926 cells. EAhy926 cells

were stimulated with 0.4 pg/ml Angl* or 0.2 ug/ml or 0.4 pg/ml stable

25 CHO clone-derived Ang-1-FD-Fc-FD protein. A standard phosphorylation

assay revealed that stable CHO clone-derived Ang-1-FD-Fc-FD was

equivalent to Angl* in its ability to stimulate phosphorylation of the Tie-2

receptor in EAhy926 cells.

30  Figure 18 - Ability of stable CHO clone-derived Ang-2-FD-Fc-FD to block
stable CHO clone-derived Ang-1-FD-Fc-FD-mediated Tie-2 receptor
phosphorylation in EAhy926 cells. EAhy926 cells were treated with 0.2



is The present invention also provides for a nucleic acid encoding a fusion
pol ypepti de wherein the fusion polypeptide conprises nore Y age g copy of
the receptor binding donmain of a ligand in tandem and wherein either the
N-term nal w@yoolsi@z C-term nal receptor binding domain is glcgashsisoesh to a

mul timerizing conponent. |In one enbodi mrent of the invention, the 20
receptor binding domains are fused contiguously. In another enbodi nent of

romber of PRLEPLELRER A ep T Tt FERD St Bal il Re e il 7"

enbodi ment gr ¥4 pg /gl | bnytabtel OHO ¢1bre-tetiegd Ahgbz HD#B@QJIHO Baigr2-FB-FHEDf | bri nogen

domai n of an 0 00|e|n alternatlve 2s

enbodi ment is & %E)Q%)@é’ﬁ agiﬁ‘hgﬁ'ﬁ% é"’f %‘Epaﬁ'méHH@PHé?fl al growth
factor (VEﬁ:e)Tlel?r&E?lb?%h&mQ@éj f@@ﬁbmtmezrses%tferd Rolidigegdepprin is from
an ephrin receptor binding domain" what is meant is the ihiru' nmal

porti ons of stakle GHOQ clgaﬁalerlﬁadArsg-h@&EeﬁDy to bind its receptor. t~ 12
June 2003 WO 00! 37b42 PC TI US99/ 30900 In preferred enbodi ments of the

i nvention, the nultlner|2|ng conponent conprlses an i mmunogl obul i n derived
domai n. More specifi (1A ) R GO [0 THEJANVENTIQNNS

sel ected fromthe group conS| sti ng of the Fc dOfTB.I n of | gG the heavy chain
of 1gG and the light s chain of 1gG In another enbodi nent, the

mul timeri ziggdeseriped e preater detaid befotv, dpipticants have Wcevertdia fietteid five ani no
acids (includi ng a cy§te5 ne) have been gl noved t o prodgce a myltimerizing

conponefit % eflHelgring” polymeptide)ligangs; ragtiens o make OHeIMY provi des
for fusion 1RQM%1&H@%QW@@ 13Ankb Bidlig 181l ¥ adfld] FRVIREN leRRaest NE

i nvention. Preferabl usi on pol ypep I des are’'in multineric form due
to the fundhe bmleglcalmshrvmqfrmﬂympmgledtgapdﬁmt absnnhswlumeugenbodu ment ,

t he nultl cribed in
Eur opean Pa %Ll%ll? l%opl ?@2‘%{ ile?ﬁéll%%l%ldg#aﬁ a@ b% i ?%s‘iﬂ%@é%ﬁex%gl FCaf ?g(?] No. EP O
721983 Al m]ﬂ:ﬂte:shpmfaﬁt)duf (mdnﬂiaﬁxaama) nedepttr indingr dahsinsdromamngssi bl e aci d

phosphat as al. . 19883 .J. Bipchem T kyo). 1.321-326): the S.
cereV| sPaeelfg%ﬁ‘ R‘fﬂq}aé i B?%F%&ﬁ’%%‘?fﬁﬂ%ﬁ’%% eﬁv}%%@ Slﬁf\‘é@g\].

1 3381- 339Qybilitiyh evien élaétahﬁﬂemh arelipbahe ahticd ﬁﬂ-trdasmemegdﬂai ase
(Surmer Smth, et al., 1985, Gene i:333-340); and 20 the Neurospora c~rassa
orrut hi ne decarboxyl ase (D gangi, et al ., 1987, J. Biol. Chern.

, 7. 7889- 7898 gﬁ%&%@ﬂ%ﬁh@ﬁéﬂ%l Qs%&éﬁﬁ@!&%&@%ﬁbéﬂlﬁg%ﬂxsi‘dﬁi' n hinge
regl on (Takahashi et al Cell 1:671-679); the ~. cerw siae SUC2 gene
(Carl son etpalypeptbdawhertin tiee fusiompelypeptidegomprises a fivsirausiiul i n gene
sequenc 25
venti o, npidns sflihel SAC 0y of e iAbELEREHRLTERS gAY, o
dommi n, ar efirgs edbymit bﬂmgjﬁuse& eo rthé N-termiinalnandcofnp ondtimerikimg pr esent

i nvention a conte Iat ar. Wi cleig acid
nmol ecul e of&{ OR% enzﬁ % i Bed R %neggngﬁgﬁgéﬂgr@ogl is an
expressi on m&ttooa sedmndrsmxung cmmtpmimg at masﬂonaﬁo@gtdfaheﬂredepeonbmdmgi on as

descri bed herein, éhgrgeicrll the nucleic and nolecule is 12 12 June 2003 WO
00l 37642 P Pt ggane-

In one embodiment of the invention, the receptor binding domains of the
first and second subunits are copies of the receptor binding domain of the
same ligand. The first and second subunits may each have one or more
than one copy of the receptor binding domain of the ligand. In specific

30 embodiments of the invention, the receptor binding domain is the

fibrinogen domain of angiopoietin-1 or angiopoietin-2. Alternatively, the



operatively linked to an expression control sequence. Also provided is a
host -vector system for the production of a fusion polypeptl

conpri ses the expression vector of the invention which has been introduced
into a hosyogilsesui table for expression of the fusion parypshiEhss. The
sui tabl e host cell may be a bacterial cell such as E.E coli, a yeast cell,
such as Pichia pastoris, an insect cell, such as $~odoptera frugl perda, or
a manmel i an_cell,.. such.as a | or el.l . e _present invention also

o ovi des FepiEBRL R AcTRBuEdG & Rend Sottsted B ERtum BN Ene

i nvent i on obYh<JEPH faghiBedd Bgadst(he., Basépheaa).or systenms described herein,
under conditions perm'tting production of the fusion pol ypeptide and
recovering the fusion pol ypeptide so produced. The fusion pol ypeptides

useful fof, RiAedrCdriBodififer? ' SRB invdRHRMAL Rl ré@ét&%ihﬁh@ &&%ﬁﬁ@hcgy

expression in a prokaryotic or eukaryotic expression system T

r econbiSnarhe fissicubupitirae eepies ©f dhe reedpton dinding plamaidef pudifferesd uti | i zi ng
any nunber, i e . . Su j . erial

o o501 oL S rpcbfof AR UARE R ISR WAL BT %0 on,
pCP110. 2@xdeld,the dirstpsuibypétpinagesnipriselihe pedeptorebindingpdymairchinaque whi ch
allows for the subsequent formation of a stable,,biologically active
protein.  FOERBEIRER Bd Hi6 SREANCLYRRIRY Y| OMRIEE A TeIRLOT HRAME rnay be
recover ed ddrRiinCsH vasclat RABOARIEP IR AL EVEGT)! Aferhfvels) @@ bodi es,
fromwhich they may 2s be extracted cluanpl tatively i%¥ 8Eg¥guan| di ni um

hydr ocHl orfitabsibinitimayyeomprise therigeepton binging demsin of YEGTRand theor s,
conventi o i paRge ] R 4 act

chr omat og%%%@?e?%?se pﬁ%ggﬂgﬁ%grrg%o ra#f%ﬁ%g e|5‘?‘i%‘?%‘§$‘?gﬁ‘bﬁgy be used.
30 The Ex&ntyl buthkrsthe festtand gecepd subimits playreavh hayelopgaptmore thagands t hat

conpri se e i.ndi i 5 (~, ph
transnenb?%ﬂrt?e&t%&ﬁgiﬁhﬁgggéﬂgggﬂwpgﬁlaﬁbggg%?{]f‘egﬁle(%dﬁol I 'gands or of a 13
12 June 2003 WD 00l 37642 PCTI US99/ 30900 nenber of the angiopoietin famly
of ligands_that can _hind the Tje-2 receptor. For a description of novel Eph
Fami |y i gBhdEeceREE Ripding domeiy, gvhRdSaheatig the sHpimal Resfon &l the e
sequences ﬁ)éalﬂ'ﬂﬁaﬂ.is,néﬁgsaafl%aﬂﬁ-iks ré‘cgtgl@.}_her with a description of a nethod
of enhancing the biological activity of EPH fam |y |igands by clustering
them applicants refer to U S. Patent No. 5,747,033 issued on May 5, 1998
whi ch i's hgy ghyfelBg Q4 f oni thd bilulffer: Bhégant s
further ref eF{.Btf% rI nt é’?"ﬁé‘??’%ﬁ‘é‘f%/xgﬁ ?rgz‘geta?lgﬂ i&})é EIg%lT USQ??%%E%%‘@,B publ i shed as
WD 94/ 1102¢oroprisgsyarp gnmompgleindin dedvedidomedn. Merei specifisall paTeUs96/ 17201
publisbed gs A 6 {4 " BI.ol00] [ Fam |y Li gands”
each o? gvx/m C \Gggg#ggjglglygﬁrﬁ%gr%{))I%gfnegla%y&?%ﬁgér%%é@%# :é ng’ Jt}nti rety. is As
has been peensisting] of the Fardeenainafflg@i the lnfaviyichairdsf Tgl, anehd@ligh? r ecept or

has been di,scover.e dn d the Angiopoi etins. This fam | consi sting of
THE- 2. 11 gaFiAs GFARG: 1n anotReD eibptieh the prfiiierkng roBRanditcRRD: 35 and
TI E | i gandbé ah AtdddhhaiddzoReRRichxihe Tastv il afiid agide (ineRling @lcysted®§Cri ption
of the cIoEing sequen%%?g and_characterization of the aggiopoietins, as
wel | as 200 DAY FIBRVESt IrRRIGHFCA B UISESTIZHI GUTPORETE I TRHTRE 1OrRS pr oduct i on
and chqgacba?kﬁ?tion of nodified and chineric |igands thereof, reference is
her eby “frmde " T0 t'he foll owi ng publications, each of which is incorporated by
reference herein inits entirety: U S. Patent No. 5,521,073 issued May 28,
1996; U.S. _Patent No. 5,643,755 issued July 1,1997; U S. Patent No.

5, 650, 490 ZBeipsesend inyanfiopalse pyovidessfordysiontpalspepsides £nggded BY they

e

Appl i cat i onreeirt imultichetitl fert, dugaodhe Manhbtdois ob thevakiltimezizihg)ses Ther eof |, "

publ i shed as WD 96 269 on 1 ril. 1996,in the name of Regen n
Phar maclut F‘&%\ng‘eﬁ‘{qﬁ‘, 2 peflewsd, it e TRY TP AR | CERTE T E. 2
Li gands MenhdemerfziM kbmgponenltsldedestthebin EptipeanedertsApRlichioA1d98 on 10

[t or nat | oAAPRREeFEa Mo AR ARB NG AP 0 721 D68 A1 pibiftned 17 ity 1506



12 June 2003 WO 00l 37642 PCT/ US991 30900 "TI E-2 Receptor Ligands (TIE

Li gand-3; TIE Ligand-4} And Their Uses," published as WO 972 4883403n 24
Decenber 1997 in the nanme of Regeneron Pharmaceuticals, Inc; and PCT

I nt er nat i oRg) goARdaki cation entitled "Mdified Tl E-2 Receptpershgsoosts, "
publ i shed as WD 98 / 05779 on 12 February 1998 in s the nane of Regeneron
Phar maceuticals, Inc. Wien used herein, fusion polypeptide includes

functional |y, equi ent _nol ecul es ..i,;n whi ch am po . d residu e

Cubeti ¢ ur it SR Sl e AR Rt SR Al oD Bs i laBR RAETIBRY o
conser vat i]VBid}:haﬁ-gQ’];‘olF}Qj’) @_&ﬂ@h%);ﬂwtﬁmnm?mbm@@iﬂues W t hi n
the sequence (fan gimsubstl t ut eqs.}:g%/ another amno acid of a simlar polarity
whi ch act SORYIEY §tiahe 1956 EMEL) J1 53184 R050) Hae SucIsperaenais 1PNt or

conser vat i ¥, bdighd¥l iridlibiase! PSirhhel &RithOEt A7 1@83,@«5@&“%@3%:&4@&@6 sequence
may be sel®cted from other nenbers of the class to Ich the am no acid

bel ongs’ Fbe Msunospera emgsarmnibingrderasdboxpilage Gpigansic pt alwi 1987.deBiR. i ncl ude
alarune, | @HEIN Gea:h 80l A48). NBequdtlchd EncdRiifl :aQQmﬁQ.ﬁ%éﬁgﬁr\/ gyt ' YPLOPhan

and net hi oni ne. pol ar’ neu amno acids I n cin seri ne,

t hr eoni ne, cleajs hingeeregion (Bakabashdepal.a1182cCelh 28:681-67Yntheds. cEhevigiasi ti vel y
charged (basi¢) amno.acids i apgj,nk.ne,, |wsine and histidine. The
negati vel ymr&j’é‘a (?aﬂmﬂ gt)alzggé%iﬁ%l. leg‘élOfﬁc‘Jf%a‘Jé“@gs’ﬁﬁ?W oBlbulin,

gl utam c agérth sefusficds) ahd et thiefedfhdn aGsREerfdd éiBoditv@itidf@he ar e prot ei ns
or fragments or derivatives thereof which exhibit the same_or simlar

bi ol ogiltal IM¥ePHon: ymenmogialis: geessefPREFsapEPediatlyonsencding Mff i ed
during or agﬁﬁfn,tirggﬁbattb%cogé Ghe BuifhieeR5Yd 8binBBnerd! Ot €01 yti C cl eavage,

| i nkage to an anti nol ecul e or other celfulaf 25 |ligand, etc. Cells
t hat express the fusion pol ypeptides of the invention are genetically

engi neer ed | e L eCl. 1 . sducti on,

el ect roporgb?ﬁ?%?qﬁéﬁﬂngégtcﬁgﬁﬁg{%f veg{éﬁgﬁé{g’?%ﬁt n‘s/égr | 37642
PCTNS991308aa6lekhacig masleotlei of wha tinventiomcanpesssibed theeeinucl ei ¢ aci d sequences
encoding t he fusion polypeptides of the invention, as well as sequences

t hat h)} ridi ze under stringent conditions to nucleic acid sequences that
are s conplpgsepivided & hxh@xgtm@éieheveawr GofRRsanE 8 hueleid Aadimyiebiliewt.
Stringent conditions are set forth in, for exanple, Sanbrook, et al.

Vbl ecul ar Ehe HiveRtion asesecrbed ferainwheremn ghe nygleic acid gpoleqye is g4, ool d
Spring Har gk, B BhRE 3 bt 33 fess18R)cont:Bl g&;giie%lltcé?nAl oRi&RLita | NVention

enconpasses nuci el’c acl ences that are | erent Tromthe nucleic acid
sequences dost-hectonsesterndar the prasuction of arfubionaalypentisteewhish f usi on

pol ypept.i d . i t ASeR genetic code. In
addi ti %tr?, ?P}gﬁ%lrstgggﬁ% @’:(ﬁ%éﬁ?ﬁé’%g@éﬁ?éfr}gﬁ%t es ugéérﬁg:% lﬁ?eﬁ%&si on pol ypepti des
descri bed hetreduncddnintagdet tell smitabile for expression of the fusion polypeptide.

The suitable host cell may be a bacterial cell such as E, coli, a yeast cell, such

as Pichia pastoris, an insect cell, such as Spodoptera frugiperda, or a
mammalian cell, such as a COS or CHO cell.

25
The present invention also provides for methods of producing the fusion
polypeptides of the invention by growing cells of the host-vector systems
described herein, under conditions permitting production of the fusion
polypeptide and recovering the fusion polypeptide so produced.

30

The fusion polypeptides useful for practicing the present invention may be

prepared by expression in a prokaryotic or eukaryotic expression system.

10



Any of the methods known to one skilled in the art for the |nsert|on of DNA
fragments into a vector may be used to construct expressi ok

encodi ng the fusion polypeptides of the invention using approprlate
transcri piyo@patess r ansl ati onal control signals and the phegRistbFasydi Ng 20
sequences. These nethods may include is vi r reconbi nant DNA and synthetic
techniques and i n vi v o reconbi nations (geneti c reconbi nati on)

Expr essi of n Ie| aci d seguence e |on ypeptldes of the
i nvent i o%ﬁf?caﬁﬁ&?éa Pet% f&‘a@% LS aﬁﬁéﬂ%?&? YE’SP 1r‘?&le so that the
fusi on pakiyipep akentifnbeX PF asIREdd, "Tie Bosd n&&%@éﬁe@éd\ﬁhﬁ&at he recombi nant
25 DNA nol ecul e. For  exanpl e, expreSS| on of “the fusion pol ypeptides

descri be@aﬁ"élﬂé] ??‘H?ﬁ%ﬁl%v%% sBeh a%ifas\example, bykeobby syaysfcer el ement known

in the ar%l.l Howhi ch may be used to control expression of the fusion
pol ypept i de 1 ncl’ but are not limted to the long term nal repeat as
descrisbed |n Squi nto et al., (1991, Cell ~:1-20); the SV40 early 30

prom)ter i on ( i y t he CW
Dot o R BB e R e Py MR SRR AR ' o
long ter rfhelahbseeﬂueat fortnafionsof sastablepbiol agically \rfmni&awroteuet Fa:I 1980, 16 12
June 2003 WO 00l 37642 ,PCTI US I 30900 787-.797), herpes t hym di ne
k| nase proABPEs PRty Ié’tay %%&mrﬁlﬁﬁy bey averg ifroy 5 A

1 144- 1445);s efther é@éblhﬁle ﬂotéﬁgu?agﬁm@mﬁ BediEs] AbiOivhicBN@ley Mgne (Brinster
et al ., 1982, Nature i;3 rokaryotic expressmn vectors such as the

b- | act0andieeexsraskast euamtvelmy guanidiniymn hydyechdorige and diglysis. Acad. Sci .

U S A p:a7 ;Qﬁ?&fé 1983, Proc. Natl.
Acad. SC|I%Jl %ZIE?’E\&%"S‘%P‘%‘@’ msegﬂei § %5;1(' efu p?%%’é‘?lr?gg? rom reconbi nant
bact er i a"chrom8tagraphy.,i lmydmmpholm'anmemaﬁm chipmaddgraphpmeversegpleasent s from

yeast or Qther J h renoter, the ADH (al cohol
dehydroge%ggéatgﬁ%gf%e@#&ﬁo@gkgéllgg Yol kinase) lo pronoter, alkaline
phosphat ase pronoter, and the followi ng ani mal transcriptional control

regi ons, i ch exhjblt tis S ificit nd have been util,ized in
T ol PR Freserlinvsneibh 30 proyitas tof a Bustor agRu st FUSgR: | ve | n

pancr eat 'ﬁol??%ﬂi‘ﬁde Wekén(tﬁwﬁnhoﬁ‘tp eptﬂsl%%mﬁ@ek nhoreGBEn oA6; co%n' tz et

al., 1986, Co ri ng Har bor ant. Biol. Q 399-409; MacDonald, 1 s
1987, Hepeft%IecrggJeonm Bmdstlsyiomarawf Aligraddndandens an grhareinteitieri s active in
pancreati 1 [A01F] obulin
gene contfr}lgltﬁrtgn?%lr?h% ﬁﬁ%&?ﬂsgﬁglcﬁ\%gérpt&a&#paﬁ}ﬁ g%grf%%lg osscﬁgg{ et al.,
1984, Cel mulmrmzu%eompdamts bt op¢ em enf\of theirgjensiob38hé38; Al exander
et al I I 3 S Vi rus

cont ro‘I %%Z%towlnd (#mg!ng ??/%s]elﬁn&n %ﬁklé%ﬁlyar H %‘rﬁ@st@ﬁ %{OJI ol'd and nmast
cells ( Ledfetheehveﬂuoﬂ,ﬁﬁé redepitdr bihdi@hddajns aietfmmrn begxel ﬂmus abt r egi on

vvh| ch is active i Pi nkert, et ,al. and Devel .
. 268- 2765 MEIPFL r}t&ﬁr}gg ghga%‘#n .Iemno?éalegm IhsPestiGtive in 1iver
(KrunI auf e@bodimentd ¥8The Mﬂ'ent@ﬂ lthe Béc@ptori bih8RG d6h8in {daMeer et al ., 1987,

Sci ence i;,53-58 antitrypsin 2s gene control region which is

active infl H@oggwéprr(avepiéyg@m@fm 1 o8 Angignoiaiingid Ipapetiterpatige - 171) |

bet a- gk obpRbeaRReRO BhE %ceg&ﬁ' BIRdMY 88mbath %Irbﬁva&um%eb%&ﬁﬂ s (Mogram et
al., 1985, Nature i:3 0; Kollias et al. 6, Cell 1:89-94); nyelin
basi ¢ prog’@%&g@ﬁ@rdyﬁﬁr‘m In@gpﬂwrwmlzqdqrenbdhe W@epﬁpf(ﬁmémmrocyt e cells
in the br 1987, Cell i$:703-712); 30 myosin light

chai n-2 gggg‘aglgﬁfgjgﬁ?qngpgg&mm ch is active in skeletal nuscle (Shani,

1985, Nature i:283-286), and gonadotropic rel easi ng hornone gene 17 12
June 2003 V\Q OOI 2 PCT/,U599/,30 control reqjion ich.is ive in the
hypot hal af¥ g%rn%lé‘fj%ﬁdomfé% ?gg}eﬂ'@&“éz)f? ti:‘ﬁ%&'i%‘\?{\g It}”l%g?ﬁ?ccor ding to
t he |r3uenhg@;ﬁu ﬂ@tpsﬁéalsmy\tetbhcu&s@@daptdre of being 5 repl icated in a
bacterial or eukaryotic host conprising Eph fusion pol ypeptide encodi ng or
angi opoi etin fusion polypeptide encoding nucleic acids as described herein,
are used to transfect the host and thereby direct expression of such
nucleic acid to produce fusion pol ypeptides which may then be recovered in
biologically active form As used herein, a biologically 1lo active form

i ncludes a form capable of binding to the relevant receptor and causing a
differentiated function and/or infl uelnC| ng the phenotype of the cell
expressing the receptor. Such biol ogi dal | y active forms would, for exanple,
i nduce phosphoryl ation of the tyrosine kinase domain of the Ehkl, Elk, or
Tie2 receptor, or stinulation of synthesis of cellular DNA



1s Expression vectors containing the nucleic acid inserts can be identified
by three general approaches: (a) DNA-DNA hybridization, (b}2ne2688e or
absence of "marker" gene functions, and (c) expression of inserted
sequences. wiopolahgz2fi rst approach, the presence of a foreiggfusgnioesoc aci ds
20 inserted in an expression vector can be detected by DNA- DNA

hybri di zati on usi ng probes conprising sequences that are honol ogous to an

i ted ' i : : d h, mbi t
veot or | nooll BEEr B8 EHERRES: ieiiafyo R N R 88E e SR OREY coance
or absenceconfiprissstan mimmogkbulipederifadhdoimaits Morg spedificaltl, ke ki nase 2s

activity, resistance..to,antibiotics, transfor i on phenotype, occl usion
body forndf‘?IBHnPglogHgﬂlc}ﬁﬂvreés,orﬁf‘E‘. Taé,(&?.‘fsseege%‘%}?%rﬁg‘f gM4Fn of foreign

hucl ei ¢ acichsREARITGRS FeRokkten \6e I5Q) theftRave xRAR! & 1gGf aRd t8é lighucl ei ¢ acid
sequence is inserted within the marker gene sequence of the vector,

r econbi hanthgin o dghbni nganatker gmbpdinent, he mpdtimerizing eompererdgsayice of t he

mar ker ge :iﬂﬁ.‘g i : i si on
vectors cgﬁe %‘gﬁ;c ent?ﬁ%ﬁn&;ﬁ%&t&eﬁ% lt%ﬁegﬁ or efgﬁgﬁﬁggel géggﬁxegﬁduct

expr essed have beery srnonsEdhtnprodive n adtiyericiang domperead refeoreddwaaspl e, on t he
physical or is 12 June 2003 WO 001 37642 PCT/ US99/ 30900 functi onal

properti esF¥Ahe nucleic acid product of interest, for exanple, by binding
of aligand to a receptor or portion thereof which may be tagged with, for
exanpl e, a detectable antibody or portion thereof or binding to antibodies
produced afhe psésehhénvyentibeialsoprovider fastfusion pobypdpticles ehevdwaf by sheCel | s of

t he present i.,nvention.may trapsiently or referaply, .constitutively and
per manent | Ui A SRRt o e ventions, Br e, 8e bisi GO BobPHAES o2
descri bed hfy gl hultihRrie¥efmN dlid %bQRe FOhMREDLS deSnRiitilbfizigventi on nay be
useful in nethods of_ treatjing_a patjent suffering froma neurol ogical

di sorder cEEPPRERMy Iy & Rrefagedcanbodiment, the mpuliimesrip addimes. vwdable of the
ephrin fusj : } i IdeSRE By b pressed
primarily Fﬁﬂgﬁ%%ﬂ?&g%%ﬁgpﬁré ;7, é)idte E| S beﬁ %‘%/%?e&‘g? Eﬁlﬁ%@kﬁ}hﬁaﬁfg ephrin
f usi on 1pol YyomGearetics, JandPublidation e (BP § A21 P8hAd published 37 Hily fl8%6nt i al

function apgd/ i.ntl . 1. he ) r vival of
neural ool PRt ghabAe & RARTiA AR Y B SRRl Et 1208 1) 0
provi des f frBipblema(fukyol 3403:321A3265; the @ngereoisfyd typad KRiller preEprotoxinusi on

pol ypeptide.in a sujtahl pe.carrjer., The co sitions may be
admi ni st er g?f‘%?ftegﬁi'c@gp'&r%aggg’%@gé%f%ﬁ Aof

adm ni st r alghlutdsidngs ﬂ\élﬂ:tiﬁﬁal @uinrive éSnlﬁ&l,Lt!_i%:Ii, 1945, G&b%}segn%byl;lhn@ot limted
to, intravenous, intrathecal, intraarterial, intranasal, oral,_,

subcut #Meolle g&iﬂ@@&é&ma@ﬂ&m SQCQIEE%ﬁaqe_réDéﬁﬂ%rFt&lv 19671 Biel-i npl ant .
Sust ai ned (e I@27BBITEI)! WrJuehEesHrvBdiHOM SithurdglobMinONéavynder st andi ng
of - neur odegener ati ve di sease/ neurotraunma becones 30 clearer, it may becone

appar ent t ghain hinge aegiondTakatwshicetaal. 1882 £ealle2Ps@1:678); dhe Sceergyisiagdogenous
Efl-6. Th : _ e geno
to provi do G2 g“’%n@a’%{éﬁﬁ?% gf ki %’n%%iﬁtggén %%?éj??ﬁr ?@#@gl%ﬂ‘?s' rabte

gene sequences, and portions thereof. In a preferred embodiment of the

25 invention, immunoglobulin gene sequences, especially one encoding the Fc

domain, are used to encode the multimerizing component.

The present invention also contemplates a vector which comprises the
nucleic acid molecule of the invention as described herein.

30
Also provided is an expression vector comprising a nucleic acid molecule of

the invention as describéd herein, wherein the nucleic acid molecule is

12



12 June 2003 WO 00l 37642 PCTI US99130900 fusi on pol ypeptide forns of Efl-6
whi ch may conpete with cell-bound |igand for interaction w2hng2R03ecept or.
It may be desirable to provide such antagonists locally at the injury site
rat her thanygy@izess cally. Use of an Efl -6 antagoni st provpchogposempd ant nay
be desirable. s Alternatively, certain conditions may benefit from an
increase in Efl-6 responsiveness. It nay therefore be beneficial to

i ncrease t i ffering from
such condi pﬁ%nlﬁ%ﬁ; “%r%&)wnvegglf%%b ecﬁ)%e{trﬁf?eﬁ&teﬁge RlsB&%x’gg olrglét he

devel opmentost-vertérusistem dat yHeepdodietion sf a ﬁlbxehqqmypemdemvhiche treat nent of
patients sufferj ngFf rom di sorders i ?é}gl vi ng cell tissues or organs which.

express t hEOTHPEses Hhe BYRTSEsIon; YeRto e whichdhas k880a et hod of

treat ment  hirbfEcdlUifes a HosB B BitdM6 Yor XpréRich sRthBdsioh phlpspailes. 15
Because TIE-2 receptor has been identifiéd in association with endot heli al

cel | s add, The switeblerhoast eelk maydeaw hacterialegll syp}@ékﬁngalb\a vegeirielt $165f t he

receptor su @Lﬁﬁ_%&oﬁiétg%gct]ceﬁ S 2 ih 0oy event

vascul ari zation ppricants expect ; Usi on pol ypepti des
of 20 the imammalion qetly such assaECQS ¢10€1'K)1ee11 nductl on of vascularization in
di seases or disorders where such vascularization is indicated. Such

di seases or disorders would include wound heal i ng, ischem a and di abet es.
The |igandsrkrmp:relaenttiensvtefwiohralaﬂgr:1 idevnide nsethods v podinengpedifustal | y as
descri bed for oth%aq% P‘ such as vascul ag E&thel i al rowth factor 25
( VEGF) , 1%n iR EpeRsHfS1G dhe Avension. B siawing celis p & Rt vegtol BT HEni c.
Ferrara, etdé&knbéél BerdiA! @Rder\ndRichdp & fittir§S pestiutibn o¥Ghd $8édion The Perrara
reference, as well as other studies, descrlbe nyitro and ~ vivo studies
that nay bePQJEE@ptuctﬁ aRdhErroverng the fusiary E@lﬁ’pspn%ssangrpca{f@ ic factor in
enhanci ng blood flow to i schem ¢ nyocardi um enhanci ng wound heal i ng, and
in other therapeutic 30 settings wherein neoangi ogenesis is desired. [see
Sudo, et alThe Emmppakyplépndns uggfpl farapriacticiog 550 pageniinventipn shasdbgul y

7,1993; @ t 9 t al. A J.
Physi ol . i3 ag&eﬂiéeé’s %E%B%EES%“? . Orﬁ%%fggéggég‘d%’éféﬁgg’@ﬁ’*%Ffﬁ@gglgogoom
(1994% Laz?llp]@wconﬁﬁn?itfgeaerm&aéleﬁpreeéeddlam ﬂk’c‘cﬁpcﬂjzﬁ@;ﬁ%de vdfied ding to the

i nvention e agoni s 1 0 |1 des aoneorln

conbi nat i onuwlPﬁgGWé’ I&Fmﬁ%‘r‘ép%gﬂq% r%\ rﬁ‘éégﬁts}‘ Piave conpounds
such as, fOBa&é&?{I@x?res}feg:vééEorbﬁﬁﬂxcasffopé%ﬁﬁt bﬁltrﬁMtB}r be@r s (bFGF).

Conversely, antagonists of the TIE- 2 receptor, such das E- 2 receptorbodies
or TIE-2 ||1g§nt§t12n(nﬁ7§1?9 as described in Exanple 9 in International

Publ i catjon No. WO 96/31598 published 10 Cctober 1996, have been shown lo
to prevent or attenuate vascul arization, and are thus expected to be useful

in preventi Ebe Gusion pelypeptidgs mayrbegarified by rnydechyique whic aHowss fof t hen,
TIE-2 ant aggny ﬁbggéf&éfﬁ%ﬁ%gg BE 5@?%1@%161%%1&@%@&%&?@&%' Gl so be usef ul

for those purpos ese an agonls ne or in conbination
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

25 be extracted quantitatively by 8M guanidinium hydrochloride and dialysis.
In order to further purify the factors, conventional ion exchange
chromatography, hydrophobic interaction chromatography, reverse phase
chromatography or gel filtration may be used.

30 The Examples describe the preparation of novel polypeptide ligands that

comprise a receptor binding domain of a member of the Eph (Eph
transmembrane tyrosine kinase family ligands) family of ligands or of a

13



w th other conpositions, such as anti-VEGF anti bodi es, that_have been 15
shown to be useful in treating conditions in which the theﬂ%ﬁ@lﬁ?@ i nt ent
is to block angi ogenesis. For exanple, applicants have determ ned t hat
TIE-2 ligap %O/WG%expressed incells within, or closely g ﬁﬂvvlth
tunors. For “eXa , TIE-2 ligand 2 20 (Ang-2) appears to I
associated with tum)r endot helial cells. Accordingly, TIE- 2 ant agonl st
fusion poly t|d t.he invention may al so . be use in preventing or
attenuati ﬁ@‘g eopeleﬁﬁra@elav&fﬂﬂsanﬁ%hman&médt\ﬁg §, the TIE-2
agoni st fuygk opol ypepti des of the 2s invention described here| n may be
used as hematopoietic factors. A variety of hematopoietic factors and their
receptors are involved in the proliferation and/or differentiation and/ or

m gration u \/ d.. Because the
TIE-2 r ecepctro&}' ggséﬁr % g)%p&ergcg}egﬁpiﬁ‘ fggﬁllycl é‘?ﬁt %}%h cf%ghg artdhe TIE-2

| i gandss armmgmmh,ea:b well jak alye @eqiﬁﬁmrc&tHHK&Q. Bel endrEUBhB wgethefrer ation or

di fferent |€,§ b(r)Fnﬁ%ir rac%jéoﬁls%yé?fte«? eJ | s l’h P&lﬁgf%ﬁle")l(ar@a%ﬂ E-2

agoni st fu exam ned
N ~ Vitrofa2fitl IiBarvde/Sy Ehﬁt@ﬂig%brrﬁh?bﬁfﬁxt@?&e?fbUSLZ’a{Jé.H‘t‘Q\T@OO?’ WD 001 37642
PCTNS99I 30900 used therapeutically as described in any of the fol | owm ng:

Sousa, U. 97~ Stmi ont ,6998 “Ltéeh ischerghy mcpnwateﬂdqx referenee ingci . USA

82: 4360- 43 5); Yokota, et
al. Proc. e ef-lﬁ%ﬁg) SCI %ﬁkheé ffgqgg?tegﬁ&é C%%%@ et al. WO
91057950 puBCTs!hB&SMsQB?% ished emW@Bédllogt)eml\m% I-Iaﬁé,@nti and Kirkness, et

Factor . ACNBRRINR APPRECHoh FePg/A2act Rbldns s VOET Behi conose or

treat condehtiged “Bidlogitdlly AetiveEPHeFahitp Qigaids” ieacts opwhedsisctherstiic! udi ng,
but not lipted toqalge , thronboc¥lt openi a, | eukopeni a and
gr anul ocyt SEORPerated by, referance in ifs £8YESHodi nent, the fusi on pol ypepti des may

be used to stinulate differentiation of blood ceII precursors in situations

where a patient has a disease, such as acquired i mune deficiency syndrone
(Al DS) i é¥ b?ééve@almewoaslyéap@tte@ra famnibip phiigansisdor theeTIE-2 geceptor or | n

LT s i Ad BT ok P B 5

desired, suc as in conjunction wt

t r eat ment ofTﬁE}Qa@aaddr(Aa}gl)oﬂﬁa@rhgssd dr(AmgtI&)e"ﬂIEalygardcﬁ (‘Amgra) apHeni cal

t reat nent t The de t i nvention
may be use gg 4%£Z)Zlbasrc}’ E??%’%&ﬁ%g‘éw %‘%‘eoﬁ(’p ?eﬁhg)%?’ﬂcafl |y
active agemlb.é ctwﬁ’(g a8 uéﬁn@&ﬁ&ph@nacﬁ?ﬁzﬁﬁbﬂ@ﬁ thenenlglopomﬁhs e, welﬂltaerl euki ns,
etc. Ina eferr%ﬂeykg]‘%ourent t he fusi.on %ggﬁgtlde used in

conj unc®i o psess thereafging i nduce stem
cel | or ot kBardeeFBla@ipAl cFirh6diBied CAHdSEinderR! ligaida tthéreof, Qéfetaccteqss acting on

| ater cells in the 2s he top0| etic_pathway, including, but not Jimted to,

heropoi et i dereRyimadedp the fallowing mublisatiense each ofswbwhdé fcorpegaged by
eryt hropoi %fe?enc@r@%gn ﬁ‘(tscéliue . §.5., 'matt r@bt%m pgnt, TIE-2

recept or antagonli st usi on pep tides are USG tO di ag ZOSG or treat

patients i A9%MiH. Patentidio Eé@,?& t!ﬁsueﬂ JulynhilBT;ilbh. Ratent N@n&tﬁ%‘%ﬂoet ic
oL e Ul P39 0 GRS o FUEAOPLALAL il 11800
Patent No. 5,879,672 issued March 9, 1999 U. S Patent No. 5,851,797 issued
December 22, 1998; PCT International Application entitled “TIE-2 Ligands
Methods of Making and Uses Thereof,” published as WO 96/11269 on 18
April 1996 in the name of Regeneron Pharmaceuticals, Inc.; PCT
30 International Application entitled “TIE-2 Ligands Methods of Making and
Uses Thereof,”published as WO 96/31598 on 10 October 1996 in the name of

Regeneron Pharmaceuticals, Inc.; PCT International Application entitled
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12 June 2003 WD 00l 37642 PCTI U599/ 30900 such as thr onbocyt hem as,

pol ycyt hemi as and | eukemi as. | n such enbodi ments., treatneh? Jere2093npri se
use of a therapeutically effective anount of the f usi on pol ypepti des as
descri bed Rghebfeay S Ef fective doses useful for treating phessoooscat her

di seases or gl sorders may be determ ned using nethods known to one skilled
inthe art [see, for exanple, Fingl, et al., The Pharmacol ogi cal Basis of

Therapeutl odman -and eds, .Macm | | u 'shi (;o., New Yor kK,
pp. 1-46 (( %) PR A1 E@E&bﬁg %&%6@&%‘5&0&‘3?@ ’dingtothe

i nvent i on gublisHe® at WeOt9y /4880406n RO Délaémbéxdmmﬁ&ﬁé hRe@ cHIgenkldna

phar macol o 1%}acally acceptable liquid, solid or semi-solid carrier, linked to

a carri er JGRrTgcgicaly Ihe A Pe (Iét%’natl%ﬁllf}iéﬂVanHB%ﬁ]@d “OMedifieds act or
etc.) and/fEj Re ﬁ%ﬁﬁdé ALAbliSIRRSATRE) 98 By S &R $Y 'F@ﬁrua?g%%)i‘ﬁt rolled

rel ease preparati pricor toadmnistration In vivo. For exanple, the

phar nadeutmmam@nb&gemernnrﬂgarmcmmmh,§e€a f usi on pol ypeptide in an
aqueous sol ution, such as sterile water, saline, phosphate buffer or
dextrose solution. Alternatively, the active agents may be conmprised in a
solid (e. gWheﬂ><1)sedrh@cem fasioh b dlgpeptidieiratides Usthctiormaily edjmoalehhat may be

i npl ant ed |n pati e i n, need,of .such treatnent, ,The adm ni st.ration
route may %‘Qeéﬁ-&s hb" AURRoAd repidues ars sehstitedh fqresidues W‘ﬁ'&‘}"udl ng but

not |im t eghel faqliBhdePeBRINY v a bildrt@r NRASYtVS Mgeam@am 18Yorienj ect i on
into invol ved t| ssue, intraarterially, intranasally, orally, or via an

i npl ani®d PRWIoER AmiperReidesisites Withiy thégeﬂqenmcalhbe auh&qtut@dtbibn of the
active age t a localized
area. For %ﬁ(oatﬁr%ﬁ ag‘??@nﬁglg%edg% ?’[rltr{ylllés}%l C hlaﬁﬁo# gtogﬁlt regi ons of the
nervous syegmmlenhtneawl@ngus asilénttaratonseryhtivel aitmatnonatStdmmitea t may be

d bl b
ol aced i n 8 RSP seREhEln BREse bt el e SRR RORR o B4t AlFRBES Y o ot
limted tothe3dagelof whith thaXxmiao amd:bapﬁgs i Bdneeimpﬂd ihemonpiotar 23 12 June

2003 WO 00/,37p42 US99130900 present_inventi al so provi des for
phar madéut (e rOEBﬂlasé PFP%‘P@C’@ériﬁFH“g’Pr?éaIPH% ]FHS’inSnt&%EFpﬁ’FBB% descri bed

herein, g?olﬁﬁarpmﬁma%ﬁel ﬂr?fp@gﬁﬁﬁtﬁ@ eWibhinlee. Tﬂéﬂﬁoraerﬂéasﬂanl ons may be

adm ni ster d system cal y or ly. Any appropriate npde of

adm ni st r afMeR0 RAidarnglnde gy cine, Webtévsomedcyst%%m%g\elbut not |imted
intrav n Sﬁ‘!'ﬁ‘ i

subcut aneoggﬂﬁﬁﬂr@a%g?? onea ﬂtlé gaglf-lgél har %ﬁf%lrm%d&ﬁa{i%al i npl ant .

Sust ai ned nlmlmerg‘lmnnul}amm hxsadmesoTlpe oegate@l}f charggt fagidissent i nvention

is not o 0 cribed

her ei nZB g'ﬁ“lag)’ %ltgrgﬁ%ﬁgdgm % %‘%ﬁ%égﬁﬁ%%le&?%(\i/en %%@%@adgﬁ t'iitlg?‘)n to those

descri bed e etapevef] tlhebavemmraamapmtems or tﬁ'agmemknt Idedivativesnehezedf from t he

ore001 10, GREh AR SRR o Bl €

are differentially modified during or after translation, g.g., by glycosylation,

proteolytic cleavage, linkage to an antibody molecule or other cellular
25 ligand, etc.

Cells that express the fusion polypeptides of the invention are genetically
engineered to produce them by, for example, transfection, transduction,
electroporation, or microinjection.

30
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EXAMPLES A~, gionoietin ligands: 20 As described supra, expgiérre&té W th
mut ants of Ang-1 and Ang-2 have denonstrated that the fibr ¥ 083 mai ns
(FD) are the receptor-binding domains, and that dinerized versions
(dinmerizati g Rassss due to the interaction between the Fopcgagpasest s of
adj acent nol ecul es), for exanple Ang-1-FD-Pc, can bind to the Tie-2
receptor with nmuch higher affinity than 25 nononeric Ang-1-FD. However,
Ang-1-FD-Pc is not able to induce phosphorylation {activate) the Tie-2
receptor on endothelial cells unless it is further clustered with goat

anti - human Pee phdseRPHivRaitioA 20kERDabBEUAL RERA 80U sefRéndebiencé@agon, nut ant
ver si ons of Antg-ail- PD and Ang2- FD were designed that 'were intrinsjcally nore

hi ghly cl ustherfagiongeplypeptifiaseaf the igyandions aswellasseguenresshaichybsidigrr e

used Lo an“Pack SenBBls ORRIGRIE) Bifele 150 MEaRsIREME S r0ns 0

PCT! (JS9913680plenterdaryetor theathiqbeit ypishsdquenoas afcihle énvérton. sSutingent ¢ wi t h
respect to the,.Ec taqg but. tetraperic wWith respect 't -1 FD., Simlarly,
o ¢ andem toHBEng Bb.gRS rolEih P cbrfid, SeRHBER o s JARFEchley ppinE

angi opoi et i A-Raboratdorp Marifual, 2 &l. Madel, pp. t0R$04, Cold Sprirg #larbbecul es were

desi gnat ed éng 1- FDOlED F@@gfﬂd @%:FD D-Fc, respectively. In the second
type of nuclaPUairyFihe cti’e fiofu1 1o PTESFHt Iy NSOCARBEED wer e
connect ed byyaRidHcid 88quikinlcBOiRY aReHWROEN S the MuleSd £ad isBgudrtes 8f ruct ure
Ang- 1-FD-Fc-FD that is still dineric with rezggct to the FC, as well 1 o as

tetranerlPc e inveatigaduttwhishqeyerthelepsenensiedhsifusion-polypepfidas afdbeal so
constructed, i he j ed Ang-1-PD Fc-FD and
e LR TS R

Ang- 2- FD- Fc respecti Vel'y: construct, simlar
properties were observed: unlike ~ 5 dinmeric Ang-1-FD-Fc, which fails to

activate Tie-2.mn.endpthelial .cells, both -1-FD- Fc _and Ang- 1- FD- Fc- PD
coul -1 eadi 1 2AeiGh B Fresedt 1 Faniidn, favrmplen e ofRerrstit: ency

conpar abl e tp@llgt-ﬁ@&-id@é deswgibed tHeveinlin gagied fBke, | i ke native angi opoietin-2,
Ang- 2- FD- Fc- FD coul d ant agoni ze angi opoietin-1 activity wwth a potency that
i's corrpa‘rsabl e to that of native 20 angiopoietin-2, and with nuch greater

potency thamzhef FR SlefddsIkrdR 89 Bhé bkilleaGhithb bt R thd tebPgor2oFD- Fc di mer.
onstrurtion _of nmutant <<n~poietin nucleic acid nolecules. 2s All of the

fol | owi ng nlANA; Fagwpntsriniot Ypeer maydbeusest foeonstrugl/exprassirl ¥etteonbi nant
DNA techni g o LR al (Sanbr ook,
ot al . Col reptREnE Baion Y F5crles eI Biverticn TR eBBIPII ™! PO

Pr ot ocol s i nravisceptibmal/Biansletjgn{lEmirohsigradd andttheaproteifr estimg Publ . Assoc.
Wley Interscience sequence-veri.fi.ed by standard 3 hni,ques usi ng
oAbl 5o SBRECESy, Ak SRR IRt MS b Miel rBRER RSP DN AR D R
(Applied Bi eynttetitstecimques &oblierivd ryconibinatiomsd (gemetit eacinbinationhie

mamal i an e)(é){p%gssslioonnoy g&él(e)irc arc):MT szelqug%eng[tclo%l?ngz ﬁme fu%%nJHOQ%gIQthq’es of the

invention may be regulated by a second nucleic acid sequence so that the

fusion polypeptide is expressed in a host transformed with the recombinant

25 DNA molecule. For example, expression of the fusion polypeptides
described herein may be controlled by any promoter/enhancer element
known in the art. Promoters which may be used to control expression of
the fusion polypeptide include, but are not limited to the long terminal
repeat as described in Squinto et al., (1991, Cell 65:1-20); the SV40 early

30 promoter region (Bernoist and Chambon, 1981, Nature 290:304-310), the
CMV promoter, the M-MuLV 5' terminal repeat the promoter contained in

the 3' long terminal repeat of Rous sarcoma virus (Yamamoto, et al., 1980,
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WO 001 37642 PCTI US99/ 30900 Institute, Inc.) with a Kozak S‘i ﬁenc Kozak,
M, 1987, Nucleic Acids Res. i:8125-8148) at the 5 end to g protein
transl ation. The bridging sequences described infra were introduced to

provi de copyemsRM restriction sites and to give flexibi bptxsdoBodode
junctions between the domains, but there is no indication that there is a

very critical nature to these bridging sequences (though varying the Iength
of the Ii f these contrutsledtos vari ati n the
amount  of Wﬁfﬁ% ¢ Kingss Bromter SRagnes pice 1Aﬂ58 - FD- FD- Fc.
Ang~- 2- FD-Hrbe.Aqatl. Adgt. BED{FS A D8:1a8d 448)gthe-repulatorhBefuiedRs 6f @ d ol ecul es.
An, ~g- 1- FD- FD- F¢:, Ang- 1- FD-FD- Fc consi st s _of tr fSI n S|Ognal sequence at
its amno Iﬂéﬁaﬂpﬂl}gn@& ganedRringter &t @l-e 9% %5%3951/ On42) opr ﬁ’{){ﬂhé 1A)

fol I oned Ry thg; oan%&agg &&h%%&%ﬁ%b@ﬁ&%@pﬁ&ﬁ%k& VER-xbBAs6E, 6690 of

Figure 1A- Flpgure 1s 1B bridgli ng*sequence consi st ng o “t he amino
aci ds @ y-1978, Mog- Nad. fbad.&%:i.d98-4.02:3507-87H)r & thBYac proseaten Delagropoi et i n- 1

Consi ot nc g 90 B Ak AfadChg B Pk 28 ek Sl MOadtEl PRS0
and the Ccidbﬂﬁigre&eﬁ%m Hahterid‘lﬁnlﬂhdmiﬁcIMeﬁEathLMMO 240H-9gdbases 1360- 2058
20 An 2 FD- FD- F~. The An 2 FD- FD- Fc nucl ei ¢ aci d

of Figure 1D Pi
mol ecul e VIFOTRGY 1%@#%&9& YEest &y other lupgi sushsag,fheGal 4 pegmotergnal
sequence (#RSEDH (A&HA déhgaf@ge%éae Brridfé PO @HoBpRogiPedrBPRB2s)6- 690 Of

Figure 2A- Figure 2B)) a biidging no acid sequence Wy-Gy-Pro-Aa-Pro
( bases 169 1PaIBoOtgE, aikal %pbsyphaéaszspmw agwlythepfellewing anfrmal bases 706- 1353

(bases 15 kP topa B gt Wilict b el B S T Y Ko por 1 on

of human |€n (lbhwhlmﬁ'ﬁﬁswﬁdamﬁnﬂs glastasa [} gengLnoat@kregdon Avhiel is=D- Fc- FD:

Fi gur o s Sy prbparicnet ol (B e e ol el BB, 1

bri dgi ng asat. nl@Ba,oa:dd ERrkd - Qhiant( Biv$.39:399406WacDoflgyre 26 12
June 2003 gg%} 3 930 3B), the, codin elguence for the Fc
porti or® of 33( bHISYHYBegE CPF‘B’B* gy g‘fli)lc 5eRHYEMpr i dgi ng

am no aci dp&ﬁaﬁaﬁ@set@c&tlﬂﬂaﬁh@&ysﬁw@me;?gaqermi OdeRandg@bulinl9 of

Figure 3D), and a second angi opoi etin- ses 1420- 2067 of Figure

3D Fi gure Se)e CopE0 zes@mwhr@ lsmévmgl)znphmﬂcceﬁm(ﬁmqsehw,dl & ~H nol ecul e
f

consi sts Ohgdy t%@:)&%g?gg“%haﬁ%gg?ﬂc38@% rel;’g_fh%ﬁ 5|§El ﬁ%ﬁﬂé@ et a”

angi opoi etin-2 ases ure I'gure

bri dgi ng ani n@%ﬁh@ls@dh@obzmﬁéﬂﬁ)m@wm}z taﬂmrmﬁlso:forﬁrc@ur e 4B),
t he co he. Fc n. 98 of

Fi gur e B gﬁ%}%@bfga?%ee %\I’tie gchr% §Fﬁa§€5 lﬁgogde%fjc%ﬁggﬁg‘% (Z,Qéerlgi

G y-d y- d ul.A986EeH ﬁysﬁu%)Pamuédﬁamekaa&ol omfwkEclgl‘LchtﬂJB)m and a

Beam e 2 MeRe Panke e 2t (7. Fengyand Pevel Zoepolt) SisheRlalsbhidr vei g

Anal ; : The gphe dortr6Uragidre GtHiek 1sV@dtﬂ'Etmf1Wer rhtaPle€ af; D 986 OhRILICHBS
det erm ned _ysi n t he cVector Pro Scientific | rragl ng Systens,

a ak
New Haven, Bigh 2: @mmersmgw&? %@8@%@%@ ¥ 8RNl -RRitTyREN 5
predi ctgd wehgbbnbl e?&fl%m&nlsaéi%w,ﬂmhe liber &eey il eRsp Geadt ed N-Ii nked
gl ycosyl atlon sites, roxi mtely 25 MA/ /site, "that could potentially
increase t tadideeadl: 1\61 %H)gh@targioltmegemwgmpl reginmowdieh isecize 829, Due to
the intera [¢ ul t he
protel n actuRi S¥TEberdh G IRERGRLS De ARG RUIPLCR 198 e gne.
i ncl udi ng ﬁﬁlséﬁ:ﬁ%%ﬂ- tnyehacbagicypmsqahagenempnn'bl fefgions OthictSishectigadnt SDS PAGE

anal yses of cell-derived prote describ t hese
appr oxi mat &1%8 8%%505?’ g’vﬁh@ﬂ?éﬁe% ?% Eglﬂ ﬁéﬁ’g?&g&)@%kD under
non- r edsqci @smdighrt @h&indl gefle bamislolr m@m&h Rhetve R lskelerd ehudckduci ng
condltlonsnﬂ% r ?N Li ght scatt%né{] |l ys| s vvas o performed to further
confirmt h (1:%561 e Ak 283,28 ?&ﬂfi"t ea}i”é‘f& AmRNE\E@eher or

not the protein was a honbgeneous species. Li ght scatteri ng is a function
of mass and concentration of a macronol ecule. To 27
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12 June 2003 WO 00l 37642 PCTI US991 30900 det erm ne nol ecul ar, \jvei gp‘t' t he
protein sanple was injected onto a gel filtration colum and ¥ fl uent
was nonitored with an on line light scattering detector and a refractive

i ndex and wo@hsR4)V detector. The light scattering detecpgfyisdagoot! Ni Dawn

| aser |ight scattering detector was froms Watt Technol ogy Corporation
(Santa Barbara, CA). This instrunment neasures static light at three
different angles. .The on line refractive jindex detector or UV detector
serve to ﬁ@&%ﬁféeﬁi?’ét‘@i“%‘ LHAEEIR ol J}YPO,EE‘{}?%‘“&. Yasen ehale! By at t

Technol ogyscfeRicB@Bati spn1378aNnt @ Barbara, CA) was used to calculate the
protein concentration based on either dn/dc (dn = change of 1o refractive .
i ndex; do = concentration) or the extinction coefficient of the protein.
The nol ec i L cal angul ar
dependencgf @S’ \fg?%cﬁ?fnég%t @%?#ﬁ%ﬁdﬂs’ S}J(Pgé%%l%gh‘ge\%&% Egpgr%és)gr Pgﬁgf this anal ysis
usi ng GOS replitatdé inadvhctarizd er eukdtyeticdlost cdraprisiegdiph fisidrhe di meric protein

appears to_he appr oxi ely 200kD and presence of .a singl.e 1s peak inplies
Chat the. PPUTRFRELOFIINE Pt npioreiki Pistiopewportda Paediss nieBE | n s
Cel I's: COmci@d hs 8eHeeibB@ hafin, GR8 uded td trahsfeethk habl art thetedyliiréct PD protein
was generated by tanS| ently transfecting COS cells wiith the Angl-FD Fc-FD

DNA const r Gressaan: pf s pyrldi geid toprpduce fusien prbipePlides Wisdsy B@fed usi ng

standard tgeRHdieRsvirequh bﬁdlogilaﬁllyaﬁétive-rﬂﬁn@%s @8ed héteie I Biofdtlical§s anal yzed
usi ng Bi acore technology (Pharmacia, Inc.) to quantitate the anount of

Ang- 1- FD- Fective formtinchides aferm dapablgeof hindingdohe relgvany raerntosand r esul t ed

inan RUvV i L Se ' mﬂ'l i pant
protein/l i@g&&(g&@gérggﬂﬁtegg@gggg%ggggf eglgg[@g? esenrbgéé%er?e%? very high
| evel s of esthexpwressimg thRurecéptoat Sach biolGEiEalBupdivesfoams svouddchmse t he

Ang- 1- FD- Fc- ED protei n contai ns_.an Fe.,domai n urificati.on,l atively
si npl e and“@ g egquCSrMBﬁW?W%Pg%gﬁoﬁﬁ&g?%e oc%aflﬁr% tﬁ?‘l at ogr aphy
{ Phar mar i a1, Blk, bATig2 feetptoryast dtinsladod df dyfithesis&f celiglapICAr omat ogr aphy
(Pharmacia, Inc.). In fact, the relative ease of purification of the

Ang- 1- BD- Fc- PD protein gives it a distinct advantage over the parent

protein, apghRRGLAVeRtoks p&ﬁtﬁﬁﬂﬁ e inddeic akid HiBRs ¢80 Be VR AHHSI A2
PCTI US99130900 it is derived, and the nutant version of angiopoietin-1

cal | ed Angkhreeiggnerabappenashest (ak DNAIN Anhyhridisatiom dbloprspenderr2 fused to
the coil edafQirce §F "RaPi "‘geﬂé m@@ggigﬁg@@égp‘{ﬁa@%f%&f@d n-1-and that has

a Cys to Sex mutation a mno a Internati onal Application
entitled " Seglidncesi IN theZirReappech, the pretente plid Foreigadniadeiv\@cids/ 05779 on 12
Februaxy 1998 in .the nane of Regeneran Phar eutd ca hne....especially
i gur o 37, Taeren i BB KRR e CRGe RS BN Pl adhRrgBREEC 011 o
and Angl* meing pobexcemprising sxuensisvhatink hahologoas tnarissereedpuri fi cati on
schenes that yesult in relatjvel oor vields gf reconbi nant protein. The
need Tor couElER futspduerced iy adtors aliprorits B ESTPRIRE of bt cal <
intended f qlector)Rost dysteitcatidie idehtiled aMarselepiraiased upof té préseineccel |
supernatant was purified as described supra and yiel ded approximately 1 ng

of purifi e®rAbgenceryh qegtaitn Markes| gengHnGHass (@gq thymidine Xinasees descri bed
infra tQ futg I i 1 i f COS

col | e vaSH Ry, SSBLARE B0 R RbioE Al e e B LY o s
subj ect ed tformationiin badwlovirns, reit.) saped ryetherinbersion af Jorpigrnuilets i f any
truncat ed ' i, Ln i n e i ] f concern
because thzdgﬁfu%%?[emr:re&%?ﬂggg&ik'gfﬁfé%a{g&ae’ ﬁiaglt%ﬁ}a%lgﬂca&\({]gl “:@?{ge et ween

10- 20% N- t énsdrtesd vjthin tine atacklersgere sequeriteeofatiel yetar, recoadiinantonl y one

N-termnal o lf&rﬁ%eﬂle'?‘rrts%rﬁga% A3 ﬁie%hﬁsea’by the absence of the marker gene
30 function. In the third approach, recombinant expression vectors can be

identified by assaying the foreign nucleic acid product expressed by the

recombinant. Such assays can be based, for example, on the physical or
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2s wherein X is Cys. This sequence can be found at am no amgww 20 of
Figure 3A, and imediately follows the protein's signal se

corresponding tv am no acids 1-15 Figure 3A. Recg~tor binding anal ysis of
COS cel | - deyo wexte4Ang- 1- FD- Fc- FD: Previ ous 30 studi es havepchggsenmsiosed t hat
the fibrinogen domain (FD) of the angi opoietin nolecules is necessary for
| i gand/ receptor interaction. Furthernore, in order for high affinity

binding to hEsrrefis
PCTJ U88913 go%t%lg%r%p en %%fghghgf%?co?%%%rgw&é&ﬁqﬁ%rﬁSPp%%%sahayt he mnut ant
Angl * nust biraling af a ligasd t6 etreeepeor o, pertidnthebbivhidh glagbeanggsd mul timers.
To determ ne et her the ed An 1-ED-F otein, whichis
tetrameri c"thWﬁ ‘tgc‘téﬁ@%LeDat}Bﬁﬁ or pg (H‘%\e ?PSQHF‘) INg i th high s
affinity, %ﬁmééi ﬁbcﬁf&ﬂ%gﬁ LY ?rd‘t@ﬁt d}ﬁlhfe@ésm%ﬁ’a;%ﬂﬁ%iﬂ therebk.e- 2- FC

[

receptor body protein usi on protein conprising the ectodonain
of Tie-2 fused to the Fc domain of human Igd, was i mobilized on a Biacore

chip. Ang and

bi ndi ng bet&fggﬁ)g%g%&ggt ?ﬁ%@g%ﬁ#‘&%ﬁ&eﬂﬁiﬁ?@éﬁ% ﬁg’g Hbgu b&o occur.
The bi ndi ngndtpepmaasnily lekpress the ephiin &r rahgb:@memngfusgm polyasptid@he hi gh sal t
wash was n t @%fgo di srupt the interaction between the Ang-1-FD Fc-FD

protein an Eu}’eceptor ectodomain, inplying that there is a strong
i nteraction between the nutant |igand and recept or Thi s result is

consi st ent th_ ear core res |.ts, in whi ch FD- F¢- FD par ent
~5 ol eful eatpd\rabﬁsm Rolesraden et mﬁm’(@nm@ma ¢ dehid i paerogten shown
to iInter aCtoff‘tiieraﬁﬂg X‘t‘térﬁ shh%rﬁ'i?efr&n%cnétﬁ@&%’i&! d%@déﬂ@m}%ﬁéﬁg' nteraction
is not disrupted n contrast, several nutan ecul es
derived frdtRating tbar}@rtlenbngﬂbpmeéﬁemvetamuebgf thesephrine fa5iPy  di ssoci at ed
fromthe Tlpg)eé113 éﬁu{ L£ceptor when treated with high salt. The 20 nmutant

nol ecul es ted Ang-1 /FD (a nononer with respect to the FD), Ang-1
| FD-Fc (al so a nononmer with respect to the FD, but which |s abIe to forma

reapect ™ o RREAEEPI e s frehi¥ 4 BB PamBi M et ch e uta® o
angi opoi et iibislhelietted nthat axEH bmﬂmgléphmlfmsioﬁ polypeptitié Ih(gaﬁdtwitlor 25 hi gh

affinity bindin 0t eTi r m‘ll aract zation of C(-1S
Cp1 1 - der 1 eROR e ndneRen pha EFgfntal findio i/ SharEoEicR HE s 5. As
described fHen®bgbel sk E’ng@vﬁﬂﬁ{&/ortﬂ%%ﬁl@ffﬁéihﬁtéﬂlsfmh? réés thgd ght for
Ang- 2- FD- Pc- FD protei n was determ ned usi ng t he MacVect or Program ( Kodak,
Scientific "eA@RfPhg Systens, New Haven, CT) ' The nononeric form of

Ang- 2- Ffy Fc- PD has a predicted 30 12 June 2003 WD 00/ 37642 PCTI US99130900
wei ght of 76,052, with three predicted NIinked glycosylation sites that
coul d pot en'fhleaprqsenhmmtlent&leo podvedes for pmmceuﬁcalmnmma c protein to

?rgl 2§3I alr_I \l;%"gﬁ&?“;‘%ﬁ% Fngg qu1@§ ;gc{lgﬁﬁtj I'n edgﬁlltyco hgh%@{:ol op i6$rigl4(:t o
SDS PAGE anadryieesThé cﬂﬁﬁom&bhsdmyl beaaldmm‘stered térmcaﬁyd ot htmﬁyapm}om mat e
nol ecul ar wei ghts. Bﬁ n at abo t 200kD gnder non-r educi ng
condi ti ons Y Br%E?nﬁ‘o ﬁé‘“ T MAY Re B5edondi ti ons

(Fi gur e2s7) . inkludihg Soatt ﬁ&rhﬂﬁt@liyt%l mtmbﬁmﬁtﬁaheecaplmuménw ght (171kD)
and reveal ed t hat the Ang - FD- Fc- FD protein, |ike Ang-1-FD-Fc to FD,

exi sts as allfwanasa tﬁ@é’u?'lﬂi‘ﬁpénm“ea‘EPﬁrbé’s]@F@rﬁ‘Le@V@P 9'n COSCel | s:
COS cel | Qﬁ?ﬂé n Hﬁﬂfa rl ei n was
generated b r aggﬁ laﬁ?y%?t?ta%n ef:et?‘lgér%gq éﬁga?vﬁ tgl%tp‘igﬁgﬁg-fg%?[} Fc- FD DNA
const ruct descrlbed

As our understanding of neurodegenerative disease/neurotrauma becomes
30 clearer, it may become apparent that it would be beneficial to decrease the
effect of endogenous Efl-6. Therefore, in areas of nervous system trauma, it

may be desirable to provide Efl-6 antagonists, including, but not limited to,
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1 s supra. The COS cell supernatant was anal yzed by Biacore to quantitate
the anpunt of Ang-2-FD-Fc-FD protein present in the supernbd Bme 2083 s

anal ysis resulted in an RU value of 606, which is equivalent to 0.7ng of

r ecombi nant 0/ 1iter of COS cell supernatant. These adoBPT esent
relatively V%‘Bg:ljtﬁi7ﬁevel s of expression. 20 Purification of B uper nat ant s:
As with Ang-1-FD Fc-FD, Ang-2-FD-FcFD protein contains an Fc domain, so

purification,is relatively sinple and straight forward usi ng standard
EEEﬁoﬁw

Protein A E5IMROBMEBHEE JGraD ¥ @%Wéth_s@ileb% usi on

chr onat ogr aphid fIRERRiGeWith2SIkSd taﬁ_tﬁeﬁ?v»ﬁé dBsifdbid RfpRvidesed bed for
Ang- 1- FD- Fc-'FD supra and yi el ded approxi mately 2 ng of EI’I fied Ang )
2- FD- Fc- FDaptagorists loeally ahtheiispuyisitetrathes than exstemaically bdlseiohanEfR-6 furt her

characteri I ak 1, . ] cinQ Purified CCS
cel |l -deri véﬁtaﬁéﬁﬁ%@@:‘:’%ﬁhgrr%‘?&g od\éxgi‘sabgét}bj ected to standard N-term nal

sequence analysis to determne if any truncated species of the protein were
bei ng genergted. .The anal.ysi s, .reveal ed. onl ne N-ferm nal _sequence,
- Asp X AR YLy e, conAloRS Inar ettt PO A dngresa g B 001 37642

PCTI US99/ 30@dneR@HeRC elt ¢dy BRréfordHe BbnaitidlGoafidasel@refirRberdgur e 4A, and
i nedi at el %éq‘o,l | ows the protein' s signal se(zuence correspondi ng to am no

aci ds 1- 15 déndipgpitinity of Bt in patientsspéferigs sucky pangjtions.del | - deri vy~ rri
otein: To determ ne whether the COS cell-derived Ang-2-FD Fc-FD protein
could bind to the Tie-2 receptor, standard Biacore analysis was perforned
as descii bedef ipvenfign hergin Hurther pupvides fer thie devebopmentof-a fasiona hi gh sal t
wash was n . 1 0_di i I i - FD- Fc- FD
protein angjtotlﬂgépﬁléf E"1’|a§-h ?‘%(%EJF%EQE‘#&?‘S tge%%ﬁbgﬂtl Q@It’%l/{%%gs %Lige[ré{égfergren is a strong
i nt eract i ondismtlesscimvolving celld, gidsubsaortorganepihich exprassthe BE-3getpstonf COS
cell -deri ~ S'ed Ana- 1- FD- Fc- FD an‘g,An%-B%' Fc- FD 15 Bgcigq se Ang- 1- FD- Fc- FD

i s a. nut ant>4BIBElsFRlen 23X, Be uped iR AHBethgG REFeAmENb Bh & MEman By

ANng- 2- FD- FGmital Body,B#tiant meRIRLY! @iaghbdived from the antagoni st
angi opoi etin-2, we wanted to determ ne whether or not these two nutant

mol ecul ¥s woul d retain the activity associated with the parent 20 nol ecul e

from whi ch gdcad@sTHED ir¥&g)tor“h&;frel“énsi entified $lassoflatioRlwith %nesﬂfeﬁ'g{regf s

described infra utilized"the c |1 ne EAh (Edgel I, C J.,

926
(1983) Pr occellnand, aswas prexipusipganmpstated, biekingoihaonisiiaf the
hosphor yl i . t,S . fanidd ill zs in the
PSP iaL e BtoR Ay s, Pt 1igRIET! g s Hleeh SnbRRE devers! | 20 (|
phosp~~~~| atasonlarizatior)lappliGantslekpect Ehity BIEs? egdnist fusion palypeptidesdini t h
either 0.1 g/, 0.2 ~g/,M r, 0.8.~ql Angl* or Ang- 1- FD=Pgc- ED pr ot ei n.
S0 n ot g P Bl rad 4 eeti furste dnduetdiP ol ufonfiation midisgasens ' ©
equi val ent dérodiéogikts whetd sudbvdschilarizatioh igiHdidéedd OGEh Alspasek iogn of the

Tie-2 receptor jn EAhy926 cell Pigure 9). 32
! péisor ers woui/x? incluge wsou(nclI }%Jaling, zschemia and diabetes. The

ligands may be tested in animal models and used therapeutically as
described for other agents, such as vascular endothelial growth factor

25  (VEGF), another endothelial cell-specific factor that is angiogenic. Ferrara, et
al. U.S. Patent No. 5,332,671 issued July 26, 1994. The Perrara reference, as
well as other studies, describe in yitro and in vivo studies that may be used
to demonstrate the effect of an angiogenic factor in enhancing blood flow to
ischemic myocardium, enhancing wound healing, and in other therapeutic

30 settings wherein neoangiogenesis is desired. [see Sudo, et al., European
Patent Application 0550 296 A2 published July 7, 1993; Banai, et al.
Circulation 89:2183-2189 (1994); Unger, et al. Am. J. Physiol. 266:H1588-H1595
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12 June 2003 WD 00l 37642 PCTI US99/ 30900 (B) Abilitsr of Ang-2-FD-Fc-FD to
bl ock Angl*-nedi ated Tie-2 receptor ,~hosph~l ation in EA~, yDd@ec0Bs:
EAhy926 cells were treated with 0.4 ~g/mm of the Tie-2 agonist Angl* and 1
wo/ M, 2 ~y8hbeaz 4 WO/ . 6 fig/ m, s or 8 ~tg/m of AggrgsdoBudos- FD, As
shown in Figure 10, Ang-2-FD-Fc-FD is able to bl ock Angl* stinulation of
the Tie-2 receptor when it is present in at |east a 10-15 fold nol ar excess

of Angl*. Abilit~r of an ., g~opo~ ~t[h- | ock,. And*-rny~liated Tie-2
recept or ﬁ@%ﬁgﬁw; pialy ggﬁulia_ﬂoﬁﬁ.}g@é%? @éP%ﬁ _ So’a’ﬁ&)f%ﬂ the; he bl ocking
effects ofinddifticheithd abbiisOAGWH pOgpeplidcOMagtbedddoNehe€bt 2 Wi th that of
Ang- 2- FD- Fc- FD, the sanme experinent describéed in (B) supra was perforned,

subst i t ut icREbiRdiGbHYith PRe Prpreppdditiony) pharpmceqfieallyeadivies of this

experi ment 1 ] : t he

angi opoi etﬁoﬁ@%wﬁgf %E'ng 7 rlé;éﬁﬂégedvgg;ga%ﬁ%ss%ﬁ%%ﬁs?gﬁ Ig\\e/%?totr o0 50% This
result,5 cdbBGEH with the results described in (B) supra inplies that
Ang-2-FD-Fc-FD is a nore potent inhibitor or Angl*-nediated Tie-2 receptor
phosphoryl ati on than angi opoietin-2. 20 (D) Abili ,r of Ang-2-FD Fc-FD-~gi
bl ock an 'Ceparsdly antagadsitof dhe TIER repydrasiuchnadTIB-2 recepeorBodiesept or i ~.

E~Ah; ~926 . ..EAhy92 | tr dwith 0.2 ~g/rnl, of th
natural |y ‘%&@? Pa@ﬁé?\z‘%%cﬁ%i%&r%gﬁ%ﬁﬁf tern r‘?ﬁl, 02 Wg;a m, 4
~.g/m. 6 pilicalftbn M. WO™ 9@/m%)f)u}ﬂm\'eﬁ'1@%&5b€%99€hﬁaﬁe§égnts‘hoWn this

experinment, shown in Figure 12, show t hat il here is 25 a trend toward

bl ocki Hy alifgPieEentees attenunsel vasedprizatiophend peg thays expeetpd tgibe-usefdcept or in
t hese cell s, -2 R f i Ve in

Ang1s - o 3t RASRAng dr AirchBaAREr pRahIeTHiimop SrBRIL Y Biliafly 25610

descri bed TIE-2 Bntagopisi fugion (felypdptides of thaiinveptionevowld2alse bb ugefal

angi o_poi et = el I i t Ti e~d eptor in E
r926 cell Sforgkﬁﬁgrpcdgﬁ.ST&%%&Q{I?@Q{@& I’{}\%}{ R%@E%F rﬂt}%gféopﬂﬂénﬁt?o%

angi opoi et withlothefl cdmpeéitions, shichGsidnti-¥FEGFRdnHbodiés, thatZhalierteeR003 WO

U0/ 37642 P(if/ US9913U9 2@6, fig.mM, or .8 ~ /%%f angi opoi etin-2.  The
resul t 45 of SRAWR tR PSHsehdin traatingconditio which the Jherapsutic iRteBt iss 3 trend
toward bl 0%(bmk%ﬂg{dé'ggg§§_i n- 1- medi at ed phosphorylation of the Tie-2
receptor in these cells, but, |ike Ang-2-FD Fc-FD, angiopoietin-2 seens to
be nore effective at 5 bl ocki ng Angl*-nedi ated phosphorylation of Tie-2, as
shown in Fi a i LiBrrhe ; tion of
Ang- 1- FD- FEORE B e T e e bbb Rl Ik 2 HiRadal oo mi R The
pRG763/ Angcdllsrpithin, PD ciielycassbciatedrweithi tunarec For ewarmpleo ATE-2Jigand Dy

i sol ati,pg 1 ' e o I Fc-F 5 hase pair EcoRl -
Not | frzgg n&‘%ﬁggg H?E?Aﬁgﬁgmg&f) - cgéﬁgg%lﬁ Ilai-uélgf Fﬁ%&th}%ﬁél lri)lg'gment into
PRG7b3 vectAacoriingly FTE-i dntagemdd®l fusiod pddypeptities axf ghe droedntiof2hyy alsot ure i s

of E cola,DHLOB.cells carrying the 63 / Ang-1- ED- Fc- FD, pl asm d was
grown over hFdﬁFEilﬁn‘FEeYre%fﬂﬁyef ?ﬁ“—waéﬁ@' Wee’ﬁ“}éﬁ‘i WW‘%@‘Extract ed

In other embodiments, the TIE-2 agonist fusion polypeptides of the

25 invention described herein may be used as hematopoietic factors. A variety
of hematopoietic factors and their receptors are involved in the
proliferation and/or differentiation and/or migration of the various cells
types contained within blood. Because the TIE-2 receptors are expressed in
early hematopoietic cells, the TIE-2 ligands are expected to play a comparable

30 role in the proliferation or differentiation or migration of these cells. Thus,
for example, TIE-2 agonist fusion polypeptide compositions may be
prepared, assayed, examined in jn vitro and in vivo biological systems and
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using a Pronmega Wzard Plus Maxiprep kit, follow ng the manufacturer's
protocol. The concentration of the purified plasm d DNA was? faeed98ned in a
UV spectrophotoneter and fluoroneter. The plasnm d DNA was 20 verified by

di gesti on ph g@dsspuot s with Ncol and Hincll restriction epayiEssods!
restriction enzyne digest fragnents corresponded to the predicted sizes in
a 1% agarose gel. Exanple 6: Ex-nression of A~g-1-FD-Fc-FD in CHO cells. 25

Foray 15 cmpetri_plates were seeded wt Kl . /ElA cel t a density of
2 x 106 coprd RirapBriGal b sy bf s olaHias Sous S5t | one Fet al
Bovi ne SemNuna(d1Ben31.ee et £, IFrb&)/ N4l eda@B &l USANSL:43404aBssEEsd Wi th

glutam ne. The fol |l ow ng day each(&lﬁgte was transfected~ wth 6 ~g of 30

pRG763/ AndVenget pb-Scisngsi 2§:6a018d4 Lnkakosh ¢t - Feec Natb#sedePdine in 12 nl
| une, f i f ' - f dding th
vol ume Rbb%ms'fﬁo%‘phdgﬁjgé%lo?sfse‘l%ﬁ,k%m ngﬁ%soﬁﬁﬂﬁs}{éﬂ%%% 3?1 adding the

transfection X to I mem w 12 June
2003 WO O@hETied 2 Sram|dedobceerd @ dAdiskness, etcdeWO P5 At9985 pablishedcuthnt ed at 37C

in a 5% i bat,or erni ght,. fql | owi o | th di,a was renoved

Fom sach 2 505 SRtk HeRodeae Miturig-Or i Rk iaBBRRe 15, 5ot o ne

+ 1M sodifusiohuyiolypéptidesatiaptid @ded th diqgnabe or weatconditidal iddwhich37C for 3
irated from each plate

days. After 3 days of, i,ngubation the 81 a gfis asg

and centr irfcﬁﬁ'ﬁi %@EOIF?}H? AURPEHRF i‘%‘g‘?‘ gk et Pt meetﬁl_ tﬁ_e?rfeé‘f“acel I's. The
super nat ar&u&ﬁﬁoé&% '§}jlehkbﬁer§5%hﬁ| ﬁaﬁhl&&?idﬁeﬁf&. anda BHstbirb@d as d_eSC“ bed
infra. E~-m-le 7: ‘cohstructi oh of ~Fc- FD cell exnreseion

Ang 2- FD-
vectorl® o qsnb@sm@tezfumnmolmpmqg@ 1pRY: Hiused REFEBIYRE- 2- FD- Fc- FD was

truct 50 atd s - -FD a 2097
base pai r EEAl R O Hood B e A BB B Gt mg i s
fr algme?t1 Li)aﬁselaisEhmqufysén‘sluﬁ:reisl_ manuBeB ddﬁgi:leatyedymdrpmeE(t@thS) am;%fgh}as . A large
scal e culture ,or.c. .CO cenl.s _garryln
Ang: - D A B Batencn S Syt Pgoa R gRreieroin Eodcal BRRET I ana e
pl asnm d DNAhvdhserthdricagieatl oﬂhbﬂgt@o?étwpg%xwﬁaﬁs b BbsiredMeucpaemkit,
foll owi ng the manpuf e concentration of the purified

a(;‘i&h rer's protocol .

pl asmi & DNFOTWARCTHRL: Wiithy bRne MRroW irassplepk QrriBphe HAETeRt ehaplapiadionet er .
The pl asmi ghy _gﬁﬁesﬁoioca\ﬁ%‘édia'[yeigdﬁﬁoﬂ', eRsthi@N trehtnidraoy d DNA with Ncol and
Ppul O restriction enzymes. Al restriction enzynme digest fragments

cor r espondetemetherapypr edi ct ed sizes in a 1% agarose gel . 25 Exanyle 8:
Expression of Ang-2-FD Fc-FD~-r< CHO cells. Porty 15 cmpetri plates were
seeded with CHO K1 /E1A cells at a density of 4 x 106cells/plate. Plating
medi a was Theduesibhrpadypeptiziesiof Bhé piyesenhinvEstiah oy be esGtalome( GBE) +

icillin/st ; i e I L ith 3 1 afi The fol | ow
oy cath prareSRRen il Pkt PR E N Gy el AR sltor " E Uing
G bco Opti sxampled cEokixes| hpafotophins) énteriedRins]leteollnneprefatddwi ng t he

manuf act ur gll;lb%dPI{'lgltlt??f?el fus'i:c(a)rltJ an y%%{:%dg; }neary ‘g’eS used1 12n é]oun?gnc%x%%?’with any

of a number of factors which are known to induce stem cell or other
hematopoietic precursor proliferation, or factors acting on later cells in the

25 hematopoietic pathway, including, but not limited to, hemopoietic
maturation factor, thrombopoietin, stem cell factor, erythropoietin, G-CSF,
GM-CSF, etc.

In an alternative embodiment, TIE-2 receptor antagonist fusion

30 polypeptides are used to diagnose or treat patients in which the desired
result is inhibition of a hematopoietic pathway, such as for the treatment of
myeloproliferative or other proliferative disorders of blood forming organs
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WO 001 37642 PCT/ US99/ 30900 adding the transfection mx to the cells 12
n/plate of Optinmemw 10% FBS was added. Plates were incubafere20337C in a
5% CO2 i ncubator overnight. The followi ng day the nedia was renoved from
each pl at ey@nfadey M expression media (G bco CHO S- SFM | boyssldgéeam ne +
1mM sodium's butyrate) was added. The plates were incubated at 37C for 3
days. After 3 days of incubation the nedia was aspirated fromeach plate

and centrifuged at 400 romin a sw nging bucket rqtor_to pellet cells. The
SUper nat arfticlis BEerRRaHReTH, BoREY et SO (Sukeien | 11 8ihs desor! bed
infra. |0 dapédheends, tkdadnant mw@mm&ﬁw@@tm%ﬁ&ng&m&w& And

1- FD- Fc-FD protein. Nbl ecul ar Vi ght ~nal x~: The predi cted nol ecul ar wei ght

for stabl enapnicoighe-fysionralypenfides pp descritredoheseisi n was det er ni ned usi ng
the ~s MacVector Program (Kodak, Scientific Imaging Systens, New Haven, CT)
The nononeric form(wth respect to the Fc) has a predicted wei ght of

76, 349.5 | nEffeltiveidnses usafubfoartreatingdbegerarditberediséases ok disogdigrs asapt be i on

sites, appraxinately.2500 site. that c potentjially.increase the
nmol ecul ar é\%?ﬂﬂ{negfds?% W%h%%rtBtO&eﬁ%%, %‘39?1'{ %38' ft°5 the interaction
bet ween 20eialm§:plEpFimggl;mh dnThe thaﬁdhaﬂlegftallnmsea:uf_ Eﬁerapb@ﬁfy' Godidmanct _ug: ly
exists as a dijper wit predic , ol ecu t, inc possi bl e
N-1inked gf-‘@:‘_gsg%a&’ﬂieéﬁ: ﬁﬁ?“@%?‘ %@&S%&éeq%mws HPA_éii"‘ea«giﬁges confirmed
these apprpyisikd@uiBAlCIthSdsi M6k OfHr use ickOrdind 881éhd HiVehRBnahclaBeuhe 210kD
under non-reduci ng conditions and a band running at about 85kD under
reduci 2@4%9@%@%@1«1@@%@ab@@r%ahvﬂgoamcqyarwm@et o further
confirm t hﬁgHRi, SGlth 3 sﬁﬁﬁ-ﬁ@ﬁd Qtier Ried P2 Eér?ﬁ& lo¥ ’tax%[%&ﬁg Thogcppet her or

Li ght er

not the proteln was a honbgeneous specl es. sca ng 1s a function

of mass an(e.g-oantdrmdyathioomoné, gromub factot, @ta) and /Ty ivearpordted intol ecul ar

wei ght, th rotein..sanple was inject onto a qgel filtrati col um and
the 30" ef f FRBHTRG I RRRBPS AR St oif ol Rel parttdd PREF ¥, et ect o and
a refracti dé@niinderstiondinosive Byr dri@ple)the ﬁhﬁrﬁmh@ﬁm&icﬁb@dlhebéiﬂgndﬁﬁﬁct or is a
M ni Dawn | aser |ight scattering, detector was {r,om \é&a{t eciggol ogy 36 12
June 2063 9@MPEISe AdHsIOPPALYRERAAOIBRN agHenss SOIWiPTy as gigrilpWate Thi s

i nstrunent sa®as WhespRdtathutfe il exBosd Bo106io! fAI6rARtivaAHIHRSactiRe on |ine
refractive index detector or LTV detector serve to neasure protein

concent r at PRNIS AaY be qompHsed iar solidyas 1 wape fsmiplidée popeietirais) Sant a
Bar bar a, e URY af Raf HeSAfel RIS PaBlbht ROAGRNGY fidOn_ based on

ei ther dn/ n = change of refractive | , do = concentration) or the
exti nct i on treabnent: iTheta fizatiprorasite maghbe any evedeof adinghistratioprotein is

t hen caj.cul r e, K 0 | [ The
resul t ?oof @hﬁgl {artlna yéslﬁ’smsﬁ'gi\}fvl‘g r?é‘? ﬁ%ﬁg@:ﬁ?&%‘é‘tﬂ %‘%aygﬁé?%ﬁg%ggagﬁé}gpg’ be

appr oxi mat supcitdiedly, dnyd intjbtiq de Mreoloéd dissue)ghirageedally) | npl i es that the
protein soluti onahs hoppgenous. Eh%lgiess' %n level of An;~-1-~F~ in stab CHO
~, ones: CHYTaR3splyy aPhft? 2% ai’i‘it?‘é) F¥EBMI nant Ang- 1- FD- Fc- FD protein
was generated by stably transfecting CHO cells with the Ang 1- FD Fc- FD DNA
construct 15 described supra., The O cel |, supernatant was anal yzed by

st andar d E@@mmgvﬁgoramaé{wuhmgagﬁ%ﬂv%e yheagctavec%gﬂ\srozt%u body” and

an ant i zshURPedttia SRbLERSH BRMoAFHSH 4 Rcalikd A8, P LRBRPAS In@dmi I eporter
anti body to quantitate the anount of Ang-1-FD Fc-PD protein present in the

super nat antcongiifiensawhidpsingolveydistaag regigne of itk neexpais systenn- 3 pg/ cel | / day.
20 Purificahafeffustbor maRttideal Rimbtis@ation 6f hy&H hip B Yedfthble Y C! one

some situations, an implant containing active agent may be placed in or
near the lesioned area. Suitable implants include, but are not limited to,

30 gelfoam, wax, or microparticle-based implants.
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supernat ants: Because the Ang-1-FD-Fc-FD protein contains Fc ﬁ@gain
purification is relatively sinple and straight forward usiﬁﬁ? 3

Protein A colum chromat ography (Pharmacia, Inc.) followed by standard size
2s excl usi giy RsQyat ogr aphy (Pharmacia, Inc.). The CHO cellagsp@sdeat ant was
purified as described supra and the purified ANG 1-FD Fc-FD protein was
used in the studies described infra to further characterlze the protein. 30

rotein: Pugified 1- ED- F¢c- PD pr.ot e S ected to standard Ntermnm nal
sequence ggqsgrﬁt g“’&@f‘%?r?&??epfcg“‘g qrrﬁ,i%é %ﬁ?i&P%‘sPoélf“OPﬁe protein were
bei ng genedoad i %@ee mﬂgbg eﬁ’d&@d 8&sceibkd lﬁﬁﬁn,'\ihte?gl OW%al June

2003 WO 00l 3 CT/ US99l 0" sequence, ein Xis.
Oys. This aseeptahlesvehiglehdhe sgmpositionsimay hela mtezcﬂ éystmgqaﬂar @A, and

acids 1189 .%r%‘“@ AP A s o ARG I P WP B ° "

cl one- der i wsed, Andu@ingDbEt nBDligr tedefon intha erous aintiatherat, iAtraaﬂemai As

descri bed f C der FD- kc-FED s the predicted
nol ecul ar \R&g{a&%ﬁf% 13@5}1 %fﬁégr&é’ ?Q}éar%{glo?lli‘ﬂe o?fBrpr otein was
det er m nedsutgicabihprnbbSustaid ﬁle‘a@é dormfilatielis afecaled prdvided f8gi ng Syst ens)
New Haven, CT). The nononeric form of Ang-2-FD Fc-FD has a predicted weight
of 76,052, with three predicted N-|inked gl ycosyl ation sites that could

pot ent i al | ppd ?Eés%ﬁ?ﬁw‘éﬁﬁom R6tHcPbe WRIiRALnGkopd @@Qﬁé’cﬁﬁ& protein to
83,552. Like 1s Ang-1-FD-Fc-FD, the protein e sasadlrrer with a

predi ctied mb@dlmems Weberthed hﬂcimdwgeéogmmmemndiﬁqamus gf ¥oosyl ati on, of
167, 104. I F]aeﬁ rowei ghts
vvlth a baﬁg\i gﬁ‘%ﬁg%gtdy%%g (f&%l(:) er %Sﬁp%lg)&g%gggﬁ%&wgﬁs and a band
runni ng at thedseskille8kiD tha et froedthei fngpgomgidewmpetmmarghaccsaqxangm@nal ysi s
confirmed 2o the ecu r._wei ght aled t the stable
CHO cl onedég\”{/eéd sm) Cfl%o rﬁr %F’Le&%ﬁglsf) fﬁlz f%%ge% C(FP‘%\& derived

Ang- 1- FDFCaflﬁknc@dlﬂhﬁn@S a honogeneous species. ~re~sion |evel of

Ang- 2- FD- Fc- FD derived from stabl e CHO cl ones: CHO 25 cell supernatant

cont ai A? ng r econbi nant Ang- 2- FD- Fc-FD protein was generated by stably
transfecting CHO cells with the Arm@ﬁ@fﬁc- FD DNA construct descri bed
supra. The CHO cell supernatant was analyzed by standard ELI SA using an
anti-human 1gG anti body as a capture anti body and an anti-human 1gG

anti body caqnj,k t al i ne phosphatase as a 30 reporter antibody to
guanti t at e% lgﬁﬂt‘]{%ghihg- 2-FD- Fc-FD protein present in the supernatant.
This anal ysis reveal ed expression | evels of approximtely 1-2 pg/cell/day.

12.Ju t3 [AY; rnatants: As
vm th A%& 1%#%%?#) %’Om’ %&éﬂ Equlggﬁpré%q%%gcorélléﬁ ];l]saE‘gnA 3 on%i n, so
puri fi cati demonstretest u}metbe fibripbge mddmahtsa(&"m)taxé dlle/\wcdptmsmmgdmgandar d
Protein A Iurm chro a fol | owe st andard si,ze exgl usi on
chr omat ogr gﬂ d(% 38‘!‘?"[3‘%%%3?5%&’%@ %égzﬁﬂr} progs 9%“*(582@% bed for
stabl e mm%%ﬁoﬂ%twe&\ AROFE chirpbhents of WdljateAn thol@ttildsy Sfdr ieRampie st udi es
described infra to further characferize thi suﬂrotel n. N-term na

sec~uenci ndg18-k¥khe cendingd &0 dbeidiers serentar-withmupeh righer affiniygthanabl e cHO
cl one- dgri Weshothdid aRR:- FADFR18WeY&, AnPREFD-Fc is not able to induce

phosphorylation (activate) the Tie-2 receptor on endothelial cells unless it is

further clustered with goat anti-human Fc antibodies (Jackson
Immunoresearch). For this reason, mutant versions of Ang-1-FD and Ang-
2-FD were designed that were intrinsically more highly clustered.

30
Two general types of nucleic acid molecules were constructed. The first type
consisted of two tandem copies of Ang-1-FD fused to an Fc tag, thus leading
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subj ected to standard N-term nal sequence analysis to determne if any
truncated species of the protein were being generated. ThelZhaie2H03

reveal ed only one N-term nal sequence, Asp-X-Ala-du-Val, wherein X is Cys.
Thi s sequengg ofigsade found at amino acids 17-21 of Fi gur epdfusidReooo

i medi ately 1s follows the protein's signal sequence corresponding to am no
acids 1-15 of Pigure 4A. 1: 1 'vn 2,FD-FF~ -FD o Tie-2 rece~,or

phosfi horvlation i hv926.ells. 20 saJ~ s3~stem All o experiments
descri bed h? setated RE‘@%H"'RZ‘HE %‘8?*1“&‘-‘1 fﬁ?\é&ﬁ‘?@%‘é ‘(‘E‘aéj%ﬁPFflij‘é.&‘S%g?%& al )
(1983) Proput tatdmerhc@ith Bspect USAEA -3 BimiBr);, an6 taidumdabpies of

phosphoryl ati on asisays and reagents famliar t0 those of skill in the art..

25 (A) AngDngredhtusgd §Q andicigg conpiiiugech e angiopaieting version pf thinedi at ed
A ys;oosta _ \
sti mil at ed t%pé(}?%ﬁgéi' THER rhebARy wite dlbigilisd AANITEBT AT S

cl one- dér i vag-2dilp-FDH{o, Fespediiyalpt ei n. A st andard phosphoryl ati on so assay
reveal ed that or stable CHO cl one-derived Ang-1-FD- Pc-FD was equivalent to
Angl* in its ability to stimulate phosphorylation of the Tie-2 receptor in
EAhy926 cellhsh¢ beapndetyphd pof nB6leic dczd dnoleculd OGhstictid, 3w64£3pReof USRY/ 30900 1
-d'v -2-F - k101'y -FD_T I, 'n EAh, ~926 cells: EAhy926 cells
were treat gaf%we(sf’%n%‘?#yar Ferfag %rléz%'@%mes? %fzefa'-%nﬁsrqﬂens &nd 2
~g/m, 4 ~Ghieturd AWY-THFDRFC-ED) that 1 stlf divheR Ritklied e REtHACHd, Y8 drell

Ang- 2- FD- Fc- FD. As shown in Figure 18, Ang-2FD Fc-FD is able to bl ock

stabl e @HO 2 |teWaMGEF Witk respgetitoringd-FIp) A angiapoigHngrversienTwas 2S¢ ecept or
N .
en It Is cggﬁiﬁ&ted iR gahed _ E%I@IJS%&e@AS%‘fgég?‘égﬁl%D%@? gng[_bal -

cl one-derive -1-FD-Fc-F N previ ous

1994, Sci en%lag-Zif‘,gD*F&f@,Sﬁaqecwﬂy- et al., 1996, Neuron ~:9-19, Gale and
Yancopoul os, 1997, Cell Tissue Research i s Q 227-241), sol uble)

uncl ustered Ephrin-Bl-Fc and Ephrin-B2-Fc, which dinerize at their

respecti ve Fer diihenitypse aicbrisherctfshnitanpmpdriiesrwerevelisbrveds pediket 0 ei t her the

Ephrin-Bl or. Ephrin- od in, failed taq.induce .ERhB2, recept or

Dhosphoty! dFERIE AT F DI el ds 2haTase die B Eraameiak Feiehomy

pre- cl ust er ARG-1IVFIDIFDRRC aqmaml§c1miv@mycouweéadbazc‘a%ﬁeat%orié\qtiﬁnt agorusts for
ged by tyrosine phosphoryl ation of the EphB2

t he EphB2 recept qr j ud _

receptor i MO&%@%@&?& W@Hbatmtewmpaseblﬁdgéﬁm tthegyatiyadigaRdof bot h
Ephrin- Bl ang@oERRé nAnRe af int® | 51%5}[]-' n of receptor
phosphoryl at ?’Sn, we thegrggg)g{?lﬁa%) gﬁ%@%ﬁﬁﬁg@%@%t [ n%‘g tandem repeat s
of either EgiopeigindracHyHyiwitiBa pBeney hdbiretamsparabledottbataef Ftiveonsi n,

whi ch I i inC . W3 T 1 C t ' Wi ch woul d be

t et ranﬁc%’ﬁ%&%@%&?%%%ﬁ% érg%%écgn%?%; &%thg "E%%m%i ciently

cl ust ered tantageohistc actidiyt of thehbspAdiDHFatdimer. To test this hypothesis, the
foll ow ng DNA constructs were constructed, reconbi nant proteins produced,
and reporter assays 30 perfornmed. 40

ieti i¢ aci 1

25  All of the following nucleic acid molecules were constructed by standard
recombinant DNA techniques (See e.g., Molecular Cloning, A Laboratory
Manual (Sambrook, et al., Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY), Current Protocols in Molecular Biology (Eds. Ausubel, et al.,
Greene Publ. Assoc., Wiley-Interscience, NY), sequence-verified by standard

30 techniques using an ABI 373A DNA sequencer and Taq Dideoxy Terminator
Cycle Sequencing Kit (Applied Biosystems, Inc., Foster City, CA), and

subcloned into the mammalian expression vector pMT21 (Genetics

25



12 June 2003 WD 00I 37642 PCT/ US99/ 30900 Cnstruc~ n of tandem ~, phrin

ect odornai n/ Fc domain nucleic acid nolecules. Al of the f@luﬁﬁﬁﬁ@:“ nucl ei c
acid nol ecul es were constructed by standard s reconbi nant DNA techni gues
(See e.qg. A(@@Ear Cl oni ng, A Laboratory Manual (Sanbr % Col d
Spring Harbor aboratory, Cold Spring Harbor, NY), Current Iglro ocoﬂis I n
Mol ecul ar Bi ol ogy (Eds. Ausubel, et al., Greene Publ . Assoc.

W ey- I nterscience, sequence-verified by standard t echni gues usi ng an

ABl 373A DN h%ukﬁééﬂlt%ﬁ&q@éf o ersey(Kpeaki Matl887 MNudpig Acide Baenci ng Ki t

el §an ey Be o b e A PR R PSR RAR A I Eble” o her The

( Ephr i n- B2sd&piences &escEibed iafie tweatietintradicedato prayida converiierd kesthiction 987,
Nucl ei ¢ Acids Re t ' end to pronote protgin

rans! at 1 oRtes s by B TS0k, Bey'oHEuths BRGNPl RS BY B quced 1o
provi descoived ireditaticrs thatt ghérers alvteeﬁcﬂﬁdaltmttgje\/te thesbrdgdingy to the
junctions betvveen e donmmi ns, B t eroz S H@ i ndi catlﬁr]%eéhat there is a
very crltlé%‘lueﬁ‘&F% opgh (vAERBEH F&F@T%}@ éh‘ih]é gsiny §9meightReseyi ng the 1 ength
of the Iinkghstiicts WRtPborhBALiaGBNTH THE hfouR€ of r@t‘éﬁﬁyx\(ﬂdc@&) on in the
anount of protein produced). 20 Exam ne 12: ConStruction of

Ephri n- Bl- Erin-Bl- Fc _and~l nhrin-B2 Evhrin-B2-Fc nuclelc aC|d nol ecul es. (Al
E~~-B1-E ri N e, Enhr - EDhhid R A onsi sts of
t he codi ng%@tﬁ%’?ﬂf‘%ﬁ%%@ T ., ibid.),
whi ch cor r EhEol Ag-2-diD-Hed i 'Emglﬂmlﬁb_élA-Flgure 14B f ol | owed

by a bridgi ngsequencecon5| stlng of the amno acids Ay-Pro-Gy
(nucl eotides 712-720 of Figure 14B), followed by a second copy of the

32}3 ogomal n %%)5@_@_):&1 Aﬁgﬂl’-lﬁb-ﬂﬁﬂc Bshsigs 6ﬂa:h§rpsmcbﬁ§nalgé?de%é abfts Pi gurﬁ 30
- Fl gur e exc Tt t ntISC ri ect omai n t he
signal seqfEMPe’t RIS IR ADOHL B FeTeRpR (B45es Hdlt5 Byite 1?/9,

a second

A y-Prv-G yha V\Ogibg%fétﬁm-i"ﬂb@ﬂ% e dohReh (FI9 ?&3@4&@@0@1&&@&5&7@&1@1 41
12 June 2003 | 37642 PCTI 89913090 | owed by the coding Sequence for

the Fc ¥or tiBm @h\onﬁbmrp@wt(eng%pmst@s@ theamina geigs Glydirehladior gure
14E). -~B) qmp Q,_,]ﬁh% nol ecul e
s consi st sl%g%gt %té@%g%%f 2 e ue a%ec %@gé%l@gﬁéaﬁﬁn)m# ri @A( Ber gemann

Figure 1B-Figure 1D), another bridging sequence consisting of the anuno

acids Gly-Pro-Gly (bases 1351-1359 of Figure 1D), and the coding sequence for

the Fc portion of human IgG1 (bases 1360-2058 of Figure 1D-Figure 1E).

20
ng-2-FD-FD-F¢;: The Ang-2-FD-FD-Fc nucleic acid molecule was similarly

constructed. It consists of a trypsin signal sequence (bases 1-45 of Figure 2A),
an angiopoietin-2 FD (bases 46-690 of Figure 2A- Figure 2B), a bridging
amino acid sequence Gly-Gly-Pro-Ala-Pro (bases 691-705 of Figure 2B), a

25 second angiopoietin-2 FD (bases 706-1353 of Figure 2B-Figure 2D), another
bridging amino acid sequence Gly-Pro-Gly (bases 1354-1362 of Figure 2D),
and the coding sequence for the Fc portion of human IgG1 (bases 1363-2061
of Figure 2D-Figure 2E.

30  Ang-1-FD-Fc-FD: The Ang-1-FD-Fc-FD consists of a trypsin signal sequence

(bases 1-45 of Figure 3A), an angiopoietin-1 FD (bases 46-690 of Figure 3A-
3B), the bridging amino acid sequence Gly-Pro-Gly (bases 691-699 of Figure

26



et al., 1995, Mol. Cell Biol. i:4821-4929), which corresponds to

nucl eotides 1675 of Figure 15A-Figure 15B, followed by a b2 Buied§03equence
consisting of the amno acids Ay-Pro-A@y (nucleotides 676-d84 of Figure
15B), fol | wpaesky @ second copy of the ectodomain of Ephrpricinisgs3e9o0
(corresponding to nucleotides io 685-1270 of Figure 15B-Figure 15D), except
that in this copy the signal sequence has been rennved This second copy is

fol | owed d d de brid ' 70- 1278 of
Figure. 150p) FERPRMAF Iy oF te o b R PREGULALRFBH Tefh (hesBR 0o & human
I gGL (nUC|EQ|§1leCB$3E)¥,7&bQHeZ' b?tidgfh? Whend 2B8dReguercelSR)GlyLlSlyASIyEER t he

angi opoietin nuclei¢ acid nol ecules described supra, the bridging sequences

ver e i nt r deycdR-¥ie ﬁbﬁ%ﬁﬁ@@éééh%hﬁeﬁfe PRhrnda sesand prgiopakeiine bFY ve
flexibili t(ﬁa:;h 1@@-206‘7‘8111*1 jﬁ%ﬁ.@ sghe domains. 20 exanple 13: Ex~~essia~
of tandem E~hrin reconbin t proteins in COS cells. COS cells were
transiently transfected with either the Ephrin-Bl-Ephrin-BlFc or

Ephr i n- B2- SRDOLAS BRI, ME!lLE0 351 5 FR) SEHLE S HERGIARRAGURIAHS1 N0 25
standard t novvn in a S subsequent to
t ransf ect i Wwypsih Isegrel euqﬂemdvasas (a5 Rgpe! 40p et adgmpbfethDFD/ m

icill 100 /m mvl d 10%cal f
Bapi rat o SASPLRatr i Bl EEkinas Tughtedke, (E BB E APEPO RS e wi (1 100
U'm peni cidguenice GBRGIBPR-Gly (IRRESBYICTR of FiFiMeUB)] B@IcBEIng degubn@0 Wer e

grown for an addi ti‘onal three daés and then the serumfree medi um

cont ai A% ngfarkke Fe pordemahhumantsish{basss 7@%1113%&:?@5‘1%%%8\4%]3% otein

concentr at . ng the 42
12 June ZOg%rbr g %hghg]aéﬁseaéslg%%%%l &na yb%?%ﬁ’ne g%éandar d
curve. Onct3%piiedxf Figure ¢t aricha genwdrﬂngmpm wé’iib(b@e@el%ﬁ@w of he

Ephri n- B1- + 6&; d Ephri nB2- Ephri n-B2- Fc reconbi nant proteins were
used in theCel I report er assays described infra. s 11- 'v E h '

ect odomai n/ Fc donai n recorrbl nant proty~s. ~tev~orter A ~sav,: COS cells,
whi ch endoenou |y h fa Q. receptor EphB2 (Gale et al.
1996, Neur GXAMPLE 4 . se EED DLW 5 eval uate t he ablllty
of Ephrin-B1l- Ephrl n- B1- Fc and Ephrl n- BZEphrl n-B2-Pc to induce receptor

phosphoryl ati on.. The assays_were_perforned as previously descrjbed (Davis

et al., ibiMelecar Weight Analysis:(The pradigted ynoleewlar wefghtiier AngrlsiR-t o 80- 90%
confl uency HurleQd r gromh, the
medi um vvangJs[I)??ate Qag ace gs'\%kqﬁéserum g)erég%gﬁ&K&?ﬂgscrl bed supra
) for 1-2 E@@ngﬁpﬂmgxngasystemmﬂnw bﬁaven,eﬁl'fhe’liheaphnpmessigpnr(mﬂBl Fc or
Ephri n-B2- | ated with
500 ngr Eaverhioahe 26y bR BRLAIARL Bk eue ve HOE R Herd B Pt s
at 370C, vvrthltee(predmtad NHmkedaglycmayil@thmmteSJ wmmelmooml fic goat

anti - human ti on | mu ores at a final

concentr at |t%# ?‘%'ypo(tﬂ%ﬁlﬂs lf'ﬁfe?s%\ E?Fui?%f wﬁ@% f t@ %rll’l ng the Fc
t agged fuslp@ateuStdt)s@,a-LmnDubQotthe&ttemtlonlblaav@B&meHd aampcsrﬁerdﬂsacﬁ/est ed and
cell lysates, Were pEep %as descrlwt%ﬁx in Davis, et al.. and Gale, et al.

supra. The agjgent pwlec  PIotein @cally exisisan d simer pithnd pediftsth t he cel |

| ysat eszsus'rﬂﬁeé‘tﬂaﬁWél ﬁﬁ:@’ucﬁﬂg gﬁélﬁlémﬁh@aegl §toslatitin, of 182498. Oncogene
:1001- 1014 mmno%@(raﬁh I tat were resol ved st andard SDS PAGE and

t ransferre yotes of f61%gell-deri P@rtﬁntﬂeéﬁnléﬁdalﬂf@l s. The

menbr anes t Y% 4GLO

(Upstat e 32*5 AR At dpptotille maRkyiap JRIPHS, YR Bénd BldaiiRer 10

ant i bodi es abeuhREMY andernoniredudihg doytdmnd@ndrm’bmd running abéabowf EphB2

85kD under reducing conditions (Figure 5). Light scatter analysis was

30 performed to further confirm the molecular weight and, more importantly,
determine whether or not the protein was a homogeneous species. Light

scattering is a function of mass and concentration of a macromolecule. To
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43 12 June 2003 WD 00| 37642 PCT/ US99/ 30900 phosphoryl ati gn ang t he
relative quantities of EphB2 in the experinental conditi orig JH8e €903 ed
supra. Results: Both Ephrin-Bl-Ephrin-Bl-Fc and Ephrin-B2- Ephrin-B2-Fc were
S shown t ouRFARREOXi Mmately as active as anti-Fc anti bodypeghysgdfeed Ephrin
Bl-Fc in their ability to i nduce EphB2 receptor phosphorylativn in the

cell reporter assay. Furthermore, if either of the prote| ns were further

cl ustered th the at ant i n Fc. anti body, the ev n nor e
o+ il iR iR TRY el bermals et RSt SRl a @ in. T cure 16
shows the fiRgatldrScdllinirhbgd pho SERRNY WAds RBnASERY with an oBdinel hghtVECt or. ~'s
The Ephri n-B2- Ephrjn-B2-Pc_DNA nol ecul e consists_of the codi ng sequence of.

t he ect odoftierisg d@éﬁi’f‘i"haTB?a celEaivedRAexand/or a Yyodeteqpr.. Thie Jight; of
15: 4821- 49%&51‘9@&&& | % Iseasmw @H:Chgﬂtécgﬂén%q QZIEct%]} wWasHg 15A-Figure

15B, follo ng sequence con amno aci ds
dy-Prod yWyatt[[‘edtncﬂeg;y Gfbﬁpmﬁonf(SﬁltngaebdﬁBﬁA)f dﬂhs)msttt'umyem: second copy

2 e oo S T A S
been r enovddtecitti & W¥cdaektongatve o h&lalsﬂmplrdﬁedn&oammﬂxoﬁ yARfaD.A.GI y am no
acid bridg nucl i 270-1278 of Fig , T I owed by .t he coding
sequence fgf’&f‘ﬁé E&[yﬁ&echéﬂd&gy %Ytﬂtﬁﬂralt’é’@g ésaéq%ﬂrﬁdgé T??Q‘sfé'f‘? of Figure
25 15D Fi geaubeEihe grotéintohedittfiontased Rl @aRd dn7be (dhe dHafgé b and Not |
polylinker sites in the_ expression vector pRG/63 and was des| gnated

pRG763- 1§ Efefragiveingdexcde agopreriration) ondhe pétu@rttton gegfficient ofdhe nol ecul es
descri bed siupfd, The &61%&%9%&@&%%%%&? fhd ”53P&3%§§T5fﬂeﬂ govi de

conveni ent “restriction sites and to ‘gi Ve junctions
bet ween 30 angalanaiaplendenaezbf ligha sdatt&m@dﬂgm @G}h@ﬁﬁm}: feerilt SO®I8 0900

Exanpl e 16: res ri.n hr B2- Ec OCHE}} E1A) cells.
Forty 15 cr%nﬁ (e u%?%t es ﬁngEEE%%E&;\%I\“ ﬁ&ﬁ-ﬁo%f aél‘?&e‘§ Pé a density of
IA—: t( I106 Eeldxmefmlp&b&m Bppédrsgo bedppr lc}»@m/a@%ljoemmahdp&skgcemﬂa ?ﬂgﬂd—li/cgoneth
etal s _Bovine .Seru eni c in/str cin and suppl emented wi

Gl Ut am o PRAG RETeB AR, Teagr BB RO pHHabisudrt Feh dHUReE 0o ¢ h 6 wg. of
pRG763- n( Ephri n- B2) 2- Fc usi nhg G bco Optl mem and G bco Lipofectamne in 12

mL vol une, follow ng the rranuf acturer’s_prot ocol . Four, hours after adding
the transf dixpression Level in 60 B @Q&ﬂdlpﬂmeénaﬂmcgﬁrt%mw 10% PBS was

added. Pl at Q'Egb?Fﬁ)dF Q%f verni ght. The
fol |l owi ng ay t {erfa#%& was r‘gﬁ%&?g‘%ﬁ?%sg% p %th angfég%@ml expressi on
medi a (G bdoar(sfﬁbtngSE@SICellmm@J bhEakngieFD—Fr,fﬂW ONA wonstmegtrdeseibagas added.

The plajes o ation the
nmedi a ?fas as Tl t‘{?ﬁéf@&o% vszﬁ%a‘%egfoén ﬁ{lﬁ *ugedé t&gﬁc{l&%dﬁ%ﬁﬁn in a
swi ngi ng bunkthe ar'ot'Blne COSpell supeuﬁthmt wimendyp&t nsihg Biacoas tetboalogyd i nt o
sterile 1L BolLlg8a 2 Y dulhBthid thd'ER S uhP 8 ARYP-BD-FSFD protein

present in the supernatant. This analysis resulted in an RU value of 765,

which is equivalent to 0.9mg of recombinant protein/liter of COS cell

25  supernatant. These values represent very high levels of expression.

Purification of COS Supernatants: Because the Ang-1-FD-Fc-FD protein

contains an Fc domain, purification is relatively simple and straight
forward using standard Protein A column chromatography (Pharmacia,

30 Inc.) followed by standard size exclusion chromatography (Pharmacia, Inc.).
In fact, the relative ease of purification of the Ang-1-FD-Fc-FD protein gives
it a distinct advantage over the parent protein, angiopoietin-1, from which
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12 June 2003 WO 001 37642 PCTNS99/ 30900 yVI-TAT IS CLAIMED |S; 1. A nucleic
acid encoding a fusion pol ypeptide wherein the fusion pol ylé-’e'b‘PFaQO%orrpri ses
a first subunit conprising at |east one copy of the receptor binding donain

of a Iiganq,o(;o;sgﬂgi rst subunit being fused to the I\I—ter-ml;al s‘?&ﬂ)&bf a
mul timerizing conponent, said multinerizing conponent bei ng"‘% usea at its

C-termnal end to a second subunit conprising at | east one copy of the
receptor binding domain of a ligand. 2. The nucleic acid of claiml1,

wher ei n t Hé 15 dedpedrans Wi mytand ersian of apgiopoiqturl spldeds doght thatbur uts are
COPI 25 Of Ak PSERION- BAMLIG IAGRIDIAT b hescer Pl @ll-cofl adfippuc! ef

acid of claim1, wherein the receptdr binding domains of the first subunit
are copi esand fibrinogert domain bf angiopoitimel and that hisfaf Gye e St gaviatidry om t he

recept or bjndi I,AS nhi....The n &4 jd of claim
2, wherei nétt %lg{}% ?@@ﬁd (gg&%(;fg Iéﬁegﬁ%&r%?%i’%mﬁté% 3% ég‘%ob@m@ﬁé?he receptor
]lcai ndi ngs goﬁiﬂ-n Rgﬁe}itbﬁLig'agda,d .pﬁﬁ:#]isﬂ'étbaslm 98/:052?;29 dnat E@bﬂidfying&vhgr ei ndt he
irst an econd syhunits e ave on opy of the_receptor hinding domain
of the Ii ggf?dr.‘aré‘? #Eﬁsgﬁwpeﬁ“@‘aawaﬂmca% g’i“?ﬂ &pe 5}5}“@%&, wheethtor bi ndi ng
domai n i s hBRbliikEdrpesRad %qgf'epe&fg)ﬁangi opoi etin-1 or angiopoietin-2. 7. The
nucl eic acid of claim4, erein the receptor binding domain is the
fibrinogen domai n of angi opoietin-1 or angi opoietin-2. 46 12 June 2003 WO

00131547 PIRMRORIRFand Y O SR g L1 | o

is selecte e group consisti I'gands. 9. The
nucl ei doacintensive lpairificatiomischanes thad resudindrelativwly povredidldenf t he group

consisting_of t,he EPH fam ly of |jgands, 10.. The nycleigc. acid of clains 1
Chrough o =Sheenrar Retdh (Taropesd AR ESredfue Sablf rleARbR ounoghobul i n
derived dogehemeslfbr bidloginlsliftendadifdr oitiesiuise cah ot derovkd; wherein the

i mmunogl obulin derived domain is selected fromthe group consisting of the
Fc domai n 8MARFEZe0he heavy chain of 1gG and the light chain of IgG 12. A
fusi on pol ypepti de encoded by the nucleic acid nolecule of clains 1 through
11. 13. A composition conprising a nultiner of the fusion polypeptide of
claim 13. ihe GRS celb sppeynatanh was Rurified asxdesgrbedsypre paditeldeder is a di ner.
15. A vect j: i NALGL @t &G i 1 t hrough
17 Mo, an BpUERA0 IR Dbl aic 8 I R PR NG R A I ¢ (e 1
t hr ough 11 thedstrdiesdedveibad étfei o éruﬂcérrcghmtﬁr'aeithewem.i vely linked

20 Purified Ang-1-FD-Fc-FD protein was subjected to standard N-terminal
sequence analysis to determine if any truncated species of the protein were
being generated. This was of concern because the mutant molecule, Angl*,
has a history of containing between 10-20% N-terminally truncated species.
The analysis revealed only one N-terminal sequence, Arg-Asp-X-Ala-Asp,

25  wherein X is Cys. This sequence can be found at amino acids 16-20 of Figure
3A, and immediately follows the protein’s signal sequence corresponding to

amino acids 1-15 Figure 3A.

Receptor binding analysis of COS cell-derived Ang-1-FD-Fc-FD: Previous
30 studies have determined that the fibrinogen domain (FD) of the

angiopoietin molecules is necessary for ligand/receptor interaction.

Furthermore, in order for high affinity binding to the Tie-2 receptor to

29



to an expression control sequence. 17. A host-vector system for

e
production of a fusion pol ypeptide which conprises the exﬂ@e‘é‘é‘?ah&vector of
claim16, in a suitable host cell. 47 12 June 2003 WD 00l 37642

PCTNS9913QRP6b33é42 The host-vector system of claim 17, whgs@hdagsdeeo Suitable
host cell is a bacterial cell, yeast cell, insect cell or mammalian cell.
19. The host-vector systemof claim 17, wherein the suitable host cell is

E.E. coli. 20. The host-vector systemof claijm 17, wherein the suitable
host cel | 99CEIYHE gIPPoistin-trangiongietingg 6‘?‘&?@%%? Apgll MUY wher ein

the suit aphm MAshstaelrhmieficRatdiPosbly- higher I3 IMANIRérsPrIRAUCi ng a fusion
pol ypepti de which conpri se?:(%r)ovm ng cells of _the host-vector system of

clai ms 17d¢tFaingnwhetherthe fell-deved pognd-FPrFFRmsateini whichfist he f usi on
pol ypepti : | I i : : 4231 A nucleic acid
encodi ng %ﬁfﬁbﬂﬁggﬁgﬁ%é;}?it%I%@r%@ﬁﬁﬁhﬁﬁglgﬁqg?%g%ﬁg@corrpri ses nore
t han ohe affimjtyostantiard Biaepteoanddysisiimag perfornad.oBriaflyi TiarkdF¢ receptodem and

wherein e N-t.ermnal _or the.Ctermnal bi ndi.ng domain i
150" 1 usehodE Proth, STAERTS ATk Ao e Bt e i RMe R HEE L7 05
vx,helrei n thggdetoehé Fe dm';;a:ihmrtg Hionan 'I%;nlrv@asfiugﬁdbimed logLLOBiakeyre &?p EheEPH
nucl el ¢ acl C. . wnherein. the |1 gan IS not . e r of the
fanmly of ﬁﬁfﬁsg‘%ﬁ@é%%@:mmﬁm&?%mowaa Hgﬂss(‘& %%@ﬂ,‘-‘%@@%ﬁ‘ﬁﬁ% ligand is
not a menpefveédh Ti8-2 ectddotiaim AROAnYR-PORIAS WA ENSWIAHI X ut. Men&PH fami |y

of ligands. 27. The nucleic acid of claim23, wherein_ the receptor binding

domai i0i sbineding siepi waytilonaddhina 85 MyrGhbightsali-washy Thedhighsrléti n- 2. 28.
1, il g A6 BN gl BAGEDE e, Ry PR 1 15 Che
protein and the Tie-2 receptor ectodomain, implying that there is a strong

interaction between the mutant ligand and receptor. This result is
consistent with earlier Biacore results in which both Ang-1-FD-Fc-FD parent

15 molecule, angiopoietin-1 and the mutant Angl* molecule, have been
shown to interact strongly with the Tie-2-Fc receptor and that this
interaction is not disrupted by high salt. In contrast, several mutant
molecules derived from the parent angiopoietin-1 molecule are readily
dissociated from the Tie-2-Fc receptor when treated with high salt. The

20 mutant molecules, designated Ang-1/FD (a monomer with respect to the
FD), Ang-1/FD-Fc (also a monomer with respect to the FD, but which is able
to form a dimer due to the presence of the Fc domain), and Ang-1/C/FD (a
monomer with respect to the FD, but which also contains the coiled-coil
domain of angiopoietin-1), do not exist in multimeric forms sufficient for

25  high affinity binding to the Tie-2 receptor.

ARLL) "

Molecular Weight Analysis: As described for Ang-1-FD-Fc-FD supra, the
30 predicted molecular weight for Ang-2-FD-Fc-FD protein was determined

using the MacVector Program (Kodak, Scientific Imaging Systems, New
Haven, CT) The monomeric form of Ang-2-FD-Fc-FD has a predicted

30



29. The nucleic acid of clains 23 through 28, wherein the gﬁlti g@é'zi ng
conponent conprises an i munogl obul i n derived domai n. 30. FPHENG ic acid
nol ecul e of claim 29, wherein the inmunogl obulin derived donain is selected
fromthe sisting of the Fc domain of 1gG the h o Of 119G
and the I%gﬁ;da%ﬁg]n of 1gG 31. A fusion pol ypeptide encgg’ggs ?‘aétoﬁe nucl ei c
acid nolecule of clainms 23 through 30. 32. A conposition conprising a

Cl'ai m 52, NSRS W R Preciesea Nrbrke g yomsyaam i Bhoefir i ses t he

nucl ei c agb@mml?qama@é (% BoReuldd WEMER 1RO mPmA: SxEASE On vect or

conprising a nucleic acid nolecule of clains 23 through 30, wherein the

nucl ei ¢ a&B@5ApLikeuhngilsFpertil ithe pyoteinidats re aslimex prthsa pradictedt r ol

sequence. 4 .38. . - 0 f roduction of
a fusion ;S%Ca;e/%uel%fY%%%%ﬁ}%%gﬁroﬁglggsﬁllgrﬁ%?pélgg%@gaﬁ{g\%@F %&]’qu?cl aim35, in
a sui t abl SDSOBAGEednalyses .of T@S belb-tesieed protejrsé¢cfirafedcthasen 36, wherein the
suitable host cell is.a bacterial, cell, yeast cell, i cel]l or

el | an APBFPXTSse TR Sl L § b Rt Absst SR it e

sui tabl e hewtredeling @nlditiéld andBl bahBGuhafis ¥iesidi s8¥DLetHRre@h@hgh 36,
wherein the suitable host cell is a COS 10 cell. 40. The host-vector system

of cl ai m FendifipsedFigurad) s lighiscatteranalysis ponfymedihe mglecular sveight A net hod
of producimgd)f #ti AveRRUXARPHILN Lﬂﬁ-%@ﬁg&&@ﬁ, gkemx{ggwei-t@ of the
host -vector system of clains 36 through 40, under conditlions permtting

pr oductd orFLdfexigieas a hosrpgsoegyresnecies (Bigare 8sovering the pol ypeptide so
produced. 20 42. A nucleic acid according to claiml or 23 which is
substantially as herei nbefore described with reference to any one of the

f or egoi ng Extaessi evid] in CO® Qellep OQca supethatgnt corehimimg 12 or 31 which is
substanti al | s her.ei nﬁ_g_bo egﬂescri.bed W th ref ﬁrence.to any one of the

f or egoi ng TESIMBIERt Ang-2XD-Yc-ED protsin was Srneraied By ¥ansisniiym 13 or 32 whi ch

i s subst anfradfédtingsCOs ceilnbsfhofhe AesoFIeeFY DNA ebftalt del@itray one of the
foregoi ng Exanpl es. 45. A vector according to claim15 or 34 which is

subst aht | 4P ashe 6Q8 %b?tmeén@enwgéﬁnslérgewm?iv@ﬁeﬁ%ﬂemfatedm one of the

foregoi ng SxsiR 66 AN @-Fﬂ-#wﬁbiﬁfefe?ﬁ?réééﬁim Gha¥ant.OTRIsaI m 17 or 36
whi ch is substantial 'y as herei'nbefore descri bed th reference to any one

of the forapdysigresvdteglinan RU value of 606, which is equivalent to 0.7mg of
recombinant protein/liter of COS cell supernatant. These values represent

)
Hb

relatively high levels of expression.

20
Purification of COS Supernatants: As with Ang-1-FD-Fc-FD, Ang-2-FD-Fe-
FD protein contains an Fc domain, so purification is relatively simple and
straight forward using standard Protein A column chromatography
followed by standard size exclusion chromatography. The COS cell

25 supernatant was purified as described for Ang-1-FD-Fc-FD supra and yielded
approximately 2 mg of purified Ang-2-FD-Fc-FD protein that was used in
the studies described infra to further characterize this protein.

N-terminal sequencing: Purified COS cell-derived Ang-2-FD-Fc-FD protein
30 was subjected to standard N-terminal sequence analysis to determine if any

truncated species of the protein were being generated. The analysis revealed

only one N-terminal sequence, Arg-Asp-X-Ala-Glu, wherein X is Cys. This

k)|



35 47. A nethod accor di ng to claim?22 or 41 which is substantiall

her ei nbef ore described with reference to any one of the fdﬂé@@‘? Qf}%Exarrpl es.
50

. A AS!. ofsfsr Al . AH A H ASI . A5, Af ! . AH. AS. AS! . A AS. AS. A&y A 1. AS. A
fH Al. AH Q?VH An. AH AH. A[.Af[.Ayn. Al. Al .ASn. A [. AS[. Af[. K@Tﬂ'ﬁ%’ CAFLAY[LA
.A3.AI5. A h.AAYy ) >ATW

ol e R s iy
| wgl gb] Xkfahi¥Wk GRE padtedl's aletal setpkhad &t &pbadal é%ﬁ:]:ﬁ"aﬂd@i-(ié]o@"a] cha]calc
~a] ca] ca] ca] ca] ca] ca] cal] cd] ca] ca] caj ca] ca (

| 9" ###$$SEBHEAX(2((())**+] , mp,{,.]//{vql fa\ V\kf a\ W ca] ca] ca] c”a] ca] ca] ca]
cal] c”a] ca] c™a] ca] ca] c™a] cal] ca] ca] ca] cal] ca] cMa] ca] ca] c™a] ca] ca] ca] cal ca]c”a

}f?}fgm R éeploriig protdik’

| chal cal o3 gghl, AL BL50LIALG P A S 16 o o cal
>>* >>y AACCTieERRchfto Eﬁ?ﬁl&ﬂi@m&bhhﬂ iy Mquﬁrgﬁméﬁf&\d&mbdd:f&] ca] ca] ca] ca]

gg] g:]U]c’(;:] caj c’%! ﬁﬁ i%’\a] cal c”a] c;] ca c’\ _%a F(i:alé]}clach}tca] av]vfa:sa]lca] ca] ca] caj
UVWKX. Y<YYahfe s sl gk e Wté&@@&&ﬁ@dv@éhctﬁ@ -8-He-PAFDADoRdiA Alnethea] ca] ca] ca

] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca]i ca] ca) c*a] ca] ca
YYZZZ[ B e\ Tiej3-Eg yeceptor) agamdmplyiagdhat there is a strong mteractmn between

ee\e| wl fa}n\gg% Xgﬂng%xc&i}_g&#&aq ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] c™a] ca] c”a]

cajc”alcalc al calc™a]calc”fal ca \egj RkIm

m( mmxnor ssdt gt nt zt tt ( uquwwVDyKy| | || ~}xr nhc"Y] ]1ca] ca] ca]ca]ca] c”a] ca]ca]c
a] ca] ca] cal.cal cal £a : . X al cal cal.cal ¢ L % ca] ca] cal ~
~i UQBY X Y8} X & Ca ca] caU] caU

ca A [] eeiRof phvodshiareRtioa if 6 Aleya28 (cek
] nk]q\(/:\da] 33][ } &{vpke [V]ca ca] ca] c"al ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a] ca] cdfca] c”a] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca! &@9&KQ | y7LO6CO aztoje” Z.
ke' [V] ca] cBadfink R £MMRELTH 3] ailied] GBldcalcae v FokCeCalonadical ca] cal] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca 1} OF~ysnga\ ke ] ca] ca] c”a
U] an} caa eagi@apte&qnc apdah %&E}Eﬁ%}&:@ a}tﬁaqtfcaqoie&pg@qi@rayé]r@a} g ca] ca] ca]
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Z10%&' () - 3sHON& if Figuk@B1. At a 20 fold molar excess, the angiopoietin-2 has not
15 reduced the phosphorylation level to 50%. This result, coupled with the
results described in (B) supra implies that Ang-2-FD-Fe-FD is a more potent
inhibitor or Angl*-mediated Tie-2 receptor phosphorylation than

angiopoietin-2.

20 o T T f e o
phosphorylation of the Tie-2 receptor in EAhy926 cells: EAhy926 cells were
treated with 0.2 pg/ml of the naturally occurring Tie-2 agonist angiopoietin-
1 and 1 ug/ml, 2 ug/ml, 4 pg/ml. 6 ug/ ml, or 8 ug/ml of Ang-2-FD-Fe-FD.
The results of this experiment, shown in Figure 12, show that while there is

25 a trend toward blocking angiopoietin-1-mediated phosphorylation of the
Tie-2 receptor in these cells, Ang-2-FD-Fc-FD seems to be more effective at
blocking Angl*-mediated phosphorylation of Tie-2, as shown in Figure 10

and described in (B) supra.

30

nhmhnndahmmi.thﬂﬂm&pﬂunﬂhxﬂﬁ.&eﬂm EAhy926 cells were
treated with 0.2 pg/ml of the angiopoxetm-l and 1 pg/ml, 2 pg/ml, 4 pug/ml,
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10
The pRG763/Ang-1-FD-Fc-FD CHO cell expression vector was constructed by
isolating from the plasmid pCDNA3.1/Ang1-FD-Fc-FD a 2115 base pair
EcoRI - Notl fragment containing Angl-FD-Fc-FD and ligating this fragment
into pRG763 vector digested with EcoRI and Notl. A large scale (2L) culture

15 of E. coli DH10B cells carrying the pRG763/Ang-1-FD-Fc-FD plasmid was
grown overnight in TB + ampicillin and the plasmid DNA was extracted
using a Promega Wizard Plus Maxiprep kit, following the manufacturer’s
protocol. The concentration of the purified plasmid DNA was determined
in a UV spectrophotometer and fluorometer. The plasmid DNA was

20  verified by digestion of aliquots with Ncol and Hincll restriction enzymes.

All restriction enzyme digest fragments corresponded to the predicted sizes
in a 1% agarose gel.

X + Ex ion of -1-FD-Fc¢-

25
Forty 15 cm petri plates were seeded with CHO-K1/E1A cells at a density of 4
x 10°cells/plate. Plating media was Gibco Ham'’s F-12 w/10% Hyclone Fetal
Bovine Serum (FBS) + penicillin/streptomycin and supplemented with
glutamine. The following day each plate was transfected with 6 pg of

30 pRG763/Ang-1-FD-Fc-FD using Gibco Optimem and Gibco Lipofectamine in
12 ml volume, following the manufacturer’s protocol. Four hours after
adding the transfection mix to the cells 12 mi/ plate of Optimem w/ 10%

34
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at 400 rpm in a swinging bucket rotor to pellet cells. The supernatant was
decanted into sterile 1L bottles and purified as described infra.

Example 7; ion of Ang-2-FD-F¢-FD CHO cel i
10 -2-FD-F¢-FD.

The plasmid pRG763/ Ang-2-FD-Fc-FD was constructed by isolating from the
plasmid pCDNA3.1/ Ang-2-FD-Fc-FD a 2097 base pair EcoRI - NotI fragment
containing Ang-2-FD-Fc-FD and ligating this fragment into the pRG763

15 vector digested with EcoRI and Notl. A large scale (1L) culture of E. coli
DH10B cells carrying the pRG763/ Ang-2-FD-Fc-FD plasmid was grown
overnight in TB + ampicillin and the plasmid DNA was extracted using a
Promega Wizard Plus Maxiprep kit, following the manufacturer’s protocol.
The concentration of the purified plasmid DNA was determined in a UV

20 spectrophotometer and fluorometer. The plasmid DNA was also verified
by digestion of plasmid DNA with Ncol and Ppul0l restriction enzymes.

All restriction enzyme digest fragments corresponded to the predicted sizes
in a 1% agarose gel.

Forty 15 cm petri plates were seeded with CHO-K1/E1A cells at a density of 4
x 10°cells/plate. Plating media was Gibco Ham'’s F-12 w/10% Hyclone Fetal
Bovine Serum (FBS) + penicillin/streptomycin and supplemented with

30 glutamine. The following day each plate was transfected with 6 ug of
pRG763/Ang-2-FD-Fc-FD using Gibco Optimem and Gibco Lipofectamine in

12 ml volume, following the manufacturer’s protocol. Four hours after
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at 400 rpm in a swinging bucket rotor to pellet cells. The supernatant was
decanted into sterile 1L bottles purified as described infra.

10 E H a rizati 1 lone-deri =1-FD-F¢-FD
protein.

Molecular Wejght Analysis: The predicted molecular weight for stable CHO
clone-derived Ang-1-FD-Fc-FD protein was determined using the

15 MacVector Program (Kodak, Scientific Imaging Systems, New Haven, CT)
The monomeric form (with respect to the Fc) has a predicted weight of
76,349. In addition, there are three predicted N-linked glycosylation sites,
approximately 2500 MW /site, that could potentially increase the molecular
weight of the monomeric protein to 83,849. Due to the interaction between

20 the Fc components of adjacent molecules, the protein actually exists as a
dimer with a predicted molecular weight, including possible N-linked
glycosylation, of 167,698. Subsequent SDS PAGE analyses confirmed these
approximate molecular weights, with a band running at about 210kD under
non-reducing conditions and a band running at about 85kD under reducing

25 conditions. Light scatter analysis was performed to further confirm the
molecular weight and, more importantly, determine whether or not the
protein was a homogeneous species. Light scattering is a function of mass
and concentration of a macromolecule. To determine molecular weight,
the protein sample was injected onto a gel filtration column and the

30 effluent was monitored with an on line light scattering detector and a
refractive index and/or a UV detector. The light scattering detector is a
MiniDawn laser light scattering detector was from Wyatt Technology

36



10 10 10SL<10%& ()-! &M 10%& ()-! &M 10%& ()-!; y! 10%& () -

mr( nmmxnoaBdY: 0S! 113 109\& ()-fly g 10%& () - 12 June 2003
F109& ()-10%& ()- !1y109%&' ()-3YL0%& () - ooprrsswusdY: 0S! " yF(! 109%& ()-!yF(!1
0% ()-!; wo 0037642 PCT/US99/30900

'S, 91 10%& ()- 1S, 9! 10%& ()-!"S, 9! 10%& ()-!'S, 9! 10% ()-sdtgtjtktltntzttbCOS!"
yF(Y1096& ()-1"109%& ()- 10 10 10, &10%& ()-410%& () - 0&10%&' () -

tt(uf 0% c&.() -1 95! 10%&" () -
Lviove () Corodgn 0siel Bdrbam T80 "8 bnsyrlment ndse Riup e gee )
D050kl B 10oE (1o et ?“"W;’M&loé&’ﬁl&i"ms O Yoo () aps |
105i PzX6HESHEI 'R ‘%‘ﬁﬂ%@/af?tf“\ gg‘?ﬁ&“&’é%‘é&A@Fal ”(1 %%‘“96%2‘8’)5’ attt 41 1008 () -
109 () - ffecﬁka;eg,/ﬁd&p&aaeg 811X Dathard 008) (astlsba 16 Ulckilate the

| 109%&' ()- " 109%& 10° 10 10, &<109%&’ () -

- Qz X9
10! f ! fowrpi)em fl‘D‘l@%B&O’(\ pasehom ejther dls/ de @W& chpngesof refpudive) -1 S " 1 109 ()
- Q svwxyzq d
10, Be0%e (95F v PRSP T° U P Han et of P T TR
molecular weight of protein is then calculated from the angular dependence
of light scattering. The results of this analysis show that the dimeric protein
appears to be approximately 173.9kD and the presence of a single peak

10 implies that the protein solution is homogenous.

Expression level of Ang-1-FD-F¢-FD in stable CHO clones: CHO cell
supernatant containing recombinant Ang-1-FD-Fc-FD protein was generated
by stably transfecting CHO cells with the Ang-1-FD-Fc-FD DNA construct

15  described supra. The CHO cell supernatant was analyzed by standard ELISA
using an anti-human IgG antibody as a capture antibody and an anti-human
IgG antibody conjugated to alkaline phosphatase as a reporter antibody to
quantitate the amount of Ang-1-FD-Fc-FD protein present in the
supernatant. This analysis revealed expression levels of 2-3 pg/cell/day.

20
supernatants: Because the Ang-1-FD-Fc-FD protein contains an Fc domain,
purification is relatively simple and straight forward using standard Protein
A column chromatography (Pharmacia, Inc.) followed by standard size

25  exclusion chromatography (Pharmacia, Inc.). The CHO cell supernatant was
purified as described supra and the purified ANG-1-FD-Fc-FD protein was
used in the studies described infra to further characterize the protein.

30  protein: Purified Ang-1-FD-Fc-FD protein was subjected to standard N-
terminal sequence analysis to determine if any truncated species of the

protein were being generated. The analysis revealed only one N-terminal
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protein.
Molecular Weight Analysis: As described for stable CHO clone-derived

Ang-1-FD-Fc-FD supra, the predicted molecular weight for stable CHO

10 clone-derived Ang-2-FD-Fc-FD protein was determined using the
MacVector Program (Kodak, Scientific Imaging Systems, New Haven, CT).
The monomeric form of Ang-2-FD-Fc-FD has a predicted weight of 76,052,
with three predicted N-linked glycosylation sites that could potentially
increase the molecular weight of the monomeric protein to 83,552. Like

15 Ang-1-FD-Fc-FD, the protein exists as a dimer with a predicted molecular
weight, including possible N-linked glycosylation, of 167,104. SDS PAGE
analyses confirmed these approximate molecular weights, with a band

running at about 200kD under non-reducing conditions and a band running

at about 85kD under reducing conditions. Light scatter analysis confirmed

20 the molecular weight (176.6kD) and revealed that the stable CHO clone-
derived Ang-2-FD-Fc-FD protein, like stable CHO clone-derived Ang-1-FD-
Fc-FD), exists as a homogeneous species.

25  cell supernatant containing recombinant Ang-2-FD-Fc-FD protein was
generated by stably transfecting CHO cells with the Ang-2-FD-Fc-FD DNA
construct described supra. The CHO cell supernatant was analyzed by
standard ELISA using an anti-human IgG antibody as a capture antibody
and an anti-human IgG antibody conjugatéd to alkaline phosphatase as a

30 reporter antibody to quantitate the amount of Ang-2-FD-Fc-FD protein
present in the supernatant. This analysis revealed expression levels of
approximately 1-2 pg/cell/day.
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109%&' () - y 108 dpmakh \s]q prixdication is relatively simple and straight forward using
standard Protein A column chromatography followed by standard size
5 exclusion chromatography. The CHO cell supernatant was purified as
described for stable CHO clone-derived Ang-1-FD-Fc-FD supra and was used

in the studies described infra to further characterize this protein.

- i i f sta -derived Ang-2-FD-

10  protein: Purified stable CHO clone-derived Ang-2-FD-Fc-FD protein was
subjected to standard N-terminal sequence analysis to determine if any
truncated species of the protein were being generated. The analysis revealed
only one N-terminal sequence, Asp-X-Ala-Glu-Val, wherein X is Cys. This
sequence can be found at amino acids 17-21 of Figure 4A, and immediately

15 follows the protein’s signal sequence corresponding to amino acids 1-15 of
Figure 4A.

1: lone-deriv ng-1-FD-Fc- -
~FD-F¢- ie-2 lation in E 1ls.
20
Assay system: All of the experiments described infra utilized the cell line
EAhy926 (Edgell, C. ]., et al., (1983) Proc. Natl. Acad. Sci. USA §0:3734-3737)
and standard phosphorylation assays and reagents familiar to those of skill
in the art.
25
Angl*- i -deri -1-FD-F¢-FD-
mediated Tie-2 receptor phosphorylation in EAhy926 cells: EAhy926 cells
were stimulated with 0.4 pg/ml Angl* or 0.2 pg/ml or 0.4 pug/ml stable
CHO clone-derived Ang-1-FD-Fc-FD protein. A standard phosphorylation
30 assay revealed that or stable CHO clone-derived Ang-1-FD-Fc-FD was
equivalent to Angl* in its ability to stimulate phosphorylation of the Tie-2
receptor in EAhy926 cells (Figure 17).
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10999& A ) - aiét Ang-1HyFeFD and 2 pg/ml, 4 ug/ml, 8 pg/ml or 16 pg/ml of
stable CHO clone-derived Ang-2-FD-Fc-FD. As shown in Figure 18, Ang-2-
FD-Fc-FD is able to block stable CHO clone-derived Ang-1-FD-Fc-FD
stimulation of the Tie-2 receptor when it is present in at least a 40 fold

molar excess of stable CHO clone-derived Ang-1-FD-Fc-FD.

10

Ephrin ligands:

In previous experiments (Davis et al., 1994, Science, 266:816-819; Gale et al.,
1996, Neuron 17:9-19, Gale and Yancopoulos, 1997, Cell Tissue Research

15 290:227-241), soluble, unclustered Ephrin-Bl-Fc and Ephrin-B2-Fc, which
dimerize at their respective Fc domains and therefore are dimeric with
respect to either the Ephrin-B1 or Ephrin-B2 ectodomain, failed to induce
EphB2 receptor phosphorylation. However, when either molecule was
multimerized by pre-clustering with an anti-Fc antibody, they became

20 potent agonists for the EphB2 receptor, as judged by tyrosine
phosphorylation of the EphB2 receptor in a COS cell reporter assay. Because
multimerization of both Ephrin-B1 and Ephrin-B2 appears to be necessary
for induction of receptor phosphorylation, we theorized that a molecule
that contained tandem repeats of either Ephrin-B1 or Ephrin-B2

25 ectodomains fused to an Fc domain, which would be dimeric with respect to
the Fc domain but which would be tetrameric with respect to Ephrin
ectodomains, might be sufficiently clustered to induce receptor
phosphorylation. To test this hypothesis, the following DNA constructs
were constructed, recombinant proteins produced, and reporter assays

30 performed.
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All of the following nucleic acid molecules were constructed by standard
5 recombinant DNA techniques (See e.g., Molecular Cloning, A Laboratory
Manual (Sambrook, et al., Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY), Current Protocols in Molecular Biology (Eds. Ausubel, et al.,
Greene Publ. Assoc., Wiley-Interscience, NY), sequence-vetified by standard
techniques using an ABI 373A DNA sequencer and Taq Dideoxy Terminator
10 Cycle Sequencing Kit (Applied Biosystems, Inc., Foster City, CA), and
subcloned into either the mammalian expression pJFE14 (Ephrin-Bi-
Ephrin-B1-Fc) or pMT21 (Ephrin-B2-Ephrin-B2-Fc), each with a Kozak
sequence (Kozak, M., 1987, Nucleic Acids Res. 15:8125-8148) at the 5" end to
promote protein translation. The bridging sequences described infra were
15 introduced to provide convenient restriction sites and to give flexibility to
the junctions between the domains, but there is no indication that there is a
very critical nature to these bridging sequences (though varying the length
of the linker in some of these constructs led to some variation in the
amount of protein produced).
20
m . . g B1-F e
Ephrin-B2-F¢ nucleic acid molecules,

(A) Ephrin-B1-Ephrin-Bl1-F¢: The Ephrin-Bl-Ephrin-B1-Fc DNA molecule
25  consists of the coding sequence of the ectodomain of Ephrin-B1 (Davis et al.,
ibid.), which corresponds to nucleotides 1-711 of Figure 14A-Figure 14B,
followed by a bridging sequence consisting of the amino acids Gly-Pro-Gly
(nucleotides 712-720 of Figure 14B), followed by a second copy of the
ectodomain of Ephrin-B1 (corresponding to nucleotides 721-1344 of Figure
30  14B-Figure 14D), except that in this copy of the Ephrin-Bl ectodomain the
signal sequence has been removed. This second copy is followed by a
second Gly-Pro-Gly amino acid bridge (nucleotides 1345-1353 of Figure 14D),
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1 1098 (3§ - ! cdisistopp® ¢odingsequsnce ng (tl)\e ectodomain of Ephrin-B2 (Bergemann
et al., 1995, Mol. Cell Biol. 15:4821-4929), which corresponds to nucleotides 1-
675 of Figure 15A-Figure 15B, followed by a bridging sequence consisting of
the amino acids Gly-Pro-Gly (nucleotides 676-684 of Figure 15B), followed by
a second copy of the ectodomain of Ephrin-B2 (corresponding to nucleotides
10  685-1270 of Figure 15B-Figure 15D), except that in this copy the signal
sequence has been removed. This second copy is followed by a second Gly-
Pro-Gly amino acid bridge (nucleotides 1270-1278 of Figure 15D), followed by
the coding sequence for the Fc portion of human IgG1 (nucleotides 1279-
1977 of Figure 15D-Figure 15E).
15
As with the angiopoietin nucleic acid molecules described supra, the
bridging sequences were introduced to provide convenient restriction sites

and to give flexibility to the junctions between the domains.

20 le 13: Ex i f ta i i ins i
cells,

COS cells were transiently transfected with either the Ephrin-B1-Ephrin-B1-
Fc or Ephrin-B2-Ephrin-B2-Fc nucleic acid molecules described supra using
25 standard transfection techniques known in the art. Two days subsequent to
transfection, the growth medium (DMEM supplemented with 100 U/ml
penicillin, 100 pg/ml streptomycin, 2 mM glutamine, and 10% calf serum)
was aspirated and replaced with serum-free medium (DMEM supplemented
with 100 U/ml penicillin, 100 pg/ml streptomycin, 2 mM glutamine). Cell
30 were grown for an additional three days and then the serum-free medium
containing the recombinant proteins was collected. Recombinant protein

concentration was determined by performing dot blots and comparing the
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described infra.

1-deriv: Ephrij
t i domain

Reporter Assay: COS cells, which endogenously express the Eph family

10 receptor EphB2 (Gale et al., 1996, Neuron 17:9-19), were used in reporter
assays to evaluate the ability of Ephrin-B1-Ephrin-B1-Fc and Ephrin-B2-
Ephrin-B2-Fc to induce receptor phosphorylation. The assays were
performed as previously described (Davis et al., ibid.; Gale et al., ibid.).
Briefly, COS cells were grown to 80-90% confluency in standard growth

15 medium described supra. After growth, the medium was aspirated, and
replaced with serum-free medium (described supra ) for 1-2 hours prior to
treatment with either Ephrin-B1-Ephrin-B1-Fc or Ephrin-B2-Ephrin-B2-Fc
recombinant protein. The cells were stimulated with 500 ng/ml Ephrin-B1-
Ephrin-B1-Fc or Ephrin-B2-Ephrin-B2-Fc for 30 minutes at 37°C, with or

20 without affinity purified human IgG1 Fc-specific goat anti-human antibody
(Jackson Immunoresearch, West Grove, PA) at a final concentration of 17
pg/ml. This antibody is capable of clustering the Fc tagged fusion.
Subsequent to treatment, the COS cells were harvested and cell lysates were
prepared as described in Davis, et al. and Gale, et al., supra. The EphB2

25 receptor protein was immunoprecipitated from the cell lysates using an
anti-EphB2 antisera (Henkemeyer et al., 1994, Oncogene 9:1001-1014).
Immunoprecipitates were resolved by standard SDS PAGE and transferred
to PVDF membranes (Millipore) for western blot analysis. The membranes
were probed with either anti-phosphotyrosine antibody 4G10 (Upstate

30 Biotechnology Institute, Lake Placid, NY) or anti-EphB2 antibodies
(Henkemeyer, et al., ibid.) to determine the extent of EphB2
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Results: Both Ephrin-B1-Ephrin-B1-Fc and Ephrin-B2-Ephrin-B2-Fc were
5 shown to be approximately as active as anti-Fc antibody-clustered Ephrin-
B1-Fc in their ability to induce EphB2 receptor phosphorylation in the COS
cell reporter assay. Furthermore, if either of the proteins were further
clustered with the goat anti-human Fc antibody, they became even more
potent in their ability to induce EphB2 receptor phosphorylation. Figure 16
10 shows the results of this phosphorylation assay.

15: i in-B2- ion
vector,

15 The Ephrin-B2-Ephrin-B2-Fc DNA molecule consists of the coding sequence
of the ectodomain of Ephrin-B2 (Bergemann et al., 1995, Mol. Cell Biol.
15:4821-4929), which corresponds to nucleotides 1-675 of Figure 15A-Figure
15B, followed by a bridging sequence consisting of the amino acids Gly-Pro-
Gly (nucleotides 676-684 of Figure 15B), followed by a second copy of the

20 ectodomain of Ephrin-B2 (corresponding to nucleotides 685-1270 of Figure
15B-Figure 15D), except that in this copy the signal sequence has been
removed. This second copy is followed by a second Gly-Pro-Gly amino acid
bridge (nucleotides 1270-1278 of Figure 15D), followed by the coding
sequence for the Fc portion of human IgG1 (nucleotides 1279-1977 of Figure

25  15D-Figure 15E). This molecule was subcloned into the HindIII and Notl
polylinker sites in the expression vector pRG763 and was designated
pRG763-m(Ephrin-B2)2-Fc. As with the angiopoietin nucleic acid molecules
described supra, the bridging sequences were introduced to provide

convenient restriction sites and to give flexibility to the junctions between

30 the domains.
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@ AA* CqDt DI m petri- plates were seeded wuh CHO-K1/E1A cells at a density of 4
X 106 cells/plate. Plating media was Gibco Ham’s F-12 w/10% Hyclone Fetal
5 Bovine Serum (FBS) + penicillin/streptomycin and supplemented with
glutamine. The following day each plate was transfected with 6 pg of
pRG763-m(Ephrin-B2)2-Fc using Gibco Optimem and Gibco Lipofectamine
in 12 ml volume, following the manufacturer’s protocol. Four hours after
adding the transfection mix to the cells 12 ml/plate of Optimem w/ 10%

10 FBS was added. Plates were incubated at 37°C in a 5% CO, incubator

overnight. The following day the media was removed from each plate and
25 ml expression media (Gibco CHO-S-SFM II w/ glutamine + 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

15 at 400 rpm in a swinging bucket rotor to pellet cells. The supernatant was
decanted into sterile 1L bottles and purified as described supra.
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to the N-terminal end of a multimerizing component, said
multimerizing component being fused at its C-terminal end to a

second subunit comprising at least one copy of the receptor binding

domain of a ligand.

2. The nucleic acid of claim 1, wherein the receptor binding domains of
the first and second subunits are copies of the receptor binding
domain of the same ligand.

3. The nucleic acid of claim 1, wherein the receptor binding domains of
the first subunit are copies of the receptor binding domain of a

different ligand from the receptor binding domains of the second
subunit.

4. The nucleic acid of claim 2, wherein the first and second subunits

each have one copy of the receptor binding domain of the ligand.

5. The nucleic acid of claim 3, wherein the first and second subunits

each have one copy of the receptor binding domain of the ligand.

6. The nucleic acid of claim 2, wherein the receptor binding domain is

the fibrinogen domain of angiopoietin-1 or angiopoietin-2.

7. The nucleic acid of claim 4, wherein the receptor binding domain is

the fibrinogen domain of angiopoietin-1 or angiopoietin-2.
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group consisting of the EPH family of ligands.

9. The nucleic acid of claim 4, wherein the ligand is selected from the

group consisting of the EPH family of ligands.

10.  The nucleic acid of claims 1 through 9, wherein the multimerizing

component comprises an immunoglobulin derived domain.

11.  The nucleic acid molecule of claim 10, wherein the immunoglobulin
derived domain is selected from the group consisting of the Fc
domain of IgG, the heavy chain of IgG, and the light chain of IgG.

12. A fusion polypeptide encoded by the nucleic acid molecule of claims
1 through 11.

13. A composition comprising a multimer of the fusion polypeptide of
claim 12,

14.  The composition of claim 13, wherein the multimer is a dimer.

15. A vector which comprises the nucleic acid molecule of claims 1
through 11.

16.  An expression vector comprising a nucleic acid molecule of claims 1
through 11, 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 compriées the expression vector of claim 16, in a suitable host
cell.

47



Il 1D s10%& ()-F )f10% & ()-3 FAMO% & ()- #S10% & ()- 910% &

(8 ()-F ) 110%& o
1109 ()- iijejhjijjjkixjuj_@!'! !'"109%0& ()- 10( 10( 12 June 2003
10(9<10% & ()-96s10% & ()- !'D1s$10%D& ()-Y .10% & ()-xjjjoOkk2ll} <) _@!!

| H 310%00R, &k nar@LO%OS () -1 CLOYOOE () - ! M 109%008 () - 10%08L) <
10%% () - | ha 73%nzxg. @ 1000<10%08' () - | HY&O$10%&' () - Stz

I'RYl +- 10%6008&' () - FY(10%0& () - ! QF# 10%00& ()-S!' M3 10%00& () - nnnnoop” pj K@
1009<10%40% & ()- 10%& ()-F 10%& ()-!'0310%J& ()-Y"10%& ()- 100

100 ppqqdrrrz[ <K@ 100L' ' 10% & () - $10%& ()- 10%né& ()-!; 10%& ()-'D
109%& () - ! 181 0% A& Habt-¥éGos bystérat SHEd®n 17, wherein the suitable host cell is a

bacterial cell, yeast cell, insect cell or mammalian cell.

19.  The host-vector system of claim 17, wherein the suitable host cell is

E. coli,

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

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

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

23. A nucleic acid encoding a fusion polypeptide wherein the fusion
polypeptide comprises more than one copy of the receptor binding
domain of a ligand in tandem, and wherein either the N-terminal or
the C-terminal receptor binding domain is also fused to a

multimerizing component.

24.  The nucleic acid of claim 23, wherein the receptor binding domains

are fused contiguously.

25.  The nucleic acid of claim 23, wherein the ligand is not a member of
the EPH family of ligands.

26.  The nucleic acid of claim 24, wherein the ligand is not a member of
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the fibrinogen domain of angiopoietin-1 or angiopoietin-2.

29,  The nucleic acid of claims 23 through 28, wherein the multimerizing

component comprises an immunoglobulin derived domain.
30.  The nucleic acid molecule of claim 29, wherein the immunoglobulin
derived domain is selected from the group consisting of the Fc

domain of IgG, the heavy chain of IgG, and the light chain of IgG.

31. A fusion polypeptide encoded by the nucleic acid molecule of claims
23 through 30.

32. A composition comprising a multimer of the fusion polypeptide of
claim 31.

33.  The composition of claim 32, wherein the multimer is a dimer.

34. A vector which comprises the nucleic acid molecule of claims 23
through 30.

35.  An expression vector comprising a nucleic acid molecule of claims 23
through 30, wherein the nucleic acid molecule is operatively linked

to an expression control sequence.
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A host-vector system for the production of a fusion polypeptide which

comprises the expression vector of claim 35, in a suitable host cell.

The host-vector system of claim 36, wherein the suitable host cell is a

bacterial cell, yeast cell, insect cell or mammalian cell.
The host-vector system of claim 36, wherein the suitable host cell is E.coli.

The host-vector system of claim 36, wherein the suitable host cell is a COS

cell.

The host-vector system of claim 36, wherein the suitable host cell is a CHO

cell.

A method of producing a fusion polypeptide which comprises growing cells
of the host-vector system of claims 36 through 40, under conditions
permitting production of the fusion polypeptide and recovering the
polypeptide so produced.

A nucleic acid according to claim 1 or 23 which is substantially as

hereinbefore described with reference to any one of the foregoing Examples.

A polypeptide according to claim 12 or 31 which is substantially as

hereinbefore described with reference to any one of the foregoing Examples.

A composition according to claim 13 or 32 which is substantially as

hereinbefore described with reference to any one of the foregoing Examples.

A vector according to claim 15 or 34 which is substantially as hereinbefore

described with reference to any one of the foregoing Examples.

A host-vector system according to claim 17 or 36 which is substantially as

hereinbefore described with reference to any one of the foregoing Examples.

A method according to claim 22 or 41 which is substantially as hereinbefore

described with reference to any one of the foregoing Examples.
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