- (54) '"title: ANG OPO ETI N RELATED PROTEI N AND NUCLEI C ACIDS (57) Abstract
The present invention provides for an isolated nucleic acP8Avetecd08
encodi ng AR-2. The invention further provides isolated AR-2 protein
substantially free of other proteins. The invention further provides a host
vect or systglrﬁof er he production of AR-2 and a nmethod of producing AR-2.
The inventi U] provi des an antibody which speci fi cal | y PETAS80/%8812 and a
conposition conprising AR- ust 2003 WO 00/ 52167 PCTI USOO' 03381.
ANG OPQOI ETI N- RELATED PMFNE%ND‘*%%QEIR@TEAM% WEESUAREASt t his application
vari ous publications are referenced. The disclosures of these publications
in-their entireties are hereby 5 incorporated by reference into this
?Pg: | cat Fﬂgg%geww afDlidhfoR" Pafls IgUtItktiBRs’ Ble! RieftI¥A! 1Thd 0 the
dxsclosures of these publications in their entireties are hereby

5 mcorporated by reference mto '(hIS appllcatlon

INTRODUCTION

The p'res'ent invention relates generally to the field of genetic

\-) 10 engineering and ‘more particularly to genes for receptor tyrosine
kinases and their cognate Iigands, their insertion into recombinant DNA
vectors, and the hroduction of the encoded proteins in recipient strains
of microorganisms and recipient eukaryotic cells. More specifically,
the present invention is directed to a novel factor which is related to

. 15 the angiopoietins and may be a regulator of angiogenesis. The novel

factor is designated AR-2, (Angiopoietin Related-2) and the present
invention is directed as well as to methods of making and using the -
novel factor. The invention further provides 'nucieic‘\ acid sequences
encoding AR-2, and methods for the production of the ﬁucleic acids and

: } 20 the gene products. The novel AR-2 is believed to be a regulator of
angiogenesis and thus the factor, as weli as nucleic acids encoding it,
may be useful ih the diagnosis and treatment of certain diseases such
as neoplastic diseases invoiving tumor angiogenesis, wound healing,
thromboembolic diseases, atheroscierosis-and- inflammatory diseases.

25
BACKGROUND OF THE INVENTION

The cellular behavior responsible for the development, maintenance,



10 engineering and nore particularly to genes for receptor tyrosine kinases
and their cognate ligands, their insertion into reconbi nak? Aoskst 20881t or s,
and the production of the encoded proteins in recipient strains of
‘nicroorganiﬁps and_recipi ent eukaryotic cells. Mre specifically, the -
present i nvBMPGHTs directed to a novel factor which is r BCAUSBIA38ILS ¢ he
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desi gnated AR-2, (‘Angi opoietin I"at ed- e pr i nvention is

directed gsameldy &steroeimbhosignafs meinvegeandiaigragth hfactoay eind atk@ar The
invention further provides nucleic acid sequences encoding AR-2, and
met hods f digansgs pnddihrir orceptarae Tingc Feteptars doeakba2ed tdre theneelpr oduct s.

The novel AR-2 is _ believed to he a regul ator of angi ogenesis and thus the
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The cel I ul ar behavi or responsi ble for the | nt enance, 1 29
August 2002spOnaNP 2EAE, RSTMEN0 503 3%biangnd epdbngabrili fdadjastmeantdrcel | s
and tissues Is regulated, in large -part, by intercellular - -signals conveyed
 via grow reglidainigenen@xpressian. |Separds randptarsi asseciatrbrwith Thariows ept or s -
are located on the cell ~surface of responding cells and  they bind peptides
or pol ypeftgliSuriagesuinay pindhsreciic: srewils 1@tersas ot her hor none-1i ke

i ganq The results of this interaction are rapid biochem cal changes in
t\gez responding cells, as well as a rapid and a | ong-termreadjustnent of

o
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kinases is one of ‘the key modes by which signais are trénsduced écrosé
the plasma membrane. Several currently known 'pfotein tyrosihe kinase
genes encode transmembrane receptors for po!ypeptide growth factors

15 and hormones such as epidermal growth factor (EGF), insulin, insulin-
like growth factor-i (IGF-I), plate'[et derived growth.factors (PDGF-A
and -B), and fibroblast growth factors (FGFs). (Heldin et al., Cell
Regulation, 1: 555-566 (1990); Ullrich, et al., _Ce!l,'\61: 243-54 (1990)).
In each instance, these growth factors exert their action by binding to

20 the extracellular portion of their cognate receptors, which leads to
activation  of the intrinsic tyrosine kinase present on the cytoplasmic
portion of the receptor. Growth factor receptors 'of endothelial cells
are of particular interest due to the possible invoivement of growth |
factors in several important physiological and pathoiogica! 'processes,

25 such as vasculogenesis, angiogenesis, atherosclerosis, ‘and
inflammatory diseases. (Folkman, et al. Science, 235: 442-447 (1987)).
Also, the receptors of several hematopoietic growih factors are

tyrosine kinases: these include c-fms, which is the colony stimulating



cell surfaces may bind specific growh factors. 10 The phqgsphoryl ation of
tyrosine residues in proteins by tyrosine kinases is one28f"‘,"—l‘£’|‘1'i§t3&%3 nodes
by which signals are transduced across the plasma nenbrane. Several _
currently l\gg Bfr otein tyrosine kinase genes encode transnmenbrane -
receptors f \a@ W¥heptide gromth factors 15 and hor nones sBERUSH/@Hider mal .

gromh fa ( kRS UL} i i | ke. A f -1 = b )

pl at el et g%ﬂo&egqg?rog\ﬂi ﬂéfggtg {)rr‘ s&?gli)talr—b%ik’ gﬁd%-’%%?gngﬁfﬁr oabrfdag: kg’r St h
factors (p@Emitive( Helntatopeletid . groGahl fadRegulediebedy. rdpoRed- HH6HGAREO) 6t
Ulrich, et al., Cell, 61: 243-54 (1990)). In each Instance, these growh.
factors exdntCelei63:a225d@8 HYJ9BOhding to 20 the extracel lular portion of -
their cognate receptors, which leads to activation - of the intrinsic
tyrosi ne ki nase present on the cytoplasmc portion of the receptor. Gowth

fact . hel | al | | s f,. ticul i nt t d t

the podst I ThoePRs-BACSBE kPianes hiwe: BFet abBled il evpliieary ¢ '°
physi ol 09'S@J@'famﬁlﬁbaoaéé@cpgﬂﬁ%epE:gﬁ%fﬁ%fistigf’sﬁ%fhéés of Ak %ﬁ?g@hﬁ’ins.
angi ogenesi s, atherosclerosis, and 1nflammatory di séases. (Fol knan, &t at.

Science, ZBHricHA2t44l C2RSBN) 243650 (199T) Febt SUBIAilseYfiolide, EGF
hemat opoi etic growh factors are tyrosine kinases; these include c-fns, ,
which is tReepBIrdike tinase afsuhglasd) Aandsinsedios revepiordikes irgse US00/ 03381

factor 1 reCﬁglt@or, gerr, (§\t/\Mi"| Cell, 41: 665-676 (1985), and c-kit, 'a
pri m ti ve (REAEESBol &t $2CH Fuivhish Gaitains: sppeatade for@@grHsHaYsIgINet  al . |
Cell, {83 (22533, ) ; e.: | he ki have.been. di vi ded
|g'g) é\glol Jﬁoﬁggﬂ%gggf g]mipggseﬁtggggmgl%?t %@ﬁ!aa&?ﬂi@?a"&@&&%ﬂ%‘ of
their ect odgin 1§ -alsd UduhidChh 1Bk BktrabBliliar ddomathd of k2 ¥Phlikeuch
subfam |ies include, EG- _
kinases. Hirai, et al., Science, 238; 1717-1720 (1987); Lindberg, et al.
- Mol. Cell. Biol., 10: '6316-24 (1990); Lhotak, et al., Mol. Cell. Biol. 11:
2496-2502 (1991). PDGF receptors as well as c-fms and c-kit receptor
15 tyrosine kinases may be grouped into subclass Ili; while the FGF |
receptors form subclass V. Typical for the members of both of these
‘subclasses are extracellular folding units stabiliz',ed by intrachain
disulfide bonds. These so-called immunoglobulin (Ig)-like folds are
found in the proteins of the immunoglobulin superfamily which contains
20 a wide variety of_ other cell surface receptors having either cell-bound
- or soluble ligands. Williams, et al., Ann. Rev. Immunol., 6: 381-405
(1988).

Receptor tyrosine kinases differ in their -specificity and 'aff.inity. In
25 general, receptor tyrosine kinases are glycoproteins which consist- of -

(1) an extracellular domain capable of binding the specific growth

factor(s); (2) a tfaqsrr)embrane domain which usually is an alpha-

helical portion of the protein; (3) a juxtamembrane domain where the



receptor-1like kinase (subclass 1) and insulin receptor-like kinase
(subclass 11), each of which contains repeated honol ogousZ2{5gest@B03i ch
sequences in their extracellular domains. A single cysteine-rich region is
al so found in the extracellular domains of the eph-like kinases. Hrai- ‘et
al ., Scienc®O%48671717-1720 (1987); Lindberg, et al. Mol PcCalsboossitol .,

10: 6316- : t L., Mol. -Cell. Biol, 11:. 2496-2502 (1991).
PDGF receﬁ%gga@?%g}nv\%}l_ :B%agg%qlgf‘ﬁsfgﬁd &Iki Prc_cﬁgg‘eﬁﬁf??pﬁgr)'t}?tﬂ%’i a% Ri nases may
be groupedvyisdipes S T idne F P ' upc] ass | V.
Typi cal fory thgen’gﬁ%grésggf‘ﬂdé%t%ﬁ%dp t'%iggg gjﬁrﬁgggeé&g?gﬁgéﬂozc@ﬁ ul ar o
f ol di ng uniecepsdrbamnd Zﬁ?" aycamioxgeraiinal dasulvhiche ibaRdpy desRosoigal | ed
i mmunogl obulin (1g)-like folds are found in the proteins of 'the
i.munogl obOMPlYesh jerregegnitiothiase dimdingnof Zbeasubsieates: fet thef tysosiae cel |
surface r cegt,ors havi ng either cell-bound or soluble Iigands. WIIi ans,
et al.> AfHM@REy. "I munol ., 6: 381-405 (1988). Receptor tyrosine kinases
differ in their specificity and affinity. In 25 general, receptor tyrosine
ki nases are gl ycoproteins which consist of (1) an extracellular donmain
capabl e of pkjgagd | fag: : N rane
domai n V\hiz*hUdl%Egﬁ §Gg§§‘ia¥'ﬁ%{é6ﬁ3?{}ﬁ\é\%ﬁ%|%ﬁgﬁé ?n”do%ﬁ@a{é‘r'%tr%ﬁ?g(% a
j uxt amenbrgevee qoomiotener polyadeRylafioAugitied HOE@3 b¥ENOR Y 16@ ¢ WaRRbRB381
_receptor may be regulated by, e.g., protein phosphorylation; (4) a tyrosine
ki nase dorf¥i Rr@HGINg| $evarak distinatapolypeptidesdnomothea lsame egepe.or Thesel (5) a
carbo>§yterm' nal {.@l | which in many receptors is, involved in recognition

eg 5}

and) bi'di RPIEPeRHLeR JBRY 1k 8ia% 4ot FRNtAY $he nearioys, dognains  listed above.

As a consequence, some extracellular domains may be expressed as

separate, secreted proteins and some forms of the receptors may lack
the tyrosine kinase domain and contain only the extracellular domain
inserted in the plasma membrane via the transmembrane domain plus a

15 short carboxyl terminal tail.

A gene encoding an endothélial cell transmembrane tyrosine kinase,
originally identified by HT-PCR as an unknown tyrb§ine kinase-
homologous ¢DNA fragment f.ro‘m human leukemia célls, was described
20 by Partanen, et al., Proc. Natl. Acad. Sci. USA, 87: 8913-8917 (1990).
This gene and its encode‘d protein are called “TIE" which is an
abbreviation for "tyrosine kinase with lg and EGF homology domains.”
Partanen, et al. Mol. Cell. Biol. 12: 1698-1707 (1992). |

25 It has been reported that tie mMRNA is present in all human fetal and
mouse embryonic tissues. Upon inspection,-tie message has been
localized to the'ce:lrd_iac and vascular endothelial cells. Specifically,

tie mRNA has been localized to the endothelia of blood vessels and



O Processes such as alternative exon- spI|C|ng and alternative choi ce of
gene pronoter or pol yadenyl ation sites have been reported2f fugest@iBabl e of
producing several distinct polypeptides fromthe same gene. These |o

pol ypepti de SR may not.contain the various domains |isted above. “As a
consequence%v ns'é%rgxtracel | ul ar domai ns may be expressed aFCTd&EsPHEEE,
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“termnal tail. A gene encoding an endothelial cell transnmenbrane tyrosine
ki nase, ordegaempmg odenanfiofiitley &7d RERnakatam disknewn tskirosioends.nase
honol ogous. ¢cDNA fragment from human | eukemi a cells, was described 20 by
Part anen, &Orﬁpne”P%@' Ripod 8Ak s2h48s2P55 ({$R9237: Tiags 3hgdhIEs( have)heerhi s

ene and its _enc tein re called 'TIE i.ch s, an abbreV|at|onfor
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Cell. Biol 8 : L. . n i's
present | nda !?ﬁ‘ﬁné fr%eta 3%)‘ rr%(ﬁs%e tféﬁgﬁgoﬁﬁg %‘Z@%@ Sﬁ'ﬁg’ F‘?@%Qgﬁ\één
tie nessagef d@ﬁ@ndlsb%éé' 2i5¢h tay tdigh e Cfbﬁﬁoéﬁﬁwa?%'hé‘é:se”dm hel i al
cells. Specifica tie nRNA has been localized to the endothelia of

" bl ood vessatbemﬁbiar@SA@gmistaabﬂﬂsV\O 00/ 52167 PCT/ US00/ 03381 endocar di um

of 9.5 to 18.5 day ‘ol d nbuse enbryos. .Enhanced tie expression was shown
during neovascul ari zati on associated with devel oping ovarian follicles and

?(rlgggl) ! O{}'Sv% thcH%tEEalﬁ«k Iaﬁ‘égﬂ%ﬁ TIETRYUNE: oibtdths FadebhE9% r%%%%tezd%S
to be encoded by distinct genes with related profiles of expression. '
One gene, telrmed' tie-1, is the rat homolog of human tie. Maisonpierre,
et al., Oncogéne 8: 1631-1637 ("1993). The other gene, tie-2, may be the
rat homolog of the murine tek Qene which, like ﬂ_@, has been reported to
i5_ be expressed in the mduse exclusively in endothelial cells and their
presumptive progeniiors. Dumon;t,‘et al. Oncogene 8: 1293-1301 (1993).
The human homolog of tie-2 is described ‘in Ziegler, U.S. Patent No.
- 5,447,860 which issued on Septembér 5 1995 (wﬁerein it is referred
to as “ork™, which is incorporated in its.entiréty herein.
20 | | '
Both genes were found to be widely expressed in endotheﬁal cells of
embryonic and postnatal'{issues. Significant levels of tie-2
transcripts were also present in other .err’_]bry'onic cell populations,
including lens epithelium, heart epicardium and regions of mesenchyme.

25 Maisonpierre, et al., Oncogene 8: 1631-1637 (1993).

The predominar_lt expression of the TIE receptor in vascular endothelia

suggests that TIE plays a role in the development and maintenance of



5 suggested to play a role in angi ogenesis, which is inportant for

devel oping treatnents for solid tunors and several other &h4LausRe83 s-
dependent di seases such as diabetic retinopathy, psoriasis,
atherosclera@hﬁlgﬁg arthritis. 1o Two structurally related rat TIE receptor
protei ns hav 8 reported to be encoded by distinct gen®ETMSPHOBH| at ed

fil - i e . ie-1 is th homol og of
Punan ©1e. T, et Bystel® AH0€ ol Efde Toles. i sntforbgig oo™ ©
ot her. gene detégnihatiory BeolifeeatibAl dNEEPLRGaHbn Qﬁdméfén”ﬁ‘n{?gﬁtiSE”ﬁS\seq“ ch,

like tie, has been reported to 15 be expressed In the nodse exc vely in
endot hel i apatierhingaimtot h@scular ejonmeintye AhageRist of SmoldaDeinbreds al .
Oncogene 8:, 1293-1301 1993%. The human honol og of tie-2 is described in
Zi egl er, udsficiitet. N&E-2 #lustrates dtswimpleriasisee dn oangmgenesis, 5, 1995 -
(whereip it if qefergﬁg to gg "ork"%, which is incorporated in its -
entirety hBALTGUIaEY KN: yaseHiy Retwork fREmagopeiny erugtheliph cealisd i Hato,
endot hel i al gel f Y & 13 atgl . | . Sitgnificant |evels
of tio2 transet e NEEPEERLT0SE (8BS0 B the SBHERe.RpEar RSRtem,
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pr edoni nanrespquses $0 grathbgehic Thifuermmspt or i n vascul ar endot hel ia suggests
that TIE plays a role in the devel opnent and nmi ntenance of 5 29 August
2003 WO 00/ 52167 PCT/ US00/ 03381 the vascul ar system This could include

o BRI e 6 S A il Bl i
Engt ogonosr gt bfis &Hd ' slidset o H@ak%ﬁoé;}t% RS’ YRS Sulglesting the
' role of ligands which bind these receptors in early hematopoiesis, in
the differentiation and/or proliferation of B cells, ahd in the N
megakaryocytic differentiation pathway. Iwaha, et al. Biochem,
15  Biophys. Research Communications 195:301-309 (1993); Hashiyama, et

al. Blood 87:93-101 (1996), Batard, et al. Blood 87:2212-2220 (1996).

Applicants'pr_eviously identified an angiogénic'fac’ﬁgr, which was
originally'called TIE-2 ligand-1 (TL1) but is also referred to as

20 angiopoietin-1 _(Ang1), that signals through the TIE-2 receptor and is
essential for normal vascular devetoﬁment in the mouse. By homology
screening applicants have also identified an Ang1 relative, termed TIE-
2 ligand-2 .(TL2) or angiopoietin-2 (Angz), that is a naturally occurring
antagonist for Ang1 and the TIE2 receptor. For a descriptiohn of the

25 cloning and sequencing of TL1 (Ang1) and TL2 (Ang2) as well as for
methods of making and uses thereof, reference is heréby made to PCT
International Publication No. WO 96/11269 published 18 April 1996 and
PCT Internationéf .Pu—blication No. WO 96/31598 published 10 October



5 particularly for vascular network formation in endothelial cells. Sato,
T.N., et al., Nature 376:70-74 (1995). In the mature vasc&P 9432083 the
TIEs could function in endothelial cell survival, naintenance and response
to pat hoger\'gﬁ&ilnfl uences.. 10 The TIE receptors are also expressed in -
primtive h 98;887 etic stem cells, B cells and a subset BETHEYHRIMyocytic

I1's, th : L f 1l ~which bind th 0[S |
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* ' Hashi yanty egference.’ Bioebhs8rcdoflAhgl 10880es Batevedvastuiar - Bl ood
- 87:2212-2220 (1996). Apﬁ'lail cants' previously identified an angi ogenic
factor, waOProeditiesigi e develgpirg Mogse émberd- 1C.( But), étual.j Call 83;
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h | d i i |so identifi.ed Angl | atiy
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as wel | aghéocomiindiiars of sh‘a&ltageansllyuaeﬁnghahgi@i‘gerﬁ@fﬁgﬁﬁﬁﬁ. i s hereby
made to PCT International Publication No. WO 96/11269 published 18 April
1996 and PCT International- Publication No. WO 96/ 31598 published 10

of PobBno/PISKRIShEVE | ReavioUsH cldeniipcs a ATy, of ceovaral eptechz:
QTS i L A R S DN o (R o A A
nouse enbrtso KefelPudi to @fs @ngiof&tetindy:(Ang1); TIE-2 ligand-2 (TL2) or
| angiopoietin-2 (Ang2); Tie ligand-3 (TL3) and Tie ligand-4 (TL4). For
‘descriptions' of the structure and functional properties of these four
15 ‘relat-ed factors, reference is hereby made to the following publications,
each of which is hereby incorporatéd by reference: U.S. Patent No.
5,643,755, issued 7/1/97 to Davis, et al; U.S. Patent No. 5,521,073,
issued 5/28/96 to Davis, et al.; U.S. Patent No. 5,650,490, issued
- 7/22/97 to Davis, et al.; U.S. Serial No. 08/348,492, filed 12/2/94, now
20 allowed, date of allowance 8/29/97; U.S. Serial No. 08/418,595, filed
4/8/95, now allowed, date of allowance 11/26/96; U.S. Serial No.
08/665,926, filed 6/19/96, now allowed, date of allowance 12/9/97;
PCT International Application No. PCT/US95/12935, filed Oct. 6, 1995;
published on April 18, 1996, with Publication No. WO 96/11269; and
25 PCT International Appiicatioh No. PCT/USQB/O#BOG, fited April 5,
1996, published on October 10, 1996, with Publication No.
W096/31598, both PCT applications in the name of Regeneron
Pharmaceuticals, Inc.



5 1171-1180 (1996). Angl and Ang2 provide for naturally occurri % ositive
and negative regulators of ' angiogenesis. Positive or neé%t‘\PQ%St p@gul ation
of TIE2 is likely to result in different outconmes depending on the

conbi nati on of sinmultaneously acting angiogenic signals. |o Applicants have -
previ ousl y W8Hi21¢7 ed a fanm |y. of several ‘related angi ogecu/osdoasisors.
These have been designated TIE-2 ligand-1 (TL1) also referred to as .
angi opoietin-1 (Angl); TIE-2 ligand-2 (TI-2) or angiopoietin-2 (Ang2); Tie
ligand-3 (TL3) and Tie ligand-4 (Tl-4). For descriptions of the structure
and functional properties of these four' 15 related factors, reference. is
~ hereby made to the foll ow ng publications, each of which is hereby
‘incorporated by reference: USBJMMMhOFWEIP&VIBN’BLCX%S, i ssued 7/1/97 to
Davis, et al.; US. Patent No. 5,521,073, issued 5/28/96 to Davis, et ‘al.;
U S. Patent No. 5,650,490, issued 7/22/97 to Davis, et al.; U'S. Serial

No. 081348.492. filed 12/2/9 0 all d, . f all ' 8/ 29/ 97;
U S Seria hq\kpreglgln igV%@éO progfgdve@/ 3?@% Q%X‘\ﬁpg?‘ﬂghgagn'@élﬁﬁi\?&%% owance

11/ 26/ 96; &*pﬁé 6 : daj e of
al | owance 1 ?lﬁé“ﬂgéﬁ)lo& gﬁ{r\egt ErooﬁélﬁT TI caﬁ%ﬁ{'aﬁ alggTPﬁébg%\gd@é gﬁfl | ed
Qct. " 65 198BlateduiidisitedcRn rﬁ@ébhlel%ncba ARID Pphéiieatdtea MacleMOacid -
96/ 11269; and 25 PCT International Application No. PCT/US96/ 04806, :
filed..AprinkyHhe DI‘M,Gchlfbldrsﬂmﬂ.oﬁ'h@cmbetiod(lalsd&ﬂﬁvideistfrmrFallwle'ctca't i on No
W)96/31598 bot h PCT applications_ in the name of Re%eneron
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Ci:)THE lNVﬁ'\g tion further provides for a host—vector system for the production

in a suitable host cell of a polypeptlde having the biological activity of
10 AR-2. The su:table host cell may be bacterial, yeast, insect or
mammalian. The invention also provides for a method of producing a _
polypeptide having the biological actNity of AR-2 whidh comprises
growing .cells of the host-vector -systerh' under conditions pérmitting
production of the polypeptide and recovering the polypeptide so
15 -produced.l ' ' | '
The invention herein described of an isolated nucleic acid molecule
i) encoding AR-2 further provides for the development of the ligand, a
| fragment or derivative thereof, or another molecule which is a receptor
20 agonist or antagonist, as a therapeutic for' the treatment of patients
suffering from disorders involving cells, tissues or .organs which
express th‘e AR-2 receptor. The present invention also provides for an
antibody which specifically binds such a therapeutic molecuie. The
antibody may be monoclonal or polyclonal. The invention also provides
25 for a method of ‘using such a monoclonal .or polycional antibody to

measure the amount of the therapeutic molecule in a sample taken from



The present invention provides for. a conposition conprising. AR-2
substantially free of other proteins. The invention al so BP%MBH@Q(}Q& an 5
i sol ated nucl eic acid nol ecul e encodi ng AR-2. The isol ated nucl ei c-acid

may be DNA, ¢DNA or RNA. The invention al so. .provides for a .vector -
conpri sing #P468164t ed nucl ei ¢ aci d nol ecul e encodi ng AR- 2 PCT/UBDE03381

I nvention further provides for' a hgost-vector systemfor the production in
a sui t abl e@hBRY¥ER[T BHIRPSRS PhpeNHeringViNgg COUESEioh| 1H§TRRY. activity of . 1 o
AR-2. The suitable host cell may be bacteria], yeast, insect or' '
manmal i an. The i nvention al so provides for a nethod of producing a _
pol ypept i dgnhBaytdkbitnmRinbloRd At rﬁBWd‘é‘st Yol \Bnfibp Cwmﬁmﬁeﬁﬁﬁcalﬂf ow ng
cells of the host-vector system under condi-tions pernitting roduction of

t he pol ypepiriddeA&Ra8. r Thevantivtgiyt ey dbeypepociimat orlpolytihatedThdd ehe

i nvention herein described of an isolated nucleic acid nolecule encoding
AR- 2 f ¥ t hEwention dedheorprovidateier apomaposibionsheomprisidg an andigodpt or
derivative thereof, .or anpther | ecul.e which is a receptor 20 agoni st or
ant agoni stwhéfg"-a?‘.ﬁeﬁgl'cé‘&!u |r@esf @@?h@nfjr BaY®RIGe of . patients suffering from
di sorders involving cells,-tissues or .organs which express the AR-2
receptor. The present invention also provides for an antibody which

speci fi cal THebim@sntiowe iy [ i il . ihe

-monocl onal or pol ycl onal @hérﬂgfr?g?éétr?t %@gﬁg&%lggég%%mgébw péwﬁrryetlﬁo% of

usi ng suchvehictmocToaahventiopoilgol prviidestiobedynéthodneagegyaldting anount  of
the therapeutic nolecule in a sanple taken from8 29 August 2003 WO

. 03}(:'/6‘)521163/ PERZIOSEOLSER N & Nrtigndnby fREMpisieskigs aof effeptiveramgunhefcaur se of
t her

apy. The present invention,al so provides ,for an anti body which
speci ]E)?lcaj F?m%OSI on ‘clon'\llpnsﬁg AR-3%P4 \\/!:EHIC?G. ! y vl

Alternatively, the invention provides that AR-2 may be bonjUgated to a -
cytotoxic agent and a composition prepared therefrom.
15 _ |
Biologically active AR-2 may be use‘d to promote the growth, survival, .
: migrétion, and/or differentiation and/or. stabilization or

destabilization of cells expressing its receptor. Biologically active

AR-2 may be used for the in_vitro maintenance of AR-2 receptor

o 20 exp'ressing cells in culture. Alternatively,” AR-2 may' be used to support
~celis which are engineered to express its receptor. Further, the AR-2
and its receptor may be used in assay systems to identify agonists or

antagonists of the receptor.

25  BRIEF DESCRIPTION OF THE FIGURES

FIGURE 1A-1B - Nucieotide and deduced amino acid (single letter code)

sequences of TIE ligand-3. The coding sequence starts at position 47.



bi nds AR-2. The antibody may be nmonoclonal. or polyclonal. Thus the 5

i nvention further provides for conpositions, conprising aﬁgéﬂﬂguﬁé’@% whi ch.
specifically binds AR-2 and a vehicle. The invention further provides for
~conpositions conprising AR-2 in a vehicle. The invention al so provides for -
a method ofwoegsiiati ng | o angi ogenesis in a patient by adnpoisbeisig an
effective anount of a conposition conprising AR-2 in a vehicle. :

Al ternativEhg, fibfiaogandike slorpaioyisteds t Atposkion n@g8be conj ugated to a
cytotoxi ¢ agent and a conposition prepared therefrom 15 Biologically
active AR-2 may be used to pronote the growh, survival, mgration, and/or

- differenti d/ (] | id LLL Zat 4o I :
expr esei ng 48 FozepamPaith of Ay Beid FERRGeR S TE LBarE Ertie 1 o
vitro mai nienasse. oﬁwMﬁSZ—rmeBthm@@seeMQ@haga %Ahgzx I—nhwhwmman
. Alternatively," AR-2 may be used to support I's which are engineered to
express it §1H digapdef;. hAngt hehTLithe RN 'Elrﬁzlzllt@nrdace'p}}\nm naymbe used in
assay systens to_jdentify agom sts or _antagonists of the receptor.

. BRI EF DESCROpSPONECE ligand-1t Gomkng? | -coRELd & |nsausa\|J&Ee°oi!ga@daaqdhﬂ@aac=ed

d le lett f. TIE I d- h di
sequence. skt sumea; Tsf ene 256 1Rg ey wsig6F soderlpennssithase s
- The fibri FIGURE. 2 - Co f
he bt eque'nésggswﬁrﬁg@ § P By P, FORE2 - Comparson o
TIE ligand-3; hAng4 = hTL4 = human 5 TI E li gand-4; hAngl = hTL1 = hunman

TIE-2 ligandl; mAngl = nifL1 = nouse TIE-2 ligand 1; mAng2 = mlL2 = npuse
TA% 2 fa gaFntGUFIE BAﬁ@Q: Nucleotide and deduced amino acid (single letter code)

sequences of TIE ligand-4. Arrow indicates nucleotide position 569.

FIGURE 4A-4B - Nucleotide and deduced amino acid (iriple letter code)
‘sequences of Human AR-1.

15 . .o
FIGURE 5A-5B - Nucieotide and deduced amino acid (single Iette‘r code)

sequences of mouse uterus cDNA library derived AR-2.

-FIGURE 6 - Nucieotide and deduced amino acid (single letter code)

B 20 sequences of AR-2 fibrinogen-like domain.
DETAILED DESCRIPTION OF THE INVENTION

As described in greater detail below, applicants have isolated and

25 - identified a novel factor related to the TIE-2 Iigands- that bind the TIE-
2 receptor. The novel factor is referred to herein as AR-2. The TIE
ligand family members are referred to herein as TIE-2 ligand 1 (TL1)

also known as angiopoietin-1 (Ang1}; TIE-2 ligand 2 (TLé) also known

10



hTL2 = human TIE-2 ligand 2. The underlined regions indicate conserved

regi ons of honol ogy anong the fanily nenbers. 1 o Fl GURE 32ABQust 200 | eot i de
and deduced amino acid (single letter code) -sequences of TIE Iigand-4.
Arrow i ndi cates nucl eotide position 569. FI GURE 4A-4B - Nucl eotide and -

- deduced am WO WHRWH7(triple letter code) sequences of HunmarrcARisboosss Fl GURE
S5A-5B - Nucl eotide and deduced am no acid (single |letter code) sequences

of rouse uBErRRICBRENN-Br@NGerilketiganri 2. EFI RE bganddc| ebre dwvehd
ded d d l.e, | t d .
{1 br | nogentTRE BGHITFSUEIeNAE BEAARIIOR BUCORITRE S RBRMPORS OidSer | bed

.in greatery | pllcants have isolated and 25 - identified a
novel fact oﬁs‘;rvgl ZI@? ?gapﬁg TIE-2 ligands that bind the TIE- 2 receptor.

The novel factor is referred to herein as AR-2. The TIE ligand famly "

menbers are referred to herein as TIE-2 ligand 1 (TL1) also known as

angi opdi et Thelp(esegit )inv@ntior ¢orgprides mdvﬁlmudémoablﬁsmanﬂOtI%r Meg:lmﬁed2003

WO 00/ 52167 FECT/ US%Y 03381 as angi opoietin-2 (Ang2); TIE ligand-3; .and TIE

li gand- 4. FHENQAEH SeLELEBFES.s agxpedt aa tt@qﬁi@m@lla eqUMEIOM NAHADES [ty

im | d Th :
compr | ses MSIEP! ehBrisnit AuEY (oad Pl auBtS SafiABoRE: ALibntRs, as
wel | as fuaﬁdtbﬁmgldry l'd\é%l "c'&nﬁ{ﬁénppn%%bsﬁﬂﬁfcﬁ{g e@mgﬁeﬁ ngefmééwl

occurring alle tions, as we proteins or S conprising
~substituti mlﬁan’@eloétﬂh@@e@bnb@ﬁeébqgéﬁbes MWHAEH Sredhint bfoldgfed]l Q@l‘iinty

sequences, whi ch retain biological activity.

( ) 10, ‘Such variants inciude those in which amino " acid res;dues are
substituted for residues within the seguence resulting in a silent
change. For example, one or more amino acid residues within the
sequence can be substituted by another amino acid(s) of a similar

'polarity which acts as a functional equivalent,' resulting in a silent
15 alteration. ~Substitutes for an amino acid within the sequence may be
selected from other members of the class to w‘hich the amino acid
belongs. For example, the class of nonpolar (hydro_phobic) amino acids
include- alanine, leucine, isoleucine, valine, proline,\ phenylalanine,
tryptophan and methionine. The polar neutral amino acids include -
) 20. glycine, serine, th'r-eonin'e, cysteine, tyrosine, asparagine, and
~ glutamine. The positively charged (basic) amino acids include arginine,
lysine and histidine. The negatively charged (acidic) amino acids

include aspartic acid and. glutamic acid.

25 Also included within the scope of the invention are proteins or
fragments or derivatives thereof which exhibit the same or similar
biological activity as. the AR-2 described herein, and derivatives which

are differentially modified during or after transiation, e.g9., by

11



10. Such variants include those in which am no-acid residues are
substituted for residues within the sequence resulting i n28Asgugi2003change.
For exanple, one or nore amno acid residues within the sequence can be
substituted by another amno acid(s) of a simlar polarity which acts as a
functi onal é\ffﬁ?‘\/%i!%?nt resul ting in a silent 15 alterati on.PCTAS0W8BSL Ut es
for an am np _aci el ected from ot her nmenbers

of the cl ag cpgy@%o&,' ‘PW@QQW' 8%@%%9@%&% ?Qo?neﬁa%?’ TRL I8 of

nonpol ar ( 0 | ) o] | | ci ne,
val i ne, pr?)?ﬂgr Bgﬁﬁgﬁy a@nl ng%n%ﬁon?n%hé’(ﬂfﬁvﬁl ﬁﬁ[%ér:\‘ﬁﬁg Q%? '@apgg
neutral anmilegieds that! siftain ARoddiodticts, RfdiLAMg [NLeARIAE, CySteine,
tyrosine, asparagine, and glutamne. The posi ti veI y charged (basic) am no
aci ds i ncl Udmmc@im'nmewh:clysrmlhrfnbml expdession The aeuarticuédry charged
(acidic) am no aC| ds include aspartic acid and. glutame acid. 25 Al so .
i ncl udéd WedRMbingat shegle s4Ch 1as. i irepratpler d-terenisahsmeihyletiagnwhich or

oo Ve ARDSHLEY st hegtanal e i SED, Boeghion” sustats s Eneona
modi fi ed d%{}?ﬂ%@tg?&@ :ﬁélﬁﬂé' ﬁ"PL{tQHts ‘:r’n%v idhY aHn%gﬁéfﬁglﬁfbs%%i?‘ O,

00/ 52167 ycosyl atron eoI tic cleavage, age "o an

anti body nmizeteulier @ystembemcﬁ@émﬂbafo hm@a@@b sﬁunm offatiey meldcmée Hnd
- ol ecul es al so i'nclude nolecules that contain nmodifications, including

N-t er m nal to ryavent atnvargedwhiadslinking.t* from expression in a particular 5
_reconbi nant host, such as, for exanple, N-term nal nethylation which
ocours n certain bacteri al (e g_ E coli) expression systens. Functional

e torchof PR 8 BRI TehBs b R RE, RS e BRed”
domains; an N-termmal region lacking in homology to any known
structures; an alpha-helical rich coil-coil segment sirni_'lar to motifs

7 found in many proteins that seem to pro'mote muttimerization; and a

15 "fibrinogen-like domain” thus dubbed because it is distantly related to |
‘a domain first found in fibrinogen-but now noted to be in many other
proteins (Davis, S. et al., (1996). Cell 87: 1161-1169). The fibrinogen-
like domain represents the most conserved region 'c\>f the angiopoietins,
and recent studies indicate that _' it comprises the receptor-binding

- 20 portion of an angiopoietin. In addition all the infdrmation that
determines whether an angiopoietin is an agomst or an antagonlst
appears to reside wuthln the fibrinogen-like domain. For example, when

- chimeric molecules are made in which the fibrinogen-like domains of |
angiopoietin-1 and angiopoietin-z are swapped, agonistic or
25 antagonistic abilities track with the fibrinogen-like domains. The N-

| terminal and coii-cqil regions appear to serve mainly to multimerize

the fibrinogen-like domains, which apparently must be clustered to be

active. In fact, the N-terminal and coil-coil regions can be substituted

12



to prevent unwanted crosslinking. 10 -For exanple, the angi opoietins can be
structurally divided into three domains: an N-termnal r@§iAngust@dRBng in
honol ogy to any known structures; an al pha-helical rich coil-coil segnent
simlar to notifs found in many proteins that seemto pronote -
mul timeri zawioosziand a 15 "fibrinogen.-1ike domain" thus debbesdedagsause it
is distantly related to a domain first found in fibrinogen but now noted
to be in nidy byt Rierpaibvei motifDdhrt  alow eelustering.193¢ius, Gdle @Bivities of

1161-1169) ., The f.i [ - like d ' t h . d

regi on of)?Hg'%ﬁg@%&n%&%{l?,ngl'%ﬁ%feﬁg%rrhgrgt re?pggrcfsﬁ ce,rﬁ{r’g's ﬁé?ggte'r\égrrpri ses .
o coropand _ . Cuares -l i P

i or mat | oUiRgRiR T, ARG kCfBhodRndRe! SERARENELT A Hited dpcfit 1
ant agoni st appHased foothe Yorstamtt Rddioh Nes ghbahﬁ@@w}- tadiftis®TRi PD-FOT

exanpl e, when  chineric nol ecules are nade in whi'ch the fibrinogen-I|ike

+ donmai nss of fusiogs opdiich icanl thed Pegilogered | usifg aseconwgrpedntibodiessti ¢ or 25
antagonisti,c abilities track with the fibrinogen-like domains. The N

term nal . aHieeWd ag3instBgi bhs EPcargansrabdescription yoft thenpreduelion &ind he

“fibri en-|ik ' -whi ch i be_.cl d b ive.

In Tt tHEoNDk BERT Aottt cors dBpnaledebubugauge Numbar Wd 12720 -
- August 200g7)Maday @%ﬁ@h@fé&@@é&ﬁﬁéhﬁ . Wsiﬁétﬁlre@%t {é@]rﬁ@&ééﬁoh@a&f
all ow clustering. Thus, the activitires of “angiopoi etin-1" an

angi opoi et sRitI2irc ae begrt PLEGIS By aBleTité kaithilitly SHHKCTI-FT Fukivhs Clisihfethe
fibrinogen-like domains (FD) of these factors are fused to the constant
rqs’?i ont of Ehrinngendile, doprintohdR-2. FODRe practisabrslvamagh afasutihen be
cl-ust ered usi ng secaondary anti bodies | o '

' surrogates is that native angiopoietins can be difficult to produce

recombinantly, while the surrogates can be more easily produced.

‘Thus the present invention encompasses the nuclectide and deduced

15 amino acid seque:ﬁce of the fibrinc_)gen—like domain of AH-.2 as set forth
in Figure 8. As described above, the fibrinogen-liké dpmain can be used
to produce surrogates, such as F_D-'Fc fusions, for the full length
sequence. The surrogaies have the advahtage of egsier' production while
_retaining the biological activity of the full length molecule; In

) 20 addition, to the extent that the amino acid sequence sét forth in Figure -

6 Is identical to the human sequence, it should have the same biological
activity as the human sequ_énCe and the same immunogenic profile when
a composition cdmprising the AR-2 fibrinogen-like domain, ‘br a
derivative thereof, is‘admionistered to a human subject. '

25 _
The present invention also encompasses the nuéteotide sequence that
encodes the protein described herein as AR-2, as well as host celis,

including yeast, bacteria, viruses, and mammalian celis, which are

13



directed. against the Fc. For a general description of the production and-
use of FD-Fc fusions, see International Publication Nunbel9Wigug2043804

publ i shed 24 Decenber 1997. Using these techniques, one of skill in the
art would. be able to simlarly make FD-Fc fusions using the |lo -
fibrinogen-wolestemai h of AR-2. One practical advantage of psHebeo/eSisr 0gat es
is that native angiopoietins can be difficult to produce reconbinantly,

whi | e the gemetigdlyeengaredredny @redsce \ther peitery. by s irhasictivent
“ihvention enconpasses the nucleotide and deduced 15 am no acid sequence of
the fibrindgeaductienddniaatian, AReciregorsdiorn,oor hmicroinjeniicn ef Audeiscri bed
above, the f.ibrinogen-|ike domjn can be used to prqoduce surrogates, such
as FD. Fo faSHoRRCOFHE h?e f-‘f%ﬂ Cﬂeéﬁa%d RRQIR 1B e2 w&oﬂerew&ﬁé@ yestarne
advant age eas|er L O ' ' L Qi he.:hi.0 ' | vity of
the fur 1 hechesent BERENGOH 958 kh omBRb2pE! MigulrBhyof e bydeld e adi o

- sequence sghcddihghARD2 Rhedligh q@déthéfﬁ??'t‘é@hn&ﬁ.@sﬁ@uaﬁf%i§%&%%%g,'t
shoul d have the Sanme biol ogical activity as the hunan sequence and the

- sanme i munisgesxampleofinl BinketrandaEpstginsFABER dorgpB843i85d (T@OAR-Ruzman,

fibrinogen-like domain, or a derivative thereof, is admnistered to a hunman

subj ect . 28! fhe PHAS efMSAh 10682410586 it@¥asses t he nucl eoti de sequence

that encodes the protein described herein as AR-2, as well as host cells,
i ncluding yeast, bacteria, viruses, and manmalian cells, which are 13 29

s ORGSR S st

the protein,” _g. transfec ( ( (
3{; ct rapor ah¢sMpa®sedTONA| dne RNAsauehiéekethat agbddere eslianaH-Deeddding

cribed herein in a suitable expression vector. The present invention
al so enconpaguaice, nundeuctiingest cohditinnsl eTle dovention also provides for
' nucleic acid hybridization probes and replication/amplification primers
| having a AR-2 DNA specific‘ sequence-ahd sufficient to effect épeciﬁc
hybridization with AR-2. 'Demonst_rating specific hybridization
15 generally fequires stringent conditions, fdr éxafnple, hybridizing in a
buffer comprising 30% formamide in 5 x SSPE (0.18 M NaCi, 0.01 M

NaPO,, pH7.7, 0.001 M EDTA) buffer at a terhperatu_re of 42°C and
remaining bound when subject to washing at 42°C with 0.2 x SSPE;
preferably hybridizing in a buffer comprising 50% formamide in 5 X

} 20 SSPE buffer at a temperature of 42°C and remaining bound when subject
_to washing at 42°C with ‘O.2x SSPE buffer at 42°C. AR-2 homologs can.
also be distinguished from other polypeptides using alignment
-algorithms, such as BLASTX (Altschul, et al. (1990) Basic Local
A!ignr_nent Search Tool, J. Mol. Biol. 215: 403-410).

25 '

Thus, a nucleic acid molecule contemplated by the invention includes
‘one having a sequence deduced from an amino acid sequence'of a AR-2

prepared as described herein, as well as a molecule having a sequence

14



5 encodi.ng AR-2 through gene therapy-techniques. such as is described, for
exanpl e, in Finkel and Epstein FASEB. J. 9:843-851 (1995) 29 Gugu#i2003et al .
PNAS (USA) 91:1.0732-10736 (1994). One skilled in the art will also

recogni ze that the present invention 10 enconpasses. DNA and RNA sequerices
"that hybri dveestnsm AR-2 encodi ng sequence,. under stri ngeptT/gspadsdst ons.
The invention also provides for nucleic acid hybridization probes and

- replicati off auplei¢ iaskds dhabhybedizeshivisughaa ARiCieDNackheenfiebcee@nénce and
“sufficient_to effect. specific hybridization with AR-2 . Denpnstrating
specific h@'ﬁﬁ%li“z%fﬁ?’&n 48 BRI ywhighJp r‘g@%}err?%é’ﬁtthéoﬂla?Y? ons, for
exanpl e, hybridizing.i Uff.er QF | S %, [0 ' N 5a%.

(0.18 M Na%?[?deg{%f i ﬁ%&?%ﬁ%;ﬁ@@%%@?e@%ﬁ@&ﬁ? g']r’&’:qé.sgat éﬁé?‘ﬁﬁre
of 42C andwhiciRkg! 419 PAHBIadBCEHe GUEHRE tntOotiRs Pritaan), dedontdrh ghd? X SSPE
preferably hybridizing in a buffer conprising 50%formamde 1n"5 x 20 SSPE

‘buffer zsat rtianpectadnacte hétick Ghamdare nautiichentho uddp Ndetives ubf eht AR-2vashi ng
at 42C with 0.2x SSPE buffer at 42C. AR 2 honol ogs can. also be

di sti ngui stesrrihashhhereiar spoas pepeorfes arsithg mplemerihe samegbialeaiesl such

as BLASTX tschul ,, et al . (1990) Basic Local Alignnent Search Tool, J.
Mol . Biol .ééli‘ﬁfy @@3ttﬂ@§'22§(eﬁﬁﬂg?daﬁﬁfﬁpei c acid nol ecul e contenpl ated by

the invention includes one having a sequence deduced from an ani no acid
sequence of a AR-2 prepared as described herein, as well as a nolecul e

having 2 SsgueRRTlyd 1A9 AHeet iAQBRIYP SRGRMEIECTULIEAS g of nucl el o

acids that h zes to such a nucleic acid sequence, and also a nucleic
a{'gpd semuepgrfiedi miclerx deik mokecal®fcdrhprisingyve seqgleniitkes saguancesul t of t he
genetic code, but which encodes a AR-2 and i

. encoding a AR-2, wherein the nucleotide sequence is selected from the

group consisting of:
(a) the nucleotide sequence cdmprising the coding.region of AR-
2 as set forth in ‘Figur'e 5A-5B;
15 (b) a nucleotide sequence that hybridfzes under stringent
' conditions to the nucleotide sequence of (a); and
(¢) a nucleotide' sequence which ldiffers from the sequence of

(a) or (b) due to the degeneracy of the g'enetic code.

) 20 The present invention further encompasses an isolated nucleic acid
/ molecule comprising a nucleotide sequeni;e encoding the fibrinogen-like
. domain of AR-2, wherein the nucleotide sequence is selected from the
group consisting of: |
(a) the nucleotide sequence comprising the coding region of the
25 fibrinogen-like domain of AR-2 as set forth in Figure 6;
(b) a nucleotide sequence that hybridizes under stringent
conditions to the nucléotide sequence of (a); and

(c) a nucleotide sequence which differs from the sequence of

15



whi ch has an 'am no aci d sequence and other primary, secondary and 5
tertiary characteristics.that are sufficiently duplicati vl Aogust BBORAR- 2
descri bed herein so as to confer on the nol ecul e the sanme bi ol ogi cal
activity as the AR-2 described herein. Accordingly, the present invention
enconpasseswanosselated and 1o purified 'nucleic acid nol geghRe@RBERT 1 Si Ng
a nucl eoti de sequence encoding a AR-2,. wherein the nucl eotide sequence is

selected fromthe gr(@ayprcimsdsd toghefdedenerhbg ofutieegénetic sodecnce
conprising the coding region of AR- 2 as set forth'in Figure 5A-5B; 15 (b)
a nucl eoti de sequence that hybridizes under stringent conditions to the

I id f , ' I i de' whi i ff
T o e E IRt hydlan e v b5 e BEE Mhgered &) Shse
20 The pr eg@NoldREMidicl Y HolEBHRTRRIAESRBnLiBA! 4Hh M AIdh afld
. mol ecul e conprising a nucl eotl de sequence encodi ng the t1brinogen-T1ke

domai n 507 AfdvidesMier &l veldier RHAER Ot APrig8s UsR G8olaled ChEabRY doi@m the  group

consisting of: (a) the nucl eotide sequence conprising the coding region of
the 25 fiimolemgencdmpesidgnai nuciticAReRl awgsiencéoendoding FARH2 eo6thd b) a
nucl eoti de _sequence that hybridi zes under stringent conditions to the
nucl eot i defiRégR@endiker dpmainaall ABY2.a nucl eoti de sequence which differs
fromthe sequence of 15 29 August 2003 WO 00/52167 PCTI USOCQ 03381 (a) or
(b) due to the degeneracy of the genetic code. The present invention

Cfurther prgui d8s 1@ 'mathddiCkAbRtl R ohe3kMABRiPYhe art for the insertion of
() 10 - DNA ffagrﬁents into a vector may be used to construct expression
' vectors encoding AR-2 using appropriate transcriptional/translational
control signals and the protein coding sequences. These methods may
include in vitro recombinant DNA and synthetic techniques and LQM
recombinations (genetic recombination). Expression of a nucleic acid
15 sequence encoding AR-2 or peptide fragments thereof may be régulated
by a second nucleic acid sequence which is operably linked to the AF{-2
encoding se'quénce such that the AR-2 protein or peptide is expressed in
a host transformed with. the recombinant DNA molecule. For example,
expression of AR-2 described herein m'ay be controlied by any
{ _)' 20 promoter/enhancer element known in the art. Promoters which may be
| ~used to control expression of the Iigand include, but are not iimited to
the long terminal repeat as described in Squinto et al., (Cell £5:1-20
(1991)); the SV40 early promoter region (Bernoist and Chambon, Nature
290:304-310), the CMV promoter, the M-MulV 5' terminal repeat, the
25 prbmoter contained in the 3' long terminal repeat of Rous sarcoma virus
(Yamamoto, et al.,, Cell 22:787-797 (1980)), the herpes thymidine
~ kinase promoter .(Wagner et al., Proc. Natl. Acad. Sci. U.S.A. 78:144-1445

(1981)), the adenovirus promoter, the regulatory sequences of the

16



an isolated nucleic acid nolecule of ‘'the invention. The invention also 5
provides for. a vector which conprises an isolated nucl ei c23&ugustiZ0edul e
conprising a nucleic acid sequence. encoding AR-2 or the fibrinogen-Ilike
dormain of AR-2. Any of the nethods known to one skilled in the art for the
I nsertion oWO®@S2IBNA fragnments into a vector may be used t pcroBsiliosssg
expressi on vectors encodi ng AR-2 using appropriate ;
transcri pt etaligthiarain agenaa(Brinziat retl aki déaluse aR86t38-42r dt1€BR2)odi ng
sequences. These nmethods may include in vitro reconbi nant DNA and synthetic
t echni quesPEHATYHIG i PreseiOD¥EHIrs oHC Fendhe SHaGmMAsRit PEINOtEKpr essi on
of a nucl ehf_ aiﬁiﬁd 15 sequence_encodi ng AR-2 or pegtide fragnents' thereof
may be regMiBadeMaoth gedbndivge Nl ARl ShubhedAwhBed72<-3p81 abl v

| i nked : - [ h, Lt h - 2 I tid
s oxpresste el & HELEES ARIREREERN S, LT RebE DA A SHD SR For
| ' AR, d | aye 20
cramel s | SUEDS) oush) Nach diSG AR SIBIAnETHoRE EMARHARY chliaR 20
control exjpr S$emifiof Atleeicainga@4gl2i7c-bdde¢1980); premaver |élahiattst dront he | ong
termnal repeat as described in Squinto et al., (Cell 65:1-20 (1991)); the

SV40- ear | yygasindt eiherefingi Bdr asi e &ad Cprototer, NaeuAPH 1awodol- 310), the
CW pr onot

the 5 1 orPhRORRRSPERBMABr REGK AEsAROOMCALS (RasR RO eTal | Cel
22, 7, L aAER bk eEErBRobBIg, Al IBBSy O Ry (voorer < ol
RORRIE S R e L
(1982)); have been utilized in transgenic animals; elastase | gene control region
| which is activé‘ in pancreatic acinar cells (Swift et al., Cell 38:639-
646 (1984); Omitz et al., Cold Spring Harbor Symp. Quant. Biol. 5Q:399—
409 (1986); MacDonald, Hepatology 7:425-515 (1987); insulin gene
15 control region which is active in pancreatic beta cells [Hanahan, Nature
315:115-122 (1985)};' immunoglobulin gene control region which is
active in lymphoid cells (Grossched| et al., 1984, Cé!l_ @_:647—658;
"Adames et al., 1985, Nature 318:533-538; Alexander et al., 1987, Mol.
- Cell. Biol. 7:1436-1444), mouse mammary tumor virus control region
) 2o which is activé in testicular,'br_east, Iymphoid- and mast cells (Lepler et
al., 1986, Cell 45:485-495), albumin gene conirol region which is
active in liver (Pinkert et éi., 1987, Genes and Devel. 1:268-278),
alpha-fetoprotein‘gene conirol region which is active in iiver (Krumlauf
et al., 1985, Mol. Cell. Biol. 5:1639-1648; Hammer et al., 1987, Science
25 235:53-58); alpha 1-antifrypsin gene control region which is active in
the liver (Kelsey et al, 1987, Genes and Devel. 1:161-171), beta-giobin
gene control region which is active in myeloid cells (Mogram et al.,
1985, Nature 315:338-340; Kollias et al., 1986, Cell 46:89-94); myelin
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'prokaryotlc expression vectors such as the R-|actanase pronoter
(Villa-Kanmaroff, et al., Proc. Natl. Acad. ‘Sci. U S. A 75287Apgusi2803

- .(1978)), or the tac pronoter (DeBoer, et al., Proc. Natl. Acad. Sci.

U S.A 5 80:21-25 (1983)), see also "Useful proteins fromreconbinant -

bacteria" WPWBEWAtific Arerican, 242:74-94 (1980); pronmoPer/usheasesits from

t ' h the Gal 4 t the ADH (al hol
yesst or oHIEE Hn AR RS BEOTR, o AR et ne
h hat t [ t trol
phosphal s oEh hozdiéad . o) heBreCar Aol £ SREE PR bnar

transgeni c2agenal éontﬁd:laﬁé%Mﬁ \lvhﬂﬁﬂ% Cesmhzreotn @A rﬁnsa?lg%@‘aﬂws gn

pancreatic acinar cells ft et al. 38: 639- 646 Onit'z et

al., Cold Nﬁﬁmr@g_m&rw ZSﬁl)rp an@@nnadBtropjc 581e238ng 40rn{dros @endvarpipers | d,
Hepat ol ogy 7:425-515 (1987); insulin gene 15 control region which is active
in panct eafqgioﬁe‘ﬂ’a'c(if'eﬁ @Cf'}‘ﬁnlahﬁ'rﬁ hyaothalamss (Mason 2et @198’@&6 Science

(@ osseneatie SFEToT8E, Thel Mol ridae” egﬁc%%éae%% %, e RCTRg: B o
318:533-53

manmar y tuﬁo?%ﬁ%% ?Pgﬁérgaft‘%ﬁ SN%PaR i & a%%@éc?ﬁyﬁﬁ[ﬁ%g@ with >
breast, | yaphequbred o FHIACEhESAiNGSTIE lighndad or 'ft|$_8@| afdld té%%ﬁieﬁ@f’&s

al buni n gene .control region which'is active in |ver (Pinkert et al

1987, GeneexpiiessiosvdEcker; 268 Fapnt Nd.pSa-66et 9fr ssaed Hevembent 24| 19931 on

V\/mchls active in liver (Krum auf et al., 1985, Ml . Cell. Biol.
5(?639 648 Hanmer at al., 1987, Science 25 235:53-58); al pha
n

b P ISRE R fhﬁ%@”ﬂt‘f@i?gxhi%s%‘f@ S il A4t
A e TS T it e
encoding AR-2 as deseribed herein, are used to transfect a host and
thereby direct expréssion of such nucleic acid to produce AR-2, which
15 may then be recovered in a bio!ogicallly active form. As used herein, a
biologically active form includes é form capable of causing é biological
response such as a diﬁ_‘erentiated function or influencing the phenotype

of a cell expressing the receptor for AR-2.

20 Expression vectors containing the gene insrerts can be identified by fouf
general approaches: (a) DNA-DNA hybridizatioh,-_(b) presence or absence
of “marker" gene functions, (¢} expression of inserted sequences and (d)
PCR detection. In the first approach, the presence of a foreign gene |
inserted in an expression vector can be detected by' DNA-DNA

25 hybrldlzatlon using probes compnsmg sequences that are homologous
to an inserted AR-2 encoding gene. In the second approach, the
recombinant vector/host system can be identified and selected based

upon the presence or absence of certain "marker" gene functions (e.g.,
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WD 00/ 52167 PCT/ US00/ 03381 basi ¢ protein gene control region which is -
active in oligodendrocytes in the brain (Readhead et al .29 fogyst2083|
48: 703-712); nyosin light chain- 2 gene control region which is active in
skel etal muscle (Shani, 1985, Nature 314:283-286), and gonadotropic -
rel easi ng hwomdsmégene control 5 region which is active i npthestashhal anus
(Mason et al., 1986, Science 234:1372-1378).. The invention further. :
enconpassefyimiging oliinesieoraasivityantésisteeec dop @mitsotits c Hramsf ocmadioine of
speci fically hybridizi Wth a ,sequence of RNA encoding TIE |jgand-3 or
TP 111 gandPHeRdiRE HoRBioh Sody, {PREafien, inceaeilovitls, eth) cpausest DY, s, 105,
I ssued Nov: ,waccording Lo the invention, expression
vectors calglggﬁ{eorg#b@?‘%én éng%“c@t ViC r; b &re‘?)f%\mpgq” @u%aﬁ‘%?'fzcaﬁ' st
compr | Si NGeredBIRGCA CARD s IRBENEL WIthiR e malkes adife! fifinte 8f tre/sed o
transfect a host and thereby direct expression of such hucleic acid to

.producé ARvegtonhretoribimmts tdentalting ety énsstt | eare HY qesiified | by agki ve form
As used herein, a biologically active formincludes a form capabl e of :
causi ng a #WE GhIther wapkrrsgenachingtion. dirf the dhirdaapprdashct i on or

i nf l'uenci ng. t he .phepotype .of -a cell expressing.the receptor for AR-2. 20
Expr essi on'%\?@é@emﬁéngcﬁ%ﬁ?ﬁ'ﬁﬂ Yeeloge fan Meeidentifigd fy @d@eaying & by four
general a hesya ( - ridi.zati (: r C NG of
"mar ker" 5@%‘1@@? uﬁ%??&ﬂé?@@?%@%@s?g&ﬁgfHe?@?eé’ﬁ%ﬁt?sequ n§3§£%§§a§d§g PCR
det ecti on.pg t he B ‘ Ofh r&s ; eapnserted
‘i.n an exprbe%i?ddnm\ie%ét(%?bi%ﬁege depgg?ggpbcg WB@E‘ ?gBﬁggﬁ%fg:%%ﬁ%a ng
p{"?bes congenaiproduetyenceamplet, By dildingl ohthes AR do0 itsngeceptdr AR 2

e

oding gene. In the second approach, the reconbinant vector/host system
can be i defRitioneheieal suhisbt Bray hsetrgagrbivitine g exempleca sledestableof

‘certai n" ngr'itlﬁ%ay %?nSO;t%rﬁCttﬁé)rré%f(gr %y b%]%ing to antibodies produced against
' - the AR-2 protein or a portion thereof. Cel!s'of. the present invention
| may ftransiently or, preferably, constitutively and permanently express
15 AR-2 as described herein.  In the_fourth approach, DNA nucleotide
primers can be prepared corresponding to a AR-2 specific DNA
sequence. These primers could then be used to PCR a AR-2 gene
.,fragment. (PCR Protocols:" A Guide To Methods and Applications, Edited
by Michael A. Innis et al., Academic Press (1990)). |
‘:,;—) 20 | |
The recombinant AR-2 may be purified by any technique which allows
for the subsequent formation of a stable, biologically active protein.
Preferably, the Iigand is secreted into the culture medium from which
‘it is recovered. Alternatively, the AR-2 may be recovered from celis
25  either as soluble proteins or as ‘inciusion bodies, from which‘ it may be
extracted quantitatively by 8M guanidinium hydrochloride and dialysis
in accordance with well known methodology. In order to further purify

the AR-2, affinity chromatography, conventional ion exchange
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29 August 2003 WD 00/ 52167 PCTI USOQ' 03381 t hym di ne ki nase activity,

resi stance to antibiotics, transfornmati on phenotype, occ2UuBugustBeeB/
formation in baculovirus, etc.) caused by the insertion of foreign genes
in the vector. For exanple, if a nucleic acid encoding a AR-2 is inserted
wi t hin the waxrdesriégene sequence of the 5 vector, reconbi naptsruesudssini ng
the insert can be identified by the absence of the marker gene function.
In the thi @W%@W@nhy, r@@iﬁﬁbgﬂﬁl@t intepaeken cehiamaiogsaphy, Fevettified by
assaying th forei ene roduc ﬁ gressed 23 the econbinant. Such

. assays canp'B%S gigste) it 9an, af"f‘blgt,g ThiratieR BRY e functional properties
of a AR-2 'l o gene product for exanple, by binding of the AR 2 to its

receptor or a portion thereof which may be tagged with; for exanple, a

det ect abl eln @RIdIROTY EMLRRIIMCARs t1efROfInvSnIRYN, DA b maaRt ARog es

produced against the AR-2 protein or a portion thereof. Cells of the

presents i nercoding gemy mayine aséd tooinactivateeorbkyock oust tHeltendelgenang
per manent |y express 15 AR-2 as described herein. In the. fourth approach,
'DNA nucl ecd®R sbmmi@g@uﬁ nesombimatian aad ribepRndicieattoan AR-2 specific

DNA | d then b CR.a AR -
fragnéﬁ?“e‘?@@ e G0 JeSUBA o Rleteto R rOMTaR %cgmq%alemmy i ted by

M chael A e I a2 gti AR
may be puril| HEB ttt;%yreicgﬁﬁﬂﬂ%ﬂfe%ﬁlz‘g%ﬁcwjﬁl@)gb]norPrl e su%ﬁgquen? f(g)'l‘A\nBtIOI’l
of a stabl@ont@imlmI:ﬁ@éﬂtmnaptmu@t@hotf@r rlaxan'ﬂﬁl@f tHalleo ddie,! Wans visuld

.secreted into the culture nediumfrom which. i s recover ed.
A¢ er rdt i vn@laﬂuvatee the- Rating Afe-2 @a:mdrr@lgénem Sesbhsa zsonﬂttum,r uagesdhebl e
Jtel ns or as | ncI usi on bodies, fromwhich it may extracted

quant i t at | GOt wsguahledpmmmerydnauhtp%r!ntj@duﬁad dﬂtﬂ wsicell, |SHCBc%%rfﬂhnce
with wel T kpowo, ARt BRIR! QY- bl N2 ofedfhid e sLUcthh%r Bahsteetion, transduction,

or injection. Cells containing the construct may then be selected by
G418 resistance. Cells which lack an intact AR-2 gene may then be
15 identified, e.g. by Southern blotting, PCR detecﬁon, Northern blotting or
assay of expression. Cells lacking an intact AR-2 encoding gene may
then be fused to early embryo cells to generate transgenic animais .
deficient in such ligand. Such an animal may be Qsed to define specific

in vivo processes, normally dependent upon the factor.

The presént invention also provides for antibodies to AR-2 described

herein which are useful for detection of the factor in, for example,

diagnostic applications. For preparation of monoclonal antibodies

directed toward AR-2, any technigue which prdvidés for the production
25 of antibody molecules by continuous cell Iines. in culture may be used.

For example, the hybridoma technigue originally developed by Kohler

and Milstein (1975, Nature 2586:495-497), as well as the trioma

~ technique, the human B-cell hybridoma technique (Kozbor et al., 1983,

20



the AR-2, affinity chromat ography, coenventional ion exchange 19 29 August
2003 WD 00/ 52167 PCTI USOQ' 03381 chronmat ogr aphy, hydr ophobi28 Augtigr2deBi on
“chromat ography, reverse phase chromatography or gel filtration may be
used. In aqg'ét' nal enbodi nents of the invention, a reconbinant AR-2 5-
~encodi ng ge hf%g’ be used to inactivate or "knock out" thePEHHSERBLS gene

by honol Ogmﬁuﬁ&%@ma% Oc{l??zngnﬁhtﬂr e%éb\.ﬁhaaﬁ&or?\'& f&?ﬁ%&ﬁi@f bcbﬁ%é‘éel .

ti ssue, or ani I’TB. nd no
r econbi narturah anenoonbruag LRMDAEY (@@I@Qﬂl afeensdst on CMGrRddlonan | nserti onal

_ nutation,. for exanple the neo gene, which woul 10 , inactivate the
native AR/Antdrastes ragldgé}wce&]ﬂ‘rerapy,dnﬁtamat Llsm,dlsn“c tpe £0:186) cdndftha
_Ssuitable qronnter may be introduced into a cell, such as an enbryonic

stem cel | M kepgre W%Wn?%@@ﬂﬁn ohsther Breset IYentionansduct i on,  or
I njection. Cells containing the construct may then be sel ect ed by 418
resistance. Cells which lack an intact AR-2 gene may then be 15 identified,

e.g. by Sqq{éﬁwh&%lgggl aﬂtib!?@%sdgr%gﬁkiﬁoguencomlﬁ{dbléﬁé’lt &hﬂ@mﬁﬁs gesay of

expression Ing an I nt g gene nm en be fused

to early etiweeicchlhfar-maere st OtheaRpRRMBs ﬁfﬁrﬁﬁ:'lénaldéﬁhﬁbéiéts in such
ligand. Such an ani mal may be used to define specific in vivo processes,

nor mal | y déweademonoptomat lentibadies maob@hmapleebyeranm ol @omaroual so provi des
for anti bodies to AR-2. described herein which are useful for detection of

the fact oreFhNiopss ko ie th edﬁﬁg@@i:lfe%ﬁ);ﬁtl@atmﬁ% Preg- Nadpdcad &elof
”é%c’fhé”ﬁ'r%% G S R O N G R
gevterggemligﬁgﬁ?tegl 1R, Suet! Enziingl.nybd-deme éﬁﬁﬁé‘ﬂl&%tﬂfd&' nal l'y
'- : molecules may be prepared containing a mouse antigen-binding domain
with'h'uman constant regions (Morrison et al., 1984, Proc. Natl.- Acad.
Sci. U.S.A. 816851, Takeda et al., 1985, Nature 314:452).
15 .
Various procedures known in the art may be used for the production of
polyclonal antibodies to epitopes of AR-2. For the production of
antibody, various host animals, including but not limited to rabbits,
mice and rats can be immunized by injection with AR-2, or a fragment
20 or derivative thereof. Various adjuvants may be used to increase the
immunological response, depending on the host species, and including
but not limited to Freund's (complete and Inc_ompléte), mineral gels
such as aluminum hydromde surface active substances such as
lysolecithin, pluronic poiyols polyanions, peptldes oil emulsmns

25 keyhole limpet hemocyanins, dinitrophenol, and potentially useful

human adjuvants such as BCG (Baciile Calmette-Guerin) and

Corynebacterium_parvum.
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and MIstein (1975, Nature 256:495-497), as well as the trioma technique,
the human B-cel|l hybridonma techni que (Kozbor et al., 198329 2ggush 2883ust
2003 WO 00/52167 PCT/ US00/ 03381 | mrunol ogy Today 4:72), and the

EBV- hybri doga techm que to produce human nonocl onal anti bodi es §Ool e et
al ., 1985, ¥ Y%B%oc! onal Anti bodi es and Cancer -Therapy, " RFENS#/033§lss,

I 7

[ R\Sen!toloon A %&Wn%rn%c oenél3 kaPn %ﬁgbﬁﬂgmo g%eé%%ﬁéﬁ?%%@?e@%ﬁ%nhﬁ bodi es
or chimer mdame@rbwmewn(t%hﬁtdmeﬁs SP{%@bﬁﬁﬂméﬁﬂngﬂmmﬁéth@Hbldﬁ%ﬂ(&% e.guman
nmonocl onal anti bodi'es may be nmade by any of numerous techni'ques known'in

- the art (.ManigtisTebq@lst 1282, Md@Q)laPr@ioningat A. LéloardtogcMarikl UCDIA. .
80: 7308-73 Kozbor et al 1983, I mmunol ogy Today 4:72-79; (O sson et

al ., 1982, é%{la @hay kaborgtory, Cold SpningHay ahtNewyorhbn&ub@sumt@e
d t bi d t
Do AT Bl 85 BRRRRR MALFE HETRE " B R
W d k h

Takeda et I%tl?ls%ciﬁgég%r E&lgd%g il n§5@0(¥0&5th =14 fous procedures known in the

art may be or t po yc onal anti bodies to epitopes of
AR-2. For the production of antibody, various host ani'mals, including but
not limted to rabbits, mce and rats can be inmunized by injection with
AR-2, or alheagresent ipRention guriovidesy ot meticotly NMméculesad§ uwalitas may be

- used to' |frr]1icrease t he i mmunol ogi cal response, depending on the host

speci es, agmeatﬁoqfnauclbu@nmdy implesylas FAatipady iragmands ewhieh |
'E“Fﬁhﬁ?%@mﬁg"P&S%l?%ai 8, PRBHE, B S et BB e
orl” emul si@@hniques. For example, such fragments include but are not limited to:
the F(ab’), fragment which can be produced by pepsin digestion.of the
antibody mo!ecule' the Fab' fragments which can be generated by
reducmg the disulfide brldges of the F(ab' )2 fragment and the Fab
15 fragments which can be generated- by treating the antibody moiecule
with papain and a reducing agent. Antibody molecules may be purified
| by known techniques, e.g., immunoabsorption or immunoaffinity
chromatography, chromatographic methods such as RPLC (high

perfofmance liguid chromatography), or a combination thereof.

;o\ 20
"} The present invention further encompasses an immunoassay for
measuring the amount of AR-2 in a biological sample by |
a) _ contacting the biological sample with at least one antibody which
specifically binds AR-2 so that the antibody forms a compiex
25 with any AR-2 present in the sample; and |

b) measuring the amount of the complex and thereby measuring the

amount of the AR-2 in the biological sample.
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25 keyhol e |inpet henocyanins, dinitrophenol, and potentially useful human
adj uvants such as BOG (Bacil.le Cal mette-Guerin) and Cor yReBHe¥st200%
parvum 21 29 August 2003 WO 00/ 52167 PCT/ USOQ' 03381 A nol ecul ar cl one of
an antibody to a selected AR-2 ' epitope can be. prepared by known -

t echni ques. WRIFEHHT nant DNA net hodol ogy (see eft.., Mani aP¢EUSR003381 1082,
Mol ecul ar C oning, A Laboratory Manual, Cold Spring Harbor Laboratory, '
Col d Spring Harbor, New York) may be used to 5 construct nucleic acid

sequences i GhredBAPdRvantiBACAeNBloaks DRIVinaTaIRaHtiSn of Amiz ggn b ndi ng

region thereof. The present invention provides for antibody nol ecul es as

vell as’ faiggorntiheofsugvivhl aaﬁd/bed?rdmhe@nki%r- mitiratiedyahdagment s which 10
~contain the idiotype of the nolecule can be generated by known techniques.

For exanpl@ffesentiatiomgoleAB-2 recaptorvexpaessingt cellsi ted to:  the F(ab')2
fragment whi ch can be produced by pepsin digestion of the antibody
nol eculPe; the Fab' fragments which can be generated by reducing the

G251 5 e AT AN A T e PR
e 1 o B orodTeh 1ok BB TN el oL APy A ograini ¢

et hods suassays skiBleng hivobld ey usefanice idemntifythg Imolertiizyy @abuple @f a

conmbi nation thereof. 20 The ' present invention further enconpasses an

i mrunoass agrometingreas unhibgting eangiogenesis.AR-2 in a bi ol ogi cal sanple by a)
contacting the biological sanple wi'th at |east one antibody which

s(pe)ci fi%al | y binds AR-2 so that the antibody forns a conpl ex '

The invention further provides for both a method of identifying
antibodies or other molecules capable of neutralizing the factor or
blocking the binding ability - of the factor, as well as the molecules
7 identified by the method. By way of nonlimiting example, the method
15 may be performed via an assay which is conceptually similar to an
ELISA assay. For example, AR-2 éhtibody may be bound {0 a solid
support, such as a plastic multiwell plate. As a control, a known
amouht of AR-2 which has been Myc-tagged may th.en be introduced to
the well and any tagged AR-2 which binds the antibody may' then be
) 20 identified by means of a reporter antibody dirgcted _against the Myc-tag.
This assay system may then be used to screen test samples for
moiecﬁ!es which -are capable o_f i) binding to the tagged factor or i)
binding to the antibody and thereby biocking binding to the antibody by.
the tagged factor. For example, a test sample containing a putative
25 molecule of interest together with a known am.ount of tagged factor
may be introduced to the well and the amount of tagged factor which
~binds to the antibody may be measured. By comparing the amount of

bound tagged factor in the test sample to the amount in the contral,
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25 with any AR-2 present in the sanple; and b) neasuring the amount of the
conpl ex and thereby measuring the anmount of.the .AR 2 in2? Y5t 8PS%i cal
sanple. 22 29 August 2003 WO 00152167 PCT/ US00/ 03381 The present invention
al so provi d\%ﬁ'oﬁﬁ _}he utilization of AR 2 to support the survival and/or
growth and/© {‘}Pation and/or differentiation of AR 2 reRepP81/ %38 essi ng

cells. 5 F , o . C - - '
Col 1S, ot AR ORGP EIatule SARLD O Tyl 4t MRS By e
receptor. Kinding asste av&ﬁb@_ﬁg_ way! Bebigentfbd! Mhd dedbeiisnaf TRlcpest es
capabl e of pronoting or inhibiting angiogenesis. The invention further

provi des fihwsbistemtifiedettayd bef isodated Gigingg methodbodetiskmownt freoneobecul es
. capabl e of nﬁg_tral i zing the factor or blocking the binding ability of the
factor, asSKifieln 1B @He rol ecules identified by the method. By way of -

nonlimting exanple, the nethod 1 5 may be perforned via an assay which. is

conceptsual ly simlar to an ELISA assay. For exanple, AR 2 antibody may be

bound to appebi 4l hisHRACL! ’faéﬁﬁ‘hbi"f‘\%ig@eﬁé@%b?h gfag';'et o/l h ahg- afSyBukPN ol

a known anount of AR-2 which has ed may then oduced to

the vel | aksowny bagieest ABcanuhiClasBhapssiot Betarinbodnetmer themibekeOis

‘.identified by means of a reporter antibody directed against the Myc-tag.
Thi s assaybiggingeie niye ahtihody asénl the Bcterpms esell ssnplseays do detdraing es
i) binding to the tagged factor or ii), binding to the.

. which are capabl e of g . ) . ).
~anti body a'idt?wh UBETLIMARFRE BRAdNAYIraEZE htheativlagisalbpetivite efaged
f{i(.:)t _°r1'0 FofacB¥anph e exﬁn%p‘?é,t b?!aunahs & %rfﬁgi'nrd' Qgséiy QY8 Ic=)=/rre|ploys -BlAcore

biosensor technology (or the eq'uivélent), in which either AR-2 antibody
or AR-2 is covalently attached to a solid support (e.g. cafboxymethyl
“dextran on é gold surface), one of skiil in the art would be able fo
determine if the blocker molecule is binding specifically to the factor

15 or to the antibody.

One of skill in the art would be able to produce'“factorbodiés" which

comprise the AR-2 coupled to the Fc domain of IgG \(“ch’s”). These

factorbodies may be used és_targeting agents, in diaghostic_s or in
20 therapeutic applications, such as: targeting agents for tumors and/or

associated vasculature as indicated.

~ The invention herein further provides for the developmént of the AR-2,.

a fragment or derivative therebf as a therapeutic for the tréatment of
25 patients suffering from disorders involving cells, tissues or organs
which express the AR-2 receptor. Such molecules may be used in a
method of treatment of the human or animal body, or in a method of

diagnosis.
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25 nol ecul e of interest together with a known anount of t ed factor may
be introduced to the well and the anmount of tagged factor“WAHE¥2BPhds to
the anti body may be neasured. By conparing the anount of bound tagged
factor in tygeheSE; sanple to the anount in the control, 23 %ﬁugu ust 2003
WO 00/ 52167 PCT/ USOQO 03381 sanpl es contai ni ng nol ecul es whi _ P 33(’?é\pabl e-
of bl ocking factor binding to the anti body nmay be identified. The"

nol ecul es of interest thus identified may be isol ated using nmethods wel |
known to dHcamse AR-Rl has hern adentif@it @sarelptackde the THetfamibi i ng i s
found, one of skill in the art wuld know to perform secondary. assays to

det er mi ne IORREEnEPRIIRANE Sxpert ithat BhadhRo? tHay Hee awsefebdor dhet o t he

fact or, ‘ t ] Lf th .ock | | .

nout rai i s Eetor S praYenddh 1 SR 0Brzalioh oy 8FEe Bl Skt h) using
bira ! 5 . it

Squi val encyorey sth GUnGIToh X SIGRASAY ° SURP UREHes! 6F WIS0RMs \PUIEE ached

to a . solineudepwyound(kegling,aisoheemibhahd diekbtesn opnior g@vénsingf ege), one
of skill in the art would be able to determne if the bl ocker nolecule.is
bi ndi ng s@éEntiREan) yor @xampleadtoor govah. t ThehdRut mmyd e @estedfinskill in

coupl ed T RE" ROGBRaRAEHSTY Gnerapeiioally fhedescrierd dpbaNes aeantbe used
oS 9et e Vaboyls) GhASAERY| Pl (BB0 BRI RRRERY BEES, Sus"
T Sonene " Gen e S RICTE ey e ey, SIS RN gl U
patients dIf @si ntheén studiesoddscabeniovitim@ndeld sivd istaties iatomagnbe
: ~ used to demonstrate the effect of an angiogenic factor in enhancing
“blood flow to is.chemic myocard_iurh, enhancing wound healing, and in
other therapeutic settin"gs wherein .neoangiogenesis is desired. [See
15 Sudo, et al. European Patent Application 0 550 296 A2 published July 7,
~ 1993; Banai, et al. Circulation 89:2183-2189 (1994); Unger, et al. Am.
J. Physiol. 266:H1588-H1595 (1994); Lazarous, et al. Girculation
91:145-153 (1995)]. According to the invention, AR-2 may be used
alone or in combination with one or more additional pharmaceutically

20 active compounds such as, for example, VEGF or basic fibroblast growth

factor (bFGF), as well as cytokines, neurotrophins, etc.
. Antagonists of the AR-2, such as antibodies or receptorbodies, would |
be useful to prevent or aitenuate its biological activity. These agents

~25 may be used alone or in combination with other compositions.

In addition, AR-2 may be useful for the delivery of toxins to a receptor

bearing cell. Where the AR-2 receptor is associated with a disease

25



whi ch express the AR-2 receptor.. Such nol ecules may be used in a. nethod

of treatnent of the human or animal body, or in a nethod &¥Augisaghdsis. 24

29 August 2003 WD 00/52167 PC ' /USQ0103381 Because AR-2 has been identified

as related to the TIE fanmily of |igands, applicants expect that the AR 2

may be usef MO ®&ER6Fhe induction or prevention of vascul ar iPzaitisSmN3B8T -

di seases or ?i S rﬁd(érs 5 ere such function is indicated. Such di seases or
d M rcMitke !

di sorders Y8 Y88 Hea$ i HEInpsiin deapants dodidaieslirg dhef or
reventi ngu; tit.engat | (gt e .t r'. qro . .The .AR- 2 _may be
Itoe_s;/ed : ngdlg[r???rglﬁfmggl %%Bieasté%ﬁ%#adﬂmjgga"yli@eag%a%s'm%%% fgycﬁt her
ts, ' kal et al.
D0 S0 poreluents ARRIC B BBEL A oS HObs rBhnes Hidifloud! O
as wel | aSuch fdiagsosiitesr Wegetinpagentyirhay bedbreparwd @asstedesed hat my

be wused to denonstrate the effect of an angi ogenic factor in enhancing
bl ood i ovAlilgIQ,sehdti WVihQ/268Fdnpublisted iGeioneur heabiang Buwtows, Ft her

h . . wh . nai o s desired. do.
1 o opedht B SRR L NAS (U S5 8509000 JBpBERUHCOUByhereby 003 |
B I, i | ' 1 2183-2189 (.1994); U o . A J. :

Pﬁggz ol ?‘t 2@%0%@%@%?&{%% ?‘rf_dgsaredﬁg,g%’e% aI..ng(Ca:irrcﬁlt a?i on m91: 145- 153
(1995)1. According to the invention, AR-2 may be used alone or in '

conbi nation with one or nore additional pharmaceutically 20 active

conpounds FineAR<L dof dheepregant, inVESiowmanpse Useldr algnastorgimebmbihaté®r
- (bFGF s well as cytokines, neurotrophins, etc. Antagonists of the AR-2,

’

o b st il T i o
ctygkmes, ﬁeurotrop%ms, 1r}/terleuﬁﬁ1es,a t%.’ Sln a preferred embodiment,
the AR-2 may be used in conjunction with any of a number of the above
referenced factors which are known to induce stem cell or othef
hematopoietic precursor prolifération, or féctors' racting on later cells

15 in the hematopoietic pathway, including, but not fimited to,
| hemopoietic maturation factor, tﬁrombopoietin, stem celi . factor,
erythrop‘oietin, G-CSF, GM-CSF, etc.

20 The present invention also provides for compositions comprising the
AR-2 described herein, peptide fragments thereof, or derivatives in. a
vehicle. The AR-2, peptide fragments, or derivatives may be
administered systemically or locally. Any appropriate mode of
administratioh known in the art ‘may be used, including, but not limited

25 io, intravenous, intrathecal, intraarterial, intranasal, oral,
subcutaneous, intr_aperitoneal, or. by local injection or surgical implant.

Sustained release formulations are also provided for.
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25 may be used alone or in.conbination with other conpositions. In
‘addition, AR-2 may be useful for the delivery of toxins t3&°A4ugeste@pbdr
bearing cell. Were the AR-2 receptor is associated with a di sease 25 29
August 2003 WO 00/ 52167 PCTI'US00103381 state, AR-2 may be useful as-
~di agnostic YPR1Y for detecting the disease by, for exameTasoudssue

st ai ni ng ﬁt whol e b?d%)’i ma,gi n%. Such  reagents incl|ude radioi sotopes,
f1 ur ochr ontl€ RIRSENtIYeRESN,AlsiPsEYIdes BIcANdRRGRedY | which speciiallyg

agent s  Maynhe.p, red. as,.descr.i i ital et _al, WD 95/ 26364

publ i shed %?'?8béer e ﬁb%épgﬁﬁgéjﬂgf%}dl@ ?Fh% aﬂ{ﬁ'b&dYTmypB? 'F-*HRQC%@E\)OF

90: 8996-9 ) i LSiiaer i p Kk (e TR S
entirety. 0@@%’6%&2 oﬁ?ﬁ@%ﬁ%@ih@% &@E%nﬂﬁnﬁéﬂgﬂﬁ%&e?;\fsﬁﬁg%@rﬁ P

conbi nat i omonbolosial horapetyutsngihantibegytibcaldaguasttheeapgrmt sueke as, for
exanpl e, ctyokines, neurotrophins, interleukins, etc. In a preferred
embodi rfent therapeutiR molegyiedn ua eshmplec dakem dtoronawpatierinforopusposemef of
t he above refter.enc d factors which are known. to induce stemcell or other
hemat opoi ef1° 18F'BQU&@QF°HF%‘? i 28R, or factors* acting on later cells 15
in the hematopoietic pathway, including, but not Iimted to, - henopoietic
mat uration factor, thronmbopoietin, stemcell factor, erythropoietin,

G CSF, Wfﬁ&in@éﬁtioﬁofume.rpbwaés!favealtdd?ﬁpaéigenpéampﬁa% ot /fwrﬁo%idtions |
de st

conprising the AR-2 described herein, peptl ragnen reot, or
derivatives ¢ylotxivedgearitecorjagatit Zhepstpl | de @ os@bbLEIMENt, dgid cotdtgrie May

be adni nistered systenmically or lLocally. Any appropriate node of
agnji nilst r RGYM WMWAE|  repvIsetopredr lxXidsed, including, but not limited 25
te,” intravenous, intrathecal, intraarterial, intrari asal, oral,

The invention also provides for an antibody which specifically binds a

AR-2. The antibody may be monoclonal or polycional.

15 The invention further provides for a method of purifying AR—2
comprising: | |
a) - coupling at least one AR-2 binding substrate io a solid
“matrix; | |
b) -incubating the substrate of a) with a 'celv[ lysate so that the
20 | ~ substrate forms a complex with any AR-2 in the cell lysate;
¢)  washing the solid matrix; and |

d}  eluting the AR-2 from the coupled substrate.
The substrate may be any substance that specifically binds the AR-2.
25 In one embodimeht, the substrate is selected from the group consisting
of anti-AR-2 antibody, AR-2 receptor and AR-2 receptorbody. |

The invention also provides for a composition comprising AR-2 in a
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subcut aneous, intraperitoneal, or. by local injection or surgical inplant.

Sust ai ned rel ease fornul ations are al so provided for. 26 29ABg¥RIZP02003 WO
00/ 52167 PCTI USOO' 03381 The present invention also provides for an anti body
whi ch specificall bi nds such a therapeutic nolecule.. The anti body nmay be
monoc! onal B8P %% %‘%K/cl onal . The invention al so provides forPEI/HBAOHEH!of

usi ng such,g.: . .0 | onal antj.body to measure the ampunt of
the 5 ther\é%qelﬁ[;g?g%m“?égg&seéi ﬁ"oeép{égr@?éeqlgﬂg'ﬁgf '?ﬂJrPaeBﬁ%'iSeH} afBF‘%ﬁUf'Jposes of
moni £ or | nacdhiprisiiy sRinithistBANAPY RBS pOANAPbifdtiBC b @ desnbor 2
conposition conprising a. AR-2 and a cytotoxlic agent conjugated thereto.
| n one entibeirapattict bengydsitioni c 10 agent. may be a radi oi sotope or toxin.
The invention al so provides for an antibody which specifically binds a
AR-2. The anti body nmay be nonocl onal or polyclonal. 15 The invention

further. provi .for a nmethod of purifying AR- conpri sing: a) coupling at
| east éng 'RR?g‘%ﬁl%iﬂ& HigsephdRveyion é{pgﬂfés Ir id; %chhg%é‘ﬂ?fﬁ@(ymﬂa

compl ox. 19 WHGE, GuiEssre ARE RpeRE wrlh EenPHERH O BakihTar i .
and d) el uwdinGyitth& Aldtéctad ihBe | Yk o?%%téﬂiogjgﬁbﬁdé#%d@ﬁﬁé’ﬁy be

any substance that specifically binds the AR 2 1n one ment, the
substrat e parnsitting: thiddingooft thee gleteptabbndabeleny fadtoantd tAR- AReAt i body, AR-2

receptor and AR-2 receptorbody. The invention al'so provides for a
- conposi t i JRCEBHYT iaglidngle):ﬁminmg‘amlzether the detectably labeled factor is
. 10 bound fo the AR-2 receptor, thereby identifying the cell as one which
("') expresses AR-2 receptor. The present invention also provides for a
- composition comprising a AR-2 and a cytotoxic agent conjugated

thereto. The cytotbxic agent may be a radioisotope or toxin.

..15 The invention also provides a method of detecting expression of AR-2
by a celi which comprises _obtainiﬁg mRNA from the céll, contacting the
mRNA so obtained with a labeled nucleic acid-molecule encoding AR-2,
under hybridizing conditions, determining the ;ﬁresehce of mMRNA
hybridized to the labeled molecule, and thereby detecting the

20 expression of the AR-2 in the cell.

The invention further provides a method‘of detecting. expression of AR-
2 in tissue sections which comprises cdntacting the tissue sections |
with a labeled nucleic acid molecule encoding a AR-2, undér hybridizing
25 conditions, determining the presence of mRNA hybridized to the
- labelled molecule, and theréby detecting the expression of AR-2 in

- tissue sections.
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29 August 2003 WD 00152167 PCT/ USOQ' 03381 vehicle, as well as a nethod of
regul ati ng angi ogenesis in a patient conprising adm ni st Augyst 30@he
patient an effective anmount of the therapeutic conposition. () 5 1In
addition, the present invention provides for a nethod for identifying -a .
cel | which B3¥8s AR-2 receptor which conprises contact PEREUS0AS881 with
a detectably | abeled AA-2 or factorbody, under conditions permtting -

bi ndi ng of the detectably | abeled factor to the AR-2 receptor and

determ ni ng whether the detectably |abeled factor is 10 bound to the AR-2

receptor, Vel denti fyi E I ' - 2.
receptor. #‘%E%ént n\}%pﬂggm@ @@g@%ﬁ;':uﬁgﬁ%gﬁﬁﬁﬁﬁﬁ&mri si ng
a AR-2 and a cytotoxic aganhy | I‘RQ:‘. l\ﬁ;&'ﬁlm&qANﬂPﬁE £t N?N%C agent may
be a radi oi sotope or toxi‘m—f‘%aﬁgﬁgi‘;-m%—més—a—m ‘
det ectisng expression of AR-2 by a cell which conprises obtaining nRNA from
the cell, contacting the nRNA so obtained with a |abeled nucleic acid
mol ecul e ehidodigagdAR-(Z1.3) umae rclbrydd ifromi agnoasdi BAGhgendatierlibrainng t he
presence. o{ NRNA hybridi zed to the | abel ed nol ecul e, and thereby detecting
the 20 expt3RS§FKFNoGaNRLICRR- by i Rykmdizing |librane quplicatesn With teitierpr ovi des a
nmet hod of td expressi of AR- 2 in tissue sections. which conprises
Cont act | ngohee: TE2, & BERR, AL 2 Rrcligs. CpuBapeifing Rofe FiRic readed o
encodi ng ag cdl ¥ aRobY WdlisZi dist § t | UM Lesence
of r'rRNA_ hybeél%%?nzed to tﬁetﬁe%r?bsél [%ﬁ'ﬁgpggﬁfe!%gﬁgr#ﬁeﬁégywygﬁ é%: H%%r[ the
expr esiso onplegsgiate ibufielri 85 5°E° Wverhifght28 AlerAtgusidi2fth, the filters
(,.) were washed using 2xSSC, 0.1% SDS at 60°C, followed by exposure of X

ray film to the filters. Strong hybridization signals were identified

corresponding to mouse TL1 and mouse TL2. In addition, signals were

identified which weakly hybridized to both mouse TL1 and mouse TL2.

i5 DNA cbrrespohcﬁng to these clones was purified, then digested with

restriction enzymes, and two fragments which hybridized to the

original probes were subcloned into a bacterial plasmid and sequenced.

The sequence of the fragments contained two exons ‘with homology to

both mouse TL1 and mouse TL2. Primers specific for these sequences
| 20 were used as PCR primers to ideniify fissues containing transcripts
- corresponding to TL3. A PCR band corresponding to TL3 was identified

- in a mouse uterus c¢DNA library in lambda gt-11. (Clontech Laboratories,

‘Inc., Palo Alto, CA).

25 Plagues were plated at a density of 1.25 x 108/20x20 cm plate and
- replica filters taken following standard procedures (Sambrook, et al.,
Molecular Cloning: A Laboratory Manual, 2hd Ed., page 8.46, Cold Spring

Harbor Laboratory, Cold Spring Harbor, New York). Duplicate filters
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LENGTH cDNA CLONE ENCODI NG MAMVALI AN TIE LI GAND-3 TIE i

cloned froma nouse BAC genonmic library (Research Genetics) by hybri d| zing
“lTibrary duplicates, with either nouse TL1 or nouse TL2 probes
correspondl‘ﬁao?’ﬁr"l%e entire coding sequence of those geneRCT/ESM6/38bpy of

Ater hy oNEH A PRRed pE “Poiial StiiaPasiAany 385&?@%33@@ R 5 40P 3 ai soc

Fol | oved PORYBRRAVE!pibbe fadd LaTthe Hishl 11875 ShERNO tREh iR | on

signals were identified corresponding to nouse

addi ti on, weisgagleS°@eire a sORMioh c@ﬁlta\rmhghowe /mlmshmwlﬂ &perrhoph{ .h nouse _

TL1 and . npuse TL2. 15 DNA corresponding to ese clones was purified, then
di gest eEl!tﬁrswvereemﬁheu. n 2en 8B sat aﬁﬂctamﬂ fexpgaedtfor vihihohrayorX-di zed to

the original, probes_were subcloned into a bacterial plasm d and sequenced.

The sejuefk M- he FWagpRsitive Fanas k@t "t‘)mﬂd!i%@l i§ duphcaieniesgy to botg
TL1 20

ne PoR pr PIRARE SRR FiopStof diatiie R pRGiAdE oot 1HEEE F8reRs pondi ng 1 o

- TL3. A P%@@%@Q%bem&%ﬁtoc%s“@ﬁtﬁ dBREHf L.-EI%S of ggﬁmkidﬁmalfél?fus DA

library in lanbda gt-11 tec aboratorres,

Pl aques wera kpl anedapaproa]mmw Py &b, 1T2He 2. ﬂ@ﬁEaaan@emphas esmcbnddepl i ca ‘
filters taken follow ng standard procedures (Sanbrook, et al. Mol ecul ar

C oni ng: Wtoaiher EceR) sitenil pBluescHpt KAGiratagene)Col Se@pencey andysior
Labor Har bor, New Yor k e filters 29 29 August
308 f ohey R, el Indidengan siond,ovas Jarkiogednaln AGr ey thighinghgéky (2 x

, 650) sz‘ﬁfntafﬂ p?ep%%% BBt otherwise encoded a probe homologous to both mouse
| TL1 and mouse TL2. -

WO 00/ 52167 PCTI USOO 03381 EXAMPLE 1 - | SOLATI ON AND SEQU IHgNLgt%Q_FULL
was

- Two TL3-specific PCR primers were then synthesised as follows:
15 USZ:_ ccietgggeicgecagitigttagg
US1: ccagetggeagatatcagg

The following PCR reactions were performed' using ekpression libraries -
derived from the mouse celrl lines C2C12ras and MG87. In the primary
20 PCR reaction, the specific primer US2 was used in conjunction with
vector-specific oligos to allow amplification in eitﬁer orientation.
'PCR was in a total volume of 100ml using 35 cycles of 94°C, 1 min;
42°C or 48°C for 1 min; 72°C, 1 min. The secondary PCR reaction _
included the second specific primer, US1, which is contained within the
- 25 primary PCR product, in conjunction with the same vector oligos. The
secondary reactions were for 30 -cycles, using the same temperatures
and times as previous. PCR products were gel isolated and submitted

for sequence analysis. On the basis of sequences obtained from a total
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PCR radi oactive probe nmade to the nouse TL3 sequence. Hybridization was at
65C in a solution containing 0.5 ng/nl sal non sperm DNA. Z%August 800kr e
washed in 2 x SSC at 65C and exposed for 6 hours to X 5 ray film Two
positive clones that hybridized in duplicate were picked. EcoRl digest on
of phage DNEOd&PbfsHfhed from these clones indicated two i ndepeusbenssscl ones
W th |nsert sizes of approximately 1.2 Kb and approximately 2.2 kb:.. The
2 kb Boo! {aieindaRendenscPabaeheHens tanEcer  difeeens coBAdiEsarps, kS

S SRR IR g M SR R I S

honol ogou o”ﬁiﬁ 1) | rs
wer e thensrgéﬁ?%érts as e}/gtsl Oﬁwoﬁgmk%cné&é‘pgg%ct ?g%%ag %eﬁﬁq pfhgﬁﬂ
ccagct ggcaggiressiaggofl mofiss | V8 neorRiEtetieat td arsnstRint. o) rﬁﬁﬁhaﬂélyﬂ '
expression libraries derived fromthe nouse cell lines Cl2ras and. MZ87.
I'n thesprikiar yrtEd fIHCRemgtic ML8ncodihg ‘sgrpedridec ipsehdorthSa weguresed- 16
conjunction with vector-specific oligos to allow anplification in either
or.i ent ation PCR was in a total volune of 100m wusing 35 cycles of 940 C
1 mn; or_48 n, The 56 ondaé?‘/| PCR reaction

ol oded (71 Buithe ThBcesto Rt Ry et Usphcl PERITA e e 25
Primary PR AERNE thol BodR YBGLEAR, W hstlli'@m%ﬁ”EoMﬁférBértobg Aobriddhg

secondary react S were cyc usi ng the sane ures
times as Fﬁlﬂer@Shurﬁ@R @@W%r@ﬁ%ﬁbr&r?%ﬁhe@' pﬂ'@ﬁesubﬁbépéﬁdmpofo
sequence anal ysi s. e basis of sequences obtained froma total 30 29
A@usﬂ 0200BOVEE o'ﬂz%asehaecmam@@soebed wevicnsly,i fodegrarple, iPCRxamats Bons
ng two different c | i braries :
9 "™ in Intemnational Publication N6. WO 96/31598 published 10 October
19986.

15’ EXAMPLEZ - !SOLATION OF FULL LENGTH GENOMIC CLONE ENCOD]NG
: ' HUMAN TIE LIGAND—4

TIE ligand-4 (TL4) was cloned from a human BAC genomic library (BAC
20 HUMAN (ll), Genome Systems Inc.) by hybridizing library duplicates,
:"*}' - with either a human TL1 radioactive probe corresponding to the entire
fibrinogen coding sequence of TL1 (nucleotides 1153 to 1806) or a
'mouse TL3 radioactive probe correspondmg to a segment of186
>nucleo’t:des from the fibrinogen region of mouse TL3 (nucleotides 1307
25 101482 of Figure 1A-1B). Each probe was labeled by _PCR using exact
oligonucleotides and standard PCR conditions, except that dCTP was
replaced by P32dCTP. The PCR mixture was then passed through a gel
filiration column 1o _segparate the probe from free Ps2 dCTP. Each copy

of the library was hybridized using phosphate buffer, and radiactive
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the 5 end of the TL3 sequence, was deduced. Northern analysis reveal ed
moderate to |l ow | evel s of nouse TL3 transcript in nouse pﬁ%éé"e'ﬁi?ofi’ﬁe

- expression of nmouse TL3 consisted of a transcript. of approximately 3 kb.
The full length TL3.coding 'sequence is set forth in Figure 1A-1 B. The
nouse TL3 swquwesne’ nay then be used to obtain a human cl ongct/gSmieassai ng t he
- _codi ng sequence of its human counterpart by hybridizing either a human
genom ¢ orprobEAat i 554 yowdrnighd psioige standardp byldiidigation1 conditioesTL3AHSr has

Pt coxt W RBIEED O et e Haied BeisndhSSclon ' §18 BAREE',
| gant. 4 (PR EYCPRRERITE % LI Bac G MVETI St SIS $E S v
(1), Gen%@sévéa'%@rré%adihgoﬂyﬁum#m.'inﬁrﬁamtieﬁp'siig?ﬁér_@smemth either a

human TL1 radi oactive probe esponding to the entire” fibrinogen coding

sequenge atlenmtified nukickoviedksy hibadizedl &P Hothrhemanolse dné medsedTitave
probe corresponding to a segnent of 186 nucleotides fromthe fibrinogen
regi on of Abifssomesponding:doi teselgones2wasopuliied wgingi gfandardh- 16) . Each

‘probe was | abeled by PCR usi ng exact .oligonucleotides -and standard PCR
condi t i onsPTOSREMFRS i thRN HgRS wwfbgeatr@gl%ly epTIHICHP. ANhOTRATAITEM S s

t hen pass r I il trati.gn . from
free Pz ot BYBRaRsi o e pEBNA RRPA A sSR! Tuid i BleBReAl 0

buf fer, ansabafi aid ¥Bqadnadd AUBNS lsetRRAUQOMSE FHeM RS MSRAIHKIBBAeP! Obe
.at 55C overnight using standard hybridi zation condi'ti ons. After

h%/‘%ri dizatexon withehbiidlegy tedrsthwashed Tis1 rnd2rRiGe TL3%ARDStAer 55C,
. members of the TIE ligand family. Primers specific for these

sequences may be used as PCR primers to identify tissues containing

transcripts corresponding to TL4. .

15 The complete sequence .of human TL4 may be obtained by sequencing the |
| full BAC clone contained in thé deposited bacterial cells. 'Exons'may be
identified by homology fo known'rhem.bers of the 'I_'IE-Ii’gand family such
as TL1, TL2. and TL3. The full Coding sequence of TL4 may then be
determined by 'sp[icing together the exons from the TL4 genomic cione
Y 20 -which, in turn, may be used to produce the TL4- protein, ‘ A[ternatively,
the exons may be used as probes to obtain a full length cDNA cione,
which may then be used to produce the TL4 protein. Exons may,aléo be
identified from thé BAC clone sequence by homology to protein domains
such as fibrinogen domains, coiled coil domains, or protein signals such
25 as signai peptide seque‘nces's. MiSsing exons from the BAC clone may be
obtained by identification of contiguous BAC clones, for example, by
using the ends of the deposited BAC clone as probes to screen a human

genomic library such as. the one used herein, by using the exon seguence
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foll owed by exposure of X ray film Strong hybridization signals were

. observed corresponding to human TL1. In addition, signal29 fiegestg003

i dentified. which weakl y hybridi zed to both human TL1 and nouse TL3. DNA

corresponding to these clones was purified using standard procedures, then

di gested wi W@ G&ereri ction enzymes, and one fragment whi chrbysoatiszsad to

t he original g_qriobqis s subcloned into a bacterial: plasm d and sequenced.
nigingg dny

The sequenE® 2oRé £lomiai srEaeane CONAYRM Oh MoREIMEEPIND bot h

human TL1 S L f Yy,

prinors spelief &1 3 RAGE Bleian S aBrbfdide at Pt bRt on

i dentify t ranscripts corresponding to.. TL4. 15 The.

conpl ete sgﬁiengéégﬁiﬁggagﬂ$%% may be obtai ned by sequenC|ng the full BAC

‘clone contained in the deposited bacterlal cells. Exons may be identified

by honol ogy to known nenbers of the TIE—Ilgand fan1|y such as TL1, TL2 and
gentifingitio ditone & iy féerabersied by spI|C|ng

t oget her 't he exons fron1the TL4 genon1c cIone 20 which, in turn, may be

.used to produce the TL4 protein. Alternatively, the exons may be used as

produce ¢ ndnrLHOyRoTt HiooBE SefEGnet R e R i AL b ToRtPRAE 0 one

sequence bhdhﬁ[ﬂ?ﬂa@%ehfbe%%ﬁ'tﬁbdﬂ@h@ﬁndsfé‘iﬁilﬁ%s %ram phodaimanas. coil ed
coil "domai ns, or protein signals such™25 as si‘gnal “pepti sequences.

"M ssing ex talced mdvahitageBAE mleoamsmd)@f ohisiroed $agrndaty idfi steéngn of
conti guous BAC cl ones, for exanple, using the ends of the, deposited

5@9 c|b9.e agn}ﬂl%bsb&twegarmkaowlmnﬁamllsgeme r$.i bFar exegyHeaant he one used
.her‘ei n, n h on sequence 32 29 Au VWO 00/ 52167
b7 USoor 38kl e rinpHeOAAes GHaes B ShecllE JGARA RAgarSevasal by

perform ngreglons of conserved sequence (see underlined regions of Figure 2).

Degenerate oligonucleotides es'sénﬁally based on these boxes in
combination with either previously known or novel TIE ligand homology"

15 segments may be used to identify new TIE ligands.

The highly conserved regions among TL1, TL2 and TL3 may be used in
designing degenerate oligonucleotide primers with which to prime PCR
reactions using cDNAs. cDNA template'é may be generated by reverse

20 transcription of tissue RNAs using oiigb d(T) or other appropriate
primers. Aliquots of the PCR reactions may then be subjected to
electrophoresis on an aga'fose gel. Resulting amplified DNA fragments_
may be cloned by insertion into plasmids, sequenced and the DNA

. sequences compared with those of all known TIE ligands.
| 25

Size-selected amplified DNA fragments from these PCR reactions may
be cloned into plasmids, introduced into E___c_:_g_li by e[ectropofation, and

transformants plated on selective agar. Bacterial colonies from PCR
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either 5 or 3' RACE procedure using oligonucleotide priners based on the

TL4 exon sequences. ldentification of Additional TIE Li aftArg¥stRO®Bnbers
The novel TIE ligand-4 sequence nay be used in a rational search for

~additional nenbers of the TIE ligand fam |y using an approach that takes

advant age owoto/e21exi st ence of conserved segnents of strongedflubmnusisogy

bet ween the known famly. nenbers. For exanple, '"an alignnment of the am no

aci d sequdfnsfogratior MAE be Rirlvzethdys seavenang ek @lasisicoNORdBAY e
sequence ee. underl i ned regions. of Figure 2). Degenerate oligonucleotides
essent i al @rﬁgig)yoﬁqu.'cgasrg L@@E'qpr?m%%ﬁfﬂ?ﬁat ion with either previously

~ known or novel TIE Iigand honol ogy, 15 segnents nmay be used to identify new
TIE ligands. The highly conserved regi ons anong TL1, TL2 and TL3 nay be

~used in C@%h@diﬂﬂsgﬁmw@oﬁmgﬂg a086Gment ioflea PoveRTIEWiganavien Heo pri me
PCR reactions using cDNAs. c tenplate's may be generated by reverse 20

t ranschi ptused ab hylkdizatdisprotiesgioldbgaind{ul) lengtbt bBNAambongs ifeare a

primers. Aliguots of the PCR reactions may-then be subjected to -

el ect roph Adiganan Rjaxepgethe RAEDAER| Het SBPPMIF SPAIRRCE, WGHRR s  may

be cloned by jnserti.on into pl i,ds, sequenced and the ‘ ences

‘conpar-ed \M%/erd ?%@ialgfaawmﬁﬁoaﬁw’ﬁ E’qqeggﬂﬂ@mﬁga@ezgg%% 8‘5&2' lified

DNAfragn?Eﬁ, r eaci,| OBV, i L\agriLls, _
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00/ 52167 PCTI US00/ 03381 transfornation may b_e anal yzed by sequenci ng of

p{r"e)smw DNAs that are |
EXAMPLE 3 - Cloning of the full coding_sequence of hTL4

Both 5' and 3' coding sequ'ence from the genomic human TL-4 clone
encoding human TIE ligand-4 (hTL-4 ATCC Accession No. 98095) was

 15 obtaiﬁed by restriction enzyme. di‘gestion, Southern blotling and
hybridization of the hTL-4 clone to coding sequences from mouse TL3,
followed by subcloning and sequencing the hybridizing fragments, -
Coding sequences corresponding to the N_-terfhinal and C-terminal
amino acids of hTL4 were used to design PCR primers (shown below),

20 which in turn were used for PCR ampiificatioh of TL4 from human ovary
cDNA. A PCR band was identified as corresponding to human TL4 by DNA
sequencing using the ABI 373A DNA sequencer and Tag. Dideoxy .
Terminator Cyc!e-Sequencing Kit (Applied Biosystems, Inc., Foster City,
CA). The PCR band was then subcloned into vector pCR-script and

25 several plasmid clones were analyzed by sequencing. The complete

~ human TL4 coding sequence was. then compiled and is shown in Figure
3A-3C. In another embodiment of the invention, the nucleotide at -

position 569 is changed from A to G, reéu!ting in an amino acid change
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purified by standard plasm d procedures. C oned fragnents_containing a
segnent of a novel TIE ligand may be 5 used as hybri di za%qgﬁ‘ﬂ‘fﬁg%@sg to
obtain full length cDNA clones froma cDNA |ibrary. For exanple, the human
TL4 genonmi ¢ sequence nay be wused to obtain a hunman cDNA cl one contai ni-ng

t he conpl etwodgedtey sequence of human TL4 by hybri di zi ng achusmm3ssDNA
library wwih a robe corresponding to human TL4 as has been descri-bed
previ ousl y.rO'IDQEE@AﬁDLE 3 - Conin of the full coding sequence of hTL4 Both
5' and 3' codi ng sequence fromthe genom c hunman TL-4 clone encodi ng hunan
TIE ligand-4 (hTL-4 ATCC Accession No. 98095) was 15 obtai ned by

restricti il LON .S I i ; Ll Ln of the
~hTL-4 cl ogghtétr)ﬁ%ﬁ%'gﬂ‘%gaﬁéeérﬁ:gss Q#%ﬁ]%nétyu?QQSIES\F}Q'F%H%OS\@%?%S@%L%i ng and
sequenci nghThéatghy®rgetitgitatetbyageecATGCTOTECSAGRTASC CATGS PQONEB' t 0
the NNtermnal and Ctermnal amno acids of . hTL4 were used to design
PCR prigrers (shown below), 20 which in turn.were used for PCR anplification
of TL4 fr_(l)_ﬁjﬁtgnagl\ﬁvary cDNA. A PCR band was identified as correspondi ng
to human UObNA" sequencing using the ABI 373A DNA sequencer and Tag.

Gty o SR et Re R aE R T TG AT A AR T A T PTgna 2
‘'several plasmd clones were anal yzed by sequencing. The conplete human TL4
" codi ng sequence was-then conpiled and is shown in Figure 3A-3C. In another

enbodi ment Lowetdese nateentsi imdicitee "1t | ssdudtcost adhedi td aRe SBER privhanges!
fromAto G resulting in an am no acid change 34 29 August 20 WO

Q0152167 Figriilabe/desBy dfr e @mplifled PCR iragments. ]

EXAMPLE 4-  CLONING OF A NOVEL FACTOR RELATED TO THE TIE
FAMILY OF LIGANDS |

15 Human AR-1 was cloned from a human BAC genomic library (Human
Genome Sciences, Ihc., Cat. No. FBAC 4435, Heleaée If) by hybridizing
library duplicates With a mouse TL3 probe. The probe was labeled by
PCR using exact oligonucleotides and sta_ndard PCR conditibné, except
that dCTP waé replaced by P32dCTP. The PCR mixture was. then passed

() 20 through a gei filtration column to separéte tlhe,p’robe from free Ps2
dCTP. The library was hybridized using phosphate buffer at 55°C
overnight. After hybridization, the filters were washed using 2xSSC,
0.1% SDS at 60‘50, followed by exposure of X-ray film to the filters.
Strong hybridization signals were identified corresponding to mouse

25 TL3. Genomic DNA corresponding to these clones was purified, digested
with restriction ‘en_zymes, and subcloned into a bacterial plasmid and
sequenced. The sequence of the fragment contained a portion of the 3

end of the human AR-1 gene. To obtain the 5’ end of the clone, the 3
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The PCR priners.used as descri bed. above were designed as fol | ows: hTL4at g
5' - gcat gct at ¢t cgagccacc ATGCTCTCCCAGCTAGCCATGCTGCAG 3' 5 had Augist 8003

gt gt cgacgcggccgcet ct agat 0agac TTAGATGTCCAAAG GCCGTATCATCAT-3' Lowercase
letters indicate "tail" sequences added to the PCR priners to 10 -
facilitate womosng? of the anplified PCR fragnments. EXAMPLEpdraisdeloedd: NG CF A
NOVEL FACTOR RELATED TO THE TIE FAM LY OF LI GANDS 15 Human AR-1 was cI oned
from a hun®@AEREgdRmUSed tﬂéiesﬁlg\n-llﬁxliannu%@@de sunmﬂse‘s:r usein &at . : :

L A A Bl R B B
- PeR m xt ur o e, SBSre a6yl of e g, w%?%@ﬁﬁdt el it e o o
the probe éé%j@rfd‘eee f@%bt@tﬁﬂﬁe iﬁ.hpiéngbhatwmwﬁSAhybrdi&héeﬁwél%" %daféﬂ%ehat e

buffer at 55 overnight. After hybridization, the filters were wash

using 2xS9Bas 0sd&6tSDBeaignc@igohaticovide pmn*@rgomwtamen‘e Xtgegly ifi I mto the
filters. Strong . hybridization signals were identified corresponding to
nouse 25 TQ@UUG@HE% withnAdaptere ppiBiRli igand Aklaptorc ipsimesr WadClantethed,

G 9ot €0 PAbIGREL A4 LSRN 7 A0 B bR e Aot b
i R BATE Rl G A i

. ol igonucl egy.i dﬁ'né”arﬁﬁrﬁ’cz{t% b6 &Y a:asS&raiﬁ%rﬂm Wufe%torT B&RACE
- product was sequenced and found to contain t upst eam sequence of the
r}e i uskageridesl. 5 Thenhuclastias ethd deduced amino acid sequence of human

AR-1 is set forth in Figure 4A-4B.

EXAMPLE 5- CLONING OF A SECOND NOVEL FACTOR RELATED TO THE
TIE FAMILY OF LIGANDS

15 A second distant angiopoietin relative hAas been identified via a

~ standard homology-baéed PCR screén for new angiopoietins. AR-2 was
initially identified 'during a ‘PCH screen using degenerate primers for

| () . conserved angiopdietin'sequences PSGEYW and WWFDAC. A PCR
k fragment corresponding to AR-2 was .then used as a probe to identify a
20 partial cDNA clone from a'mouse uterus cDNA library (Clontech Cat# ML
1022B). The parﬁal nucleotide and deduced amino acid sequence of AR-
2 is set forth in Figures 5A-5B. Figufe 6 sets forth the nucleotide and

deduced amino acid sequence of the fibrinogen-like domain of AR-2.

The present invention is not to be limited in scope by the specific

25 embodiments described herein. Indeed, various modifications of the
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sequence. To obtain the full Iength human AR-1 cl one, thezgz' seﬂg&&c}e 5 was
used to design oligonucleotide priners that were used in ‘8?‘:?% n wth
Adaptor priner 1 and Adaptor prinmer 2 (Clontech Laboratories, Inc.,

Catal og # 7413-1) to . anplify Human. Skel etal Miscle Marat hon- ReadyTM cDNA
(C ontech wbeoesstieries, Inc., Catalog # 7413- 1). The anplpdiosuoioses: pr oduct
was cloned intgo the pMi21 vector and | o _sequenced. The nucl eotide and
deduced arH'HBNHER dNsaddBisre tofthesraresaibad heredt wilr bacomeriappasenintaB.

EXAMPLE 5 | . E L FACTOR RELATED.TO THE TIE FAM LY OF

1 canps - 120 R T e R e orvoPhoa RS EMRUGTLARY | dent i 1 6d via

a standar dH?ﬁ‘B b e : i =)y - it

initially Eisj%ent I %Ii%ggg' ﬂggfbnégcgsag&msbc&r@%ant% %ggdggghgég?@ &éﬁn\é'rts or .

. conser ved thegscgne ef i thesgopendss cRifsYW and WAFDAC. A PCR - fragment

- corresponding to AR-2 was.then used as a probe to identify a 20 parti al
cDNA clone froma nouse uterus cDNA library (Contech Cat# M. 1022B). The

partial nucl eoti de and deduced am no acid sequence of AR- 2 is set forth in

Fi gures 5A-5B. Figure 6 sets forth the nucl eotide and deduced am no acid

- sequence of the fibrinogen-like domain of AR-2. The present invention is

not to be limted in scope by the specific 25 enbodi nents descri bed

herei n. | ndeed, various nodifications of the 36 29 August 2003 WD 00/ 52167

PCTI USOCQ' 03381 invention in addition to those described herein will becone

apparent to those skilled in the art fromthe foregoing description and

acconpanying figures. Such nodifications are intended to fall within the

sgb)oe of the appended clains. 37 ‘
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29 August 2003 WD 00/52167 PCT/ US00/ 03381 What is clai ned Aﬁ%
isolated nucleic acid nol ecule conprising a nucl eotide %%3891‘&528 odi ng
the fibrinogen-like domain of AR-2, wherein the nucl eotide sequence is
sel ected fromthe group consisting of: (a) the nucl eotide sequence.

conpri si ng Wﬂ@oltmd] ng region of the fibrinogen-Ilike domaicoisob@sBras set

forth in Figure ﬁfg a, nucl eoti de sequence that hybridizes under .
stri ngent dﬁt?@ efoiSihe nucl eoti de sequence of (a); and (c) . a
nucl eoti de sequence which differs fromthe sequence of (a) or (b): due to .
't he degenejacy of .th neti c, code . A vector. which c rises a nucleic
“acid molecll e din dpaIAEd nucleis @sid a’B@E?eri'%gCQrﬁpﬁﬁléigrnaz““ﬁi% eh t he

| nuclerc actd ey ERoBBR by RIS ot ?3‘1 R Bect or
according to clabmhdelcitieNsbdudnsd a8 ddlectd hidfh ahedoRfh Jgr&éétn@%ﬁa' i ke

domai n having the amno-acid ‘sequence set rth in F gure ted
AR-2 fibrinogen-like donmain encoded by a nucleic acid. nolecule of claiml1.

7. A host-vect sy cﬁ%&%’ i ARs WGCh JnSe

vector of clali %bé ?hégﬂ] %é?ﬂ@%éfg Qeg\r@{n ! %Bg]%&'b‘@og%@ 8f the
PCT/ USOOY 03381 . 8. Aibniprigeveliterdayaine ot akBo2 chd et ofartraiim Figusbesgi n t he
‘host cell is a bacterial, yeast, insect or mammalian cell. 9. A nmethod of

pr oduci ng AR-2 which conprises growing cells of the
7 (b) a nucleotide sequence that hybndlzes under stnngent
(*) o - conditions to the nucleot:de sequence of (a); and

(c) . a nucleotide sequence which differs from the sequence of

(a) or (b) due to the degeneracy of the genetic code.
L2 A vector which'comprises a nucleic acid molecule of claim 1.

8. A vector according to claim 2, wherein the nucleic acid molecule
is operatively linked to an expression control sequence capabie of

~ directing its expression in a' host cell.
4. A vector according to claim 3, which is a plasmid.

5.  Isolated AR-2 fibfinogen-like domain having the aminb acid

sequence set forth in Figure 6.

6. Isolated AR-2 fibrinogen-like domain encoded by a nucleic acid

molecule of claim 1.

7. A host- vector system for the productlon of AR-2 which comprises

a vector of clalm 3, in a host cell.
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host -vector system of claim8, under-'conditions permitting _production of
the AR-2, and recovering the AR-2 so produced. 10.. An an%?ﬁ@@ﬂﬁt\%ﬂ@%h
specifically binds the AR-2 of claim5 or 6. 11. An anti body according to
claim 10, which is a nonoclonal antibody. 2. A conjugate conprising the
i sol ated ARWR 006216t ai m5 or 6, conjugated to a cytotoxi.c ageokooodid A

conj ugat e ccordihr;(%'r to.claim12, wherein the cytotoxic agent is a .
radi oi sot dpe or tREGtVectay SYRIYMNBESPIdIRE WoRIRIsi/mgWheeeiARtze d10s8] e¢lin 5 or

.6, and a carrief., o] j tiaqn_conpri.sing,an antibody of claim 11,
and. a carri er.efg 1655’%?@8%%??#'0’#%88%& mars{a-mg’“%@nfﬁbate of claim 12, and

a carrier. 17. A factorbody conprising isolated AR 2 fibrinogen-I|ike

domai n of 4cl ai fused to i nogl obul i.n constant region., 18.

The 1 act orody el el AR RS SaPBEERF O RURBEaFETS Rgthn i’

the Fc portion wfstlietoB UGS 0g 1 i Cj ek ding to

claim1 which i's subst%n%%??@ gjg Eigf@i gbel?%?ér esﬂ‘?%%db?%rﬁgﬁﬁ one of the

foregoi ng exanpireduciién ot HRCINR-2aCaRT dbe@vdring tisé MR- Produced.
substantially as.-hereinbefore described 5 in any one of the foregoing
~exanpl es. 21. A polypeptide according to claim5 or 6 which is -

substanti al@y asn rertibotyefadtieh giesiticdIBd bing s ie ORR-2foft BRiMOGEBPiB1g
exanples. 10 22. A host-vector systemaccording to claim7 which is
substantially as herei nbefore described in any one of -the foregoing

exanpl es. 2B, Aneiriybdceetdidiggtid elawnm B, Wihieh isSasHiprcamial |y as
“hereinbefore described in any one of the foregoing exanples. 15
(’“) : anfibody.

12. A conjugate comprising the isolated AR-2 of claim 5 or 6,

conjugated to a cytotoxic agent.

13. A cdnjugate according to claim 12, wherein the cytotoxic agent is

a rédidisotope or toxin.
14. A corﬁposition pomprising the AR-2 of claim 5 _6r 6, and a carrier. _'
15. A composition comprising an anﬁbody of claim 11, énd,a carrier.
/) 186, A_compositiqn comp.rising a cohjugate_of claim 12, and a carrier.

17. A factorbody comprising isolated AR-2 fibrinogeh-like domain of

claim 5 or 6, fused to an immunoglobuiin constant region.

18. The factorbody of claim 17, wherein the immunoglobulin constant

region is the Fc portion of IgG.
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24. An antibody according to claim 10 which is substantially as
her ei nbefore described in any one of the foregoing exan‘p?%é?glﬁgc’%
conjugate according to claim 12 which is substantially as herei nbefore 20
described in any one of the foregoing exanples. 26. A conposition according
to claim14, 15 or 16 which is substantially as hereinbefore described in
any one of the foregoing exanples. 25 27. A factor body according to claim
17 which is substantially as hereinbefore described in any one of the
f oregoi ng exanpl es. 40 . :

19. A nucleic acid according to claim 1 which is substantially as hereinbefore

described in any one of the foregoing examples.

20. A vector according to claim 2 which is substantially as hereinbefore described

3 _ Inany one of the foregoing examples.

21. A polypeptide according to claim 5 or 6 which is substantially as hereinbefore
descenibed 1 any one of the foregoing examples.

10 22. A host-vector system according to claim 7 which is substantially as

hereinbefore described in any one of the foregoing examples.

23, Amethod according to claim. 9 which is substantially as hereinbefore

described in any one of the foregoing examples.

15
24,  An antibody according fo claim 10 which is substantially as hereinbefore
described in any one of the foregoing examples.
25. A conjugate according to claim 12 which is substantially as hereinbefore
20 described in any one of the foregoing examples.

26. A composition according to claim 14, 15 or 16 which is substantially as

herembefore described in any one of the foregoing examples.

25 27. A factor body according to claim 17 which is substantially as hereinbefore

described in apy one of the foregoing examples.
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