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- The present invention relates generaltly to the field- of genetic 10

engi neering and nore particularly to genes for receptor tyPésighe 2008ases
and their cognate ligands, their insertion into reconbinant DNA vectors,
and the production of the encoded proteins in recipient strains of -

m cr oor gani ﬁﬁm/an%l reci pient eukaryotic cells. Mre specifically, the
present invent Gfi%7s directed to a novel factor which is r&CEUSA0A3381L5 t he
angi opoi etins and may he a reqgul ator of angi ogenesis. The novel factor is
desi gnated AR-2, (Angi SNBOBYERINRALATER FROTEIN 010 (NHELERE AGERSt i nvention is
directed as well as to nethods of meking and using the novel factor. The
i nvention further provides nucleic acid sequences encoding AR-2, and

et hods Moot R bbBAlolioh NFaridisd biRatigRsaars Zerbiundigne product s.

The novel.-AR-2 is believed to be a regudlator o angi ogenesi's and thus the
factor, disclesuress ofutesec mdilidatiensothi riheirt entinelyedeares dferebiyn t he

di agnosi s and treatnent of certain diseases such as neopl astic diseases.

“i nvol ®¥i n§'GAURBFalgsy iy daterencewinind thisamppljcationr onboenbol i ¢ di seases,

at heroscl erosis. and i nflammatory di seases. 25 BACKGROUND OF THE | NVENTI ON

The cel I ul ar behavi or responsi ble for the devel opment, maintenance, 1 29

- August- 2003 WD 00/ 52167 PCT/ USOO/@%QQ@q-ldﬁpai r of differentiated cells

and tissues is regulated, in lar X intercellular signals conveyed
via gromh factors and simlar |igands and their receptors: The receptors
are located on the cell surface of responding. cells and they bind peptides
or pol ypdpei peesentninventionrrelatest generallyato viblel fiadd ovthgeneticnone- | | ke
¥ {185 The results,of this i,nt?raction are rapid biochem cal changes in
th engineering and ‘more particularly to genes for receptor tyrosine
kinases and their cognate ligands, their insertion into recombinant DNA
vectors, and the production 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 nucleic_acid sequences
encoding AR-2, and methods for the production of the nucleic 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 in the diagnosis and treatment of certain diseases such
as neoplastic diseases invoiving tumor angiogenesis, wound healing,
thromboembolic diseases, atherosclerosis and inflammatory diseases.

25
BACKGROUND OF THE INVENTION

The cellular behavior responsible for the development, maintenance,



“responding cells, as well as a rapid-and a | ong-termreadjustnment of '
cel lul ar gene expression. Several receptors associ ated w?%&va&aﬁt&@% cel |
surfaces may bind specific growh factors. 10 The phosphoryl ati on of

‘tyrosine regjdues in proteins by tyrosine kinases is one of,the key nodes
by which sié’ﬁé’f"gﬂé?e transduced across the plasma nenbr an®@CTES(HE31

currently W%gpipb?i Hitferb LS %gﬂ?sénd 9@5;@;%0%@“&:5%%@5@%9' |

receptors. for polypeptide growth ctors 1 hor es such as “epi dermal .

growt h fagsanmt, EyGitercalulbr nsighaiuldomvelelie v ablvthaigord dridSsimilar

pl atel et derived.growh factors (PDG--A and -B), and fibroblast growh
factors (HE=ds and their gecaptarsCdlhe réeeptbss iave, lacatéderbabe(asi9O) ;
Ulrich, et r?l ., ?el |, 61. 243-54 61990)) . .In each instance, these growh.
factors ex@fatehdlrresRonaingcadsnantgthey’ bl neptidesr 88 AAVPARLGRS t i on of

tyr osi o0l G QB UGS aSBRN S eetdhemipneien i6pudenrBE °a owt
factor recr%l@,hﬂésopfth@"qlﬁﬂe@?bfi@ﬁ & 'répidab?o&ferﬁﬁzratliaﬁrﬁeé MhefRst due to

t he possi bl e invol venrent of growth actors I n sever nport ant

physi ol ogi respoadthgoaiehie| eg ealll REOgeRERE , aRd éu@hgaérmaﬁe@adjggﬁﬂ@ﬁﬂ of

angi ogenesis, atherosclerosis, and .inflammtory di seases. -(Fol kman, et at.
Sci ence, X3iulangener expyessipn. Aevgrat teceptpt associitekwithal various

henmat opoi eti c ' factors are tyrosine kinases; these include c-fns,

, rowt h ;
which is t$& égv'g?rﬁﬁsstmﬁiﬁlla&nidngpﬁcm Aigwih B&HSAD 00/ 52167 PCT/ US00/ 03381
‘factorwl receptor, Sherr, et al., Cell, 41: 665-676 (1985), and c-kit, 'a
.%‘i'}ﬁtive henmat opoi etic growh factor receptor reported in Huang, et al.,
'y _ :

63: PRe-Fodpfftation of tyrosine residues in proteins by tyrosine
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



5 The -receptor tyrosine kinases have been divided into evolutionar%
subfam |ies based on the characteristic structure of thei ns.
(Ulrich, et al. Cell, 61: 243-54 (1990)). Such subfam lies include, EGF
receptor-|ike ginase (subclass 1) and insulin receptor-like kinase -
(subcl ass | ? h of which contains repeated honol ogous EGTUEINE3SI ch

sequences fé@tdrhﬁ“ fectphsrcshbt, %t dRTRsan, 48, HMboacHEEIed iarl 910N 1S

also found In the extrace ‘of 't he ki hases. | et

al ., Sci eprEnitiZa8 heTAOpbTAL (radith; fatctadbl@rc@pt@t rébortetlin @ahhg
10: 6316-24 (1990); Lhotak, et al., Ml. Cell. Biol. 11: 2496-2502 (1991)

PDGF r eceflor els 6l P253% (ﬂ&EOhnd c-kit receptor 15 tyrosine kinases may’
be grouped into subclass Ill; while the FGE receptors form subclass |V.
Typical for the nmenbers of both of these subcl asses are extracel |l ul ar

| manod) omie repauton 6N kiSRS Aae, st dkBRd G avdlithay ' ' o
| MuNog! ol AmAERE ' aydd wmh@hcggrécgggggaosﬁuw R n%w neg:ttoé?{al\rﬁ%]ﬁnsce”

surface receptors having either c or solub I ga

et al., AnlelnBﬂy etl atmuBell, 616:24854400090)19%RIch Baprithilest Hsdae Bapases
differ in their specifici ty and affinity. In 25 general, receptor tyrosine.

ki nases arecgpigidpreotidnage wiubielasmd) sandf lr(sl:)mameeap’ﬂoadédel (imaselomai n
capabl e of b d| ng eC| fi c rowmh factor(s); a transnenbr ane
domai n_ whilBHOEIaES I'in WG GRItAinS rgBea h@F“@'ﬁQOHﬁoFbiiﬁQm €3) a

’rgﬁ}ﬁ?@?‘bh@egéﬁﬁéaﬁﬁﬁ‘t‘@&%wee%ge@#‘gf I S T L
: region is also found in the extracellular domains of the eph-like
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-fm's' and c-kit receptor
15 tyrosine kinases may be grouped into subclass Ili; while the FGF |
receptors form éubqlass V. Typic-al for the members o‘f‘ both of these
‘subclasses are'extracellular folding units stabiliied by intrachain
disulfide bonds. These so-called immunoglobulin (Ig) -like folds are
found in the protems 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



tyrosi ne ki nase domain which is. the enzymatic conponent of the receptor;
and (5) a carboxyterminal tail which in many receptors is29AHgeRIEEEB i n
recogni tion and binding of the substrates for the tyrosine kinase. 0
Processes such as alternative exon splicing and alternative choice of -Jgene
pr onot er orWBCPW?MényI ation sites have been reported to bePrcapmbi/asssiof

ol ypept | deC Ry SRR e MBI, 65 blaPl, SRadREPndSien: W Bhove. A a

consequenagrosiRBEkiMEEEAB6H dth AVhRPR RRe ”@Mze)hﬁaﬁé pé@rﬁﬁﬁﬂe@? of SERpr at e,
T pt ac

secreted proteins and sone forns of the rec ors nmay the tyrosine

ki nase doneiceptord &t () na oghiboxheerexhapagi | whith #9rMaRy iduegtbedid n the

pl asma nenbrane via the transnenbrane domain plus a 15 short carboxyl

term nal tiavplves {ferecegaiiimdirah bimdioghof ithe sebstratesnomritbe atyeosipeosi ne
ki nase, - ariginally identified by RT-PCR as an unknown tyrosi ne ki nase
honbloéougﬁegﬂﬁ'fragnent from human | eukenia cells, was described 20 by
Partanen, et al.,,Proc. Natl. Acad. Sci. USA, 87: 8913-8917 (1990). This
gene and its encoded protein are called 'TIE" which is an abbreviation for

"tyrosine fgiaged stich %@’Qté@%' % | Nhd _ Mol
Cell. Biol. 12: . 1698-1707 (199 t.’vgga%dtwhséﬂﬁggden%rde%ﬁé%@%%hﬁ%%m is
present irgexieé promeief elrapolgadenyiation sids \avieC bbEASHRONdPO herR@ebion, .
.tie message has been localized to the cardiac and vascul ar endot heli al
cel |'s. Spedi Preduging severah®istincispolypeaptides| frerdthe same agetoe.heThesef
bl ood ,vessel,s an{d 4 29 Au&_ust 2003 WD 00/ 5%167 ) . .
() 10" "polypeplides may may not contain the various domains 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



PCT/ US00/ 03381 endocardiumof 9.5 to-18.5 day ol d nouse enbryos. Enhanced
tie expression was shown during neovascul ari zati on assocPafeausti20f3
devel opi ng ovarian follicles and granulation tissue in skin wounds.

Kor honen, eg“,&#mz% ood 80: 2548-2555 (1992). Thus the TIEs have been 5
suggested t0 Pl ay %A role in angi ogenesis, which is inportafRCT{00/03381

Soagrs 3 P . o
Gependont " gridERafElhe of Us 3l 18 UV iy HIBUSE KHBIye, ' EryraRebadiaes! o .
at her oscl erexpressiod adshishown @il hedvaseildmaton eedRiatedt Wit recept or

~proteins have been reported to be encoded by distinct genes with rel ated
profil es ofdexeiopingi ovariatniligees.and gramdidticn lissue trheskimtwbongd.og of
human tie.. Maisonpierre, et al., Oncogene 8. 1631-1637 (1993). The

ot her . gene Karhgnen, ghyalyBloor 80 £5%8556d1892ﬁ-he1'hu$ ithe Ti&is hewe haerch,

cnaot heF: oPRBORRELA SRR Hlesthproiso ittt S oammantion, - o "

Oncogene 8: sid 30 O addi€ss? J.S, descri in
Zrogher, UOSvelRAd hestnepls, jof i Tt (B 0sQlorel ool caRERERRBES-
(wher ei n- i tdgpenceherdiedasé® asch UK diabatd q@tihépaﬂf}ﬁzrﬁ%ﬁéﬁa, inits
entirety herein. 20 Both genes were found to be w dely expressed in

" endot hel i alatberoscietosismangbnartheitid, post natal tissues. Significant |evels
of tie-2 ‘transcripts were also present in other enbryonic cell

popul ati ons, including |lens epithelium . heart epicardiumand regi ons of

resCncyTe: g ARGBBN S Rnetrd e SARRBRE a7 508 b o e
that- TIE phgyse %ﬁé&cfed Byt Bty &Gt e 184 nbl%?ﬁ’@:?eofoéxéression. '
- 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



29 August 2003 WD 00/52167 PCT/ US00/ 03381 the vascular system This could
include roles .in endothelial cell deternination, prolifefafgust2003

differentiation and cell migration and patterning into vascul ar el enents.
Anal yses ofg’g)@% ;?rrbryo_s deficient in TIE-2 illustrate its inportance in
angi ogenesi glﬁ ticularly for vascul ar network formati oRCIAS8HES%hel i al

Il1s. S 1 | V. | a
Systom i e Vastula® byBlem, M SolfR ARIEE SRRl etHaREUATCHLT ! rance.
and r espOﬁ%@el’irﬁimidwgg%ﬁfe'rﬁfibﬁe”&iﬁ%renﬂé’naﬁeaﬁb'zcre‘ﬂcer'ﬁ goﬁr &ndl SO

expressed in primtive hematopoietic-stem cells, Bcells a subset of

rregakaryocpattemmgl miot ha&:mﬂag@smemgt hanalydes of ;hbgggdém i . bi nd t hese
receptors in early hematopoiesis, in- the differentiation and/or

prol i f er at AeHCENtBIR e 1652 ihestrater lits lm@@aﬂmcﬁomyt angitigenasisit i at i on

th | wa . Biochem 15 Bio R h. Co t |
795 3018 3082 A8y " (OrIREGHIAT nefwoHs fo¥marue§3?r§9§@@omgﬂ‘fi?'1c§e‘?§‘s'>°”éazcard,

angi ogent o et oF Bhaahe 37 7:740bLERN 08 PHRQIR! YabdlfRh Syblgna, |
al so ref er tesl TiEsAB0RRY 4094:1.%}9'|ﬁt Pﬁuétr{e‘h%@]aeu 4 .val gnﬁé.ﬁteh%egganahe

TIE-2 receptor and is essenti al nor mal vascu ‘devel oprment I'n th

nmouse. By hesporsgy to spathegenis apfhlercost. s have al so ldentlfled an Angl _
relative, termed TIE- 2 ligand-2 . (TL2) or angiopoietin-2 (Ang2), that is
a naturally occurring antagonist for Angl and the TIE2 receptor. For a

gg}ﬁé' PoLOTHE, TR CrerRatoR, ahg g E¥arassed tharimive @%&%ﬁ%iﬁ %Lﬁeérﬁﬂgzl)
p 18
1996 nd Cé%é P?fgrgﬁéaltuonaﬂ %@Fﬁ@ho% W%ﬁéﬁg’géﬁﬁbﬁl‘f@&%&ﬂ ngotte

Cct ober role of ligands which bind these receptors in early hematopoiesis, in

the differentiation and/or proliferation of B cells, ahd in the
megakaryocytic differentiation pathway. iwama, et al. Biochem.

15  Biophys. Research Communications 195:301-309 (1993); Hashlyama 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



6 29 August 2003 WO 00/ 52167 PCTI US00/ 03381 1996 both in_the nane of
Regeneron Pharmaceuticals, Inc.; and S. Davis, et al., CEPAuUgyst20981-1169
(1996) each of which is hereby incorporated by reference. The absence of
Angl causeswé%glgzrle vascul ar abnormalities in the devel opi ng nouse enbryo.
C. Suri, et"R1%¥5218% 1| 87: 5 1171-1180 (1996). Angl and AngRCPUSWVEEESIf or

nat ur al | | sitive negat i ve r-equl ator f ' angi nesi s.
~ Posi ti vey(}%g(@w\% tﬁge@%ﬁpét ?ﬁﬁ%&en%f%} Rl ‘?'Cﬁgg'olé'gtjl f‘n‘grﬁg Br ent
out conmes @gpgndi : 4 i hen Sy i u ti j-Qgeni c
signals. | opigplq%g(r??s .ﬁﬁqu?gv%% ye? gn?m@gﬁggf Q%ny?@p Io g?\?%ireal

‘related dyrelgesmce.f MoEbsehbess haye dasesdssiamatasedibF 2 1igand-1

- (TL1) also referred to as angiopoietin-1 (Angl); TIE-2 ligand-2 (Tl-2) or
angi opoi etabnormakEigs)in_ thee devgloming rouse embryn.e Ci Samig-et &) GBIl 8For
descri tior}ts7 of, &Be strycture and functional properties of these four 15

related fact/drdl18Pef ce. ARGl NG ANGRdYOVide der mAtuElih@osupingat i ons,

5 oas, 755 PILUE S TREATECHAGIRISTE, B ATighaTeds, oRbslPe hnelame
o Davi o, eprayiom BRTIER T fRely to, Toail oy tepCgticonieg, depglifihg, 62! o7

al | oned, dheecombinatiovansie sihaBaféouslySachayi ahgligeri8/ figBakd5, fil ed
4/ 6/ 95, now all owed, date of allowance 11/26/96; U.S. Serial No.
08/ 665, 926, filed 6/19/96, .now al |l owed, date of allowance 12/9/97; PCT

o5 L e BT ASIRLE Tartl SesBirel ki 25 por
I'ht ernati opglio k! 22tdean %es%cﬁéyéggégﬁ%oe%igr];ailtle%dTlI:Ai%rili!gaﬁtH (TL1)

_ ' also referréd to as angiopoietin-1 (Ang'i); 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.



1996, published on Cctober 10, 1996, -with Publication No. W96/31598, both
PCT applications in the name of Regeneron Pharnaceutical 29 Augist 26039’
August 2003 WO 00/52167 PCTI US00103381 SUMVARY OF THE | NVENTI ON The present
invention provides for. a conposition conprising. AR-2 substantially free
of ot her pr'@ 895467 The i nvention al so provides for an 5 i setEtUsmossc! ei c
aci d nol ecul e encoding AR-2. The isol ated nucleic-acid - may be DNA,- cDNA or
RNA. The invention al so. provides for a .vector conprising an isol ated
nucl ei ¢ acid nol ecul e encodi ng AR-2. .. The i nvention further provides for'
a host-vector systemfor the production in a suitable host cell of a ’
- pol ypeptide having the biological activity of 1 o AR-2. The suitable host
cell may be bacteria[, yeast SUMBARY OF THEEMWVEBINTEIN The i nvention al so
provi des for a method of producing.a polypeptide having the bi.ol ogi cal
acti vity of AR-2 which conprises growing cells of the host-vector system

under condytiaons mitin r ction of the pepti de.and overlng
the. pol ype %u@eggnﬁs%?%%%e& VR 10 2 lockiBad el hEBelRiAT B o

i sol ated | o r 0 t

devel opnen S?éﬁ.théw ?5%53&)? H heé‘frrg FH ﬁg%f‘,”&g %@@ %ér é?&ﬁg%o@%&ﬁe

nol eculse vigbRibed %lﬁ:léi@cﬁﬁkprm&@caﬁp@n%bdﬁf ARPIONTRE ,isdfatadt Reslaredkics for
the treatnment of. patients suffering from di sorders invol ving

cel | s, -ti geagpeoDNA; gBNA wini RNA. eXheeiswention ARs@ previgesoior dlvecforesent

I nvention al so provides for an antibody which speC|f|caIIy bi nds such a
t her apeut i OMPliEag an ispiated nucleic acid ‘molecule encoding AR-2. The

( ) invention further provides for a host—vector system for the production
in a suitable host cell of a polypeptidé having the biological activity of
10 AR-2, The sﬁitable- 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



anti body nmay be nonocl onal or polyclonal. The invention also provides 25
for a method of using such a nonoclonal .or ‘polyclonal an2PBedystt2803measure
t he anmount of the therapeutic nolecule in a sanple taken from8 29 August
2003 WO 00/52167 PCF/ US00/ 03381 a patient for. purposes of nonitoring the
course of t W&MFE¥E67 The present invention al so provides , f oPcasesusssiody

whi ch specificall bi nds AR-2. The_ anti body nmay be npnoclonal. or

pol ycl onal @ %‘ih%n{ﬁ%f BUTRRASS CHIMPOHPHRY theoGruss Pbrthesadsi ti ons, .
conprising an antibody which. specifically binds AR 2 and a vehicle. The -
i nvention further provides for conpositions conprising AR-2 in a vehicle.

The inventiAR Blerlr cHton' ?sdi dreURRE fr ra‘?lg'élnﬁb'('?g mi&ﬁ'%}?ﬁﬁﬁ!@i |ng a

patient by admnistering an eftective anount of a ositi

AR-2 in a birischB-2A Theradtituely mdyheei mogotlamal wropbgenidhat TS 2heay be
conjugated to a cytotoxic agent and a conposition prepared therefrom 15
Bi ol ogifcal inveaticinvéuriirer preyides Jsedcaroppsbitise comprigioat Bn sotibodyl |

mgration, and/or differentiati and/,or. stapilization or destabilization
of cells e@fﬂ&sﬁpﬁglflﬁlyr Q‘ﬂﬂaﬁ g&:;lzBﬁBFjo@i\E%’F'P -active AR-2 nmay be used for
the in vitro mai ntenance of AR-2 receptor 20 expressing cells in culture.
Alternatively,' AR 2 may be used to support cells which are engineered to

express ityheepfiingion FuthéeprolitRsARRR coﬂfb’oéifi‘éné %&Hpﬂéid@mﬁ?@ yged in
-assay systens to identify agonists or antagonists of the receptor. 25
BRI EF DESCREMEIEON The TinkentiGRESo provides for a method of regulating

_ () 10 angiogenesis in a patient by administering an effective amount of a

composition corhprising AR-2 in a vehicle.

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.



FI GURE 1A-1B - Nucl eoti de and deduced am no acid (single |etter code)
sequences of TIE ligand-3. The coding sequence starts at B9&upusii?083. 9 29
August 2003 WD 00/ 52167 PCT/USOQ 03381 The fibrinogen-1like domain starts
‘at position 929. FIGURE.2 - Conparison of Amino Acid Sequences of TIE -

Li gand Faniwgoossigbers. mAng3 = niTL3 = nouse TIE |i gand- 3; pbAogsbosshaTLE =
human 5 TIE ligand-4; hAngl = hTL1 = human TIE-2 ligandl; mAngl = nifL1 =
mouse TI E-Tz'he|8aﬁaogenMegﬂmnan$t&rtﬁoahemﬁlmz $29and 2;. hAng2 = hTL2 =
human TIE-2 ligand 2. The underlined regions indicate conserve_d regi ons of
honol ogy among the fam |y nenbers. 1 o FIGURE 3A-3C - Nucleotide and

. deduced a . r eh I rrow
I ndi cat es”iﬁﬁé{fj@@t ?déeggg ' ég&'ﬁ\%\%cbﬁ@%%%ggﬁ&gﬁ%l@%ELodsaq%gﬁa@” uced
am no aci dviehitiarse hﬂrfg@f—c‘mtiﬁh FOOURN TES (RfantLBBRANR: L hTB4aFL GURkadA- 58 -
~ Nucl eoti de and deduced "am no aci d (single letter code sequences of nouse
ut er us &cDNNH ligandyt;dethged: ARLA. =GR BIE-2Niganedt irlAnghd= daTllted ani no

acid (single letter code) 20 sequences of AR-2 fibrinogen-I|ike domain.

. DETAI LED DRouRePTiEeR lgardd; m&&gﬁlﬂm'ﬂﬁd@muﬁﬁei IE2 §oand &t BBRE2 1= bel ow,
applicants elsolat tified a novel fact related to,the
PR o T oY it o R g 2. - das,bpRenRea HenS adicat B RenY oq
~to herein a are referred to herein as
TIE-2 || aﬂ%ﬁ%ﬁ @ﬁﬁ(ﬁw‘@ dr%&nﬁggggafn%rm oﬁgﬁﬁﬁﬁ (Angi); TIE-2 ligand. 2
(TL2) al so known 10

{*) 10__ FIGURE 3A-3C - Nucleotlde and deduced amino acid (single letter code)
L sequences of TIE ligand-4. Arrow indicates nucleotlde 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



29 August 2003 WD 00/52167 FCT/ USOQ 03381 as angi opoietin-2 (Ang2); TIE
ligand-3; and TIE |ligand-4. The novel factor is expected2® Aupusi@0a3
function and utility simlar to that of the -known TIE-2 ligands. 5 The
present invention conprises novel nucleic acids and their deduced am no

. acid sequen¥&x00/saE7vel | as functionally equi val ent vari ant CTiUs6/€3381
conprising naturally occurring allelic variations, as well as proteins or

pept i des cBRPAIGIPRYIELiIngt (AN ondE bgand-BorancdiTIEnligand-dnal Thennavel s of t he

descri bed h ai n_bi ol cal ac |t 10., Suc ants

i ncl ude- thﬁa&@&?ﬁgmﬁ%%qgﬁ %ftyed a i cﬁﬂ:ggagyﬂg E'M}bgmﬂlﬁfet& ;ﬁ?ﬁq Pgsthﬂues
W thin theg e ng in a silent change. For exanple, one or nore
amno acid ﬁg‘ngdEg% évm?raﬁhﬁbt he sequence can be substituted by another

am no acid(s) of a simlar polarity which acts as a functional equi val ent,
resulting in a silent 15 alteration. . Substitutes for an amno acid within
the seduentbenpiessat iseéstiordcdmprises hwoveaiemises abzdsham:ﬂ fissir taeduiviech t he
am no acid belo For exanple, the class of nonpol ar (hydrophobic) am no
aci ds . .ncﬁﬁwléoa@(glﬁl ﬁ%que@a%‘q"' n@s W&l éacfwtromaﬂlvn@qumadﬁntnaanants

henyl al h hi Th t ci d
Pl ude - ylFteqt dhBRSER: Aty ;&rﬁq?ﬁngcﬁﬁﬁﬁ?ngan@ PBS! A Welbaragi ne.
and gl ut a”bftﬁem@‘%rp(b“éﬁl]ﬂd\é%' Bbo?ﬁ'ﬁﬁ %E%t;g}t “Bgfét'ié’r% ' Gy SrtRind) j i hd

| ysi ne and hi sti.di ne e negatively~charged (acrd am no acl | ncI

‘aspartic amiuantzd of gihet @r@senaéudseaﬁeﬁd:é@ whethidedam bhdlagide §§t¢\ﬂ?y of the -
| nvent ion are proteins or fragments or derivatives theredf which éxhibit

sahi oSUghwarﬁntSbim‘lu@ dhbsacini whigh aasinot heidAregiduescaieed herein, .
der| Vaéfjl\alset?tu\{\gd for residues within the sequence 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 mémbers 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



are differentially nodified during or after translation, e.g., by 11 29
August 2003 WO 00/ 52167 PCTI USOQ' 03381 gl ycosyl ati on, prof8diugust@06Beavage,
| i nkage to an anti body nol ecule or other cellular |ligand. Functionally
equi val ent nol ecul es al so include nolecules that contain nodifications,

i ncl.udi ng NP2  nodifications, which result' from exROIEEBBEN a
parti cul ar rec I nant  host. such as, ftqr exanple, N-term nal thyl ation
whi ch occgﬁ@oisx%g%nt’ a???t%‘a@&'gr Flgavegey li .a%ﬁ?)aﬂxﬁ'ﬂﬁggﬁ%n"@ﬁq Bs0r
Functi onal o#RGUcKA Bt 0 el t S| | AN Ci:
substitutions are rrad@gﬂc?' cﬁlﬁgﬁﬁgaﬂgl%@%gﬁt%ﬁ%‘g\% gl%bi”ﬁ?'f’?/eof t he

mol ecul es aiflectiesPrtRyeéorMBIRNRAIfEART, NidIddint) NQenpxpap! e, the
angi opoi etins can be structurally divided into three domains: an

N-t er mi nal masgticationrs;k widch nrésuiblfogy expeessi@noim a spadiculares; an
al pha-helical rich coil-coil segnment simlar to notifs- found in many
prot ei fs t FREONBRIEANE chpstonsieh aa. t farepxamplen N-teraninal smeihylationgwhich i ke

B I e

et al . (1830hadkl oBE A8k LG el e GhiVH BRARR oI S AR ACREESNt S

t he nost cornserved region 0 he "angiopoi et1 ns, "and recent stu

i ndi cat e theide for @yptdinesnidieciiesert ampeovelisiabilidp fotié ARoRfcudés and
~.angiopoietin. In addition, all the information that. determ nes whether an
angi opoi et fn prevant agwvdrdedocraeasliakiragoni st appears to reside within the
fibrinogen-like domain. For exanple, when chineric nolecules are made in
'V\{r‘l’i‘}ch *%e fibrinogen-like domai ns of '

For example, the éngiopoietins can be stfucturally divided into three
domains; an N-terminal région 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 ié an agonist or an antagonist
appears to reside within 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



angi opoi etin-1 and angi opoi etin-2 are swapped, agonistic or 25 antagonistic
abilities track with the fibrinogen-1ike domains. The N 28/AwdHsl2088d
coil-coil regions appear to serve nmainly to multinerize the
fibrinogen-1ike domains, which apparently nust be clustered to be active.
In fact, thwoNeszwm nal and coil-coil regions can be subst ptuteshisas129
August 2003 WO 00/ 52167 PCT/ US00/ 03381 for by alternative notifs that -
al I ow cl usi@r ibyg 2lterndtive Haokita ithat | altowf clusiryingoi Sthius, 1thendctivities of

tes. in

angi opoi etin-2 can.be precisely mmcked by surrp ich the

1o - hogeneNpireigs: Btk ey aigpdelies fan the, Prap YN, JBimEsethEY const ant
regi on of ) : Lt L NG ki ke 5 fusl.opns i ¢h e
[oat on o SUrRBEBOT Wk ! AgkoBEn D SEHRAES(EUI R ER e
gener al deggs ifRE&@ntoothd %n@t@ﬂ%é\%@ﬁ &dn HRfoedy, Fledifiting'ShoPD-F&ee

I nternational Publication Nunber 97/ 48804 publ'ished 24 Decenber 1997.
- Usi ng thestugientinwduies cameherf bekillistered tisingr seoundaty antilbddiest o
simlarly nmake FD-Fc. fusions using the |o fibrinogen-Iike domain of AR-2.

~One pract i BHPCHRML A9RIE BE Each Fosua ragnarek descripden reft thee papdueli dnichs
o cac | B RLEIERE BT, 565 JFOABATc Y, LR ORGSO
| Caoast e P s t rpa e .
of ARy g et HERisHen N edihbleP AT Ry Bibse! oISk, bHE G,

domai n canskil Wsede 4@ WHAKRLGR BBl G adiAfiarRUeibIRS FIRMACC flidisheNgsing Othd he
full length sequence. The surrogates have the advantage of easier

m;gductfl) onfilrinbgendikeadaimagn t dfe AR-@L odDpal prectical agvahtade dfusuch engt h
rol’ecul e. In 20 addition, to the extent that the anino acid sequence set
forth in FPYUPEAIES ii§ thaénbative anpipReiaiintasasefgendcultt tossoNECRave t he

same bi ol ogl &dhpinantly, 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



activity as the human sequence and the sane i mMmmunogenic profile when a
conposition conprising the AR-2 fibrinogen-Ilike donmain, oR9&ugesti2088i ve
thereof, is admnistered to a hunman subject. 25 The present invention al so
enconpasses the nucl eoti de sequence that encodes the protein described
herei n as ARodwsagy Wwel | as host cells, including yeast, bp&t@&doazsyi I uses,
and mammal i an cells, which are 13 29 August 2003 WO 00/ 52167 PCT/ US00/ 03381

geneti cal | gereigaigeeadiremrpdotiupeotihee [thet pioteindyby e.gd. iransishiest i on,
‘transduction, infection, electroporation, or mcroinjection of nucleic acid
encodi ng tHianaguotiees drfertipme edectiroporatisul,t &1 miesgngmiom efedtusieic The

present invention also . enc asses | ntroduction of t nucleic acid 5
encodi ng ARE! ?ﬂ?%@&ﬁ %@%ﬂ&ﬁ?” ge e @R N %u%ﬁt%(geiﬁxﬁ'%é'ﬂrbé’&?torfor

exanpl e, i [ [ A ' .. 84 -1995) ; ‘al .

PNAS ( USA) Tis. @@?‘?&3?%5@@5?1%‘65) Sitombasdel itubetidroB! i fl8RL, &l

- recogniszze gheddihBeARL ' W W?@,e dfpegauences

that hybridi ze I!?g gRA%?gpéé%%mo I ng ﬂibééggﬁtc@?ﬂ un erégg{:%ﬁ%ﬁ condi t%i'ons.

- The -i nvent icorexdmapleprinvFihkel famd Epstdiri EASEB] Jhydh84 8H854t { 1905); dbesmand
replication/anplification priners having a AR-2 DNA specific sequence and

suf fici entet @lePNAT @438) f91d1.0ﬁ@5-r1i05’|3£a81%914w th AR-2.. Denonstrating

specific hybridization 15 generally requires stringent conditions, for

exanple, hybridizing in a buffer .conprising 30% formam de in 5 x SSPE

(035 M She, Sl Bk, I o gbObrll R 104l FubARE T e
Rref erapl yeldinpdsse!ONA and HNATseuapices! that Tt/ enadAR-R éncoding
sequence, under stringent conditions. The invention 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



20 SSPE buffer at a tenperature of 42C and remai ni ng bound when subject to
washi ng at 42C with 0.2x SSPE buffer at 42C. AR-2 honol 0g29 Asgust 28080 be

di stingui shed from ot her pol ypeptides using alignment --algorithns, such
as BLASTX (Altschul, et al. (1990) Basic Local Alignment Search Tool, -J.
Mol . Biol. R&%052468-410). 25 Thus, a nucl eic acid nol ecul epepiidepdsat ed by
the invention includes one having a sequence deduced from an am no acid

- sequence off aAupRiQ agieghakdyhsidizescta iseghharricigicagcigelskqaenae mandcul e
“having a sequence 14. 29 August 2003 \WO OO/ 52167 PCT/ LS 03381 of nucleic
aci ds thataeﬁ?b"flir&fé%@@stg%%”%{‘(fﬁjé"fr\égé 3 %9%9@1@3,% EnBPO¥® so a nuclei c

genet i o ot esuar oy TERTERIIHE GpodttE o08 B ERMER Giodted a REl 11
sequence apgich RRE a4t iFiAY: aSiBCOEEANEE AR dSofRl thrth¥rE NSS@SHRIr) Sddgs t hat
are sufficiently duplicative. of the AR-2 described "herein so"as to confer

-on t he snol iectibey tdtearmgteristicd ogiat abracsulticionths ddeliddative dels ahebgdRizer ei n.
Accordi ngly, the £rese_nt I nvention enconpasses an isolated and |o purified
'nucl ei ¢ a@@eFIRG hereinc8apas spnepnienud) dbe i melensdp dhcesamec binipgical AR- 2, .

wherei n the nucl eot|de uepce jis selected fromthe group consisting of:
(a) the nRFEEY @8 %L&ﬁ%& C&%’ﬁbﬁgi ESrQ'He coding region of AR 2 as set

forth in Figure 5A-5B; 15 (b) a nucleotide sequence that -hybridizes under
stringent conditions to the nucl eotide sequence of (a); and (c) a' '

nucl eot i depAc@@IRRNGE tMB1 Srasdink fiRvantisRNeAdEMPESSEN &h GEolated and
(ﬁ) 10 purified 'hucleic'aCid molecule comprising a ndcleotide sequence
. 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



(a) or (b) due to the degeneracy of t’he genetic code. 20 The present

i nvention further enconpasses an isolated nucleic acid n29Auglst28@3prising
a nucl eoti de sequence encoding the fibrinogen-like domain of AR-2, wherein
t he nucl eoti de sequence is selected fromthe group consisting of: (a) the

nucl eoti de wsequemee conprising the coding region of the 2%cLiRidgaegen-1ike
domain of AR-2 as set forth in Figure 6; (b) a nucleotide sequence that

hybri di zes under st r(ahgentb) dumndo tthendegendraey faheoyédetic egdence of (a);
and (c) a nucleotide sequence which differs fromthe sequence of 15 29

August 2003 WO 00/ 52167 PCTI USOO’ 03381 (a) or (b) due to the degeneracy of

t he geneti.g, code resent vention, further V|de or an' i sql ated
AR- 2gencodﬁﬁeb!§/feS§H 'EQ‘P%&'% fH PEi RIONIGES Ao é@u %@I “¥n®BRPHBHA. birhe

nvent i on ah S@olafol AYLRS aLRY mokEEk® 8f"¥ﬂbcﬁ’w%ﬂﬁBF\' S IRl eikguc! o c

. acid nol ecul e conprising nucl el ¢ aci d sequence enco

fi bri nggenpidvided GERI 41 \F@‘CteﬁRvﬂqlcﬁ\nd’orﬁPn%% ﬁfﬁtlgéﬁf’tebnﬁ’w&d’a@'@ skilled in

the art for the insertion of ragnents into a vector may be used to
construct molzadsicempdsingr a8 eucleit agid\Beuescegergulingr AR-2 or the

transcri pt i onal /transl ational control signals -and the protein codi ng

- sequences. fieegendikgodomaip PhAAdd in vitro reconbi nant DNA and synthetic
t echni ques and in vivo _reconbinations (genetic reconbination). Expression
of a nucleic acid 15 sequence encodi ng AR-2 or peptide fragnments' thereof

| mkgg re lghgt@gﬁ&@h@trﬁ%‘éoRﬂoﬂvﬂc{c?'o%ea%kﬁleﬁeﬁw?ﬁ'@ea%b?r}hlessr%%‘?ﬁ&l?lch
.( ) 10 - DNA fragments 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 regulated
by a second nucleic acid sequence which is operably linked to the AF{-2
encoding se'quence 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 pfomoter 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
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encodi ng sequence such that the AR-2-protein or peptide is expressed in a
host transfaormed with. the reconbi nant DNA nol ecul e. For 8RX&wpuss 2003
expression of AR-2 described herein nay be controlled by any 20

pronot er/ enhancer el enment known in the art. Pronoters which may be used to
control expwesstsna’ of the ligand include, but are not |im peguksnsidie | ong
termnal repeat as described in Squinto et al., (Cell 65:1-20 (1991)); the
SV40 ear | ymetaliathiomeaiaggene (Eninsiestetant, Maiviben29 8394 (A9823D4- 310), the
CW pronoter, the MMILV 5 terminal repeat, the 25 pronoter contained in
the 3' | onfA&ry¥PlifaIeXPEBESIPNOVERENS LGt Gt ING riraciemasgopiometen) .| Cel |

22:787-797 \;igi&% ‘the herpes thymidine kinase pronoter .%V\a?ner et al.,
Proc. Nat | {VillgXpmaggft, e gl.a Prog. Matl.14g8d. Spigl).$.At K5:3d8K09T7 Bilis

P Usoot o Sg P et ide SREIGERR8bab et a1 Brol KRl Jichs Sus UShs "
(Vi 1 2 kan D0 G RRB ol SP Ras bl RRALE FrUfIna p AP SooBRIATR Dot
. (1978)), ior Sdlentific Amencte; ZPRFUBO4 €1980);, pRswoteNadlemeinadironsi -

U'S.A 5 80:21-25 (1983)), see also "Useful proteins fromreconbi nant
bacteri a" yéastSer etherf funghnsudhc as, thed &at 4 pronoda0)thepAbirbt(alcodiobnent s from

TR A INNS S AL P8 A e A,
Phosphat o ARk e et Brd Bl ! A eTondutld BEBRELL P ooy ot
L 57, SRR RONE SRR, Fog ORIE] o TBIRost Shocic s
- 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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646 (1984); Onitz et al., Cold Spring Harbor Synp. Quant. Biol. 50:399-
409 (1986); MacDonal d, Hepatol ogy 7:425-515 (1987): i nsul ¢AAgeust 2083 cont r ol
“region which is active in pancreatic beta cells [Hanahan, Nature
315:115-122 (1985)]; imunogl obulin gene control region which is active in
| ynphoi d ceMOEM6dsschedl at al ., 1984, Cel|l 38:647-658; Pauasenosst al .

1985, Nat Uég 318: 533-538: Al exander .at ah, , 1987, Mol. Cel|l. Biol. 7;1436
1444, moul8SaRRYEIN (QfHG AN ESIRR JvhichgidRoliyenHl @ligosieadrogesnin _
testicul ar Last Iy dnga . t I : | | ‘
45: 485- 495t)h,eb?? um(ﬁbégﬁgad(j:gentt ?g’l @gzr g(%élmrsf:hﬁsgﬂ Ctﬁnsgslnn%&%@e?%'ﬁrnkert _

et al., 1987gefenesntastd %! 2 63 - Vi t e en@qyont r ol

regi on whi chg?s active :’(%il [ vapi]c(hﬁ?%rﬁﬁ/]? Ier'} %qg}é@agggggé%bﬁ%f Infgﬁol .
5:1639- 164BatukenBid:283-R86), Bo®l7 goBadetropic 26le2B3ing h@dlonalgere control
l-antitrypsin gene control region which is active in the liver (Kelsey et

al, 1987, ©Hes Which [Sewétive 1inithe hyppthalamusgiMesan gemb, &b, oBcieageon
whi ch i R i LS (M t al., 1985, Nat 315: 338- 340;
Kol 1 1 as et 230 FarBaBrR 0, S inGrs O Wahel Shoprmpdseet, hE BImEERH0 k21 67

PCT/ US00/ O [ ' t i L. ' Fye.in. .

oli godendr%@@%%’i?‘% n&rﬁggbﬁggi \%ﬁ@egagﬁeégb%{)‘%glo?,-ng‘gﬁeagl MA@"'%@ '/“fyj ;o
nyosin |i gatsepminte &f ANA @@mamg THYiligande & TIE dighhves it8 slealutdia! its
nmuscl e (Shani, 1985, Nature 314:283-286), and gonadotropic rel easing

hor mone - ge@¥pressione| Eckaredi.Sn Rateoh Na &citB6y €95 nisshedhipoeteants, (db2on et
al ., 1986, Science 234:1372-1378).. The invention further enconpasses the
p_ggfjuc.ltq on of antisense conpounds which are capable of specifically

hy b

Ot BRI Shy R SR St el B kb
Novenmber 2¢pplib@%d in a bacterial or eukaryotic host comprising a nucleic acid
' éncoding 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 bidlogical
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 pan be identified by fouf
general approaches: (a) DNA-DNA hybridization, (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 hybridization using probes comprising sequences tﬁat 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.,

18



10 Thus, according to the invention, ‘expression vectors capable of being
replicated in a ,bacterial or eukaryotic host conprising &°Augy¥i2803ci d
encodi ng AR-2 as described herein, are used to transfect a host and

t hereby direct expression of such nucleic acid to produce AR-2, which 15
may then bewodgsusTed in a biologically active form As usedrmei@siz a

bi ol ogical |y active formincludes a form capable of causing a biol ogical :
response siiiymigineg Ginaser avtivityedrdsiataniaen tor amitliotos; neansiorpiatioot ype of
a cell expressi ng t he Luece t.or fgr AR- 2. 20 Expression vectors containing
“the gene | MEEIWPEL PGSR RGN darmgtieRn DIeHEVRISasi dRaHsed DY) thenA- DNA

ovor ess; oringrtidt o Mo ERC Befibs RS Fachiro R PhamPl it 4 UdE8 apit
appr oach, . S _of; H ORI+ BN 8- A j eSSt vector
o ba’ ot SOG4 - DI ISEREN MG e Hafe? bele MbuEh8°s! Mo

.sequendes véetbr,arecdrnbinargousontaing ihes et A Deendestiigd dspneahel n the
second approach, the - reconbi nant vector/host system can be identified and .

sel ect ed baR¥enceypbihen@apkessgane iinctiBente the tbird: approasiy ker " gene -
functions I(e\eﬁ . 18, 29 A'U%St 2003 WD 00/ 52167 . PCTI USOCQO' 03381 t hym di ne

ki nase actf 0?‘9?*“?8&@%% OfoVeFHOrSi GAN L identifiath Mya@ssaYinghdidt ype,
occl usi on f t. ' I L e i d { i tion of
foreign ge#ral)gs Pnﬁ%ﬁéel F&/@QF %l?e? or S%?aﬁ%ﬁ@?. %eﬁo)énbﬁﬁ%'ﬁtgi (anc& %gsﬁ%g%bngga

AR2 is irﬁ@éécﬁdfd’ﬂ-éi@émpléleoﬁaﬁé‘??hggi&%l SR nal Aﬁrggetﬁ;]é/se%f%m-z

reconbi nants containing the inser an be identifie e absence of the
r@gkep cger@;el?)eu r[:inrgdtr:]nti,ff:ondeimnpllei, rm,;?irmiﬁgcdat the e@é@itodm reggpies seron
v . tors Caporti%n theerteof v?hichymaasys?))é tal(‘:]ggtede with, for example, a detectable
antibody or portion thereof or by binding tb antibodies produced against
the' AR-2 protein or a portion thereof. Cells 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)). |
() e | |
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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foreign gene product expressed by the reconbi nant. Such assays can be
based, for exanple, on the physical or functional propert2%AugfstdalliR-2 |o
gene product, for exanple, by binding of the AR-2 to its receptor or a
portion thereof which nmay be tagged with, for exanple, a detectable -
anti body orwpaoiszien t hereof or by binding to antibodi es predueesh/@dgal nst
the AR-2 protein or a portion thereof. Cells of the present invention nmay
transi ent | ghiemangsaphablhydrephebict intevattomnchissnatagsaphy, aepeess 15 AR-2

as described her Ln the. fou r roach nucl eotide primers can

. be prepar SN cig B}%?W&wa Qrﬂﬁ "ggﬁ‘enfméytﬁ’@\ s%’guence. These priners
could then be used to PCR a AR-2 gene. fragnent. (PCR Protocols: A Guide

To Methods and Applications, Edited by Mchael A Innis et al., Academ c

Press (199@) addfordlechraiimionts tof e wwmhﬂ] pHr rédcﬁﬁbmérﬁnmt@chm que

which allows for the subsequent formation of a stable, biologically-active

protei s~ @nedaingbene thay Iiegasddite inactieatedor Nkmoth@utUtieendogenonsf rom:
which it is recovered. Alternatively, the AR-2 may be recovered fromcells
25 el ther ﬁ%ﬂ%&&u&bn%n@papés rf@c@mbaéatimbl ard dherh eseater am MR-2h it may be

AR R O T R et AN ML
SR s N S R
chr omat ogr egrtain rem/emgmoﬂaasﬁu@ﬁbﬂmbp@mhmeom@EHecS déﬁé‘t WPI'fbHTWOIhQ
‘used. In additional enbodinments of the invention, a reconbinant AR-2 5.
e{ngodnrtg geaetivate itee usaiive AR+ encoding gene-knSuk:hoatdortsﬂmoéndogendhe |
control of a suitable promoter may be introduced into a cell, such as an
embryonic stem cell, by a technique such as transfection, transduction,
or injection. Cells containing the construct may then be seiected 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 .lackin’;:] 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 de-pendent upon the factor.
o | | | |
The present 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



gene by honol ogous reconbi nati on, and thereby create an AR-2 deficient

cell, tissue, or aninmal. For exanple, and not-by way of RP#iugastiz®f3 t he
‘reconbi nant AR-2 encodi ng gene may be engineered to contain 'an insertional
mut ati on, . ‘Lgr g%arrpl e the neo gene, which would 10 , inactivate the -

" native AR 2V8M¥HPhg gene. Such a construct, under the conPFHPSEgH31

sui tabl e Hﬁﬁﬂgﬁ@b%gﬁﬁggﬁ eci:'?'éz,OQHﬁet?lei Ew-gyﬁﬁ%mas yéo Srrgé‘;u%gm ¢

stem cel | such"as transfection, transduciron,

i nj ecti on.huPahh smonotivinail rehtitwiieo Sole!clt A1y 10BSN iPeMei@tbRE by G418
_ resistance. Cells which |lack an intact AR-2 gene may then be 15 identified,

e.g. by Sdntitadiesd it CagceP(hatapedt Alam RNdrisselne. pppt 77496) cand dissay of
_expr essi orel, Cells ) acking an intact AR-2 encodi ng gene may then be fused
to early oiSr f6° WItNID the ROADe0E theaRERRNICITVENEENs deficient in such

| i gand,. Such an animal may be used to define specific 1in vivo processes,
nornal?y dependent upon the factor. 20 The present invention also provides

for anti borkeandtodiBngt ofifB6LIdICthayBEChlm Hbitoniichiitindgsdst ecti on o

the factor in, for exanpl I'agn I'c a I ons. For preparation of

nonocl onalchamiericoHugmn-eHdee! e6r (aMer &pdidies) ABhdchsHdll BHEbBRIeEN provi des -
for the production 25 of anti body nol ecul es 'by continuous cell lines in

cul ture neyumanug@aoclioral antibopias maye beymaideéoby anycbhingorerousgi nal |y
devel oped bg Kohl er and M| stein (1975, Nature 256:495-497), as well as
the triond®CRRIGHES JNOWR HE thenaf @ 8ol Teng it tlontO83cRIpGuatikdessr 8. al .

s 18"l SRS Rl 16, i R T80 &7

(Col e et abissor9%Oal.l NG NAGHLBhzymol. 92:3-16). Chimeric antibody

- 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 hydroxide, surface adtive- substances such as
lysolecithin, pluronic poiyols, polyanions, peptides, oil emdls’ions,

25 keyhole limpet hemocyanins, dinitrophenol, and-potentially useful

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

Corynebacterium_parvum.
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Anti bodi es and Cancer Therapy,"” Alan''R Liss, Inc. pp. 77-96) and the |ike
are within the scope of the present invention. 5 The nonoé? 6Hayst2R03 bodi es
may be human nonocl onal antibodies or chineric human-nouse (or other

speci es) mopocl onal anti bodi es. Human nonocl onal anti bodi es may be made by
any of nuneloU¥”¥Zchni ques known'in the art (.etc., Teng BETASI00338g3

Proc. Natl | . 80, 7308-7 : el ek 983,

| munol ogyAfﬁ‘g’géij”A%?!"fé"?"Pd% s?gﬁgggy gtB.‘rfl %%é%teﬁowé\?ﬁﬁ %‘E%%ﬁa}bg_gs-le) .
Chineri c aptgparey bykhewh! REhARYICRE PeRBARRASODNA MhaG ol olBYS .

anti gen- bﬂdidr?g dorryg?n with ﬂ?rean const ant f?legi ons (Nbrrioson gsteea]e_.g,_, 1984,
- Proc. Nat | Maniatis et Sui,. 1883. Mol@dul&BTlpnirak ellal atoratory MualNdalde.

314: 452). éS Various procedures known in the art may be used for the
product i on®BANG JARRRAr Jrrtoratry b 6Wld Spring piarbpesNew Xrrk) may behesed to
productd on tibady, various host animals, including put not lipited to
Pabbi 1€ rraistafil pUREN 2 sadhinnRes (AR eRpe? BrinanDAdtel S gOdy
fragment . @2@&8yide bl Vi tbht‘?di enf [ juvants may be used to"

I ncrease the %mm'nol o%f?ﬁc(‘:}aélﬁ;I résﬂ@ﬁsl’ee,g\{g@pt@%fﬁﬁg on the host species, and
including but not limted to Freund's (conplete and inconplete), mneral
gel s such as al um num hydroxide, surface active substances such as

l'ysol eci t hTh¢ pleseshiioveolign| providesy doi amsibopy prmicdesylesi s ewallsaons, 25

- keyhol e | ifgget henmocyani ns, dinitrophenol, and gotent lally useful human

adj uvant s ¥agmeads giGSHeA cantikody meleculasier ARjibagy frasmprusavhioh um
pff“_)v‘*% Zlcc?r%aﬁPgHétid?oqyg’e \%‘P t?\%/ , ?nzojigguIltza)cgz/;u%J c?ezolgoca?ﬁ?fesralted by known

techniques. For example, such frégmenis include but are not limited to:
the F(ab’), fragment which can be produced by pepsin digestion.of the
antibody moﬁecule; the Fab' fragments which can be generated by
reducing the disulfide bridges of the F(ab’), fragment, and the Fab

15 fragments which can be generated- by treating the antibody molecule
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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A nol ecul ar clone of an antibody to a selected AR-2 ' epi tope can

prepared by known techni ques. Reconbi nant DNA net hodol ogy ?%6“%?903

Mani atis et al., 1982, Ml ecular Coning, A Laboratory Manual, Cold Spring
Har bor Labor at or Ool d Spring Harbor, New York) may be used to 5 constTuct
nucl ei ¢ aci WO¥&IEhces whi ch encode a monocl onal anti body PEHVEWERIS! or
antigen binding region thereof. The present invention provides for antlbody
nol ecul es as well as fragnments of such anti body nol ecul es. Anti body

fragments 'mé?fe%@n?%béhﬁoﬁh§isdeP<?1\)i§§sOtfortm’e rm.'n?sgbﬁ AP ggner ated by

known techniques. For exanple ragnments inc e but are not limted

to: the Fugpore theagievivaiaedloe agrdwhp apdieednigrationsandrgestion of the
_anti body m)l ecul.e; the Fab' fragments which can be generated by reducing

t he disul fﬁiltferm’ﬁt&lm of AR FeabDj@ Expgessing eellsthe Fab 15 fragments
which can be generated. by treating the antibody mol ecul e with papain and
a redu®ing agent. Antibody nol ecul es may be purifi ed by known techni ques,

et hods s A REE LY ol I BHARTALY, of NS R nec oo e ©

combi nat | ofkdlielsgeieme udditl foP1RBCRMertRCafbh OBf tHE! ARL2 CRARBRgES

| mmunoassay f nmeasuri ng the anopunt a bi ol ogi cal sarrp?e by a)

~contacti ngasday Byetergs orbulme eisefulhimtdéetifgingomeolestidzodypable of
specifically binds AR-2 so that the antibody fornms a conplex 25 w th any
AR-2 pr eseprometingeos dnplbétingnangjogessesis.i ng the anount of the conpl ex and
thereby measuring the anmount of.the .AR-2 in the biological sanple. 22 29
A{u@ust %003 ' . : ' :

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 ehtibody 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 directed _against the Myc-tag.
This assay system may then be used to screen test samples for
molecules which -are capable of i) b:ndmg to the tagged factor or i)
binding to the antibody and thereby blocking 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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WO 00152167 PCT/ USOO/ 03381 The present invention also provides for the
utilization of AR-2 to support the survival and/or growt & AHEM$E083 gr ati on
and/or differentiation of AR-2 receptor expressing cells. 5 Further, the
di scovery ) icants of AR-2 enables the utilization of assa ste‘ms
usef ul forb%oﬁigl%gﬁtlflcatlon of the AR-2 receptor. Such BSYH ”g’

voul d b UssFiled BhSAIS YhRATAEHIES. SAPUESLAL Y BRRAIAR (Eid i DIt ng

angl ogeneS| S I nven er pr OVI

i denti fyi niginding itbowieeandbody heay npée@@hﬁﬁe@aparwee n@é;ea@letsr af 'lﬁlel?gslt he
factor or bl ocking the binding ablllty of the factor, as. we t he

nmol ecul es thu@etdanﬁnfled ayt be staied. uBmg\/vayethbdaowbllnkmmwg mxampl ef t he

. method 1 5 be performed via an assay which. is conceptually similar to
an ELISA 3 ag'i' hgragxarrpl e, AR-2 antibody may be bound to a solid '
support, such as a plastic nultiwell plate. As a control, a known ‘anount
of AR-ZR whi ch has been Myc-tagged may then be introduced to the well and

any taggedoﬁBeZavmbekbrbbgc#g dgebm@pgg@@xom Bheno fﬁkﬁp-iﬁ-theﬁftmbﬁﬂj by

means of a reporter anti irec arnst the

syst em maykrdwnobperdeth secbAEERN dstays St@rfﬁbﬁéﬁ'rﬁiﬁé whekiesukies Mbtkér i e -
capable of i) binding to the tagged factor or ii) binding to the anti body

and. t her eblylndiftgzlttb rigebantibady tar thehantdchardyadywelt les naggpsl thadetmrmifer .
- exanpl e, st | e cont a| ning a putative 25 nol ecule of interest
* t oget her V\hft eabi‘?fg%d grieswl eoﬁaﬂa@QéHaf'é@tﬁ'}e hialpaieali actvidncldthe the

g%rggbgotﬁéo@%@ﬁ g R R

id8eASBMAEChAOLYS Gt equivalent), in wh[ch either AR-2 antibody
or AR-2 is covalently attached to a solid support (e.g. carboxymethyl
“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 diaghostics 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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23 29 August 2003 WO 00/52167 PCT/ USOQ 03381 sanpl es contalnin | ecul es
whi ch are capabl e- of bl ocking factor binding to the ant?%éﬁ@‘?srtrggo%e
identified. The nol ecules of interest thus identified nay be isolated
usi ng net hogs gyedik; known to one of skill in the art. Once %ﬁ%o ker of
factor binding is found, one of skill in the art would kn%_ Ut or m
secondary. assays to determ ne- whether the blocker is binding to'the
anti body or to the factor, as well as assays to determne if the blocker
mol ecul e EAfavset AR-Rzbas eean ddenified ascrélatad) tofthehIE fanibcof . For

whi ch_enpl oys -Bl Acore bi osensor

exanmpl e, hy using a,binding assa
t echnol og?‘ﬁ(PﬂBFjst %é)pé'&ﬁmﬁdlegﬁ’?ﬁ t%ﬁt \X}\‘Pc‘ﬁﬂgt'ﬁév ber-ysefut ifebdhe or AR-2 is
coval ent | ‘ . SOl | rt (e.g.. C oxynet hyl extran on a
gol d surfand ‘?‘f’%‘*ﬂ?‘ob"%ﬁ?wf@fn&?Hé%ﬁ'?%ﬂ?a ARG L OIS HERR i the .
bl ockeg myftesral ubls BhBAL spetidibgal | ChPrA; e
~anti body. One ofuski I i%ﬁgﬁepﬁ?ét\?\gm ﬂégpgﬁ%sze% %ir)o%ﬁ%@é%@gg or bodi es”
whi ch conmelude whandRagalkimgiplsethaemithendodidbarisn opffor gérelvenbiagso) . These
factorbodi es may- be used as targeting agents, in diagnostics or in 20,
t her apeut Bdieayglingatfporexamplen temaragmaythng Thge AtR-2f aray dep tastaddinor

ed. The jinvention herein further provides

R g AR T E R A
" er hebt o scL bSOty BRoff 007 FEARLL DRAN LIRS .,
ggg ;f:ug?sinr’]a;gnmwﬁzsagg]?mﬁ ég%ésq)gluw 2, RSN TIRE HdlRalliERr&hc&na§el
T well as other studies, describe in vitro and in vivo studies that may be
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



24 29 August 2003 WO 00/ 52167 PO '/ USQ0103381 Because AR-2 has been
identified as related to the TIE family of |igands, appl?2Aangust@Q@ect t hat
the AR-2 may be useful for the induction or prevention of vascul arization
in di seases or .disorders 5 where such function is indicated. Such di seases
or di sorder ¥O®{EFE7 - i ncl ude wound heal i ng, ischaem a and drabaiseso3es: - f or
preventi ng or ' for exanple, tunmor' growh. The AR-2 may be

nuat 1 n
tested in SEF ngﬂH 2o HiAYs Db asgi as Haaaa@am JRREPNES faestateslérn fthe ot her

0o o patiRpsR SFe B BRRE R S B AR oS Eﬁ%’?err%‘?@rgﬁcgl
as well ag lﬁbufﬂeeﬁﬁdﬁ'ﬁ?&bgﬁg furdEhfdingdgd gl Bs;’;‘cﬁiﬁﬁl TR nTeY

be wused to denobnstrate t t of "an an |og'en C anC| ng

bl ood f | owSuchidiapresicsnpocargeting sg@meanay bewrdphesl iazsgdesstbéd inot her
t herapeutic settings wherein .neoangi ogenesis i's desired. [See 15 Sudo, et

‘al . Eurfopeditaimt ehta!AMéol &a{eﬁaﬁmmmm Ouczopams sheas Jamy Burrows93=

B t al | at t al. A

pﬁgil ol A sk u;ﬁ%béﬁ(ﬁggﬁ;ﬁﬁéé 3 (4POIEWhiGh dbi ereRyL: 145 153
(1995)1. AqeBF r%gecﬁ ooo)? r}%&%‘%\@ df'f I%Qq%t%ﬁﬂ/ay be used alone or in

conbi nation w one maceutically 20 active
conpounds such as, for exanple, VEGF or basic fibrobl ast growth factor
(bFGF), as well as cytokines, neurotrophins, etc. Antagonists of the AR-2,

such as antiécdiReX adrtheeprysemt indéstion wnay the heedsafore, tar I evaibingtion
- attenuate |Is bi ol ogi cal activity. These agents 25 nmay be used al one or

12‘ contl na¥it Bnaﬂ?mroph@fméﬁﬁ%ﬁﬁib’ Gedve| agaauistichn asAHop exgmple, usef ul for
t del i Vert%ﬁfnetsoxﬁengrottrop%l u%eqeukms etc. In 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.

26



bearing cell. Were the AR-2 receptor is associated wth a di sease 25 29
“August 2003 (} WO 00/52167 PCTIUS00103381 state, AR-2 mag?Hugusi@flid as
di agnostic reagents for detecting the disease by, for exanple, tissue
stai ni ng or whol e body i magi ng. Such reagents include radioisotopes, -
flurochronedO YR enzymes and biotin. Such diagnostics ®CTIESNgERIENG

agent s may_EB ﬁ@rgpared as described in 5 Alitalo, et al. WO 95/26364
publ i shed &dfo HygBtigRgaise PsRdides. Toraag antlbﬁeypwhlcrh\me@wwiy

ent i rery. Rds g &““t‘??apsﬁtgefhﬁ%ﬁt%ﬁf@%"wﬁfﬁ%‘fﬁwﬁﬁét%?e@e clghal gt
cobi nat | opolyéfenieh { MRS O8N UEBIIGHR! 1of AHEHSOH SR LudtP O

exanpl e, ctyoki nes, neurotr ophi i'nterl euki ns I'n @ pre

enbodi ment monoiconER- & myydmtalsadtlb@dycﬁbj mieeisued thet At obf eherunber of
the above referenced factors which are known. to i nduce stemcell or other

hemat ofoi eﬂteéa@e@té@rr@@tecauie)linfersampm taker dooror a*patieninforopurposes ofl |'s 15
in the he 0| eti at hwa i ncludi ng, but not limted to, henopoietic
mat ur at i on BPQ b?% AitheraRY.em cel | factor, erythropoietin, 7
G CSF, GMCSF etc. 20 The present invention al so provi des for conpositions
conprising the AR-2 described herein, peptide fragnents thereof, or

deri vat i veBhé ningenti6hi firther TP Fbv‘?&@ fofei)tdd?ﬁpéélﬁgﬂe%ﬁtprﬁf E‘d i/?’ﬁ‘-tzi Wi ey

be adm ni stered system caIIy or locally. Any appropria

admi ni st r ad | gyiotoxiowagentt benjagatetithbeetosedn ome! etdbogiment, m@t chtotbkied 25
to, intravenous, intrathecal intraarterial, intrariasal, oral

sPWut1%eo%Qen i WaB@rﬁ‘tr@ﬁwombﬁ Olbtoxlfbcal injection or surgical inplant.

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 to 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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Sust ai ned rel ease fornulatlons are also provided for. 26 29 August 2003 WO
00/ 52167 PCTI USOQ 03381 The present invention al so provi dédAH8¥st2R0ant i body
whi ch specifically binds such a therapeutic nolecule.. The anti body may be
nonocl onal or H80|¥C|Onal' The invention al so prOV|des for a nethod of -
usi ng such ¥ | onal or polyclonal antibody to neasur ePERESHPBIEt of

he 5 th f : f
o or 1 oML BT 8 Fod R0 AL BeRBLc o BaulHlr s
CONposi t | Oclsbrﬁpﬁﬁmgsla‘ﬁ@mﬁlstéﬁna quheapgﬁéﬁf % (‘efP&ﬁWe g%mab?dt her et o.

I n one enbodi nent,” the cytotoXic 10 agent be a radi ol sotope or toxin.
The i nventth@majaésbc pcomptesitibar an anti body V\/m ch specifically binds a
AR-2. The anti body may be nonocl onal or polyclonal. 15 The invention

further provides for a method of purifyi ng AR- 2 corrpr i'si ng: a) coupling at
| east ne AR- épt{l nd| substrate to. a solid tr| X; ncubat| ng the
subst r A h QELFEN| dayention (Hay 'd[eﬁ oR@ §'ﬂ|% fer dgentiying

and o) Xell i fér?épt e Bekhs, RB-2 abRBlc wlitn JERbRRet hﬁ%@@Pﬁﬁ%”ﬁw be
any subst age wiftata %%Qébfdb‘??' Ihbemd“qlﬁqlé"'%r'“%c%orbc?o@ | fn %R_%ﬁ the

substrate is selected fro he group consisting of "anti - dy AR- 2
recept or grelARIg rfendingomothe dﬁiecﬂaltn%eﬂabeledalfa@tomrtD/ItHeSAFDE a
conposition conprising AR-2 in a 27

receptor and determlnmg whether the detectably labeled factor is
() 10 bound to 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 cell 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 ibufielr 8558 Wverhifght28 After hybridization, 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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29 August 2003 WD 00/ 52167 PCTI USOCQ' 03381 EXAMPLE 1 - 1S | ON A&I‘% :

SEQUENCI NG OF FULL LENGTH cDNA CLONE ENCODI NG MAMVALI AN UGYSEARYS 3 TI E

ligand-3 (TL3) was cloned froma nouse BAC genonic library (Research -

" 'Genetics) by hybridizing library duplicates, with either nouse TL1 or -
mouse TL2 ﬁ%ﬂé?lﬁ'brrespondi ng to the entire coding sequek@RUEN0Bbse

genes. Ea 0, he, L brary s hybridize Si 0 phosp e buffer at
55C over nw&ﬁ%.&{(}‘?%?hhﬁr?‘aﬁ@%'t i%ﬁpg?ﬁﬁyf(%l f(e§§& v@%@m&&ﬁea g@ér&f’ 2XSSC,

0. 1% SDS picGadidhive g@@ f r fd th It - Strong
hybri di.zati on si Ignal Is ﬁﬁ)g@l/ entl ?c?’étﬁeOiﬁgrﬁ?gs'g%%dﬁér@eﬁmgemﬁlg@rﬁ{ﬂ@ﬁd nouse
TL2. | n addi bt @3°Csirgraksiuenecon@@iihif 0 & mdine hsaiewidl ¥paithrDeliged to both
mouse TL1 and .nouse TL2. 15 DNA corresponding to these clones was

purifi ed, Fillesa werg yashed in 2hx $3Ctat 66°Gramchexposed dod 8 woufs dgént s -

whi ch hybridi,zed to the- original probes were subcloned into a bacterial

pl asmi ¥ afRY dB8uencetVo Rositivetlenss bat:mbndizesdnt duplicaig mede: two exon' s

sequencesPogtser FoEl B4R o1 pile TR alinfiad P dhedihoes i o
R o R L R T B L

Labor at or #e5 kb &nd.apprekimnately 2. LAb. AhePPaiie EcoRl dngéatveds alubrishestsi ty of
1.25 x 106/ 20x20 cm plate and replica filters taken follow ng standard

procedur eiitpShebEeokil site aif. pBlusscptikd (Stxiagene)) 1Sequences andysisl , 2nd

Ed., p; . 46, |.d..Spri b Laboratory,' Cold Spring Harb Ne

oo P8Rt At 30 1o8er A0S ek 323 Y bl Pty g "

o signal peptide but otherwise encoded a probe homologous to both mouse
TL1 and mouse TL2. -

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

The following PCR reactions were performed' using éxpression 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
vegtor-specific oligos to allow amplification in eitﬁer orientation.
'PCR was in a total volume of 100.nl"llusing 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 thé 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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WO 00152167 PCTI USOQ' 03381 were screened at "nornmal" stri ngency X SSC
65C) with a 200 bp PCR radioactive probe made to the noud® ence.
Hybridi zation was at 65C in a solution containing 0.5 ng/m sal non sperm_
DNA. Filters were washed in 2 x SSC at 65C and exposed for 6 hours to-X 5
ray film TWO 8361 ve clones that hybridized in duplicat erawvusno/opiscked.
EcoRlI di gestlon of phage DNA obtained fromthese clones indicated two

i ndependerff tqttsnﬁgie\memanhsBpﬁ Jpaghons %@@oswmrﬁegentlc@% IHsaries,

appr oxi mat 2.2 k 2. 2kb EcoRl ¢l oned nto t he EcoRl
P re ot "pRfEe e Otiae Epas il W %ﬂ%ﬁ tedin imﬁﬁerm@néwgme\(%é?dt e

| onger cl | ac | REt | d @l | ut

ot her vi se ‘Rooaed 2 ‘%%&9 501 353488 T S eBL 3N mebisanflac il T0¢ T
TL3- speci fe@ré’ﬁionr bﬂﬁﬁéus\@f'ﬁw fmhﬁyt@uhaslasqmmrfmld)p\a?proﬂx%dﬁ@ 3 .
cctctgggetcgccagtttgtta. gg USL: ccagctggcagat at cagg The | owi ng PCR
reacti 6ns kier el e fiilbiergthuLBgtodingr esgiancd idbset ifedh ideFigurd 1AeiB.t he
nouse cell lines C2Cl2ras and. M337. In.the primary 20 PCR reaction, the
specific pri mer US2 was used in conjunction with vector-specific oligos to

Sob STPLHIA SR 18 LAl ST 68005, 0804 B b Ut
The secon%’a aﬂ'ﬁ RECEbGHg bBELEAEE dRsSREARA BBBRIHENP Y RybridiEihg whi ch
o e R, SBEL: i

I s containe product, I n con UI’lCt on"w t

same vect cmtrwrlgqmmihe?eﬁmw%rwmaﬁbm SWiHB' £ CPr@beBGoﬁégb@ﬁdeStmg the
sane tenperatures and ftines as previous CR products were gel isolated

a@ sdiomi tmedsef'EixB @@qbaadm@maﬂe;asnbed Qrrevinsishysfios exarspigudncexampiained
f

m a tot,al _
. in Internattonal Publication No. WO 96/31598 published 10 October
1996.

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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29 August 2003 WD 00/ 52167 PCT/ US00/ 63381 of four independent PCR reactions
using two different cDNA libraries, the 5 end of the TL2394&gu#RO83was

- deduced. Northern anal ysis reveal ed noderate to |low | evels of mouse TL3
transcript in nmouse placenta. The expression of nouse TL3 consisted of- a
transcri pt.wofoorsgapr oxi mately 3 kb, The full |ength TL3. cogbpgscomsspience i s
~.set forth in Figure 1A-1 B. The nouse TL3 sequence may then be used to
obtai n a Huebe at & C caveraigiitngsinge startiarg bybldizatioof congitiomsan After

or obe. cor 1R 510,05t erR $ sl oS ok SSCor Pdh BPSVERATSS: for
Sﬁﬁmﬁ’ed"’%&ﬁ@%?p b, gxa’@%\éﬁ "o o Vel £ S oBheb B e e
GENOM C 66, OB ndAN Y 1) s, ThEaddiiandshrath Uugpees ol oned

froma human BAC genomcc |1 bFary BAC 20 HUVAN nome Systens Inc.)

by hybrsi diidentfiéd bwhich derklyc alybadizedt fo ebdtheiﬁumahumm ahd medsedriLli.ve
probe corresponding to the entire. fibrinogen coding sequence of TL1

(nucl eot i deblAL coBraspongi®) torthesenclgpesTwasr puritiedtisiagpstebdacdr r espondi ng
'to a segnent of 186 agcle itides fromthe f|br|no en reg@gn of use TL3

(nucl eot i Je@Cedyres.» igagted, with gaﬁtancim&pz beNGaagagsiled by

- acre was Vi DYARRREE S0k SR RN s BT IRl oREFERY, o

gel filt rﬁlhbﬁf"d Caﬂdl%qhéncéﬁpafﬁé% MRNBEOSE Hd @r@drﬁ@fﬁspgt?ntﬁﬁ% oﬁéCh copy

.of the library was hybridized using phosphate buffér, and radi active 31 29
Alug)usﬁ ®00&xon with homology to both human TL1 and mouse TL3 and other

members of the TIE ligand fam||y aners SpeGIfIC for these
sequences may be used as PCR pnmers 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 the 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

20 which, in turn, may be used to produce the TL4- protein. * Alternatively,
-the exons may be used as probes to obtain a full length cDNA clone,
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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WO 00/ 52167 PCT/ USO0/ 03381 probe at 55C overnight using standard

hybri di zati on conditions. After hybridization, the filtef3AUgyst20@Shed
usi ng 2xSSC, 0.1% SDS at 55C, followed by exposure of X ray film Strong
hybridi zati on signals were .observed corresponding to human TL1. In -
addi tion, sv\g]mlssmmlere 5 identified. which weakl y hybri di zedTisodsssr human
TL1 and nopuse . DNA caorresponding to these clones was purified using

st andar d EPBE%@%H da thenBAGichena da shreanraaNe llﬂaﬁar)é.n,@prmfs pesREMinG:

L;g?gfpgl %hg )ﬁ!g?@g{gﬁeﬁ %%“%e‘%éaﬁu%ﬁ% ec‘#ﬂtﬁe %:f&é%’% 5gs%§n$%i ned

one 1 o0 exgdp Wi hﬁm both human TL1 and nmpuse TL3 ‘and ot her
m% %I |gangép&é’

‘menbers of amly. Prinmers specific for these sequences may
"be used as PCR priners to identify tissues containing transcripts '
corresponding to.. TL4. 15 The. conplete sequence of human TL4 may be
.obt ai ne®d b¥C patioin @f (&l and _£a teinbprs he deposited
bacterial cells. Exons nay be |dent|f|ed by honDIogy to known nenbers of
~the TIE-ligand famly such as TL1, TL2 and TL3." The full codlng sequence

o e R0l HoBHBEF Rk eRb o %%3@%%‘3?%%2&}@9“ ] o e

Al ternati vebitidrd® Msaberseyf '?ﬁeUﬁEdlz And" @ ﬁytu%z tH Apd rb8th thepgth cDNA

clone, whi.ch may then be used to produce t e ‘TL4 ote| Exons may al so
‘be identitaleth fadeentdye BAGhe! enet@ﬁwaﬁceormethMeﬁgmehts f odtebriy domai ns
such as flbrlnogen domai ns, coiled coil donmains, protein signals such 25

aﬁ si ghdl pepalegy fsdwerpethe Mngwnntpmbbomembeﬁst hEOBmsaanﬁe amay be
t

alnedb i dentification of contiguous BACc for exanpl e, Si
Che ends oRigRERT@iofia BiiBaSaRysEtIRRerG GedheoT B Jisginds AiBuS several

regions of conserved sequence (see underlined regions of Flgure 2).
Degenerate oligonucleotides es'senﬁally 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 oiige 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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genomi c library such as the one used herein, by using the_exon sequence 32
29 August 2003 WO 00/ 52167 PCT/ US00/ 03381 contained in thed BHGUtEPR to
screen a cDNA |ibrary, or by performng either 5 or 3 RACE procedure
~using oligonucl eotide priners based on the TL4 exon sequences. - -

| denti fi catwomomsfieAddi tional TIE Li and Fami| Menbers The poweboohbiz -

i gand-4 sequence may be used in a rational search for additional menbers

of the TI #ransjaraatianimay use mpalyzepmoacaueneing ehpdasmidl, NAgdhat arfe

exi stence of..conserved seagnments of strong 10 honol ogy between the known
fanily. Néﬁﬁgwg%ﬂoﬁwl g',i]asrg peﬁ??%qm%@ﬁt of the anino acid sequences of
~the TIE ligands shows several regions of conserved sequence (see
underlined regions.of Figure 2). Degenerate oligonucleotides essentially

. based on ttheaedbragments contdinial BOSediieht ot eiovel AUEONGAN Imewrper novel
TIE ligand honol ogy, 15 segnents may be used to identify new TIE |igands.

The hi ghl yuseshser hgbridizgtion speoibsgtol lobtaifil fulabehgth3cBhA éonessedram a
desi gni ng Gtj;glﬁen,erate oligonucleotide priners with which to prinme PCR
reacti ons GRNAGIRIBRAS FICREMBIR I the umaRy! Lk 0§BRENAISRAUSICETEY SRE 20

b Pror s P Ae Bt obdns An SR Blac ahhEnRn, Bl BBtk EhuRte
prinmers. _ t r ey be'%s d

| ect h i | ' i Art t
b’ cl onod JoriehcBlof RURRET 393 BF nydiRisng BhdiRh cORA FRA eaFRILe ™

~ conpar ed vrobet bosesgdndihy tonBumahl TLUI gands babn Siescrigice predoaglpl i fi ed
DNA fragnments fromthese PCR reactions may be cloned into plasm ds,
i'{\'t)r odéced into E.. coli by electroporation, .and '

EXAMPLE 3 - C!Qning 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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transformants plated on selective agar. Bacterial . colonjes from PCR 33 29
August 2003 - WD 00/ 52167 PCTI USO0/ 03381 transformation 5“%@*%@% yzed by
sequenci ng of piasmd DNAs that are purified by standard plasmd
procedures. U oned fragnents containing a segnent of a novel TIE |ligand may
be 5 used wWoMHH6T di zati on probes to obtain full |ength cBbfustomasss from a
cDNA library. For exanple, the human TL4 genom c sequence nay be used to
obtain a hrﬁﬁhch -cl one containing the conplete coding sequence of human
TL4 by hybridizing a human cDNA library with a probe corresponding to
hurman TL4 as has been described previously. 10 EXAMPLE 3 - Clonin of the

full codi t pi ' ' f ne
genom ¢ h?&%ﬁﬁﬁiﬁgﬁgmﬁc?g ﬁa@%r&?%&ﬁ a’?’PP:‘gF‘ﬁS%(??%g ﬁl E%A? @%Rccessi on
No. 98095) hWa4attb @bg@atgcmtm?ag@éadmcemememmma@©ATC@£@hmr@a'
blotting and hybridization of the hTL-4 clone to coding sequences from
nouse T3, followed by subcl oning and sequencing the. hybridizing

fragnents. Eﬁdi n%lsequences corresponding to the N-terminal and C-terninal
am no aci d8THfNOU AT 4 were used to design PCR priners (shown -bel ow), 20

cona A it el theria BT 1A G AL Ap ARG T AT R B AR
"sequenci ng using the ABI 373A DNA sequencer and Taqg. Di deoxy Term nator
" Cycle Sequencing Kit .(Applied Biosystens, Inc., Foster City, CA). The PCR

band was thewesttsd datesrsi Mdicaecteil" pédRpsasidast adddd2to IR ePER Prinsisdto’
clones were anal yzed by sequencing. The conplete
: () 10 facilitate cloning of the amplified PCR fragments.

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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human TL4 codi ng sequence was-then conpiled and is shown in Figure 3A-3C.

| n anot her embodi ment of the invention, the nucleotide at29 fegist28s 569 is
changed fromA to G resulting in an am no acid change 34 29 August 2003 WD
00/ 52167 PCT/US00/.03381 fromQto R The PCR primers.used as descri bed-.
above were wesngned as follows: hTL4atg PCT/US00/03381

5' -gcat gct at ct cgagccaccATGCTCTCCCAGCTAGCCATGCTGCAG 3' 5 hTL4not 5' -

D Ty o dnegcase
facilitat e&éPg’ﬁr%ﬁ‘g‘FEtWé’cgﬁw-f ﬁé@ gg%é PAgET was %ﬁ%ﬁﬂﬁegfnﬁmm@m Q
froma hunsoMBRE e UB i, Seduenidiar tre genCHER ding M1 hitad At O

FBAC 4435, sétphsre 170 op¥aifvind fiiridifhth! hidhaRYARUP! diG@é Sthevist seyuhigee TL3
probe. The probe was | abel ed by PCR™using exact oligonucleotides and

st andarsdd PERscosed tticodssigex ofigbnutieatidd PRmess thap! wess UnedPa?dCTP. . The
PCR m xture was then passed 20 through a gel filtration colum to separate
t he -probe $PRHNEHER wih Adeptor prigern Ar angd Adeptgmiprimer@ (Slenfephosphat e

ot e SRR e Y RSB At B IR0
e PR R 0l SRRl BB, b, OLERGPYang.

- digested .t MTRESAMpRIGADERFIABE: wARIoRIMRY RIS b2 PARRS! ahgP! asni d

"~ and

q) 10 sequenced. The nucleotide and deducéd amin_o 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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sequenced. The sequence of the fragnent contained a porti of - " end
of the -human AR-1 gene. To obtain the 5 end of the cl oneé,)&"t\%”%%@ 29
August 2003 WO 00/ 52167 PCT/ USCa03381 sequence was used to design
ol i gonucl eotide priners for use in a standard RACE procedure. The RACE
product wasweegsmerced and found to contain the upstream secreswesni the
gene including . the 5 wuntranslated sequence. To obtain the full |ength
human AR- 1*%5?8%@} inhadgitioge 4@ cheses daperired darein ailighespmgo fiposet g@
priners t ed i nj unction, W t h. Ad r. priner .1 and Adaptor
i mer 2 (LR8N eEHYar o, ST LOR e YorbbPind BB 8hatah TBhao ol TTy Hunan.
Skel etal Msg t adwlM.c i L rj | BGRs
Catal og # 741§P%§@ﬁ$h2§gﬁi B @%‘ﬁ%&‘&ﬁsﬁg @Pgﬁg%&lfg 3al h@ﬁﬁmm |
- vector andheoscmmiofichd. agpendatt cigirisde and deduced ami no aci d sequence
- of .human AR-1 is set forth in Figure 4A-4B. EXAMPLE 5 - CLONING OF A
SECOND NOVEL FACTOR RELATED TO THE TIE FAM LY OF LI GANDS .15 A second
di-stant angi opoietin relative has been identified via a standard
honol ogy-based PCR screen for new angiopoietins. AR-2 was initially
-identified "during a -PCR screen using degenerate priners for conserved
angi opoi etin sequences PSGEYW and WAFDAC. A PCR fragnment corresponding to
AR-2 was.then used as a probe to identify a 20 partial cDNA clone froma
nmouse uterus cDNA library (Clontech Cat# M. 1022B). The partial nucl eotide
and deduced am no acid sequence of AR- 2 is set forth in Figures 5A-5B.
Figure 6 sets forth the nucl eotide and deduced am no acid sequence of the
f{;‘bji nogen- | i ke domai n of AR-2. The present invention is not to be limted
i h-'scope by the specific '

37



25 enbodi nents descri bed herein. Indeed, various nodific %#8 ngz M;e 36 29
‘August 2003 WO 00/52167 PCTI USOQO 03381 invention in addi P
described herein will beconme apparent to those skilled in the art fromthe
f oregoi ng description and -acconpanying figures. Such nodifications are

i ntended t ovPabs216t thin the scope of the appended cl ai ms. pGIUSG/0A3gUST
2003 WO 0%%@167 PCT/ US00/ 03381 What is clai ned is: 1. An isolated nucleic
aci d nol ecliN&t d8nPRiNLAGISA nucl eoti de sequence encodi ng t he ,
fibrinogen-Iike domain of AR-2, wherein the nucleotide sequence is

comri stnght hmet/lébdgﬂ%?gggﬁﬁﬁ:eﬁ' ; T I%ﬁﬁlﬁﬁﬂgﬁgﬁ%%%&cfeﬁ? dear 2 as set
- f h F

Soringent  Sondiatusie BnBHbl the iRk Bl gt kR, (RhFeiy
nucl eot i de Seq‘{ﬁécﬁu&fﬁbﬁﬁedéé&@éﬁcé rlQ"@él@ite%e%%ﬁ‘ctﬁeoéhodcﬁ‘)cd?fsétm de to

t he degeneracy of the genetic code. vector whi onpri ses a nucl ei ¢
acid nolecule of claim3. A vector according to claim2, wherein the

nucl ei ¢ aci d mpgculfie hciBBRES!sdfiohdd BBRfb g e BoaRE PEUiGA"GS Hhe

sequence capabl'e’o di recting | S’ express vect or

~according to clai m 3ibrinvigein-like aigrhasnod. AE-2|§@|sﬁtefbrﬂcR1ﬁ Fld@rrenegen l'i ke
‘domai-n havi ng the anino acid sequence set forth in Figure 6.

(b) a nucleotide sequence that hybridizes under stringent

(). - conditions to the nucleotide 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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6. Isolated AR-2 fibrinogen-like domain encoded by a nucleic acid nolecule
of claim1. 7. A host-vector systemfor the production of ZhfuUgusi AP
conprises a vector of claim3, in a host cell. 38 29 August 2003 WO

00/ 52167 PCT/USOQO 03381 8. A host-vector system according to claim?7, -
wherei n t hewb®as2162l | is a bacterial, yeast, insect or mannatwssmoesshl. 9. A
nmet hod of @r oduci né; AR-2 which conprises growing cells of the host-vector

system of &1 ai i SIOTNRGIOE HYFEMoASCHEING (10 KIRIMpriodwberein Hie thastageld, and
~recovering the ;AR;?2 r.od 1Q. .. An ant i whi ch specifically binds
the AR-2 ‘gf cl a{lé\%Sb%@egaﬂly.gggtn ’i‘%?%c%yﬁ?{@%%%ﬁgc?g' cl gi m 10, VW?/Ch is a

nonocl onal anti body. 2. A conjugate conprising the isolated AR-2 of claim
5 or 6, '~ qonjugat 0 cyl ot oxi-c t. .13. A canjugate .according , to
o1 o m 12, Giner & (RIS B RN LR wnid odinBrSkE SGiotaRS! B8l o te”
conposi tion CoOrRYdts) HEn2 Rf &Rl & S5 : tﬁgﬂt b8 15, A
conposi tion c‘orfprizérggofinr@anti bo yc%giﬁc:@éi %HQ%'s can . ‘g"%:‘?é'il’ﬁ{”.'”g 16.

A. conposi tion quoducsompiaiteoBR@AtehdPiresdvdingl Zhe aNR-2 gabrdfliced. 17. A
factorbody conprising isolated AR-2 fibrinogen-like domain of claimb5 or
.6, fused to an immunogl obulin constant region. 18. The factorbody of claim

17, whereit0t heAn nandibaglyoutich spuvificdily birets ®ie | ARtDecfFelaper B ap ef 19G
39 29 August 2003 ‘

11.  An antibody according to claim 10, which is a monoclonal

: " antibody.
O Y

12. A conjugate comprfsihg 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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19. A nucleic acid according to claim1 which is substantlallg

her ei nbefore described in any one of the foregoing exa 'ﬁ%zoqgvector
according to claim2 which is substantially as hereinbefore described 5 in
any one of the foregoing exanples. 21. A pol ypeptide according to claim5
or 6 which is substantially as hereinbefore described i many one of the
foregoi ng exanples. 10 22. A host-vector systemaccording to claim?7 which
is substantially as herei nbefore described in any one of the foregoing
exanples 23. A nethod according to claim.9 which is substantially as -

her ei nbef or e 1%esci wdeit acidrmpcardingdd clafre 1hwhiclydd swlystentialpy ssherdifb@dre An
anti body according . to .claim10 whi %s substantially as herei nbefore
described i n any off&sGfe Hbaqyo?r@g@%ﬁ% OZSENM RBMPIE- A conj ugat e accor di ng

" to claim12 which is substantially as her ei nbefore” 20 described in any one
of the foregoing exanples. 26. A conposition according to claim14, 15 or
16 which is s&bst adt V@ldr;aca@diﬁgdp@iaim&whiehdtesdssﬁabédly 8 lmrginbeforodestiieed

f or egoi ng Sxanples 25 27. %ﬁbf ctor %ccording to claim17 which is
substanti a Iy as. h& EPhRs f-any one of the foregoing

. exanpl es.

21.  Apolypeptide accordmg to claimn 5 or 6 which 1s substantially as heretobefore
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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