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INTRODUCTION
15
The present invention relates generally to the field of genetic
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
20 of micro-organisms and recipient eukaryotic cells. More specifically,
the present invention is directed to novel ligands, known as the TIE-2
ligands, that bind the TIE-2 receptor, as well as to methods of making
and using the_TlE-2-liga_nds. The invention further provides nucleic acid
sequences .encoding TIE-2 ligands, and methods for the generation of
25 nucleic acids encoding TIE-2 ligands and their gene products. The TIE-2
ligands, as well as nucleic acids encoding them, may be useful in the
diagnosis and treatment of certain diseases involving endothelial cells
and associated TIE receptors, such as neoplastic diséases involving

tumor angiogenesis, wound healing, thromboembolic diseases,



| i gands, that bind the TIE-2 receptor, as well as to nethods of naking
and using the TIE-2 ligands. The invention further provides nucleic acid
sequences VéQ8E26 TI E-2 | i gands, and nethods for the genePariUsss/1293s25
nucl ei ¢ acids encoding TIE-2 |igands amgl_their gene products. The TIE-2
| i gands, as well as nucleic acids encoding them my be useful in the

di agnosi s and treatnent of certain diseases involving endothelial cells
and associated TIE receptors, such as neoplastic di seases involving
tunmor angi ogenesis, wound heal i ng, thronboenbolic diseases, WO

96/ 11269 atherosclerosis and ‘inflammatory diseases. . More -&@95/-12935
at heroscl erosi s and |atn a%ns?tagry dilglgaeseggq}f)r "general ly,

bi ol ogi c bidlpgivatlyy aclivé-PIE-2gligdndsamalye bes adetiot proRidte! the YGrowth,
survival and/or differentiation of cells expressing the TIE-2 Treceptor.
Bi ol ogi c&urvivattand/or difiarentiationnef dellsuexpressinghdhenTIE2 aeceptor.
mai nt enance of TIE-2 recgptor expressing cells in culture, Cells and
ti ssues ogicallyy active T 3e-bggf‘_di may.dbe used forathe dn_vitreli ac and
vascyl ar _endgpt hel i al , lens epitheliumang heart epicardium
A ¢ orthar MAINTENaNas, of | FIE-3 regpRor miessing, Galls: e ehitiPe Ciells, and
engi neer e : _he _— ere TLE-2 |10 an heir 10
cognat e ?ggfé%?own@%ngﬁs% in a sé& 'gyg{deéﬁsf%roég%@mél’f ggg@ggl g[‘ or
ant agoni ghgedfart BRdétHelim ' 681! fins epithelium and heart epicardium.
Alternatively, such ligand may be used to support cells which are
engineered to express TIE-2 receptor. Further, TIE-2: ligands and their
10 cognate receptor may be used in assay systems to identify agonists or

antagonists of the TIE-2 .'receptor.
BACKGROUND OF THE INVENTION

15 The cellular behavior responsible for the development,
maintenance, and repair of differentiated cells and tissues is
regulated, in large part, by intercellular signals conveyed via -grthh
factors and similar ligands and their receptors. The receptors are
located on the cell surface of responding cells and they bind peptides or

20 polypeptides known as growth factors as well as other hormone-like

.. ligands. The results of this interaction are rapid -biochemical changes

in the responding cells, as well as a rapid and a- long-term - - | |
readjustment of cellular gene expression. Several receptors associated
with various cell surfaces may bind specific growth factors. |

25 - The phosphorylation of tyrosines on proteins by tyrosine kinases
is one of the key modes by which signals are transduced across the
plasma membrane. Several currently known protein tyrosine kinase |
genes encode transmembrane receptors for polypeptide growth factors

and hormones such as epidermal growth factor (EGF), insulin, insulin-



BACKGROUND OF THE | NVENTION 15 The cel lul ar behavi or responsible
for the devel opnent, mai nt enance, and repair of differentiated cells
and tissues i 096’112‘?9egul ated, in large part, by intercell ul arPGYEpP413935
conveyed via growh factors and siml.g.ligands and their receptors.
The receptors are | ocated on the cell surface of responding cells and
t hey bind peptides or 20 pol ypeptides known as growh factors as well as
ot her hornone-|ike | i gands. The results of this interaction are rapid
bi ochem cal changes - in the responding cells, as well as a rapid and a

| ong-term nkergadwwﬁ%fﬁr-pf(leﬁtl)ulﬁataemedéﬁVéesgl&Nth Saresral (Pmpws
associ at ed various cell surfaces may bind specific growh

factors. 25 and -B) Thadpﬂmtnlas‘lygmwtbnfax&totsr(&ﬁe)s (telditoetials, Bellt yr osi ne
ki nases I s one of theﬁ,‘éémdes by which signals are transduced across
t he pl aftegulationarie. 5 I(1990),eMllr;ch4netM‘a|pr6leﬂl Bt yEéSrﬁé (@99
genes encode t ransnenbr ane receptors for pepti r ow h f

and hor nones I3 Rach dngtange, thesg, grawth atﬁ gﬁ%ﬂ t?l Lﬂclt'ﬁn Bl’lqlﬂg to
WO 96/ 11

'S ? thecexraseiuies aation of dheis cqgnate a%cwprﬁfeavﬁﬁﬁq%z?%ors
(70 A glenh of e WRIe Syrgfive ek gt oL,
(1990)). portion of the receptor. Growth factor receptors of endothelial cells
are of particular interest due to the possible involvement of growth
factors in several important physiological and pathological processes,
10 such as vasculogenesis, angiogenesis, atherosclerosis, and
inflammatory diseases. (Folknian, et al. Science, 235: 442-447 (1987)).
Also, the receptors of several hematopoietic growth factors are
tyrosine kinases; these include c-fms, which is the colony stimulating
factor 1 receptor, Sherr, et al., Cell, 41: 665-676 (1985), end c-kit, a
15 primitive hematopoietic growth factor receptor reported in Huang, et
al., Cell, 63: 225-33 (1990). |
The receptor tyrosine kinases have been divided into evolutionary
subfamilies based on the characteristic structure of their ectodomains.
~ (Ulirich, et al. Cell, 61: 243-54 (1990)). Such subfamilies include, EGF
20 receptor-like kinase (subclass |) and insulin receptor-iike kinase
(subclass i1), each of which contains repeated homologous cysteine- .
rich sequences in their extracellular domains. A single cysteine-rich
region is also found in th.e extracellular domains of the eph-like
kinases. Hirai, et al., Science, 238: 1717-1720 (1987); Lindberg, el al.
25 Mol. Cell. Biol, 10: 6316-24 (1990); Lhotak, et al., Mol. Cell. Biol. 11:
2496-2502 (1991). PDGF receptors as well as c-fms and c-kit receptor
tyrosine kinases may be grouped into subclass iii; while the FGF
receptors form subclass IV. Typical for the members of both of these

subclasses are extracellular folding units stabilized by intrachain



In each instance, these gromh factors exert their action by binding to 5 y
the extracellular portion of their cognate receptors, which leads to:
activati onWR9¥M69 ntrinsic tyrosine kinase present on the RPGT/UGSISA295C .
portion of the receptor. G owh factor_Qppeptors of endothelial cells :
are of particular interest due to the possible involvenent of growth
factors in several inportant physiol ogi cal and pathol ogi cal processes, 10
such as vascul ogenesi s, angi ogenesi s, atherosclerosis, and '
i nfl anmat ory di seases. (Fol kman, et al. Science, 235: 442-447 (1987)).

Al so, the Ohdr I PRh&lUASAMNER . AHRTIRES :

yrosi ne. CieAfgbObBRES, LS ao'gaNbarinfuodioBti (IBFIR"IGIE re g
factor 1 femedtior théhgroteins! ofl the finmunddlob@fin- SipeffaRfify wifieH Eokidins 2 15
primtive hematopoietic growh factor receptor reported I'n Huang, et .
al ., Cell a odde2variety @fo6ther cell sdtface exetepiors fraving ceither cel-bewsd been
divided into 3vo| utionary .~ subfamlies based on the characteristic

st ruct ur eobrsaluble ligapdgoWilliams, et al,uANN. dReveimmunalal 6; 381-4083- 54
(1990?. f 58 ?ubf amlies include, EGF 20 receptor-like kinase (subclass
) and®in ﬂ 8 receptor-like kinase "~ (subclass Il1), each of which

contai ns repea I cyst el ne-a: . T . : i hej.r .

extracel | ul ar gg%aeﬁép &%s)#ﬁ& ﬂ%ﬁiq{gﬁ [ '(!{1 tﬁg"s %ﬁeé&wiﬁﬁf sgg‘lfl sghhﬂ‘.ynd in

t he extragel d ' Oty ' d;@% inaH LRI , :
Sci ence, ggBé éi‘nle;\fla%, ?gg%ﬂ?{ggy{?gmﬁméeéréf aerte glhké %F’ @H‘ %B"%’s* 10:
6316- 24 (60697); ahhextraceltulanidomairl capable df binding: the spebifis-groWdh( 1991)‘
PDG- receptors as well as c-fnms and c-kit receptor tyrosi ne ki nases

may be grtagters)n(2) ausransmembranerdomaimavitich usually dseanoalphiasr m .

bcl V. Typical f th nbers. of both of these . subcl asses are
oxtr i | helialf Bofifon, G tie. RrGRINT |(B)ca yXiamembrane. domain°where the -

receptor may be regulated by', e.g., protein phosphorylation; (4) a
- tyrosine kinase domain which is the enzymatic component of the
receptor; and (5) a carboxyterminal tail which in many receptors is
involved in recognition and binding of the substrates for the tyrosine
15 Kkinase.
Processes such as alternative exon splicing a_nd alternative choice of
gene promoter or polyadenylation sites have been reported to be
capable of producing several distinct polypeptides from the same gene.
These polypeptides may or may not contain the various domains listed
20 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 .con'tain only the extracellular
domain inserted in the plasma membrane via the transmembrane domain
plus a short carboxyl terminal tail. . |
25 A gene encoding an endothelial cell transmembrane tyrosine
kinase, originally identified by RT-PCR as an unknown tyrosine kinase-
homologous cDNA fragment from human leukemia cells, was described
by Partanen, et al., Proc. Natl. Acad. Sci. USA, 87: 8913-8917 (1990).

Th_is- gene and its encoded protein are called “tie" which is an
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-4- di sul fi de bonds. These so-called i nmunogl obulin (Ig)-1like folds
ar.e f oun¥VO /11269 pr ot ei ns .of - t he i mmunogl obul i n super f an PGT/PASGRI3S
‘cont ai ns a wde variety of other cel I_§yrface receptors having either
cel |l - bound or soluble ligands. WIllians, et al., Ann. Rev. |nmunol.,

6: 381-405 5 (1 988). Receptor tyrosine kinases differ in their
specificity and affinity. In geneéral, receptor tyrosine kinases are

gl ycoprot ei ns, which consi st of (1) an extracellul ar domain capabl e of
bi ndi ng t he bii8i inal RiH{ada( St ) t bl »
whi ch usual | ?ﬁbgir?q 'g?{)ﬁegf hty(soswgl ?@;‘ﬁ%pmhl (q)é %.?d t%%pzﬁgﬁgﬂﬁ,aﬁ( amb'

j uxt amenbr anePgitamén, vheleMdle Cell. BiotcaRt or698RrI707 (1@®)ated by, e.g.,
protei n phosphorylation; (4) a tyrosi ne ki nase domain which is the
enzymati ¢ conponeirt hals been reportett ¢pabtie mRNAS]s presembiry tadl hunsan tfetdl
which in many receptors is I nvol ved in recognition and binding of the

substrates f@nd mouse embryonic tirsues.e. Upon inspeclionctiesmessagehasbeen ve
ol yadeny bat 18FAIAat 301 peCHEURG R vassulay Bobindlil il o e mANA e
oy or ray ndfoeRu AR, 10 e, &G BAe AL IO pssste ANf ERdEalE of°S

consequence, 8% £4' 8a¢! dit! Mouds BBRydEY Ehahod acexpressi 3hBwe
soﬁe Porms EQ Iac‘ﬁ.ﬁt‘"ﬁ%o

secreted proterns an of 1 receptors ne

tyrosine Kki n@.ﬁiﬁ?@é@vﬁlﬁhlaﬂﬂhﬂbﬁ askycigted ewithraaddvelbping ovaritweiollicles
inserted in the plasna nmenbrane via the transmenbrane domaln plus a

short carboxynd granulationatissuein skin woundenecKerhanbmgetal.c Binad 80: 22548 |
o o aaal (1985 Thus tia has been’ suggebted 1o play & rofe i oo &
angiogenesis, which is important for developing treatments for solid
tumors and. several other angiogenesis-dependent diseases such as
diabetic retinopathy, - psoriasis, atherosclerosis and arthritis.
Two structurally related rat TIE _recéptor proteins have been

15 reported to be encoded by distinct genes with related profiles of
expression. One gehe, termed fie-1, is the rat homolog of human ftie.
Maisonpierre, et al., Oncogene 8: 1631-1637 (1993). The other gene,
tie-2, may be the rat homolog of the murine tek gene, which, like tie,
has been reported to be expressed in the mouse exclusively in

20 endothelial cells and their presumptive progenitors. Dumont, et al.
Oncogene 8: 1293-1301 (1993). |
Both genes were found to be widely expressed in endothelial cells of
embryonic and postnatal tissues. Significant levels of tie-2
transcripts were also present in other embryonic cell populations,'

25 including lens epithelium, heart epicardium and regions of mesenchyme. |
Maisonpierre, et al., Oncogene 8: 1631-1637 (1993).

The predominant expreséion of the TIE receptor in vascular

endothelia suggests that TIE plays a role in the development and

maintenance of the vascular system. This could include roles in



honol ogous cDNA fragnment from human | eukem a- cells, was descri bed by
Partanen, et al., Proc. Natl. Acad. Sci. USA, 87: 8913-8917 (1990).
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- 5- abbreviation for "tyrosine Ei nase with Ig and EG- honol ogy
donmai ns. " Partanen, et al. M. Cell. Biol. 12: 1698-1707 (1992).

It has been reported that tie nRNA is present in all human fetal and

nouse enbryonic tissues. Upon inspection, tie nessage has been 5 -

| ocal i ze agdil 2e8etéynind ak I al4i TPRC S
been | oc%ri‘g%wg?tﬁg"eggot heﬁmyf Irggﬁgggél ?lfgﬁgrglnaciycrgr [ u_m?%?

9.5 to lgnigrdtispnoandnpatterningrints .vdstularc elefents.xpitc hasobednsr

during neovascul ari zati on -associ ated with devel opi ng ovarian follicles

and gr anuthat ianalyses .of mouse emionyoss deficidninin TIEt2 sshoveed othaBOit i8548- 10
2555 (1992). Thus ., tie has been suggested }o play a role in . .

angi ogendBiportant in angiogenesis, pasticular.fomviasoular netwoek tarmation) in

i ane o sneathglat eghel SARLT 30 5. Bl.odERLRE SZEREPE T BHTY o the
Lo be ondhduire, YeREURr EySin, T, ERGR! RnBlSh i Srtibtfipher ol surdlel

ne_gene.mbfiteRanéé carld, reSpohée 13! phtitiidtfic Ghfiliugestic. Maisonpierre,
et al., Oncogene 8: 1631-1637 (1993). e ot her gene, tie-2, may be

the rat honolog of the nurine tek gene, which, like tie, _ ‘



hés been reported to be expressed in the nouse exclusively in 20 -
endothelial cells and their presunptive progenitors. Dunont, et al.

Mcogene 8: 1MN@99¥HA49 (1993). "Both genes were found to bePGAWYEPS12935
expressed in endothelial cells of emfyyoni ¢ and postnatal tissues.
Significant levels of tie-2 transcripts were also present in other
enbryonic cell populations, 25 including lens epithelium heart epicardi um
and regi ons of nmesenchyne. Mai sonpi erre, et al., Oncogene 8: 1631-1637
(1993). ' The predom nant expression of the TIE receptor in

vascul ar endot hel i a suggesiggNg Y| \V N in the devel opnent
and mai nt enance of the vascular system 'S cou I ncl ude roles in
WD 96/ 11269 - : PCT/ US95/ 12935

- 6 - endot helial cell determ nation, proliferation, differentiation and
cell migration andheapresenhdnventiorn provides éor e compaositionscomprisinga t ed
t hat anal yses_of npuse enﬁgyos d@%icient in TIE-2 showed that it is

i mport ant i n dEg? oigand j substaptially, free 1 of;  prateing: wdrhe rinvention alsa
ondot el gl ebhiis T s sesndbin S, Hoaid oo hac T, .
mai ntenance gl [ AubRiP LAY be' DNAISESRA or RNA. The invention aiso
provides for a vector comprising an isolated nucleic acid molecule
encoding a TIE-2 ligand. The invention further provides for a host-
vector 'system for the production in a suitable host cell of a
10 polypeptide having the biological activity of a TIE-2 ligand. The
suitable host cell may be bacterial, yeast, insect or mammalian. The
invention also provides for a method of producing a polypeptide having
the biological activity of a TIE-2 ligand which comprises growing celis
of the host-vector system under conditions permitting production of
15 the polypeptide and recovering the polypeptide so produced.

The invention herein described of an is'olated' nucleic acid
molecule éncoding a TIE-2 ligand further provides for the development
of the ligand, a fragment or derivative thereof, or another molecule '
which is a receptor agonist or antagonist, as a therapeutic for the

20 treatment of patients suffering from disorders involving cells, tissues
or organs which express the TIE receptor. The present invention also
provides for an’ ant_ibody which specifically binds such a therapeutic
molecule. The antibody may be monoclonal or polyclonal. The invention

~ also provides for a method of using such a monoclonal or polyclonél

25 antibody to measure the amount of the therapeutic molecule in a
sample taken from a pétient for purposes of monitoring the course of
therapy.

The present invention also provides for an antibody which '

specifically binds a TIE-2 ligand. The antibody may be monoclonal or
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The preseWOPHIR6] i on provides for a conposition conprisi hBCEUSIS2938| E- 2 .
| i gand substantially free of other pratgins. The invention also 5 provides
for an isolated nucleic acid nolecule encoding a TIE-2 |igand. The

I sol ated nucleic acid may be DNA, cDNA or RNA. The invention al so

provi des for a vector conprising an isolated nucleic acid nolecule

encoding a TIE-2 ligand. The invention further provides for a host-

vector s t r Cih il i ; i O

pol ypept ?b;(%al?ﬁgblg'!]g Pﬁéﬁ biﬂg?lgig?,gglt'bgcﬁ%i/%g?9gé%stlg?gqri%@%%@c}'he .

sui t abl e dumpositibhsregniprisingt ani ahtibgdpswhich spacificalipbintdsaa. TiBe

i nvention al so provides for a nmethod of producing a polypeptide having

t he bi ol digandl ima@ ipharmadeutically- accoptable wehitlec orifine siaveptioni algocel | s

of the host-vector system under. condition ermtting production of 15 the |
| ypept RIBVIRS 1arcB.ethod i OfeblosiyIE: OR \essel carowdn in 8 mammal-tie

P(r)lvgﬁe?oln rein .dgs\c/ri b|Wgéj fea_*r?gi soI:gtl d_n clsglc cid ol ecul e

encodPng aarmiErngy At SHtadtive amdinfd” oo efral. icamerson” o (e

i d . . . | . whi ch i

a Pocept SOMPRERG, afl alfbodp Hor dpeEhically bR & TIERR NIORA in 2 {ory of

pati ent s ghdrhideilicallyMadceptalsies veRicleyi ng cells, tissues or organs
whi ch express the TIE receptor. The present invention also
The invention further provides for therapeutic compositions ‘

comprising a TIE-2 ligand in a pharmaceutically ‘acceptable vehicle.
10 The invention also provides for a method of promoting
neovascularization in a patient by administering an effective amount of
a therapeutic' composition: comprising a TIE-2 ligand in a
pharmaceutically acceptable vehicle. In one embodiment; the method
. may be used to promote wound healing. In another embodiment, the
15 method may be used to treat ischemia.
Alternatively, the invention provides that a TIE-2 ligand may be
conjugated to a cytotoxic. agent and a therapeutic composition prepared
therefrom. The invention further provides for a receptor bbdy which
specifically binds a TIE-2 ligand.. The invention further provides for
20 therapeutic compositions comprising a receptor body which
specifically binds a TIE-2 ligand in a 'pharmaceuticallyi.acc_epfable
vehicle. The invention also. provides for a method of blocking blood
vessel growth in a mammal by administering an effective amount of a
therapeutic composition comprising a receptor body which specifically
25 binds a TIE-2 ligand in a pharmaceutically accé_ptable vehicle.
The invention also provides for a TIE-2 receptor antagonist as
- well as a method of inhibiting TIE-2 ligand biological activity in a -
mammal comprising - admin_istefing to the mammal an effective amount

of a TIE-2 antagonist. According to the invention, the antagonist may



pfovides for an antibody which specifically binds such a therapeutic

nol ecul e. The anti body may be nonocl onal or polyclonal. The invention

al.so provi des WOMP64136Rt hod of using such a nonoclonal or pol ycP&TAJSISE293S
antibody to neasure the anount of the theraggautic nolecule in a sanpl e
taken froma patient for purposes of nonitoring the course of t her apy.
The present invention also provides for an anti body which specifically
binds a TIE-2 |igand. The anti body may be nonocl onal or

96/ 11269 PCT/ US95/ 12935 .

S 8- bBObMCéﬁﬁ@bd¥ TS Bthére moleedld %g _éWsaﬁéiﬂdéﬂg Bﬁfd_in% either
t herapeutic - conposi tions conprising an anti body ich specifically
binds a Tl E 2TIE-2 ligandnor ME2R poeeptotcuFoe dxample; dhbaahta stchray Deeca
i nvention al so provi des for a method of bl ocking bl ood vessel growh
in a manmal bYIER redeptorbogy.ng an effective anount of a therapeutic

conposition conprising an anti body which specifically binds a TIE-2

ligand in a pharmaceutically acceptabl e vehicle. The _
i nvention further provides fq AR QR0 ﬁEﬁﬁE@gﬂﬂi conprising a
TIE-2 Iigé%d I N a phar maceut iCary=—ateeptabtre ey . The invention
al so provides for a nethod of pronoting neovascul ari zation in a
patient by adm nistering an effective anmount of a therapeutic

~conposi tion CRRRURESAAR ahd1B L gaegbd irBcéptorbodyp TIIEEE RB) Mibits IR6ePt abl e

vehicle. I n one enbodi nent, the neth
: development of blood vessels in the embryonic chicken chorioallantoic

membrane (CAM). A single piéce of resorbable gelatin foam (Gelfoam)
10 soaked with 6 pg of RB was inserted immediately under the CAM of 1-
day chick embryos. After 3 further days of incubation, 4 day old
embryos and surrounding CAM were removed and examined. FIGURE 1A:
embryos treated with EHK-1 RB (rEHK-1 ecto / h lgG'i Fc) were viable
and possessed normally developed blood vessels in their surrounding
15 CAM. FIGURE 1B : all embryos treated with TIE-2 RB (r TIE-2 ecto / h
IgG1 Fc) were dead, diminished in size and were almost completely

devoid of surrounding blood vessels.

FIGURE 2 - Vector pJFE14.

20
FIGURE 3 - Restriction map of Agt10.
FIGURE 4 - Nucleic acid and deduced amino acid (single letter code)
sequences of human TIE-2 ligand from clone Agt10 encoding htie-2
25 ligand 1. '

FIGURE 5 - Nucleic acid and deduced amino acid (single letter code)
sequences of human TIE-2 ligand from T98G clone. |



may be used to pronote wound healing. In another enbodi nent, the 15 net hod
may be used to treat ischem a. Al ternatively, the invention provides
that a TI EVO9%/iliRéhd may be conjugated to a cytotoxic RGFUSISIIT

t herapeutic conposition prepared ghprefrom- The invention further

provi des for a receptor body which specifically binds a TIE-2 |igand.
The invention further provides for 20 therapeutic conpositions conprising
a receptor body which specifically binds a TIE-2 ligand in a '
phar maceuti cal |y acceptabl e vehicle. The invention also provides for a
met hod ofFIGURE 69 Npuaeié acid afRP gedugedaming dcidB(ENglePletRAEod8) € i ng an
ef fecti ve anount of t herapeuti c conposition co rising a receptor
body whi ceqenmes oﬁlhqmaﬁ TiE+asligarid Hrém! clpmed pBluesqriptr K8centoding v
accept abl e vehicl e. The invention al so provides for a TIE-2
recept or humagohiese ligand 2. wel| as a nethod of inhibiting TIE-2 |igand

bi ol ogi cal activity in a mammal conprising admnistering to the mamal
an effectlve anount - of a TIE-2 antagonist. According to.the invention,

the a %%E@ Western blot sl\'{\gw?né &&Q?atlon of TIE-2 rgceptor by T2,

PCT/U 95/'1

ant i body yjyarf Heqlﬁgaz lﬁ;tCﬁ&aBger@ 25%@& 'ﬁi’ééng% tfl.zgdbuna trby?glgcg).

TIE-2 |igand or r ceptor. or exa onls
TIE-2 receptor body.
- FIGURE 8 - Western blot showing that prior treatment of HAEC cells | ‘

with excess TIE-2 ligand 2 (Lane 2) antagonizes the subsequent ability
10 of dilute TIE-2 ligand 1 to activate the TIE-2 receptor (TIE2-R) as
compared with prior treatment of HAEC cells ‘with MOCK medium (Lane

1)..

FIGURE 9 - Histogram representation of binding to rat TIE2 IgG -

15 immobilized surface by TIE2 ligand in C2C12 raé, Rat2 ras, SHEP, and
T98G concentrated (10x) conditioned medium. Rat TIE2 (rTIE2) specific
binding is demonstrated by the significant reduction Iin--t_he' binding
activity in the presenée of 25 pug/mi soluble rat TIE2 RB as compared .
to a minor reduction in the presence of soluble trkB. RB. | .

20 : _

FIGURE 10 - Binding of recombinant human TIE-2 ligand 1 (hTL1) and

human TIE-2 ligand 2 (hTL2), in cos cell supernatants, to a human TIE-2

RB immobilized surface. = Human TIE-2-specific binding was

determined by incubating the samples with 25 ug/ml of either ‘soluble

25 human TIE2 RB or trkB RB; significant reduction in the binding activity
is observed only for the samples incubated with human TIE2 RB.



5E BRI EF DESCRI PTI ON OF THE FI GURES Fl GURES 1A and

1B - TIE-2 rece&t orbody (TIE-2 RB) inhibits the devel opeg é?l %%d
vessels in th&¥ | c chicken chorioallantoic menbr ane %E& 12

single piece of resorbable gelatin foam (G¢Hf-oam) 10 soaked with 6 [err]g
of RB was inserted i mediately under the CAM of 1- day chick enbryos.
After 3 further days of incubation, 4 day old enbryos and surroundi ng
CAM wer e renoved and exam ned. FlI GURE 1A: enbryos treated with EHK-1
RB (rEHK-1 ecto / h I'gGl Fc) were viable and possessed nornmal |y

devel oped bl FIGURES® s- | Weastern blot showing ghab TIEAR/ reEeﬁthEoﬂyB(daidted
enbryos treated with TIE-2 RB (r_TIE-2 ecto / h )rvvere dead,
di mi ni shed i MiE-2eRBnarwesehereoSIE2-Fe)| iocky the actmatm oft TiBr2 sesaptess

bl ood vessel R - Ve [ RJFE14. FI GURE 3-
Restriction iﬂpT&E -3 ‘HBFPnggT%-U in ﬁb& I%é Whﬁl@ﬁﬁ anguntelated deduced

Clone [orr) oroBsefrEbkclTHRE™e), doos’ FARHOER fis "WERINE < | NicTei ¢

acid and geduced amno acid (single |etter code) sequences of human
TIE-2 ligand from T98G cl one. '

RIPT E THE INV N

_ As described in greater detail below, applicants have isolated, by
expression cloning, a novel ligand that binds the TIE-2 receptor. The
10 present invention comprises a TIE-2 ligand as well as its amino acid
sequence and also functionally equivalent molecules in which amino
acid residues are substituted 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
15 acid(s) of a similar polarity which acts as a functional equivalent,
resulting in a silent alteration. Substitutes for an amino acid within
the sequence may be selected from other members of the class to
which the amino acid belongs. For example, the class of nonpolar
(hydrophobic) amino acids include alanine, leucine, isoleucine, valine,
20 proline, phenylalanine, tryptopha_n and methionine. The polar neutral
amino acids include glycine, serine, threonine,. 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 giutamic acid. Also included
25 within the scope of the invention are proteins or .fragments- or
derivatives thereof which exhibit the same or similar biological
activity and derivatives which are differentially modified during or
after translation, e.¢., by glycosylation, proteolytic cleavage, linkage to

. an antibody molecule or other cellular ligand, etc.
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- 10- FIGURE 6 - Nucleic acid and deduced amno acid (single letter
code) ~ VRuHR&es of human TIE-2 |li'gand from cl one pBl ueRCT/USAS/1EBS
encodi ng human TIE 2 |igand 2. _95 FIGURE 7- Western bl ot show ng
activation of TIE-2 receptor by TIE-2 |igand 1 (Lane L1) but not by
TIE-2 ligand 2 (Lane L2) or control (Mock). FI GURE 8 - Western bl ot
showi ng that prior treatnment of HAEC cells with excess TIE-2 ligand 2

(Lane 2) antagonizes the subsequent ability 10 of dilute TIE-2 ligand 1 to
o AL oul IR, iyon 2B Shoompadd? 56 b iag Gkl ™"
o s rae, oo oy, “tErbeg fordh aq TR IS Y Ba°Pelge =
condi ti oneglisewhich aratgandlicallyTenginemyedi fo produce bthedproteirs, Bgnesst r at ed
by the significant reduction in the binding . ~activity in the presence
of 25 [er agpsiectionypiransductiony integtiononglecitpporations @rni nor reducti on
n thes pr%ﬁgpcﬁreuje%ftio?lowbrlngclte{ck%c'i?g ‘encoding the TIE-2 ligand 1 described
herein in a suitable expression vector. .
The present inverition further encompasses the nucleotide
sequence that encodes the ‘protein described herein as TIE-2 ligand 2, ‘
as well as celis which are genetically eng_ine‘ered to produce the -
10 ‘protein, by e.g. transfection, transduction, “infection, electroporation,
or microinjectibn of nucleic acid encoding the TIE-2 Iigand 2 déscribed_
herein in a suitable expression vector. R |
~ One skilled in the art will also recognize that the present
" invention encompasses DNA and RNA sequences that ”hybridize to a
15 deduced TIE-2 ligand encoding sequence, under conditions of moderate
stringency, as defined in, for example, S'ambrook, et al. Molecular
Cloning: A Laboratory Manual, 2 ed. Vol. 1, .pp. 101-104, Cold Spring
Harbor Laboratory Press (1989). Thus, a nucleic acid molecule
contemplated by the invention includes one having a ‘sequence deduced
20 from an amino acid sequence of a TIE-2 ligand prepared as described
herein, as well as a molecule having a sequence of nucleic acids that
hybridizes to such a nucleic acid sequence, and also a nucleic acid
sequence which is degenerate of the above sequences as a result of the
genetic code, but which encodes a fligand that binds the TIE-2 recebtor. '
25 Any of the methods known to orie skilled in the art for the
insertion of DNA fragments into a vector may be used to construct
‘expression véctdrs encoding TIE-2 ligand using appropriate
transcriptional/translational control signals and the protein coding

sequences. These methods may include n vitro recombinant DNA and



20 FI GURE 10 - Binding of reconbi nant human Tl E- 2 ligand 1 (hTL1) and
human TIE-2 ligand 2 (hTL2), in cos cell supernatants, to a human TI|E-2

RB i mobi | i zeWO9/F126. Human Tl E-2-specific bi ndi ng was POEUSISRISd
by incubating the sarrpl es with 25 [err]g/oly4f either soluble 25 human
TIE2 RB or trkB RB; significant reduction in the binding act|V|ty S
observed only for the sanpl es incubated with human Tl E2 RB. WO
96/ 11269 PCT/ US95/ 12935

-11 - FI GURE 11 Western bl ot showi ng that TIE-2 receptor.body

(denot ed m? pation of TIE-2
receptors y%ﬁeﬁ?g%fﬂ?u%and%&ﬂ}gﬁ FME ce ie ereas an unrel ated
recept or body reéGiibifationesExpresbiorc bf ehintictaiti aciti eequeﬁce encoding a TIE-2
DETAI LED DESCRI PTI ON OF THE | NVENTI ON As described in greater

det ai | bel owligand ocjpeptidefragraents: thgreof may bexegutatednby| arseupnda novel
| i gand that bi nds the TIE-2 receptor. The 10 present invention conprises a
TI E- 2 | i gand Rucleis aciss spgyeaﬁerﬁp dhatjthe prOS@auehcp@nim I8 expressad éma | y

S oL ot haekiman e Tha esorntRnd DB ARelle B rihes,

exanpl e, one Qu, ARLIBNBE W TI&!S' ligand described herein may be controlled by any
promoter/enhancer element known in the art. Promoters which m'éy be
used to control expression of the ligand include, but are not limited to
the long terminal repeat as described in Squinto et al., (Cell §5:1-20

10 (1991)); the SV40 early promoter'region (Bernoist and Chambon, Nature
290:304-310), the CMV prombter, the M-MuLV 5' terminal repeat, the
promoter contained in the 3' long terminal repeat of Rous sarcoma virus
(Yamamoto, et al., Cell 22:787-797 (1980)), the herpes thymidine
kihése-promoter (Wagner et al., Proc. Natl. Acéd. Sci. U.S.A. 78:144-

15 1445 (1981)), the adenovirus promoter, the regulatory sequences of the
metalliothioein gene (Brinster et al., Nature 296:39-42 (1982));
prokaryotic expression vectors such as the B-Iactamase promoter
(Villa-Kamaroff, et al., Proc. Natl. Acad. Sci. U.S.A. 75:3727-3731
(1978)), or the tac promoter (DeBoer, et al., Proc. Natl. Acad.  Sci. U.S.A.

20 80:21-25 (1983)), see aiso "Useful proteins from recombinant bacteria”
in Scientific American, 242:74-94 (1980); promoter elements from -
yeast or other fungi such as the Gal 4 promoter, the ADH (alcohol
dehydrogenase). prometer,- PGK (phosphoglycerol kinase) promoter,
alkaline phosphatase promoter, and the following animal -

25 transcriptional control regions, which exhibit tissue specificity and
have been utilized in transgenic animals: elastase | gene control region
which is active in pancreatic acinar cells (Swift et al., Cell 38:639-
646 (1984); Ornitz et al., Cold Spring Harbor Symp. Quant. Biol. 50:399-
409 (1986); MacDonald, Hepatology 7:425-515 (1987); insulin gene



residues within the sequence can be substituted by another am no 15
acid(s) of a simlar polarity which acts as a functional equivalent,

resul ting WMO%/1426ent alteration. Substitutes for an an no BCHGSSI12935n

t he sequence may be sel ected from ot herq genbers of the class to whi ch
the am no acid bel ongs. For exanple, the class of nonpolar

(hydr ophobi ¢c) am no acids include al anine, |eucine, isoleucine, valine, 20
proline, phenylal anine, tryptophan and nethi-oni ne. The pol ar neutral

am no acids include glycine, serine, threonine, cysteine, tyrosine,

aspar agi ngonfF rabiérawien HAcR08 i sl Satta( BB BN Refie

I ncl ude argi ni ne, I ne an I St € negative A

ani no aci g4 5t ht5-1a2 44986)), Cinmiutioglobuinitgune contvol fegion whiskeds 25

wi thin the scope of the invention are proteins or fragnments or

deri vat i vastivendnelymphoidhceltsi (Grossthedl et alr, 3884| Celbi3B 6A72-658;

activity and derivatives which are differentially nodified during or

after trafSpmeset al..q1985, Natyre, 318:6838r538;r Alexandercet alay1987, Mekage to
g&?ﬂ%g?%g@igf Li:ei 4%6-7 522}', Fneédsljel arﬁa}'n' SPyd’tu%%&' virus, centrol re\g?or? 6/ 11269

T ohec cHET 1508k Sh ARSI by oSl e masE AP (Lager
ey oy 5, 70865001 ), i g el aghon non 4 ©- o

active in liver (Pinkert et al., 1987, Genes and Devel. 1:268-276), ‘
alpha-fetoprotein gene control region which is. active in liver

10 (Krumlauf et al., 1985, Mol. Cell. Biol. 5:1639-1648; Haminer et al.,
1987, Science 235:53-58); aipha 1-antitrypsin gene control region
which is active in the liver (Kelsey et al, 1987, Genes and Devel. 1:161-
171), beta-globin gene control region which is active in myeloid cells
(Mogram et al., 1985, Nature 315:338-340; Kollias et al-.,.'- 1986, Cell

15 46:89-94); myelin basic protein gene control region which is active ‘in
oligodendrocyte cells in the. brain (Readhead et al.,, 1987, Cell 48:703-
712); myosin light chain-2 gene control region which .is active in
skeletal muscle (Shani, 1985, Nature 314:283-286), and gonadotropic

~ releasing hormone gene control region which is active in the

'20 hypothalamus (Mason et al., 1986, Science 234:1372-1378). The
invention further encompasses the production of antisense compounds
which are capable of specifically hybridizing with a sequence of RNA
encoding a TIE-2 ligand to modulate its expression. (Ecker, U.S. Patent
No. 5,166,195, issued November 24, 1992). |

25 Thus, according to the invention, expression véctors capable of being
replicated in a bacterial or eukaryotic host comprising a nucleic acid
encoding a TIE-2 ligand as described herein, are used to transfect a
host and thereby. direct expression of such nucleic acid to produce the

TIE-2 ligand, which may then be recovered in a biologically active form.



5% nicroi njection of nucleic acid encoding the TIE-2 |ligand 1 descri bed

herein in a suitabl e expression vector. The present _invention
further encom¥¥@8¥M26he nucl eoti de sequence that encodes PREUBISHEES,
described herein as TIE-2 ligand 2, agpwel | as cells which are
genetically engineered to produce the 10 protein, by e.g. transfection,
transduction, infection, electroporation, or mcroinjection of nucleic
acid encoding the TIE-2 ligand 2 descri bed herein in a suitable
expressi on vector. One skilled in the art will also recognize

that the preggtused herémer& iiologisliyracties fwh ancluddé aecforrnecapablétof
hybri di ze to a 15 deduced TIE-2 l'i gand encodi ng sequence, under conditions

of noderate blndlngtta rdgen'ﬂﬁ 2areceptomand causing axbiojdgicabresponse stichahs
Mol ecul ar Cloning: A Laboratory Nanual, 2 ed. Vol. 1, {3 101- 104,
Cold Spring @ lffer@mmed afunctios: prpindiuencingothe phenotype el dhe eelld

deduced 20 EXERSAINENATR rae%eé‘req'uﬁﬁéﬂt”’%é@%@] v Prﬁ%'ew% R

acias that  exemiE; nudSe BosaiiaMRiC Y, fie fgethe KRS Wimaln S ©

nucl ei ¢ aci dTjg-2 p@ggr*ﬂa ge which is degenerate of the above sequences as a-
result of the geriet1 ¢ code, but which encodes a |igand that binds the
TIE-2 receptor. 2Expression/vgciorst fontaiiingdthegone tinsens cdn | beddentifibe
art for the insertion of DNA fra rrents into a vector may be used to
const r uct by Mrgersemh ammecbeenc&j BNA-ONA hybridizatien.n{p)ppesandeaoe
transcripti o I /trans{)g cont r& og‘!nalé and the prot ei n codi ng '
sequences. §8“ﬁﬁt 9" gengqunc ) r ORIBESION Of DRBered

10 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 hybridization using probes comprising sequences that are
homologous to‘ an inserted TIE-2 ligand encoding gene. In the secend
approach, the recombinant vector/host system can be identified and

15 selected based upon the presence or absence of certain: "marker” gene
functions (e.g., thymidine kinase activity, resistance to antibiotics,
transformation phenotype, occlusion body formatioh in baculovirus,
etc.) caused by the insertion of foreign genes in the vector. For
example, if a nucleic acid encoding a TIE-2 ligand is inserted within

20 the marker gene sequence of the vector, recombinants containing the
insert can be identified by the absence of the marker gene function. In
the third approach, recombinant expression vectors can be identified by
assayihg the foreign gene product expressed by the recombinant. Such
assays can be based, for example, on the physical or functional .

25 properties of a TIE-2 ligand gene product, for example, by binding of
the ligand to the TIE-2 receptor or portion thereof which may be tagged
with, for example, a detectable antibody or portion thereof or by
binding to antibodies produced against the TIE-2 ligand protein or a

portion thereof. Cells of the present invention may transiently or,
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- 13- synthetic techniques and in vivo reconbi nations (genetic
reconbi nat wargs/11d68pr essi on of a nucl ei ¢ aci d sequence encorCTUS?s/1198s 2

| igand or peptide fragnents thereof may, Qe regul ated by a second _
nucl eic acid sequence so that the prot‘e‘ “or peptide is expressed in a 5
host transformed wth the reconbi nant DNA nol ecul e. For exanpl e,
expression of a TIE-2 |ligand described herein may be controlled by any
pronot er/ enhancer el enment known in the art. Pronoters which nay be

dt trol,. on of the |i d inelude, but _ t Ijmted't
the | ong PERTRIFRI. cqmiatitubiesly. atd pesmanentl sxpress TTE-3 digandssas 20 10
1991)); : | ' ] Jat
30: 304. HEFCTRE FitEIn, IO SuitiQpRicebRs DI ANCIETHE Bimas, ¢4 b
(vamamot of e are-SonEsofdiig, {° 80eTE SrRanc TIA sshudhes, rneeg™ v Tus.
ki nase prprimers dodidgthen die aised tor PCR Isatie-2 Ayerte fragmett. YPCR78: 144- 15
1445 (1981)), the adenovirus pronoter, the regulatory sequences of the

met al ISot hPetorolge e GaidenIoeMethods andiApplications3 &dited byadjghael A.

(Vi 11 2 KeliS{4Y, Bbc ARRISTRCOETeSEANOBad. Soi U S A 75 av27-3731

20 80, 2125 ( LeeFprBnBlBat spaRd flay B Buoniad By An¥ echidlen g or i v

or ot hor s (B ¥id sytidiquint, folmaioh of & Btaffe. CofiEgicaIl’ Btive  Ye2g

dehydr ogeprstein. PrEsegamphéi<andhacp byoweaye op llinkitatise) the figRha’ may be

al kal irne phosphat ase pronoter, and the follow ng aninmal 25 tranScriptional

cont rid rregiovesed virooh cellai dither iass solulplec proteing amas inclusionebbdiss,

Ml zed fom Which they may be extracted quantitatively by 8M gtaniinium
hydrochloride and dialysis. In order to further purify the ligand,
conventional ion exchange chromatography, hydrophobic interaction
chromatography, réverse' phase chromatography or gel filtration may be

15 used. A | | |

| In additional embodiments of the invention, a recombinant TIE-2

ligand encoding gene may be used to inactivate or “knock out* the
endogenous gene by homologous recombination, and thereby create a
TIE-2 ligand deficient cell, -ti‘séue, or animal. For example, and not by

20 way of limitation, the recombinant TIE-2 ligand 'encod.in'g gene may be
engineered to contain an insertional mutation, for example the neo
gene, which would inactivate the native TIE-2 ligand encddihg gene.
Such a construct, under the control of a suitable p’r_omotér, may be
introduced into a cell, such as an embryonic stem cell, by a technique

25 such as transfection, transduction, or injection. Celis containing the
construct may then be selected by G418 resistance. Cells which lack
an intact TIE-2 ligand encoding gene may then be identified, e.g. by
Southern blotting, PCR detection, Northern blotting or assay of

expression. Cells lacking an intact TIE-2 ligand encoding gene may ‘then



which is active in pancreatic acinar cells (Swift et al., Cell 38:639-
646 (1984); Onitz et al’., Cold Spring Harbor Synp. Quant. Biol. 50:399-
409 (1986); NWORHHRE Hepatol ogy 7:425-515 (1987); insulin geRET/USIS/I12935
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-14- control region which is active'in pancreatic beta cells
(Hanahan, Nature 315:115-122 (1985)), i munogl obulin gene control
region which is active in lynphoid cells (Gosschedl et al., 1984,

Cel | 38:647-658; Adanes et al., 1985, Nature 318:533-538; Al exander et -

al ., 1987, Myg fU§edgﬁ 'Cehar@i embryoltafts %ﬁ?eggf’gfrés‘?ﬁ%?ﬁd AnifRdis VHétigient

control region I's actifve 1n tes , l'ynphord an

mast cells (ligdsueteli ) h diBanirhal , defihe! s r ol
( ctetigand. aSuc nirhal maib béShséd@tb ggiéﬂ;e;lfﬂggg?%@

region which is active in liver (Pinkert et al., )
Devel . 1:268pr@6esses, nomhalhy-dependent cuporgdhe ligarid.ol regi on which is

active in liver 10 (Krum auf et al., 1985, Ml . Cell. Biol. 5:1639-1648;
Hamrer et al .The presepbinventiemalsoaproyides)for Antibodiesnta thepEliEr2gligands
Con vl 8% Shpprived Reide rfch a7 uRhiciar SBintlS) Pl B oo
ot ve ! n, ™ Rbalae! dignpste SRR, Far HeRartHIS, aidiedRfar
L% “fogy SRR idred 1RYIITIE Ak, ol Spttie et fEeAdbe e
regi on whi ch fos thet prsduction of ahiibedylmolevules (B ontinlidts, cbHt linegs in
314: 283-286), and gonadotropic .

culture may be used. For example, the hybridoma technique originally

10 developed by Kohler and Milstein (1975, Nature 256:495-497), as well
as the trioma technique, the human B-cell hybridoma technique (Kozbor
et al.,, 1983, Immunology Today 4:72), and the EBV-hybridoma technique
to produce human monocional antibodies (Cole et al., 1985, in
'Moﬁoclonal Antibodies and Cancer Therapy,* Alan R. Liss, Inc. pp. 77-

15 96) and the like are within the scope of the present invention.

The monocional 'antibodies may be human monocional antibodies
or chimeric human-mouse (or other species) monoclonal antibodies.
Human monocional antibodies may be made by any of numerous
techniques known in the art (e.g.. Teng et al., 1983, Proc. Natl. Acad.

20 Sci. U.S.A. 80:7308-7312; Kozbor et al., 1983, Immunology Today 4:72-
79; Olsson et al., 1982, Meth. Enzymol. 92:3-16). Chimeric antibody
molecules may be prepared containing a mouse antigen-binding domain
with human constant regions (Morrison et al., 1984, Proc. Natl. Acad.
Sci. U.S.A. 81:6851, Takeda et al., 1985, Nature 314:452).

25 Various procedures known in the art may be used for the
production of polyclonal -antibodies to epitopes of the TIE-2 ligands
described herein. For the production of antibody, various host animals
can be immunized by injection with a TIE-2 ligand, or a fragment or

derivative thereof, including but not limited to rabbits, mice and rats.



rel easi ng hornone gene control region which is active in the 20

hypot hal anus (Mason et al., 1986, Science 234:1372-1378). The

I nvent i on wWaied/i1Ré9 enconpasses the production of anti sense BOIVUSAHII93S
whi ch are capabl e of specifically hybrlgl zing with a sequence of RNA
encoding a TIE-2 ligand to nodul ate itS expression. (Ecker, U S. Patent
No. 5,166,195, issued Novenber 24, 1992). 25 Thus, according to the

i nvention, expression vectors capable of being replicated in a
bacterial or eukaryotic host conprising a nucleic acid encodi ng a
TIE-2 11 S eRgl r

thereby % ggresglggﬂa 55 d;llutgl glﬁﬁggélad&{ pro uoclgg Qnal relgﬂahsl‘.?

| i gand, d _ g I
VO 96/ 113%86%“‘@’_ o ete %ﬁ%&@é@ and ihdl’_udih@ bae dd 'ﬁ'ﬁ‘é%dr/e‘ﬁfsgé?‘{% ds.

-1 5-  (complete aaddintengplete)a rhirndrapigels| sucirtds alimimamnhiydendde, f or m
capabl e of binding to the TIE-2 receptor_and causing a_ bi ol ogi cal
responsesbdaﬂeaaﬂlve subsiancescsucht 8s fyaelecithinorplurenige polyajs: he

phenot ype t.he cell pressi.ng the tor uch biologically

acti R fBPﬁ@%ﬂﬁd Peptidesg @i Pis'ogﬁ-dﬁ@é’ Bfﬁ)ngHBPyiﬂmBﬁY%'ﬁmghe tyrosi ne
ki nase d e ectors-
cont ai i ftrAeRgERL" m em%hﬁaﬁv bligﬁqﬁLﬂ{qm?gaadluvanbsy Bl AB<

appr oach ) -absence of
'tBa ofié %hwexpr

"mar ker " “gene functlons ) Jommy sequences and (d)
PCR det ect | ONA hibléb@lailélﬁhea@noanaahtnbbay tor assémt@d TIE-2 ligand q

epitope can be prepared by known techniques. Recombinant DNA

10° methodology (see e.g., Maniatis et al., 1982, Molecular Cloning, A
Laboratory Manual, C_dld Spring Harbor Laboratory, Cold Spring Harbor,
New York) may be used to construct nucleic acid sequences which
encode a monocional antibody molecule, or antigen binding region
thereof.

15 The present invention provides for antibody molecules as well as
fragments of such antibody molecules. Antibody fragments which
contain the idiotype of the molecule can be generated by known -
techniques. For example, such fragments- include but are not limited to:
the F(ab'). fragment which can be produced by pepsin digestion of the

20 antibody molecule; the Fab' fragments which can be generated by
reducing the disulifide bridges of the F(ab'), fragment, and the Fab

' .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.g9., immunoabsorption or immunoaffinity

25 chromatography, chromatographic methods such as HPLC (high
performance liquid ¢hromatography), or a _combin'ation thereof.



a forei gn gene inserted in an expression vector can be detected by DNA-
DNA hybri di zati on usi ng probes conprising sequences that are :

hqnol ogous to V@A 9/H36% ted TIE-2 |igand encoding gene. In the sBEHN§ISN2935
approach, the reconbinant vector/host syst¢g.can be identified and 15
sel ect ed based upon the presence or absence of certain "marKer" gene
functions (e.g., thymdine kinase activity, resistance to antibiotics,
transformati on phenotype, occlusion body formation in bacul ovirus,

etc.) caused by the insertion of foreign genes in the vector. For
exanpl e, if a nucigie presénteimadition durthér enddmpdssés idiF Gfrintdndassay fap
t he marker gene sequence of the vector, reconbi nants containing the :

i nsert can beneasuring ithé amount ofbacTiE20figanhd innakbiological samplechy .| n
the third approach, reconbi nant expression vectors can be identified by
assayi ng t he &)or eicgntagting thedbinlogical samplerywithcat deasthionenantibody which

IR T2 O o ey B ok B R e o
t to t | E- i i

e 1 gang Lo Lne T GRATASY ZIESOIGA B SE I Wl Bl oo

binding to a'ﬂ:g' bo&ﬁssdﬁrﬁjmédaﬁ%h{‘%f.fﬁéﬁcﬁ l@x'éﬂ&rtﬂepé@f] ﬁgagt?riﬁg'the

portion thereof. 0 e present invention may transi
WO 96/ 11269 amount of the TIE-2 ligand in the biological sBfpIE/S95/ 12935
- 16- preferably, constitutively and permanently express TIE-2

Iigands as
o The invention further encompasses an assay for measuring the
10 amount of TIE-2 receptor in a biological sample by
a) contacting the biological sample with at least one ligand of the
invention so that the ligand forms a complex with the TIE-2°
receptor; and _
b) measuring the amount of the complex and thereby measuring the

15 amount of the TIE-2 receptor in the biological sample.

The present invention also provides for the utilization of a TIE-2
ligand to support the survival and/or growth and/or differentiation of
TIE-2 receptor expressing cells. Thus, the ligand may be used as a

20 supplement to support, for example, endothelial cells in culture.
Further, the discovery by applicants of a cognate ligand for the TIE-2 .
receptor enables the utilization of assay systems useful for the
identification of agonists or antagonists of thé TIE-2 receptor. Such
‘assay systems would be useful in identifying molecules capable of

25 promoting or inhibiting angiogenesis. For example, in one embodiment,
antagonists of the TIE-2 receptor may be identified as test molecules
that are capable of interfering with the interaction of the TIE-2
receptor with a biologically active TIE-2 ligand. Such antagonists are

identified by their ébility to 1) block the binding of a biologically



described herein. In the fourth approach, DNA nucl eotide priners can be

prepared corresponding to a tie-2 specific DNA sequence. These primers
could thenM96(14262 t o PCR a tie-2 gene fragnent. (PCR 5 PRCR/0S98/12935 A \
GQui de To Met hods and Applications, Edi_tfg_by M chael A Innis et al.,
Academ ¢ Press (1990)). The Teconbi nant |igand may be purified

by any techni que which allows for the subsequent formation of a

stable, biologically active - protein. For exanple, and not by way of -

limtation, the ligand may be 10 recovered fromcells either as sol uble

protei ns Rét(ia\fe; gggm&m _btgdih%s receptor’ éé’%\gﬁkﬁi’e& Nfar gﬁélngﬁee’f}sﬁﬁﬁt ed

quantitativ uani di ni um hydr o ori de an ysi's. ¥n order

to furtheBlAgarel bidsendordtethnology (BIAcORS; PhdrmeviacBidsdnsor,
chr omat ogr aphy, hydrophobic interaction chr omat ogr aphy, reverse phase

chr onat ogPiscatawaygdlJ); i or 1)t blockntlye bability afsadbiologically active aME-Ri onal
enbodi ments of the invention, a reconbinant TIE-2 - ‘|1gand encodi ng gene
may be usligand toneruse & bielpgical Jespense. t §uich biolegicalsespongese by

T S e o 5 i o s e o T
nser 11 ordPhefraem, SeiboRant, Yo IR sibfal grandlR Wby ket Vo e
the nativgriival? growthd o?”&ﬁf&r@ﬁrtrigsiﬁgné of. TIE_@‘%C?E@%’Q%?%@% %%!ﬁe.r the

control of a suit@able pronoter, intro , such as
an enbryoni ¢ dneoneeémbodiment.ecolls mmgiRderedlitd expresentieTIED, &
transduction, or injection. Cells containing the construct may then

sel ect ed negeptarsmays ibet dsp_endem ifer growth lortithe additioni of JUE-Zligahd.i gand
dot o8 orSSRE 4ala PTOVIAR (yRPID) asa, syptems” fes, iHemtiving asdignBhcri ng an
|ntact Tl &g gnibled e CAE-29r&edltol™br ! fithgonists capable of interfering
' with the activity of TIE-2 ligand on such cells. Alternatively,
autocrine cells, engineered to be capable of co-expressing both TIE-2
ligand and receptor, may provide useful systems for assaying potential
15 agonists or anta'gohists. '-

. Therefore, the present invention providés for introduction of the TIE-2
réceptor into cells that. do not noima'lly- express this receptor, thus
allowing these celis to exhibit profound and easily distinguishable
responses to a ligand whici?' binds this receptor. The type of response

20 elicited depends on the cell utilized, and not the specific receptor
introduced into the cell. Appropriate cell 'Iines' can be chosen to yiéld a
response of the greatest utility for assaying, as well as discovering,
‘molecules that can act on tyrosine kinase receptors. The mblécules
may be any type of molecule, iricluding_but not limited to' peptide aﬁd

25 non-peptide molecules, that will adt in systems to ‘be described in a
receptor specific manner. | '

One of the more useful systems to be exploited involves the
introduction of the TIE-2 .récéptor into a fibroblast cell line (e.g.,

NIH3T3 cells) thus such a receptor which does not normally mediate
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-17- be fused to early enbryo cells to generate transgeni c aninals
defi ci ent WO 9/H2¢n | i gand. Such an aninmal may be used to oBET/HEIS12935
specific in vivo processes, normal | y.dgqpnendent upon the |igand.

The present invention also provides for antibodies to the TIE-2 ligands 5
descri bed herein which are useful for detection of the ligands in, for
exanpl e, diagnostic applications. For preparation of nonocl onal

anti bodies directed toward TIE-2 |igand, any technique which provides

for the prodygrbiifstativeatbbpar¥esokany! fslldwWingeihtrodResioneihtd | filSfobliasts
culture may be used. For exanple, the hybridoma technique originally 10

devel oped by nénetkelessdbdl assayed biOaSvatibtyuod wek:edtablisSfied mestheds to

as the trioma technique, the human B-cell hybridoma technique (Kozbor

et al., 1983quantilate =ffeatsdaf fibrablashrgrawih fastargb(egnthymidineque

to produce hynman nonocl onal antibodies (Cole et al. 1985 in

"Monocl onal AREQIRGHAHEAN 0 Qﬁﬁ&éyp%e‘?fagﬁ?"feﬁ@w Fas§qyss $96 cvan, Zoelen, 15
96) and tpe I, ale Wit hi n, the of e t ..l nvention .

The nonoc ona’ldéz]nti iL&e ﬁﬁ?&gﬁgﬁgﬁwgcfgh?&%ﬁfpﬂo eESRlpeptlgp

chimeric h“%«:@ﬂ*a&ﬂrs%ﬁ@m?@ﬁ%é PactBP 'Rés&dieh, A4l @d? S131-152;72ABA

nonocl onal i es may be nm y any of numerous echni ques known

in the art (eng M.TEbfa,21986,1 Mot CdiloBiolNaMol. B¢ Pp. 35’41'—3544;.U-'ﬂ1é§e

80: 7308-7312; Kozbor et al., 1983, |nmmunol ogy Today 4:72- 9; dsson
et al., 1982 assays. haire theladdezti advantagehthatr any preparation can belassayed nay
be prepared containing a nouse antigen-bindi ng domai n wi t h human

const ant regibsta enghei eelh line having 4he intragiicedareceptoras well ascthe U. s. A

81:6851, 1 Iak%%%eﬁ{atalcén IiLr?eB ﬁackﬁ)tgurtﬁe 31'19%9%%3;' only specific effects on the cell

line with the receptor would be judged as being mediated through the
introduced receptor. Such cells may be further engineered to express
the TIE-2 ligand, thus creating an autocrine system useful for assaying
for molecules that act as antagonists/agonists of this interaction.
15 Thus, the present invéntion provides for host cells comprising nucleic
acid encoding TIE-2 ligand and nucleic acid encoding TIE-2 receptor.
The TIE-2 receptor/TIE-2 Iigand interaction also provides a
useful system for identifying small molecule agonists or antagonists
of the TIE-2 receptor. For example, fragments, mutants or derivatives
20 of a TIE-2 ligand may be identified that bind the TIE-2 receptor but do
not induce biological activity. Alternatively, the characterization of a
TIE-2 ligand enables the determination of active portions of the
moleculé. Further, the identification of a ligand enables the '
determination of the X-ray crystal structure of the receptor/ligand
25 complex, thus enabling identification of the binding site on the
receptor. Knowledge of the binding site will provide useful insight into
the rational design of novel agonists and antagonists.
The specific binding of a test molecule to the TIE-2 receptor may

be measured in a number of ways. For example, the actual binding of



25 Various procedures known in the art may be used for the
production of polyclonal antibodies to epitopes of the TIE-2 |igands

- descri bed woessim2e69For the production of antibody, various hesEnusysiipeks
can be immuni zed by injection with a TlEs2 ligand, or a fragnent or

derivative thereof, including but not 19fited to rabbits, mice and rats.

WD 96/ 11269 : PCT/ US95/ 12935

- 18 - Various adjuvants may be used to increase the imunol ogical
response, dependi ng on the host species, and including but not-limted

to F ' = I £ ] . C . m num
0 et moled8TH Sofls SbIeRRRIE D) md) L eydElnt Y reuphir
pol yol's, py mby:ﬁng 08F MOSRIARE (i) Bdt ATBIGEGIRN Pouhaygp '-tﬁﬁ' siéte of
henocyani ns, i nitrophenol, ‘and potentially useful human adj uvants
such as Hffact cellsBaili)| test Crictetule- Crossinkedd t&OTIEED gerosin Th PasN UM

A nol ecul ar clone of an antibody to a selected TIE-2 |igand epi t ope
can be priygatess oy (ii)otast: molecujecboundctoniNiEagt irxirg.0 Tinet Ispécifitgy (see
e.g., Maniatis et al., 1982, Mlecular C.qning, A Laboratory Manual,
Col ' Spr i nerastion; bebisesn tes}, melaculeand B2 iy be evalugted: by usingbe
e o AN S ehBrRBate S T WioBbrties o TS TnBrBBASK! O3
present inventAQNa PEAEIfIES noMfinffihg PEXAmITS S b ShetiodS' &f B¥e invention
may be used as follows. Consider a case in which the TIE-2 ligand in a q
sample is to be measured. Varying dilutions of the sample (the test
10 molecule), in parallel with. a negative control (NC) containing no TIE-2
ligand activity, and a positive control (PC) containing a known amount
of a TIE-2 ligand, may be exposed to cells that express tie-2 in the
presence of a detectably labeled TIE-2 ligand. (in this example,
radioiodinated ligand). The amount of TIE-2 ligand in the test sample
15 may be evaluated by determining the amount of 125{-labeled : TIE-2
ligand that binds to the controls and in each of the dilutions, and then
comparing the sample values to a standard curve. The more TIE-2
ligand in the sample, the less 12Sl-ligand that will bind to TIE-2. |
The amount of 125l-ligand bound may be determined by measuring
20 the amount of radioactivity per cell, or by cross-linking the TIE-2
ligand to cell surface proteins using DSS, as described in Meakin and
Shooter, 1991, Neuron 6:153-163, and detecting- the amount of labeled
protein in cell extracts using, for example, SDS polyacrylamide gel
electrophoresis, which may reveal a labeled protein having a size |
25 corresponding to TIE-2 ligand/TIE-2 receptor. The specific test
molecule/TIE-2 interaction may further be tested by adding to the
~ assays various dilutions of an unlabeled control ligand that does not
bind the TIE-2 receptor and therefore should havé ‘no substantial affect

‘on the competition between labeled TIE-2 ligand and test molecule for



fr?‘agrrents of such anti body nol ecul es. Anti body fragnents which contain

the idiotype of the nolecul e can be generated by known t echni ques. For
exanmpl e, suchwosgmes s i ncl ude but are not limted to: t RCT/BEYHN2)35
fragnent which can be produced. by pepsin gégestion of the 20 anti body

nol ecul e; the Fab[err] fragnents which can be generated by reduci ng
the disulfide bridges of the F(ab')2 fragnent, and the Fab fragnents
whi ch can be generated by treating the antibody nol ecul e wi th papain
and a reducing agent. Antibody nolecules may be purified by known

hni | . GuqE. b, f
chr ot ogr apie-2HFEHE S AReRIat IR o, MSHEEAL! kowh o bet dHfg > HéttipY:
gg_rr%gtg 29! ggggz-z Qigammmimsnhemgt hsﬁ@wfas, but not nmwj%( 1éﬁﬁ9nE-2

The present anﬁbaaﬁomrf'nlﬁ-nerecumomm&as descmmme&y fnay be expectedr to\g
the anbunt of a TIE-2 ligand in a biological sanple a) contacting

t he bi ol ogi cintestergl with ttheacomnﬁittlamebe—;tmﬂﬁbbd?ﬂmﬂ'ﬂﬁa ligand and test
specifi.cally binds the TILE-2 Iigand so t hat the anti body forns a 5
conpl ex il t hmelgcwie=for | TigsRqresapten:bindinge sanpl e; and

reaEurt 0 e i SRS eSS A BARE 6 : ttg
invention fURBes Y MRAkES coVafehtly drPhoRE8vAlenYy 1d'% radioactive
| substance, a fluorescent substance, a substance that has enzymatic
activity, a substance that may serve as a substrate for an enzyme
10 (enzymes and substrates associated with colorimetrically detectable
reactions -are preferred) or to é substance that can be recognized by an
antibody molecule that is preferably a detectably labeled antibody .
molecule. o
Alternatively, the specific binding of test molecule to. TIE-2 may
15 be measured by evaluating the secondary biological effects of TIE-2
ligand/TIE-2 receptor binding, includirig, but not limited to, cell growth
and/or differentiation or immediate early gene expression or
phosphorylation of TIE-2 For example, the ability of the test molecule
to induce dlﬁerent;atlon can be tested in cells that lack tie-2 and in
20 comparable cells that express tie-2; differentiation in tig-2-
expressing cells but not in comparable cells that Iack tie-2 would be
indicative of a specific test molecule/TIE-2 interaction. A similar
analysis could be performed by detecting immediate early gene (e.g. fos
and jy_n,) induction in tie-2-minus and tie-2-plus cells, or by detec.tinQ
.25 phosphorylation of TIE-2 using standard phosphorylation assays known
in the art. Such analysis might be useful in identifying agonists or
antagonists that do not competitively bind to TIE-2. |
Similarly, the present invention provides for a method of

identifying an molecule that has the biological activity of a TIE-2



10 anmount of TIE-2 receptor in a biological sanple by - a) contacting

the biological sanple with at |east one ligand of the I nvention
so that twoderaaédd forns a conplex with the TIE-2 PCT/USY3ARI38 ; and
b) measuring the anount of the corrplgé and thereby neasuring the 15
anount of the TIE-2 receptor in the bi®Tdgi cal sanple. The
present invention also provides for the utilization of a TIE-2 | i gand
to support the survival and/or growh and/or differentiation of TIE-2

receptor expressing cells. Thus, the Iig?nd may Fe used as a 20 supplﬁnent
L0 SupPObank SRS GFUBLAHA A 4L ol Arrbhile e o LD, L1°
enabl es_iriifetiilel afdl (AN deledtiriindY 8hBERic! Biidihg’ f thiCtest mdidetifel kg Cat i on

of agoni sts or antagorfi sts recep assay systens

woul d_beTiEe \Hacbptardeitl iviioRo sEREIRY AP 28 ﬂ%iz Posifverp doitbldfes

“inhibiting angi ogenesis. For exanple, in one enbodinent, ant agoni sts
of the Twith2 TiE<2diker actiyitpe iSpecifi¢ilbidding traay bel detdcted by eithet are
capable of interfering with the interaction of the TIE-2 - receptor with

a bi & ogResyingatan direct tbinding;01d thesecendanyobidlogical ceffects iofienti fi ed by
ggfilrlzgguni&%,t gslt)jisghgggd tsrfpfai.-ndéﬁl&\ Oaf method. r%%iycgle::éqmgggaﬂylygg@l o
“20-in identifying new members of the TIE ligand family or, in the
pharmaceutical in'duétry._ in screening a large array of peptide and non- ‘
peptide molecules (e.g., peptidomimetics) for TIE associated biological
10 activity. In a preferred, specific, nonlimiting embodiment of the
invention, a large grid of culture wells may be prepared that contain, in
alternate rows, PC12 (or fibroblasts, see infra) cells that are either |
tie-2-minus or engineered to be fie-2-plus. A varieiy of test
molecules may then be added such that each éolu_mn of the grid, or a
15 portion thereof, contains a different test molecule. Each well could
then be scored for the presence or ab_éence of growth and/or
differentiation. An extremely large number of test molecules could be
screened for such activity in this manner.
- In additional embodiments, the invention provides for- methods of
20 detécting or m‘eaSurin‘g ‘TIE-like activity or identifying a molecule as
having such activity comprising (i) exposing a test molecule to a TIE-2
receptor protein in vitro under conditions that permit binding to occur
and (ii) detecting binding 6f the test molecule to the TIE-2 protein, in |
which binding of test molecule to TIE-2 correlates with TIE-like : |
25 activity. According to such methods, the TIE-2 may or may not be
substantially purified, may be affixed to a solid support (e.g. as an
affinity column or as an ELISA assay), or may be incorporated into an
artificial membrane. Binding of test molecule to TIE-2 may be

evaluated by any method known in the art. In preferred embodiments,



active TIE-2 ligand to the receptor as neasured, for exanple, using

Bl Acore bi osensor technol ogy (Bl Acore; Pharmaci a Bi osensor,

Pi_scat away, N¥),9644269) Dbl ock the ability of a biologically actRGIEUSPS/ERS
ligand to cause a biol ogical response. Sughgbiol ogi cal responses 5

i nclude, but are'not limted to, phosphoryl ation of the TIE-2 receptor or
downst ream conponents of the TIE-2 signal transduction pathway, or
survival, growth or differentiation of TIE-2 receptor bearing cells.

I n one errbodl nment, cells engineered to express the TIE-2 receptor may

be dependent ¢ é’rblﬂ&iwgt bf q8st 'i\?oléédl ndy Ye Hetectel! Bﬁﬁﬁea&@reﬂ'%@nﬁ%iu%t

provi de useful assay™systens for i1dentifying additional I sts o

the TIE-2 reitepabiity oo tonysstel with datebiablyf labeled flnows TIE-2 Viigdndshdor
activity of TIE-2 | | gand on such cells. Alternatively, aut ocrine

cell's, enginFtE«! receptor dyiadling. of co- expressing both TIE-2 I'igand and
receptor, may proyvide useful,K systens for assayi %ﬁpotentlal goni sts or

ant agoni st s. Thecprgsand, invaatignealsq: proNidasi F armethed qfop:letectmg the
i ntroductj on at_do nt

t he, Tl [ | [
express this@ Bgﬁlép&ma %g%}ug\olecu‘%a?soﬁdw%ﬁggga@# gopist At 'II'ng oﬁnd

d ly dj ds
Fecepor . TectyRE eaBREg, detobRGP I tabi? of, 996 CrdipElleld et San
and not the ggget IdfCTIE dijaines bmdmg\'t‘i‘:t TIELE Bh 'd‘b@lltﬂﬁtcéi(dbreséé grgam.ate

cell lines can be chosen™to yield response of the eat est ut|I|ty

for assayi ngSuch anl ntagohist onay i o1y may notnirterfere swithaTiE2n ligandiTIE-2
tyrosine kinase receptors. The nol ecul es may be any ﬂféje of nol ecul e,

i ncl udi ng butecapntor ibinding.t cEffegts of Hﬁjzzbgammlpdmg de xa:meeeptqrhalte
will act in syste described in a recepto n
e of tifb ntereqably, Pidlpeicals of oBlacharies) efiestay ongludhge. but Act ifited

1S CL PO A G s AN, il oas

gene induction, or TIE-2 phosphorylation.

The invention further provides for both a method of identifying

antibodies or other molecules capable of neutralizing the ligand or

15 blocking binding to the receptor, as well as the molecules identified by
the method. By way of nonlimiting example, the method may be
performed via an assay which is conceptually similar'to an ELISA
assay. For example, TIE receptorbody may be bound to a solid support,
‘'such as a plastic multiwell plate. As a control, a known amount of TIE

20 ligand which has been Myc-tagged may then be introduced to the well
and any tagged TIE ligand which binds the receptorbody may then be
identified by means of a reporter antlbody directed against the Myc-
tag. This assay system may then be used to screen test samples for
molecules which are capable of i) binding to the tagged ligand or n)

25 binding to the receptorbody and thereby blocking binding to the
receptorbody by the tagged ligand. For example, a test sample
containing a putative molecule of interest together with a known
amount of tagged ligand may be introduced to the well and the amount

of tagged ligand which binds to the receptorbody may be measured. By
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-21 - proliferative responses can, follomﬁng I ntroduction into

fi br obl as™096/11269 nonet hel ess be assayed by a variety of wettnsesrads shed
met hods to gquantitate effects of %ggroblast grow h factors (e.g.

t hym di ne. I ncor poration or other es of proliferation assays; see
van Zoelen, 5 1990, "The Use of Biol ogical Assays For Detection O

Pol ypepti de . Gowh Factors" .in Progress Factor Research, Vol. 2, pp.
131-152; Zhan and M ol dfarb, 1986, Mol. Cell. Biol., Vol. 6, pp.

-4

2541, 354 i fhebsvﬁ?@ﬁy@hﬁgﬁﬁvf@s%@dﬁﬂeﬁﬂdﬂ”f@?ﬁ%& Shiid BBBOI Or ' oe

vel | as ifiodft iR ahe"cahtrbE! batnphés | iithitin hﬁrdlé&ﬂ?laoﬁlhnéﬂ‘ Sesga%

effects on the cel I'ne w't receptor wou e Ju el ng
medi at ed of Hslogking ltigand bmdiﬁg qdu:r@l réeesmomaysbehm&itiﬁ‘édrmwﬁ& further
engi neered to express TIE-2 ligand, thus creating an autocrine

syst em uinolecuias ofsinterest thus identified cmalye bet isnlatad using methods
sts/agoni sts of this interaction. 15 Thus, the present invention

ant agoni

provi 3les Well kRewn de| pge cofvskilkimdghauartei ¢

?QSeBtjg'r?'TfE? rige 41 lodkee,ofc igand JhBHe is faunds one' of slaf i tbgseein for
identify

r ecept or

We"Rhow R etdint Steidry s PR U S Brmine Whette, e/

ligand myodiri i€ Bindihgtto ke rbbastdrhsr tobthe Niganal As Wil @8 assa¥§‘%

i nduce biological activVity. Alternatively, the chaf act eri zation

TI E-2 | i getermineblitthehblabkerr moletulen odn amsutvalizeortheobiolobiddlcactivity

10

16

20

25

of the ligand. For example, by usmg a binding assay which employs

BlAcore biosensor technology (or the equivalent), in which either TIE

receptorbody or TIE ligand is covalently attached to a solid support (e.g.

carboxymethyl dextran on: a gold surface), one of skill in the art would
be able to determine if the blocker molecule -is binding specifically to
the ligand or to the receptorbody. To determine if the blocker rﬁolecule
can neutralize the biological activity of the ligand, one of skill in the
art could perform a phosphorylation assay (see Example 5) or
alternatively, a functional bioassay, such as a survival assay, by using
primary cultures of, for example, endothelial cells. Alternatively, a
blocker molecule which binds to the receptorbody could: be an agonist
and one of skill in the art would: know to how- to determine this by
performing an appropriate assay for identifying addmonal agonists - of
the TIE-2 receptor. _
Because TIE-2 récept'or has been identified in association with
endothelial cells and, as demqnstrated herein, blocking of the ligand
appears to prevent vascularization, applicants have demonstrated that
the TIE-2 ligand will be useful for the induction ‘of vascularization in
diseases or disorders where such vascularization is | indicated. Such

diseases or disorders would include wound healing, ischaemia and

~acid encoding TIE-2 |igand

|



mol ecul e. Furt her, the identification of a |Iigand enabl es the

determ nation of the X-ray crystal structure of the receptor/ligand 25
canpl ex, thus ¥Qa@11268) i dentification of the binding site on tRET/USIS12935
receptor. Know edge of the binding site vvi_él provide useful insight into

the rational design of novel agonists and antagoni sts. The
specific binding of a test nolecule to the TIE-2 receptor nmay be
measured in a nunber of ways. For exanple, the actual binding of

WD 96/ 11269 PCT/ US95/ 12935

-22- : | | | i j
roasured,  GiEnstes? Tithe! AHEF Adnd AR o ife THE-ITHCELIS, Syt as
surface of  receptorb6dieechs sdeddribed RgreifPine BXafnpless2 -dnd e dand TIER22

protein in cell " | ysates; or (iii) test nolecule bound to TIE-2 in
vitro. The sfiganti 2 a$ destribedcin Exansplecd) wold be!sefuktarpreVeht drmay be
eval uated by using reagents that denonstrate the unique properties of
that i nteractattgnuate vascularization, sthaisi mireventingi or t attgnuating! Jort example,
met hods of the invention may be used as follows. Consider a case in
whi ch t heB TI AUDIOT; GEOWEN: [y o sanple is to be measured. Varying
dilutions of the sanple (the test 10 nolecule), in parallel with a
negative control (NC) containing no TlE- | igand activity, and a

2
D o r" oo SSCRSRTIED, oottt Pni s anpos 19, 86 SymrechBas 17T
| abel ed TI E- ¥ascakarization, t TIE-2¢eligandbodies may also be useful in preventing or
attenuating, for example, tumor. growth. TIE-2 ligandbodies may be
10 useful for the delivery of toxins to a receptor bearing cell.
Alternatively, other molecules, such as growth factors, cytokines' or
nutrients, may be delivered to a TIE-2 receptor bearing cell via TIE-2
ligandbodies. TIE-2 Iigandbodiés could also be used as a diagnostic
reagént for the TIE-2 receptor, to detect the receptor in vivo or in
1 5 vitro. Where the TIE-2 receptor is associated with a disease state,
TIE-2 ligandbodieé may be useful as diagnostic reagents for detecting

the disease by, for example, tissue staining or whole body imaging. -

The present invention also provides for pharmaceutical
20 compositions _comprisin_g the TIE-2 ligands or ligandbodies described
. herein, peptide fragments thereof, or derivatives in a
pharmacologically acceptable vehicle. The TIE-2 ligand proteins,
peptide f'ragments, or derivatives may be administered systemically or
locally. A_ny appropriate mode of administration known in the art may
25 be used, including, but not limited to, intravenous, intrathecal,
intraarterial, intranasal, oral, subcutaneous, intraperitoneal, or by
local injection or surgical implant. Sustained release formulations are

also provided for.



radi oi odi nated ligand). The amount of TIE-2 ligand in the test sanple 15
may be ‘eval uated by determ ning the anpunt of 1251-1abeled TIE-2 :
i gand thavobé/ridé® to the controls and in each of the dil ut Ponwsosamebst hen )

conparing the sanple values to a standgid_ curve. The nore TIE-2 | i gand
in the sanple, the less [err]-ligand t will bind to TIE-2. -
The anopunt of [err]-ligand bound may be determ ned by neasuring 20 the
anount of radioactivity per cell, or by cross-linking the TIE-2 | i gand -

t(r)] cell surface protei n§ usi ng DSS, as desc_r.i bed i n Meakin ?nld bel d
rotei n' i n coleHrpaedt Mo (ARhel Theiide o st RBHIed aod g
el ect ropmrﬁgofguguéghagﬁ% makele $onosing 8" Alilelc "Huiknde éhé& 25

correspo recept e speC|
nol ecul e/ghiceding '@ Gupsdn mEnamgarrd hehebsint Br ftcldic adlsld r@ed@ﬁd@ is
assays various dilutions of an unl abeled control |igand that does not

bi nd t he seldctedr froaptthe gnoup heonsistingsobul d have no substantial affect
on the conpetition between | abeled TIE-2 | |gand and test nol ecule for
wo 96% 11489 the nucleic acid sequence comprising the coding regionusbihe 2935

di 51 upt pean (1B5% dford 58,98k 1oiEh o gl % Elouie: 3 or Fidirers; ° “’b

i - T E in, -
ol TSRy a nOBHEoslp, Shplaod SESIRARAY, GRelBiOAdRTRNL I o0
and test stringent conditions to the nucleic acid sequence of (a) and which q

encodes a TIE-2 ligand that binds TIE-2 receptor; and
10 (c) a nucleic acid sequence that is degenerate as a result of the
genetic code to a nucleic acid sequence of (a) or (b), and which
- encodes a TIE-2 ligand that binds TIE-2 receptbr._

In aﬁother embod_iment the invention provides for an isolat'ed nucleic
15 acid molecule encoding a TIE-2 ligand wherein the nucleic acid
sequence is: |
(a) the nucleic acid sequence comprising the coding region of
the human TIE-2 ligand as set forth in Figure 4, Figure 5 or
Figure 6;
20 (b) é nucleic acid sequence that hybridizes under moderately
stringent éonditions to the -nbcleic acid sequence of (a) and |
. which encodes a TIE-2 ligand that binds TIE-2 receptor; or
(c) a nhcieic acid sequence which, but for the degeneracy of the
. genetic code would hybridize to a nucleic acid sequence of
25 ~ (&) or (b), and which encodes a TIE;2 ligand that binds TIE-2
receptor.
-The present invention further provides for an isolated and purified
human TIE-2 ligand encoded by an isolated nucleic acid molecule of the

invention. The invention also provides a vector which comprises an



5'nol ecul e for TIE-2 recept or bi ndi ng. Detectably | abel ed TIE-2

| i gand includes, but is not limted to, TIE-2 ligand |inked coval ently
or, noncoval enW026{1d26 r adi oacti ve substance, a fl uor escentCHUSI2IE e,
a substance that has enzymatic -activid@. a substance that may serve as
a substrate for an enzyne 10 (enzynes and Substrates associated with
colorinetrically detectable reactions are preferred) or to a substance
that can be recogni zed by an anti body nolecule that is preferably a
detectably | abel ed anti body nol ecul e. Al ternatively, the

specific bingy i Qal lWain i 13 , e -

eval uating. tﬂéggteeg)n ar J?g?%ﬁ)w@gw'eef é@@PgT?Eyge'éﬁa%'?ggﬁ@%E 2.
receptor bi nghagding 'l Hdivath THEL2 figandi Min She embcdimentothé vector Rd/ or
differentiation or 1nmredi ate early gene expression or phosphoryl ati on

of TIE-2. Fodesignatéd as pBladsdriptyK8f ehtedingshumaneTIE 2 ligandt 2. i nduce
differentiation can be tested in cells that |lack tie-2 and in 20
conpar abl e cel | s Thet inventions furtbep; prevides dat i an | @xpressian:-vector

i ca | ceomaba s DA FRBRUE.pSrsTbase’ Hbent i d Takodieeh o
Yoy | B SRR e B oRéralel, kB B3 SxpreBibH Pl Seluphd.
phosphoryl at ?ﬁv&}ﬂ%@ disd %@g@wa& %q&aw&ene : ;érﬁnf&sw_spﬂsawﬁon of

in the art. Such analysis m e useful in 1dentitTying agonists or
ant agoni sts ahpblypeptide heVIIRj ithevbiotogical dctivityEoR.a human TIE-2i ligand! v,

~the present invention provides for a nethod of i dentifying an nol ecul e
t hat has t hewhich ccpmprisest the texpoéssionl Zeétor of the invention in a suitable
10 host cell. In one embodiment, the suitable host cell may be a bacterial
cell, yeast cell, insect cell, or mammalian cell. The invention further
provides for a method of producing a polypeptide having the activity of
a biologically active TIE-2 ligand which comprises growing cells of the
host-vector system of the invention, under conditions permitting
15 production of the polypeptide and recovering the pblypeptide SO
produced. ' '

The invention herein described of an isolated nucleic acid
molecule encoding a TIE-2 ligand further provides for the development
of the ligand, a fragment or derivative thereof, or another molecule

20 which is a receptor agonist or. antagonist, as a therapeutic for the
- treatment of patients suffering from disorders involving cells, tissues
_or organs which express the TIE receptor. .By way of nonlimiting
example, the present invention prbvides for a Iigandbody which
specifically binds the TIE-2 receptor or the TIE-2. In an alternative
25 embodiment, the present invention provides for a ligandbody which
comprises a TIE-2 ligand fused to an immunoglobulin constant region.
in one embodiment, the ligandbody comprises TIE-2 ligand 1 or TIE-2
ligand 2 and-the Fc portion of human igG1. The ligandbody may be used
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- 24- | i gand conprising (i) exposing a cell that expresses tie-2 to
atest. woeeigssul e and (ii) detecting the specific bindi pgriogestibesst est
nol ecul e to TIE-2 receptor, in whieh specific binding to TIE-2
positively correl ates with TIE-2"YiKe activity. Specific binding may
be detected by either 5 assaying for direct binding or the secondary

bi ol ogi cal effects of bi ndi ng, as di scussed supra. Such a nethod may
be particularly useful in identifying new nenbers of the TIE Iigand

of "pept 1 It e petBe of treHiERR i el Rumalf Bt e B3l B, N7 e of 't
associ at %g?e%ﬁgl cal 10 activity. |In'a preferred, specific, nonlimting
enbodi nment e . invention, a large grid of culture wells may be

prepared that Thenprésent ihventiomlalsy providedor nl antibody’ Whith asts, see
infra) cells that are either tie-2-mnus or engineered to be

ti e- 2- pl specificallyi bindsosuchsa therapetitic:snoleculmy Thenantibodylewayube t hat
each columm of the grid, or a 15 portion thereof, contains a different
test 9ol meneclopat prypolyclonal.y The inveatiopcalse psavides fareapmethod ofor

absence of .growth and/ or differentiatign. ,An,_extrenely.l.arge nunber of
Lost mol USiITGSUCH, Bamanocional gt pofjsioral abibady ta fredstrn thy aMmauile,

In additi I i t i ) r QW r 20

detecti n&?%%@ﬁ%ﬁa@%ﬁ@%&@g g\'}étql]\%a?@"gr %ﬁ?ﬁ@u ﬁgﬁéﬁﬁﬂﬁ@{u e as

havi ng syripGsdd \oft dhonMoRingS tHY coutsé GTof g test nolecule to a TIE2
receptor protein in vitro tnder conditions that permt binding to occur

and (ii) det eTheninventiomdurtharhprovidesnfdreaulthetapdutic Tompositionei n, in

whi ch binding of test nolecule to TIE-2 correlates with TIE-1ike 25
act i V0t y compising ng humsnchiBr2: ligand omligandbody=gnd ra myjotexic wgent

ubstant 2 dodiea' herato. ™M Sie mbimet, s’ cylbSkE Bgent il 65 &
' radioisotope or toxin. - 3 : '
- The im)ention also provides for an antibody which specifically
binds a human TIE-2 ligand. The antibody may be monocional or
15 polyclonal. | R |
The invention further provides for a method of purifying a 'human TIE-2
ligand comprising:
a) coupling at least one TIE-2 binding substrate to a solid
matrix; o
20 b) incubating the substrate of a) with a cell lysate so that the
| substrate forms a complex with any human TIE-2 ligand in
the cell lysate;
¢) washing the solid matrix; and ,
d) eluting the human TIE-2 ligand from the cou'pled substréte.
25 The substrate may be any substance that specifically binds the human
TIE-2 ligand. In one embodiment, the substrate is selected from the
grdup consisting -of anti-TIE-2 ligand antibody, TIE-2 receptor and TIE-
2 receptorbody. The invention further provides for a receptorbody

which specifically binds a human TIE-2 ligand;, as well as a therapeutic



affinity colum or as an ELI SA assay), or may be incorporated into an
artificial menbrane. Binding of test nolecule to TIE-2 may be

eval uat ed by WO9Heésod known in the art. In preferred enbodi nREEA$95/12935
WD 96/ 11269 ' PCT/ US95/ 12935

- 25- the binding of test nolecul e.r%;y- be detected or neasured by
eval uati ng its ability to conpete with detectably | abel ed known TIE-2
| i gands for TI E-2 receptor binding. The present invention

al so provides for a method of detecting the 5 ability of a test nolecule

to function | i ThiEa | iV iat apt etectin
the ability orfositicH Wriprising e ' técptorbodylihi b@?@ﬁf@%ﬂg bi ndi ng
to TIE-2 on aacudptableavehite,candsatmetifod of blotkirly dlocd tvewsel Yrowal iar amay
not interfere with TIE-2 ligand/ TIE-2 receptor binding. Effects of
TIE-2 |igand limadnngomprigifig2administenngr an 16ffectivé camiount bobithgi therapeutic
bi ochem cal effects, .including, but not limted to, cell survival or
proliferatiorfOMPOSIHPANST or mation, i mediate early gene i nduction, or
TI E- 2 _phosphoryl atj inveption further, provides.for both a

. . The | \ .
method of B dent i fyIiE inventign, alsgPEGVigEs forA thetansutic” compgsition

et ol LELS SAahB RS, i EQS 9 dtgnitodlin’ PR RFacgiuuEl, o
Egea?tEE?gAWcéébtable veRidie! aBdwell2ad a Ametod BIChromotingcept ual Iy simlar

: neovascularization in a patient comprising administering to the patient
an effective amount of the therapeuiic composition.

10 In addition, the present invention provides for a method for
identifying a cell which expresses TIE-2 receptor which comprises
contacting a cell with a detectably labeled TIE-2 ligand or ligandbody,
under conditions permitting binding of the detectably labeled ligand to
the TIE-2 receptor and determining whether the detectably labeled

15 ligand is bound to the TIE-2 receptor, thereby idéntifying the cell as
one which expresses TIE-2 receptor. The present invention also
provides for a therapeutic composition comprising a TIE-2 ligand or
ligandbody and a cytotoxic agent conjugated thereto. The cytotoxic
agent may be a radioisotope or toxin. |

20 The invention also provides a method of detecting expression of

| TIE-2 ligand by a cell which comprises obtaining mRNA from the'cell,-
contacting the mRNA so obtained with a labelled nucleic acid molecule
encoding a TIE-2 ligand, -under hybridizing conditions, determining the
presence of mRNA hybridized to the labelled molecule, and thereby

25 detecting the expression of the TIE-2 ligand in the cell.

The ,ihvention further provides a method of detecting expression
of a TIE-2 ligahd in tissue sections which comprises contacting the
tissue sections with a labelled nucleic acid molecule encoding a TIE-2

ligand, under hybridizing conditions, determining the presence of mRNA



assay. For exanple, TIE receptorbody may be bound to a solid support,
such as a plastic nultiwell plate. As a control, a known anount of TIE 20
| i gand whi wio 96as26been Myc-t agged may then be introduced to ROTAUSASM3935

and any tagged TIE |ligand which binds‘%%g_receptorbody may t hen be
identified by neans of a reporter anti y directed agai nst the Myc-

tag. This assay systemnay then be used to screen test sanples for

nol ecul es which are capable of i) binding to the tagged ligand or ii) 25
bi nding to the receptorbody and thereby bl ocking binding to the

Cont ai i ngoErteRl o M Fbe)le doeiile CBAR Wreh S5l e
amount of g ggﬁgohl Eq%nﬂﬁiéfggﬁ goﬁpq@gugogéaﬁamgll and the. anmount

of tagged gand whi ¢ receptorbody may be neasured. By

WO 96/ 11269 ' PCT/ US95/.12935

- 26- conparing the anount of bound tagged ligand in the test sanple
to the EMMBHEJJ_? n t HOENRRIGATIQNQFIHE ABAE QELd. LINEAS es which are
capabl e of block|no ||oand b|nd|no to the receotor n be identified.
The 5 nolecules of S48 =LLS 3t L izng PREEE Eﬁﬁed usi ng

met hods 5 well known to one of Skl|| in the,art. : Once a bl ocker
of li.gand binding is found, one of skill in the art woul d know to

Per {or ™ SREIIBNE R8s odiGieu ¥ BT ELfGnee col Ol Hobdu)'
under ECACC#92010601. (See PNAS 75:2621 (1978)). Northern (BNA) ‘
analyses revealed moderate 'levels of tig-2 transcripts in the ABAE

10 (Adult Bovine Arterial Endothelial) cell line, consistent with in_situ
hybridization results that demonstrated almost exclusive localization
of fie-2 RNAs to vascular endothelial cells. We. therefore examined
ABAE cell lysates for the presence of TIE-2 protein, as well as the
extent to which this TIE-2 protein is tyrosine-phosphorylated under

15 normal versus seru‘m-depriVed growth conditions. ABAE cell ly'satés
were harvested and subjected to immunoprecipitation, followed by
Western biot analyses of immunoprecipitated’ proteins with TIE-2
specific and . phosphotyrosine-spécific. antisera. Omission or inclusion
of TIE-2 peptides as specific blocking molecules during TIE-2

20 immun,oprecipitati.on allowed unambiguous identification of TIE-2 as a
moderately detectable protein of ~150 kD whose steady-state
‘phosphotyrosine levels diminish to: near undetectable levels by prior

- serum-starvation of the cells.

25 Culture of ABAE cells and harvest of cell lysates was done as follows.
Low-passage-number ABAE cells were plated as a monolayer at a
density of 2 x 106 cells/150mm plastic petri plate (Falcon) and _
cultured in Dulbecco's modified Eagle’'s medium (DMEM) containing 10%
bovine calf serum (1'0 % BCS), 2 mM L-glutamine (Q) and 1% each of



determne if the blocker nolecule can neutralize the biological activity 10
of the |igand. For exanple, by using a binding assay which enpl oys - :
Bl Acor e bi oseM&®96/112éhnol ogy (or the equivalent), in which ei tPEFUSISH293
receptorbody or TIE ligand is covalently aggached to a solid support (e.g.
car boxymet hyl dextran on a gold surface), one of skill in the art would

be able to determine if the blocker nolecule is binding specifically to 15
the ligand or to the receptorbody. To determine if the bl ocker nolecule

can neutralize the biological activity of the |igand, one of skill in the

art coul d pepbplidilin BRESSREpIIMYEIANP-S)ain eheatmvapRbrR Df 5% COg, Prior to

alternatively, a functional bioassay, such as a survival assay, usi ng

primary cul t hapvest! of e8Il qysatess. cellkdidre! sarumestasved! forr 23t hvaky .ina 20
bl ocker nol ecul e which binds to the receptorbody could be an agoni st

and one of sEBMEM/Q/PHS, jollowed| by laspirationhofy the meadium and hinsing of the
perform ng an appropriate assay for identifying additional agonists of

the TIE-2 replgiesrwith ice-cold phasphate Thutfered: saliner (RBS)hsupplersented ed in

o Tre"t §ani SRR EHEEYA b 0Bl e RGLS, sBifim Bafeamdba:’ "
derronst a1 g were Iyoi LB i G dr i 564 il b, HBELORT
| ndi cat ed._S4GBplementbcP Wi SI AT NBAY itégert A ' the BiGtetizen ihHIBRbIS)O.
PCT/ US95/ 129PMSF and aprotinin. Insoluble debris was removeéd from the cell lysates
| by centrifugation at 14,000 xG for 10 minutes, at 4°C and the
10 supernatants were subjected to immune-precipitation with antisera
specific for TIE-2 receptor, with or without the presence of blocking
peptides added to ~20 pg/mi lysate. Immunoprecipitated proteins were
resolved by PAGE (7.5% Laemmli gel), and then electro-transferred to
PVDF membrane and incubated either with various TIE-2- or
15 phosphotyrosine-specific antisera. TIE-2-protein was visualized by
incubation of the membrane with HRP-linked secondary antisera

followed by treatment with ECL reagent’ (Amersham).

20 EXAMPLEZ2- CLONING AND EXPRESSION OF TIE-2 RECEPTORBODY FOR
AFFINITY-BASED STUDY OF TIE-2 LIGAND

INTERACTIONS

An expression construct was created that would yield a secreted |

25 protein consisting of_- the entire extraceliular portion of the rat TIE-2
recéptor fused to the human immunogiobulin gamma-1 constant: region
| (lgG1 Fc). This fusion protein is called a TIE-2 “receptorbody” (RB), and

would be normally expected to exist as a dimer in solution based on



di abetes. On the other hand, antagonists of the TIE-2 receptor, such as
recept orbodi es as described herein in Exanples 2 and 3, and TIE-2

I'i gand 2 awodesee bed in Exanple 9, would be useful to preypeiiosog1293s
attenuat e vascul arization, thus preventéﬂg or attenuating, for exanple, 5

tunmor grow h. Because TIE-2%eceptor bearing cells appear to
be upregulated in vascul ari zation, TIE-2 |igandbodies may al so be
useful in preventing or attenuating, for exanple, tumor growmh. TIE-2

ear g CeLE o AL ernal Vel v o Nor ol o 5. such g5, G ot b act or s
cyt f)ki/{]:sF%F'tét'?n qu?ﬁ‘ﬁﬁ&%,'.;%e&el (??,WP?& gﬁy@dgl ﬂﬂ?‘zla’?%g?ﬁ?or ﬁl%re ijngs
o i agnos pcPortion ot the TSR waF) prcparedBf Yolofi3. Gt IR, fdofBritoro, °;
Stare, | Onoeig T T RAIGT! MimAn' RS (Pet ShePacRENTIRS Mihhe Rafedrecc

det ecti ngto the charbaokystermtinbyg, of theeproteir, wass amplified nfrom dluméaal e body
I magi ng. The present invention also provides for pharnmaceuti cal

20 ¢ x oplacental cOiNA iby RCRhwith Bligonugleatidesr correspandifig:dodihecr i bed
e o Sbslied BameR, b Fubhurt 13611 clber Padulfng AN fragroem wes
PPt e CRITEN o HigBEll A ARrBE RN O SeSfclR ARG o5 e
ntraart oren) ¥ pigsiid Sncading the hulIGht MIEL2 rdcdptdh MRS from the,
gfggl IOir 3{/ llsggig@? {,%‘51 sPB¢ Plasmid Werenligateds oni 8RBef %i@%? é%& ECEROS are
10 derived fragment: that was designed so as to fuse, in-frame, the TIE-2

and human IgG1 Fc-protein-cdding sequences.. Thus, the resulting TIE-2

ectodomain-Fc fusion protein precisely substituted the IgG1 Fc in place

of the region spanning the TIE-2 transmembrane and cytoplasmic

domains. An alternative method of preparing RBs is described in--

15 Goodwin, et. al. Cell 73:447-456 (1993).

Milligram quantities 6f TIE-2 RB were obtained by cioning the TIE-2 RB
DNA fragment into the pVL1393 baculovirus vector and subsequently

| infecting the Spodoptera frugiperda SF-21AE insect cell line.

20 Alternatively, the cell line SF-9 (ATCC Accession No. CRL-1711) or the
cell line BTI-TN-5b1-4 may be used. DNA encoding the TIE-2 RB was
cloned as an Eco RI-Notl fragment into the baculovirus transfer plasmid
pvL1393. Plasmid DNA purified by cesium chloride density gradient |
centrifugation was recombined into viral DNA by mixing 3 pg of

25 plasmid DNA with 0.5 ug of Baculo-Gold DNA (Pharminigen), followed by -

- introduction into liposomes "-using 30ug Lipofectin (GIBCO-BRL). DNA-
liposome mixtures were added to SF-21AE cells (2x 106 cells/60mm
dish) in TMN-FH 'mediurﬁ (Modified Grace's: Insect Cell Medium (GIBCO-
BRL) for 5 hours at 27°C, followed by incubation at 27°C for 5 days in



WO 96/ 11269 o PCT/ US95/ 12935

- 28- The present i nvent ion further provides for an isolated
and pur i Wioess/1m69| ei ¢ aci d nol ecul e conprising a nucl ei c RATASISRIBHCE
encodi ng a human TIE-2 | i gand, wherein the3 ucleic acid sequence is

sel ected fromthe group consisting of: ? the nucleic acid sequence
conprising the coding region of the - hurman TIE-2 |igand as set
forth in Figure 4, Figure 5 or Figure 6; (b) a nucleic acid sequence
that hybridi zes under noderately stringent conditions to the

nuct et aci dAFHEAC et buRBROKHER with 5% SfetalBER s ! Tickuld Gaitre

that binds T recept or acld sequence

degener at e a?n@dmwwasoham%ted for plaquel PLiificationd oft ﬂa@ombmﬁthﬁasés
sequence of (a) or (b), and which encodes a TIE-2 1 gand that

binds TIE-2 wdiiehtwas carried dut asinghenethoided previbuslye deseribedo(OfReillydes
for an isolated nucleic 15 acid nmolecule encoding a TIE-2 |i and V\/nerel n

the nucl ei ¢ 8R4, L.K. Millejuans: Vi.A; Luckow Baculovirus ifxpressios ‘

sequence conprising the codin regl t e human TIE-2:

T gand acs seLaberary Manyal.. e85 ANgw YoskoW.H. Freeman) exceptrifgi taec.
agarose overlay contained 125 pg/mbL X-gal (5-bromo-4-chloro-3-
indolyl-B-D-galactopyranoside; GIBCO-BRL). After 5 days of incubation

at 27°C, non-recombinant plaques were scored by positive chromogenic

reaction to the X-gal substrate, and their positions marked.

10 Recombinant plagues were then visualized by addition of a second
overlay containing 100 pg/mL MTT (3-[4,5-dimethyithiazol-2-
y|]2,5.diphenyltetrazdlium bromide; Sigma). Putative recombinant
virus plaques were picked by plug aspiration, and purified by multiple
rounds of plaque isolation to assure homogeneity. Virus stocks were

15 generated by serial, I.ow-multiplicity passage of plaque-purified virus.
Low passage stocks of one virus clone (VTIE-2 receptor body) were

produced.

SF-21AE cells were cultured in serum free medium (SF-900 1l, Gibco
20 BRL) containing 1X antibiotic/antimycotic solution (Gibco BRL) and 25 -
mg/L Gentamycin (Gibco BRL). Pluronic F-68 was added as a surfactant
to a final concentration of 1g/L. Cultures (4L.) were raised in a
bioreactor (Artisan Cell Station System) for at least three days prior
to infection. Cells were grown at 27°C, with gassing to 50 % dissolved
25 oxygen, at a gas flow rate of 80 mL/min (aeration at a sparge ring).
Agitation was by means of a marine impeller at a rate of 100 rpm.
Cells were harvested in mid-logarithmic growth phase (~2 X10 € celis
per mL), concentrated by centrifugation, and infected with 5 plaque

forming units of VTIE-2 Receptor Body per cell. Cells and inoculum



20 (b) a nucleic acid sequence that hybridizes under noderately
stringent conditions to the nucleic acid sequence of (a) and

whi ch encogtod6@126¢ E- 2 | i gand that binds TIE-2 receptor; or pcrmsosn2ss (C) a,
nucl ei ¢ aci d sequence which, but for [nf degeneracy of the

genetic code would hybridize to a nuclée § aci d sequence of 25

(a) or (b), and which encodes a TIE-2 ligand that binds TIE-2

recept or. The present invention further provides for an isolated and
- purified human TIE-2 |igand encoded by an isolated nucleic acid

mol ecul e @lork Nrought to" ﬁ%@gﬁiﬁ E\‘geéﬁ‘ 'RBIUMR, FrdP VIRGY WIS aBs¥fsdd for M "

conprises an - _ o

~ PCT/US95/ 3 2%sirs at 27°C in a spinner flask. The culture was %fen resuspen 4! at ed
nucl eic acid nol ecul e conpri-sing a nucl eic acid sequence ehcodi ng a

human TI Br2 d fipahdolbmeont 8ibwith feesh séram-beomedium, andethavlled as

pBl uescri pt KS encodi ng human TIE 2 Iigand 2. _ . The invention
further pinsubated fior then bicreasten asing dher previousiypdescribed ronditiors.ul e
encodi ng a human TIE-2 |igand, wherein the .DNA nol ecul e is operatively

| i nke® to an expression control sequence. 7The'inventipn al so provides
2 Vs ARl SIERE R By, Bocy-otefile A1 A8 LA ele™
o cpollEAB. o B GHTEh (MO0 10 e} et 72 o) podd 7
cell, insidéction.| .Cen stipsinatants iéle browghte>pH @ with NaOH. EDTA q
was added to a final concentration of 10 mM and the supernatant pH
| 10 was readjusted to 8. Supernatants were filtered (0.45 um, Millipore) -
and loaded on a protein A column (protein A sepharose 4 fast flow or
HiTrap proiein A, both from Pharmacia). The»'cdlurhn was washed with
PBS containing 0.5 M NaCl until the absorbancé- at 280 nm decreased to
baseline.  The column was washed in PBS and eluted' with 0.5 M acetic
15 acid. Column fractions were immediately neutralized by eluting into
tubes containing 1 M Tris pH 9. The peak fr'actibns-_containing the TIE-2

RB were pooled and dialyzed versus PBS,

20

Gi\)en the absence of a known:ligand for TIE-2 recéptor, it was reasoned
that it might be possible to gain insight into the function of TIE-2 by
introduction of "excess" spli.nble TIE-2 receptor body (TIE-2 RB) int;: a
25 developing system. The poténtial ability of TIE-2 RB to bind, and
thereby neutralize, available TIE-2 ligand could result in an obs_ervablé
. disruption of normal vascular development and characterization of the
ligand. To examine whether TIE-2 RB could be used to disrupt vascular

development in early chick embryos, small pieces of a biologically



provi des for a nethod of producing a pol ypeptide having the activity of
a biologically active TIE-2 |igand which conprises grow ng cells of the
hast -vect or syW0811269 t he i nventi on, under conditions permtti RETASIS12935
production of the pol ypeptide and recoveringzthe pol ypeptide so

pr oduced.

aci d

The invention herein described of an isolated nucleic

nol ecul e encoding a TIE-2 ligand further provides for the

devel opnent
nol ecule 20 which is a receptor agonist or antagonist, as a
therapeutic f@isdrb@ble foar Yiree8bakéd PRitheTiE-= HB eéh@QnééREUdirﬁﬁféiﬁéfély _
I nvolving cells, tissues or organs which express the TIE receptor. By
way of nonli nbenegth the eharipaltantdic measbraine atepositions: justddatetrair ta the

| i gandbody whi ch speC|f|caIJy binds the TIE-2 receptor or the TIE-2.
In an al t er naptimitiee eamqu ment, the present invention provides for a

| i gandbody whi ch conprises a TIE-2 ligand fused to an i nmunogl obulin
region. - I'n one enbodi ment, the |igandbody conprises TIE-2

anot her

const ant
l'igand 1
| i gandbo

PCT/ US95/ 129
nmet hod of treatnent O

di agnosi
whi ch

d

S.

10

156

20

25

of the ligand, a fragnent or derivative thereof, or

T§Eﬂ§ ggigherki aggygs 2 ed h;gbq':tﬁgg'ggt 'y%hk rorrﬁu”agmlaglGals ? cells
at is covered by the c(t)wrongrz]allﬁg}on%O@g@%rranieﬁ?gANE)f noahe :céhdbthelial
cells that Wil B6RARENS limy el YRsBURRUIY Qi BRS drAbry" atide oy
both extra- and intra-embryonic cell sources. Extraembryonically-
derived endothelial cells, which provide the major source for
endothelial cells in the embryo, originate from accretions of
mesenchyme that are situated laterally around the embryo-proper, just
underneath the CAM. As these mesenchyme celis mature, they give rise
to a common progenitor of both the endothelial and hematopbietic cell
Iineéges, termed the hemangioblast. In turn, the hemangioblast gives
rise to a mixed population of angioblasts (the endothelial cell
progenitor) and hematoblasts (the pluripotential hematopoietic

precursor). Formation of rudiments of the circulatory system begins

~ when endothelial cell progeny segregate to form a one-cell-thick

vesicle that surrounds the primitive blood celis. Proliferation and
migration of these cellylar components eventually produces a vast
network of blood-filled microvessels under the CAM that. will
ultimately invade the embryo to join with limited, intraembryonically-

derived vascular elements.

Newly fertilized chicken eggs obtained from Spafas, Inc. (Boston, MA)
were incubated at 99.5°F, 565 % RH. At about 24 hrs. of development,

the egg shell was wiped down with 70% ethanol and a dentist's drill
was used to make a 1.5 cm. hole in the blunt apex of each egg. The shell

membrane was removed to reveal an air space directly above the



specifically binds such a therapeutic nolecule. The anti body may be 5
nonocl onal or polyclonal. The invention also provides for a nethod of
usi ng suciwoeeempescl onal or pol yclonal antibody to nmeasure P¢EUSISIRIS
of the therapeutic nolecule in a sarrpl_ﬁ t aken froma patient for

pur poses of nonitoring the course of t grapy. The invention

further provides for a therapeutic conposition 10 conprising a human TIE-2 -
| i gand or |igandbody and a cytotoxic agent conjugated thereto. In one

enbodi nent, the cytotoxic agent may be a radi oi sotope or toxin.

humen T ETOORCE g K EiEnalr, Bihd ot el (AEIOBFT (LR werg, ol " °
The | nveRyitpih 'ssalhi” aRtO¥baled A" equiPchgehfrabidhs! 8t WtharTIE2- ToF 2
i gand conpri si ng: a) coupling at [east one -2 binding

substr at €HK-1 reebptorbody. EHK-1 recepidibody wis made asPset ifoftHbm i ng t he
substrate of a) with a cell |ysate so that the substrate

forns a Example & usingthéubHK-T) éxtracelhtad domain instead of the THe2cel |
| ysat e; c) washing the solid matrix; and d) eluting
the h@inaexinacefiular Semaino fMalronpiemee @t salus Ongegens 8:3247s3888 ate may be
embodi o1 998heEaGneCalioan Piede AHRAIbPA APDHEmately; Bubd eh BRdEIm i of
o ) 0 B OoSferBL imelbi, ok SEEP e ided 6, ke B SERAPIRHY. 10
a human the- SAMIaNG positieh! séveral Lmfllirasid dateral to the primitive |
embryo. The majority of the piece of RB-soaked Gelfoam was inserted
10 under the CAM and the egg shell was sealed over with a piece of
adhesive tape. Other similarly-staged eggs were treated in parallel
with RB of the unrelated, neuronally expre‘séed receptor tyrosine
- kinase, EHK-1 (Maisonpierre et al., Oncogene 8:3277-3288 (1993).
Deveiopment was allowed to procéed for 4 days and then the embryos
15 were examined by visual inspection. Embryos were removed by |
carefully breaking the shells in dishes of warmed PBS and carefully
cutting away the embryo with surrounding CAM. Of 12 eggs treated
with each RB, 6 TIE-2 RB and 5 EHK-1 RB treated embryos had
developed beyond the stage observed at the start of the experiment. A
20 dramatic difference was seen between these develbped embryos, as
shown in Figures 1A and 1B. Those treated with EHK-1 RB appeared to
" have developed relatively normally. Four out of five EHK-1 embryos
were viable as judged by the presence of a beating heart. Furthermore,
the extra-embryonic vasculature, which is visually obvious due to ;the
25 presence of red blood cells, was profuse and extended several
centimeters laterally under the CAM. By contrast, those treated with
TIE-2 RB were severely stunted, ranging from 2-5 mm. in diameter, as
compared with more than 10 mm. in diameter for the EHK-1’ RB

embryos. All of the TIE-2 RB treated embryos were dead and their

+
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- 31- conposition conprising the receptorbody in a pharmaceutically
accept abl e veW@9&1126hd a net hod of bl ocki ng bl ood vessel growPGTURISR293S
human conpri sing adm nistering.an effecti g giount of the therapeutic '

conposition. 5 The invention al so provides for a therapeutic
conposition conprising a human TIE-2 |ligand or |igandbody in a
pharmaceutical ly " acceptabl e vehicle, as well as a nethod of pronoting

neovascul ari zation in a patient conprising admnistering to the patient

an ef fective GAMUWdre HBGoidEf BASSH VessBIOSTHS Wbilit)Cof TIE-2 B 8Bidckon

the present invention provi met hod for dent | ying a cel

whi ch expr essesgsclilar Aevatopnent vini tie ahivkers edemonstmee abht "MIEM2CcHgangi ish
a detectably labeled TIE-2 |igand or |igandbody, under conditions
permitting bimetessary fdreddvelopménty of athel edsiculatare.t o the TIE-2
receptor and determ ning whether the detectably |abeled 15 Iligand is bound
to the TIE-2 receptor, thereby identifying the cell as one whi ch

hor apeut Bc. doRAMEREST comPENTETEATIGNISF ARG SRPECIFCEINERR, "and -
cyt ot oxi ¢ agent conj ugat ed tl(@f'ﬁfl?ﬁ lﬁ%m-meP MED'UWQWED%S of

radi oi sot ope or t oxi n. e invention also prov

detecting expression Of ONCOGENE SHANSFORMED bzathog.sEmnv

obtaining nRNA fromthe cell, contacting the so obtained wth a
| abel | ed nucl eic acid nol ec@ﬂ,L_LlNEencodl ng a TIE-2 I i gand, under
hybri di zi ng conditions, determ ning the presence of nMRNA hybridized to

the | abel l ed nol ecul e, and thereby 25 detecting the expression of the

. TE2 Q%nd égreterr]ﬁné eo} ‘ten-fold-concentrated cell-conditioned media (10X CCM)
from various cell lines for the presence of soluble, TIE-2-specific
binding activity (BlAcore; Pharmacia Biosensor, Piscataway, NJ)
revealed binding activity in serum-free medium from oncogenic-ras-
transformed C2C12 cells (C2C12-ras), RAT 2-ras (which is a ras

15 transformed fibroblast cell line), human glioblastoma T98G and the

human neuroblastoma cell line known as SHEP-1.

The C2C12-ras 10X CCM originated from a stably-transfected line of
ca2c12 myoblasts that was oncogenically transformed by transfection

20 with the T-24 mutant of H-ras by standard calcium phosphate-based
methods. An SV40 based neomycin-resistance expression plasmid was
physically linked with the ras expfession plasmid in order to permit
selection of transfected clones. Resulting G418-resistant ras-C2C12
cells were routinely maintained as a monolayer on plastic dishes fn

25 DMEM/glutamine/penicillin-streptomycin supplemented with 10 % fetal
calf serum (FCS). Serum-free C2C12-ras 10X CCM was made by plating
the cells at 60% confluence in a- serufn free defined media for 12 hours.
(Zhan and Goidfarb, Mol. Cell. Biol. 6: 3541-3544 (1986)); Zhan, et al.
Oncogene 1: 369-376 (1987)). The medium was discarded and replaced



The invention further provides a nethod of detecting expression of a
TIE-2 ligand in tissue sections which conprises contacting the tissue
sect i ons wwio9ei126#bel | ed nucl eic acid nol ecul e encodi ng a TrEFBS95/12935

l'i gand, under hybridizing conditions, dgigermning the presence of mRNA

WD 96/ 11269 RCT/ US95/ 12935

- 32- hybridi zed to the |abelled nol ecule, and thereby detecting the
expression of the TIE-2 ligand in tissue sections. EXAMPLE 1 -

| DENTI FI CATI ON OF THE ABAE CELL LINE AS 5 _ REPORTER CELLS

FOR THE T @(ﬁ _ I'ﬁﬁﬁ' ce ShLEer '

Eur opean 'Ff l;D-rigE e’%g of'rasui‘i Snd;’}r’ﬁ%@%ﬂ%@o%goﬁgﬂﬁgééﬁa%

75: 2621 ( LRM8) werdlorafédr iesNDMEM/Q/PHS)| whtich neasaalse RaAisted aReelss of
tie-2 transcripts in the ABAE 10 (Adult Bovine Arterial ‘Endothelial) cell
l'ine, con:fuethem24vmmrs n These CCM h;yene supptementemis witts thé proteasest r at ed
al nost exclﬁg’ Lve | zation t o vascul ar endot hel i al

cells. Wl tQﬁ)r arﬁ‘ﬂlM) and M@%@Iﬂ"qwml)asaﬂdr tenrfolet esence of
TIE-2 protein

h th | E-2
tyrosife- WE&BH@'@?\A& on Wﬂ? -s.lze-exc usﬂ:n meW{Ergnes I(/EmTcon) prl'?éel nis
binding activity could be neutralized by incubation of the medium with
an excess of TIE-2 RB, but not by incubation with EHK-1 RB, prior to
BlAcore analysis. ' o g

10 Binding activity of the 10x CCM was measured using biosensor
technology (BlAcore; Pharmacia Biosensor, Piscataway, NJ) which
monitors biomolecular interactions in real-time - via suﬁace plasmon
resonance. Purified TIE-2 RB was covalently coupled through primary
amines to the carboxymethyl dextran layer of a CM5. research grade

15 - sensor chip (Pharmacia Biosensor; PiscataWay, NJ). The senéor chip
surface was activated using a mixture of N-hydroxysuccinimide (NHS)
and N-ethyl-N’-(3-dimethylaminopropyl)carbodiimide (EDC), followed
by immobilization of TIE-2 RB (25 pg/mL, pH 4.5) and deactivation of

~ unreacted sites with 1.0 M eihanolamine:(pH- 8.5). A negative control

20 surface of the EHK-1 receptorbody was prepared in a similar ménner. _

~ The running buffer used in the system was HBS (10 mM Hepes, 3.4 mM
edta, 150 mM NaCl, 0.005% P20 surfactant, pH 7.4). The 10x CcM- -
samples were centrifuged for 15 min at 4 C and further- clarified ﬁsing

25 a sterile, Iow.proteinabinding 0.45 um filter (Millipore; Bedford, MA).
Dextran (2mg/mi) and P20 surfactant (0-.005%)-.Were ‘added to each CCM
sample. Aliquots of 40 uL were injected across the immobilized
surface (either TlE—2 or EHK-1) at a flow rate of 5 ul/min and the

receptor binding was monitored for 8 min. The binding activity



15 normal versus serumdeprived gromh conditions. ABAE cell |ysates
were harvested and subjected to inmmunoprecipitation, followed by

Western bl ot Q9YHEE of i munoprecipitated proteins with Tl E—ECT’US95/12935
specific and phosphotyr osi ne-specific antiggra. Om ssion or inclusion

of TIE-2 peptides as specific blocking mol ecul es during TIE-2 20

| mmunopr eci pitation all owed unanbi guous identification of TIE-2 as a
noderately detectable protein of -150 kD whose steady-state
phosphotyrosine | evel s dim nish to near undetectable | evels by prior

ser um st ar vajegorincehanits] RU) wadSméaduredcasithdBdifierente isawvew gest of

cell |lysates was done as fol | ows. Low passage- nunber ABAE cells were
pl ated as a baselingevalae determinddn30ty prior2to the[ sampie dhjectibhOandpaast i c
petri plate (Falcon) and cultured in Dul becco's nodified Eagle's

medi um ( DVEMmeasuremenigtaken at 30 b \pass-injectioner urﬁwmmgs) of Zheiv

L- gl ut am ne and 1% each of 269
pc'gr/ Us9s5/ 129'§%ace was accomplished with one YP ;ﬁ. se 9.3 M MgCly. penicillin

and streptomnycin (P—S) in an at mosphere of 5% CJerr]. Prior to
har vest o? ceII | ysates, cells were serumstarved for 24 hours in

VeV o 1 AR OB e 36 AOCEI PR, o b
with a signal above 20 RU may be interpreted as a real interaction with -
the receptor. For C2C12-ras conditioned media, the binding activities
were in the range 60-90 RU for the TIE-2 RB immobilized surface. For

10 the same samples assayed on a EHK-1 RB immobilized surface, the
measured activities were less than 35 RU. Specific binding to the TIE-
2 receptorbody was evaluated by incubating the samples with an excess
of either soluble TIE-2 or EHK-1 RB prior to assaying the binding
activity. ' The addition of soluble EHK-1 RB had no effect on the TIE-2

15 binding activity of any of the samples, while in the presence of soluble
TIE-2 binding to the surface is two-thirds less than that measured in
the absence of TIE-2. A repeat assay using >50x concentrated C2C12-
ras CCM resulted in a four-fold enhancement over background of the -
TIE-2 specific binding signal.

20 ' |
EXAM_ELE_S - C2C12-ras CCM CONTAINS AN ACTIVITY THAT INDUCES

' TYROSINE PHOSPHORYLATION OF TIE2 R

C2C12-ras 10X CCM was examined for its ability to induce tyrosine
25 phosphorylation of TIE-2 in ABAE cells. Serum-starved ABAE cells
were briefly incubated with C2C12-ras CCM,. lysed and subjected to
immunoprecipitation and Western analyses as described above.
Stimulation of sérum-starved ABAE cells with serum-free C2C12-ras



5 with sodi um orthovanadate, sodiumfluoride and sodi um benzam di ne. -
Cells were lysed in a small volune of this rinse buffer that had been
suppl emrentW@ 9611269 1% NP40 detergent and t he protease inhi biPCBISIS/12935 PNVSF
and aprotinin. Insoluble debris was reggved fromthe cell lysates by
centrifugation at 14,000 xG for 10 mnutes, at 4[err]C and the 1 0
supernatants were subjected to inmmune-precipitation with antisera
specific for TIE-2 receptor, with or without the presence of blocking

pepti des added to -20 [err]g/m lysate. |Imunoprecipitated proteins were

resol ved 1px FACHM Wasdtohacasiollaies. - THE tnbliin steABv\E béngségswe%dago

PVDF menbrane and i ncubated either with vari ous TI E-2- or

phosphot ydesciribeds abovei wasnremeoved and- &nta@adelwntwaathers deflnéddrrh)dlum
i ncubation of the nenbrane with HRP-1inked secondary antisera fol |l oned

by treat ram10Xi CEOMGhat hwagh beenspra-wiarmed to 372C. hiterld minutesCithgl NG AND

EXPRESS| ON TI E- 2 RECEPTORB AFFI NI TY- BASED =
STUDY OF Mi¢ aZ“fﬁ'@AF\ﬁfno"eg anébﬁe ‘cﬁ's were tyigs:Alnsed\an ice witk, 8B pr essi on

the chti tepe; ofd Srifipd, PS BHbiethEbtod Wil 1T = P Pecept 8?”?L§teh”?o°f |
he h T

1Eu§| oﬁmgr oternis %‘gﬂh F’%gd'ﬁggié%?gr ﬁéoanﬂBT'E é%ﬁécfﬁa woul hsbe

nor mal |'y i;RaR6Srecipitatiors was dond Eerdeecmwtamdoased_ on. .

ABAE cells incubated for 10 minutes with defined medium showed no
10 induction of TIE-2 tyrosine phosphorylation, whereas incubation with

C2C12-ras CCM stimulated at least a 100 X increase in TIE-2

. phosphorylation. This activity was almost totally depleted by pre-

incubation of the C2C12-ras 10X CCM for 80 minutes at room

temperature with 13 ug of TIE-2 RB coupled to protein G-Sepharose
15 beads. Medium incubated with protein G Sepharose alone was not

depleted of this phosphorylating activity.

EXAMPLE 6 - EXPRESSION CLONING OF TIE-2 LIGAND

20 COS-7 cells were cultured in Dulbecco's modified Eagle's medium
. (DMEM) containing 10% fetal bovine serum (FBS), 1% each of penicillin

and streptomycin (P/S) and 2 mM glutamine in an atmosphere of 5% CO,.
The mouse myoblast C2C12 ras cell line was cultured in Eagle's
minimal essential medium (EMEM) with 10% FBS, (P/S) and 2 mM

25 glutamine. Full length mouse TIE-2 ligand cDNA' .clones_ were obtained
by screening a C2C12 ras cDNA library in the pJFE14 vector exbressed
in COS cells. This vector, as shown in Figure 2, is a modified version of
the vector pSR, (Takebe, et al. 1988, Mol. Cell. Biol. 8:466-472). The
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- 34- formati on of disulfide |inkages between i ndividua GlL Fc
tails. The WOHIYS tion of the TIE-2 RB was prepared as foI S95’A@"BNA

f ragment ‘encodi ng the Fc portion of Ig8an 1gGl that spans fromthe

hi nge region ~ to the carboxy-termnus of the protein, was anplified
fromhuman 5 placental cDNA by PCR with oligonucl eotides corresponding to
t he publ i shed sequence of human 1gGl; the resulting DNA fragnment was
cloned in a plasm d vector. Appropriate DNA restriction fragrrents from

a plasm d en{ibeanyg was: drebted arging fhid=two BSPXar restrictionmsites in the hunan
lgGl Fc plasmd were ligated on either side of a short PCR- 10 derived

fragnent thapJild4dvectpred so as to fuse, in-frame, the TIE-2 and
human 1 gGL Fc protein-coding sequences. Thus, the resulting TIE-2
ect odomai n-Fc fusion protein precisely substituted the 1gGL Fc in place

Gomi ns. - An_ GO ekt . Wi, R h ERRlsLEEQ “Rins SR P IR bo0wi n
i o obt o neliOY, ?52“??5"@'&?%#% gyine "DEARERA BiarsBoudh drdiofqlics

bacul ovirus mﬁ% @0‘6-7‘155%1%&@ plated at H Aensity oha @px)dmst eefls per 100

frugi perda SF-21 i nsect cell line. 20 Alternatively, the cell line SF-9
(ATCC Accessimun plateCB4- hodifg priort tee transfecabh | iFer EEinsféetidn,- thersgelise
used. DNA encoding the TIE-2 RB was oned as an Eco R -Notl fragnent

into. the bacWesei eu&unedamfs;efum-ﬁsm EMEM qmlanmg 4G pg/mippfa DEAES i ed by
cesium chi or hg;emgg’n ] tXII %h?oroqume and 2 mM glutamine, and 1 ug of the

10 appropriate DNA for 3-4 hours at 37°C in an atmosphere of 5% COs. The
transfeétion media was aspiréted and replaced with phosphate- “
buffered saline with 10% DMSO for 2-3 min. Following this DMSO
"shock”, the COS-7 celis were placed into DMEM with 10% FBS, 1% each
of peniciliin and streptomycin, and- 2 mM glutamine for 48 -hours.

- _ _ |
Because the TIE-2 ligand is secreted it was necessary to permeabilize
the cells to detect binding of the receptorbody probe to the ligand. Two
days after transfeétion the cells were rinsed with PBS and then
incubated with PBS containing 1.8% formaldehyde for 15-30 min. at

20 room temperature. Cells were then washed with PBS and incubated for
15 min. with PBS containing 0.1% Triton X-100 and 10% Bovine Calf
Serum to permeabilize the cells and block non-specific binding sites.
The screening was conducted by direct localization of staining using a
TIE-2 receptorbody, which consisted of the extracellular domain -of

25 TIE-2 fused to the IgG1 constant region. This receptorbody was
prepared as set forth in Example 2. A 100 mm dish of transfected,
fixed and permeabilized COS cells was probed by incubating them for

30 min with TIE-2-RB. The cells were then washed twice with PBS and



centrifugation was reconbined into viral DNA by mxing 3 [err]g of 25
plasmid DNA with 0.5 [err]g of Bacul o-Gold DNA (Pharm ni gen), followed by
i ntroduct i w0 96112691 i posones using 30[err] g Lipofectin (G B@raises12980A-

| i posonme m xtures were added to SF-21AE,gells (2x 10[err] cells/60mm

di sh) in TM\FH nmedi um (Modi fied Grace's Insect Cell Medium (G BCO

BRL) for 5 hours at 27C, foIIovved by incubation at 27[err]C for 5 days in
WD 96/ 11269 PCT/ US95/ 12935

- 35- TWMN- FH medi um suppl emented with 5% fetal calf serum Tissue

Cul tur e incubldtéd Yar & dddiBALF S0 Hinl Wit BES 0% “Bbl If ecombi nant

Vi ruses, h was carried out usin S Previo sI%F descri bed

(derr] ReSme/antl-hdhﬁh li@%lkﬂduﬁé ephogﬂdafésé . Bape?Vitirde
Expressi on Vectors - boratory Manual. 1992, w York: WH Fr eemnman)

except thRBS hwashes, egﬂsoaerowachbatad)nnaaﬂmﬁn&ﬁh{;spMWSﬁLsﬁbsa'hte

(5- brono- 4-chl oro- 3- olyl-[err]-D-gal act opyranosi de; G BCO-BRL).
After 5 df9fs3016Q rfBl!'bathﬁ d|Sh was then mnect&d)rmmaa@ompauyxe@rmee scor ed
by p03|t|ve chr onoge substrate, and their

posi t ifonsPR{ERCE. °€(§Qa'ﬁ§90f’rﬁ"érgﬁ °b|%ﬁi’b§&%?é E%Lnavﬁmﬂl apeay afycelldi tion

of a Sec o |
(3-[4, 5-di %éf‘ﬂ“?tﬂ‘. azo%aoegﬂ ﬂ??] 56%%(?%&@56 {H@t :}g%llf%ﬂpb?omaﬁgc Si gna) .
rutative pipe a@bhpaﬁﬁd plasmid DA Wil Mot FeRolibABAd Wedt 18 SRRIGRLIAR  and
purified by mult roun pl'aque 1solation to assure genelty
Virus st obéctenial ecells Single bactenal colonies  resulting from the ‘
electroporation were picked and plasmid DNA prepared from these
10 colonies was used to transfect COS-7 cells which were probed for TIE-
2 ligand expression as evidenced by binding to TIE-2 receptorbodies.
This allowed identification -of single clones coding for TIE-2 ligand.
Confirmation of TIE-2' ligand expression was obtained by
phosphorylation of the TIE-2 receptor uéing the method set forth in
15 Example 5. A plasmid clone encoding the TIE-2 ligand was deposited
with the ATCC on October 7, 1994 and designated as “pJFE14 encoding

TIE-2 ligand” under ATCC Accession No. 75910.

EXAMPLE?7- ISOLATION AND SEQUENCING OF FULL LENGTH |
20 ~ ¢cDNA CLONE ENCODING HUMAN TIE-2 LIGAND

A human fetal lung cDNA library in lambda gt-10 -(sée Figure 3) was
obtained from Clontech Laboratories, Inc. (Palo Alto, CA). Plaques were
| plated at'a density of 1.25 x 108/20x20 cm plate, and replica filters
25 taken following standard procedures (Sambrook, et al., Molecular
| Cloning: A Laboratory Manual, 2nd Ed., page 8.46, Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York).



15 generated by serial, lowmultiplicity passage of plaque-purified

Vi rus. Low passage stocks of one virus clone (vTIE-2 receptor o%%?

wer e pr o NQ 611269 SF-21AE cells were cultured in seruﬁ?’f’p%‘ﬁ’l di um
(SF-900 I, Gbco 20 BRL) containing 1X agtgbiotic/antinycotic solution

(G bco BRL) and 25 mg/ L Gentanycin (G bco BRL). Pluronic F-68 was
added as a surfactant to a final concentration of 1g/L. Cultures (4L)
were raised in a bi oreactor (Artisan Cell Station System for at Ieast
three days prior to infection. Cells were grown at 27[err]C, with

gassing to 5Qsdfationsef \mﬂnaﬁ n@wsugandabmaawéd @arfiedcogf a20folidws.n A
(aeratlon at a sparge ring) gitation was by neans of a marine

i mpel ler at 2.2&kbe Xﬁollﬁﬁgm@m from theeldeposited ties2/ éigand ¢lonei (ATOGaNO.hni ¢

growt h phase -2 X10[err] cells per nL), concentrated by
centrifugati d 91@nd se® lei 6 rabb\@)awaa labeled byntangdami psmirig 4a1&- 2
Recept or Body pet,.cell, .Cells and inocul

PCT/ Us95/ 129 $pecific activity of approximately n%xwticpmlng ﬁ%bndlzaﬂon\,\gms
i 2 B Wl AP e Sl A o 5
L L i i L T T S 7D 18 590,01
SDS and exposed to Kodak XAR-5 film overnight at -70°C. Positive
phage were plaque purified. High titre phage lysates of pure phage
were used for isolation of DNA via a Qiagen column using standard
10 techniques (Qiagen, Inc., Chatsworth, CA, 1995 catalog, page 36). Phage
DNA was digested with EcoRl to release the cloned cDNA fragment for
subsequent subcloning. A lambda phage vector containing human tie-2
ligand DNA was deposited with the ATCC on October 26, 1994 under the
designatibn Agt10 encoding htie-2 ligand 1 (ATCC Accession No.
15 75928). Phage DNA may be subjected directly to DNA sequence analysis
by the dideoxy chain termination method (Sanger, et al., 1977, Proc.

Natl. Acad. Sci. U.S.A. 74: 5463-5467).

20
The clone Agt1 0' encoding htie-2 ligand 1 contains an EcoRI site located
-490 base pairs downstream from the start of the coding sequence- for
the human tie-2 ligand. The coding region may be excised using unique
restriction sites upstream and downstream of the initiator and stop
25 codons respectively. For example, an Spel site, located 70 bp 5' to the
-initiator codon, and a Bpu1102i (also known as Blpl) site, located 265
bp 3’ to the stop codon, may be used to excise the complete coding
region. This may then be subcloned into the pJFE14 cloning vector,



5 Cul ture nmedium from vTlE-2 Receptor Body-infected SF21AE cells were
collected by centrifugation (500x g, 10 mnutes) at 72 hours post-

i nf ecti on.wOekit12smper nat ants were brought to pH 8 wi th NaORCTES®$12935 was
added to a final concentration of 10|ﬂﬂ§md the supernatant pH 10 was
readjusted to 8. Supernatants were filtered (0.45 [err]m MIIlipore)

and | oaded on a protein A colum (protein A sepharose 4 fast flow or

Hi Trap protein A both from Pharmaci a). The col um was washed with PBS
containing 0.5 MNad until the absorbance at 280 nm decreased to

nod | CoiusthG 6 MEal \Roniailg i@ SR ofitidihhd Bl PHERke J
tubes corpe iy Bpud 102 Ssitd Bre BishDmelde bRit! @gediont i ning the I E- 2

RB were pool ed and di al yzed versus PBS. LE 3 - DEMONSTRATI ON
THAT TIE-2 HAS A CRITICAL 20 - - ROLE | N DEVELOPMENT OF THE
VASCULATURE . G ven the absence of a known ligand for TIE-2 receptor,
it was r e@quenc numa =, G an p055|ble to gain-insight into the
functlon of TIE-2 by |ntroduct|on of "excess" soluble TIE-2 receptor

body BTIE-2 RB) into a 25 devel oping system The potential ability of TIE-2

" o obothe Hiling reft i 818 e At hbabiho  bliod oGHRRY oithe’ ot
ised to diEiieRRdlshitne ABY STANIDNA seetiriser i T8h, Bloddo ’EP CSﬁLf’l e
pi eces OfTa'riﬂhalt@lglcydléySequencmg Kit (Applied Biosystems, Inc., Foster City, ‘
CA). The nucleotide and deduced amino acid sequence of human TIE-2
16 ligand from the clone Agt10 encoding htie-2 -Iigand-1 is shown in Figure

4.

In addition, full length human TIE-2 ligand cDNA clones were obtained
by screening a human glioblastoma T98G cDNA library'in the pJFE14

15 . vector. Clones encoding human tie-2 ligand were identified by DNA |
hybridization using a 2.2 kb Xhol fragment from the deposited tie-2
ligand cione (ATCC- NO. 75910) as a probe (see Example 6 above). The
coding region was sequenced using the ABI 373A DNA sequencer and Taq
Dyedeoxy Terminator Cycle Sequenc'ing Kit (Applied Biosystems, Inc.,

20 Foster City, CA). This sequence was nearly identical to that of clone
Agt10 encoding htie-2 ligand 1. As shown in Figu‘fe 4, the clone Agt10
encoding htie-2 ligand 1 contains an additional glycine residue which is
‘encoded by nucleotides  1114-1116. The coding sequence bf the T98G
clone does not contain this glycine residue but otherwi‘se is identical

25 to the coding sequence of the clone Agt10 encoding htie-2 ligand 1.
Figure 5 sets forth. the nucleotide and deduced amino acid sequence of
human TIE-2 ligand from the T98G clone. '
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- 37- resor babl e foanlmere soaked with TIE-2 RB and inserted

i medi ately WwWo9didpédat h t he chorioal | antoi ¢ nenbrane at posi t PGHESYSHS3S

| ateral to the primtive enbryo. 5 ?arl y chicken enbryos devel op
atop the yolk froma snmall disk of cells that is covered by the
chorioal l antoi ¢ nenbrane (CAM. The endot hel i al : cells that will cone
to line the vasculature in the enbryo arise from both extra- and

i ntra-enbryonic cell sources. Extraenbryonically- deri ved endot hel i al

cells, whi ch;m%he ' wmbcgEéLﬁmﬂ@ %@? n the
enbryo, orig accretions nmesenchynme that are SI uated
| ateral |y around the enbryoLBNGTH ¢cDNASCI : BODHS A :
mesenchyme cells mature, they give rise to a connnn progenltor 0
t he endot helial and hemat opoi etic cell | i neages, terned the
hemangi obl ast. In turn, the henpangi oblast gives 15 rise to a m xed

Eopul a’l[): on ofA anman)ﬂatatl éUOQh@DNﬁd(BbF@'W in Tambda gt-10p(easFigure Jnwas

of T udi vt SoBtalnad EprE AIGHIacH LABOEMORES: rloC. (Pala, RifpcGau: hEIAGueT vere
Brimit iyvieg[ﬁ%géﬁe#fé APty 8 1688, X 08depa o apleie” 4ot reBiicR s, "
comonents euyaiabliuhigERdar Pbedures ISHNA ol 80 Wolddler

m crovessel s ul'ttmately’invad

join wth LiClérsifg: mLaberétbw)Mamjélyend Ed. qﬁgevmaaeud Springe HArbor
Laboratory, Cold Spring Harbor, New York). Duplicate filters were -

10 screened at low stringency (2 x SSC, 55° C) with probes made to the
human tie 2 L-1 sequence. One of the duplicate filters was probed with
a 5 probe, encoding amino acids 25 - 265 of human tie 2L-1 as set
forth in Figure 4. The second duplicate filter was probed with a 3'
probé,- encoding amino acids 282 - 498 of human tie 2 L-1 sequence

15 (see Figure 4). Both probes were hybridized at 55 C in hybridization
solution containing 0.5 mg/ml salmon sperm DNA. Filters were washed
in 2 x SSC at 55° .C and exposed overnight to X-ray film. In addition,
duplicate filters were also hybridized at normal stringency (2 x SSC,
655 C) to the full length coding probe of mouse tie2L (F3-15, Xhol

20 insert). Three positive clones were picked that fulfilied the following
criteria: i. hybridization had not been seen to the full length (mouse)
_probe at normal stringency, and ii. hybridization was seen at low
stringency to both 5’ and 3’ probes. 'EcoRl digestion of phage DNA
obtained from these clones indicated two independent clones with

25 insert sizes of approximately 2.2kb and approximately 1.8 kb. The
2.2kb- EcoRl insert was subcloned into the EcoRI sites of both
pBluescript KS (Stratagene) and a mammalian expression vector
suitable for use in COS cells. ' Two orientations were identified for the

mammalian expression vector. The 2.2kb insert in pBluescript KS was



25 Newly fertilized chicken eggs obtained from Spafas, Inc. (Boston, M)
were incubated at 99.5[err]F, 55 % RH At about 24 hrs. of devel opnent,

t he egg siwoOlosme2s9 Wi ped down wi th 70% et hanol and a denti sPCIUSHS/12935

was used to make a 1.5 cm hole in the iy unt apex of each egg. The shell
menbrane was renoved to reveal an air space directly above the

WD 96/ 11269 : PCT/ US95/ 12935
- 38- ' enbryo. Smal | rectangul ar pieces of sterile Gel foam (Upj ohn)
wer e cut W th a scal pel and soaked in equal concentrations of either

TI E-2- or : - b 1. rCEEG LT, : e.as set forth
in Ig(eé)r?rﬁ'tgﬁ;%btg‘! ﬂg‘cé ﬁg: El—ﬁ?ib%x% raé'él ’u@fﬁglﬂﬁ%goa%f the TIE-2
5 extrac Blubsér'iﬁpl’(‘s.'%_nﬁwﬂiﬁggmmﬁ TIE 23figand B OFHe stafdite biSthe
(1993). Each Gel foam pi ece absorbed approximtely 6 [err]g of protein in

30 [err] ITIES2 eligdrd \@xicodlivek e Uerceejs approxineidly GSHibasa pais! tear in
the CAM at a position several mllineters |ateral to the primtive

enbryo. Tewnsiream: of dhet pBlyesariptoEceB! ssit.ked Gel f oam was inserted 10
under the CAM and the egg shell was sealed over with a piece of

adhesPve tape. Orher sinmilarly-staged eggs were treated in parallel

i T8 ROk e RS, vARMHR WaRiBERE Uh SRS e S pBeion

vector or control vector by the DEAE-dextran transfection protocol.
Briefly, COS-7 cells were plated at a density of 1.0 x 106 cells per 100 '
mm plate 24 hours prior to transfection. For transfection, the cells

10 were cultured in serum-free DMEM containing- 400 ug/ml of DEAE-
dextran, 1 uM chloroquine, and 2 mM glutamine, and 1 ug of the
appropriate DNA for 3-4 hours at 37°C in an atmosphere of 5% CO,. The
transfection media was aspirated and replaced with phosphate-
buffered saline with 10% DMSO for 2-3 min. Following this DMSO

15 "shock", the COS-7 cells were placed into DMEM with 10% FBS, 1% each

of penicillin and streptomycin, and 2 mM glutamine for 48 hours.

Because the TIE-2 ligand is secreted it was necessary to permeabilize
~ the cells to detect bi'nding' of the receptorbody probe. to the ligand.
20 Transfected COS-7 cells.were plated at a density of 1.0 x 106 cells per
. 100 mm plate. The cells were rinsed with PBS and then incubated with
- PBS containing 1.8%- forrﬁa’ldehyde for 15-30° min. at room temperature.
Cells were then washed with PBS and incubated for 15 min. with PBS
contaihing 0.1% Triton X-100 and 10% Bovine Calf Serum to
25 permeabilize the cells and block non-specific binding sites.
Thé screening was conducted by direct localization of staining using a
TIE-2 receptorbody, which consisted of the extracellular domain of

TIE-2 fused to the IgG1 constant region. This receptorbody was



Devel opnent was allowed to proceed for 4 days and then the enbryos 15 were
exam ned by visual inspection. Enbryos were renoved by car ef ul
breaki ng t he WRI/H26% di shes of warmed PBS and careful |y Pgupﬁﬁﬁﬁmﬁmay
the enbryo with surrounding CAM O 12 eggggtr eat ed with each RB, 6
TIE-2 RB and 5 EHK-1 RB treated enbryos had devel oped beyond the stage
observed at the start of the experinent. A 20 dramatic difference was seen
bet ween t hese devel oped enbryos, as shown in Figures 1A and 1B. Those
treated with EHK-1 RB appeared to have devel oped relatively normally.
Four out of presaredd<as S80S in Example 2vi Jrafshscted 0OS RellsWeks grebed
of a beating heart. Furthernore, the extra-enbryoni c vascul ature,

whi ch is vi sbyl incubatingu themeforo30 hmire Switipr ElEe2eldBof Tl delisowerel then was
profuse and extended several centineters laterally under the CAM By

contrast, thwashed iwice with PBS, fixedowith methanol.candythan incubateshfpmean
f 2-5 in.di . .as . d.with h 0 i i anet
o e, acRORHI" BB, iy, PRTABEE pbkind AT SaRin/bnbRyoiah JoBTecch

gg% bggg;slzgglokalihe ph\égpﬂggs]e%c%njugate. After three PB_§9\_~ashes, cell&wgrg\er e

devord of bl adietedcirs alliineiBhbsphafiisel stbatide | rP80%80 min. VFREULRH

devel opment in t chi cken nsttrates that TIE-2 ligand is necessary
for devel opminis dheh hinspeeted Fhicréscopically for the presence of stained cells.

Cells expressing one orientation of the clone, but not the other

- orientation, were seen to bind the TIE-2 receptor body.
10 _
One of skill in the art will readily see that the described methods may
be used to further identify other related members of the TIE ligand

family.
15 Sequencing of second human TIE-2 ligand

The coding region from the clone pBluescript KS encoding human TIE-2
ligand 2 was sequenced using the ABlI 373A DNA sequencer and Taq
Dyedeoxy Terminator Cycle Sequencing Kit (Applied Biosystems, inc.,

20 Foster City, CA). The nucleotide and deduced amino acid sequence of
human TIE-2 ligand from the clone pBluescript KS encoding human TIE-
2 ligand 2 is shown in Figure 6.

25 _
Conditioned media from COS celis expressing either TIE-2 ligand 2
(TL2) or TIE-2 ligand 1 (TL1) were compared for their ability to -
activate TIE-2 receptors: naturally present in a human endothelial cell

line.



5 EXAMPLE 4- | DENTI FI CATI ON OF A TI E-2- SPECI FI C Bl NDI NG
ACTIVITY I N CONDI TI ONED MEDI UM FROM THE r as

ONCOGENE- TWweAleftf¥sd/ED C2C1l2 MOUSE MYOBLAST _ PCT/USOS/14934 | NE
1 0 Screening of ten-fol d-concentrat edéceﬁl | -conditi oned nedia (10X CCM
fromvarious cell lines for the presente’of soluble, TIE-2-specific

bi nding activity (Bl Acore; Pharmacia Bi osensor, Piscataway, NJ)
reveal ed binding activity in serumfree medi umfrom oncogenic-ras-
transfornmed C2Cl12 cells (C2Cl2-ras), RAT 2-ras (which is a ras 15

transforned fibroblast cell line), human gliobl astoma T98G and t he

human neurobl astoma cell |ine known as SHEP-1. The C2Cl2-ras 10X CCM
ori gi nat o B | f Gﬁﬁ,’l‘ hat was
oncogeni ?gf’ {/ trgjrils? E)a/(mfr ansfgeﬁlt'l gﬁc am\’vl rtek? aqaggbéﬁ’%é?lgof Hras
by Standaﬂéréifds&w%pﬁﬁﬁmecwdcells wltﬁt BRHer tﬁé §.‘!’F21haéﬁ ression -
neonyci n-resi stance expression plasmd physically linked wth the
ras expr esgton awm,ndeErMovdetortcomammg the huswre IE2 ligand 4neDBIA,ed
clones. Resulting (A18-resistant ras-C2Cl2 cells.were routinely

mai nt & nedr a&thaanbwayexpmsqioasvecaoau(mman. £.J., 1985, Proc Natl.

o1 S RERECERE UG, el B84 BRI R MO RRST AR S EONA. e

L S S sSH dE AOE Hl h, B e

Oncogene grid 3§8n§€ﬁtréi&$720-foﬁ‘eb9fedidfmr&ﬁ8nd'(mAFi@' aftrafiftidned |
membranes, Amican, Inc.). The quantity of active TIE-2 ligand 1 and

10 TIE-2 ligand 2 present in these media was determined and expressed as _

the amount (in resonance units, R.U.) of TIE-2 receptor specific binding
activity measured by a BlAcore binding assay. '

Northern (RNA) analyses revealed significant levels of TIE-2

15 transcripts in HAEC (Human Aortic Endothelial Cell) human primary
endothelial cells (Clonetics, Inc.). Therefore, these cells were used to
- examine whether TIE-2 receptor is tyrosine-phosphorylated when
exposed to COS media containing the TIE-2 ligands. HAEC cells were
maintained in a cémplete endothelial cell growth medium (Clonetics,

20 Inc.) that contained 5% fetal bovine serum, soluble bovine brain extract,
10 n.g/ml ‘human EGF, 1 mg/ml hydrocortisone, 50 mg/mi gentamicin
and 50 ng/mi amphotericin-B. Assessment of whether TL1 and TL2 |
could activate TIE-2 receptor in the HAEC cells was done as follows.
Semi-confluent HAEC cells were serum-starved for two hours in high-

25 glucose Dulbecco's MEM with added L-glutamine and penicillin-
streptomycin .at 37°C followed by replacement of the starvation |
medium with ligand-containing conditioned COS media for 7 minutes a_t
37°C in a 5% CO2 incubator. The cells were subsequently lysed and TIE-

2 receptor protein was recovered by immunoprecipitation of the



WO 96/ 11269 | PCT/ US95/ 12935

- 40- wth fresh DVMEM Q P-S for 24 hours. This nmedi um was harvest ed
and cel | wowane2e@ef ed fresh DVEM Q P-S, which was al so haRG8iSe8s1298% er
a further 24 hours. These CCM were suppl emented with the protease

inhibitors PVMSF (1mM) and aprotinin (10[err]g/m), and ten-fold ‘5
concentrated on sterile size-exclusion nenbranes (Amicon). TIE-2-

bi nding activity coul d be neutralized by incubation of the mediumwth
an excess of TIE-2 RB but not by |ncubat|on with EHK-1 RB, prior to

Bl Acor e anal ysi Fg% t ngl ‘@é S si ng
bi osensor %hiechvr‘{ ogy %l ore, aér/enrg(;:'? a E%@éﬁs %@ﬁa%@ﬂnﬂu

whi ch Witht ahtiphoSPRbAALSIMe iamtieendi, Od%adtly '#9!ddsciibed in SéXdmpfo 1

pl asnon resonance. Purified TIE-2 RB was coval ently coupled through

primary The resultsoatdshownbink Figatey 7. deﬂhospﬁoqm:smé levdldbton ¢heaTlE+2
grade 15 sensor chlg Phar maci a Bi osensor; Piscatawa . The sensor
chi p suraceptondJ1E2R) wese induegds by reatment cpti;gEAst:eus:dmh ¥ g2

ol oveqs Woand Hniane 1k B E-250bad 3 (ane L) Sarrionsd s
neaat i ve confiRgha zoMQt?ke%"Eﬁﬂd?nbgékﬁﬁ% i&%ﬂ?@%i&%ﬂ%ﬁ' Wi gy,

simlar ma””&lrnpty vector.

Evidencé that both TL1 and TL2 specifically bind to the TIE-2 receptor
10 was demonstrated by using a BlAcore to assay the TIE-2 receptor

specific binding activities in transfected COS media and by

immunostaining of TL1- and TL2-expressing COS cells with TIE-2

receptorbodies.

15 Because TL2 did not activate the TIE-2 receptor, applicants set out to
determine whether TL2 might be capable of serving as an antagonist of
TL1 activity. HAEC phosphorylation assays were performed in which
cells were first incubated with an "excess" of TL2, followed by
addition of dilute TL1. It was reasoned that prior occupancy of TIE-2

20 receptor due to high levels of TL2 might 'prevent subsequent
stimulation of the receptor following exposure to TL1 present at a

limiting concentration.

Semi-confluent HAEC cells were serum-starved as described above and

25 then incubafed for 3 min., at 37°C with 1-2 ml. of 20X COS/JFE14-TL2
conditioned. n'iedium. Control plates were treated with 20X COS/JFE14-
only medium (MOCK). The plates were removed from the incubator and
various dilutions of COS/JFE14-TL1 medium were then added, followed
by further incubation of the plates for 5-7 min. at 37°C. Celis were



The running buffer used in the systemwas HBS (10 nM Hepes, 3.4 nM
edta, 150 nmM NaCl, 0.005% P20 surfactant, pH 7.4). The 10x CCM. sar_rpl es

wer e cent riviowgageebor 15 min at 4 C and further clarified usicigysdsizeds
sterile, | ow protein-binding 0.45 [erg]%lfi lter (MIIlipore; Bedford, M.
Dextran (2mg/ m) and P20 surfactant (&905% were added to each CCM

sanple. Aliquots of 40 [err]L were injected across the inmmobilized

surface (either TIE-2 or EHK-1) at a flowrate of 5 [err]L/mn and the
.receptor binding was nonitored for 8 mn. The binding activity"- :
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-41- Js%%%eq(ureggl nglr{‘csee ddn!ytss?,d 'Iﬁ')}d \I\-EB.'SE -%é%bs%?'gﬁ'ygote’%e ﬁéﬁ%{é’t&h ween a
‘basel i ngnViHe!qysistesr Wd%e@xaﬁiﬁeﬂrbwré_dé#taﬁ iﬁﬂﬂﬁh@pi’éﬁiﬁﬁé‘j@ﬂ' and 2
measurenent taken at 30 s post-injéection. Regeneration of the surface
was accaiNpbterheblotting, asedéseriised |dbave.seTt dilutidisCviérer made using The

I nstrunent noise level is 20 RU, therefore, any binding activity W th
a si gnal2036 &QSAFEIA-T mediumediiutedeto 2X, :0.5Xa10.1 X, @rad023 byi t h ~ the
L7l LS. CSCPEI oRSTrdts hokst ol 8 ke 3 10
detivi ti! RoRCEPXCTLEROS HSda Whd Bilcart Hipfghed foctinfleay "2
[ eoeP OARAESHRINGY Soings (R rBuTARC T e cess o
bipding activities, i.e., 445 R.U. and 511 R.U. for TL1 and TL2, q
respectively. The results of the antiphosphotyrosine Western -blot,
10 shown in Figure 8, indicate that when con_ipared to prior treatment of
HAEC cells with MOCK medium (lane 1), prior treatment of HAEC cells
| with excess TIE-2 ligand 2 (lane 2) _anta'goniZes the subsequent ability

of dilute TIE-2 ligand 1 to activate the TIE-2 receptor (TIE2-R).

15 These data indicate that, unliké TL1, TL2 was not able to stimulate
TIE-2 receptor kinase activity in HAEC cells. Furthermore, pre-
incubation of the endothelial cells with high concentrations 6f TL2
followed by addition of TL1 blocked the ability of TL-1 to stimulate the
TIE-2 receptor, indicating that TL2 is a TIE-2 receptor antagonist.

20 _ _

EXAMPLE 10- IDENTIFICATION OF TIE-2-SPECIFIC BINDING ACTIVITY

1 NDITION | N PERNATANT:

25 Binding activity of 1.0x CCM from the cell lines 020_12 ras, Rat2 ras,
-SHEP, and T98G, or cos cell supernatants after transfection ‘with either
human TIE-2 ligand 1 (hTL1) or human TIE-2 ligand 2 (hTL2) was
measured using biosensor technology (BlAcore; Pharmaéia Biosensor,

Piscataway, NJ) which monitors biomolecular interactions in real-time



activity. The addition of soluble EHK-1 RB had no effect on the TIE-2 15
bi nding activity of any of the sanples, while in the presence of sol uble
Tl E- 2 bi ndi ngwaetzsdsurf ace is two-thirds | ess than that neasRERUSHRA2935
t he absence of TIE-2. A repeat assay usi ng 3%50x concentrated C2C12-
ras CCMresulted in a four-fold enhancenent” over background of the

TIE-2 specific binding signal. 20 EXAMPLE 5 - C2Cl2-ras CCM
CONTAI NS AN ACTI VI TY THAT | NDUCES TYROSI NE
PHOSPHORYLATI ON OF TI E- 2 RECEPTOR C2Cl2-ras 10X CCM was exam ned for

Ser um st ar vl AL plaEhon YReBnanBB PRI Fified ot Irvduieh M

lysed and supascsovhléntly coupmunmbaghpphma@na&ﬁﬁe&éw ahe eaﬁﬂmweml

descri bed above. Stinmul ation of serumstarved ABAE cells with
serum free C&Xtreh layer of a CM5 researdt/gradé Ssensor chlp (Pharmacsa
PCT/ US95/ 12935 ' 10X CC™Mm

was done as Bigsenser; Riscatawaymibl). Adke senser sﬁ"ﬁpv%lé!’f%%e was %rats\@teged
o nsaBon S o UL 8 i oot IR el oL
removed and difeRgldmingpr 8p§%§ﬂ:66|ﬂﬁﬁﬁ AEDES, WoilBwH¥l by immobilization
of TIE-2 RB (25 pg/mL, pH 4.5) and deactivation of unreacted sites with
1.0 M ethanolamine (pH 8.5). In Qeneral, 9000-10000 RU of each
receptorbody was coupled to the sensor chip.
10 _ - _
The running buffer used in the éystem was HBS (10 mM Hepes, 150 mM
NaCl, 0.005% P20 surfactant, pH 7.4). The samples were centrifuged
for 15 min at 4°C and further clarified using a sterile, low protein-
binding 0.45 um filter (Millipore; Bedford, MA). Dextran (2mg/ml) and
15 P20 surfactant (0.005%) were added to each sample. Aliquots of 40 uL
were injected across the immobilized surface (either rat or human
TIE2) at a flow rate of 5§ pL/min and the receptor binding was -
monitored for 8 min.. The binding activity (resonance units, RU) was
measured as the difference between a baseline value determined 30 s
20 prior to the sample injection and a measurement taken at 30 s post-
injection. Regeneration of the surface was accomplished with one 15-
uL pulse of 3 M MgCly. |

| The CCM samples (C2C12 ras, Rat2 ras, SHEP, TQSG) were tested on the

25 rat TIE2 RB immobilized surface, while the recombinant hTL1 and hTL2
were tested on the human TIE2 RB immobilized surface. In each case,

specific binding to the TIE-2 receptorbody was evaluated by incubating

the samples with 25 ug/mi of either soluble TIE-2 (rat or human) RB or



5 excess of chilled PBS supplenented with

ort hovanadat e/ NaF/ benzam dine. Cell lysis and TIE-2-specific

I mmunopr ecwiidgAldgdn was done as descri bed above. ABASe196do

i ncubated for 10 m nutes with defined di um showed no 10 induc?%’?zo’ﬁsof
TIE-2 tyrosi ne phosphoryl ation, whereas®i ncubation with C2Cl2-ras CCM
stinulated at |east a 100X increase in TIE-2 - phosphoryl ation. This
activity was alnost totally depleted by pre- i ncubation of the
C2Cl12-ras 10X CCM for 90 m nutes at room tenmperature with 13 ug of

oo ORRBURRE ek B Bhaiio R ARARG ARouBES he AW B IEIRROS B 1
ol |5 ve2nd 10, the-Thidion bf scidpls- ke -RE falsds A sliart dettedsd jn,tng) “ 1
cont ai ni TEE-POBinGing detivitpe vilfile! thé FB&Yitioh '0?a8biuble pmz’-?i E{% gq err] én_d

streptonycin (P/S) "and 2 nM glutam ne in an atnosphere o

The noussigmificantiy reocesr the dihting ractivity as! congphared Faothrits ni ni mal
. essential medium (EMEM with 10%FEBS, (P/S) and 2 nM 25 gl utam ne. Full

| ength n@asured-in thegabsengaaf TIER@RBere obtained by screening a
C2Cl12 ras cDNA library in the pJFE14 vector expressed . ~in COS cells.
This vector, as shown in Figure 2, is a nodified version of t he vector
PSRerT] e hRKBPE 1 2 miEid Fb sHECIFIGALLY Bityer® A&%ivATIoN OF THe

TIE-2 RECEPTOR BY TIE-2 LIGAND 1 q

10 The applicants sought to determine whether soluble TIE-2 RB can serve
as a competitive inhibitor to b.loc':k activation of TIE-2 receptor by TIE-
2 ligand 1 (TL1). To do this, TL1-containing COS media were | |
preincubated with either"TlEz- or TrkB-RB and then compared for their
- ability to activate TIE-2 receptors naturaHy‘" present in a human

15 endothelial cell line.

Conditioned  COS media  were generated from COS-7 cells transfected
with either the pJFE14 expfession:véctor alone (MOCK), or -pJF‘E14 '
vector containiﬁg the human TIE-2 ligand cDNA (TL1) and harvested as
20 described in Example 9 hereinabove, with the exception that the media |
were sterile filtered but not concentrated. The quantity of TL1 was
-determined and expressed' as the amount (in resonance units, R.U.) of
TIE-2 receptor- specific binding activity measured by BlAcore bind_ing
assay. |
25
Northern (RNA) anaiyses- revealed significant levels of TIE-2
transcripts in HUVEC (Human Umbilical Vein Endothelial Cell) human

primary endothelial cells (Clonetics, Inc.). Therefore, these cells were
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- 43- library was created using the two BSTX1l restriction sites in

t he pJ FE o 6 f1héy - COS-7 cells were transiently trpopiessinsks
with either the pJFE14 5 library or cont gsoé vect or by the DEAE-dextran
transfection protocol. Briefly, COS-"P®ells were plated at a density
of 1.0 x 106 cells per 100 .mm plate 24 hours prior to transfection.
For transfection, the cells ~ were cultured in serumfree DVEM
containing 400 [err]g/m of DEAE- dextran, 1 [err] M chl oroquine, and 2

37 orr) C i n usedtooenBlind Fhebiki ot i 4 PBL Rt 'raégn%rr&?éﬂﬁéﬁn“ﬁgé?aa&m
For 23 mi n PRATMGTRACH Wefl gRROEEE Tn the pREQHUE B AER o TriB Es R0,

i nto DVEM Wctost(?ﬁrecﬁascod%rﬂﬁghru HOVEG idlis' Wefe aﬁdmséaheatmwo, 590d 2

nmM gl ut am ne for 48 hours. Because the TIE-2 ligand is secreted it
was necessar@Qd ipea rw’npleteeendothehhé cell igrowth duediimb(Cloneticsf Indg that
receptorbody probe to the ligand. Two days after transfection the

cel I s weSe re¢ont@ined tﬁ%Pwah vime rserum, solubia: bavine: brainsextrachiwitmgl! Q. 8%

Wt D PBS anciR bamating b g umeh BT Toag Rl ndFaesrone: 85 udlfi
200 20 LG 20 ro BT, ASBNICH YL TEY
local i zat i onegijigS hetivateI THS2 deceptor in the HUVEC cells was done as follows.
Confluent dishes of HUVEC cells were serum-starved for two-to-four
10. hours in low-glucose Dulbecco's MEM at 37°C, 5% CO2, followed by 10
minute incubation in starvation medium that included 0.1 mM sodium
orthovanadate, a potent inhibitor of phosphotyrosine phosphatases.
Meanwhile, conditioned COS media were preincubated 30 min. at room
temperature with either TIE2- or TrkB-RB added to 50 ug/ml. The
15 starvation medium was then removed from the HUVEC dishes and
.incubated with the RB-containing COS media for 7 minutes at 37°C.
HUVEC cells were subsequently lysed and TIE-2 receptor protein was
recovered by immunoprecipitation with TIE-2 peptide antiserum,
followed by Western blotting with an anti-phosphotyrosine antibody, as
20 described in Example 1. . The results are shown in Figure 11.

. Phosphotyrosine levels on the TIE-2 receptor were induced by
treatment of HUVEC cells with TIE-2 ligand 1 (TL1) relative to that
seen with control medium (MOCK) and this induction is. specifically
blocked by prior incubation with TIE2-RB (TIE2-Fc) but not by

25 incubation with TrkB-RB (TrkB-Fc). These data indicate that soluble
TIE-2 RB can serve as a sélective inhibitor to block activation of TIE-2

‘receptor by TIE-2 ligand 1.



TI E-2 receptorbody, which consisted of the extracellular domain of 25
TIE-2 fused to the 1gGlL constant region. This receptorbody was

- prepared 3%gs§izkerth in Exanple 2. A 100 nm dish of transpepiysssiizess
fi xed and perneabilized.COS cells was obed by incubating themfor
mn with TIE-2-RB. The cells were thé®ashed twice with PBS and :
WD 96/ 11269 PCT/ US95/ 12935

- 44- i ncubated for an additional 30 mn with PBS/ 10% Bovi ne Cal f
Serunt anti - human |1 gG al kal i ne phosphat ase conjugate. After three PBS
washes, m m ot ala ubstrate - for
30-60 mi s 2, for the 5 presence

of stained cells. For each stai ned ceII a srrall area of cells
i ncludi ng the stained-cell was scraped fromthe di sh using a plastic

pi pet t e AhPexpyéssicif BohsHidt \Was! &@atéeswdweum Y6l ‘a0 s@b?&feaopor ate

bacterial cells. Single bacterial colonies resulti'ng fromthe

el ect r ofproteinoconsistingi ok ¢hle centtinel eoding Reguenceacthimam TIEL: ligand
col onies was used_to transfect COS-7 cells which were probed for TI E-

2 |i §andl dTpidss THE liganded ddd-2)yfuseddto ghe chaman2imeusogiobin
I b e i 8 e o s Ll
PhoSPOr e Abeilest Cr2-ERCBE Tzt b FEChBRRCE B AL R
TL2-Fc was prepared as follows. A DNA fragment encoding the Fc ‘
_portion of human igG1 that: spans from the hinge region to the carboxy-
10. terminus of the protein, was amplified from human: placental cDNA by
PCR with oligonucleotides corresponding to the published sequence of
human IgG1; the resulting DNA fragment was cloned in a. plasmid vector.
Appfopriate DNA restriction fragments from a plasmid ‘encoding- full-
length TL1 or TL2 and from the 'humah-lgG:1 ' Fc plasmid were ligated on
15 either side of é short PCR-derived fragment that was designed so as to
fuse, in-frame, TL1 or TL2 with human IgG1 Fc protein-coding

sequences.

Milligram quantities of TL2-Fc were obtained by cloning the TL2-Fc
20 DNA fragment into the pVL1 393. baculovirus vector and subsequently
infecting the Spodoptera frugiperda SF-21AE insect cell line..
Alternatively, the cell line SF-9 (ATCC Accession No. CRL-1711) or the
cell line BTI-TN-5b1-4 may be used. DNA ehc'oding the TL2-Fc was
cloned aé an Eco RI-Notl fragment into the baculbvirus transfer plaémid
25 pVL1393. Plasmid DNA was recombined into viral DNA by mixing 3 mg
of plasmid DNA with 0.5 mg of Baculo-Gold DNA (Pharminigen),
followed by introduction into liposomes using 30mg Lipofectin (GIBCO-
BRL). DNA-liposome mixtures were added to SF-21AE cells (2x 106
cells/60mm dish) in TMN-FH medium (Modifiéd Grace's Insect Cell



Wwi'th the ATCC on October 7, 1994 and desi gnhat ed as pJFE14 encodi ng

TIE-2 ligand" under ATCC Accession No. 75910. EXAMPLE 7 -

| SOLATI ON ANDWBR@UWEXNE! NG OF FULL LENGTH 20 - JONAISSE/I98S
ENCODI NG HUVAN TI E-2 LI GAND A hunpgZetal lung cDNA library in

| anbda gt-10 (see Figure 3) was ~ obtarned from C ontech-Laboratori es,
Inc. (Palo Alto, CA). Plagues were plated at a density of 1.25 x
10[err]/20x20 cmplate, and replica filters 25 taken follow ng standard
procedures (Sanbrook, et al.,:'Nbolecul ar Cl oni ng: A Laboratory Manual,

2nd Ed. . pagfediuftt (GIBCO-BRIY forl 8 Relrs at 278 fdlloWed byPirbubatioidat®ar bor

New Yor k) .

PCT/ US95/ 12295C for 5 days in TMN-FH medium supplemented 4ith 5% fetal lcadfl at i on
of human tie-2 ligand clones was carried out as follows. A 2.2 kb Xhol

fragment frserume dEissuet editureraediummaas| barvestdddor(plaque pisificationsef
Exanpl e 6 above) was | abeled by randomprining to a ecific activity-

of appr oxi mkeePmbinant virusesn whichpwas Gardedoaut.using n@iﬁ?d%cptﬁwogﬁly
SRR 11 b DR, SRR 58 ¥R, BBV P "
Expression Vectors - A Laboratory Manual. 1992, New York: W.H.
Freeman) except that the agarose overlay contained 125 mg/mL X-gal
(5-bromo-4-chioro-3-indolyl-b- D-galactopyranoside; GIBCO-BRL).
After 5 days of incubation at 27°C, non-recombinant plaques were
10 scored by positive chromogenic reaction to the X-gal substrate, and
their positions marked. Recombinant plaques were then visualized by
addition of a second overlay containing 100 mg/mL MTT (3-[4,5-
dimethylthiazol-Z-Yl]Z,s,diphenyltetrazolium bromide; Sigma).
Putative recombinant virus plaques were picked by plug aspiration, and
15 purified by muiltiple rounds of plaque isolation to assure homogeneity.
Virus stocks were generated by serial, low-muitiplicity passage of -
plaque-purified virus. Low passage stocks of one virus clone (vTL2-Fc
Clone #7) were produced. o

20 SF-21AE cells were cultured in serum free medium (SF-900 i, Gibco
BRL) containing 1X antibiotic/antimycotic solﬁtion (Gibco BRL) and 25
mg/L Gentamycin (Gibco BRL). Pluronic F-68 was added as a surfactant
to a final concentration of 1g/L. Cultures (4L) were raised in a ‘
bioreactor (Artisan Cell Station System) for at least three days prior

25 to infection. Cells were grown at 27°C, with gassing to 50 % dissolved
oxygen, at a gas flow rate of 80 mL/min (aeration at a sparge ring).
“Agitation was by means of a marine impeller at a rate of 100 rpm.
Cells were hafvested in mid-logarithmic growth phase (~2 X10 6 calls

per mL), concentrated by centrifugation, and infected with.5 plaque



SDS and exposed to Kodak XAR-5 filmovernight at -70[err]C. Positive
phage were plaque purified. H gh titre phage |ysates of pure phage

wer e used w@beigey ation of DNA via a Q agen col umm usi ng Spefygigssfiaddd
techni ques (Q agen, Inc., Chatsworth, 1995 cat al og, page 36). Phage
DNA was digested with EcoR to rel easzd®Bte cl oned cDNA fragment for
subsequent subcl oning. A | anbda phage vector containing human tie-2

| i gand DNA was deposited with the ATCC on Cctober 26, 1994 under the
desi gnatlon [err]gtl O encoding htie-2 ligand 1 (ATCC Accession No. 15

75928) .- ubij ted dj t DNA en
by o Gfolaing SRRt ST2HEk T et clln Eells) ae, Mot were, broughieio

[ gand | gt %MF‘?%% ridint 804 “Ols Wa%d“m@h@?c? ALKy Bk
encodi ng jjtd °s | riet Start“ﬂfﬁ%ﬁdﬁlré‘%ﬁﬁ‘lﬁbnﬂéﬁxéﬁ@eﬁdnn a Rnéﬁ%ﬁﬁ'ﬁ pa' rs

downst r eam e codi ng sequence unman -

l'i gand. Hheelcqaﬂthgfreebl serumirdee mediune,d andl tite WBlisu thcubatedeni thét i on
sites upstream and downstream of the initiator and stop 25 codons

respest i bivneactor usingythe, previsupsly deseribedc atconditiorim 5 to the
initiator codon, and a BpullO2i (also known as Blpl) site, |ocated 265
bp 3 to the stop codon, nmay be used to excise the conplete codi ng

regi on. TS e A6 Hom DL 3L hited "EFBIAE 4eilo NS LS et by

- 46- centrifugation (500x g, 10 minutes) at 72 hours post-mfectlon. Cell ‘

supernatants were brought to pH 8 with NaOH. EDTA was added to a

10 final concentration bf 10 mM and the supernatant pH was readjusted to
8. Supernatants were filtered (0.45 mm, Millipore) and loaded on a |
protein A column (protein A sepharose 4 fast flow or HiTrap protein A,
both from Pharmacia). The column was washed with PBS contammg 0.5
M- NaCI until the absorbance at 280 nm decreased to baseline. The

15 column was washed in PBS and eluted with 0.5 M. acetic acid. Column
fractions were immediately neutralized by eluting into tubes

- containing 1 M Tris pH 9. The peak fractions containing the TL2-Fc

weré pooled and diélyzed versus PBS.



usi ng the Xbal (conpatible to the Spel overhang) and the Pstl sites (the
Pstl and BpullO2i sites are both nade bl unt ended). Sequenci ng of
human TIE-2 | iyon9e11%9 The coding region fromthe clone [ emOIfise§12935
encoding htie-2 ligand 1 was sequenceaedg gsi ng the ABI 373A DNA .
sequencer and Taq Dyedeoxy = Term nator Cycle Sequencing Kit (Applied
Bi osystens, Inc., Foster .Cty, CA). The nucl eoti de and deduced am no
acid sequence of human TIE-2 10 ligand fromthe clone [err]gtl1l0 encoding
htie-2 ligand 1 is shown in:Figure 4. In addition, full I|ength
human TIE-2 |igand cDNA cl ones were obt%g%s%s by screening a human
glioblastoma T98G cDNA library in thep vector. C ones encoding
human tie-2 ligand were identified by DNA hybri di zati on using a 2.2 kb
Xhol fragnent fromthe deposited tie-2 i gand cl one (ATCC NO. 75910)
as a probe (see Ex'&hpli@lb\nabgvbave baen deposdednglmheyne)rAmmcaaqtrypeed

usi ng the ABI uenc or .
Sequenci ng ki €U Z%%PES e Bgysm Cﬁq{gﬂanODnEéS?é 'aﬁ‘ﬂ%8hgz in
sequence was i denk.t.c t1 I g
htie-2 Ii ?Qndgﬁg&%nsﬁ it ﬁ{%%%ﬁot’ﬁ%kg ﬁepiagf'g'?g{ﬂ]f% gnsgéﬁ‘gogi TIE-2
htie-2 |igandj | e i
encoded by nuc e@?%@% Pi% l‘%ﬁgthﬁZé (ﬁqﬁgagegsg?gg ?)%?k?? ?Qg designated
cl one does nojsCPUFET1d bhRtodingy TIER ligahdUander ATOES Weeassion NRN758AI0. 25
to the coding sequence of the clone [err]gt 10 encoding htie-2 Iigand 1.
Figure 5 set sRecombinaat nAutoare padiforndca coacutowisus cenicadinge TE-2f
receptor body was deposited with the ATCC on October 7, 1994 and

10 designated as “vTIE-2 receptor body” under ATCC Accession No.

VR2484. A lambda phage vector containing human tie-2 ligand DNA was
deposited with the ATCC on October 26, 1994 and designated as Agt10
encoding htie-2 ligand 1 under ATCC Accession No. 75928. A plasmid
clone encoding a second TIE-2 ligand was deposited with the ATCC on

15 December 9, 1994 and designated as “pBluescript KS encoding human
TIE 2 ligand 2" under ATCC Accession No. 75963.

The present invention is not to be limited in scopé by the specific
embodiments described herein. Indeed, various modifications of the
20 invention in addition to those described herein will become apparent to
those skilled in the art from the foregoing description and
accompanying figures. Such modifications are intended to fall within

the scope of the appended claims.



human TIE-2 |igand fromthe T98G cl one. WD 96/ 11269

PCT/ US95/ 12935 _ -47- EXAMPLE 8
- | SOLAMA/1A2® SEQUENCI NG OF SECOND FULL PCT/US95/1293ENGTH
CDNA CLONE A ENCODI NG HUVAN TI E-2 LI GE\p- A hunma cDNA

library in lanmbda gt-10 (see Figure 3) was 5 obtained from O ontech

Laboratories, Inc. (Palo Alto, CA). Plaques were p!{’ﬂﬂmm,mmﬂlﬁl’m

of 1.25 x 106/20x20 cm pl at e, : )

standard procedures (Sanbrook, [ptTH:$ SHERDHaSU =N Cloning: “A Labbratory
Manual , 2nd Ed., page 8. 46, Col|d._ Spr iFFUAsEEOr Laboratory, Cold Spring
Har bor, New York). Duplicate fiTtTers were t ned at | ow stringency (2
X SSC, SWHATISCOLAIMEDISobes nmade to the human tie 2 L-1 sequence.

One of .the duplicate filters was probed with a 5 probe, encoding
am no acids 25 - 265 of human tie 2L-1 as set - ~forth in Figure 4. The

second dyplicate filter .prohed with a 3" prabe, encodi ng am no
aci ds 28§- - 408 '@Paﬂeﬁ‘aﬂ\é\g‘seég?% 1@V\tﬁﬁ}@ﬂc@qgj'n956e$gﬁlﬂ'9aﬂﬂe Bot h probes
were hybridized at 55 Cin hybridization solution containing 0.5 nmg/ m
sal ron sperm DNA. Filters were washed in 2 x SSC at 55[err] C and

exposed gver naghisoifted h¢ldit! &id' gb{g gggording'fhl%lél&ﬁt? Whbkdihs vere

h
al so- hybri di zeg at nor maP&st ri ngencydiﬁ
the nucleic acid sequence is

(a) the nucleic acid sequence combrising the' coding region - of ‘
the human TIE-2 ligand as set forth in Figure 4, Figure 5 or
Figure 6; , ,

(b) a nucleic acid sequénce that hybridizes under moderately
stringent conditions to the nucleic acid sequence of (a) and
which encodes a TIE-2 ligand that 'bi.n_ds TIE-2 receptor; or

(c) a nucleic acid sequence which, but for the degeneracy of the
genetic code would hybridize to a nucleic acid sequence of
(a) or (b), and which encodes a TIE-2 ligand that binds TIE-2

receptor.
3. A vector which comprises a nucleic acid molecule of claim 1 or 2.
4. A vector according to claim 3 wherein the nucleic acid molecule
of claim 1 or 2 is operatively linked to an: expression control
sequence capable_ of directing its expression in a host cell.

5. A vector according to claim 3 or 4 which is a plasmid.

6. A plasmid according to claim 5 designated pJFE14 encoding TIE-2
ligand (ATCC Accession No. 75910). :
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65[err] C to the full I,mum\(ullﬂml;ﬂ e of nouse tie2L (F3-15, Xhol 20
insert). Three positive d that fulfilled the foll ow ng
criteria: i. MM¥URPation Had'nol' been*seen to the full | engt PCT/HMFHRPS
probe at normal stringency, and ii. hybridggati on was seen at | ow
stringency to both 5° and 3' probes. EcoR digestion of phage DNA -
obt ai ned fromthese clones indi cajed-twwo-independent clones with 25 insert
sizes of approxinmately 2.2kb and LﬁpﬂSSHEET$#¥;éEéN‘ The 2. 2kb EcoRl
i nsert was subcloned into the EcoR si tEﬁﬁPL@ft,élpth pBl uescript KS

-- pBMbscript Kgse in 008

(Stratagene) 7and A prasmid accordingSt TaiT8-desigrates
cells. Two orientations were identified for the manmal i an expr essi on

vector. The 2.2kbehoceding humabl Tt ligand2 W(ATCC Accession N 265963269
PCT/ US95/ 12935 - 48- deposi ted
with the ATCC on Decenber 9, 1994 and designated as pBl uescript KS

ssgfﬁg”zezﬂe Ee;i' gl Fonarting B Pan  grs °es'9na@m§f$5§$n fpﬂ&'gz
Wih either the cRBIERfighnd 1 (ATER AediofNg, 7583B)%s, Y, ™" °' ©

DEAE- dextran transfection protocol. Briefly, COS-7 cells were pl ated
at a density of 1.0 x 106 cells per 100 nm pl ate 24 hours prior to

transfectiong, For Anr deiated i TIE-2t ligand! sabstantially free of other proteins.

10. lsolated TIE-2 ligand according to claim 9 encoded by a nucleic

acid molecule according to claim 1 or 2.

11. A host-vector system for the production of a ligand according to
claim 9 or 10 which comprises a vector according to any one of
claims 3 to 8 in a host cell.

12. A host-vector system according to claim 11 wherein the host cell

is a bacterial, yeast, insect or mammalian cell.

13. A host vector system comprising the host vector system of claim
11 or 12 and a nucleic acid encoding the TIE-2 receptor.

14. A method of producing a Iigand as defined in claim 9 or 10 which
comprises growing cells of a host-vector system according to any
one of claims 10 to 12 under conditions permitting production of

the ligand, and recovering the ligand so produced.

15. An antibody which specifically binds the ligand of claim 9 or 10.

This Sheet Has Been Replaced
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This Sheet Has Been Replaced
10 were cultured in M cont ai ning 400 [err]g/n of DEAE-
dextran, 1 [err]Mchlﬁm E !Hmz nmvi glutam-ne, .and 1 [err]g of the
appropri atwolbydeor 3 [err]C in an at nospher e pefrisys/fiioberr] .
The transfection nmedi a was .aspi raheﬁ and replaced with phosphat e-
buffered saline with 10% DVSO for Fol l owi ng this DMSO 15 ™Shock"
the COS-7 cells were placed in

penicillin and streptonycin, | ands g1 Fl?gr 108/ ﬂnm ""l"""m,”m

Because the TIE-2 ligand is Becr etmﬂ.ib m&s necessary td l'1sze~

t he ceII e : eTept proetot |gand 20
Tr ansf ect C@#@gﬂc&d\ﬁgﬁg : 1 ﬁg %&@%@ Q 1mPene %acel | s per
100 mm pl ate. % I's were ri nsed with PBS and then incubated wth

PBS cont ai ni ng 1. ‘or nal dehyde for 15-30 m n. at room tenperature.

Cells were then washed with PBS and incubated for 15 mn. with PBS
containing 0.1% Triton X-100 and 10% Bovine Calf Serumto 25 perneabilize
the cell stand Al receptarbosdyewilfick specificallyibinds the ligand of relaimng oas

conducted by direct |ocalization of staining using a Tl E-2

recept or body, Mhi ch consisted of the extracel lular domain of TIE-2
fused to the 1gGlL constant region. This receptorbody was WO
96/ 11269 PCT/ US95/ 12935

-49-

18. An isolated nuclelc acid molecule encoding a receptorbody

according to claim 17.

19. A vector comprising a nucleic acid molecule according to claim
18. | | |

20. A vector according to claim 19 which is.a plasmid.

21; A plasmid accdrding to claim 20 designated vTIE-2 receptorbody
(ATCC Deposit VR2484).

22. A conjugate comprising a ligand according to claim 9 or 10 and,

conjugated thereto, a cytotoxic agent.

23. A conjugate according to claim 22 wherein the cytotoxic agent is

- a radioisotope or toxin.

24. A pharmaceutical _cbrhpc’:sition ‘comprising a TIE-2 ligand
| according to claim 9 or 10 and a pharmaceutically acceptable

carrier.

25. A pharmaceutical composition comprising an antibody according

to claim 15 or 16 and a pharmaceutically acceptable carrier.



prepared as set forth in p fected COS cells were probed

by i ncubating themfor 3Hﬂmnﬂum”“" RB. The cells were then

washed twi ce WOs/RBB i Xed wit h®*mefhahol, and then i ncubat edP¢HPS%(12935
additional 30 min with PBS/ 10% Bovi ne Cal fggeruntanti-human 1gG 5

al kal i'ne phosphat ase conjugate. After three PBS washes, cells were

I ncubat ed i n al kal i ne- phosphat ase substrate for 30-60 mn. The dish

was then inspected m croscopicall bf stai ned cells.

Cel |l s expressing one orientation g )t the other -
orientation, were seen to bind the sceprtor_body. 10 One of
skill in the art will readily see that t he descrlbed nmet hods may be
used to furtliag, i dephdrmaddutical ed:@mp@bsitmrbefmn?hsidge allreceptovbaody

famly. 15 Sequenci ng of second human TIE-2 |igand The codi ng
regi on fromthe clcserdiBgutsclaim K5 and cali phamaceutivally? acceptablgacarrigrmas
sequenced using the ABI 373A DNA sequencer and Taq Dyedeoxy Ter m nat or
Cycl e Sequencing Kit (Applied Biosystens Inc., 20 Foster City, CA). The

nucl eoti de and deduced ani no d se 0 uman TL E- and,.from
el e e o S s oA Yomprisind/ & bohidodte siabfahh

Fi gure 6. I T 25
Condi ti oned nedi a%’n&gzc%ﬁ I2-s§ §>‘<‘§r ésgﬁng el Pﬁt'éhlﬁlfz%:‘%%and%%%é

(TL2) or TIE-2 ligand 1 (TL1) were conpared for their ability to

activate TIE-2 receptors naturally present in a human endot helial cell
28. A ligand according to claim 9 or 10, an antibody according to

claim 15, a rebeptorbody according to claim 17, a conjugate
according to claim 22 or 23, or a composition according to any
one of claims 24 to 25 for use in a method of treatment of the
human or animal body, or in a method of diagnosis.

29. An antibody or receptorbody according to claim 28 for use in a

method of blot:king blood vessel growth in a mammal.

30. An antibody or receptorbody according to claim 29 for use in a

method wherein the mammal is a human.

31. A ligand according to claim 28 for use in method of promoting

neovascularization in a mammal.

32. A ligand according to. claim 31 for use in the promotion of wound

healing.

33. A ligand according to claim 31 for use in the treatment. of

ischemia.

cet Has Been Replaced
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e NI

Li pof ect anjvpaengggent (G BCO BRL,® Ific.) and recommended pr GicqggdoSiizoss Were .
used to transfect COS-7 cells with either the pJFEl4 expression ~vector
al one, pJFE14 vector containing gand 1 cDNA, 5 or with a.

t he hil®@h=-FrE=7 1]
pMI21 expressi on vector (Kauf anEt@S“ﬁ‘;'? Pﬁ"a\i Nat | . ~ Acad. Sci.
USA 82: 689-693) containing the fuman gePACEP gand P cDNA. CCS nedi a

contai ning secreted |igands were\haewested er three days and
concentr d 20- by, diaf.iltration, (D AELO u]trafiltratign o
menbr ane?,f'Amlgoﬁg‘gne}l'sa.goﬂ‘\%t g‘?far‘\‘ﬁﬁt & @38%{9 of 'Ehtbltmgaﬁlf--? dgando
TIE-2 |igand %&{‘@@enérﬁcénw%g,.nedi a was determ ned and expressed as

the amount (in res ! R U) of TIE-2 receptor specific binding
activity neasured by a Bl Acore binding assay. - Nort hern ( RNA)
anal yses reveal ed significant levels of TIE-2 15 transcripts in HAEC (Human

Aortic ErgBit heAn ant@gbhisthaceording 1torslaim 34ewhivhes ian artidody GhP&BIé cs,

Inc.). Therefore, these cells were used to exam ne whet hér TIE-2
receptor is tyfospeeifigallypibindingt ddEnBcreceptor.

36. An antibody according to claim 35 which is an antibody according
to claim 15 or 16. | - | q

37. An antagonist according to claim 34 which is a receptorbody

according to claim 17.

38. An antagonist according to claim 34 which is a ligand according
to claim 9 or 10.

39. An antagonist according to any one of claims 34 to 38 for use in a

method wherein the mammal is a human.

40. An antagonist according to any o_he of claims 34 to 39 for use in a
method of attehuating or preventing tumour growth in a human.

41. A method of maintaining a TIE-2 receptor expressing cell in
culture, which method comprises administering to the TIE-2
receptor expressing cell an effective amount of the ligand of

cléim 9 or 10.

42. A method according to claim 41 wherein the TIE-2 receptor

expressing cell is an endothelial cell. .
' ‘This Sheet Has Been
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exposed to COS nedia co Ili In | i gands. HAEC cells were

mai ntai ned in a conpl et gm leﬂ" ﬁlllum growt h nedi um (C onetics, 20

Inc.) that cowodeneres5% f'et dl bovlne® s€rum sol ubl e bovi ne br #oTESIENBES

10 ng/ M human EGF, 1 ng/m hydrocortison_& 50 ng/ m- gentamicin and 50
ng/ m anphotericin-B. Assessnent of whether“TL1 and TL2 could activate
TIE-2 receptor in the HAEC cel | s=was—dene—as—FaHrgws. Sem - conf |l .uent
HAEC cel | s were serum starved frrmm%jiEEﬁMSiBE&N jh- 25 gl ucose Dul becco's
MEM wi t h added L-gl utam ne and eni-ciFkﬁm.rACED stlf ept omycin at 37C

LA B3P A, 1 IOTEET T2, PRI et spyupotiog , o

| i gand- contal il ng co

5% CC2 i ncubat or ..cdmactiny e’ Expréasnsty ahe! TEYS abcaptor” 'vﬁth: 2

receptor protein was recdvered by imunoprecipitation of the WO
96/ 11269 a) a test compound; and PCT/ US95/ 12935

-51- | ysates with TIE-2 peptide antiserum followed by Western

bl otting wi th) anta digansh @acgordingetanclaiserirar i aundsgr gonditions bed in
exanpl e 1. The results_are shown i.n Figure 7. Phosphotyrosine |evels

on the TIE-2 r ec cpRnitting minding\of <the, k9 thecresaptor ANGEEAC cel | s
with TTE-2 5 ligand Lane L1) . but n b l|E-2 ligand 2 (Lapne L2) '
condi ti oned CCS 5!"'%%“?*’3%3#‘?&?&@&%8%9‘& ceég%?q sfected
with JFEL4 eMPLY ¥e&&fing with the binding of the ligand to the receptor.

44. A polypeptide produced by the method of claim 14.

45. A nucleic acid according to claim 1 or 18, substantially as

hereinbefore described with reference to any one of the foregoing

Examples.

46. A vectof according to claim 3, substantially as hereinbefore
described with reference to any one of the foregoing Examples.

47. A ligand according to claim 9, 10, or 28, substantially as
hereinbefore described with reference to any one of the foregoing

Exampiles.

48. A host vector system. according to claim 11, substantially as
hereinbefore described with reference to any one of the foregoing

Examples.

49. A method according to claim 14, 41, or 43, substantially as

hereinbefore described with reference to any one of the foregoing

Exampies.
' This Sheet Has Been Replaced
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Evi dence that both TL1 and TL2 specifically bind to the TIE-2 receptor 10
was denonstrated by using a Bl Acore to assay the TIE-2 receptor '
speci fic RypQkmfpgicti vities in transfected COS nedia and bypey 112935

I munost ai nlang of TL1- and TL2-expressing COS cells w-th T}(’El‘ms%l
receptorbod| es. 15 Because TL2 di d"RPAR - actixmte the TIE-2 receptor,

A

applicants set out to detesmre H m ghtJ um

serving as an antagoni st of i {ty. KAEC ph i"ﬂtulmuuLyS

ORI TR = g T eagaractnat prior

occupancyg @"tﬂlp @@Qﬁf@ﬂgd!% Q'E“ﬂl q"é\?&’ss‘bhs antially A% prevent

subsequent : : e receptor follow ng exposure to TL1
herdlniigtofo B8adinedt oo a

present at a tration. Sem -confl uent HAEC cells
were serumstarved as described above and 25 then incubated for 3 mn., at
37[err]Cwith 1-2 m. of 20X COS/ JFE14-TL2 ~condi tioned nedium Control
pl ates WB*E tr/ea*a%éﬁ drbedy0¥césKding Hod claim 1710y 28 Bulistaniiby -asThe pl at es
were renoved fromthe incubator and various dilutions of COS/JFE14-TL1
medi um wer e t thereinbifdre fdéscribed with rélereacehto anyc onet iofrthef foregoingt es
for 5-7 mn. at 37C. Cells were WD 96/11269
PCT/ US95/ 1293FExamples. - S :

52. A conjugate according to claim 22 or 28, substantially as ‘

hereinbefore described.

53. A composition according to any one of claims 24 to 27 or 28,
_ sqbstantially as hereinbefore described with reference to any one

of the foregoing Exafnples.

54. A TIE-2 antagonist according to claim 34, substantially as
hereinbefore described with reference to any one of the foregoing

Examples.

'55. A Iigandbddy which specifically binds the. TIE-2 receptor or the
receptorbody of claim 51.

56. A ligandbody which comprises a TiE-2 ligand fused to an

immunoglobulin constant region. .

57. The ligandbody of claim 56 wherein the TIE-2 ligand is TIE-2
ligand 1 or TIE-2 ligand 2 and the immunoglobulin constant region

is the Fc portion of human Ig‘G1.'
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-52- subsequently rinsed, |ysed and TIE-2-specific tyrosine

phosphoryl ati on in the | ysates was exam ned by receptor

| munopr eci pi MO 966i126nd. Western blotting, as described abRRUSIN293S
dilutions were nade using 20X COS/ JREg#=TL1 nedi umdrtuted—to-—2X—
O 5X, 0.1X, or 0.02X by 5 .addition of 20X COS/ JFE14- al m An
assay of the initial 20X TLlca redi a,ﬁﬁlﬂ@& l"L
bi osensor technol ogy i ndi cat dmlba;HagreyAgaE(Erm f
Tl E- 2- speci fi o bi ndi ng acti vtl es, REPB\GEEAS . and 511 R U for TL1
and TL2, - 58l eSAChigaNEbddy HeQotSTHG o  CIamS 185018 b ' fsrP 186 YinOa! methéd Lfr n
bl ot , 10 shown in FiQure 8, |nd| cat€ that when corrpared to prior treatnent
of HAEC cel | treathbntigfitheehuman( baranifal hodyrot irea methodf ofHAEC cel | s

with excess TIE-2 ligand 2 (lane 2) antagonizes the subsequent ability
of dilute TIE-2 | diggnosisto activate the TIE-2 receptor (TIE2-R). 15
These data indicate that, unlike TL1, TL2 was not able to stinulate
TIE-2 receptor Kkinase acti vi ty in HAEC cells. Furthernore, pre-

fol I oned by 581 t oMo, o srestingh & nua) i SRERERSLBlet GoRiarbis e

ExaveLE o 1 penApafisiitg OB 4T siedegt B AHocTReRaiodtht 868" fandf

I N CONDI T 0\'ED VERLSBAdINY toTBlaiihld &URORNW ANtibody according to claim 15, a
receptorbody according to claim 17, a conjugate according to
claim 22 or 23, or a composition according to any one of claims
24 to 27. |

60. A method according to claim 59, the method being as defined in

any one of claims 29 to 40.
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25 Bi ndi ng activity of 10x CCM fromthe cell lines C2Cl1 2 ras, Rat2 ras,

SHEP, and T98 cos cell supernatants after transfection w

huran TIE-2 1V ﬁﬂa 2fg(hTLl) or human TIE-2 ligand 2 (hTL2) wad é}nﬂg’%‘(@%{ired
usi ng bi osensor technol ogy (Bl Acore; Pharnmaci a Bi osensor, Pi scat away,
NJ) which nonitors bionolecular interactions in real-tine - WO
96/ 11269 : 1113 PCT/ US95/ 12935

-53- “via surface plasnon resonance (SPR). Purified rat or hunman
TIE-2 RB was coval ently coupled through primary am nes to the

car boxynet hyl ~dextran | ayer of a CMb research grade sensor chip
(Pharmaci a Bi osensor; Piscataway, NJ). The sensor chip surface was
activated 5 using a mixture of N hydroxysuccinimde (NHS) and
N-ethyl-Nerr]-(3- di met hyl am nopr pgi quodi i mde (EDC), followed by
i mmobi | i zation of TIE-2 . pH 4. 5) and deactivation of
unreacted sites with 1.8 gener al ,

9000- 10000 RU of each I
The running buffer used in t
NaCl, 0.005% P20 surfactant,
15 mn at 4[err]C and furthe
binding 0.45 [errImfilter (
15 P20 surfactant (0.005%
[err]L

sensor chip. 10
150 nM

rifuged for
pr ot ei n-

n (2ng/ M) and
ots of 40

r EHK-1 ecto/h IgG1 Fc
Gelfoam (6ug)

Fig.1B.

r TIE-2 ecto/h IgG1 Fc
Geltoam (6ug)
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were injected across the imobilized surface (either rat or human

TIE2) at a flowrate of 5 [err]L/mn and the receptor bindi ngcrmeses12935

moni t or ed fgodkmieed. The binding activity (resonance units, RU was
sreasured as the difference between a baseline value determned 30 s 20
prior to the sanple injection and a neasurenent taken at 30 s post-
injection. Regeneration of the surface wggy43cconplished with one 15-
[err]L pulse of 3 MMC [err]. The CCM sanples (C2Cl2 ras, Rat2 ras,
SHEP, T98G were tested on the 25 rat TIE2 RB imobilized surface, while
t he reconbi nant hTL1 and hTL2 were tested on the human TIE2 RB

i mmobi li zed surface. In each case, specific binding to the TIE-2
recept orbody was eval uated by i ncubating the sanples with 25 [err]g/m
of either soluble TIE-2 (rat or human) RB or WD 96/ 11269

PCT/ US95/ 12935 - 54- trkB RB
prior to assaying the binding activity. As shown in Figures 9 and 10,
the addition of soluble trkB RB causes a slight decrease in the TIE-2
bi nding activity, while the addition of soluble TIE-2 RB significantly
reduces the binding activity as corrpared tothat 5 neasured in the -
absence of TIE-2 RB.

Fig.2.

Bst X1~ Xho
Pst1 = Not1 - Sfi 1

SUBSTITUTE SHEET (RULE 26)



EXAVPLE 11 - TIE-2 RB SPECI FI CALLY BLOCKS ACTI VATI ON OF THE
Tl E- 2 RECEPT. E-2 LI GAND 1 10 The applicants sought t }a8€
Fods At

whet her sol u 2 RB can serve as a conpetitive inhibrtor to block
activation of TIE-2 receptor by TIE- Bfiyand 1 (TL1). To do this,
TL1-contai ning COS nedia were prei ncubated with either TIE2- or
TrkB-RB and then conpared for their ability to activate TIE-2
receptors naturally present in a hunman 15 ft't':c' cell line. -
Condi ti oned COS nedia were generated fropm COS™7 N% transfected W th
ei ther the pJFE14 expression vector alonp (MXCK), or pJFE14 vect or

containing the human TIE-2 ligand 1 olNAJ (TL1) and harvested as 20 _
described in Exanple 9 herei naboxe, eIt he exception that the media
atgd. The quantity of TL1 was

were sterile filtered but not concC

det erm ned and expressed as the anpurgy (J++B000 Miadlunits, R U.) of

TIE-2 receptor- specific binding g@ nmeasur ed by Bl Acore binding
assay. 25 Nort hern (BN _aggN=es—rkveal ed significant |evels of TIE-2
transcripts in HUVEC (Hur@im Onbl i@ e—veg-a- 38580 'Bam#] Cel |) human

primary endothelial cells (C one@g,—-—i— .). Therefore, these cells were

- 34740 Smal -
336

c a.

< ; -
2 52 O Bqlll 33610 BqlLTI
E - 32710 EcoRI
E 5z | 32470 HindIM
3130500 BamHI
e= 5. 98— /59500 Xhol
5 29240 Sal]

bet
|

28750 Sall
27620 Smal

exo

EaB5

23970 Bami
30 Hind
S4% BT

22350 BamHlI

Fig.3.
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WD 96/ 11269 ' PCT/ US95/ 12935

- 55- exam ne whether TIE-2 receptor can be tyr g
phosphoryl at ed \Aﬂengexposed in the presence of TIE2- or TrkB- [5%%!5135/12935
COS nedia containing TL1. HUVEC cells were maintained at 37[err]C, 5%

CX2 in a conpl et endothellal cell grow: dium (donetics, Inc.) that 5
cont ai ned 5@6fet§: e serum sol ubl e ne brain extract with 10

ug/ M heparin, n1 ‘human EGF, 1 ug/m hydrocortisone, 50 ug/ ni

gentami cin and 50 ng/m aMphot ei ci n-B. Assagsnentsoof wet her L1 80

coul d activate TIE- &»&@&@M&&&hﬁk&fé@&&%ﬂ&@m&@h&m&

Confl uent di shes of HUVEg}ceII o\/verensuprumstarvegofor f o gour &9 hour s
in | ow glucose Dul becco' s-MEM & 37[ érr] C, 8% cae' P ol | owed b 10 .

m nut e |ncubat|on|l?%ﬁ%WWﬁ?W%H“ﬁ%GFHFWFHaF*PH&FU&E&“UW%“WWHﬁﬁaMﬂﬁ“W

ort hovanadate, a potent i#hi b| isor of mhospheed yr osmsle prmsphataases 240
Meanwhi | e, conditi onggd , a 3 'qghma
tenperature with either I m . e

starvation nmedi um was th%‘ﬂ rerrif?ed f?’am t hé"’ﬂ—lUVEC?’ﬂl she‘aoo and M jincubated
wi th the RB-cont ai nicmg A . KT gtcAREAEIe el mmiadUVEC
cells were subsequently Iysed and TIE-2 receptor proteln was ¥ Trecovered
by i nmunopreci pitationznth This-2 peptisde antis®rum 36 followed by
Vestern bl ot ting wi tohy 88 M +HeS PR QY EQSdd Grddt hAQYY ara 3% 00 racdfSGE! Ded i n
Exanple 1. The resul¢s rare shomnai rr FLguweallt 1 T Phosphokyrosine-| evel s
on the TIE-2 receptor yyere |ng“ced by 400 tregment of;,oHUVEC Ggalls with
TIE-2 ligand 1 (TL1) relatlve to th . seen mnth control nedlun1(N(I%Q
and this induction iI's SETIH Eﬁl'ﬁ/m‘m "BIGRES DR P @ wneubAt Eon, wi th

TI E2- RB (TI E2- Fc) but Jot by %Q |ncu%EB|on mn TrkB—B? (TrkB,fc). These

‘data indicate that soI‘ubI e sTIE-2 can serve as a selective inhibitor

TAGf ACT CTT CCA GAA CAC GAT GGC AAC TGT CGT GAG AGT ACG ACA GAC CAG TAC
to block activation yf‘l‘ Fﬁ? E H D 6 N € R E S T T D Q Y>

500 510 520 530 540 550
L] L] L - L] .
AAC ACA ARC GCT CTG CAG AGA GAT GCT CCA CAC GTG GAA CCG GAT TTC TCT TCC CAG AAA
N T N A L Q R D A P H V E P D F 8§ s Q0 K
560 S70 580 590 600 610
CTT CAA CAT CTG GAA CAT GTG ATG GAA AAT TAT ACT CAG TGG CTG CAA AAA CTT GAG AAT
L ¢ H L E H VvV M E N Y T Q W L 0 X L E N
620 530 640 650 660 670
TACA’I'TGTGGMAACA‘IGW'ICGGAGATGGCCCAGATAQGQGMTGCJ\G’ITCAGMC
Yy I Vv E N M K $§ E M A Q I Q © N A VvV 0 N
680 690 700 710 720 730
L d * * * L] .
CAC ACG GCT ACC ATG CTG GAG ATA GGA ACC AGC CTC CTC TCT CAG ACT GCA GAG CAG ACC
H T A T M L E I 66 T S8 L L § Q@ T A E Q T
740 750 760 770 780 790

900 910

L 4 L £ d I -
GAA ATC TTG AAG ATC CAT GAA AAA AAC AGT TTA TTA GAA CAT AAA ATC TTA GAA ATG GAA
E L ¥ I H E K N S8 L L - E H X I L E M E

920 930 940 950 960 970

- L] - L L] L]
GGA AAA CAC AAG GAA GAG TTG GAC ACC TTA AAG GAA GAG AAA GAG AAC CTT CAA GGC TTG
G X H XK € E L D T L K E E K E N L 00 G L

980 990 1000 1010 1020 103¢C
GTT ACT CGT CAA ACA TAT ATA ATC CAG GAG CTG GAA AAG CAA TTA AAC AGA GCT ACC ACT
vV T R Q@ T Y I I Q E L E K @ & N R A T T

1040 1050 1060 1070 1080 ) 1G9¢

. L4 N - L] P 4 »



receptor by TIE-2 ligand 1. WD 96/ 11269
PCT/ US95/ 12935 - 56- E
12. - CONSTRUCYPSOYIHET| E- 2 LI GANDBODI ES An expr essi on J&TﬂW%s

created that would yield a secreted protein consisting of the entire
codi ng sequence of human TIE-2 ligand 51 _(TL1) or TIE-2 ligand 2 (TL2)
fused to the human i nmunogl obulin ga 1 constant region (1gGlL Fc).
These fusion proteins are called TIE-2 "ligandbodi es" (TL1-Fc or
TL2-Fc). The Fc portion of TLI1- and TL2 Fc was prepared as foll ows.
A DNA fragnent encoding the Fc rg 'Tlu n | gGL that spans from
the hinge region to the carboxy- "teérm nus of the protein, was anplified
from human pl acental cDNA by PCR wi t h ol i gonucl eoti des correspondi ng

to the published sequengge of 110 hurranuiogGl' e resukidd ng DNiwsé r agnent
was cloned in a plasm g \(_f.\,c;tp 631 bk Ghal Ak ERONMENE S
froma plasm d encodi nge ful k- 7 'l engt rﬁ#ﬁﬁ%&%‘ém %]Fom tehe& heinman

| gGlL Fc plasmid were |iggfed onhd eithgr sidg.ef a sm(;t PCRyfgr i ved

fragnent that was designed so_as‘to ‘fuse |n fra a__kl Qe ;I:_Ilrz W th
. Ab'r
human 1gGlL Fc protei n-%Todﬁ“ncécT?%Teﬁﬁgﬁc%as?? P X Y Is
' 1220 1230 1240 1250 1260 1210

TAT ATT AAT AAT ATG CCA GAA COC AAA AAG GTG TIT TGC AAT ATG GAT GTC AAT GGG GGA
Y I N N N P E P K K V F € N M D V N G 6

1280 1290 1300 1310 1320 1330

GGT TGG ACT GTA ATA CAA CAT CGT GAA GAT GGA AGT CTA GAT TIC CAA AGA GGC TGG AAG
G W T VvV I Q H R E D 6 § L D F Q R G W K

1340 1350 1360 1370 1380 1350
- -* [ ] L] .

GAA TAT MAA ATG GGT TTT GGA AAT CCC TCC GGT GAA TAT TGG CTG GGG AAT GAG TTT ATT
E. Y K ¥ 6 F G N P S G E Y W L G N E F I

1400 1410 1420 . 1430 1440 1450
L . . . - .

TTT GCC ATT ACC AGT CAG AGG CAG TAC ATG CTA AGA ATT GAG TTA ATG GAC TGG GAA GGG
F A I T S ¢ R Q ¥ M L R I E L M D W E G

1460 1470 1480 1490 1500 1520
- . L] * - L]

AAC QGA GCC TAT TCA CAG TAT GAC AGA TTC CAC ATA GGA AAT GAA AAG CAA AAC TAT AGG
N R & Y § Q Y D R F H I G N E K Q N Y PprR

1529 1530 1540 1550 1560 1570

TTG TAT TTA AAA GGT CAC ACT GGG ACA GCA GGA AAA CAG AGC AGC CTG ATC TTA CAC GGT
L ¥ L X 6 B T 6 T A 6 %X Q § 8 L I L H 6

1580 1550 1600 1610 1620 1630

GCT GAT TTC AGC ACT AM\ GAT GCT GAT MAT GAC AAC TGT ATG TGC AAA TGT GOC CTC ATG
A D F S T X P A D N D N C M C K C A L »

1640 1650 1660 1670 1680 1690
- . . * .

TTA ACA GGA GGA TGG TGS TTT GAT GCT TGT GGC CCC TCC AAT CTA AAT GGA ATG TIC TAT
L T 6 6 W W F D A C G P 8§ N L N GG M F Y

1700 1710 1720 1730 1740 1750
- * L4 . L] *

mcccecnmmfcmmmmammmnmmcac'm:mmocsccc
T A G Q N H G XK L NN 6 I X W H Y P XK G P

1760 1710 1780 1790 1800 1810

mrmmnatmmmmamammwmccrﬂamfmmmmam
§ ¥ 8§ L R § T T M MM I R P L D F

1820 1830 1840 1850 1860 1870 1880 190
CACAAGCGATTATGAMMICAACAAGAAATCOCGAGAAGCTOOCAG TGAGAAACTGTTTGAAAACTTCAGAAGEMACA
1900 1510 1920 1530 194&3 1950 1960 1970
AT;mmT;mm ATGTGAMGTCACCAAGGTTCTTGACCGTGAATCTGGAGCCGTTTGAG
1980 1990 2000 2010 2020 2030 2040 2050
WAMWWATWW AAAA
206? 207? 203? 209? 21 Oe 21 1? 212? 21 3(3

AGGGAAGAAACTGCTGAGCTTGC TG TG T TCAAACTAC TACTGGACCTTAT T TTGGAAC TATGG TAGCCAGATGATAAAT

2140
L]

- ATGGTTAATTTC
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Mt ligram quantities of TL2-Fc were obtained by cloning the TL2-Fc 20 DNA
fragnment int %é 4_1393 bacul ovi rus vector and subsequently :
e gl i PCT/US95/12935

infecting th era frugi perda SF-21AE insect cell line.

Alternatively, the cell line SF-9 (ATCC Accession No. CRL-1711) or the

cell line BTlI-TN-5bl-4 may be used. DNA encoding the TL2-Fc was cl oned
as an Eco Rl - Notl fraWFri 50 the bacul 6¥13us transfer plasnid 25
pVL1393. Pl asm d DNA wds b ined into viral DNA by m xing 3 ng of

plasmd DNA with 0.5 ng of Bacul o-Gold DNA (Pharm ni gen), foll oned by
I ntroduction into |iposones ysi ng 200y Lippofeghin (& BCO g BBL) 80
DNA- |.i posome mi xt ures 1AE cetl s '!‘AA:I:\OG N $(80Mm
dish) in TWMN-FH nedi um“%a f‘ a gace S Insec

96/ 11269 100 110 120 130 pCT. ,‘1‘.’1895/ 152935 160
-57- Medi um (G W&W{m&@m@m

I ncubation at 27[ err] Cyfoor 5ygplays Joid TMNpdH maghi um gadppl epgant edapvi t h

5% fetal calf S e A L R RS RN ES el QacRl B ©
purification of I nant Vviruses Ich was carried out using

met hods previously 5 descF’Ebed ¥o Relﬁ’?y, B’P E"’K M"’EI er, %hd V. A
Luckow, Bacul ovirus ! aci992,

New York: WH. Fr eenan) except that ‘t he agar ose . overI ay conf‘al’?‘led 125
ng/ nL X- gal (5- br on2%- chl oP¥- 3-i nda#oyl - b- Begal acP¥pyr anosi’de;
G BCO BRL) . GTT TIC CTT TCC TTT GCT TIC CIC GCT GOC ATT CTIG ACT CAC ATA GGG TGC AGC AAT CAG

v F L 8§ F A F L A A 1 L T R I 6 C S N O

380 30 400 410 - 420 430
L . - - L]

CGC CGA AGT CCA GAA AAC AGT GGG AGA AGA TAT AAC CGG ATT CAA CAT GGG CAA TGT GCC
R R § P E N S G R R Y N R I Q H G Q C »

440 450 460 470 480 450
- - - L *

TAC ACT TIC ATT CTT CCA GAA CAC GAT GGC AAC TGT CGT GAG AGT ACG ACA GAC CAG TAC
Yy T F I L P E W D G N C R E S T T D Q Y

500 510 520 530 540 550
AAC ACA AAC GCT CTG CAG AGA GAT GCT OCA CAC GTG GAA OCG GAT TIC TCT TCC CAG AAA
N T N A L Q@ R D A P H V E P D F § § 0 K

560 570 580 $90 600 610

. . . . - -
CTT CAA CAT CTG GAA CAT GTG ATG GAA AAT TAT ACT CAG TGG CTG CAA ARA CTT GAG AAT
L ¢ R L E H vV M E N Y T Q W L Q@ X L E N»

6§20 §30 640 650 6§60 670

. . - L .. . L]

GAAA‘!C‘!'NWA‘ICCATGMAMAACAGT‘I’TA‘!T GAA CAT AAA ATC TTA GAA ATG GAA
K E K N S L L E H K I L E K ©B

980 990 1000 lOlG 1020 10}0

G'I’TACTCCTCJ\AACATATATAATCCAGGAGCIGGAAAAGCMTTAAACPGAGC"ACCACC
v T R QO T Y T I Q E L E X Q L H R A T T»

1040 1050 1060 1070 1080 1090

AAC AAC AGT GTC CTT CAG AAG CAG CAA CTG GAG CTG ATG GAC ACA GTC CAC AAC CTT GIC
vV L ¢ K © @ L E L ¥ D T V H K L V.



Af"ter 5 days of incubation at 27[err]C, non-reconbi nant plaques were 10
scored by pos ronogeni c reaction to the X-gal substrat %‘
their positions marg& Reconbi nant pl aques were then visuali g"e‘éﬁ@ §/12935
addition of a second overlay containing 100 ng/nL MIT (3-[4,5-

di met hyl t hi azol - 2-yl ] 2, 5, di phenyl tetrazol i ym brom de; Sigma). Put ative
reconbi nant virus plaques were picked by p7dd3asp| ration, and 15 purified
by multiple rounds of plaque isol at ion to assure hom)genel ty. Vi rus
stocks were generated by serial, Qdﬁf age of

pl aque-purified virus. Low passage @ f; clone (vTL2-Fc

Cl one #7) were produced. 20 SF- 21A cel I s were cultured in serumfree

medi um (SF-900 11, G bco 1100 BRU} cont aitxag ng 1X::3@nti bi a1 c/ ant By cotic

solution (G bco BRL) an Qa2 oo acr AR SRR SYGI B OR0O. BRba\ cxaBhliéORirC F- 68
was added as a surfactant * ¢ To*af®fithal donteftrcaty ok & BlgfL* Culfures

(4L) were raised in a neobi or emat or (Amkd san Gadol St atieon Systae) for at

least three days prior 28 adRr bdliofin 98- cu @l ki WELE NGV Bk 2 AEElE b W th
gassing to 50 % di ssolvedd o ¢ 20xygen,y ab a gasfflcow rate of 8OTnM/ men

(aeration at a sparge rinRgyp. 1230A0I t at j2e0 Was B¢ NMeangedf a mghd ne

I npeller at a rate of 1Q,lqhﬁrommmm%ﬂ{§w&g1pta‘@/ §t§§dﬂﬁ O Wedad & &[‘rltth'

growth phase (-2 X10 6 Gel&sw» , kCANCener at yvcentu ugati on,
and infected with 5 pl aqlﬂﬁo 1290 VWho96/ 11269 1320 1330
PCT/ US95/ 12935 . . * -58- ¢ 06 2AG O

MACTGTAATACAACA\TCGTGMGAT@AGTCTAGA TTC CAA AGA GGC
W T VvV I Q H R E D 6 S L D F Q R G W K E>

1340 1350 1360 . 1370 1380 1390

TAT AAA ATG GST TTT GGA AAT CCC TOC GGT GAA TAT TGG CTG GGG AAT GAG TTIT ATT TIT
Y X M 6 F G N P S G E Y W L G N E F I P>

1400 1410 1420 1430 1440 1450

GCC ATT ACC AGT CAG AGG CAG TAC ATG CTA AGA ATT GAG TTA ATG GAC TGG GAA GGG AAC
A I T 8§ Q R QO Y M L R I E L M D W E G N>

1460 1470 1480 1490 1500 1510

CGA GCC TAT TCA CAG TAT GAC AGA TTC CAC ATA GGA AAT GAA AAG CAA AAC TAT AGG TTG
R A ¥ § Q ¥ D R F H I 6 N E X @ N Y R L

1520 1530 1540 1550 1560 1570

TAT TTA AAA GGT CAC ACT GGG ACA GCA GGA AAA CAG AGC AGC CTG ATC TTA CAC CGT GCT
Y L K 6 H T 6 T A 6 K Q@ s s L.I L H G »

1580 1590 1600 1610 1620 1630

GAT TTC AGC ACT AMA GAT GCT GAT AAT GAC AAC TGT ATG TGC AAA TGT GCC CTIC ATG TTA
o0 F 8§ T X b A D N D N € M C X C€C A L ¥ L

1640 1650 1660 1670 1680 1690

ACA GGA GGA TGG TGS TIT GAT GCT TGT GGC CCC TCC AAT CTA AAT GGA ATG TIC TAT ACT
T 6 6 W w F D A C G P § N L N G M F Y T

1700 T 1me 1720 1730 : 1240 1750

GCG GGA CAA AAC CAT GGA AAA CTG AAT GGG ATA AAG TGG CAC TAC TTC AAA GGG CCC AGT
A G Q N H G K L N & I X W H Y F K G P S

1760 1770 1780 1790 1800 1810

TAC TCC TTA CGT TCC ACA ACT ATG ATG ATT CCA CCT TTA GAT TTT TGA AAGCGCAATGTCAGAA
¥y 8§ L R § T T M4 M 1 R P L D F *>

1820 1830 1840 1850 1860 1820 1880 1890
GCGATTATGAAAGCARCAAAGAAATCCGGAGAAGCTGCCAGG TCAGAAAC TG TTTGAAAACT TCAGAAGCAAACAATATT
1900 1910 1920 1930 1940 1950 . 1960 1970

GTCTCCCTTCCAGCAATAAGTCGCTAG TTATGTGAAG TCACCAAGG TTC TTCACCCTCAATC TGGAGCCGTTTCAGTTC AL
1980 1990 200(.1 201? 2020 2039 ZDGI.J 2050

AAGAGTCTCTACTTGGCGTCACAGTCC TC ACCTOGC TCCAC TATAGAAAACTCCACTGACTCTCCGGCTTTAAAAAGSS A
5060 2070 2080 2090 2100 2110 2120 2130

AGAAACTGCTGAGC TTGCTC TCC TTCAAACTACTACTCCACCTTATTTTCCAACTATCG TAGCCAGATCATAAATATC S

2140

TARTTTC

| S"Bsmltsmr(mm)



fo"rm' ng units of vTL2-Fc per cell. Cells and inocul umwere brought to
400m. with frﬁﬁfb oum and virus was adsorbed for 2 hours at

i, a spinner Iadéqu?he culture was then resuspended in a fi naT v’gﬁjs}’r%gs
of 8L with fresh serumfree nedium and the cells incubated in the 5

bi oreactor using the previously describe ondi tions. © CQulture
medi um from vTL2- Fc- i nf 8931@:21AE cel e collected by
centrifugation (500x g, "1 Utes) at 72 hours post-infection. Cell

supernatants were brought {0 pH 8§ with;NaOH [EDTA wgs addggd to 3,10 fgp nal

concentration of 10 mvl and ‘t he super nat ant was readjusted to * 8:
Supernatants were filtere MWW%M IGAGAGGANCAAA

protein A colum (protein R sepﬁepr ose 14°fast12f’l ow 0 Hi Trleg) prosein Ao
; : . TBTGACAC

bot h from Pharnaci a) . RAACHRARE.Ehody 3 3 M
NaCl until the absorbance t 28 nm d ease to b eI in The col
was washed in PBS and el ut@d Wi t q?‘f 0.5 acetzqo aci g‘% Col u %20 2:']{f}rractl(gns

were i medi ately neutm%mmwwmwmmeﬁmmu s
pH 9. The peak fractions esntai réong theo TL2-Js6 290er e paol ed sand disad yzed
versus PBS. 1R ceracceraceexmesec eI TR
PCT/ US95/ 12935 ' -59-
33? 34? 35(.) 369 37(‘) 380
mmmanmmm ATG TGG CAG ATT GTT

TIC TIT ACT CIG AGC TGT
M W Q I v F F T L s C>
390 400 410 420 430 240
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DE]DOSI TS The foll ow ng have been deposited with the Anmerican

Type Cul (bl ection, 12301 Parklawn Drive, Rockville, be% L@%
20852 in 5 a%'(kzyt’)rdan%e with the Budapest Treaty. A plasmd cl oPne eér%c ?%g a
TIE-2 | i gand was deposited with the ATCC on Cctober 7, 1994 and

desi gnat ed TIE-2 and" under ATCC Accession No.
75918. Recoﬁ @ﬁAﬁtm:taacal | fo% a bacul ovirus encoding TIE-2
receptor body was depd%ited Wah the RFCC on W@t ober 1750 1994 &fd 10

desi gnated as "VTl E-2 xecaph@rerbRyiic tiades s ToGri\ee a6Sich RadNa oot anc MRE484.
A | anbda phage vector con€aihi Mg hufart tke-2 #i garfd DNA whsS A Xdepostted
with the ATCC on COctoher 26, 118894 andisdesi gnat:ed as [ierr ] gt 1Q2z2e encodi ng

htie-2 ligand 1 under H%&q%&%wa TRIZR. 2P lnBSd% aa ora ToCAAR B coa
encodi ng a second TIE-2 | vgandrwas eemosttad v kh o he ATGC on 45 «xDeserber

9, 1994 and desi gnat ggl, as "p%yescn Q;SOKS enclggy ng hypmn 13dE 2 1igand
2" under ATCC Accessi on No. present invention is not

to be limted'in SCOpe%ﬁ?fé “ﬁTp% i*fq ®E Ace "Mf;'ﬁd'ﬁi ‘fﬁéﬁfsméléﬁccﬁ“ RS TharTh.

| ndeed, vari ous nDdlflcatlons of the 20 |nvent|on in addition.to those

descri bed herein wil¥ %ecorreng‘bparentmfo PHose skl ed i *¥he art from
the foregoing descri pt%ﬁc‘laﬂdhgfw ﬁ?mgumsm SGEp PFB‘dW F&‘!‘aﬁﬁ ons
are intended to fall wi'thin tthe® scope of the appenéec? claifs”
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60 CLAI V5 An isol ated nucleic
aci d nol ecul ipnpg a TIE-2 |igand. 2. An i sol ated nucl.g] I

mal ecul e acc%&r}ﬁ@iy[‘ claim1l wherein the nucleic acid sequenw&hgﬁ
(a) the nucleic acid sequence conprising the coding region of the

human TIE-2 ligand as set forth in Figure,4 qQr Figure 5; (b) a

nucl ei ¢ aci d sequence that hybridizes undmlﬁoderat ely stringent
conditions to the nucleic acid sequence of (a) and whi ch
encodes a TIE-2 ligand that binds TIE-2 receptor; or (c) a nucleic
aci d sequence which, but for the degeneracy of the genetic

code, would hybridize to a nucleic acid sequence of (a) or _
(b), and which encodes a TIE-2 ligand that binds TIE-2 receptor. 3. An
i sol ated nucleic acid nol ecule according to claim2 wherein the encoded .
TIE-2 ligand is a TIE-2 agoni st. 4. An isol ated nucl eic acid nol ecul e
according to claim1l wherein the nucleic acid sequence is (a) the
nucl ei ¢ acid sequence conprising the coding region of the '

Fig.7.

Mock L1
TIE2-R >
Fig.8.
20 x Mock 20x L2
+ +
0.1 xL1 0.1xL1
TIE2-R >




human Tl E- 2 ligand as set forth in Figure 6; (b) a nucleic acid
sequence t hat l,di-zes under noderately stringe Lt ons
ta the nucl ei ﬂ%‘?lldgdgequence of (a) and which enc%@gggﬂﬁséi
| igand that binds TIE-2 receptor; or (c) a nucl ei c acid sequence
whi ch, but for the degeneracy of the genetic code woul d
hybri di ze to a nucl eic acid sequence of a$f13w - (b), and which
encodes a TIE-2 ligand that binds TIE-2 receptor.
61 5. An isol ated nucleic acid nolecule according to claim4 wherein the
encoded TIE-2 ligand is a TIE-2 antagoni st. 6. A nucleic acid nol ecul e
whi ch is degenerate of a sequence of claim2 or 4 and encodes a |ligand that
binds the TIE-2 receptor. 7. A nucl ei ¢ acid nol ecul e which hybridizes
under noderately stringent conditions to a sequence encoding a TIE-2 |igand
as set out in Figure 4, 5 or 6. 8. A vector which conprises a nucleic
acid nol ecul e of any one of the . .

‘Fig.9.
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préceding cl ai ns. 9. A vector according to claim8 wherein the nucleic
aci d nol ecul egyj atively linked to an expression control

capabl e of di‘r’deocsz%‘?lggggi ts expression in a host cell. -~ 10. A m@gﬁ”ﬁ
according to claim8 or 9 which is a plasmd. 11. A plasm d according to
cl ai m 10 desi gnated pJFE14 encodi ng TIE—i kﬂgand (ATCC Accession No.

75910) . 12. A plasmd according to cl 2 310 desi gnat ed pBl uescript KS
encodi ng human TIE-2 |ligand 2 (ATCC Accessi on No. 75963). 13. A vector
according to claim8 or 9 designated as [err]gtl0 encoding hTIE-2 ligand 1
(ATCC Accession No. 75928). 14. An isolated TIE-2 ligand substantially

free of other proteins. _
Fig.10.
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62 15. An isolated TIE-2 ligand according to claim 14 encoded by a

nucl eic acid nol ecul e according to claim 1. 16. An i sol arew/Usysn293y i gand
accordi ng twoeé/ti262 14 encoded by a nucleic acid according to claim2 or 3.
i17. An isolated TIE-2 |ligand according to claim214 encoded by a nucleic
acid according to claim4 or 5. 18. A aost-vect or systemfor the
production of a ligand according to ar@la e of clains 14 to 17 which :
conprises a vector according to any one of clains 8 to 13 in a host cell.
19. A host-vector system according to claim 18 wherein the host cell
bacterial, yeast, insect or mammalian cell. 20.
conpri'sing the host vector systemof claim18 or 19 and a nucleic. acid
encoding the TIE-2 receptor. 21. A nethod of producing a |igand as

defined in any one of clains 14 to 17 which conprises growing cells of a
host -vect or system according to any one of

is a
A host vector system

Fig.11.
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cI aims 18 to 20 under conditions permitting production of the Il’g?nvd
redovering the. Tigand so produced. 22. An antibody which speci djas I'S/ ’/7953

bixnds th e of clainms 14 to 17. 23. An antl body
accor di ”3' Ilimﬂ | wwmph i s a nonocl onaé0 ant i body. i

3
THI S SHEEF HAS BEBEN s 63~ 24 ?'A' ;"305
receptorbody which specifically binds the Iigand of any one of clainms 14 to
17. 25. An isolated nucleic acid nol ecul e encodi ng a receptorbody

according to claim24. 26. A vector a@HApAilSMng a nucleic acid nol ecule
according to claim 25.

1. An isolated nucleic acid molecule encoding a TIE-2 ligand.

2. An isolated nucleic acid molecule according to claim 1 wherein the
‘nucleic acid sequence is:
(@) the nucleic acid sequence comprising the coding region of
the human TIE-2 ligand as set forth in Figure 4 or Figure 5;
(b) a nucleic acid sequence that hybridizes under moderately
stringent conditions to the nucleic acid sequence of (a) and
which encodes a TIE-2 ligand that binds TIE-2 receptor; or
(¢) a nucleic acid sequence which, but for the degeneracy of the
genetic code, would hybridize to a nucleic acid sequence of (a)
or (b), and which encodes a TIE-2 ligand that binds TIE-2
receptor. '

3. An isolated nucleic acid molecule according to claim 2 wherein the
encoded TIE-2 ligand is a TIE-2 agonist.

4. An isolated nucleic acid molecule according to claim 1 wherein the
% nucleic acid sequence is

(a) ‘the nucleic acid sequence comprising the coding region of
the human TIE-2 ligand as set forth in Figure 6;

(b)  a nucleic acid sequence that hybridizes under moderately
stringent conditions to the nucleic acid sequence of (a) and
which encodes a TIE-2 ligand that binds TIE-2 receptor; or

(¢)  a nucieic acid sequence which, but for the degeneracy of the
genetic code would hybridize to a nucleic acid sequence of (a)
or (b), and which encodes a TIE-2 ligand that binds TIE-2
raceptor. '

_ N:70494A(PCTVOMG:AB:a0 Mav 1996

sesT eI )

dl‘VTEN EB (gintog] mhllu.... i



27. A vector according to claim26 which its a:plagmd:-v 28.-e A.,pl agm.d

accbrdl ngulmgﬂmllmﬂmnm gnated VvTIE-2 receptorbody ( ATCC DepUSIt Vi 484)79 35
A co g a ligand according to any one of c} |r’rﬁv1A4{t

17 and, cohj ugat'ed ™ héreto, a cytotoxic agggt A conj ugate accor di ng

to claim29 wherein the cytotoxic agent is radi 0| sot ope or toxin. 31.

A pharmaceutical conposition conprising a TIE-2 |ligand according to any one
of clainms 14 to 17 and a pharmaceutically acceptable carrier. 32. A

phar maceuti cal goNPONr isBRatEd Mvicleid aa:damo?é&ulé)%to@ﬁﬁg)wbmw wHetei the OF
23 and a phar rraceutlcal_é{é acceptable carrier. A pharmaceuti cal

conposi ti on conghceded r%bmwusaadan%@magmgstt oclaim24 and a
pharmaceutically acceptable carrier. 34. A pharmaceutical conposition
conprising a conjugate according to claim?29 or 30 and a pharnaceutically

acceptabl e carrger. A nucleic acid molecule which is degenerate of a sequence of claim 2
or 4 and encodes a ligand that binds the TIE-2 receptor. '

7. A nucleic acid molecule which hybridizes under moderately stringent
conditions to a sequence encoding a TIE-2 ligand as set out in Figure 4, 5
or 6.

8. A vector which comprises a nucleic acid molecule of any one of the
preceding claims.

9. A vector according to claim 8 wherein the nucleic acid molecule is
operatively linked to an expression control sequence capable of directing its
expression in a host ceil.

10. A vector according to claim 8 or 9 which is a plasrhid.

11. A plasmid according to claim 10 designated pJFE14 encoding TIE-2
"B ligand (ATCC Accession No. 75910).

12. A plasmid according to claim 10 designated pBluescript KS encoding
human TIE-2 ligand 2 (ATCC Accession No. 75963).

13. A vector according to claim 8 or 9 designated as Agtl0 encoding hTIE-
2 ligand 1 (ATCC Accession No. 75928).

14. An isolated TIE-2 ligand substantially free of other proteins.

N:70494A(PCTYDMG:AB:a0 Mav 1996
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64‘ 35. A l] ng to any one of claims 14 to 17, an antthedy: / »
acciordijn l‘ Mﬁmﬁ'@ﬂ mm 23, a receptorbody according to cI aim 2 ""l?} J.a (?J;;
conj uga | o+*laim?29 or 30, or a conposition accordin Io qu

one of clainms 31 to 34 for use in a metho of treatrrent of the human o Y 7395

ani mal body, or in a nethod of diagnosis. A ligand according to

37 "ATi gand agor dRAGRBR Tk 'E’@%@?Q%%o%&anh“% R4 e ey Aieigic,
human or ani mal a¢id tolecuRSaccdidimgnto bially 1r recept orbody according to claim

35, which anti body or receptorbody specifically binds the |ligand of claim
16, for use in a nethod of bl ocking blood vessel growh in a manmal . 39.

An' antibody or jgcepARnogdiePTRELNJMAA Soddrding R8cihfh 1456nddued B Mtkieic

acid according to claim 2 or 3.

17.  An isolated TIE-2 ligand according to claim 14 encoded by a nucleic
acid according to claim 4 or 5.

18. A host-vector system for the production of a ligand according to any
one of claims 14 to 17 which comprises a vector according to any one of
claims 8 to 13 in a host cell.

19. A host-vector system according to claim 18 wherein the host cell is a

bacterial, yeast, insect or mammalian cell.

20. A host vector system comprising the host vector system of claim 18 or
19 and a nucleic acid encoding the TIE-2 receptor.

21. A method of producing a ligand as defined in any one of claims 14 to
17 which combrises growing cells of a host-vector system according to any

one of claims 18 to 20 under conditions permitting production of the ligand,

and recovering the ligand so produced. '

22. An antibody which specifically binds the ligand of any one of claims
14 to 17.

23. An antibody according to claim 22 which is a monoclonal antibody.

24. A receptorbody which specifically binds the ligand of any one of

claims 14 to 17.

N:70484A(PCTI/DMG:AB:20 May 1996



V\,herel nth A |ligand ‘according to cl al-ry ;{69‘93[, /124 3
use Yina ”EIW W neovascul arization in a mamal . ia '
|i gand accordi ng to rcl & 0 for use in the prenotion of wound h Ii nMAY 1996
42. A ligand according to claim40 for usgsn the treatnent of ischem a.

43. A TIE-2 antagonist for use in a nmethod of inhibiting TIE-2 |igand

activity in a mapgel . An isolated nucleic ac|d molecue ncoding a receptorbod ccoR
44. An antagoni st according to claim4 L |es an %ntl bogy cap%lb

specifically bint elginridd.2 recept or.

26. A vector comprising a nucleic acid molecule according to claim 25.
27. A vector according to claim 26 which is a plasmid.

28. A plasmid according to claim 27 designated vTIE-2 receptorbody
(ATCC Deposit VR2484).

29. A conjugate comprising a ligand according to any one of claims 14 to
17 and, conjugated thereto, a cytotoxic agent.

30. A conjugate according to claim 29 wherein the cytotoxic agent is a
radioisotope or toxin. |

31. A pharmaceutical composition comprising a TIE-2 ligand according. to
any one of claims 14 to 17 and a pharmaceutically acceptable carrier.

32. A pharmaceutical composition comprising an antibody according to
claim 22 or 23 and a pharmaceutically acceptable carrier.

33. © A pharmaceutical composition comprising a receptorbody according to
claim 24 and a pharmaceutically acceptable carrier.

34. A pharmaceutical compositio_n comprising a conjugate according to
claim 29 or 30 and a pharmaceutically acceptable carrier.

35. Aligand according to any one of claims 14 to. 17, an antibody
according to claim 22 or 23, a receptorbody according to claim 24, a
conjugate according to claim 29 or 30. or a composition according to any

N:70494A(PCTI/DMG:AB:20 May 1996

AMENDED SHEET (ARTICLE 19)



45.  An anti body according to claim43 which is an anti body acc«gﬂdl-rvgs’é@/l"% D,

claim 22 ant agoni st according to claim 43 meh isa
reéept or*l“ ﬂu HI;" n cl ai m 24. 47. An ant agoni st accokdi! ng A& ¢l ?!351
¢

43 whi ch I*s saceording to claim 17, 48. An ant agoni st accordi
to any one of clalms 43 to 47 for use in a ngyhod wherein the mamal is a
human. 49. An antagoni st according to any one of clains 43 to 48 for use

BRI a&r‘i&%\"%ﬁuﬂﬁ&t&’éﬁ‘fﬁ{‘hé&'@n %%H{oo%ﬂg%?trﬁéhtan uremﬂ?\i%?h A

met hod of maintainin recept or expressing c I'm c

met hod conpri sesamdml ibiogily e or irgatmetﬁw g1 fiagnosisept or expressing cell an
effective anount of the ligand of claim 16. 51. A nmethod according to
claim50 wherein the TIE-2 receptor expressing cell is an endothelial cell.

52. A method of 34 deng iy ¥h89ht%oallﬁ%%3rc‘féiﬁpt1 rfonagmé%ﬁﬁ’gi mbtHod Bf trehiient of the

contactlng ceIIs expres rece
human or ammal body.

37. A ligand according to claim 17 for use in a method of treatment of the
human or animal body. |

38. An antibody or receptorbody according to claim 35, which antibody or
receptorbody specifically binds the ligand of claim 16, for use in a method of
blocking blood vessel growth in a mammal.

39. An antibody or receptorbody according to claim 38 for use in a
method wherein the mammal is a human.

40. A ligand according to claim 36 for use in a method of promoting

neovascularization in a mammal.

41. A ligand according to claim 40 for use in the promotion of wound

healing.
42. A ligand according to claim 40 for use in the treatment of ischemia.

43. A TIE-2 antagonist for use in a method of inhibiting TIE-2 ligand

activity in a mammal.

44. An antagonist according to claim 43 which is an antibody capable of
specifically binding TIE-2 receptor.
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v J
a) a test m Lo e IT/vsg T 463
by t ali gmm‘\amﬁn ' claim16 or 17; ° under, conditions
peEm tti ng® ng *of sthé ligand to the receptor 2 hnc_M-AY .
determ ni ng whet her the test compound is capabl e of . 1395
interfering wwth the binding of the |igand_tgx t he receptor. 53. A

pol ypepti de produced by the nmethod of claim?Z1. 54. A ligandbody which

specifically biggs t sodv' 8¢ F il | A

35. 55. A li gggdboggi %\_'/#lﬁc ycorrpr‘:;ms? staacl%‘ﬁ-4 ?eﬁﬁggﬁ%%?ﬁéré@t g%é&&ﬁ]igo{o

i nunogl obul i n claimat2&or 28gi on. 56. The |igandbody of claim55 wherein

the TIE-2 ligand is TIE-2 ligand 1 or _ ' _
46. An antagonist according to claim 43 which is a receptorbody

according to claim 24.

47. An antagonist according to claim 43 which is a ligand according to
claim 17.

48. An antagonist according to any one of claims 43 to 47 for use in a
method wherein the mammal is a human.

49. An antagonist according to any one of claims 43 to 48 for use in a
method of attenuating or preventing tumour growth in a human.

50. A' method of inaintaining a TIE-2 receptor expressing cell in culture,
which method comprises administering to the TIE-2 receptor expressing cell
an effective amount of the ligand of claim 16.

51. A method according to claim 50 wherein the TIE-2 receptor
expressing cell is an endothelial cell.

52. A method of identifying a TIE-2 receptor antagonist comprising
contacting cells expressing the TIE-2 receptor with:

a) atestcompound; and

"b) a ligand according to claim 16 or 17;
under conditions permitting binding of the ligand to the receptor and
determining whether the test compound is capable ofinterfering with the
binding of the ligand to the receptor.
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*‘l‘ 4? —.'!-'(' -
TIE-2 ligand 2 and the i munogl obulin constant region is the Fc pdritfafof/ {75
hurranrlsllml ﬂﬂ I' isgpandbody according to any one of clains 54 to 56 for -
usé i-nf ’ ml (ul "mgt ment of the human or animal body, or ihia MANod 1696
di agnosis.® t * WD 96/11269 )

PCT/ US95/ 12935 .66 .- 67- 58. A |igandbody
according to clains 55 to 57 for use in a nethod of treatnent of the

human or ani mal @dyAﬁwﬁgﬁgﬁma‘:&j bystpﬁg,ﬂémgaogffaim 2R9. A nethod of

treating a human or ani t conpr mnistering to the
subj ect an effective amount of a |igand according to claim9 or 10, an

anti body accordi to, clajml5, a . receptorbody_ accordi,ng to claim17,
a conj uéat e ac_c%i nd* pycfelc acid) aggerding 4o ‘gg'm arorag%o?fg?g?'?qagﬁ Fcording to
any one of clai Hereinbefoté déscfibed wift? refeferitd tPanyone"éf the fbfeddiny Bxampléd!®

met hod being as defined in

75

55. A vector according to claim 8 or 26, substantially as hereinbefore
described with reference to any one of the foregoing Examples.

56. A ligand according to any one of claims 14 to 17, substantially as
hereinbefore described with reference to any one of the foregoing Examples.

57. A host-vector system according to claim 18, substantially as
hereinbefore described with reference to any one of the foregoing Examples.

58. A method according to claim 21, 50 or 52, substantially as
hereinbefore described with reference to any one of the foregoing Examples.

59. An antibody according to claim 22 or 35, substantially as hereinbefore
described with reference to any one of the foregoing Examples.
60. A receptorbody according to claim 24 or 35, substantially as

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

61. A conjugate according to claim 29 or 35, substantially as hereinbefore

described with reference to any one of the foregoing Exampiles.
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62. A composition according to any one of claims 31 to 35, substantially
as hereinbefore described with reference to any one of the foregoing

Examples.

63. A TIE-2 antagonist according to claim 43, substantially as
hereinbefore described with reference to any one of the foregoing Examples.

64. . A ligandbody which specifically binds the TIE-2 receptor or the
receptorbody of claim 24, 35 or 60.

65. A ligandbody which comprises a TIE-2 ligand fused to an
immunoglobulin constant region.

66. The ligandbody of claim 65 wherein the TIE-2 ligand is TIE-2 ligand 1
or TIE-2 ligand 2 and the immunoglobulin constant region is the Fc portion
of human IgG1. '

67. A ligandbody according to any one of claims 64 to 66 for use in a
method of treatment of the human or animal body, or in a method of

diagnosis.

68. A method of treating a human or animal subject comprising
administering to the subject an effective amount of a ligand according to any
one of claims 14 to 17, an antibody according to claim 22 or 23, a
receptorbody according to claim 24, a conjugate according to claim 29 or 30,
a composition. according to any one of claims 31 to 34, or a ligandbody
according to any one of claims 64 to 67. |
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69. A method according to claim 68, the

one of claims 38 to 49, or 67.
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