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INTRODUCTION

_The present invention relates generally to the field of genetic
engineering and more particularly to genes for receptor tyrosine

15 kinases and their cognate ligands, their insertion into recombinant DNA
vectors, and the production of the encoded proteins in recipient strains
of microorganisms and recipient eukaryotic cells. More specifically,
the present invention is directed to novel ligands, known as TIE ligand-
3 and TIE ligand-4, that bind the TIE-2 receptor, as well as to methods

20 . of making and using the novel ligands. The invention further provides
nucleic acid sequences encoding TIE ligand-3 or TIE ligand-4, methods
for the generation of the nucleic acids and the gene products. The novel
TIE ligands, as well as nucleic acids encoding them, may be useful in
the diagnosis and treatment of certain diseases involving endothelial

25 cells and associated TIE receptors, such as neoplastic diseases
involving tumor angiogenesis, wound healing, thromboembalic tiseases,
atherosclerosis and inflammatory diseases. In addition, the ligands

may be used to promote the proliferation and/or differentiation of
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include, for example, cardiac and vascular endothelial cells, lens

epithelium and heart epicardium and early hematopoietic cells.
10 Alternatively, such ligands may be used to support cells which are
engineered to express TIE receptor. Further, the ligands and their

cognate receptors may be used in assay systems to identify agonists or

antagonists of the receptor.

15
GROUND OF THE INVENTION

The cellular behavior responsible for the development, maintenance,
and repair of differentiated cells and tissues is regulated, in large

20 par, by intercellular signals conveyed via growth factors and similar
ligands and their receptors. The receptors are located on the cell
surface of responding cells and they bind peptides or polypeptides
known as growth factors as well as other hormone-like ligands. The
results of this interaction are rapid biochemical changes in the

25 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.
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and -B), and fibroblast growth factors (FGFs). (Heldin et al., Cell
Regulation, 1: 555-566 (1990); Ullrich, et al., Cell, 61: 243-54 (1990)).
In each instance, these growth factors exert their action by binding to
10 the extracellular portion of their cognate receptors, which leads to
activation of the intrinsic tyrosine kinase present on the cytoplasmic
portion of the receptor. Growth factor receptors of endothelial cells
are of parﬁcular interest due to the possible involvement of growth
factors in several important physiological and pathological processes,
15 such as vasculogenesis, angiogenesis, atherosclerosis, and
inflammatory diseases. (Folkman, 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), and c-kit, a

20 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.
25 (Ullrich, et al. Cell, 61: 243-54 (1990)). Such subfamilies include, EGF
receptor-like kinase (subclass 1) and insulin receptor-like kinase
(subclass ll), each of which contains repeated homologous cysteine-

rich seguences in their extracellular domains. A single cysteine-rich
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10 a wide variety of other cell surface receptors having either cell-bound
or soluble ligands. Williams, et al., Ann. Rev. Immunol., 6: 381-405

(1988).

Receptor tyrosine kinases differ in their specificity and affinity. In

15 general, receptor tyrosine kinases are glycoproteins which consist of
(1) an extracellular domain capable of binding the specific growth
factor(s); (2) a transmembrane domain which usually is an alpha-
helical portion of the protein; (3) a juxtamembrane domain where the
receptor may be regulated by, e.g., protein phosphorylation; (4) a

20 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

kinase.

25 Processes such as alternative exon splicing and 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 above.
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differ in theiy specificity and affipity. In 1 5 general, receptor tyrosine
ki nases are gfhedprarkend &ﬁﬂﬂﬁ' oﬁﬁﬁst of (1) an extracellular domain
capabli e of binding the specific gromh factor(s); (2) a transmenbrane
domai n which usually is an al pha- helical portion of the protein; (3) a

j uxtamenbr anepdgeRe NeMésdifigt AR endothelial cell transmembrane tyrosine kinase,
originally identified by RT-PCR as an unknown tyrosine kinase-
homologous cDNA fragment from human leukemia cells, was described

10 by Partanen, et al.,, Proc. Natl. Acad. Sci. USA, 87: 8913-8917 (1990).
This gene and its encoded protein are.called “TIE” which is an
abbreviation for “tyrosine kinase with Ilg and EGF homology domains.”
Partanen, et al. Mol. Cell. Biol. 12: 1698-1707 (1992).

15 It has been reported that tie mRNA is present in all human fetal and
mouse embryonic tissues. Upon inspection, tie message has been
localized to the cardiac and vascular endothelial cells. Specifically,
tie mRNA has been localized to the endothelia of blood vessels and
endocardium of 9.5 to 18.5 day old mouse embryos. Enhanced tie

20 expression was shown during neovascularization associated with
developing ovarian follicles and granulation tissue in skin wounds.
Korhonen, et al. Blood 80: 2548-2555 (1992). Thus the TIEs have been
suggested to play a role in angiogenesis, which is important for
developing treatments for solid tumors and several other angiogenesis-

25 dependent diseases such as diabetic retinopathy, psoriasis, |

atherosclerosis and arthritis.

Two structurally related rat TIE receptor proteins have been reported
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The human homolog of tie-2 is described in Ziegler, U.S. Patent No.
5,447,860 which issued on September 5, 1995 (wherein it is referred
to as “ork”), which is incorporated in its entirety herein. |

10

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,
including lens epithelium, heart epicardium and regions of mesenchyme.

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

The predominant expression 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 endothelial cell

20 determination, proliferation, differentiation and cell migration and
patterning into vascular elements. Analyses of mouse embryos
deficient in TIE-2 iliustrate its importance in angiogenesis,
particularly for vascular network formation in endothelial cells. Sato,
T.N., et al., Nature 376:70-74 (1995). In the mature vascular system,

25 the TIEs could function in endothelial cell survival, maintenance and

response to pathogenic influences.

The TIE receptors are also expressed in primitive hematopoieti'c stem
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Applicants previously identified an angiogenic factor, which was
originally called TIE-2 ligand-1 (TL1) but is also referred to as
- 10 angiopoietin-1 (Ang1), that signals through the TIE-2 receptor and is

essential for normal vascular development in the mouse. By homology
screening applicants have also identified an Angt relative, termed TIE-
2 ligand-2 (TL2) or angiopoietin-2 (Ang2), that is a naturally occurring
antagonist for Ang1 and the TIE2 receptor. For a description of the

15 cloning and sequencing of TL1 (Ang1) and TL2 (Ang2) as well as for
methods of making and uses thereof, reference is hereby made to PCT
international Publication No. WO 96/11269 published 18 April 1996 and
PCT International Publication No. WO 96/31598 published 10 October
1996 both in the name of Regeneron Pha.rmaceuticals, Inc.; and S. Davis,

20 et al., Cell 87: 1161-1169 (1996) each of which is hereby incorporated
by reference. The absence of Angl causes severe vascular
abnormalities in the developing mouse embryo. C. Suri, et al., Cell 87:
1171-1180 (1996). Ang1 and Ang2 provide for naturally occurring
positive and negative regulators of angiogenesis. Positive or negative

25 regulation of TIE2 is likely to result in different outcomes depending on

the combination of simultaneously acting angiogenic signals.
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encoding TIE ligand-3 or TIE ligand-4. The invention further provides

10 for a host-vector system for the production in a suitable host cell of a
polypeptide having the biological activity of TIE ligand-3 or TIE ligand-
4. 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 TIE ligand-3 or TIE ligand-4 which
15 comprises growing cells of the host-vector system under conditions
permitting production of the -polypépﬁde and recovering the polypeptide

so produced.

The invention herein-described of an isolated nucleic acid molecule

20 encoding TIE ligand-3 or TIE ligand-4 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 treatment of patients suffering from disorders involving celis,
tissues or organs which express the TIE receptor. The present

25 invention also provides for an antibody 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

polyclonal antibody to measure the amount of the therapeutic molecule
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ligand-3 or TIE ligand-4 and a pharmaceutically acceptable vehicle.

The invention also provides for a method of blocking blood vessel

10 growth in a mammal by administering an effective amount of a
therapeutic composition comprising an antibody which specifically
binds TIE ligand-3 or TIE ligand-4 in a pharmaceutically acceptable

vehicle.

15 The invention further provides for therapeutic compositions comprising
TIE ligand-3 or TIE ligand-4 in a pharmaceutically acceptable vehicle.
The invention also provides for a method of promoting
neovascularization in a patient by administering an effective amount of
a therapeutic composition comprising TIE' ligand-3 or TIE ligand-4 in a

20 pharmaceutically acceptable vehicle. In one embodiment, the method

may be used to promote wound healing. In another embodiment, the
method may be used to treat ischemia. In yet another embodiment, TIE
ligand-3 or TIE ligand-4 is used, alone or in combination with other
hematopoietic factors, to promote the proliferation or differentiation

25 of hematopoietic stem cells, B cells or megakaryocytic cells.

Alternatively, the invention provides that TIE ligand-3 or TIE ligand-4

may be conjugated to a cytotoxic agent and a therapeutic composition
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receptorbody which specifically binds TIE ligand-3 or TIE ligand-4 in a

pharmaceutically acceptable vehicle.

The invention also provides for a TIE receptor antagonist as well as a
method of inhibiting TIE ligand-3 or TIE ligand-4 biological activity in
a mammal comprising administering to the mammal an effective
amount of a TIE antagonist. According to the invention, the antagonist
may be the TIE ligand-3 or TIE ligand-4 as described herein, an antibody
or other molecule capable of specifically binding TIE ligand-3, TIE
tigand-4 or TIE receptor, or a ligandbody comprising the fibrinogen-like
domain of TIE ligand-3 or TIE 'ligand-4.

BRIE SCRIPTION OF THE FIGURES

FIGURES 1A and 1B - TIE-2 receptorbody (TIE-2 RB) inhibits the
development of blood vessels in the embryonic chicken chorioallantoic
membrane (CAM). A single piece of resorbable gelatin foam (Geifoam)
soaked with 6 png 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/higG1 Fc) were viable and
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I nvention al so provides for a vector conprising anisolated nucleic acid
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devel opnment &Ufqullngah&o%vﬁﬁﬁg‘ﬁent or derivative thereof, or another

nol ecul e which is a receptor agonist or 20 antagonist, as a therapeutic
for the treatnent of patients suffering fromdi sorders involving cells,

Lissues or ofgigREhbCh %gégé@ﬁ&ieereyrésé@aﬁg 0f 18 hyRofiteNIed TORD ot e

al so provides ~an ant I'ch specifically bin such a therapeutic
mol ecul e. Thergnpredygands e Qﬁ@i@ﬁbﬂééﬂs.OleDD|isCﬂetweéent“éhebyn(‘)%nTLarisal SO
provides for a nmethod of using such a nonoclonal or polyclonal antibody to
measure 25 thepresended by (*heTiERer isprapresentadebyl ), VEBFoE 1g3@sented by

P 7/ 1072
CT/us97 10 (%]), and flk-1 (a VEGF receptor) is represented by (Y).

10
FIGURE 3 - Diagrammatic representation of the TIE-2 ligands, showing
the “coiled coil” and fibrinogen-like domains and the engineering of
multimers of the fibrinogen-like domains using antibodies to myc-tags
as well as Fc tagging.

15

FIGURE 4 - A typical curve of TIE-2-lgG binding to immobilized TL1 in

a quantitative cell-free binding assay.

FIGURE 5 - A typical curve showing TIE-2 ligand 1 ligandbody
20 comprising the fibrinogen-like domain of the ligand bound to the Fc
domain of IgG (TL1-fFc) binding to immobilized TIE-2 ectodomain in a

quantitative cell-free binding assay.

FIGURE 6A-6B - Nucleotide and deduced amino acid (single letter code)
25 sequences of TIE ligand-3. The coding sequence starts at position 47.

The fibrinogen-like domain starts at position 929.

FIGURE 7 - Compatison of Amino Acid Sequences of TIE Ligand Family

11



in a sanple taken froma patient for purposes of nonitoring the course of

t herapy. The present invention also provides for an anti body which
specifically 5 binds TIE ligand-3 or TIE Iigand-4. The anti body may be
nmonocl onal or polyclonal. Thus the invention further provides for .

t her apeut i ¢ WORH#8P4 | ons conprising an anti body which speci‘f%'ésf9l7l§°75'f nds
TIE ligand-3 or TIE ligand-4 _and a pharmaceutically acceptabl e vehicle. The
nvent on Meabeisoy MARGS ot M Like DaUSe WEJDANG3LIBBET /e8I LM 1 hedamL h i n

a manmmal b I_NiSkeri an .effect| f t her ut i osition
conpri si ng*&é\lq@rﬁ'\c’ﬁ%’db/\%ﬂn ch f‘tdeﬁrf bgﬁﬁ%yn?ﬁ'%d@%'hﬁfﬁﬁg? @TE%@E

i gand-4 i g ' N ept yehi TIE.D |3 i V] LS
further pr(@‘w esﬂ%nrécﬁ qg?g?éu%ﬁﬁggoﬁp’ggll'?i oﬁgbgé)%l;és?#éaﬁ?tﬂl.’?gﬁa%%-—s or
TI E |i gandhFLRn=ahyhahn T2 ligand \2. actiep umdedlinath ireégions Tindidate extinsefved so
provi des for a method of pronoting neovascul arization in a patient by

adni ni s8 er regjons ef homology aamong tte jamilyrmpmbers. conpositi on conpri sing
TIE ligand-3 or TIE ligand-4 in a 20 pharmaceutically acceptable vehicle.
I n one enbodi nent, the nmethod nay be used to pronote wound healing. In

ot her STRIGURR oA g TR dify WeBlodf i aREIAUR I e
ggﬂg: ??te Ir gﬁtefagtéﬁgﬁé her THE "Rigamdiact | ArrbRcC idiBatelsO nRERBRDe pbBSitehobeber at i on
10 E SCRIPTION OF THE INVE N
As described in greater detail below, applicants have isolated and
identified novel ligands related to the TIE-2 ligands that bind the TIE-2
receptor. The novel ligands, which may be purified from nature, or
made recombinantly, are referred to herein as TIE ligand-3 (TL3) and
15 TIE ligand-4 (TL4). The other TIE ligand family members are referred
to herein as TIE-2 ligand 1 (TL1) also known as angiopoietin-1 (Ang1),
and TIE-2 ligand 2 (TL2) also known as angiopoietin-2 (Ang2).
Applicants herein describe a family of TIE ligands and have identified
conserved regions of homology among the family members. The novel
20 ligands TL3 and TL4 would therefore be expected to have functions and
utilities similar to that of the known ligands TL1 (Ang1) and TL2

(Ang2) in angiogenesis and hematopoiesis.

The present invention comprises the novel ligands and their amino acid
25 sequences, as well as functionally equivalent variants thereof

comprising naturally occurring allelic variations, as well as proteins or

peptides comprising substitutions, deletions or insertional mutants of

the described sequences, which bind TIE receptor and act as agonists or

12



25 of hematopoietic stemcells, B cells or nmegakaryocytic cells.

Alternatively, the invention provides that TIE |igand-3 or TIE |ligand-4 may
be conjugated to a cytotoxic agent and a therapeutic conposition 9 --10-
prepared therefrom BRI EF DESCRI PTON OF THE FI GURES FI GURES 1 E%ﬁsTIEZ
recept or body (WPB?48808) i nhibits the devel opnent of 5 blood vessels In the

enbryoni ¢ chi cken chorioal |l antqi c nmenbrane, ..Asinpgle. piece of .
resor babl e gé“"&@gﬂmﬁlﬁam?@%o thﬁH@HtﬁM"gﬁﬁgé[@\oﬁFg'rbfw vRING, a4id o g

i medi at el y jgg%,eérgreg%ﬂrﬂ ithedYof %Qi&u?éﬁg)(% t\ﬁ,fgt Sbqdehdd Ef%%'gﬁﬁﬁ" o4

i ncubati on, ygs and surroundi re renove

exami ned. Fl GiRRt thanBBbT Yo éxanpRd dhd orEre RRird BolE tesiaios Witk
were viable 1 0 and WO 97/ 48804

PCT/ US97/ 107 2equencescanl bersubistitutddviey cgreathet @minoeasiel(s) oh a lsenilar

surroundi ng CAM . . . o _
5 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, proline, phenylalanine,

10 tryptophan 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 glutamic acid.

15
Also included within the scope of the invention are proteins or
fragments or derivatives thereof which exhibit the same or similar
biological activity as the TIE ligand-3 or TIE ligand-4 described herein,
and derivatives which are differentially. modified during or after

20 translation, e.g., by glycosylation, proteolytic cleavage, linkage to an
antibody molecule or other cellular ligand, etc. Functionally equivalent
molecuies also include molecules that contain modifications, including
N-terminal modifications, which result from expression in a particular
recombinant host, such as, for example, N-terminal methylation which

25 occurs in certain bacterial (e.g. E. coli) expression systems. Functional
equivalents also include mutants in which amino acid substitutions are
made for cysteine molecules to improve stability of the molecules and

to prevent unwanted crosslinking.

13



FIGURE 1B: all enbryos treated with TIE-2 RB (r TIE-2 ecto / h 1gGl Fc)
were dead, dimnished in size and were al nbst conpletely devoid of
surroundi ng bl ood vessels. 5 FIGURE 2 - A schematic representation of the

hypot hesi zed role of the TIE-2/ TIE |igands in angi ogenesi s. | :
represent ed WO9T/48804 TL2 is represented by (*), TIE-2 is rep?%'ls’é%téyz%y (T,

VEG- is represented by ([]), and flk-1 (a VEG- receptor) is represented by
(;1/) . 10 fLGURE 3| -dDi aglrarma'éli c lr)epresent ation of the TIE-2 |igands,

show ng "coiled coil" an i bri -like, d ' and [ [

of il ge?ryeoprwtf PertiBhenise: rReaBRReReS e uaorBs redfe fE HREEL 0.
wel | as Fc ' F : War-18 fi =3 o

b |1 2o pdep e’ piolein tescfibbllfRinCAS TAIETlgAhE.C USnudidtis 1©

typical cuigégushesi that Bricoddsi i pratein alosdibéyd Réreincap TIE ligandid, as
fibrinogen-like domain of the Iigand bound to the Fc domain of 19G
(TL1-fFs) hweltiasg host i catishi incluging | yeaste hanteria; vinuses, canchtmammalian

(51 ngl e | coels, sdig) 216 gepalicAbesnaineaTEd: 1o aadtod The Siaieiy Bosidnce -
starts at RosiiLofof’ traRSdlbRbhNINFLEtok e SIBBRbBoPAREAS Gt POSition 929.
microinjection of nucleic acid encoding the TIE ligand-3 or TIE ligand-4
described herein in a suitable expression vector. The present invention
10 also encompasses introduction of the nucleic acid encoding TIE ligand-3
or TIE ligand-4 through gene therapy techniques such as is described,
for example, in Finkel and Epstein FASEB J. 9:843-851 (1995); Guzman,

et al. PNAS (USA) 91:10732-10736 (1994).

15 One skilled in the art will also recognize that the present invention
encompasses DNA and RNA sequences that hybridize to a deduced TIE
ligand-3 or TIE ligand-4 encoding sequence, under conditions of -
moderate stringency, as defined in, for example, Sambrook, et al.
Molecular Cloning: A Laboratory Manual, 2 ed. Vol. 1, pp. 101-104, Cold

20 Spring Harbor Laboratory Press (1989). Thus, a nucleic acid molecule
contemplated by the invention includes one having a sequence deduced
from an amino acid sequence of a TIE ligand-3 or TIE ligand-4 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

25 acid sequence which is degenerate of the above sequences as a result of
the genetic code, but which encodes a ligand that binds TIE receptor and
which has an amino acid sequence and other primary, secondary and

tertiary characteristics that are sufficiently duplicative of the ligand

14



FIGURE 7 - Conparison of Am no Acid Sequences of TIE Ligand Fam |y WO
97/ 48804 2CT/ US97/ 10728 Menmbers. mAng3
= mMlL3 = nouse TIE |igand-3; gi‘lSHEE'TTIHﬁS_B pn TIE |igand-4; hAngl =
hTL1 = human TIE-2 |igandl; B U mouse TIE-2 |i gandﬁ@ﬂ%sz
mrL2 = mouse TM2Y4%Yand 2; Ann7 =hustin TIE-2 |igan e

underlined re

i cate cons rved

fam |y menber

| etter code) 5@%@1%81@ TIEE}

569. 10

I n greater detail
ligands related to the TIE-2 |i

' Onsf{jjg%eéﬁmséo aff\l ) g%?géareergﬁﬁgéggiﬁ%@emﬁog%a%g? g%&*g'ﬁaﬁ

ghﬁéfﬁj of- TIE Nigéndd | dedibdtt Plepeinl de posi tion
DETAI'LED DESCRI PTION"OF THE 1 NVENTI ON As descr i bed

bel ow, applicants have isolated and identified novel
gands that bind the TIE-2 receptor The

novel |i gandsAcepidinglite\thBepraseantiisyentiom epgampassss ramdsolatashimngant | y,
are referred to

The ot her STI EPHF
1 (TL1) also
known as ang|0p0|e

e e i rb . s Hgatet | o
SR HRHRNE I AR, PR, 5 S e 2

| i gands and hg@q@ctéﬂarﬁm{,l fite rOBP' ¥SAsisAApOsEe Oof honol ogy anong the famly

menber s.

10

15

20

25

The novel

(a)

(b)

(c)

(d)

the nucleotide sequence comprising the coding region of TIE
ligand-3 as set forth in Figure 6A-6B;

the nucleotide sequence comprising the coding region of the
fibrinogen-like domain of TIE ligand-3 as set forth in Figure 6A-
6B;

a nucleotide sequence that hybridizes under moderately stringent
conditions to the nucleotide sequence of (a) or (b) and which
encodes a ligand that binds TIE receptor; and

a nucleotide sequence which, but for the degeneracy of the
genetic code would hybridize to a nucleotide sequence of (a), (b)

or (c), and which encodes a ligand that binds TIE receptor.

The present invention further provides for an isolated and purified TIE

ligand-3 encoded by an isolated nucleic acid molecule of the invention.

The invention also provides for a vector which comprises an isolated

nucleic acid molecule comprising a nucleic acid sequence encoding

mammalian TIE ligand-3.

The present invention also encompasses an isolated and purified nucleic

acid molecule comprising a nucleotide sequence encoding a human TIE

ligand-4, wherein the nucleotide sequence is selected from the group

15

This Sheet Has Been Re

A

u lill




20 ligands TL3 and TL4 woul d therefore be expected to have functions and
utilities simlar to that of the known ligands_Jl1 (Angl) and TL2 (Ang2) in
angi ogenesi s and henat opoi esi 4. THI®eSHEEEHAS BEEN ¢nt : on c](c)rrpri ses ][lhe novel
ligands and their amno acid 45 sSeQppIXCED - as Jell as functiona :

equi val ent Vi@ PH4BBM { her eof cOmpt a:ﬂgg maturat+y occur ri ng BIYEP7/0728
variations, as well as proteins or peptides conprising substitutions,

del eti ons 6PNEIREBG idthal nutants of the described sequences, which bind TIE

pers Osov/ ibeS aib'g%?‘gitié@ h%%éeﬁ‘.cesﬁ\é\ﬁ‘@g?{"ﬁﬁgé ¢odingqredian Rt the whi ch
am no acid resi ﬁﬁﬁ%naﬁgtﬁ{d-h%&ﬂafﬁq t? theUescidt ¢ haYedS S4YETCQ

resulting in a silent For exanpl e, one or nore gm no aci d residues

wi thin the sequdepesitexh oneJalyb2} 1996e(ATGCaAcEdsEion NO098008);s) of a
simlar 5 polarity which acts as a functional equivalent, resulting in a
sil ent @l t @o)at i he. ngglentideusequence tompiisiogathiad cading megion ofdthence nmay be

| ected f h f the glass.to jch the am no, acid bel ongs.
For exanpl ¢, rEbANOBEN IR SR, of 1B BERBHTLCORARSthiR dbe: NEFRie

al anine, |euci nfasibRgledt G5 ATLYR dePBsit8h %r Wty PIHE RHCE Accession
No. 98095);

(c) a nucleotide sequence that hybridizes under moderately stringent

10 conditions to the nucleotide sequence of (a) or (b) and which
encodes a ligand that binds TIE receptor; and
(d) a nucleotide sequence which, but for the degeneracy of the
genetic code would hybridize to a nucleotide sequence of (a), (b)

or {c), and which encodes a ligand that binds TIE receptor.

15
The present invention further encompasses an isolated and purified
nucleic acid molecule comprising a nucleotide sequence encoding human
TIE ligand-4, wherein the nucleotide sequence is selected from the
group consisting of:
20 (a) the nucleotide sequence comprising the coding region of the
human TIE ligand-4 as set forth in Figure 8A-8C;
(b) the nucleotide sequence comprising the coding region of the
fibrinogen-like domain of human TIE ligand-4 as set forth in
Figure 8A-8C; |
25 (c) a nucleotide sequence that hybridizes under moderately

stringent conditions to the nucleotide sequence of {(a) or (b)
and which encodes a ligand that binds TIE receptor; and

(d) a nucleotide sequence that, as a result of the degeneracy of
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1 0 tryptophan and nethi onine. The polar neutral am no acids include

gl yci ne, serine, threonine, cyst ei ne tyrosi ne, asparagine, and gl utam ne.
The positively charged (basic BEEN Jude argi ni ne, |ysine and

hi stidine. The e%%&vel y cha gg 0 acids inclu :
acid and gl ut P SO | |5' \I\II T hJ n the scope of the Inventi on

are proteins or fragmgats or reof whi ¢ hibit the sa
simlar biological act gyngg t‘ﬁ% E%fqr am; the ﬁche?{%%rﬁf%‘%cpﬁed
herein, and derivati ve%)wgw:kb,a((s &héf\ﬁiléﬁtéﬁééd@s gofl%g el | L[ﬁakgf ndf ter
20 translation, e g, I'ycosyl atlon proteolytic cleavage, age to an
antibody nolecule or oTHBR cetéplor | i gand etc. Functionally equival ent

nol ecul es al so i nclude nol ecul es that contain nodifications, including
N-term nal nodifications, which result fromexpression in a particular

r econbi nant such as, for ex N-t erm nal | ati on V\:hl ch_25
occurs irP CG?B& Hr%teﬁvﬁpt'f’@gﬁ"&‘mcwqwd%%HPés%'? dﬁo'ﬁ%q And puittied dig
equi val ent s My h C s Lt made
fgr cystei neﬁﬁro'?%éu hgggggﬁn}z%’f/éé@?g% F‘i”t"%%‘ﬁ h‘glﬁ%e}c?uldgsmaén eorﬁ{c? évent
unwant ed croypki fiveRtionlalso provides for a vector which comprises an isolated

nucleic acid molecule comprising a nucleic acid sequence encoding
human TIE ligand-4.
10
Any of the methods known to one skilled in the art for the insertion of
DNA fragments into a vector may be used to construct expression
vectors encoding TIE ligand-3 or TIE ligand-4 using appropriate
transcriptional/translational control signals and the protein coding
15 sequences. These methods may include in vitro recombinant DNA and
synthetic techniques and jn vivo recombinations (genetic
recombination). Expression of a nucleic acid sequence encoding TIE
figand-3 or TIE ligand-4 or peptide fragments thereof may be regulated
by a second nucleic.acid sequence which is operably linked to the TIE
20 ligand-3 or TIE ligand-4 encoding sequence such that the TIE ligand-3
or TIE ligand-4 protein or peptide is expressed in a host transformed
with the recombinant DNA molecule. For example, expression of TIE
ligand-3 or TIE ligand-4 described herein may be controlled by any
promoter/enhancer element known in the art. Promoters which may be
25 used to control expression of the ligand include, but are not limited to
the long terminal repeat as described in Squinto et al., (Cell 65:1-20
(1991)); the SV40 early promoter region (Bernoist and Chambon, Nature
290:304-310), the CMV promoter, t_he M-MuLV 5' terminal repeat, the

17
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WO 97/ 48804 PCT/ US97/ 10728 The present

i nvention al so enconpasses the nucl eotide sequence that encodes the protein
described herein as TIE ligand-3, the nucl eotide sequence that encodes the
protein described herein as TIE ligand-4, as 5 well as hos

I ncl udi ng yewex97/4888¢teri a, viruses, and mammalian cells, \m*’gﬁﬁ%}r" 0728
genetically engineered to produce the protein, by e.g transfection,

te :1 223 gjlrjlct ![ mcr_\r'ilqlt_:mleg:bhtﬂdinedl Eb%_?@ﬁﬁr'@ﬂgoiﬁf%ﬁahfep%ztnPécﬁQ% SGFCoMmal ¥ires aci d
ing the aand- : ' . o S

expr essi onqv_éﬁl%??m%hé Bfeg(é?" iﬂtéﬁ%ﬁigga Ir’!s@%er?%gﬁn%%rs}gggulawt%%éﬁglt i60n

of the nuClelg. gl o SGORVABNG} Bl A9oPRsc) . TABal! SRICAS W 7BIGBAeRRS

therapy te ﬁh s su s descri for exanple, in Finkel and Epstein
FASEB J. 9:$481f5hé188Bhovicug fvometeralthe RBGIdtbBA)sedilieh0E8 201l HTB6 (1994) .
15 One skilled'in the art will also recognize that the present invention

enconpassesneldfiothionBA gerpudBeinstemhat alybNadiee agﬁ:an@ﬁu(:‘era)DE | i gand- 3
or TIE ligand-4 encodi ng sequence, under conditions of noderate stringency,

as def i ned Arokarysticexprassiosayratetk sush ap. thep Bolatamage. RrREOtR"
o O AR Bmad otvabe Proc Bt hodd s VS A 2SR 1o
| vent! on | ighf ey 8 (bRt A, HCHECE L NRAnARBT SRS A
80:21-25 (1983)), see also "Useful proteins from recombinant bacteria®
10 in Scientific American, 242:74-94 (1980); promoter elemenis from
yeast or other fungi such as the Gal 4 promoter, the ADH (alcohol
dehydrogenase) promoter, PGK (phosphoglycerol kinase) promoter,
alkaline phosphatase promoter, and the following animal
transcriptional control regions, which exhibit tissue specificity and
15 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. §0:399-
409 (1986); MacDonald, Hepatology 7:425-515 (1987); insulin gene
control region which is active in pancreatic beta cells [Hanahan, Nature
20 315:115-122 (1985)]; immunogiobulin gene control region which is
active in lymphoid cells (Grossched! et al., 1984, Cell 38:647-658;
Adames et al., 1985, Nature 318:533-538; Alexander et al., 1987, Mol.
Cell. Biol. 7:1436-1444), mouse mammary tumor virus control region
which is active in testicular, breast, lymphoid and mast cells (Leder et
25 al., 1986, Cell 45:485-495), albumin gene control region which is
active in liver (Pinkert et al., 1987, Genes and Devel. 1:268-276),
alpha-fetoprotein gene control region which is active in liver (Krumlauf
et al., 1985, Mol. Cell. Biol. 5:1639-1648; Hammer et al., 1987, Science
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as described herein, as well as a nolecule having a sequence of nucleic
acids that hybridizes to such a nucleic acid sequence, and also a nucleic
Zﬁ aci d sequence which is degenerate of the above sequences as a result of
the genetic code, but which encodes a ligand that binds TIE pegRRyRiorsNd -
whi ch has an” 3R 741884 ¢ sequence and other primary, secondary and tertiary

har.act eri st fficl [ ) ' ' . ' ; . .
Gescri bed hassiH3abkaaiet dirblFheH, SéRsl EBbirLF Roidn WhishCRE Adtve in
activily as hBoer(Keisepbr’abl 1987 Glfiastarkd B! efloharme)D. béreglcbingl y.
the present Tnvention enconpasses an isolated and purified nucleic acid 5

mol ecul e congnes idtmtdl Megisrotwhichsisquetive innmydloid cellsufhagram et @l.,
ligand-3, wherein the nucleotide sequence is selected fromthe group .
consi st ng of1485, Nature rﬁkﬁ:@@ﬁi@@:s%@&l@%@t cﬁirrpwgﬁn@ﬁ‘héﬁé%aﬂéirﬁme&'ﬁ of

TIE Iigand-3 as set forth in Fi 6A-6B;, .(b). th | i d

f:prrprijsisﬁg tpasie JRfiatein, SSPéECB#‘gngegi%i éfé?‘fsl AR @aSHCoﬁaéée@ﬁggﬁ%gfﬁﬂ E
I gand- 3 as t t fm | gy, A- S8 a . ] ' .
wnion, but fBF PHENERSed el AE PR SCRIl A8, pSTHEY, FRlodIR R ERSR

nucl eot i de sequaNIc &dditrol aegiin (Whichaizd avtive ineskeldesl musciar(@hahit 1885ds

TIE receptor.
Nature 314:283-286), and gonadotropic releasing hormone gene control
region which is active in the hypothalamus (Mason et al., 1986, Science
10 234:1372-1378). The invention further encompasses the production of
antisense compounds which are capable of specifically hybridizing with
a sequence of RNA encoding TIE ligand-3 or TIE ligand-4 to modulate its

_expression. Ecker, U.S. Patent No. 5,166,195, issued November 24, 1992,

15 Thus, according to the invention, expression vectors capable of being
replicated in a bacterial or eukaryotic host comprising a nucleic acid
encoding TIE ligand-3 or TIE ligand-4 as described herein, are used to
transfect a host and thereby direct expression of such nucleic acid to
produce TIE ligand-3 or TIE ligand-4, which may then be recovered in a

20 Dbiologically active form. As used herein, a biologically active form
includes a form capable of binding to TIE receptor and causing a
biological response such as a differentiated function or influencing the
phenotype of the cell expressing the receptor. Such biologically active
forms could, for example, induce phosphorylation of the tyrosine kinase

25 domain of TIE receptor. Alternatively, the biological activity may be an
effect as an antagonist to the TIE receptor. In alternative
embodiments, the active form of TIE ligand-3 or TIE ligand-4 is one

that can recognize TIE receptor and thereby act as a targeting agent for
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15 The present invention further provides for an isolated and purified TIE
l'i gand- 3 encoded by an isolated nucleic acid nmolecule of the invention. The
invention also provides for a vector which conprises an isolated nucleic
acid nol ecul e conprising a nucleic acid sequence encodi ng nannalun Tl E

| i gand- 3. Zdwj*ﬁggvresent i nvention al so enconpasses an is EHEL_
purified nucleic acid nol ecyle conprising a nucl eotide sequence encoding a
human TIE %egéﬂEﬁﬂfPr \%ﬁérllﬁen in ﬁ@thuenas@ps s aanfli dherapeytics eded from tg_e
group consjsti : ) .G .aG] ence conpLi si,ng the coding
regi on of %ﬁ%dfﬁﬁfr}é% ftE ??%i%gggﬁ%%hghgi %‘?‘ﬂﬁ"‘e%’é@t'&?gﬁé&‘?fgﬁaf'%d 3315 o)
hTL-4 depogpéeanyTIR!lexpfessiRg cell any chafBe(ifT, r%‘tg gsion No. 98095); (I

t he nucleot?de ggguencepﬁzéﬁégsing t%e coging ?E%IO sof the fibrinogen-like
domain of TIE ligand-4 contained in the vector designated as hTL-4

deposited on July 2, 1996 (ATCC Accession No. 98095); and (c) a
nucl eotsi deEXRBESSITE VRGtens, containipg the ganseirserts csn biee idantifisidc byo foir30

hybr | di | eot,i f. . b), d which encodes a
P hnd | nahdiR) cbefodclias™ (o) DRAYRA fyRfialaliolr (b1 hresinas, of Ahssaes
' ) | fj8d =Y I C risi,ng,, a
Pt oot aelsenarRer Jaee Sfciitie, (o) obiEsSidn B ifladfiof s duetR' hid ")
PCR detection. In the first approach, the presence of a foreign gene

inserted in an expression vector can be detected by DNA-DNA

10 hybridization using probes comprising sequences that are homologous
to an inserted TIE ligand-3 or TIE ligand-4 encoding gene. In the second
approach, the recombinant vector/host system can be identified and
selected based upon the presence or absence of certain "marker" gene
functions (e.g., thymidine kinase activity, resistance to antibiotics,

15 transformation phenotype, occlusion body formation in baculovirus,
etc.) caused by the insertion of foreign genes in the vector. For
example, if a nucleic acid encoding a TIE ligand-3 or TIE ligand-4 is
inserted within the marker gene sequence of the vector, recombinants

. cohtaining the insert can-be identified by the absence of the marker

20 gene function. In the third approach, recombinant expression vectors
can be identified by assaying the foreign gene product expressed by the
recombinant. Such assays can be based, for example, on the physical or
functional properties of a TIE ligand-3 or TIE ligand-4 gene product, for
example, by binding of the ligand to TIE receptor or a portion thereof

25 which may be tagged with, for example, a detectable antibody or
portion thereof or by binding to antibodies produced against the TIE
ligand-3 or TIE ligand-4 protein or a portion thereof. Cells of the

present invention may transiently or, preferably, constitutively and
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t he nucl eoti de sequence is selected fromthe group consisting of: (a) t he
nucl eoti de sequence conprising the coding region of the human 5
TIE ligand-4 as set forth in Figure 8A-8C;, (b) t he nucl eoti de sequence

conprising th ' region of the fibrinogen-like domain of lupandhE = -
| i gand-4 as ngVS;;g'Hhﬂ‘i n Figure 8A-8C, and (c) a nucl eot i dePsequence

that, as a result of,the dege of, t he fic . code,
i 11 ers 1 omPRHEARADIY RIESS otibouanrs (& ¥ Siashad ap necrivencbaiihne
TIE-2 |igand ' N t P | tion
furt herI grOVillye\gbf#g'ruﬂgl?]a&ﬁaﬁ:{%?gﬁdﬂgﬂ%oﬂd{gdﬁq{r@?ﬁ%%rﬁﬁbgéﬁggd by an
i sol at ed nuckerespohdingoteautie spedific DNACBE@Ence.heThese: Prindérsats@d then
provi des for a vector which conprises an isolated nucleic acid nol ecul e

conpri si ng abgudsasl to RERI askie genecfragoeiitn (PGBErotvcals! iAgGvidel ToaMetbods he

met hods known to,one skilled .in the art for the insertion of DNA fragnments
"t o' vebt oAniadPBloaans. cuiieshay Michash AeJanish oF e cACadRmIIPRgSS &

i gand-3 or Qggg gand-4 using appropriate transcriptional/translational
control signals %d t he protein coding

The recombinant ligand may be purified by any technique which. aliows
for the subsequent formation of a stable, biologically active protein.
10 Preferably, the ligand is secreted into the culture medium from which
it is recovered. Alternatively, the ligand may be recovered from cells
either as soluble proteins or as inclusion bodies, from which it may be
extracted quantitatively by 8M guanidinium hydrochloride and dialysis
in accordance with well known methodology. iIn order to further purify
15 the ligand, affinity chromatography, conventional ion exchange
chromatography, hydrophobic interaction chromatography, reverse

phase chromatography or gel filtration may be used.

In additional embodiments of the invention, as described in greater
20 detail in the Examples, a recombinant TIE ligand-3 or TIE ligand-4

encoding gene may be used to inactivate or "knock out" the endogenous
gene by homologous recombination, and thereby create a TIE ligand-3 or

TIE ligand-4 deficient cell, tissue, or animal. For example, and not by
‘'way of limitation, the recombinant TIE ligand-3 or TIE ligand-4

25 encoding gene may be engineered to contain an insertional mutation, for
example the neo gene, which would inactivate the native TIE ligand-3 or
TIE ligand-4 encoding gene. Such a construct, under the control of a

suitable promoter, may be introduced into a cell, such as an embryonic

21



sequences. These nethods may include in vitro reconbi nant DNA and synthetic
techni ques and in vivo reconbi nations, (genetic reconbination). Expression
of a nucleic acid sequence encoding TIE Iigand-3 or TIE |igand-4 or peptide
fragnents thereof may be regul ated by a second nucleic acid vvhi ch
IS operably WO#H8B040 the TIE |Iigand-3 or TIE |igand-4 encoﬁ?ﬁ’g sequence
such that the TIE ligand-3 or TIE |igand-4 protein or peptlde I S expressed
in a host tstemsfcstindly @ techmaueceueihi afttansiRction.e HF@NSAUEPN.eREnpl e,

f
cont ot | od iBipckiRp: or G sontiinig thé SRR REY, BEh BRL SeBci By qats,
whi ch may %ﬁ}ﬁgﬂcéo @%ﬁkr%.&m&aé%rp@n@fcttﬂe ligaABD igicTiEqigdpe-4ar e not

limted to ong termnal repeat as described™in Souinto et” al., (Cell

65: 1- 20 (19%Hdadin -4 ahery IJUwmttmedr@ggby(seuﬂwratblaﬂmmon
Nat ure 290: 304- 31 wethe (%I?/V pronmoter, the MMILV 5" term nal repeat, the

WO 97/ 4&304deteﬁtnon r\forthern blottlng or assay of expressigwT/ Osls/ lagkirg |§|nom)t er
t t 3

oo Gl intast ik Jiggnac A GHOTTE Nidariehd, pReody nodih VT ks B BGEEIS" ©

(V\agner et 2l rMm‘?’éB&q #}tlls téa‘cﬁheéfé tra%s%cé?*nc 7%. Erh‘bgsléélﬁciéﬂtg%)éucﬁ he

adenovi rus ?ﬁ regulfat ory seque
ligand. Such an animal may be used to define specific in vivo

processes, normally dependent upon the ligand.

10
The present invention also provides for antibodies to TIE ligand-3 or
TIE ligand-4 described herein which are useful for detection of the
ligand in, for example, diagnostic applications. For preparation of
monoclonal antibodies directed toward TIE ligand-3- or TIE ligand-4, any

15 technique which provides for the production of antibody molecules by
continuous cell lines in culture may be used. For example, the
hybridoma technique originally developed by Kohler and Milstein (1975,
Nature 256:495-497), as well as the trioma technique, the human B-
cell hybridoma techniqde (Kozbor et al., 1983, Immunology Today 4:72),

20 and the EBV-hybridoma technigue to produce human monoclonal
antibodies (Cole et al., 1985, in "Monoclonal Antibodies and Cancer
Therapy," Alan R. Liss, Inc. pp. 77-96) and the like are within the scope

of the present invention.

25 The monoclonal antibodies may be human monoclonal antibodies or
chimeric human-mouse (or other species) monocional antibodies.
Human monoclonal antibodies may be made by any of numerous
techniques known in the art (e.g., Teng et al., 1983, Proc: Natl. Acad. Sci.
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5 netallothionein gene (Brinster et al., Nature 296:39-42 (1982)):
prokaryotic expression vectors such as the [err]-I|actamase pronoter
(Villa-Kamaroff, et al., Proc. Natl. Acad. Sci. U S A 75:3727-3731
(1978)), or the tac pronoter (DeBoer, et al., Proc. Natl. Aca '@?%WIHZSS"A"

80: 21 -25 (1983957 al so "Useful proteins from reconbi nant Bacteriar 10

ot her fungi  <bR A SBEGE7 312, Kihod ot e 1WA POMRBIOREApBRY G Ae L)

pronoter, Pwdﬁ%&f%@&[)’?gﬁ?' Métﬂ?ﬁzr@ﬁ&[@fz‘édqf}! E?ﬁi@%{i&hﬁﬁ%@& s€

pronoter, and t | 'oWi ng ahi mal " trarscri ptiona regi ons, which

exhi bit tissughdslesglek fiadyy bangrepdrednéiftalfifg &trhblLige dantiydr-Binied i domain
animals; elastase | gene control region which is active in pancreatic

aci nar cells @h humetn gionstapd| regtens IBloreigon (etoah) ;1984ni RrocetNail.. Acgd! d
Spring Harbor Synp. ant. Biol, 50:399- 409 (1986); MNacDonal d, Hepat ol ogy
7:425-515 § 19§P}-?Bi$rgjl$1ri6 ahe TakrdRost abgﬂ@ﬁ%wi‘?%m 331&%53% in pancreatic
beta cells [Hanahan, Nature 20 315:115-122 (1985)]; imunogl obulin gene
control region which is active in |ynphoid cells (G osschedl et al., 1984,

Coll, 35,547 S¥tofioghingthysl opldPn M iCnditoS edr the ot o -

regi on whi ch psiyetdnaleantiboeiesi tulepitopescastTIB Yigahdidl emTiBalkigarbyl s

(Leder et 25 al., 1986, Cell 45:485-495), al bum n gene control region

whi ch is acti desenbed hsrejrri nker thetpraductionsef aptihedyavaripesehost animals,

1:268-276)4  including but not limited to rabbits, mice and rats can be immunized by

injection with TIE ligand-3 or TIE ligand-4, or a fragment or derivative

thereof. Various adjuvants may be used to increase the immunological

response, depending on the host species, and including but not limited

to Freund's (complete and incomplete), mineral gels such as aluminum

15 hydroxide, surface active substances such as lysolecithin, pluronic
polyols, polyanions, peptides, oil emulsions, keyhole limpet
hemocyanins, dinitrophenol, and potentially useful human adjuvants
such as BCG (Bacille Calmette-Guerin) and Corynebacterium parvum.

20 A molecular clone of an antibody to a selected TIE ligand-3 or TIE
ligand-4 epitope can be prepared by known techniques. Recombinant
DNA methodology (see e.g., Maniatis et al., 1982, Molecuiar Cloning, A
Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor,
New York) may be used to construct nucleic acid sequences which

25 encode a monoclonal antibody molecule, or antigen binding region

thereof.
The present invention provides for antibody molecules as well as
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al pha-fetoprotein gene control region which is active in liver (Krun auf et
al ., 1985, Mol . Cell. Biol. 5:1639-1648; Hamer et al., 1987, Science 18
WD 97/ 48804 PCT/ US97/ 10728
235:53-58); alpha 1-antitrypsin gene control region which is active in the
liver (Kel seyw@?7/48804 1087, Cenes and Devel . 1:161-171), betdK§WHBVH"ﬂ%ne‘
control region which is active in nmyeloid cells (Mgramet al., 1985,

Nat ure 315:fsagments ofosuchsastibedy molestlese| Anyibody. tragmenfe which basi c

brain ( Rgggfﬁ%% G R4, R0 AV gB5, Ko B BB BHARAL  *2° e
cont ol 1 eGicaRnies! | skEfole! sBER! R3PS SheGENBOI ard Sk IARGH &

314: 283- 28 gonadot ropi ¢ rel easi ng”hor none gene contr region

i s active ithet Féalypdtdgrhent whidhoam be productdBby pepsimaigdstion of the
234:1372-1378). The invention further enconpasses the production of

anti senge caisadydenotbcale; ahe Faballagnénispamidh cahl be hydrdrdiett by With a
sequence of RNA encoding TIE ligand-3 or TIE |igand-4 to nodul atbg its

expr essi on. regiicing thﬁsilsp!imnbrme%ofl@be 1B@b’ )@s&agmeln&vandethezﬁablggz 15

Thus, according to the invention, expression vectors capable of being
replicat ed frageeinds twhichl can ke kgewated Hes ttreating itke ranptibadyc nsileculei d

with papain and a reducing agent. Antibody molecules may be purified
by known techniques, e.g., immunoabsorption or immunoaffinity
10 chromatography, chromatographic methods such as HPLC (high

performance liquid chromatography), or a combination thereof.

The present invention further encompasses an immunoassay for
measuring the amount of TIE ligand-3 or TIE ligand-4 in a biological
15 sample by
a) contacting the biological sample with at least one antibody which
specifically binds TIE ligand-3 or TIE ligand-4 so that the
antibody forms a complex with any TIE ligand-3 or TIE ligand-4
present in the sample; and ;
20 b) measuring the amount of the complex and thereby measuring the
amount of the TIE ligand-3 or TIE ligand-4 in the biological

sample.

The invention further encompasses an assay for measuring the
25 amount of TIE receptor in a biological sampie by
a) contacting the biological sample with at least one ligand of the
invention so that the ligand forms a complex with the TIE

receptor; and

24



encoding TIE ligand-3 or TIE ligand-4 as described herein, are used to
transfect a host and thereby direct expression of such nucleic acid to
produce TIE ligand-3 or TIE ligand-4, which nmay then be recovered in a 20

bi ol ogically agt] rm As used herein, a bi-ologically actiyggrkRéiors = .

I ncl udes a forﬂdc’ég‘g{??e of binding to TIE receptor and causi ng a bi ol ogi cal
response such .as a differentjated function or influenci e_phenot of
the ool T oxpr ddsi ndPoneiii e ol o Rg, Somplet Rl MKfeby GnRaSHRt ffer
exanpl e, induce pPhoaRBRHY bRthe"THE rbBEpiod @S tHE bibloidal 2Samgyrai n of TIE
receptor. Alternatively, the biological activity may be an effect as an
antagonist to the TIE receptor. In alternative enbodi nents, the active form
of TIE ligand-3 or TIE |igand-4 is one that can recg&ni ze TIE receptor and
t hereby act asThe tpiegent igvention alse nprayides \for thesgdiization of TIE ligand-3

PCT/ US97/ 10728 t f in both di t dth tics.

I n accordarce Ui H&;ﬁéﬁgé%géﬂﬁw&ltlrp’l?e%éfé‘{'?’éé%ﬂ'% Cﬂz@g’rﬂﬁo?n E}ﬁ?’grg%ﬁgﬁ
TIE ' ' : [

cont ai ni o t hatilde (BibraaEiPRCTIE RSB BRpressin RIIR PMUETHD

(a) DNA-DNA hykydndl Aidy B@. ub8d & @S8npplePherROfeR8Pport, for example, endothelial

cells in cuiture.

10 Further, the discovery by applicants of additional ligands for the TIE
receptor enables the utilization of assay systems useful for the
identification of agonists or antagonists of the TIE receptor. Such
assay systems wouid be useful in identifying molecules capable of
promoting or inhibiting angiogenesis. For example, in one embodiment,

15 antagonists of the TIE receptor may be identified as test molecules
that are capable of interfering with the interaction of the TIE receptor
with biologically active TIE ligand-3 or TIE ligand-4. Such antagonists
are identified by their ability to 1) block the binding of biologically
active TIE ligand-3 or TIE ligand-4 to the receptor as measured, for

20 example, using BlAcore biosensar technology (BlAcore; Pharmacia
Biosensor, Piscataway, NJ); or 2) block the ability of biologically
active TIE ligand-3 or TIE ligand-4 to cause a biological response. Such
biological responses include, but are not limited to, phosphorylation of
the TIE receptor or downstream components of the TIE signal

25 transduction pathway, or survival, growth or differentiation of TIE
receptor bearing cells.

In one embodiment, cells engineered to express the TIE receptor may be

dependent for growth on the addition of TIE ligand-3 or TIE ligand-4.
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of "marker" gene functions, (c) expression of inserted sequences and (d)
PCR detection. In the first approach, the presence of a foreign gene
inserted in an expression vector can be detected by DNA-DNA 10
hybri di zati on usi ng probes conprising sequences that are hopnpl 0. an
i nserted TIEMAY 3 or TIE ligand-4 encoding gene. In thengﬁgﬁﬁin v

approach, the reconbi nant, vectoy/host system cap be identified, and selected
based upon gﬂ-@"brc@glgnl?é‘)‘ﬂpeaﬂ‘é%{%eaﬁa\beﬁyﬁéﬁ’ﬁs"ﬂ:ﬁ’r Kdgntitying addiienalns (e. g.
t hym di ne ki Cht MhLYTIE €S nce Lol i t alg)
phenot ype, c?@?:?"‘tisstlgozﬁii \ggqu%r%&ﬁ%}gér}c'i (?1't %ﬁﬁ@%@%ﬁﬁa@é)%gﬁ@%ﬁ@@a M@

i nsertion olthé GA@Gy BEMEE ii?ahbfa GRCTIE lighfill-£gHlueh télle nucleic acid
encoding a TIE ligand-3 or TTE ligand-4 iS inserted within the marker gene

sequence of Alternatively; ,autectinki cells,s eagimesiradntp thee capabla afacobe
i dentified by the absence_of the marker 20 gene function. In the third
approachb r @xpressingt bethp TEE sligand,8cand sreegptase arddHe i ligand-fyand gegentert he

based f o Skeias ROt Rstitnt 'r " SRR iorepieb ARHINSeF S 17 E
[ gand 1o TR O Tt i on ¢ her eof 25 whi ch may be agged with
for exanple, a detectable antibody or portion thereof or by binding to ’
anti bodi es q_roduced against the TIE ligand-3 or TIE ligand-4 protein or a
portion therldherefarsl Itbeoprasantpinyestioni praides fordptroduationnel v diE
prefera? on, rggggttoirts%évgél}/s "%Pngt do not normally express this receptor, thus
allowing these cells to exhibit profound and easily distinguishable
responses to a ligand which binds this receptor. The type of response
elicited depends on the cell dtilized, and not the specific receptor
introduced into the cell. Appropriate cell lines can be chosen to yield a
15 response of the greatest utility for assaying, as well as discovering,
molecules that can act on tyrosine kinase receptors. The molecules
may be any type of molecule, including but not limited to peptide and
non-peptide molecules, that will act in systems to be described in a
receptor specific manner.
20
One of the more useful systems to be exploited involves the
introduction of a TIE receptor (or a chimeric receptor comprising the
extracellular domain of another receptor tyrosine kinase such as, for
example, trkC and the intracellular domain of a TIE receptor) into a
25 fibroblast cell line (e.g., NIH3T3 celis) thus such a receptor which does
not normally mediate proliferative or other responses can, following
introduction into fibroblasts, nonetheless be assayed by a variety of

well established methods to quantitate effects of fibroblast growth
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20 WD 97/ 48804 PCT/ US97/ 10728
permanently express TIE ligand-3 or TIE |igand-4 as described herein. In
the fourth approach, DNA nucl eotide priners can be prepared correspondi ng
to a tie specific DNA sequence. These priners.could then be %R A .
tie gene fragnBRP™BBCR Protocols: A Guide To Methods 5 and App; |§cgg’tl+30ns

Edi d by Mc Lo | Acad P 1.9 nbi
T gand oy baaBTRTe (e n RS ncerasralien. o cpihelie oiR® PR ERE: """
formation of f.ofablge Péﬁ'z?&élﬁﬁ' hgedChTHE éé)to? V@oncgg@ar%&s\y@w the

ligand is secret into the culture nedi um rom I'S recovered.

Al ternativel ypetdttion @FnFolypeplide’ GeoWEH Fhdto@™M ipeFrégRisshPacesr Relsebtch,
proteins or as inclusion bodies, fromwhich it may be extracted

quant it ati vel Yolky2, 3. glj&hﬂéﬁ?ﬁ|lharh§ddddhlGnlﬂta§baﬂ386L Mqls iGell. rBlabcMOélaﬁ,ce

wth well known neth do In order to further r 15t e li
affinity &hrdfitdoth Fb%?ﬁ ﬁ§ﬁ§y5|hﬂ\’ee%§ﬁag3c ?Sﬁrgﬁhf"

Yo onnobic | gl b e S RPN 10 RO s
described i n @-8Rt6H as well as the parental cell line lacking the receptor; only

specific effects on the cell line with the receptor would be judged as
being mediated through the introduced receptor. Such cells may be

10 further engineered to express the TIE ligand-3 or TIE ligand-4, thus
creating an autocrine system useful for assaying for molecules that act
as antagonists/agonists of this interaction. Thus, the present invention
provides for host cells comprising nucleic acid encoding TIE ligand-3 or
TIE ligand-4 and nucleic acid encoding TIE receptor.

15
The TIE receptor/TIE ligand-3 or TIE ligand-4 interaction also provides
a useful system for identifying small molecule agonists or antagonists
of the TIE receptor. For example,' fragments, mutants or derivatives of
TIE iligand-3 or_TIE. ligand-4 _may.be identified that bind TIE receptor

20 but do not induce any other biological activity. Alternatively, the
characterization of TIE ligand-3 or TIE ligand-4 enables the
determination of active portions of the molecule. Further, the
identification of a ligand enables the determination of the X-ray
crystal structure of the receptor/ligand complex, thus enabling

25 identification.of the binding site on the receptor. Knowledge of the
bihding site will provide useful insight into the rational design of novel

agonists and antagonists.
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20 detail in the Exanples, a reconbinant TIE ligand-3 or TIE |igand-4
encodi ng gene may be used to inactivate or "knock out" the endogenous gene
by honol ogous reconbi nation, and thereby create a TIE ligand-3 or TIE

l'i gand- 4 def|C| ent cell, tissue, or animal. For exanple, and not by way of
lintation, Wed7488énbi nant TIE |igand-3 or TIE |igand-4 25PCHNS%; gehe
may be engineered to contain an insertional nmutation, for exanple the neo
gene, whi ch Theuspetifischinding afha test ireletule [to gHif receptoriraay ibgind- 4

encodi ng gene. Such a construct under the control ,of a.s rorm
my be ntr SRRHIoR oA nambeY &t MAVES ERF syt dfe el bt ot

'I[Dg/nggag |18nil eé&%mdé?tdllgngy%%ﬁ% acgllrll al n?%& ﬂee%{)ns?pﬁrﬁ%éémedf hbey be
sel ected by o@fé&mgaajrsmmm@el(i)swwmblécmé @csunwttaCtheTlsEriac@aad iRtatt TIE
| i gand-4 encodi ng gene nmay then be identified, e.g. by Southern blotting,

PCR 5 det ecellsn,(iiNdesth anolddube t ¢nogseinkaesk ag BiE eprpteins irorcelICdysatesaad ng

an intact TILE quiegand-s or TIE I' a g 4 encodi ng gene may then be fused to
early enbr y(""& t e eé’é‘r*%r%@ Jernovilia- maf Be qepeetieninteractionh | i gand.

Such an ani Ry IBY Rt Hsfcuf %‘ﬁd’ e Shay' e \)anua\{t'e\éoby using reagents that

demonstrate the unique properties of that interaction.

10 As a specific, nonlimiting example, the methods of the invention may be
used as follows. Consider a case in which the TIE ligand-3 or TIE
ligand-4 in a sample is to be measured. Varying dilutions of the sample
(the test molecule), in parallel with a negative control (NC) containing
no TIE ligand-3 or TIE ligand-4 activity, and a positive control (PC).

15 containing a known amount of TIE ligand-3 or TIE ligand-4, may be
exposed to cells that express TIE in the presence of a detectably
labeled TIE ligand-3 or TIE ligand-4 (in this example, radioiodinated
ligand). The amount of TIE ligand-3 or TIE ligand-4 in the test sample
may be evaluated by determining the amount of 25|-labeled TIE ligand-

20 3 or '25)-abeled TIE ligand-4 that binds to the controls and in each of
the dilutions, and then comparing the sample values to a standard curve.
The more TIE ligand-3 or TIE ligand-4 in the sample, the less 125]-
ligand that will bind to TIE.

25 The amount of 125{-ligand bound may be determined by measuring the
amount of radioactivity per cell, or by cross-linking the TIE ligand-3 or
TIE ligand-4 to cell surface proteins using DSS, as described in.Meakin
and Shooter, 1991, Neuron §:153-163, and detecting the amount of
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processes, nornally dependent upon the ligand. 1 0 The present invention

al so provides

for antibodies to TIE ligand-3 or TIE |igand-4 descri bed

herein which are useful for detection of the ligand in, for exarrpl e,
di agnostic applications. For preparation of nmonoclonal antibodj dﬁ
toward TIE | i gaW@2¥4BP4 1) £ 1 gand- 4, any 1 5 technique whi ch pr OV

t he production of antibody nol ecul es contl nuous cel } cuI

may be used. Flépe@)@arPﬁPtethecﬁ bﬁ"(ﬂ% f‘§tﬂﬂwi§hee@mﬁ %ab?"?d@r}%

Kohl d M1 t

echni que. t naitluRetbPhRredR] WificR el Fevkal)a 1850 préigin 2'%%8%%}29

| munol ogy Tod@frésaé’ddmaoto amt trbseﬁ%vmzbhgaﬁafe t61C MIE Qg dptod THE Usdand-

human nonocl onal anti bodires (Col e et

in "Monocl onal Anti bodi es

and Cancer Thet.apyfhe sapecifie. testsmolemde/BE nr?tér%)orarrday Herthiek ebartested Hiyn
t he scope of the present invention. 25 The nonocl onal antibodi es may be
human nonodl oreddingt i dle cassaysc Marigus dikdians b e L(rﬂﬁbeieﬁeeorstp@lcltggwd

amor ous. 1 echriPALEOoDRh STIE TRE e Pekaptot Al EReR ol Wl o™l

Acad. Sci. 22

10

16

20

25

substantial effect on the competition between labeled TIE ligand-3 or
TIE ligand-4 and test molecule for TIE binding. Alternatively, a
molecule known to be able to disrupt TIE receptor/TIE ligand-3 or TIE
ligand-4 binding, such as, but not Iimited.to, anti-TIE antibody, or TIE
receptorbody as described herein, may be expected to interfere with the
competition between '2%I-TIE ligand-3 or 125|-TIE ligand-4 and test

molecule for TIE receptor binding.

Detectably labeled TIE ligand-3 or TIE ligand-4 includes, but is not
limited to, TIE ligand-3 or TIE ligand-4 linked covalently or
noncovaiently to a radioactive substance, a fluorescent substance, a
substance that has enzymatic activity, a substance that may serve as a
substrate for an enzyme (enzymes and substrates associated with
colorimetrically detectable reactions are preferred) or to a substance
that can be recognized by an antibody molecule that is prelerably a

detectably labeled antibody molecule.

Alternatively, the specific binding of test molecule to TIE may be
measured by evaluating the secondary biological effects of TIE ligand-3
or TIE ligand-4/TIE receptor binding, including, but not limited to, cell
growth and/or differentiation or immediate early gene expression or

phosphorylation of TIE. For example, the ability of the-test molecule to
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WD 97/ 48804 PCT/ US97/ 10728 U. S. A
80: 7308-7312; Kozbor et al., 1983, |Imrunol ogy Today 4:72-79; O sson et al.,
1982, Meth. Enzynol. 92:3-16). Chineric anti body nol ecul es nay be prepared

cont ai ning a nouse anti gen-bindi ng domain with human constant regj i
(Morrison etwelo74880084, Proc. Natl. Acad. 5 Sci. U S. A 81%@95’%‘2’@‘2%'&

al ., 1985, Nature 314:452). Various procedures known in the art nmay be used
for the prdaddce odifferepiation ean bantesledi i aelisethatolack He apd inj gand- 3 or

TIE |igand-4 described herein. For the. Lon,.of .ant.i b I host
ani ma; g 1d’°'\_‘ﬂ€55{ﬁ5?nﬁe'®{ﬁﬁ6te*?’yﬂstseg@ggﬁg?%bﬁgtz'g%'@ehlgrﬁ§9¥5?§g'I uze >

| mmuni zed DagilsNbEf o inebihpbrBbld ¢8118-thatlladk B ' WBlG be Ridicatvedreat of

derivative 2r 8ot "l ous aéj uvants may be used to I ncrease the

i munol ogi asPedifies R8s anolzaterdliEginterddtiorhosA similaeanalysisi collddibeg but
not limted to Freund's (conplete and inconplete), mineral gels such as
al um num 1 perfordreskibye detacting: émmadiate eatyt aere Sesgicfosandyjam)eci t hi n,

Pemmoyani nanHpURR MBpHENBHIS ADDALERS Gisusth B RERATE uvant o such as
B (oct || oo 5 Tl 0y SRR ORHEA agllys DAL,
be prepar eghBY aknOVBUH GiMAEIS SmigRRCBEDISHTO! iPNAeREyNG GguhistsSee € J,
Maniatis et al., 1982, Ml ecular Coning, A
antagonists that do not competitively bind to TIE.
10
Similarly, the present invention provides for a method of identifying a
molecule that has the biological activity of TIE ligand-3 or TIE ligand-4
comprising (i) exposing a cell that expresses tie to a test molecule and
(i) detecting the specific binding of the test molecule to TIE receptor,
15 in which specific binding to TIE positively correlates with TIE-like
activity.. Specific binding may be detected by either assaying for direct
binding or the secondary biological effects of binding, as discussed
supra. Such a method may be particularly useful in identifying new _
members of the TIE ligand family or, in the pharmaceutical industry, in
20 screening a large array of peptide and non-peptide molecules (e.g.,
peptidomimetics) for TIE associated biological 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) celis that are either tie-minus or engineered to
25 be tie-plus. A variety of test molecules may then be added such that
each column of the grid, or a portion thereof, contains a different test
molecule. Each well could then be scored for the presence or absence of

growth and/or differentiation. An extremely large number of test
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Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, New
York) may be used to construct nucleic acid sequences which 25 encode a
nonocl onal anti body nol ecul e, or antigen binding region thereof. The
present invention provides for antibody nolecules as well as -
97/ 48804 WO 948804 PCT/ US97/ 1072 r’%sggyr)e%l’?% of
such anti body nol ecul es. Antibody fra nts i ch contain the idiotype of
the ol ecul e dBAlESYIRR FoMId ke W¥??m6gr¥géc§% getivity-dp this fpRRNek ych
fragnents include but are not |limted to: the F(ab')[err] fragment which
can be produced by pepsin digestion of the 5 antibody nol ecul e; the Fab’

fragments whi gf gagitlnagdesinbatitfleRts, r BRUMMVENtIdIE plovideki fif RidtRea@s &f the
F(ab')2 fragnent, and the Fab fragments which can be generated by treating

the anti body mridtectihg or trnepspring dhd hgaeduikiengctivitnt or Adentikyihg rl ecul es
may be purified by known techniques,e.g., immunoabsorption or
i munoaf fi & t ynelegule rasmitayiR@ psHch aetivityt QUPBASING Mkt@XResSIRG ch 188t HPLC

bresent 1 nventhaipeHle ther Ll JAsaBLES Bigreirfrin 3485 BpBRh EhditERs that Weimit

binding to occur and (ii) detecting binding of the test molecule to the
TIE receptor protein, in which binding of test molecule to TIE receptor
correlates with TIE ligand-like activity. According to such methods,

10 the TIE receptor 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 receptor may be evaluated by any method known in
the art. In preferred embodiments, the binding of test molecule may be

15 detected or measured by evaluating its ability to compete with

detectably labeled known TIE ligands for TIE receptor binding.

The present invention also provides for a method of detecting the
ability of a test molecule to function .as an antagonist of TIE ligand-

20 like activity comprising detecting the ability of the molecule to inhibit
an effect of TIE ligand binding to TIE receptor on a cell that expresses
the receptor. Such an antagonist may or may not interfere with TIE
receptor/TIE ligand-3 or TIE ligand-4 binding. Effects of TIE ligand-3
or TIE ligand-4 binding to TIE receptor are preferably biological or

25 biochemical effects, including, but not limited to, cell survival or
proliferation, cell transformation, immediate early gene induction, or

TIE phosphorylation.
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measuring the amount of TIE ligand-3 or TIE ligand-4 in a biological 1 5
sanpl e by a) contacting the biological sanple with at | east one anti body
whi ch specifically binds TIE ligand-3 or TIE ligand-4 so that the anti body
fornms a conplex with any TIE ligand-3 or TIE ligand-4 present _in the

sanpl e; and ¥ obiese4 neasuring the anount of the conpl ex an&CEYE?
nmeasuring the anount of the TIE ligand-3 or TIE |igand-4 in the biological
sanpl e. The Thevémeértior’ jutther providgsaderbath asseghédrofridentifying t he 25
anount of TIE receptor in a bi Ol%ﬁi cal sanple by a acting,the

bi ol ogi cal @atippdies o etheremaleeues) FapaRieoPt tﬂﬁé’t}ﬂ@gé) i%ﬁ BGARG AT ¢ he
S 01 1 SR B, bRl Wil B ool b by
b esent L nvane R B A G e s
5 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 ligand-3
or TIE ligand-4 which has been Myc-tagged may then be introduced to
the well and any tagged TIE ligand-3 or TIE ligand-4 which binds the
10 receptorbody may then be identified by means of a reporter antibody
directed against the Myc-tag. This assay system may then be used to
screen test samples for molecules which are capable of i) binding to
the tagged ligand or ii) binding to the receptorbody and thereby blocking
binding to the receptorbody by the tagged ligand. For example, a test
15 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 comparing the amount of bound tagged ligand in the test
sample to the amount in the control, samples containing molecules
20 which are capable of blocking ligand binding to the receptor may be
identified. The molecules of interest thus identified may be isolated

using methods well known to one of skill in the art.

Once a blocker of ligand binding is found, one of skill in the art would

25 know to perform secondary assays to determine whether the blocker is
binding to the receptor or to the ligand, as well as assays to determine
if the blocker molecule can neutralize the biological activity of the

ligand. For example, by using a binding assay which employs BlAcore
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5 or TIE ligand-4 to support the survival and/or growth and/or mgration
and/or differentiation of TIE receptor expressing cells. Thus, the Iigand
may be used as a supplenment to support, for exanple, endothelial cells in
culture. 10 Further, the discovery by applicants of additional |igands for
the TIE receptwo%M889 es the utilization of assay systens usePGFUPHAMPRe -
I dentification of agonists or antagonists of the TIE receptor. Such assay
syst ems woul dbiggenser dechmologyn(arf thenequivalentle sncwihiagh eitverpfdnot i ng or

the TIE 1 eceptesPHIRpasY PhctE IBBRIE droTfE idRtiedr ﬂfwlbp ?Qifﬁiﬁff:ﬁ%‘?wﬁ
act i ve T E 1 | BURGACIE 4074 MM bOEph (e S RRNGL diidran ofl 2HAg Y
thei r_abi | t ysirtadd), b ot Sl Bhveien@roiwaiilel Bel aisll 1o Wetémendl [ {Hegand- 3

or TIE ligand-4 to the receptor as neasured, for 20 exanple, using Bl Acore
bi osensor g echiockegymoédRictberis; biRkingrespexiftalbens cthe Rgand; digandbbidy; oorto?2)

cause a bi of ol KeCRRIOHERE, - LacHeBTENRiiL dher OGBS dudlestla; san pavtaNes not
e Lo RSBS00l SES0R BgARE T of mfiP i A et <
engi neered 1 o Sharaes BISHIRIVIaUSRRERaY {RpS Exhmpl6 s SROAMofRtionat ! | <
Publication No. WO 96/31598 published 10 October 1996) or
10 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 additional agonists of

16 the TIE receptor.

In addition, the invention further contemplates compositions wherein
the TIE ligand is the receptor binding domain of the TIE ligand-3 or TIE
ligand-4 described herein. For example, TIE-2 ligand 1 contains a

20 “coiled coil” domain and a fibrinogen-like domain. The fibrinogen-like
domain of TIE-2 ligand 2 is believed to begin on or around the same
amino acid sequence as in ligand 1 (FRDCA). The fibrinogen-like domain
of TIE ligand-3 is believed to begin on or around the amino acid
sequence which is encoded by nucleotides beginning around position 929

25 as set forth in Figure 8A-6B. Mulitimerization of the coiled coil
domains during production of the ligand hampers purification. As
described in Example 7, Applicants have discovered, however, that the

fibrinogen-like domain comprises the TIE-2 receptor binding domain.
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dependent for growh on the addition of TIE ligand-3 or TIE ligand-4. 25
WD 97/ 48804 PCT/ US97/ 10728 Such
cells provide useful assay systens for identifying additional agonists of
the TIE rece tor or antagoni sts capable of .interfering with the act|V|ty
of TIE Ii gan T4P804| E | gand-4 on such cel Is. Alternativel W’é’ﬁf’msne

cells, engl eered to be capable of co- 5 expressing both TIE |igand-3 and
receptor, ofngl 'Eopp&ﬁﬂﬁ 105718 Pk dhe: Bhrineggn-like demain i naty fowayeror

assayin go er.efore, the

nvent &%é@@ééfi O The irstbh o Bhadias e IRiRT gtvgptegseﬂnfﬁnegpee-h na
do not nor e o] al n tﬁﬁg@ I bit
pr of ound arr?g{ée?sﬁ@mg?\sﬁﬂd#gaa?hg%gew rcelg%?rfggs ll[ ?mli \%‘ﬁi’bloﬁ |ér§d§6t hi s
receptor. Thiadt thpe TE-2 ergunepier. e[Methoels dénﬂbdﬂcﬁﬂntbb"aebtemﬂl ligaegs and
not the speC|f|c receptor introduced into the cell. Appropriate cell |ines
can be &hosid tligapdbogies rre desefileed dndPavise er@'at%slane|266'ﬁ1ﬁeﬂ19

oceptors. MeEhL) CRAAT B hed aiGGe pplienis. o adioat landdpadieshot
limted to pafl denilibe the fibrinogen-like domain of the TIE-2 ligands coupled
to the Fc domain of IgG (“fFc’s”). These ligandbodies, which form
dimers, efficiently bind the TIE-2 receptor. Accordingly, the present
10 invention contemplates the production of TIE ligand-3 or TIE ligand-4
ligandbodies which may be used as targeting agents, in diagnostics or
in therapeutic applications, such as targéting agents for tumors and/or

associated vasculature wherein a TIE antagonist is indicated.

15 The invention herein 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 treatment of
patients suffering from disorders involving cells, tissues or organs
which express the TIE receptor. Such molecules may be used in a

20 method of treatment of the human or animal body, or in a method of

diagnosis.

Because TIE receptor has been identified in association with
endothelial cells and, as demonstrated herein, blocking of TIE-2 ligand
25 1 appears to prevent vascularization, applicants expect that the TIE
ligand-3 or TIE ligand-4 may be useful for the induction of
vascularization in diseases or disorders where such vascularization is

indicated. Such diseases or disorders would include wound healing,
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non- pepti de nol ecules, that will act in systens to be described in a
receptor specific manner. 20 One of the nore useful systens to be exploited
i nvol ves the introduction of a TIE receptor (or a chineric receptor

conprising the extracellular domain of another. receptor tyrosil{lé. ey
such as, for e%ﬂﬁ’f"@?o"trkc and the intracellular domain of a Aff%Zeptor)

into a 25 fibroblast cell ] _ NLEBT3 cells) .t h

whi ch does nofSRBEAIP §lirheBsr Iher loands anay B feriencEpanteel Fiager

fol | owi ng i nt L @1 L ofiRD |

vari ety of el Coapel kR i o8 Ssertar ol oI, BeRRS T, A8, Pagquler

growth 26 ¥RdB el 04rowth factor (VEGF), another endothelial cell- specific
PCT/ US97/ 10728 factors (eg. thymi dine incorporation or other t :gg‘s of
proliferationfacionyhat isangiegeniel &errarao®t alTHé SusBatemtoNel 59%/ B7Assays

For Detection O Polypeptide Gowh Factors” in Progress Factor Research,
Vol . 2, ppS mﬁuf-slz,lul;hﬁﬁ, A8P4v e drefrara refgrencd| as (well asgother, styglies.g,

o epar at  on o SeepaBdeBoyERT BN HENGel BRdRF P AL 8 daetlle Hemansie
the effect of an angiogenic factor in enhancing blood flow to ischemic
myocardium, enhancing wound healing, and in other therapeutic settings
wherein neoangiogenesis is desired. [see Sudo, et al. European Patent

10 Application 0 550 296 A2 published July 7, 1993; Banai, et al.
Circulation 89:2183-2189 (1994); Unger, et al. Am. J. Physiol.
266:H1588-H1595 (1994); Lazarous, et al. Circulation 91:145-153
(1995)]. According to the invention, TIE ligand-3 or TIE ligand-4 may
be used alone or in combinatioh with one or more additional

15 pharmaceutically active compounds such as, for example, VEGF or basic
fibroblast growth factor (bFGF), as well as cytokines, neurotrophins, .

efc.

Conversely, antagonists of the TIE receptor, such as receptorbodies as
20 described herein in Examples 2 and 3, and TIE-2 ligand 2 as described in
Exampie 9 in International Publication No. WO 96/31598 published 10

October 1996, would be useful to prevent or attenuate vascularization,
thus preventing or attenuating, for example, tumor growth. These
agents may be used alone or in combination with other compositions,
25 such as anti-VEGF antibodies, that have been shown to be useful in
treating conditions in which the therapeutic intent is to block
angiogenesis.  Applicants expect that the TIE ligand-3 or TIE ligand-4

described herein may also be used in combination with agents, such as
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receptor as well as the parental cell Iine |acking the receptor; only

specific effects on the cell line with the receptor would be judged as
bei ng nmedi ated through the introduced receptor. Such cells nay be 10
further engineered to express the TIE Iigand-3 or TIE |igand t hus

creating am WAY#EMMe system useful for assaying for nol ecull’ggmﬁ?lé’(”@ct as
ant agoni st s/ agoni sts of this interaction. Thus, the present invention

provi des focytekine cﬁitagonmrSlmthSnU.cﬁeBUtagQrt!IStendbat ye TKmowngtth dlacior
TIE |ligand-4 fe?nd nucl eic acid encoding TIE receptor. 15 The TIE

recept or/ TI B ?ﬁ‘e{ﬂﬁ iI®Nor TIE Iigand-4 interaction al so provides a useful
systemfor identifying small nol ecul e agoni sts or antagonists of the TIE
receptor. For exanple, fragments, mutants or derivatives of TIE Iigand-3 or

TIE |'i gand- fopeakdtfipled edpplicants tﬂa% BefstmihEd MPaEe e ligandd Wredexprissedduce

any ot her bi ol ogi cal activity. Alternatively, the characterization of TIE
| i gand- ¥ or ifMidellsi withih,4oenclbsely absociated niitiat turnoné aFor \&xample ohke-af
the nol ecule. Further, the identj f ication of a gand enabl es th

det er ni nat i Bﬁaﬁﬂ ?h%PP@ﬁ"éy t%r%tttﬂ thyt a§§99*aée%fwmhetumesnéplhel@én@p"s

| h f_the bindi h
Fecept or . KASSPENREo At gieh MU FriaBRnAts PRy HBOLBR IR ght 1 nt o

the rationah dgsitHy ¢r 2Q8RLaMIPNicH axaRPIENtRABP growth27 In addition, TIE
ligands or ligandbodies may be useful for the delivery of toxins to a

10 receptor bearing cell. Alternatively, other molecules, such as growth |
factors, cytokines or nutrients, may be delivered to a TIE receptor
bearing cell via TIE ligands or ligandbodies. TIE ligands or ligandbodies
such as TIE ligand-3 or TIE ligand-4 may also be used as diagnostic
reagents for TIE receptor, to detect the receptor in vivo or in vitro.

15 Where the TIE receptor is associated with a disease state, TIE ligands
or ligandbodies such as TIE ligand-3 or TIE ligand-4 may be useful as
diagnostic reagents for detecting the disease by, for example, tissue
staining or whole body imaging. Such reagents include radioisotopes,
flurochromes, dyes, enzymes and biotin. Such diagnostics or targeting

20 agents may be prepared as described in Alitalo, et al. WO 95/26364
published October 5, 1995 and Burrows, F. and P. Thorpe, PNAS (USA)
00:8996-9000 (1993) which is incorporated herein in its entirety.

In other embodiments, the TIE ligands, such as TIE ligand-3 or TIE

25 ligand-4, described herein are used as hematopoietic factors. A
variety of hematopoietic factors and their receptors are involved in the
proliferation and/or differentiation and/or migration of the various

cells types contained within blood. Because the TIE receptors are
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WO 97/ 48804 PCT/ US97/ 10728 The
specific binding of a test nolecule to TIE receptor may be neasured in a
nunber of ways. For exanple, the actual binding of test nolecule to cells

expressing TIE may be detected or neasured, by.-detecting or ma@?ﬂ sf)'ﬂ ,;ZP)
test nol ecul e b%%ﬂ t he surface of I nt act cells; (ii) test nolecule

cross-linked to TIEgroteln in cel sates

5
t est, mol ecul e bound
to TIE in vit rePreRe gp‘@c?f’f'& h?ﬂ"@F iete glisnd 5‘% Jtrb;sthgﬁﬂdé’fcﬁf% %P(?cﬁé tRay

be eval uat ed spn ‘Xgﬁg t. d e es of
that interact Ibé(lav 111080 a specl i@m nonlrﬁ'u'feltrgt'l;’H oPrqlﬁHF%rﬁféHb‘?{ tréc';ds of
the invention aﬂénuéﬁ%é’ée fdénlsowsrmﬁorf%fdéfarﬁ RASFIE @onwhiifimgt he TI E
ligand-3 or TIETigand-4 in a sanple is to be measured Varying dilutions
of the sanpl e qarmpositiets nmayc beepreparedaassapedwexaminad gat invetrooand gh viWE
containing no TIE | igand-3 or TIE ligand-4 activity, and a positive control

(PO 15 cént ap-mqggc Ry} Asch us@ th%apegm@llxa asr dwgiwbandaay qfashebe
TE T gand- 3 dPNeEY: SR 0 S Pa Q%%p?i@%ﬁ?d. bt il cret duay Aod
Ry B f3, S, e o
(1985); Yokota, et al. Proc. Natl. Acad. Scu (USA) 81:1070 (1984);
Bosselman, et al. WO 9105795 published May 2, 1991 entitled “Stem
10 Cell Factor" and Kirkness, et al. WO 95/19985 published July 27, 1995
entitted "Haemopoietic Maturation Factor". Accordingly, TIE ligand-3 or
TIE ligand-4 may be used to diagnose or treat conditions in which
normal hematopoiesis is suppressed, including, but not limited to
anemia, thrombocytopenia, leukopenia and granulocytopenia. In a
15 preferred embodiment, TIE ligand-3 or TIE ligand-4 may be used to
' stimulate differentiation of blood cell precursors in situations where a
patient has a disease, such as acquired immune deficiency syndrome
(AIDS) which has caused a reduction in normal blood cell levels, or in
clinical settings in which enhancement of hematopoietic populations is
20 desired, such as in conjunction with bone marrow transplant, or in the
treatment of aplasia or myelosuppression caused by radiation, chemical

treatment or chemotherapy.

The TIE ligand-3 or TIE ligand-4 of the present invention may be used
25 alone, or in combination with another pharmaceutically active agent

such as, for example, ctyokines, neurotrophins, interleukins, etc. In a

preferred embodiment, the ligand may be used in conjunction with any

of a number of the above referenced factors which are known to induce
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20 3 or 1251-labeled TIE ligand-4 that binds to the controls and in each
of the dilutions, and then conparing the sanple values to a standard curve.
The nore TIE ligand-3 or TIE ligand-4 in the sanple, the less 1251- |igand
that will bind to TIE. 25 The anount of 1251-1igand bound may be

det er m ned WOSH#80 i ng t he anount of radioactivity per cel PCI/B§97{1(728
cross-linking the TIE ligand-3 or TIE ligand-4 to cell surface proteins

usi ng DSS, stemdeelr pbedthiar hematapaiaticSiprecursor1 pyoliferationn o iE3ons3, and
detecting the amunf .of 2 . 97/48804 . .. . "

pCT Uso7] 164880 Bclater sleeim e Bematenvietie, patiuray, inalyding, hytenolns
pol yacryl am e esq | r : I o8 n
hav! ng & onpifed o, ChEMARASAE “fialurdlie 1aBf,  iBHodboBER Sitght Ll

recept or / Thictor g8Rghrapoidtie, SPEBF, GM-CBF,mBtcecul e/ TIE interaction nmay
further be tested by adding to the assays various dilutions of an

unl abel 8d control |igand that does not bind the TIE receptor and therefore
shoul d have no substantial effect on_the conpetition between | abeled TIE

| i gand- 3 ofdnTAE altejpative %WHOFIHQ_?"HDTLECL!ﬁﬁeP FhaganiRis ngre Msedr tati vel v,
a mol ecul e fAgNOse rPfred?! SatlehtS! # Wiich 'the” GESRED" fddult 4 SRRDitor of B E

hematopoietic pathway, such as for the treatment of
myeloproliferative or other proliferative disorders of blood forming

10 organs such as thrombocythemias, polycythemias and leukemias. In
such embodiments, treatment may comprise use of a therapeutically
effective amount of the TIE ligand-3 or TIE ligand-4, TIE antibody, TIE
receptorbody, a conjugate of TIE ligand-3 or TIE ligand-4, or a
ligandbody or fFC as described herein.

15
The present invention also provides for pharmaceutical compositions
comprising the TIE ligand-3 or TIE ligand-4 or ligandbodies described
herein, peptide fragments thereof, or derivatives in a
pharmacologically acceptable vehicle. The TIE ligand-3 or TIE ligand-4

20 proteins, peptide fragments, or derivatives may be administered
systemically or locally. Any appropriate mode of administration known
in the art may be used, including, but not limited to, intravenous,
intrathecal, intraarterial, intranasal, oral, subcutaneous,
intraperitoneal, or by local injection or surgical implant. Sustained

25 release formulations are also provided for.

The present invention also provides for an antibody which specifically

binds such a therapeutic molecule. The antibody may be monoclonal or
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10 ligand-4 binding, such as, but not limted to, anti-TIE anti body, or
TIE receptorbody as described herein, nay be expected to interfere with the
conpetition between [err]I-TIE ligand-3 or [err]I-TIE |igand-4 and test

nol ecul e for TIE receptor binding. 15 Detectably | abel ed Tl pobige9n@728 O ..
TIE ligand-4 T WQUH#84 byt is not limted to, TIE ligand-3 orEq‘IE | I gand- 4

| 'i nked I I al I ' ' b
{1 uor escont pRdienab,  Theinueaienl e Pridces. oy i mathadl PTEBg suehua: ance
that may serve Rschriie! pBhRIGR SR T8 MBASHIE e amblRe (drales

t y det’e

associated w col or rical ctabl'e reactions are preferred) or
to a substancgdhgbui@mBRCURE 38N ZRtinple tdkefidmdy patietuic? purdoses of

preferably a detectably | abeled anti body nol ecule. Alternatively, the
speci fi ¢ bi ndinonitofingethte wouesailod therapys nay be 25 neasured by eval uating
t he secondary biol ogical effects of TIE ligand-3 or TIE ligand-4/TIE
receptor I nding, including, but not limted to, cell growth and/or

TIE. For exandng. IneBNER, fpaySh PRI B MASt b o SSRGS 5505
PCT/ US97/ 1072gomprising a TIE ligand-3 or TIE ligand-4 or ligandbody and a cytotoxic
agent conjugated thereto. In one embodiment, the cytotoxic agent may
be a radioisotope or toxin.
10
The invention also provides for an antibody which specifically binds a

TIE ligand-3 or TIE ligand-4. The antibody may be monoclonal or

polyclonal.

15 The invention further provides for a method of purifying TIE ligand-3 or
TIE ligand-4 comprising: '
a) coupling at least one TIE binding substrate to a solid
matrix;
b) incubating the substrate of a) with a cell lysate so that the
20 substrate forms a complex with any TIE ligand-3 or TIE
ligand-4 in the cell lysate;
c) washing the solid matrix; and
d) eluting the TIE ligand-3 or TIE ligand-4 from the coupled
substrate.
25
The substrate may be any substance that specifically binds the TIE
ligand-3 or TIE ligand-4. In one embodiment, the substrate is selected

from the group consisting of anti-TIE ligand-3 or anti-TIE ligand-4
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i nduce differentiation can be tested in cells that lack tie and in

conparabl e cells that express tie; differentiation in tie-expressing cells
but not in conparable cells that lack tie would be indicative of a specific
test nolecule/ TIE interaction. A simlar analysis could be 5 _H%erforrred by

detecting i nwedrassed4early gene (e.g. fos and jun) i nduct i onPEHUBTEO 1 nus

and tie-plus cells, or by detecting phosphorylation of TIE usiﬁ&g st andard
phosphor y| aritibodys SHES réceptor iand AdEareceptatiodynal The dnvenrtian pertheef ul in

107 m | ar IBTOVEIRS 1% BcARCrRVERRM IR, PEBSTRBY dOREEnSLE 9o 74 kg
I l e that t 1Pl QoI |, M : ' Ziai Eli d-4
Comr i st ng (ARt WP 4816 ppfiPdui Eolindhitioh, S6RPTEIRY e C | 7000

(i) detectiRgpidiBodPeinl bl pharmetegticdiy faféchfde@DiéiﬂuIe? drd H methoapbpr, 1
5 1in which specific binding to TIE positively correlates with TIE-Iike
activity. Smeekihigcbluotivegsehgrowtiidheat lpuiman comipeising sdministedngdam ect

bi nding or the secondary biological effects of binding, as discussed supra.
Such a net reffective mmeupt | efuthg | tharapeutic; Gompasttiani ng new nenbers of the
TIE ligand famly or, in the pharmaceutical industry, in 20 screening a

| arge array of peptide and non-peptide nol ecules (e.qg., peptidom netics)

for TIE asspgl QBanﬁbﬁl S dro@ebsVidry a thérapeBtie! 86fpfbsitioie @omprising
nonlimting enbodi nent of the i1nvention, a large grid of
TIE ligand-3 or TIE ligand-4 or ligandbody in a pharmaceutically
10 acceptable vehicle, as well as a method of promoting
neovascularization in a patient comprising administering to the patient

an effective amount of the therapeutic composition.

In addition, the present invention provides for a method for identifying
15 a cell which expresses TIE receptor which comprises contacting a cell
with a detectably labeled TIE ligand-3 or TIE ligand-4 or ligandbody,
under conditions permitting binding of the detectably labeled ligand to
the TIE receptor and determining whether the detectably labeled ligand
is bound to the TIE receptor, thereby identifying the cell as one which
20 expresses TIE receptor. The present invention also provides for a
therapeutic composition comprising a TIE TIE ligand-3 or ligand-4 or
ligandbody and a cytotoxic agent conjugated thereto. The cytotoxic

agent may be a radioisotope or toxin.

25 The invention also provides a method of detecting expression of TIE
ligand-3 or TIE ligand-4 by a cell which comprises obtaining mRNA
from the cell, contacting the mRNA so obtained with a labeled nucleic

acid molecule encoding TIE ligand-3 or TIE ligand-4, under hybridizing
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culture wells may be prepared that contain, in alternate rows, PCl2 (or

fi broblasts, see infra) cells that are either tie-mnus or engineered to 25
be tie-plus. A variety of test nolecules may then be added such that each
col um of the_%d, or a portion thereof, contains a different - .
mol ecul e. Each W@PTM8%,| d then be scored for the presence or abafhea g

grom h and/or differentiation. An extrenely |ar nunber . of test 3 WO
97/ 48804 conditions, determining the presence of m /hdyidized A9 the dabeled

coul d be screened for [ Vi [ ' _— i &

enbodi nent s, h‘@gf’“@é%ﬁhggy\% gfg!eétg}é R@é h%%s}ggg'.oﬁ’et% E?ﬂgny%p@?&%ﬁr?’ng
TIE ligand-1i rhAdlaY i thedesti fying a 5 nol ecul e as having such
activity conpwgﬁ%éqq) lergzposi ng a test nolecule to a TIE receptor protein
in vitro under conditions that permt binding to occur and (ii) detecting
bi nding of the test nolecule to the TIE receptor protein, in which binding
of test noSecdlhe inventienr fytheiopreddes|atrethgd of detertiparexprersionc of vilig.

A di to such netho 0 the.Tl t t b .
Subst ant "l |y TEPAT et THE, N9andel g et Faciiond i comefiges sontaeting
affinity col Upth et BfiddsAyifte P ¥dbelBl ABYIR abRE HheREAIE ricBbivgs TIE
cartificial nmenbrane.” Brnding o
ligand-3 or TIE ligand-4, under hybridizing conditions, determining the
presence of mRNA hybridized to the labelled molecule, and thereby

10 detecting the expression of TIE ligand-3 or TIE ligand-4 in tissue

sections.
EXAMPLE 1 - IDENTIFICATION OF THE ABAE CELL LINE AS
i5 REPORTER CELLS FOR THE TiE-2 RECEPTOR

Adult BAE cells are registered in the European Cell Culture
Repository, under ECACC#92010601. (See PNAS 75:2621 (1978)).
Northern (RNA) analyses revealed moderate levels of lie-2 transcripts

20 in the ABAE (Adult Bovine Arterial Endothelial) cell line, consistent

with in situ hybridization results that demonstrated almost exclusive

localization of tie-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
25 under normal versus serum-deprived growth conditions. ABAE cell
lysates were harvested and subjected to immunoprecipitation, followed
by Western blot analyses of immunoprecipitated proteins with TIE-2
specific and phosphotyrosine-specific antisera. Omission or inclusion

of TIE-2 peptides as specific blocking molecules during TIE-2
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test nolecule to TIE receptor nmay be eval uated by any nethod known in the
art. In preferred enbodi nents, the binding of test nolecule may be 15
detected or neasured by evaluating its ability to conpete with detectably

| abel ed known TIE ligands for TIE receptor binding. The pres nf i tion
al so provi dewofssmss@4 net hod of detecting the ability of a tega gﬁpe to

function as an antagonist of TIE |ligand- 20 like activity conprising
det ecti ng tnmmpnqowltathmealméduueatrtb'gtmﬂ%ilﬁleahﬂ%at!%tofofTr'TEr% 8% gdnd

bi ndi to TI t | ), th Such

?fm abgﬁhsg_mgeﬁgﬁﬁfeﬁ%&%bﬁ% apieapln i FIRY X0 cHBes, FERER Flste S or i €
I gand- | . T s - ' - N TIE

recept or ar%%ps:bg'ro@%ﬁf/é §Fg 'gg:d(?grmgl?n‘g%%e%?o%g%bggmgf I?g?!dgcﬂwgﬁdgdl ng,

but not |i rddrash-Efarvafibh ©fr theacelts. proliferation, cell transformation,

I nedi ate early gene induction, or TlIE phosphorylation. 31 WO 97/ 48804
PCT/ US98/ 10728 ThdturevehABAEf celishandphaniest offeall Ixsates: wes [Hsieofas

| gand or BpBewEng LowiarRsave b ARAR, CoIRS wete! PIalSY 1A A Fadtaker
| dentified aqya density of 2 x 10% cells/150mm plastic petri plate (Falcon) and
cultured in Dulbecco's modified Eagle's medium (DMEM) containing 10%
bovine calf serum (10 % BCS), 2 mM L-glutamine (Q) and 1% each of

10 penicillin and streptomycin (P-S) in an atmosphere of 5% CO,. Prior to
harvest of cell lysates, cells were serum-starved for 24 hours in
DMEM/Q/P-S, followed by aspiration of the medium and rinsing of the
plates with ice-cold phosphate buffered saline (PBS) supplemented
with sodium orthovanadate, sodium fluoride and sodium benzamidine.

15 Cells were lysed in a small volume of this rinse buffer that had been
supplemented with 1% NP40 detergent and the protease inhibitors PMSF

and aprotinin. Insoluble debris was removed from the cell lysates by
centrifugation at 14,000 xG for 10 minutes, at 4°C and the
supernatants were subjected to immunoprecipitation with antisera

20 specific for TIE-2 receptor, with or without the presence of blocking
peptides added to ~20 pg/ml 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
phosphotyrosine-specific antisera. TIE-2 protein was visualized by

25 incubation of the membrane with HRP-linked secondary antisera

followed by treatment with ECL reagent (Amersham).

42



the method. By way of nonlimting exanple, the nethod may be 5 perforned
via an assay which is conceptually simlar to an ELI SA assay. For exanpl e,
TIE receptorbody nmay be bound to a solid support, such as a plastic

rrpltiwell plate. As a control, a known anount. of TIE |igand-3 %F FFm _
| i gand- 4 whi cIWQa%4888en Myc-tagged may then be introduced to dUR ™ nd

Ty then be EXAMPLEG by néaqy AN, ExBHESSON OB b8 prcep EGRBDYEDR 1

Myc-tag. This assay system ABRFINIBYRBASHL: S P H21LAGANDI Npl es f or

nol ecul es which are capabl GIWERACmION@g to the tagged | i gand or ii)

bi nding to the receptorbody and thereby blocking binding to the
receptorbody by the tagged |igand. For exanple, a test 15 sanple

cont ai ni ng a put ajpnvexpressioh ecaistruttewast ctezget hthvat woblda yieldvwa seareted of
tagged |igand may be introduced to the well and the anount of tagged |igand
whi ch bi nds tpootelire cmptmgboﬁyhaayntme rmasmaiwlalB)prtmnaﬁf rtbet rat dibudt of
bound tagged ligand jn sanple to the anpunt in t

sanpl es cont dﬁ?ﬁﬁ?@rnfﬂlsﬁgut%stﬁgoh“m"cl'{"m@ PRWIN gaMmas k? Qﬁpbéﬁﬂ'on

Cdent 1 11 ed PO Tl 7R THSORGPIREPIN I CRUPH R e  6erondthf; 8. 4
art. Once a RiQAd%Be HorhdIRNExpetddNth exidtoadh dafier Gh sdfifion ibhselde opr t
woul d 25 know to perform secondary assays to determ ne whet her the bl ocker

i s bi ndi ng t dotrhatiom cafpdisulfide tlinkdgesl bgawden aindivitualasg@t shgstails. defhee i ne
Fc portion of the TIE-2 RB was prepared as follows. A DNA fragment

encoding the Fc portion of human IgG1 that spans from the hinge region
to the carboxy-terminus of the protein, was amplified from human
placental cDNA by PCR with oligonucleotides corresponding to the

15 published sequence of human IgG1; the resulting DNA fragment was
cloned in a plasmid vector. Appropriate DNA restriction fragments
from a plasmid encoding the full-length TIE-2 receptor and from the
human lgG1 Fc plasmid were ligated on either side of a short PCR-
derived fragment that was designed so as to fuse, in-frame, the TIE-2

20 and human IgG1 Fc protein-coding 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
Goodwin, et. al. Cell 73:447-456 (1993).

25 Milligram quantities of TIE-2 RB were obtained by cloning the
TIE-2 RB DNA fragment into the pVL1393 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 l?e used. DNA encoding the TIE-2 RB
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I f the bl ocker nol ecule can neutralize the biological activity of the

| i gand. For exanple, by using a binding assay whi ch enpl oys Bl Acore 32

WD 97/ 48804 PCT/ US97/ 10728 bi osensor
technol ogy (or the equivalent), in which either TIE receptorbod r T E

| i gand- 3 or WO ®/488%and-4 or |igandbody is covalently at t ac TEFYB72&Y) i o
support (e.g. carboxynmethyl dextran on a gold surface), one of skill in the
art woul d masaidenad aseadr Feae RliNethdragment inte the pacylavipus dransfer

ngt h; b|"91%§m I%%&b@% ”Sﬂ:‘r@ﬂﬁgiﬁﬁﬁé ri’q%@‘e% %ﬁg%%ﬁ%?@?@é’% f%}&ht( m
E)g(ggg)l ;?r 51i9ﬁaﬁ"{?£§£?ﬂ}trlﬂ-pe%qqﬁqﬂjBi"}scg#fgwgﬁéifggggfgygﬂpégn%%@?aégi?bt ober
sosay. by HABSHTNY Vi Gl S EATERER ATt
g; gg;)?iﬁn%%wt&?fg’cgpnsmtﬂ 'ﬁ‘#&"ﬁ% ar%i %u&dﬁk’ﬁ'_@%%‘%iw@g d@?@%m ne this
by Pt Ol A A RS hhbfos WY htiel BSFH1RE BE (2R fbe 2goni sts of

cells/60mm dish) in TMN-FH medium (Modified Grace's Insect Cell

‘Medium (GIBCO-BRL) for 5 hours at 27°C, followed by incubation at 27°C

for 5 days in TMN-FH medium supplemented with 5% fetal calf serum.

10 Tissue culture medium was harvested for piaque purification of
recombinant viruses, which was carried out using methods previously

described (O'Reilly, D.R., L.K. Miller, and V.A. Luckow, Bacuiovirus
Expression Vectors - A Laboratory Manual. 1992, New York: W.H.

Freeman) except that the agarose overiay contained 125 pg/mL X-gal

15 (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. Recombinant plaques were then visualized by
addition of a second overlay containing 100 pg/mL MTT (3-[4,5-

20 dimethylthiazol-2-yl}2,5,diphenyltetrazolium bromide; Sigma).
Putative recombinant virus plagues were picked by plug aspiration, and
purified by multiple rounds of plaque isolation to assure homogeneity.
Virus stocks were generated by serial, low-multiplicity passage of
plaque-purified virus. Low passage stocks of one virus clone (vTIE-2

25 receptorbody) were produced.

SF-21AE cells were cultured in serum free medium (SF-900 Ii,
Gibco BRL) containing 1X antibiotic/antimycotic solution . (Gibco BRL)
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In addition, the invention further contenplates conpositions wherein the
TIE ligand is the receptor binding domain of the TIE ligand-3 or TIE

| i gand-4 described herein. For exanple, TIE-2 ligand 1 contains a 2
"coiled coil" donaln nd a fibrinogen-like domain. The fibrin hiGns
domai n of TIE W 2 is believed to begin on or around the sane am no

?figgnﬁequfgcﬁawdeég O AT iR, R SRS P08 Qv gggéwg' ch is
encoded by nugypaicklfS 1050 AHUINGoACSNPEIARSHH 1B 928 uire@ T4ES WA ga.ee!a

Fi gure 6A-6B I'merization o domal ns d g production

of the Iigandihaqmisibeedutor f(idgHsannCehsSERMN iSyetern) fEKad'ﬂOI&\sT thiee! d&
have di scovered, however, that the fibrinogen-1ike domain conprises t

TIE-2 recept orprimrntdx mjedtmm.l nCells wera\@rownia8®r°C, with gassing to 50 %
PCT/ US97/ 10728 The nononeric forns of the fibrinogen-like domain do not,
however, appedslisacived mxyges, rﬁ;tcépgaﬁ flowy Lratewflm Imk/mig kg&ratlagg@tda sparge
fibrinogen- l'i ke, do een "clustered

it boares, ob@naaiBtefrue, BRpBaRS ofve: ReBbeormpRlsllal Ao ra 8 100
"Clustered li ?éﬂgs éeﬂ@%ééegmggﬁeﬁslt?rtﬁiddl‘%ﬁ%'h'tmﬁ% \PoWi 'phasB! (2 X108

Sci ence 266: 8
cells/mL), concentrated by centrifugation, and infected with 5 plaque

forming units of vTIE-2 receptorbody per cell. Cells and inoculum were

10 brought to 400mL with fresh medium, and virus was adsorbed for 2
hours at 27°C in a spinner flask. The culture was then resuspended in
a final volume of 8L with fresh serum-free medium, and the cells
incubated in the bioreactor using the previously described conditions.

Culture medium from vTIE-2 receptorbody-infected SF21AE cells

15 were collected by centrifugation (500x g, 10 minutes) at 72 hours
post-infection. Cell supernatants were brought to pH 8 with NaOH. -
EDTA was added to a final concentration of 10 mM and the supernatant
pH was readjusted to 8. Supernatants were filtered (0.45 pm,
Millipore) and loaded on a protein A column (protein A sepharose 4 fast

20 flow or HiTrap protein A, both from Pharmacia). The column was
washed with PBS containing 0.5 M NaCl unti] the absorbance at 280 nm
decreased to baseline. The column was washed in PBS and eluted with
0.5 M acetic acid. Column fractions weré immediately neutralized by
eluting into tubes containing 1 M Tris pH 9. The peak fractions

25 containing the TIE-2 receptorbody were pooled and dialyzed versus PBS.
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(1994)]. Based on these finding, applicants produced "ligandbodi es” which
conprise the fibri nogen- | i ke domain of the TIE-2 ligands coupled to the Fc
dormain of 1gG ("fFc's"). These |igandbodies, which formdiners, efficiently
bind the TIE-2 receptor. Accordingly, the present 10 inventio ,
cont enpl at es WREHEYMducti on of TIE ligand-3 or TIE I|igand- 4 FOTESAUBER es
which may be used as targetin ents. in_diagnostics ar _in therapeutic
applicati onEXAMBLE 35 t ar &EM&!"&B@A@ONOTHAT%UESZM &C &E%Lat ed

vascul ature wherein a Tl EROLE§ DIES | REent i on herein
further provides for the devel oprrent of t he Ilgand a fragrrent or
derivative thereg r e |

ant agoni st, as a t%f‘?er aggﬁtlc ?or tﬁglatfrga %md%fﬁéggagﬂ gﬁtsrg Q}‘?‘Iﬁg from
di sorderss i hexuesshasalebles TIE2s seceptorbody {MHEBNRB) intpr &sdevelepihgE
receptor. Such nolecules may be used in a 20 nethod of treatnment of the
human or ansytstbnbodl]hecpotentlal abtlhwmfoTIEi-iZa@lﬂ)éﬁsblnsemnisél'ld?eEyreceptor has

been_ identified I n asso §l|el g_n gth endot h&gl al cells agg as denonst rat ed
| herle: n, n{oLoBﬁPﬂ'@ 128 h?IIE? a5z Jiga r"§s'|c‘_ '|5‘ré‘i'7'e s¢ ug;l zat :c gp,
the i nduct | JiTgptiond upg?%fltﬁ#@%"%ﬁe?siévi% 4 hatp ERfizaRoC Bl he

vascul ari zafigamd.i ST relaminedwheuidr TE2ARES cBlId baouSEes IoV\idhibt! VEddingr
wound heal i ng, 34

10 development in early chick embryos, small pieces of a biologically

ﬁ

resorbable foam were soaked with TIE-2 RB and inserted immediately
beneath the chorioallantoic membrane at positions just lateral to the
primitive embryo.
Eariy chicken embryos develop atop the yolk from a small disk of

15 cells that is covered by the chorioallantoic membrane (CAM). The
endothelial cells that will come to line the vasculature in the embryo
arise from both extra- and intra-embryonic cell sources. Extra-
embryonically-derived endothelial cells, which provide the major
source of endothelial cells in the embryo, originate from accretions of

20 mesenchyme that are situated lateraily around the embryo-proper, just
underneath the CAM. As these mesenchyme cells mature, they give rise
to a common progenitor of both the endothelial and hematopoietic cell
lineages, termed the hemangioblast. In turn, the hemangioblast gives
rise to a mixed population of angioblasts (the endothelial cell

25 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 cells. Proliferation and

migration of these cellular components eventually produces a vast
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WO 97/ 48804 PCT/ US97/ 10728 i schaem a
and di abetes. The ligands may be tested in animal nodels and used
t herapeutically as described for other agents, such as vascul ar endot heli al

grow h factor_(VEGF), another endothelial cell- specific fact S .
angi ogeni c. FerWQPH488M 5 U S Patent No. 5,332,671 5 issueaﬁ:}.]u"léyi ’Eigfs

1994. The Ferrara reference, .as we|ll as other stud['be ribe_in vitro

and in vivo shEBYR ohablopgyfiied [BictoveseRigoHOHRR etS Féﬂgfs thaty Wit an _
angi ogeni c faﬁhﬁﬁ%fé?%emﬁ%' ﬂ%%l‘ﬁ?ﬂyélfb‘”%ﬁ) 'ﬁﬁﬁﬁﬁhﬁeﬁy%ﬁ%@' um enhanci ng
, and 1Th ot p I NgS e

wound heal i ng er therapeutic's relrh neoangi ogenesis is

desired. [seeefiigonRialigtde M@ PRatutal cdloriéhts. Appl i cation 0 550 296 A2
publ i shed July 7,71993; "Banai, et al. Circulation 89:2183-2189 (1994);

Unger, et al. Am Newhnhyertidized2e6bickessegpissobtained AromL Spafas;sinat (Bdston,
Crculation 91:145-153 (1995)]. According to the inventjion, TIE Jigand-3 or
TIE ligand 4 Ny wergsigul a4199.5°F 0B Yeatelatveu Rumighty. oAt ahaut 24 hrs.

additi.onal 1 5, phar i qal.ly activye. co ch.asy.for exanpl e, VEG-
or ‘basi o 11 brBhRALEIREMHY e def Slicure WAL RO Wif) zar t e Parta
neur ot r ophi NSgyakfices HRANMWEAS Sised T6VrAAKE =5 S5 Um! RBleT IrF thé BIBAC hpeR Us edth
recept or bodi es as
egg. The shell membrane was removed to reveal an air space directly
above the embryo. Small rectangular pieces of sterile Gelfoam (Upjohn)
10 were cut with a scalpel and soaked in equal concentrations of either
TIE-2- or EHK-1 receptorbody. EHK-1 receptorbody was made as set
forth in Example 2 using the EHK-1 extracellular domain instead of the
TIE-2 extracellular domain (Maisonpierre et al., Oncogene 8:3277-3288

- (1993). Each Gelfoam piece absorbed approximately 6 pg of protein in

15 30 ul. Sterile watchmakers forceps were used to make a small tear in
the CAM at a position several millimeters lateral to the primitive
embryo. The majority of the piece of RB-soaked Gelfoam was inserted
under the CAM and the egg shell was sealed over with a piece of
adhesive tape. Other similarly-staged eggs were treated in parallel

20 with RB of the unrelated, neuronally expressed receptor tyrosine
kinase, EHK-1 (Maisonpierre et al., Oncogene 8:3277-3288 (1993).
Development was allowed to proceed for 4 days and then the embryos
were examined by visual inspection. Embryos were removed by
carefully breaking the shelis in dishes of warmed PBS and carefully

25 cutting away the embryoc with surrounding CAM. Of 12 eggs treated
with each RB, 6 TIE-2 RB and 5 EHK-1 RB treated embryos had deveioped
beyond the stage observed at the start of the experiment. A dramatic

difference was seen between these developed embryos, as shown in
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20 described herein in Exanples 2 and 3, and TIE-2 |ligand 2 as descri bed
in Exanple 9 in International Publication No. WO 96/ 31598 published 10

Cct ober 1996, would be useful to prevent or attenuate vascul arization, thus
preventing or attenuating, for exanple, tunor growth. These agents my.be
used al one Owoisv4ssoabi nati on with other conpositions, 25 Hgﬁ a%'la'ﬁ?. VEGF
anti bodi es, that have been shown to be useful in treating conditions in
which the tfRigupsediA andniBntThaose treated wit gHigen &8 sippeaped itedrave expect
that the TIE ligand-3 or TIE |igand-4_described herg”& rrag/ % so be used in
conbi nat i or\dwdﬂpaéel’rﬂ'%tw%imhoﬂﬁa'@ﬁ Foyiposty; ol fiye mbryos were

PCT/ US97/ 10728 k
coun Lo bl viabla 46 hideed By heoprasear ot & periif HedHio i erol®l 67,
tT{ﬁD'r'Sga“gg?i{égaﬁgpw%%ﬁmauﬁé' Wwhitht [ ViswilyClobydus dfeogbaged with,

and’ 2 appears to be tightly associated W|th

t umor e%dotﬁms'eﬁbecef r&d m@aareeusglmslpsromb mex@rﬁmsemtsts may al so
be usef ul preventing or attenuatin or exanple, tunor gro I n
addi tion, Teééntimgterds laierauyga:mcmh@s%w beBws@qnjra&torthP%g*a@lie@ewﬂbf

- toxins to a

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 CAMs were

10 devoid of blood vessels. The ability of TIE-2 RB to block vascular
development in the chicken demonstrates that TIE-2 ligand is necessary

for development of the vasculature.

15
EXAMPLE 4 - CONSTRUCTION OF TIE-2 LIGANDBODIES

An expression construct was created that would yield a secreted
protein consisting of the entire coding sequence of human TIE-2 ligand
20 1 (TL1) or TIE-2 ligand 2 (TL2) fused to the human immunoglobulin
gamma-1 constant region (IgG1 Fc). These fusion proteins are called
TIE-2 “"ligandbodies” (TL1-F¢ or TL2-Fc). The Fc portion of TL1-Fc and
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-
25 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.

Appropriate DNA restriction fragments from a plasmid encoding full-
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10 receptor bearing cell. Aternatively, other nol ecules, such as growth
factors, cytokines or nutrients, may be delivered to a TIE receptor bearing
cell via TIE ligands or ligandbodies. TIE |igands or |igandbodi es such as
TIE ligand-3 or TIE ligand-4 may al so be used as diagnostic re h -
TIE receptor, tWOMRHMERY the receptor in vivo or in vitro. 15 @ﬁ’?é’s’{‘ %TI E
receptor is associated wth a disease state, TlIE_|ligands or |igandbodies

such as TIE |ilgagd ILdromTE2 apdfeam they humans 9@l e plasgitbware ligatgdrn
f det ecti t. dj. b ' | i : b
i ng. such FHBICHRE P & Shet B RS ERY & hadiefi 3hAf Sk Rl 30788k
d biotin. S dij@Raseé | t i g o@!ﬂ% d
Sgscr= geljni n Xﬁlgteh:‘o, eté’:';llqik?\lb)r 9@5%2@%“149})%??%% gz)cmgf&%w 19 eangS
Burrows, F. argbdaentkesrpe, PNAS (USA) 90:8996-9000 (1993) which is

incorporated herein in its entirety. In other enbodinents, the TIE |igands,
such as TIE |i gand-Milligram muzmtitiesgeh drle-Fee were bebtaieedi by Lleninge thesTL2-

eceptors. ar o T iNbotapmaritdng: SnfrRYETESS SaoRrs MedtaiAng: pufsemaTy
nE ?LLZBt g‘;stigfeé:@fg' S SHoUSHIEYRFudipRidd "SE-IH AL RsBEPUL RRGaUse the
Alternatively, the cell line SF-8 (ATCC Accession No. CRL-1711) or the
cell line BTI-TN-5b1-4 may be used. DNA encoding the TL2-Fc was
10 cloned as an Eco RI-Notl fragment into the baculovirus transfer plasmid

pVL1393. Plasmid DNA was recombined into viral DNA by mixing 3 pg
of plasmid DNA with 0.5 pg 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

15 celis/60mm dish) in TMN-FH medium (Modified Grace's Insect Cell
Medium (GIBCO-BRL) for 5 hours at 27°C, followed by incubation at
27°C for 5 days in TMN-FH medium supplemented with 5% fetal calf
serum. Tissue culture medium was harvested for plaque purification of
recombinant viruses, which was carried out using methods previously

20 described (O'Reilly, D.R., L.K. Miller, and V.A. Luckow, Baculovirus
Expression Vectors - A Laboratory Manual. 1992, New York: W.H.
Freeman) except that the agarose overlay contained 125 mg/mL X-gal
(6-bromo-4-chloro-3-indolyl-b- D-galactopyranoside; GIBCO-BRL).
After 5 days of incubation at 27°C, non-recombinant plaques were

25 scored by positive chrorﬁogenic 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-2-yl}2,5,diphenyltetrazolium bromide; Sigma).

49



WO 97/ 48804 PCT/ US97/ 10728 expressed
in early hematopoietic cells, the TIE |ligands are expected to play a
conparable role in the proliferation or differentiation or mgration of

these cells. Thus, for exanple, TIE containi.ng conpositions Q@/m _—
prepared, as¥Q&H4BManined in in vitro and in vivo 5 biol og]imé? sys%ms

and used therapeutically as described in any of the follow ng. Sousa, U S
Patent No. Rumtigesresombinand;vigus plaaues wate Ppigad) byspiug @sRirsionseind 364
(1985) Won |, i e, - 81P-814 (L eV t , Natl .
Acad. Sci (gmgiée‘gPylg%'%g%‘géi?%géoégaﬁ%‘ﬁé ]@&@;Pn %%%8&% pﬁ'ﬁﬁhgﬂ%d May
2, 1991 enty Ot t Q% Kj il 19985
pubi i shed JUTuS stookGowerl, BEPEIABEL By S8t SHampIIEhy ascae

Accor di ngl yplaguB-purifisdivirusr.  Tldw| passabet staoksbef wral viusdclogeo 4T lo2-Feor eat

conditions in which normal hemat opoi esis in suppressed, including, but not
linmiteds o Glone #7) twerenpseguedsbni a, | eukopeni a and granul ocytopenia. In a

L DDyt e SO RO o S Ro i b S008 e FRESRR IP,
Dot el EPEE sl A ARG Sohion S0 B
settings i naNdizEh nifyhaeentEnycial (Gibest BRR).CPiutoniePFies wasadded@@s desired,
such as in conjunction with bone marrow transplant, or in the treatnent of
apl asi a or sowactanppoessfioal corcentiafionadf atg/bn, Gultunesal(4l) were raised
10 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 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 6
15 cells/mL), concentrated by centrifugation, and infected with 5 plaque
forming units of vTL2-Fc per cell. Cells and inoculum were brdught to
400mL with fresh medium, and virus was adsorbed for 2 hours at 27°C
in a spinner flask. The culture was then resuspended in a final volume
of 8L with fresh serum-free medium, and the cells incubated in the
20 bioreactor using the previously described conditions.
Culture medium from vTL2-Fc-infected SF21AE cells were
collected by centrifugation (500x g, 10 minutes) at 72 hours post-
infection. Cell supernatants were brought to pH 8 with NaOH. EDTA

was added to a final concentration of 10 mM and the supernatant pH
25 was readjusted to 8. Supernatants were filtered (0.45 pm, 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 containing 0.5 M NaCl until the absorbance at 280 nm decreased to
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treatnment or chenotherapy. The TIE ligand-3 or TIE ligand-4 of the present
I nvention may be used 25 alone, or in conbination wth anot her
pharmaceutically active agent such as, for exanple, ctyokines, _
neurotrophins, interleukins, etc. In a preferred enbodi nent, tr'?ﬁvd | nay
be used in coanﬁ’iB’i"f”ﬁ‘ff wi th any of a nunber of the above referencggg actors

whi ch k .0 | 7 WO 97/ 48804 . ,
pCr/ Usor) 107 B8%eliEn cLhE Gslipyy wRs WASRERINPRS and slbiast wiho M 2Pl o
factors actingi@n CHIGHnC#dctiond Were NrimicentteR] '&%gg@g?rh@ﬂg@ fisto DUt

not limted to, henopoietic maturation factor, ‘thro m cel |
factor, erythobeoictntainiig GSM Te¢ PHF9. efTthe Pehk #actidrisecontdinibgetieodioent
TIE receptor antagonists are used to diagnose or treat patients in which

t he desired reswereipodlediand dialyzed versessaPBSol eti ¢ pat hway, such as for
the treatnent of nyeloproliferative or other proliferative disorders of

bl ood forfing 10 organs such as thronbocythenias, pol ycythenias and

| eukem as. | odi ne o e of a
hor onoat XA EEC mi .Té% Fé’ﬁtéglp:bﬁ%mﬁ@\*éﬁemﬁ

Although the TIE-2/TIE ligand system appears to play an important role
10 in endothelial cell biology, it has not been shown to play a significant,
active role in the early to intermediate stages of vascularization (e.g.
angioblast or endothelial cell proliferation and migration, tubule
formation, and other early stage events in vascular modeling). In
contrast to the receptors and factors known to mediate these aspects
15 of vascular development, the temporally late pattern of expression of
TIE-2 and TL1 in the course of vascularization suggests that this
system plays a distinct role in the latter stages vascular development,
including the structural and functional differentiation and stabilization
of new blood vessels. The pattern of expression of TIE-2/TL1 also is
20 consistent with a continuing role in the maintenance of the structural
integrity and/or physiological characteristics of an established

vasculature.

TIE Ligand 2 (TL2) appears to be a competitive inhibitor of TL1. The
25 spatiotemporal characteristics of TL2 expression suggest that this
single inhibitory molecule may play multiple, context-dependent roles
essential to appropriate vascular development or remodeling (e.g. de-
stabilization/de-differentiation of mature endothelial cells 'allowing

the formation of new vessels from existing vasculature, inhibition of
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effective anount of the TIE ligand-3 or TIE Iigand-4, TIE antibody, TIE
recept orbody, a conjugate of TIE |igand-3 or TIE ligand-4, or a |igandbody
or fFC as described herein. 15 The present invention al so provides for
pharmaceutical conpositions conprising the TIE |igand-3 or T ' -4 or

| i gandbodi es WOIM&Ed herein, peptide fragnents thereof, or*@#ﬁgﬁq’&es I n
a pharmacol ogi cal |y accegt abl e vehicle. The TIE ligand-3 or TIE |ligand-4 20

proteins, pepaprroprigderchtand ofessel i fpamatios. napd beegrgrsiandrwpligion of
he. art oy SRS BomfcyeRHaRy "aBUEE 7 BeferBiE fairsahisibr B the' "
| ntrat hecal ’ggppﬂﬁé}ri%%ir%'le A TIED/MIE" ) anq%”ﬁf‘éfn%ifgsis. In this

i ntraperiton |'ocal injection or surgica Sust ai ned 25
rel ease for mfigaté ONis1 dserepresentenl ibye(e)f L2 Theepresemtedimw Ny, i DiE-2l iso
provides for an anti body which specifically binds such a therapeutic

nol ecul e. 5 Theepresientety byayTheVEGivis sepresentesbby ([Ioaod fllsdor VEGF

PCT/ US97/ 10728 gol clonal. The inve v on al so provides for a nethod of
usi ng such areceptor) is represented yr} )

10 EXAMPLE 6- CONSTRUCTION AND CHARACTERIZATION OF
THE CYS-TL1 MUTANT

The TIE-2 ligands have two major structural domains, one
described as a "coiled-coil" domain comprising the approximate C-

15 terminal third of the protein and the other a "“fibrinogen-like" domain
comprising the approximate N-terminal two-thirds of the protein.
Although the TIE-2 ligands, designated TL1 and TL2, .share similar
structural homology, they exhibit different physical and biological
properties. Under non-reducing electrophoretic conditions, both

20 proteins exhibit covalent, multimeric structures, with TL1 existing
primarily as a trimer and TL2 existing primarily as a dimer. Figure 3 is
a schematic representation of how the TIE-2 ligands may be interacting
to form multimers. In terms of biological activity, TL1 has been shown
to be an agonist of the TIE-2 receptor, as demonstrated by induction of

25 phosphorylation in TIE-2 expressing cells. TL2, on the other hand,
appears to be a competitive inhibitor of TL1. Investigations into what
factors might be contributing to the different physical and biological

properties of the two molecules revealed the presence of a cysteine
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nmonocl onal or pol yclonal antibody to neasure the anmount of the therapeutic
nol ecule in a sanple taken froma patient for purposes of nonitoring the
course of therapy. 5 The invention further provides for a therapeutic

conposition conpris a TIE ligand-3 or TIE ligand-4 or i ga%’m a
cytotoxic agentWQ ]“@g‘at ed thereto I n one enbodi nent, the cyto agent
may be a radi oi sQt ope Qr toxin. Q0 The inyvention al so praovide for an

anti body whi chresidie f(ﬁ:ﬁ?@blﬂﬁﬂ%e%lngl the |f6‘&ﬁ'@99"dfkeﬂdl9nf'§'5aﬁﬂ A1 ﬁﬁ'&

anti body may b Q %}%%

provides for agR%%}ﬁ g ﬁgpur I@@éﬁ#?&%ﬂdﬁ%ﬂ@ }'L"qu %"’0‘?156&33 corrprl SI ng:
Mhcubat i ng 1 ne CoRREF 4l BB SuCleBRugs Tpel TR dtoti HRProxiTRg Yandilon
substrate fornbetwaamnthex cmledi-cmﬂyailidEf:bngegdnalker ddhfaihs gaero&uisn tisteirsd |
| ysate; c) washing the solid matrix; and d) eluting the TIE |igand-3 or
TIE Ilgand-54 f residue ajeugeneralbdnvelved in disulfide bond formation, the

presence of which can contribute to both the tertiary structure and
biological propert»es of a molecule, it was thought that perhaps the
presence of the CYS265 in TL1 might be at least partially responsible
for the different properties of the two molecules. To test this

10 hypothesis, an expression plasmid was constructed which contained a
mutation in TL1 in which the CYS was replaced with an amino acid
which does not form disulfide bonds. In addition to this TL1/CYS-
mutant, a second expression plasmid was constructed which mutated
the corresponding position in TL2 so that this residue was now a

15 cysteine. Both non-mutated and mutated expression plasmids of TL1
and TL2 were transiently transfected into COS cells. Cell supernatants -
containing the recombinant proteins were harvested and samples -
subjected to both reducing and non-reducing SDS/PAGE electrophoresis
and subsequent western blotting. Western blots of both non-mutated

20 and mutated TL1 and TL2 proteins revealed that the TL1/CYS- mutant
behaves more TL2-like in that it runs as a dimer and that the TL2/CYS+
mutant behaves more TL1-like in that it is able to form a trimer as
well as higher-order multimers. Interestingly, when the two mutant
proteins were tested for their ability to induce phosphorylation in TIE-

25 2 expressing cells, the TL1/CYS" mutant was able to activate the TIE-2
receptor, whereas the TL2/CYS* mutant did not gain any activating

activity.
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25 The substrate may be any substance that specifically binds the TIE
ligand-3 or TIE ligand-4. In one enmbodi nent, the substrate is sel ected from
the group consisting of anti-TIE ligand-3 or anti-TIE |igand-4 39

97/ 48804 ) PCT/ US97/ 10728 gn% | b?i&‘m TIE

recept or and WORV488ept or body. The i nvention further provi d

recept orbody_whi ch specifically binds TIE |ligand-3 or TIE |ligand-4, as well
as a therapeﬁlAMf&Eugom ti &QM%PBU@J%'AN@&% Eﬁ%@‘ &

phar maceutical |y accept abl &IBRBHNG 2 ANQY MUTANGSKi ng bl ood
vessel growth in a human corrprl sing adm ni sterl ng an effective amount of
the therapeutic conposition. The invention also provides for a therapeutic

conposi tion corrprlhs prderTite lesyawhethesr the Hibrinpgen-liker domgim difedgmiain)a of
PeovasouPar | TIE-F HGATIAR | GAialath VIE-AqastYRUNG 146Ul EXRIRESIRR | ent an
effective a t c o) LN t resent
Cnventi on provemids  afe SSIERRARL WHIER TGS the" BHB A oI ecses
- TIE recept origllirieh oRRTBRALS Bt bR the "ONA $8hlience encoding the F-domain

(beginning at about nucleotide 1159, amino acid residue ARG284). This

mutant construct was transiently transfected into COS celis. The

10 supernatant containing the recombinant protein was hafvested. The
TL1/F-domain mutant was tested for it's ability to bind the TIE-2
receptor. The results showed that, as a monomer, the TL1/F-domain
mutant was not able to bind TIE-2 at a detectable level. However, when
the TL1/F-domain monomer was myc-tagged and subsequently clustered

15 with an antibody directed against the myc tag, it did exhibit detectable
binding to TIE-2. However, the antibody-clustered TL1/F-domain
mutant was not able to induce phosphorylation in a TIE-2 expressing
cell line. Figure 3 shows a schematic representation of the F-domain
construct and its binding ability plus and minus antibody clustering.

20

EXAMPLE 8- A RECEPTORBODY BINDING ASSAY AND A LIGAND
BINDI ND PETITION ASSAY

A quantitative cell-free binding assay with two alternate
25 formats has been developed for detecting either TIE-2 receptorbody
binding or ligand binding and competition. In the receptorbody binding
version of the assay, TIE-2 ligands (purified or partially purified;
either TL1 or TL2) are coated onto an ELISA plate. Receptorbody at

varying concentrations is then added, which binds to the immobilized

54



with a detectably labeled TIE ligand-3 or TIE ligand-4 or |igandbody, under
conditions permtting binding of the detectably |abeled ligand to the TIE
receptor and determ ning whether the detectably |abeled ligand is bound to
the TIE receptor, thereby identifying the cell- as one which 2Pcr@¥@nenses -
TIE receptor. WP ent invention al so provides for a therapeutic

conposition conprising ,a TIE TIE |] d-3 | ' d
cy'éI ot oxi ¢ age'FﬂrgD"&l)Hj‘ Fy9Pse- WBFB* W@n%ry? g‘tto‘bggé‘i%lebrqg rﬁ%ﬁ g,gggggg's e e
r adi oi sot ope ' 2 ! i I | i
detecting exp%:gg’?agjr?%gy % ‘gqglﬁggn%ﬁgy’o?%r'?éﬁlglgggghg%t?)@gngje:‘?dmﬂlﬁ}:eh °

conpri ses obtgigyrfut Sy f4 cspedific catti-hunrnt & iantibbdg whRidh de alkalineed
with a | abel ed nucleic acid nolecule encoding TIE |igand-3 or TIE |igand-4,
under hybri di ghogphittase tagged/ 4&xgass reporter antibody is washed away, then the

he 1 abel & nOPCERAGION IR deNBIoPSy HEINLR: SRIDISHE SURSTER | M SEseRl F e
metnod of et S0P kind, & Vbgeitdrnatorister. SURBLEEH |aHekitcla, R IED
sections whi ch ig@Bidifg SUNEACThX) assay has been used to evaluate the integrity
of TIE-2-IlgG after injection into rats and mice. The assay can also be
used in this format as a ligand competition assay, in which purified or
10 partially-purified TIE ligands compete with immobilized ligand for
receptorbody. In the ligand binding and competition version of the
binding assay, TIE-2 ectodomain is coated onto the ELISA plate. The
Fc-tagged fibrinogen-like domain fragments of the TIE ligands (TL1-fFc
and TL2-fFc) then bind to the ectodomain, and can be detected using the
15 same anti-human Fc antibody as described above. Figure 5 shows an
example of TL1-fFc binding to TIE-2 ectodomain. This version of the
assay can also be used to quantitate levels of TL1-fFc in serum or other
samples. If untagged ligand (again, either purified or unpurified) is
added at the same time as the TL1-fFc, then a competition is set up

20 between tagged ligand fragment and full-length ligand. The full-length

ligand can displace the Fc-tagged fragment, and a competition curve is

generated.
EXAMPLE 9- EA.hy926 CELL LINE CAN BE USED AS A REPORTER
25 CELL LINE FOR TIE LIGAND ACTIVITY

EA.hy926 is a cell hybrid line that was established by fusion of
HUVEC with the human lung carcinoma-derived line; A542 [Edgell, et al.
Proc. Natl. Acad. Sci. (USA) 80, 3734-3737 (1983). EA.hy926 cells have
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the tissue sections with a | abel ed nucleic acid nolecule encoding a TIE
| igand-3 or TIE ligand-4, under hybridizing conditions, determning the
presence of NMRNA hybridized to the | abelled nol ecule, and thereby 10
detecting the expression of TIE ligand-3 or .TIE ligand-4 in

sections. EXQPESse4 . - | DENTI FI CATI ON OF THE ABAE CELL LIK@’Q@%"? o
REPORTER CELLS FOR THE TIE-2 RECEPTOR Adult BAE cells are registered in the
Eur opean Cebpenufaunc teepxprass: pignifieant keysisrobJ166d receptar pretsinyswits21

{ranset | pt S109) B4kt RASoBRGRTTR (U o CBrEL ol WIRRIFAIYEZR: polt e,
xcrusive | B ResSaBaH pPeF Clef 188, 167 Heuof HashE) B, WRMCES PhERL,

therefore eyagrewe®df ACoHIvandy lay stheetinfeoiof t desay, commcaffert TIE=22rqueptter n, as
well as the extent to which this TIE-2 protein is tyrosine-phosphorylated
25 undes nebuoatanee sandseelative cipducihilityr bwtnesponget toriseatnert with | ysat es

bl ot anal ySUGaBd. | BAGEPUBRpIeGUPWTEL Groimnas A rewing Jhese  dells e
Be speci 11 o e U Getifind ipncBhhe s o5 ¢ Wpegipdaife tyiéin Yor Bekay ofpie-Ces
2 ligand activities.
EA.hy926 cells are seeded at 1.5 x 108 cells in T-75 flasks

10 (Falconware) and re-fed every other day with high-glucose Dulbecco’s
MEM, 10% fetal bovine serum, L-glutamine, penicillin-streptomycin, and
1x hypoxanthine-aminopterin-thymidine (HAT, Gibco/BRL). After three
to four days of growth, the cells are passaged once again at 1.5 x 106
cells per T-75 flask and cultured an additional three to four days. For

15 phosphorylation assays, cells prepared as described above were serum-
starved by replacement of the culture medium with high-glucose DMEM
and incubation for 2-3 hours at 37°C. This medium was aspirated from
the flask and samples of conditioned media or purified ligand were
added to the flask in a total volume of 1.5 ml followed by incubation at

20 37°C for 5 minutes. Flasks were removed from the incubator and placed
on a bed of ice. The medium was removed and replaced with 1.26 ml
Lysis Buffer containing 1% nonidet P-40, 0.5% sodium deoxycholate,
0.1% SDS in 20 mM Tris, pH 7.6, 150 mM NaCl, 50 mM NaF, 1mM sodium
orthovanadate, 5 mM benzamidine, and tmM EDTA containing the

25 protease inhibitors PMSF, aprotinin, and leupeptin. After 10 minutes on
ice to allow membrane solubilization, plates were scraped and cell

 lysates were clarified by microcentrifugation at top speed for 10

minutes at 4°C. TIE-2 receptor was immunoprecipitated from the
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WO 97/ 48804 _ PCT/ US97/ 10728
| mmunopr eci pitation all owed unanbi guous identification of TIE-2 as a

Im)delratg! y det ﬁCt abl e protein of -150 kD whose st eady-state phosphotyrosi ne
evel s dimnish to near undetectable |evels by prior serum st gcgaidofiored
the cells. 5 ~ WOIM8Y ( yre of ABAE cells and harvest of cell lysates was

done as follows. Lo assage-n er. ABAE.cel.l s re pl akted . as  a.: ayer
at I a degsi ty o?'aﬁ'hﬁw-lgﬂp’é@%e@f'gg%'ﬁﬁw)‘%&% 'Befr\?l\éfa %‘f'gt @Et?'Fgﬂ cgﬂ)utflfnﬁ(}b g
cultured in Dul Beaeo ehisdaRd 9 fotsin elcsRjugaléd ) Sephdros8i baad % PRy ne
calf serum (10#@?5%@?? %R%ﬁttﬁgfﬁteam neI (Q aﬁ]d 1% each of 10 peni c(i)l l'in
~and streptonychgad®-werd Wathed timeehtirresfwifitocold esell] lysts ibutfaroahdr beited &
cell lysates, cells were serumstarved for 24 hours in DMEM Q P-S_ fol | oned
by aspiration ofinutes imetiaemmaihcamplei byffer, whishowascthen loadedopoV % SDS-

phosphat e buffered saline (PBS) suppl enmented wth sodi ymorihovanadate,
sodi um f 1 udy i deckyagrdamigen Bﬁﬁz-anaﬁgﬂ‘é’.edl pEotes pge(&rée 19 a”Pf?'se Q|

I ) of thi . ' : 0
fetorgent and PHBIoAbRERIE"PH emBRshe Bl HEE SRFELEE, & Vpedkidiag
was renoved frgﬁh?%%aggm%lwmmmtywﬁé farfiivodgnand thé ETL xéagent. 10

mnutes, at 4[err the supernatants were subjected to
i mrunopr eci pi t Subsequéeht caniparison of total TIE-2 protein levels on the same blots

was done by stripping the anti-phosphotyrosine antibody and
10 reincubating with a polyclonal antiserum specific to the ectodomain of
TIE-2.

EXAMPLE 10 -  ISOLATION AND SEQUENCING OF FULL LENGTH cDNA
15 CLONE ENCODING MAMMALIAN TIE LIGAND-3

TIE ligand-3 (TL3) was cloned from a mouse BAC genomic library
(Research Genetics) by hybridizing library duplicates, with either

20 mouse TL1 or mouse TL2 probes corresponding to the entire coding
sequence of those genes. Each copy of the library was hybridized using
phosphate buffer at 55°C overnight. After hybridization, the filters
were washed using 2xSSC, 0.1% SDS at 60°C, followed by exposure of X
ray film to the filters. Strong hybridization signals were identified

25 corresponding to mouse TL1 and .mouse TL2. In addition, signals were
identified which weakly hybridized to both mouse TL1 and mouse TL2.
DNA corresponding to these clones was purified, then digested with

restriction enzymes, and two fragments which hybridized to the
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20 specific for TIE-2 receptor, with or without the presence of bl ocking
peptides added to -20 [err]g/m lysate. | mrunoprecipitated proteins were

resol ved by PACGE (7.5% Laenm i gel), and then electro-transferred to PVDF
menbr ane and i ncubated either with various TIE-2- or

phosphot yr o5 WRS%488i fi c antisera. TIE-2 protein was visual PEIPSEY038

i ncubation of the nmenbrane with HRP-1inked secondary antisera followed by
t r eat ment vmqflglrE.tLpl’Qb@@emereﬁﬂéb@haﬁﬂ intp a bapierigl plegoid and sequenced.

PCT/ US97/ 10728 EXAMPLE 2 CLONI NG AND EXPRESSI ON OF T RECEPTORBODY
FOR AFFI NI TY8nSERUeREROffher @QZ“E%A F EEns WE"Z"WRR °&YOF ssi on

const T uot Wisenighed TR anPHled 113, 2 FRER! Sodlie !} nggs eatuﬁ%ﬁef the

entire extracellu portion rat USG uman

| munogl obulwiéreg@agea- as CPCR gnimeegi ton ldérﬁﬁ? ffséuesﬂuomémmgartraﬁsar@t@ i's
called a TIE-2 "receptorbody” (RB), and would be normally expected to exi st
as a dinger |cnrlsaspondmg b SEB.onA 1PCR bandetomsesponding ubf %ua Waslkdgetﬁled

bet ween individual 1Ig Fc ta[g The Fc Porgl on o{ th8 Tl E-2 RB wa

prepared as “Fo'#l"BRHseAJth\S G @ﬁehprary in lambda gt-11. (Clontech Laboratones,

inc., Palo Alto, CA).

Plaques were plated at a density of 1.25 x 106/20x20 cm plate and
10 replica filters 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). Duplicate filters
were screened at “normal” stringency (2 x SSC, 65°C) with a 200 bp
PCR radioactive probe made to the mouse TL3 sequence. Hybridization
15 was at 65°C in a solution containing 0.5 mg/ml salmon sperm DNA.
Filters were washed in 2 x SSC at 65°C and exposed for 6 hours to X-
ray fitm. Two positive clones that hybridized in duplicate were
picked. EcoRlI digestion of phage DNA obtained from these clones
indicated two independent clones with insert sizes of approximately
20 1.2 kb and approximately 2.2 kb. The 2.2kb EcoRl insert was subcloned
into the EcoRl! site of pBluescript KS (Stratagene). Sequence analysis
showed that the longer clone was lacking an initiator methionine and
signal peptide but otherwise encoded a probe homologous to both mouse
TL1 and mouse TL2.
25
Two TL3-specific PCR primers were then synthesised as follows:
US2: cctetgggetecgecagtttgttagg
US1: ccagctggcagatatcagg
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encodi ng the Fc portion of human 1gGlL that spans fromthe hinge region to
the carboxy-term nus of the protein, was anplified from human pl acent al
cDNA by PCRwith oli gonucl eotides corresponding to the 1 5 published

sequence of human Ig L the resulting DNA fragment was cloned gdynggophdrssri d.
vector. ApproprVaf¥ restriction fragnents froma plasm d encoding the
full-length TIE-2 receptor and fromthe human 1gGlL Fc plasm d were |igated
on either side of a short PCR- derived fragnent that was designed so as to

s L nef A f}guzﬁ@gg R F0ECHUIER W ACberforkie ising WgTessiont ibréties

the re usion protein precisely

substituted ”H’erlx&@lfrEﬁ'u 'tﬁeﬁh@ﬁ@leellt lites e G201 2RBNANIMTBT. Tlid-tBe primary
transmenbrane and cytopl asm c domains. An alternative nmethod of preparing

RBs i s descri HRGR meaktinivi the speciic. paser HH2avasasedh dyponjynction with

Mlllgramquantltles of  TIE-2 RB were obtain clonln the T
fragnent i&to vemtopepegtis UHIQHSOJPr & OWe&'BPFgﬁ%%% b%cﬁ] d QerF%t(':?l ng the

Spodoptera fru erda SF- 21AE ect e t|v e, cel |
line SF-9 (AngD wassina teal val ﬂcf @9'"5 Wé"&% 5 EyRgs |§‘mtcgb‘l MMy
be used. DNA encoding the TIE-2 RB

42°C org48 C for 1 min; 72§C 1 min. The secondary PCR reaction

included the second specific primer, US1, which is contained within the
primary PCR product, in conjunction with the same vector oligos. The
10 secondary reactions were for 30 cycles, using the same temperatures
and times as previous. PCR products were gel isolated and submitted
for sequence analysis. On the basis of sequences obtained from a total
of four independent PCR reactions using two different cDNA libraries,
the 5' end of the TL3 sequence was deduced. Northern analysis revealed
15 moderate to low levels of mouse TL3 transcript in mouse placenta. The
expression of mouse TL3 consisted of a transcript of approximately 3

kb. The full iength TL3 coding sequence is set forth in Figure 6A-6B.

The mouse TL3 sequence may then be used to obtain a human clone

20 containing the coding sequence of its human counterpart by hybridizing
either a human genomic or cDNA library with a probe corresponding to
mouse TL3 as has been described previously, for example, in Example 8
in International Publication No. WO 96/31598 published 10 October
1996.

25
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WO 97/ 48804 PCT/ US97/ 10728 was cl oned
as an Eco RI-Notl fragnment into the baculovirus transfer plasm d pVL1393.
Plasm d DNA purified by cesiumchloride density gradient centrifugation was
reconbined into viral DNA by mixing 3 [err]g of plasm d DNA y err]g
of Bacul o- Gol WOER#B8Phar mi ni gen), followed 5 by introduction |’$\§9g'lénﬁ

| i posones using 30[err]g Lipofectin CO- B - | Mm_oxt ures were

' added to st EXAMRLE 1 ¢ SOLETIGN i FOLbbENGHTH FENOMIS AL AR E R NG
(Modified Gace's Insect %@M@%&L) for 5 hours at 27[err]C,
foll owed by incubation at i n TM\- FH nmedi um suppl enent ed

wth 5%fetal calf serum 10 Tissue culture nmedi umwas harvested for

- plaque purification of reconbi nant viruses, which was carried out using

- met hods pr evTtEidigandes T4 dva© ditned fronk. &R molis& BAC| gemomimndibkar. (BACkow,

Bacul ovi rus Exld)ressi on Vectors - A Laboratory Manual. 1992, New York: WH.

Freeman) SexcHMMANa(II), Heeagme Systems| Wg.)c bt hybridizings lipeary] duplicategal 15

5-b -4-chlor0:3-indgl yl - - | act i de; CO.BRL). After 5

Goys of 1 noubih ginat % uman oF1, sRaiRieEP R SR nonin g 6 e, e
> ; . ! | S ; "

o ked. - Recollbiaoger (dinh Sdéhdd B TOF (qhishagee14851d 18de)ica | 0°

overlay cont fiousegd TL8Orddivadiveriprdbid ¢airéshandiRg to a segment of186

di mret hyl t hi azol -2-yl] 2,5, di phenyltetrazolium brom de; Signa). Putative
reconbi nant auckestideagtrom becfibiintgen begjprupfamousat iThS, (rucieotides 1307
10 to 1492 of Figure 6A-6B). Each probe was labeled by PCR using exact
oligonucleotides and standard PCR conditions, except that dCTP was
replaced by P32dCTP. The PCR mixture was then passed through a gel
filtration column to separate the probe from free P32 dCTP. Each copy
of the library was hybridized using phosphate buffer, and radiactive
15 probe at 55°C overnight using standard hybridization conditions. After
hybridization, the filters were washed using 2xSSC, 0.1% SDS at 55°C,
followed by exposure of X ray film. Strong hybridization signals were
observed corresponding to human TL1. In addition, signhals were
identified which weakly hybridized to both human TL1 and mouse TL3.
20 DNA corresponding to these clones was purified using standard
procedures, then digested with restriction enzymes, and one fragment
which hybridized to the original probes was subcloned into a bacterial
plasmid and sequenced. The sequence of the fragments contained one
exon with homology to both human TL1 and mouse TL3 and other
25 members of the TIE ligand family. Primers specific for these

sequences may be used as PCR primers to identify tissues containing

transcripts corresponding to TL4.
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purified by multiple rounds of plaque isolation to assure honogeneity.

Virus stocks were generated by serial, lownultiplicity passage of

pl aque- pgrl fied virus. Low passage stocks of one virus clone (vTIE-2 25
receptorbody) were produced. SF-21AE cells were cultured in sepeffyédAbns = --
medi um ( SF- 900 VP 9748884 o BRL) containing 1X antibiotic/anti nycgt I c solution
(G bco BRL) 44 WO 97/ 48804

T Usor 10728 ThACcomPlale SeguensmRf fuman,Th4 gRey be-phiaippd BY. g8aygacing 4bg
‘as a surfactan fl rafi " 4L i g&d
- in a bioreact otu“; Eﬁ%l sdéﬁﬁ%e@ﬂgﬁlgpi g;nluggys#ggr#ﬂfe gr b%d#%g?ll%'hrgg%g?g% Ir?%r
to infection. {Hidifieweby H6MYIogY 187kAEWhCmehbérsdasthegTIE-iganto family such
di ssol ved oxygen, at a gas flowTate of 80 nL/mn (aeration at a sparge
ring). Agitatias Tk Dh2 remah3IL3f Thedull oodimpeenuence of Tt say thegobepm

Cells were harvested in md-|logarithmc growh phase (-2 06 cells/ ,
concent r at el byetarmined L@ﬁtﬁ%ﬁ!ngiﬁ@gﬂhﬁécm@dewgﬁa}@'ﬁl( the.d Lo BrnRpiG nrﬁHzJEG of

W th fresh medndialta i yoayeEe sl Sa Psilod L4 Broflie ey
spinner flask. ythe,GHEIMGG B8 UsERCss 'Hidbes %86k ai a full length cDNA clone,
which may then be used to produce the TL4 protein. Exons may also be
identified from the BAC clone sequence by homology to protein domains
10 such as fibrinogen domains, coiled coil domains, or protein signals such
as signal peptide sequences. Missing exons from the BAC clone may be
obtained by identification of contiguous BAC clones, for example, by
using the ends of the deposited BAC clone as probes to screen a human
genomic library such as the one used herein, by using the exon sequence
15 contained in the BAC clone to screen a cDNA library, or by performing
either 5' or 3° RACE procedure using oligonucleotide primers based on

the TL4 exon sequences.

20
Identification of Additi TIE Ligand Family Memberts

The novel TIE ligand-4 sequence may be used in a rational search for
additional members of the TIE ligand family using an approach that

25 takes advantage of the existence of conserved segments of strong
homology between the known family members. For example, an
alignment of the amino acid sequences of the TIE ligands shows several

regions of conserved sequence (see underlined regions of Figure 7).
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a final volune of 8L with fresh serumfree nedium and the cells incubated

I n the bioreactor using the previously described conditions. Culture nmedium
fromvTlE-2 receptorbody-infected SF21AE cells 15 were coll ect ed by
centrifugation (500x g, 10 minutes) at 72 hours post-infection,

super nat ant § We9®488pbught to pH 8 with NaOH. EDTA was added ggr/gsyllﬁgp
concentration of 10 nM and the supernatant pH was readjusted to 8.

Super nat ant sDegerefate t eigenydeatidés: essentislly |bassd onatliese fa@so a protein

%A col g[lm (pré)te n A se h ros 4 fast ZQWI{rl}pov\éjVBgér E\'&%fpﬁﬁgﬂt@g'@gnﬁm&% .
t
tLgmabsg; g:rﬁ rﬂ&nﬁs& ge%?&stgdidbﬁt@aﬁﬁ h déol um was washed in |

PBS and el ut ace I c acl I'ons were inmediately
neutralized by eluting into tubes containing 1 M Tr| s pH 9. The peak
fractions 25 containing the TIE-2 receptorbody were pooled and dial yzed
versus PBS. The higlily consmed/reg'ms among TL1, TL2 and TL3 may be used in
PCT/ US97/ 10728 EXAMPLE 3 - N[]\ISTFA ON THAT TIE-2 HAS A CRI TI

| N DEVEL OPVEdgsigninpdegenearater gigonHs 8 RriprarfieWith,shieh ter piime

- gained by infLodUst! 2ing cDNAs. cDNA templates may be generated by reverse

transcription of tissue RNAs using oligo d(T) or other appropriate
primers. Aliquots of the PCR reactions may then be subjected to

10 electrophoresis on an agarose gel. Resulting amplified DNA fragments
may be cloned by insertion into plasmids, sequenced and the DNA

sequences compared with those of all known TIE ligands.

Size-selected amplified DNA fragments from these PCR reactions may
15 be cloned into plasmids, introduced into E. coli by electroporation, and

transformants plated on selective agar. Bacterial colonies from PCR

transformation may be analyzed by sequencing of plasmid DNAs that are

purified by standard plasmid procedures.

20 Cioned fragments containing a segment of a novel TIE ligand may be
used as hybridization probes to obtain full length cDNA clones from a
cDNA library. For example, the human TL4 genomic sequence may be
used to obtain a human cDNA clone containing the complete coding
sequence of human TL4 by hybridizing a human cDNA library with a

25 probe corresponding to human TL4 as has been described previously.
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5 "excess" soluble TIE-2 receptorbody (TIE-2 RB) into a devel opi ng system

The potential ability of TIE-2 RB to bind, and thereby neutrali ze,

avai lable TIE-2 ligand could result in an observabl e di sruption of normal

vascul ar devel opnment and characterization of the ligand. To eég,g)'ﬂg%l t her
AT

TIE-2 RB coul dwee97#4884 t 0 di srupt vascular |0 devel opnent in ck
enbryos, small pieces of a biologically resorbable foam were soaked with
TIE-2 RB and EXAMPAE 12neGiloniagof licading seguense ehi b4 nenbrane at

positions just lateral to the primtive enbryo. Early chicken enbryos
. devel op atop the yolk froma small disk of 15 cells that is covered by the

- chorioal I ant o'B t e Q%M%P§§geﬁ@q%gth%§ﬂdm§ hhﬁf{adr’]‘grLM%Weto

line the vasculature In the e arise m extra- a

i ntra-embryonghce@ing Ratare TIE Higana-4 HTLYDATEC! AccdessiordNen880BE) iveds
cells, which provide the major source of endothelial cells in the enbryo,
ori gi nat e § r oobtainedt byneessficthon enzyme hfigestina: Southern (Rloding and al | y
around the e

around Lhe e XSaRRBE or MBS HILCHRRR b dhiud ecbRntBE R AR T o
o ook AUl . G, 4 ol e hidzng b, e
endot hel i al CelddiRg sefRdfidis' ebire8pEntmighte thas Nstefirlivalpntli Dotezniinal

hemat opoi eti c precursor). Formation of rudinments of the circulatory system
begi ns amino acids of hTL4 were used to design PCR primers (shown below),

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

15 several plasmid clones were analyzed by sequencing. The comblete
human TL4 coding sequence was then compiled and is shown in Figure
8A-8C. In another embodiment of the invention, the nucleotide at
position 569 is changed from A to G, resulting in an amino acid change
from Q to R.

20
The PCR primers used as described above were designed as follows:
hTL4atg 5'-gcatgctatctcgageccaccATGCTCTCCCAGCTAGCCATGCTGCAG-3! |

hTL4not 5'-
25 gtgtcgacgeggecegetctagatcagacTTAGATGTCCAAAGGCCGTATCATCAT-3

-~ Lowercase letters indicate “tail" sequences added to the PCR primers to

facilitate cloning of the amplified PCR fragments.
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when endot helial cell progeny segregate to forma one-cell-thick vesicle
that surrounds the primtive blood cells. Proliferation and m gration of
these cellular conponents eventually produces a vast 46 WD 97/ 48804
PCT/ US97/ 10728 network of bl ood-filled microvessels under the CAM that wi 1
ultimately i'nWO9®4888¢ enbryo to join with linmted, intra-  FCTUSITOTS

. enbryoni cal |l y-derived vascul ar el enents. New fertl |l i zed chi cken eggs

. obtained from Spafas, Inc. (Boston, 5 D&Qﬂ[é i ncubated at 99.5[err]F, 55
% relative humdity. At about 24 hrs. of devel opnent, the egg shell was

. Wi ped down with 70% et hanol and a dentist's drill was used to make a 1.5

~cm hole in i fBilbWB)g?FP%eoBeéﬂCHeﬁﬂ&teJ hﬁnﬁhﬂgA R T B> LRGP utipyed to

"~ reveal an air space ectly above e enbryo pleces of

sterile Gel fOoNedtidn, omaaoiopa\nHawmanw t Ro@kvnhel pelarpadds 2eBs8d im equal
concentrations of either TIE-2- or EHK-1 receptorbody EHK- 1 recept or body

was nadeSas ageordancd with BhenBudapestsTreptyhe Reiembisant Autbgrapha donai n

i nstead of the,TlIE-2 extracel | ul ar donai i sonpierre et al Oncogene
8:3277-3288 i Egé‘ﬁ“ "f"{f‘arﬁ“ﬁpg ﬁgogatﬁf%i’gﬁ ynitas \deposited| g of

protein in yih the ATCC on October 7, 1994 and designated as “TIE-2
receptorbody” under ATCC Accession No. VR2484. E. coli strain DH10B
containing plasmid pBelLoBac11 with a human TL-4 gene insert encoding
10 human TIE ligand-4 was deposited with the ATCC on July 2, 1996 and
designated as “hTL-4" under ATCC Accession No. 98095.

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

the scope of the appended claims.
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15 30 [err]l. Sterile watchmakers forceps were used to m’uvm&

in the CAM at a position several mllinmeters lateral to tmmg o "“I(Ijﬁﬁlll

enbryo. The majority of the piece floam was i*nsérted under

the CAM and the_eqg.shel |l was se%‘ﬁys(@q%?gg -nggi ece of adhesdyesosra@ns

Cther similarl YOS eqgs were reat SEPHAERRral1dl 20 with RB of the

unrel ated, ne ror{ally expressed receptor tyrosine kinase, EHK-1

( Mai sonpi er r eV¥hatg}s ¢l e 8:3277-3288° (1993). Devel opnent was al | owed

to proceed foy 4 dgy cya@mgm y [RyaPeR SLIBSANtAIY fred! of other

I nspecti on. E?rbryoé %%r rsgetme y ca e?a”% %reaki ng the sXeI | s in dishes

. of warnmed PBS and §ﬁ5@fm§_l y 25 cutting away the enbryo with surroundi ng

CAM O 12 eggs treated 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
experinment. A dramatic difference was, seen between,.t heseTHieY.el oBed enbryos,

as shown in 42- Ap isplatgdonucleic acid molecule encoding a igand.

PCT/ US97/ 10728 Figures 1A and 1B. Those treated with EHK-1 RB appeared to

have devel oped relatively normally. Four out of five EHK-1 enbryos were

viabl e as judged bgnt i3 iRe8SAOERICacR Malecli BARbHIng™ MENRGARI-8. of HE
ligand-4.

4. An isolated and purified nucleic acid molecule comprising a
nucleotide segquence encoding human TIE ligand-4, wherein the
nucleotide sequence is selected from the group consisting of:

(a) the nucleotide sequence comprising the coding region of the
human TIE ligand-4 as set forth in Figure 8A-8C;

(b) the nuclectide sequence comprising the coding region of the
fibrinogen-like domain of human TIE ligand-4 as set forth in
Figure 8A-8C,

(c) a nucleotide sequence that hybridizes under moderately
stringent conditions to the nucleotide sequence of (a) or (b)
and which encodes a ligand that binds TIE receptor;, and

(d) a nucleotide sequence that, as a result of the degeneracy of
the genetic code, differs from the nucieotide sequence of
(a), (b), or {c) and which encodes a TIE-2 ligand that binds
TIE-2 receptor.

5. A vector which comprises a nucleic acid molecule of claim 4.

6. A vector according to claim 5, wherein the nucleic acid molecule
— 65
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extra-enbryoni ¢ vascul ature, which is visually obvious g“ﬂl“ﬂ"lﬂ!"ﬁllllfnmji

presence of red blood cells, _ ended s I
| ateral |y under the CAM By conTHIS8SSHEEThRAS BEERdted with Tl E-2 '‘RB"wefe *
severely stunted, ranging from 2-5 D | i anetler, as conpared wth nore
than 10 mm i WQi¥4$Mer for t helBHk ?F?:\.I?,A%Er%rycs. Al of thePFrEsYAgRS -
treated enbryos were dead and their CAMs were 10 devoid of blood vessels.
- The ability of T$mperglively inked tpagbup¥pressian contiol sequencecaapable of

' denonstrates thag, TLE-2.]i | s necessary, for devel opnment of the

" vascul ature. 15 B3 _QQBPeSé&%m&Tﬁ&{} &Rl £ 5 || GANDBODI ES An

- expression construct was created that would yield a secreted protein
consisting of the entire coding sequence of human TIE-2 ligand 20 1 (TL1)
or TIE-2 liggand A vettdy) atusmdingotot bRimpuBpwhionLigog! plaghid. gamma- 1 const ant
region (1gGlL Fc). These fusion proteins are called TIE-2 "|igandbodi es”
(TL1-Fc or TL2-Fc). The Fc portion of TL1-Fc and TL2-Fc was prepared as

follows. A f ragnent odi ng .the Fc portion of  human | .that spans
from the hithge r'%@' tgﬁé]ﬁ'égq,'ﬂgﬂo%bsﬁﬁ'aﬂ'& 'eﬁu§fo?tr%5epg??6t'§-n, was
anplified fromhuman placental cDNA by PCR wi th oligonucl eoti des
corresponding to the published sequence of human 1gd; the resulting DNA
- fragment wap cl ggsieted HEPligantd epebaed BPRI dRicieié SadiVmbRsdulé Cti on
fragnents froma plasm d encoding full-

according to claim 4.

10. A host-vector system for the production of human TIE ligand-4 .

which comprises a vector of claim 6, in a host cell.

11. A host-vector system according to claim 10, wherein the host

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

12. A host vector system comprising the host vector system of claim

10, and a nucleic acid encoding the TIE receptor.

13. A method of producing TIE ligand-4 which comprises growing
cells of the host-vector system of claim 11, under conditions
permitting production of the TIE ligand-4, and recovering the TIE

ligand-4 so produced.
14. An antibody which specifically binds the ligand of claim 9.

15. An antibody according to claim 14, which is a monocional
antibody.

—_—
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48 W97/ 48804 u | Hﬂ ;ﬂ Ij
l'ength TL1 or TL2 and fromthe human. 1gGlL Ec-phasm d werlEil her

side of a short PCR-derived frﬁggesﬂEEt[hHASMENesi gned so as to fuse,
in-frame, TL1_or TL2 with human Ig ot ei - codi Nng seqUeNGREvpsITIONS
M1 1igram quantW@Pe88 T.2-F Sepprcty ' cloning the TL2- Fc DNA

fragnment into the pVL1393 bacul ovirus vector and subsequently infecting the

Spodopt era frugi perda SF-21AE insect cell line. Alternatively, the cell
line SF-9 (ATgE Ackesd E’MPQ’ yCRid ldpedifical ?iﬁché theNfig&Hd -diNchitdr 4. My
be used. DNA qe:é:i:o I ng te e L2d- Fc was 10 c?oﬁg as an Ec% Rl - Not | fragnent

into the baculovirus transfer plasmd pVL1393. Plasm d DNA was reconbi ned
into viral DNA by mxing 3 [err]g of plasmd DNAwith 0.5 [err]g of

Bacul o- Gol d DNA. ( Phasonjuggten comprisinged ligandof ciaim i&nconjuigatadde cres
using 30[err]g Lipofectin gg BCO BRL). DNA-1iposone m xtures were added to
SF- 21AE cel I's™ (2x awietodc @gent/ sorm di sh) in TMN-FH medi um ( Modi fi ed
Grace''s Insect Cell Medium (G BCO-BRL) for 5 hours at 27C, followed by

i ncubation at 27[err]C for 5 days in TM\- FH nedi um suppl enented with 5%

fetal calf 48, A conjugate according to claim 17, wherein the cytotoxic agent is

a radioisotope or toxin.

18. A pharmaceutical composition comprising the ligand of claim 9,

and a pharmaceutically acceptable carrier.

20. A pharmaceutical composition comprising an antibody of claim

14, and a pharmaceutically acceptable carrier.

21. A pharmaceutical compaosition comprising a receptorbody of claim

16, and a pharmaceutically acceptable carrier.

22. A pharmaceutical composition comprising a conjugate of claim

17, and a pharmaceutically acceptabie carrier.

23. An isolated and purified nucleic acid molecule comprising a
nucleotide sequence encoding mammalian TIE ligand-3, wherein
the nucleotide sequence is selected from the group consisting of:
(a) the nucleotide sequenée comprising the coding region of TIE

ligand-3 as set forth in Figures 6A-6B,
(b) the nucleotide sequence comprising the coding region of the

fibrinogen-like domain of TIE ligand-3 as set forth in
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serum Tissue culture medi um was harvested for_plaque pur"' ' ﬂ
reconbi nant viruses, which was G[nligr |sﬂqE-pLHA5'ugEEr}g nmet hods Hm]rmllﬂ“lﬂ IIl““l
described (OReilly, DR, L.K I pLACE V. A |Luckow, BacutoWHritts s *
Expressi on Vectors - A Laborat ¢ ) - w York: WH. Freenan).
except that tWO%484se overlay contained 125 ng/nL X-gal  FPCT/USI7I0728

(5- brono- 4-chl oro- 3-i ndol yl -b- D-gal act opyranosi de; G BCO-BRL). After 5
days of incubation at FBY8Er PA-6Bon- r econbi nant pl aques were 25 scored by

i - . ; ) ¢ hei i
mar ked. - Reconti it - pf aieisCligbesbalece 3haf ol ofRer oResR &Rl cond
: I taini 10 OBriditi 5 ;

g?l(ranret ﬁzl 'fﬁinagl)lm- ggyl ]gt,rg;w [ phenyliggﬁ ggomeur% c#%%'d e;segf‘SPr%?.°f4§a’ °'v&9)

97/ 48804 and which encodes a ligand that BEddJ99Z /rb@éptbrPuainat i ve
reconbi nant virus plaques were picked by plug aspiration, and purified by
- multiple rounds &) pl adqudcieetidatsasvanseawhichs buetnfarethe degeveracy of dbks

Virus Low passage. ot BoRete SR WA SREiEE 1678 onidleBidel Ssckicpep G e
produced. SF-21AE cel t LAy S . j (SE- I,
(63, t6F Br e).! 4hG dhiBh SEReEBdS §idHl Wit (ha8 OPiE

receptor.

24. A vector which comprises a nucleic acid molecule of claim 23.

25. A vector according to claim 24, wherein the nucleic acid molecule
is operatively linked to an expression control sequence capable of
directing its expression in a host cell.

26. A vector according to claim 25, which is a plasmid.

27. Isolated TIE ligand-3 substantially free of other proteins.

28. Isolated TIE ligand-3 encoded by a nucleic acid molecule

according to claim 23.

29. A host-vector system for the production of mammalian TIE

ligand-3 which comprises a vector of claim 25, in a host cell.

30. A host-vector system according to claim 29, wherein the host

cell is a bacterial, yeast, insect or mammalian cell.
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G bco BRL) containing 1X antibiotic/antimcotic solution ([§ .
nmg/ L Gentanycin (G bco BRL). Pluronic F-68 was added as a Eﬂ“mmﬁu““uﬂﬁum
final concentration of 1g/L.-Su-tures—4—were raised 10 #n & bioreadtor
(Artisan Cell _%ggkﬁ%‘fyste ) THISr SHEET, EégtBE;gﬁr ee days prior topéRieaiies.
Cells were gro err]d wi t REPRABEDhg to 50 % di ssol ved oxygen, at a

moans of & maPine AnBEF! YRCIAT SVrieRs GmBHSEL e L vageL' fladt Koo
~ nid-logarithmc grogtdhdoBapgeleic akid eﬁcéaingfﬁhé FIELecepttrcent rat ed by

centrifugation, and infected wwth 5 plaque Tormng units of vTL2-Fc per
cell. Cells and inocul umwere brought to 400nL with fresh nedium and virus

was adsorbed for 2 hours at 27[err]C in a spinner flask. The cul ture was
then resuspend8d iA @ethed ofy preducing BIE Jigand-3 cwhicke COMRATISES BEQWING, and

e ol Lo R S0 e A Sl BE e 1 B oA
|l ected b tr k| : ' ta 7 -
Co oo o8 D1 e pSHARET eoBhof, ol TIE Sehnea ArOMBEDY e T,

to a final concentﬁg’aﬁdlg 8b pkbdidednd the supernatant pH 25 was readj usted
to 8. Supernatants were filtered (0.45 [err]m MIlipore) and | oaded on a

protein A colum (protein A sepharose 4 fast flow or H Trap protein A both

from Pharrmaci a). The colum was, washed w th PBS cqgntaj ni ng ? ‘M NaCl until
the absorbanc@3at ABoantibedy.rwhicsy specifically binds the ligand™of claim 28.

34. An antibody according to claim 33, which is a monoclonal

antibody.
35. A receptorbody which specifically binds the ligand of claim 28.

36. A conjugate comprising a ligand of claim 28 conjugated to a

cytotoxic agent.

37. A conjugate according to claim 36 wherein the cytotoxic agent is

a radioisotope or toxin.

38. A pharmaceutical composition comprising the ligand of claim 28

and a pharmaceutically acceptablie carrier.

39. A pharmaceutical composition comprising an antibody of claim 33

and a pharmaceutically acceptable carrier.

40. A pharmaceutical composition comprising a receptorbody of claim

69
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50 WO 97/ 48804 - . PCTi .
baseline. The col um was washddHi$ SHEET AP BFN &a with 0.5 V\H“mgnm(imlll " IIII
Col um fractions were inmredi atlely nBEPEAQEDzed by el uti ng intortubes ® s =
containing 1. MTris pH 9. The peak fractions containing the TL2- Fc were

pool ed and di éY%"éﬁs'@er sus PBS. 5 EXAMPLE 5- THE Tl E RECERFE/SPTHERND
- SYSTEM | N ANG CIEJ}%IESI S Al though the TIE-2/TIE | igand system appears to play

an important rol @21@Nd @ ugicaty| aceariablgy cartiehas not been shown to
play a significant, active role in the early to internedi ate stages of
vascul ari zation (eg. angioblast or endothelial cell proliferation and

m gration, t4dul e f a i iear L. vascul ar
nodeling). In cont rpa}gétm? od%hﬁ'e‘ﬁpceé:de?% gé‘éﬁgngb‘@%me{%&vﬂu?%‘teézi éf"gnt A€se
aspects 1 5 of vancllaaphdenscemticatly abdeeptableorcartigr.] ate pattern of

expression of TIE-2 and TL1 in the course of vascul arization suggests that
this systemplays a distinct role in the |atter stages vascul ar

devel opnment, including the structural and functional differentiation and
stabilization

This Sheet Has Been Re[ilaced
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of new bl ood vessels. The pattern of expression of TIE-2/TL1 also is 20
consistent with a continuing role in the maintenance of the structural

i ntegrity and/or physiol ogical characteristics of an established

vascul ature. TIE Ligand 2 (TL2) appears to be-a conpetitive inhibitor of .
TL1. The 25 Swaisrasgesporal characteristics of TL2 expressi onPSHYIEP28 hat
this single inhibitory nolecule may play nultiple, context-dependent roles
essential to appropriate vascul ar devel op t or renodeling (eg.de-
stabilization/de-differentiation of mature endothelial cells allow ng the
formati on of new vessels from existing vasculature, inhibition of 51 WO
97/ 48804 PCT/ US97/ 10728

i nappropriate bl ood vessel formation, and regression/involution of mature
bl ood vessels). Figure 2 is a schematic representation of the hypothesized
role of the TIE-2/TIE ligands in angiogepesis., In this figure TL1 is
represented by (.), TL2 is represented?ﬁlﬁ&j JQEIE—Z Is 5 represented by
(T), VEG-F is represented by ([]), and f1k*1 (a VEGE receptor) is
represented by (Y). 10 EXAwﬁLE 6-//5=- - deAND CHARACTERI ZATI ON OF

P,
-

r EHK-1 ecto / hIgG1 Fc
Gelfoam (6 ug)

Fig.1B.

£
w.
A g
-

r TIE-2 ecto / higG1 Fc'
Gelfoam (6 ug)
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THE CYS-TL1 MJUTANT The TIE-2 |igands have two major structural domains, one
described as a "coiled-coil" domain conprising the approximate G 1 5
terminal third of the protein and the other a "fibrinogen-Iike" domain
conprising the approximate N-term nal two-thirds of the protein. Al though
the TIE-2 |i gawdoushesi gnated TL1 and TL2, share simlar struRETPSI7/10728
honol ogy, they exhibit different physical and biological properties. Under
non-reduci ng el ectrophoretic conditions, h 2 0 proteins exhibit
covalent, nultinmeric structures, with TL1'existing primarily as a trimner
and TL2 existing primarily as a Q£ r. Figure 3 is a schematic
representation of how the TIE-2 I®ppgands may be interacting to form
multimers. In terns of biological=@activity, TL1 has$}jeen shown to be an
agoni st of the TIE-2 receptor, assdenonstrated by ifjuction of 25
phosphorylation in TIE-2 expressiggg cells. TL2, on te ot her hand, appears
to be a conpetitive inhibitor oflL 1. Investingati ongli nto what factors

m ght -be contributing to the différent physitcal andsji ol ogi cal properties

of the two nol ecul es reveal ed thé_”, resence ®f a cysgi ne 52 5 WO 97/48804
PCT/ US97/ 10728 A
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resi due (CYS265) preceding the fibrinogen-like domain in TL1 but, absent in
TL2. This CYS265 residue in TL1 is encoded by TGC and is | ocated at about
nucl eoti des 1102-1104 at the approximte junction between the coil ed-coil
and fibrinogen-like domains. Because cysteine 5 residues are gg@g&mo% oL
i nvol ved in di swo$w4dsodbond formati on, the presence of which X contribute
to both the tertiary structure and biol ogi cal properties of a nolecule, it
was t hought that perhaps the presence of t% CYS265 in TL1 m ght be at

| east partially responsible for the different properties of, the two

nol ecul es. To test this 1 0 hypothesis, an expressiwn pl aghid was
constructed which contained a nutation in TL1 in \/\hi,:frﬁgt he<ClS was repl aced
with an amino acid which does _not form disulfide bongs= thiafflition to this
TL1/CYS- nutant, a second,exppession plasmd was conSt@ugt gigwhi ch nut at ed
the correspondi ng positios 8L2 so t hat esi dgebwgs, néw a 1 5

cystei ne. Both non-nut at ek §n@ nut at-e pr essf on plds @550 TL1 and TL2
were transiently transfec gi to COS s/ el | supesan ghﬁ:s cont ai ni ng

t he reconbi nant proteins %@ arvest ed anl es &@ éCDEEtO bot h

reduci ng and non-reduci ng @@AGE el ectropkoresi s aBdLrs%Ee ent western
blotting. Western blots of? both non-rmutated 20 and @u@t b1 and TL2
proteins reveal ed that the TL1l/ CYS- nut ant b*aves nfre TLR1ike in that it

runs as a diner and that the TL2/ CYS+ nut ant gdehaves nore TL1-like in that
it is able to forma trinmer as
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wel | as higher-order multiners. Interestingly, when the two nutant
proteins were tested for their ability to induce phosphorylation in TIE- 25
2 expressing cells, the TL1/CYS- nmutant was able to activate the TIE-2
receptor, wher.eas the TL2/CYS+ nmutant did not gain any activating activity...
53 W07/ 4880WO0 97/48804 PCT/
EXAMPLE 7- CONSTRUCTI ON AND CHARACTERI ZATI ON OF FI BRI NOGEN- LI KE DOVAI N
ONLY MUTANTS I n order to test whether the B‘}'jbri nogen-|i ke donmain (F-domain)
~of 5 the TIE-2 ligands contained TIE-2 activating activity, expression

pl asm ds were constructed which del eted E?@c | ed-coi|l domain, |eaving
- only that portion of the DNA sequence encoa?ig the F-domain (begi nning at

" about nucl eotide 1159, 4mmo acrd Tesrdue ARGZ84) . This nmutant cdnstruct
- was transiently transfectjed into COS cells. The 10 sugernatant dqontaini ng
- the reconbi nant protein was harvested. The TL1/F-domai nutant wds tested
~for it's ability to bind fthe TIE-2 receptor. The re ts showed tlhat, as a
- mononer, the TL1/F-domai,nf nutant was not able to bi TIE-2 at a|detectable
| evel . However, when>_ 31
e
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the TL1/ F-domai n nononer was mnyc-tagged and subsequently clustered 1 5 with
an anti body directed against the nyc tag, it did exhibit detectable binding
to TIE-2. However, the antibody-clustered TL1/F-donain nutant was not able

to i nduce phosphorylation in a TIE-2 expressing cell I|ine. re 3 shoms a.
schemati c repr 84@9¥48804on of the F-domain construct and its b| W8ty
pl us and m nus antibody clustering. 20 EXAMPLE 8- A RECEPTCRBCDY BINDING

ASSAY AND A LI GAND Bl NDI NG AND CCNPETITICNHASSAY A quantitative cell-free
bi nding assay with two alternate 25 formats has been devel gped for
~detecting either TIE-2 recepkorbdd® &inding dr 1igBrli bind § agd g é

. conpetition. In the recﬁﬁt%? ‘Body b ndlng versiop of, the as ay, #| E2

. ligands (purified or partigly gqrgﬂued *egﬂherva @r TL2K are cogt@d onto
i an ELI SA pl ate. Receptorbo atfvapyi ng cogcentraty,ons |s Ehen addgd, which
' binds to the immbilized *5% WO §/7'48804% % § §

+ PCT/ US97/ 10728 Ilgand i n a¥Ydose- degendegt. ganner . gt thﬁ end of 2 kours,

. excess receptorbody is masged awdy@ ?hefl t 8€” anoun :bound ﬁdrthe* dfe i's
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reported using a specific anti-human Fc antibody which is alkaline
phosphat ase tagged. Excess reporter antibody is washed away, then the 5 AP
reaction is devel oped using a col ored substrate. The assay |s guanti t at ed
using a spectrophotoneter. Figure 4 shows a typical TIE 2- %Té}sggw;;%
curve. This a@97/4888¢ been used to evaluate the integrity of -1'g
after injection into rats and mce. The assay can also be used in this
format as a ligand conpetition assay, in dq&y ch purified or 10
partially-purified TIE |igands conpete with |mTDb|I|zed | {,9and f0
receptorbody. In the |i g‘agﬁi{-‘.bi ndi g.:and C tit] -vve S gno'of thg ﬁl ndi ng
assay, TIE-2 ectodonmain i & >, coat ed onto the ELI SA pl at e°‘ T% Fc-ta
fibrinogen-1ike domain_fray Hment s* (Qomt he TIgE™ i gan@s(TL1 He aad ‘2 f Fc)
then bind to the ect od and ggan be dejected |ng t«h 1 53sa .
anti-human Fc antibody as géscrl b@l"‘above% i gﬁ‘re ®shows &an exange of

TL1-fFc binding to TIE-2 t od@mai Thi s rsion the gsgay cag gl so be
"~ used to quantitate |evels f? TEL- g@ ins %m or 5)%eros'agspl es. Eunt agged

- ligand (again, either purldl ed or ggpurl fi g,) i s* gedmat Gt he sarr%g_.l me as
the TL1-f Fc, then a corrpetﬁ i on 3 Set Qup bet Ween tagfed |liga

f ragnment and full-1leng I%g,and g full angth lq @and «C r‘n.dlgp’1 e the

Fc-tagged fragnent, an onpetitdon cur |Smge er at ed. EXAI\,ﬁLE
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EA. hy926 is a cell hybrid line that was established by fusion of HUVEC with
the human | ung carci noma-derived |line, A549 [Edgell, et al. Proc. Natl.
Acad. Sci. (USA) 80, 3734-3737 (1983). EA hy926 cells have 55 WO

97/ 48804 - PCT/ US97/ 10728 been found taq.
express si gni f wogwassedvel s of TIE-2 receptor prote| n with | owPGALEP7/10728
phosphotyrosi ne | evels. The density at which EA hy926 cells are passaged
prior to their use for receptor assays, a$figell as their degree of
confluency at the tine of assay, can affect TIE-2 recep tor hundance and -
. relative inducibility in respobs# to tﬁe%trrent vt g |"I yga-doptlng t he

. following reginen for growi ng {hese,gells t he hy,3)260cell | ige can be

i used as a dependabl e system f*o Vassay R Tl E- 8‘-T|gand%§tt|dht8é‘s EA. hy926

. cells are seeded at 1.5 x 106 gel | s™ingT-75 flegsks 1N§I'QDFaI&om%ae) and

“re-fed every other day W|th hi ahogl ugoge* DLBB o} s 10% f bovi ne
serum L-glutam ne, penicilbisnpstrept

- hypoxant hi ne-am nopt eri n- th8m EI Hﬁgy'g(;‘i bc

days of growh, the cells are Qsa(ged%qpce a?
four d

L)° -Agter thrEe to four
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1 5 phosphoryl ation assays, cells prepared as descri bed above were serum

starved by replacenent of the culture nmediumwth high-glucose DMEM and

i ncubation for 2-3 hours at 37[err]C. This nmediumwas aspirated fromthe

flask and sanpl es of conditioned nedia or purified |ligand were added to t-he

flask in a totavovmsspde of 1.5 ml foll owed by incubation at 2&CTHEPE078C

for 5 mnutes. Flasks were renoved fromthe incubator and placed on a bed

of ice. The nedium was renoved and repl ac@ﬁgjwith 1.25 m Lysis Buffer

contai ni ng 1% noni det P-40, 0.5%gsQdi um deoxychol ate, 0.1% SDS in 20 nM

- Tris, pH 7.6, 150 mM NaCl, 50 nmMG\&F, 1nmM sodp rtdevagnadate, 5 nM
benzam di ne, and 1nmM EDTA contai gj ng the 25 8roteas® ighi bitors PNSF,

aprotinin, and | eupeptin. After® ﬁ)“‘m’ nut es on"‘i,c td"gl ow nenbr ane

sol ubi_lization, plates were scraped and cell |ysg&es e clarified by

m crocentrifugation at top speedﬁ%r §0" nut es 4[erg] C. TIE-2 receptor

was i munoprecipitated fromthe §6,. ~WOED7/ 48804,

TTCTERAAGAICHORA
< C
e — -

PCT/ US97/ 10728 cl arified supepnatant by* @ncub@t i i tHhe cold with an
anti-TIE-2 polyclonal antiserum Prot& n G'co Sephar ose beads.
The beads were washed three tin® witg*c d cel i qufer and boiled 5
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m nutes in Laem i
pol yacryl am de gel s.

sanpl e buffer

whi ch was then | oaded on 7.5% SDS- 5
Resol ved proteins were electrotransferred to PVDF

(Lanblia-P) nmenbrane and then subjected to Western blot analysis using
anti - phosphotyrosi ne anti body and the ECL reagent.
total TIE-2 preiosizasseevel s on the sane blots was done by stri BpIHE?{IAES
anti - phosphot yrosi ne anti body and 10

anti serum specific to the ectodomain of T

SEQUENCI NG OF FULL LENGTH cDNA 15

nmouse TL1 or
of those genes.

buffef at 55[err]C overni gl

usi ng 2xSSC, 0. 1% SDS at 60[81\%‘6
Strong hybridiz
to nouse TL1 and nouse TL2._
weakly hybridized to both e
t hese cl ones was purified,
fragnments which hybridized t

the filters.
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rei ncubating with a polycl onal
2. EXAMPLE 10 -
CLCNE EN
TIE LIGAND-3 TIE ligand-3 (TL3) was cloned froma nDus
(Research Genetics) by hybridizing library duplicates,
nouse TL2 probes corresponding to the entir
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WO 97/ 48804 PCT/ US97/ 10728 ori gi nal
probes were subcloned into a bacterial plasm d and sequenced. The sequence
of the fragments contai ned two exons with honol ogy to both nouse TL1 and
nouse TL2. Prinmers specific for these sequences were used as PCR priners to
identify tissuawORTM88® ni ng transcripts 5 corresponding to TLFCTABA B ng
corresponding to TL3 was identified in a nouse uterus cDNA library in

- lanmbda gt-11. (C ontech Laboratories, Inc. #g/fRal o Alto, CA). Plaques were
plated at a density of 1.25 x 106/ 20x20 cm plate and, 10, yeplica filters

~ taken foll ow ng standard procedures (Sanbrook, et sﬂ%%gﬂ!ecul ar Coning: A
- Laboratory Manual, 2nd Ed., page 8.46, Cold Spring " Harbor - Laboratory Col d
Spring Harbor, New York). Duplicate filters were gefeened+at "normat"
stringency (2 x SSC, 65[err]C) with g g00.bp PCR adbqag;u.ve probe nmade to

t he nouse TL3 sequence. Hybridi za§ &n: 15 ..;Was ag %ggél n a solution
containing 0.5 ng/m sal non sper mThiy 5P gtars Wede: wasnee in 2 x SSC at
65[ err] C and exposed for 6 hours t |Im & Tl'v:/o g, tive clones that
hybri di zed in duplicate were picke EcoR d gest oh :of hge DNA obt ai ned
fromthese clones indicated two i gdBRegdegt, Iom ‘f/\ft‘flﬁl'ﬁ_nert si zes of
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20 1.2 kb and approximately 2.2 kb. The 2.2kb EcoRl insert was subcl oned
into the EcoRl site of pBluescript KS (Stratagene). Sequence anal ysis
showed that the | onger clone was |acking an initiator nethionine and signal
pepti de but otherw se encoded a probe honol ogous to both nouse TL1 and
nmouse TL2. 25 WO 9T#Bospeci fic PCR primers were then synt hesi SEq/UR710728
follows: US2: cctctgggctcgeccagtttgttagg USLl: ccagctggcagat atcagg 58 WO

97/ 48804 . s PCT/ US97/ 10728 The

foll owi ng PCR reactions were perfor med using expression libraries derived

from the nouse ceJI i nes_C2C1 HMB2.2 L0 | magy LPCR Regcti
~the specific pri 189 USQ%/\@S us Enj Unete on V\A%&g ﬁr/g!}:ltor-sgemfl%':l
~oligos to all ow | i 1R tlonunelt orlemtatlom P g totale

vol une of 100m @&rng 3 Bycl el B é’r] &* 42l e 1%0 or @43[ efr

for 1 mn;, 72 gl mMn. oThe sec,onda'r\/oPCR I’Q.ﬁCtIG:ﬂU ncl uded_t he eeconf? ¢
specific prinmer® 881, wg Th is&BNt ai HEY wi thih ¢ 85‘r| ma zPCE»Hr ductg 9 n

~conj unction vvithég sagp ve&gr ollggs T§h§¢ 8" ﬁn m§m ﬁz
g §8= Bo  8c 8« Be F8e fs o
sf< $o B> g+ §= g8 Bs Ee “fo
£~ E> 8%« B ¢ g% §« 3§« go
[ MmO (o] (8 o |
&> §§> e 2x "dx 2o g8« g= -
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1 0 secondary reactions were for 30 cycles, using the sane tenperatures
and tinmes as previous. PCR products were gel isolated and submtted for
sequence analysis. On the basis of sequences obtained froma total of four

i ndependent PCR reactions using two different cDNA |ibraries, the 5 end-of
the TL3 sequergeemadogdeduced. Northern analysis revealed 1 5 RETASOH10928

| ow | evel s of nouse TL3 transcript in nouse placenta. The expression of
nouse TL3 consisted of a transcript of app eﬁ‘%XI mately 3 kb. The full length
TL3 codi ng sequence is set forth in Figur A-6B. The nouse TL3 sequence
may then be us tg obtaig a hugmn clo 20 gont abni ng t hey codi n@ge sequeace
of its human c(?:Fj har t )F‘hyg dlZlngeglth@"é B gen@ ™ o o
l'ibrary W|thapr e corrgsporflighg to gouse T3 as s beeny des@i
previously, for e rqble gn-'lExa Pe 8 g nRimti o F;Publgé’atl"(‘) ﬂo
- 96/ 31598 publishe t Qber 6. 25.59 o 97/ 48804

PCTI US97/ 10728 EXBmE B o |§EAT|° ti\o B LENGT® G@@/v«: ok
- ENCODI' NG HUVAN TI u LI GAN 4 34
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TIE ligand-4 (TL4) was cloned froma nmouse BAC genomc library (BAC 5 HUVAN
(I''), Genone Systens Inc.) by hybridizing library duplicates, with either a
human TL1 radi oactive probe corresponding to the entire fibrinogen coding
sequence of TL1 (nucleotides 1153 to 1806) or -a nouse TL3 radi oactive obe
correspondi ng twosr/i488irent of 186 nucl eotides fromthe fibri nG&EPSPEL
nouse TL3 (nucl eotides 1307 10 to 1492 of Figure 6A-6B). Each probe mas.

| abel ed by PCR using exact oligonucl eotidefdsand standard PCR conditions,
except that dCTP was repl aced by P32dCTP. ﬁe PCR m xture was then passed
through a gel filtration colum to separate the probe fromfree Plerr]

dCTP. Each copy of the library o hy&e & zed Big ng ghasphate buffer, and
radi active 15 probe at 55[err] PoverBiYht usithg st@ftlard hybri di zat i on
condi tions. After hybridizatiop §the figters e \&ad using 2xSSC, 0. 1%
SDS at 55[err]C, followed by eyp® sure X ra fllnlﬁstrong hybri di zati on
signal s were observed correspon%ggg & ditign, signals were
identified which weakly hybridi z to Ubt ﬁan TL1 nd @¥se TL3. 20 DNA

correspondi ng to these clones ollly . f usi sta rd¥pgqeedures, then
digested with restriction enzymrrgg a %%ei fr%%ent ﬁ?ch heibri di zed to the

ori gi nal probes was subcl oned i eria Ed_and uenced. The
sequence of the fragnments conta:l ed on rg‘xon ﬁp g%‘rogy gdwboth human
TL1 and nouse TL3 and ot her 25« gt;.rrbersﬁgnf thg T E &g.gnd fgrp‘ly Pri mer s
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dRoe262-3

sequences nmay be used as PCR prinmers to identi [ &HBETHi n _
transcripts corresponding to TL4. 60 WD 97/ AMNT T)' ng o]
PCT/ US97/ 10728 The conpl ete sequence of hunan 'Lk may be obtailndd by
sequencing the full BAC clone contained in the|dppdkbDEL B8t drijal cells.
Exons may be identified by honmology to known ngnpers of the TIIF-{igand
fam|ly such as TL1, TL2 and TL3. The full codi pg sequence of TL4| may t hen
be 5 "determi ned by splicing together thegxons fromthe—FH4—geronm c clone

whi ch, in-turn,
exons may be used as probes to
then be used to produce the TLZ

may be used to produce the TL4

pr ot ei n.

Al ternatively,
GPNA cl one, which may
‘?Io be identified from

t he

t he BAC cl one sequence by honol ogy to protel n donmains 1 0 such as
fibrinogen donmains, coiled coil domins rotel n Si | s such as signal
pepti de sequen’fhsprmmvngﬂmﬁg Frf@ﬁist’@d ?Bgﬁa@b’f ai ned by

I dentification ﬁaiyeg Fﬂﬂz'feﬁgg&%f%@eég mgﬁgﬁgh?o &\éf&s Ltgg ends of

t he deposi ted enom c rary such as

the one useq hgygiip Bﬁg@aﬁeﬂ@m&mgmn aﬁmeaﬁemas&aa@ aaamaaddmbleme BAC
clone to screen a.c rary, or b erformng '

encoding TIE ligand-4. The1i wolateé nyicleic acid may be. DNA, cDNA or RNA. The
invention also provides for a vector compnsmg an isolated nucleic acid molecule
encoding TIE ligand-3 or TIE ligand-4. - The invention further provides for a host-
yector system for the producuon ina smtablc bost ccll of a polypeptide having the
biological activity of TIE ligand-3 or TIE hgand-4 The suitable host cell may be

bacterial, yeast, insect or mammalian. The invention also pravides for a method of

n

(

10

producing a polypeptide having the biological activity of TIE ligand-3 or TIE ligand-
4 which comprises growing cells of the host-vector system under conditions
pcﬁnitting production of the polypeptids and recovering the polypeptide so
15 produced ' |
The invention herein described of an isolated nucleic acid molecule encoding TIE
ligand-3 or TIB ligand-4 further provides for the development of the ligand, a
fragment or derivative thereof, or another molecule which is a receptor agonist or
20 antagonist, as a therapeutic for the treatment of pa:cients suffering from disorders
involving cells, tissues or organs which express the TIE receptor. The present
invention also provides for an antibody wich specifically binds such a therapeutic
molecule. The antibody may be monocinaal or polyclonal. The invention also
provides for a method of using such a monoclonal or polyclonal antibody to measure

25 the amount of the therapeutic molecule



either 5'-or 3" RACE procedure using oligonucleotide priners based on the
TL4 exon sequences. 20 Identification of Additid AC F T ily
Menber 82 The novel TIE |igand-4 sequence -may be + t PREH

for additional nenbers of the TIE ligand fam |y{u$ing an approaghfthat 25
t akes advantage of the existence of conserved s¢gieni s pgEC 9999onp honol ogy
between the known famly nenbers. For exanple, @&njalignnent of fhg am no
aci d sequences of the TIE |igands shows sg&eral reg erved
sequence (see .underlined regions of Figur 1 WD 97/ 48804

PCT/ US97/ 10728 Degg&g; ate ol i gonucl eot-i.des essentlally based on these boxes
i n combi nat i onPRPER preV|oust knomn or novel TIE |igand honol ogy
segnents may be used to |de$¥g2§%¥¥$;§. R 1 ‘,q.'lghly conserved
regi ons anong TL1, TL2 and ' 1EST gf degener at e

ol i gonucl eotide prinmers with which to prine PCR reactions using cDNAs. cDNA

tenplates may be generated by reverse transcription of tissue RNAs using
ol igo d(T) of BIGARES 1A a8y JIE2 receptortiody (TTE-2 RB) inhibits the development of

5 blood vessels in the cmbryomc chicken chonoallantmc membrane (CAM). Asingle
pxece of resorbable gelatin foam (Gelfoam) goaked w1th 6 pgof RB was inserted
1mmed1axc1y under the CAM of 1-day chJ.ck cmbryos After 3 fmthcr days of
mcubanon 4 day old embryos and surroundmg CAM were removed and examined:
FIGURE 1A: embryos treated with BI_-IK-_I RB (rBHK-1 ecto/hlgG1 Fc) were viable

10 and




primers. -Aliq
el ect rophores
cl oned by ins
wi th those of

fromthese PCR reactions nmay 15 be cl onedSrnto

- coli by elect
Bacterial col
pl asm d DNAs

fragnents con
hybri di zati on
For exanpl e,

cDNA cl one co

hybridi zi ng_a hunan c

TL4 as has e
PCT/ US97/ 4880
5" and 3' cod

10

15

uots of the PCR reactions may the1RFP
IS on an agarose gel. Resulting a i fied DNA fr
ertion into plasnids, sequenced apditHESHEC @98u
all known TIE Ilgands Size-selegtgd anplified
asm ds, introd

cles conpared
fragnents
ed into E
roporation;, and transformants pla ar.
adesoribed heneinf36Rs to condéran it molecute thesama bidlygied abyvityeaydbarci ng of

are_purifij.ed by, stagndard, plasm d procedures. 20 C oned
E’lﬂﬁhﬁ%ﬁa%@%ﬁwd degcq?h;gglpreqqu | i gand may be used as
probes to obtain full length cDNA clones froma cDNA |ibrary.
t he human TL4 genom c sequence may be used to obtain a human

Aortingdy, thefxesumpimbmomdcmpasm e ixotated arddipwrified heclbiy acid
brar with a 25 probe corregponding to human

aolegide Hee/sequence enopding z magmglian TIE ligand-3,
%@%@%@?&%ﬂﬁ% Bleclsia bl me ek Ronifgage o T Bot
(a) the nucleotide sequence comprising the coding region of TIE ligand-3 as set

forth in Figure 6A6B; |
(b)  the nucleotide sequence comprising the coding region of the fibrinogen-like

domain of TIE ligand-3 as set forth in Figure 6A-6B; and
(¢)  =nuclectide sequence which, but for the degeneracy of the genetic code

- ~ a3

—1.4

would hybridize to a nucleotide sequence of (a) or (b), and which encodes a
ligand that binds TIB receptor.

The present invention further provides for an isolated and purified TIB ligand-3

encoded by an isolated nucleic acid molecule of the invci_xtion. The invention also

_ p;ovideé for a vector which comprises an isoluted nucleic acid molecule comprising a

20

nucleic acid sequence encoding mammaliau TIE ligand-3.

The present invention also encompasses an isvlated and purified nucleic acid

molecule comprising a nucleotide sequence eacoding 2 human TIE ligand-4, wherein

~ the nucleotide sequence is selected from vbe group consisting of:

25

30

(8)  the nucleic acid sequence comprising the coding region of the human TIB
ligand-4 contained in the vector designated as hTL~4 deposited on July 2,
1996 (ATCC A_'ccessiozi No. 98095);

(b) thenucleotide sequence comprisiug the coding region of the fibrinogen-like
domain of TIE ligand-4 contained in the vector designated as hTL-4
deposited on July 2, 1996 (ATCC Accession No. 98095); and

(c) a nucleotide sequence which, but for the degeneracy of the genetic code
would hybridize to a nucleotide s=quence of (a) or (b), and which encodes a
ligand that binds TIE receptor.



encodi ng-human "TIE |igand-4 (hTL-4 ATCC Access 5
obt ai ned by restriction enzyne di gestion, Sout L@Wd I¢
hybri dizati on of the hTL-4 clone to codi ng sequehces from noude {TL3,
fol l owed by subcl oning and sequencing the hybr| dj zi4fg DECGHINt|s.{| Codi ng
sequences corresponding to the Ntermnal and {Cferm nal am ng dci ds of
- hTL4 were used to design PCR prinmers (shown bejow), 1 O which ijn turn were
- used for PCR anplification of TL4 from hupan o ..CR.b‘and was
identified as corresponding to human TL4 Dy DNA sequenci ng using the ABI

o S S e 0 o Bl AR S AR R frofeled B PRAET G B0e By (PP o
vect or pCR- SCIyhpfecdld ?&gﬁﬁﬁ%ﬁ%ﬁﬂr@éﬁd@ ls8cuthek dkodifs hYBEETEREAMAEr whkrein

sequenci ng. The conpletée L4 coding sequence was then conpiled and is
shown i n Fi gurthe Béeledtidelsaquence isseleatad framithegroup cedsistingefint i on, t he

nucl eotide at positjon 569 i§ changed fromA to G resulting.i,n.,an am no
aci d change from Q @b R..‘ﬁEBué?@%égﬂgﬁFm“é’gS@%@%E@PBBE%WV\Bre
desi gned ascfol |l ows: hTLAady , : -y -8C

5' -gcatgct a?ctcgagccaccA@%@f&&&M@%&é’S' hTL4not 5' - 2 5

gt gt cgacgcggccgct ct(@gat'ctagnnaaoﬁag'f FeroREprising Ae(otiagregion bbther case

letters indicate "tall" sequences adde_ o t he PC pr.i mers.fto . -
fibnnogen-like domain of human TIE ligand~4 as sct forth in Figure
8A-8C; and

()  amucleotide sequence that, es 2 result of the degeneracy of the genetic
10 code, differs from the nucleotide sequence of (2) or (b), and which
encodes a TIB-2 ligand that binds TIE-2 receptor.



facilitate cloning of the anplified PCRfragrre::R i

PCT/ US97/ 10728 DEPOSI TS The fol | owi ng have bee

./ A ¥
cenosT L.ed
1

Type Culture Collection, 12301 Parklawn Drive,| Rockville, Mary
5 accordance with the Budapest Treaty. Reconb] nanti 2DEN9EBhS
bacul ovirus encoding TIE-2 receptorbody was depogited with thg

Oct ober 7, 1994 and designated as "vTlIE-2 receptorbody” under A

Accession No. VR2484. E. coli strain DHLOB contalLning plasm.

8804

he Anerican
nd 20852 in
alifornica
TCC on

CC
eLoBacl 1

with a human TL-4 gene insert encodi ng 10 Hidman TIE | i gand-4 was deposited
with the ATCC on July 2, 1996 and designated as "hTL-4" under ATCC

Accessi on No. 98095. The present invention is not to be limted in scope by
t he specifi chmrdﬂsthtlsvemm |fbetleheprrevmes| fatead, lmﬁeéuﬁndolwﬂfl@dt Tﬁs of

the 15 |nvent|on in addition to, m S descri bed herein, will
apparent to tg?d‘:% SRRGIQKE BY PReiSQIRte,

owclelre 20K SRRl e L ctPFpﬂvsﬁmaﬁd

2288? 3? ylt R E‘E{gﬁﬂf’% agPﬁBnB%Vlée TS v%rcFor' RhEAFeShSnd & Ian iddlafed e

nuclexc acid molécule comprising a nucle_sc acid sequence encodmg

human TIE ligand-4.

Any of the methods kriown to one s'killéd in the art for the insertion of

DNA fragments into, a ‘vector may be used to construct expression

vectors encoding TIE ligand-3 or TIE'Iigand-4 using appropriate

transcriptional/translational control signals and the protein coding

sequences. These methods may include in vitro recombinant DNA -and

synthetlc techniques and in _u___ recombinatians-- (genetic

recombination). Expression of a nucleic acid sequénce encoding TIE

ligand-3 or TIE ligand-4 or peptide fragments thereof may be régulated

by a second nucleic acid sequence which is operably linked to the TIE

ligand-3 or TIE ligand-4 encoding sequence such that the TIE ligand-3

or TIE ligand-4 protein or peptide is expressed in a host transformed

with the recombinant DNA molecule. For example, expression of TIE

ligand-3 or TIE ligand-4 described herein. may be controlled by any

promotér/enhancer element known in the art. Promoters which may 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

(1991)); the SV40 early promoter region (Bernoist and Chambon, Nature
290:304-310), the CMV promoter, the M-MulLV 5' terminal repeat, the



RS B

64 -65- 1. An isol ated nucleic acid npl e [o1e mn i gand-3 or
TIE |igand- 4. lellllllmulﬂﬂ"m mllland purified *IPMM Edyl e
conprising a nu sequence encddilng huma TTE 11 g4qnd- 4,
wherein the nucl ot fde" seuéncé i s sel ected friom t Res gEpup %o silsting of:
(a) the nucl eotide sequence com ng the ggding jregi on of ? e{hgman TIE

| igand-4 as set forth in Figure 8A-8C or contagi desi gnat ed
hTL-4 deposited as ATCC 98095; 10 ( s} the nucl eotlde s¢guence
conprising the coding region of the fibrinogen-Ii1ke domain of human TIE

li gand-4 as sel. forAlnxsoiatsdgunlacéddaﬁlmmmmémmﬁmhganﬂﬁeowmlmanm-ém gnat ed
hTL- 4 deposited as ATCC 98095; and (c) a nucl eoti de sequence that, as a
result of the degeheracy of the genetic 15 . code dlffers from
t he nucl eoti de 9 sequ &ﬁﬂéﬁﬁ’ gand t hat
binds TIE-2 recept ofgﬂqgﬂ%d@% cegéﬁd Iaﬁid\g%%r%érhllses erc aC| _

nol ecul e of 5cl ai m Zseq&enceébncodmgﬂhumt'mi ligendgwhegeindhehuleotide soﬂuenww t he

nucl ei ¢ -aci-d nol eculg gperat ively linked to -an expre55| on control
sequence capabl e of 8 ptect qgrgupconswtmgof -

(a thc nucleotide sequence compnsmg the codmg region of the human
TI_ZB ligand-4 es set forth in Figure 8A-8C or contained in the vector
 designated TL4 depositad as ATCC 98095;
10 (b)  the nucleotide sequence compnsmg the coding region of the

A ¢

fibrinogen-like domain of human TIE ligand-4 as set forth in Figure
8A-8C or contained in the vector designated hTL-4 deposited as
ATCC 9809S; and |
(c)  anucleotide sequence that, as a result of the degeneracy of the genetic
15 ' code, differs from the nuclt;ptidé sequence of (a) or (b), and which
encodes a TIB-2 ligand that binds TIE-2 receptor.

3. A vector which comprises a nucleic acid molecule of claim 2.

20 4. A vector according to claim 3, wherein the nucleic acid molecule is
operatively linked to an expression control sequence capable of directing its

expression in a host cell.
5. A vector according to claim 4, which is & plasmid.
25 |
6. Isolated TIE ligand-4 substantially fre¢ of other proteins.
7. Isolated TIE ligand-4 encoded by a nucleic acid molecule according to claim
2.
30

8. A host-vector system for the pro&ucﬁon of human TIE ligand-4 which

o7



expression in a host celT. 5 A vector according to cI ai m4 which is a

pl asm d. 25 6. gand4 subst ant} l r
protei.ns. 7. I”"l!ﬂ" @@IMTH& nd-4 encoded b»&l g "ol ecul e
accordi ng to cl ai m host -vector syptem for the prddycti on of -
human TI-E |i gand-4 which -66- conpri segg-a vegtpr 105 DECG19894,] ijn a host
cell. 9. A host-vector system according to claj m8, whereinjtHe host
cel | is a bacterialo¥aast, veids 6Fdlainl 4, BARBkAN| ceTT- 5 10. A ﬂost vect or
syst em conpri si ng the host vector systemof clalm8 qr 9 _and.a.ducleic

acid encoding the TIE receptor. 11. A et hod of produci ng TIE |igand-4

Wi ch conpri ses grow cells of the 10 V. .St m of, cI aim
9, under condi%iond @q% ?WFW@WW@%&%‘W% lﬁtﬁqé"éﬁﬁé
recovering the TIE I An anti body whi ch
specifically bi nds t %W@%ﬁm or :

5

| 10. Ahost vector system compnsmg the host vector system of claim8 or9,anda

‘nucleic acid. encodmg the TIE receptor.
11.  Amethod of producing TIE ligand-4 which comprises growing cells of the
10 - host-vector system of claim 9, under conditions permitting production of the

TIB ligand-4, and recovering the TIE ligand-4 so produced.
12.  An antibody which specifically binds the ligand of claim 6 or 7.
15 13.  An entibody accarding to claim 12, which is a monoclonal antibody.

14. A conjugate comprising a ligand of claim 6 or 7, conjugated to a cytotoxic

agent.

20 15. A conjugate according to claim 14, wherein the cytotoxic agent is a
radioisotope or toxin.

16. A pharmaceutical composition cornprising the ligand of claim 6 or 7, and a
pharmaceutically acceptable carrier.
25
17. A phamaceutical composition comprising an antibody of claim 12 or 13, and

a pharmaceutically acceptable carrier.

18. A pharmaceutical composiﬁoﬁ comprising a conjugate of claim 14 or 15, and
30 a pharmaceutically acceptable carrier.



o

15 13.:. An antibody according to claim 12, P&ACEMEN! ¥ Tc nal

anti body. 14. Hmﬂm} E"mﬁml sing a |igapd[of claim6 orl 4, conjugated
to a cytotoxic a o e Wik lliMlconj ugate ac - diqg JRC 998 mp U4, wherein
the cytotoxic agent 1s a radioi sotope or ‘toxif.}16. A phar npcguti cal
conposition conprising the |ligand of claigp-6 @r 7 a phar mal:eut ically
acceptable carrier. 25 17. A pharnaceutical-iconpositiQn.conpst sing an
anti body of cljgi m 10?11Eélaﬁea’méﬁﬁiﬁeﬂiﬁlﬁ%%bﬁ%!oﬁﬁﬁﬁﬂ%ahﬁ&c&ﬂerl er. 18.
A pharmaceutical conposition conprising a conjugate of claim14 or 15, and
30 a phar maeguenceecoding cmapphaliah 18 ligarided, wherein geanglgotide An i-sol at ed
and purified nucleic acid, nol eculLe c ri si.ng.a nugleoti de sequence -

encodi ng mamal i an sﬂ‘E"F‘f’ééﬁ‘&‘?‘S&hﬁﬁéﬁg&q“P ﬁ%‘g Qﬁt i de sequence is

sel ected fromthe Up fORRIekEE \ sihd e tB8ing e di e P HRUBREES
conprising the codg% -régl on'%?- T?"ég{’?"égﬁﬁp?’i%@ e gecg ~as ;&gtﬁ forth

in Figures $A-6B; (b) &b bet forticinRiparde6AéBuence conprising the codi ng
regi on of the ' ¢

(b) the nucleotide sequence comprising the coding region of the
 fibrinogen-like domain of TIE ligand-3 as set forth in Figures 6A-6B;
.and ' '
()  anucleotide sequence which, but for the degencracy of the genetic
10 code would h‘ybridizc to anucleotide sequence of (a) or (b), and which
encodes a ligand that binds TIE receptor.

20. A vector which comprises a nucleic acid molecule of claim 19.
15 21. A vector according to claim 20, wherein the nucleic acid molecule is
operatively linked to an expression control sequence capable of directing its

expression in a host cell.

22. A vector according to claim 21, which is a plasmid.

20
23. - Isolated TIE ligand-3 substantially free of other proteins.
24.  Isolated TIR ligand-3 encoded by a nucleic acid molecule according to claim
19.
25

25. A host-vector system for the production of mammalian TIE ligand-3 which

comprises a vector of claim 21, in ;h_’ost cell.

26. A host-vector system according to claim 25, wherein the host cell is a
30 bacterial, yeast, insect or mammalign cell.



fibrinogen-Iike do |n of TIE |i and 3 as set forth in Flgures 6A-GB and

(c) a*nucleotlde but for th genetic 10
code woul d hybri d| W sequence o RM@MOSE whi ch
encodes a |igand that bi nd receptor 20. vect or whic onprises a
nucleic acid nol ecule of claim19. 15 21. VeCtps T 999 o claim
20, wherein the nucleic acid nolecule is‘:operativVvely |inked t

expression control sequence capable of dir ct| gHtsEXpression §n a host
cell. 22. A vector according to claim2T> which is a plasm d...20 23.

| sol ated TIE ligand-3 substantially free f ot Rer_ prot el n 24 sol at ed
TIE |igand-3 e?rgoded‘*h?ﬁt%’te‘i‘i‘ﬂfép'wcaﬁ’?ﬁs% é\?FfeWﬁ@“ﬁfséﬁﬂh@ ?%Prﬁia_LQ. 25

25. A host - vect or 4 %Etdf rﬁ% H&%[ﬁ of ‘mammal i an .TI E | i gand-'3
whi ch conprises a vec éﬂf;o ? ' ost cell. 26. A host -vector
system according to cl a| m 25, wherein the host cell is a 30 '

bacterial, yeast, insect or manmalian cell. '
A method of producing TIE hgar}d-3 which: compnses growmg cells of the

5 host-vector system of claim 26, undcr conditions permitting production of the
"TIEB hgand—S and recovermg the TIE hgand-s 50 produced.

29.  An antibody which specifically binds the ligand of claim 23 or 24.
10 30. An antibody according to claim 29, which is a monoclonal antibody.

3. A t:onj ugate comprising & ligand of claim 23 or 24 conjugated to a cytotoxic

agent.

15 32. A conjugate according to claim 31 wherein the cytotoxic agentis a

radioisotope or toxin.

33, A pharmaceutical composition comprising the ligand of claim 23 or 24 and a
pharmaceutically acceptable carrier.
20
34, A pharmaceutical composition coxztptisin,g an antibody of claim 29 or 30 and
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25 a pharmaceutically acceptable carrier.
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