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TWEAK RECEPTOR

REFERENCE TO RELATED APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 10/971,250, filed Oct. 22, 2004, now U.S. Pat. No.
7,495,086, which is a continuation-in-part of U.S. patent
application Ser. No. 10/862,109, filed Jun. 4, 2004, now U.S.
Pat. No. 7,517,962, which is a continuation of U.S. patent
application Ser. No. 10/754,847, filed Jan. 8, 2004, now U.S.
Pat. No. 7,507,807 which is a divisional of U.S. patent appli-
cation Ser. No. 09/883,777, filed Jun. 18, 2001, now U.S. Pat.
No. 6,727,225, which is a continuation-in-part of Interna-
tional Application Number PCT/US00/34755, filed Dec. 19,
2000, and is a continuation-in-part of U.S. patent application
Ser. No. 09/742,454, filed Dec. 19, 2000, now U.S. Pat. No.
6,824,773, both of which claim the benefit of U.S. Provisional
Application Ser. No. 60/172,878, filed 20 Dec. 1999, and U S.
Provisional Application Ser. No. 60/203,347, filed 10 May
2000. The above-identified applications are incorporated
herein by reference.

REFERENCE TO THE SEQUENCE LISTING

The present application is being filed along with a
Sequence Listing in electronic format via EFS-Web. The
Sequence Listing is provided as a text file entitled
2968USDIV3st25.txt, created Jan. 16, 2009, which is 36,729
bytes in size. The information in the electronic format of the
Sequence Listing is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

The present invention relates to the discovery of the func-
tional TWEAK receptor (TWEAKR) for the TWEAK pro-
tein. More particularly, the invention relates to the use of
TWEAKR agonists and antagonists in methods of treatment,
and to screening methods based on TWEAKR and the
TWEAK-TWEAKR interaction.

BACKGROUND

Angiogenesis is a multi-step developmental process that
results in the formation of new blood vessels off of existing
vessels. This spatially and temporally regulated process
involves loosening of matrix contacts and support cell inter-
actions in the existing vessels by proteases, followed by coor-
dinated movement, morphological alteration, and prolifera-
tion of the smooth muscle and endothelial cells of the existing
vessel. The nascent cells then extend into the target tissue
followed by cell-cell interactions in which the endothelial
cells form tubes which the smooth muscle cells surround. In
a coordinated fashion, extracellular matrix proteins of the
vessel are secreted and peri-endothelial support cells are
recruited to support and maintain structural integrity (see,
e.g., Daniel et al., Ann. Rev. Physiol. 2000(62):649, 2000).
Angiogenesis plays important roles in both normal and patho-
logical physiology.

Under normal physiological conditions, angiogenesis is
involved in fetal and embryonic development, wound heal-
ing, organ regeneration, and female reproductive remodeling
processes including formation of the endometrium, corpus
Iuteum, and placenta. Angiogenesis is stringently regulated
under normal conditions, especially in adult animals, and
perturbation of the regulatory controls can lead to pathologi-
cal angiogenesis.
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Pathological angiogenesis has been implicated in the mani-
festation and/or progression of inflammatory diseases, cer-
tain eye disorders, and cancer. In particular, several lines of
evidence support the concept that angiogenesis is essential for
the growth and persistence of solid tumors and their
metastases (see, e.g., Folkman, N. Engl. J. Med. 285:1182,
1971; Folkman et al., Nature 339:58, 1989; Kim et al., Nature
362:841, 1993; Hori et al., Cancer Res., 51:6180, 1991).
Angiogenesis inhibitors are therefore useful for the preven-
tion (e.g., treatment of premalignant conditions), intervention
(e.g., treatment of small tumors), and regression (e.g., treat-
ment of large tumors) of cancers (see, e.g. Bergers et al.,
Science 284:808, 1999).

The TWEAK protein, which has also been called TREPA
and Apo3L, is a member of the tumor necrosis factor (TNF)
family and is expressed in a wide variety of human tissues
(Chicheportiche et al., J. Biol. Chem., 272(51):32401, 1997,
see also Wiley, PCT Publication No. WO 98/35061, 13 Aug.
1998). Like most TNF family members, TWEAK is a Type I1
membrane protein with an extracellular C-terminal domain.
Although TWEAK was originally described as a weak
inducer of apoptosis, this induction of cell death was later
shown to be indirect (Schneider et al., Eur. J. Immunol.
29:1785, 1999).

Lynch et al. demonstrated that TWEAK directly induces
endothelial cell proliferation and angiogenesis (J. Biol.
Chem., 274(13):8455, 1999). Picomolar concentrations of
recombinant soluble TWEAK induce proliferation in mul-
tiple endothelial cell lines and in aortic smooth muscle cells,
and reduce the requirement for serum and growth factors in
culture. Moreover, TWEAK induces a strong angiogenic
response in a rat corneal pocket assay. Since TNF family
members initiate biological responses by signaling through
members of the TNF receptor family, there has been great
interest in identifying and characterizing a TWEAKR.

Marsters et al. reported that TWEAK binds to and signals
through a death-domain containing receptor known variously
as DR3, Apo3, WSL-1, TRAMP, or LARD (Marsters et al.,
Current Biology 8(9):525, 1998). Schneider et al., however,
showed that TWEAK binds to and signals in Kym-1 cells but
that Kym-1 cells do not express the receptor DR3 (Schneider
etal., Eur. J. Immunol. 29:1785, 1999). These results suggest
the existence of a yet to be identified TWEAK receptor.

Because TWEAK induces angiogenesis in vivo, there is a
particular need to identify the major functional TWEAKR.
Once identified, TWEAKR may be used to screen for and
develop TWEAKR agonists and antagonists for the modula-
tion of angiogenesis and the treatment of human disease.

There is a need for additional compositions and methods of
modulating angiogenesis for the prevention, abrogation, and
mitigation of disease.

SUMMARY OF THE INVENTION

The present invention is based upon the identification and
biological characterization of the major functional TWEAK
receptor (TWEAKR). As described below, cDNA encoding
the TWEAKR was molecularly cloned from a human endot-
helial cell expression library.

Although DNA and deduced amino acid sequences corre-
sponding to the TWEAKR identified herein have been
reported (see, e.g. Kato et al., PCT Publication No. WO
98/55508, 10 Dec. 1998 and Incyte, PCT Publication No. WO
99/61471, 2 Dec. 1999), it was not heretofore appreciated that
these sequences encode a receptor for TWEAK or that the
encoded polypeptide, fragments, agonists, or antagonists
thereof can be used to modulating angiogenesis. Similarly,
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investigators have recently claimed methods of making and
using TWEAKR antagonists to treat immunological disor-
ders, but without identifying the major TWEAKR or its role
in angiogenesis (Rennert, PCT Publication No. WO
00/42073, 20 Jul. 2000). These deficiencies have been
addressed, as described herein, by identification of the major
TWEAKR and characterization of its biological activities.
The identification of TWEAKR has led to the development of
compositions for the modulation of angiogenesis, and also
provides screening tools for the identification of diagnostics
and therapeutics.

In one aspect, the present invention provides a polypeptide
consisting of: a) SEQ ID NO:23, b) SEQ ID NO:28, ¢) SEQ
1D NO:29, d) SEQ ID NO:30, e) a plurality of sequences,
wherein each sequence is independently selected from
sequences a)-d), f) e) and one or more linker sequences, g) a
sequence selected from the group consisting of a), b), ¢), d),
e), and 1), and further comprising a multimerization domain,
or h) a sequence selected from the group consisting of a), b),
¢), d), e), 1), and g), and further comprising at least one
sequence of amino acids that is not identical to a subsequence
of contiguous amino acids found within SEQ ID NO:4,
wherein said polypeptide binds to human TWEAK. In one
embodiment, said multimerization domain is selected from
the group consisting of an Fc domain and a leucine zipper. In
another embodiment, said polypeptide does not comprise a
subsequence of contiguous amino acids that is identical to the
subsequence of contiguous amino acids from residue 36 to
residue 67 of SEQ ID NO:4. In another embodiment, said
polypeptide consists of: 2) SEQ ID NO:23,b) SEQ ID NO:28,
¢) SEQ ID NO:29, or d) SEQ ID NO:30.

In another aspect, the present invention provides a poly-
nucleotide comprising a sequence encoding said polypeptide.
In one embodiment, the invention provides a plasmid com-
prising said polynucleotide. In another embodiment, said
plasmid is an expression vector.

In another aspect, the present invention provides a cell
comprising said plasmid. In one embodiment, said cell com-
prises said expression vector. In another embodiment, the
present invention provides a method of making a polypeptide,
comprising incubating said cell under conditions that allow
said expression vector to express said polypeptide.

In another aspect, the present invention provides a phar-
maceutical composition comprising said polypeptide and an
excipient or diluent.

In another aspect, the present invention provides a method
of inhibiting binding of TWEAK to a TWEAK receptor in a
subjectinneed of such treatment comprising administering to
said subject an inhibition-effective amount of said polypep-
tide. In one embodiment, said subject is a human. In another
embodiment, said subject has a disease or condition mediated
by angiogenesis. In another embodiment, said disease or con-
dition is characterized by ocular neovascularization. In
another embodiment, said disease or condition is a malignant
or metastatic condition. In another embodiment, said malig-
nant or metastatic condition is a solid tumor. In another
embodiment, said method further comprises treating the sub-
ject with radiation. In another embodiment, said method fur-
ther comprises treating said subject with a second chemo-
therapeutic agent. In another embodiment, said second
chemotherapeutic agent is selected from the group consisting
of alkylating agents, antimetabolites, vinca alkaloids and
other plant-derived chemotherapeutics, nitrosoureas, antitu-
mor antibiotics, antitumor enzymes, topoisomerase inhibi-
tors, platinum analogs, adrenocortical suppressants, hor-
mones, hormone agonists, hormone antagonists, antibodies,
immunotherapeutics, blood cell factors, radiotherapeutics,
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and biological response modifiers. In another embodiment,
said second chemotherapeutic agent is selected from the
group consisting of cisplatin, cyclophosphamide, mechlore-
tamine, melphalan, bleomycin, carboplatin, fluorouracil,
S5-fluorodeoxyuridine, methotrexate, taxol, asparaginase,
vincristine, and vinblastine, lymphokines, cytokines, inter-
leukins, interferons, alpha interferon, beta interferon, delta
interferon, TNF, chlorambucil, busulfan, carmustine, lomus-
tine, semustine, streptozocin, dacarbazine, cytarabine, mer-
captopurine, thioguanine, vindesine, etoposide, teniposide,
dactinomycin, daunorubicin, doxorubicin, plicamycin, mito-
mycin, L-asparaginase, hydroxyurea, methylhydrazine,
mitotane, tamoxifen, and fluoxymesterone. In another
embodiment, said second chemotherapeutic agent is selected
from the group consisting of FIt3 ligand, CD40 ligand, inter-
leukin-2, interleukin-12, 4-1BB ligand, anti-4-1BB antibod-
ies, TNF antagonists and TNF receptor antagonists, TRAIL,
CD148 agonists, VEGF antagonists, VEGF receptor antago-
nists, and Tek antagonists.

In another aspect, the present invention provides an iso-
lated antibody that binds specifically to a mature form of the
TWEAK receptor and to a polypeptide consisting of the
sequence of SEQ ID NO:28. In one embodiment, said anti-
body binds specifically to a polypeptide consisting of the
sequence of SEQ ID NO:29. In another embodiment, said
antibody binds specifically to a polypeptide consisting of
residues 28 to 80 of SEQ ID NO:4. In another embodiment,
said antibody inhibits angiogenesis. In another embodiment,
said antibody promotes angiogenesis. In another embodi-
ment, said antibody is conjugated to a radioisotope, a plant-
derived toxin, a fungus-derived toxin, a bacterial-derived
toxin, ricin A, or diphtheria toxin. In another embodiment,
said antibody is conjugated to a detectable marker. In another
embodiment, said detectable marker is a radioisotope, anti-
genic, or colorimetric. In another embodiment, said antibody
is selected from the group consisting of: a) an intact human
antibody; b) a human antibody fragment; ¢) an intact chimeric
antibody; d) a chimeric antibody fragment; e) an intact
humanized antibody; f) a humanized antibody fragment; g) a
Fab fragment; h) an Fv fragment; i) an F(ab'), fragment; and
j) a single chain antibody.

In another aspect, the present invention provides a nucleic
acid comprising a sequence encoding: a) a heavy chain of an
antibody, b) a heavy chain variable region of an antibody, ¢) a
light chain of an antibody, d) a light chain variable region of
an antibody, e) a) and ¢), or f) b) and d), wherein each of said
antibodies in a)-f) is said antibody. In one embodiment, the
present invention provides a plasmid comprising said nucleic
acid. In another embodiment, said plasmid is an expression
vector.

In another aspect, the present invention provides a cell
comprising said plasmid. In one embodiment, the invention
provides a cell comprising said expression vector. In another
embodiment, the present invention provides a method of
making an antibody, or an antibody derivative, comprising
incubating said cell under conditions that allow said expres-
sion vector to express said antibody or antibody derivative. In
another embodiment, said cell is a mammalian cell. In
another embodiment, said mammalian cell is a Chinese Ham-
ster Ovary cell.

In another aspect, the present invention provides a method
of inhibiting binding of TWEAK to a TWEAK receptor in a
subject in need of such treatment comprising administering to
said subject an inhibition-effective amount of said antibody.
In one embodiment, said subject is a human. In another
embodiment, said subject has a disease or condition mediated
by angiogenesis. In another embodiment, said disease or con-
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dition is characterized by ocular neovascularization. In
another embodiment, said disease or condition is a malignant
or metastatic condition. In another embodiment, said malig-
nant or metastatic condition is a solid tumor. In another
embodiment, said method further comprises treating the sub-
ject with radiation. In another embodiment, said method fur-
ther comprises treating the subject with a second chemothera-
peutic agent. In another embodiment, said second
chemotherapeutic agent is selected from the group consisting
of alkylating agents, antimetabolites, vinca alkaloids and
other plant-derived chemotherapeutics, nitrosoureas, antitu-
mor antibiotics, antitumor enzymes, topoisomerase inhibi-
tors, platinum analogs, adrenocortical suppressants, hor-
mones, hormone agonists, hormone antagonists, antibodies,
immunotherapeutics, blood cell factors, radiotherapeutics,
and biological response modifiers. In another embodiment,
said second chemotherapeutic agent is selected from the
group consisting of cisplatin, cyclophosphamide, mechlore-
tamine, melphalan, bleomycin, carboplatin, fluorouracil,
S5-fluorodeoxyuridine, methotrexate, taxol, asparaginase,
vincristine, and vinblastine, lymphokines, cytokines, inter-
leukins, interferons, alpha interferon, beta interferon, delta
interferon, TNF, chlorambucil, busulfan, carmustine, lomus-
tine, semustine, streptozocin, dacarbazine, cytarabine, mer-
captopurine, thioguanine, vindesine, etoposide, teniposide,
dactinomycin, daunorubicin, doxorubicin, plicamycin, mito-
mycin, L-asparaginase, hydroxyurea, methylhydrazine,
mitotane, tamoxifen, and fluoxymesterone. In another
embodiment, said second chemotherapeutic agent is selected
from the group consisting of FIt3 ligand, CD40 ligand, inter-
leukin-2, interleukin-12, 4-1BB ligand, anti-4-1BB antibod-
ies, TNF antagonists and TNF receptor antagonists, TRAIL,
CD148 agonists, VEGF antagonists, VEGF receptor antago-
nists, and Tek antagonists. In another embodiment, the
present invention provides a method of promoting angiogen-
esis in a subject in need of such treatment comprising admin-
istering to said subject an angiogenesis promoting-effective
amount of said antibody. In another embodiment, said subject
has an ischemic condition, and said method treats said
ischemic condition. In another embodiment, said ischemic
condition is ischemia of the heart, liver, or brain. In another
embodiment, said subject has a wound, and said method treats
said wound. In another embodiment, said subject has organ
damage, and said method treats said organ damage. In another
embodiment, said subject has coronary or peripheral athero-
sclerosis, and said method treats said coronary or peripheral
atherosclerosis.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a sequence alignment of the human and
murine TWEAKR polypeptide sequences. The top sequence
is the murine TWEAKR polypeptide (SEQ ID NO:5), and the
bottom sequence is the human TWEAKR polypeptide (SEQ
1D NO:4).

FIG. 1B shows the primary amino acid sequence of
TweakR showing major features. The leader sequence in
underlined. The arrow indicates the predicted site of cleavage
of the leader sequence. The region of TNF family receptor
homology is shown in bold. The predicted transmembrane
region is doubly underlined. The putative ¢ TRAF binding
motif in the cytoplasmic domain is boxed.

FIG. 2 shows the effect of TWEAKR-Fc on PMA-induced
HRMEC wound closure.

FIG. 3 shows the effect of TWEAKR-Fc on EGF-induced
HRMEC wound closure.
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FIG. 4 shows the effect of human TWEAKR-Fc on
TWEAK-induced (100 ng/ml) HUVEC proliferation.

FIG. 5 shows the effect of human TWEAKR-Fc on FGF-
2-induced (10 ng/ml) HUVEC proliferation.

FIG. 6 collectively shows a scatchard analysis of TWEAK-
TWEAKR interaction. CV-1 cells transfected with human
full-length TWEAK mixed 1:30 with Raji cells and incubated
with various concentrations of '*°I-labeled TWEAKR-Fc. A)
Shows scatchard representation of specific binding. B) Plotof
competitive inhibition of unlabeled vs. ***I-labeled
TWEAKR-Fec.

FIG. 7 collectively shows that human TWEAKR-Fc inhib-
its PMA- or EGF-stimulated endothelial cell migration in
vitro. A, Shows that TWEAKR-Fc inhibited the PMA-stimu-
lated migration rate to baseline at concentrations greater than
or equal to 1.5 pg/ml, whereas hulgG at similar concentra-
tions did not effect migration. Neither hulgG nor TweakR-Fc
increased or decreased the basal migration rate when added to
the cultures alone. B, Human TweakR-Fc¢ inhibits EGF-in-
duced endothelial cell migration. TweakR-Fc inhibited EGF-
stimulated migration to basal levels at 5 pg/ml. Partial inhi-
bition of EGF-induced migration was also observed at
huTweakR/Fc concentrations of 500 ng/ml and 1.5 pg/ml.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to TWEAKR and meth-
ods for identifying and using agonists and antagonists of
TWEAKR. The invention provides methods of screening for
agonists and antagonists and for treating diseases or condi-
tions mediated by angiogenesis.

Abbreviations and Terminology Used in the Specification

“4-1BB” and “4-1BB ligand” (4-1BB-L) are polypeptides
described, inter alia, in U.S. Pat. No. 5,674,704, including
soluble forms thereof.

“CD40 ligand” (CD40L) is a polypeptide described, inter
alia, in U.S. Pat. No. 5,716,805, including soluble forms
thereof.

“FIt3L” is FI1t3 ligand, a polypeptide described, inter alia,
in U.S. Pat. No. 5,554,512, including soluble forms thereof.

“RTKSs” are receptor tyrosine kinases.

“Tek,” which has also been called Tie2 and ork, is an RTK
that is predominantly expressed in vascular endothelium. The
molecular cloning of human Tek (ork) has been described by
Ziegler, U.S. Pat. No. 5,447,860. “Tek antagonists” are
described, inter alia, in Cerretti et al., PCT Publication No.
WO 00/75323, 14 Dec. 2000.

“TRAIL” is TNF-related apoptosis-inducing ligand, a type
II transmembrane polypeptide in the TNF family described,
inter alia, in U.S. Pat. No. 5,763,223, including soluble forms
thereof.

“VEGF” is vascular endothelial growth factor, also known
as VPF or vascular permeability factor.

Soluble TWEAKR Polypeptides

As described in the examples below, the native human
TWEAKR c¢DNA has a sequence as set forth in SEQ ID
NO:3, which encodes a 129 residue polypeptide (SEQ ID
NO:4). Several distinct regions can be discerned within the
TWEAKR polypeptides of the invention (see, e.g., FIG. 1). A
leader sequence, also called a signal peptide, is present in
these polypeptides. The leader sequence present in the full-
length TWEAKR polypeptide of the invention is predicted to
include amino acids 1-27 of SEQ ID NO:4. The signal peptide
cleavage site for TWEAKR polypeptide can be predicted
using a computer algorithm. However, one of skill in the art
will recognize that the cleavage site of the signal sequence
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may vary depending upon a number of factors including the
organism in which the polypeptide is expressed. Accordingly,
the N-terminus of a mature form of a TWEAKR polypeptide
of the invention may vary by about 2 to 5 amino acids. Thus,
a mature form of a TWEAKR polypeptide of the invention
may include at its N-terminus amino acid 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, or 32 of SEQ ID NO:4. Accordingly, a
mature form of a TWEAKR polypeptide includes amino
acids 23, 24,25,26,27,28,29,30,31,32 or33 to about amino
acid 129 (or, in the case of a soluble polypeptide, an amino
acid between 68 and 80) of SEQ ID NO:4. The extracellular
region of a TWEAKR polypeptide is located at about amino
acids 28 to 80 of SEQ ID NO:4. The transmembrane region
for the TWEAKR polypeptide is located at about amino acids
8110 100 of SEQ ID NO:4. The intracellular region is located
at about amino acids 101 to 129 of SEQ ID NO:4. A putative
TWEAKR sequence has also been reported by Kato et al.,
PCT Publication No. WO 98/55508, 10 Dec. 1998 and by
Incyte, PCT Publication No. WO 99/61471, 2 Dec. 1999. As
used herein, “TWEAKR” includes polypeptides having these
sequences, and in particular comprising amino acids 28 to x,
of SEQ ID NO:4, wherein X, is an amino acid from 68 to 80
of SEQ ID NO:4, as well as naturally occurring variants
thereof.

The invention provides both full-length and mature forms
of TWEAKR polypeptides. Full-length polypeptides are
those having the complete primary amino acid sequence of
the polypeptide as initially translated (see, e.g., SEQ ID
NO:4). The amino acid sequences of full-length polypeptides
can be obtained, for example, by translation of the complete
open reading frame (“ORF”’) of a cDNA molecule (see, e.g.,
SEQ ID NO:3). An example of a full length TWEAKR
polypeptide of the invention comprises a sequence as set forth
in SEQ ID NO:4 from amino acid 1 to amino acid 129. Such
a full length polypeptide is contemplated to include, for
example, the signal peptide comprising amino acid 1 to about
amino acid 27 of SEQ ID NO:4.

The “mature form™ of a polypeptide refers to a polypeptide
that has undergone post-translational processing steps, if any,
such as, for example, cleavage of the signal sequence or
proteolytic cleavage to remove a prodomain. Multiple mature
forms of a particular full-length polypeptide may be pro-
duced, for example, by imprecise cleavage of the signal
sequence, or by differential regulation of proteases that cleave
the polypeptide. The mature form(s) of such polypeptide may
be obtained by expression, in a suitable mammalian cell or
other host cell, of a polynucleotide that encodes the full-
length polypeptide. The sequence of the mature form of the
polypeptide may also be determinable from the amino acid
sequence of the full-length form, through identification of
signal sequences or protease cleavage sites (e.g., a protease
cleavage site is predicted between the Gly-Glu residues at
positions 27 and 28 of SEQ ID NO:4). An example of a
mature form of a TWEAKR polypeptide of the invention
comprises a sequence as set forth in SEQ ID NO:4 from about
amino acid 28 to amino acid 129.

In another aspect of the invention, fragments of TWEAKR
polypeptides are provided. Such fragments include, for
example, the various domains identified above (e.g. the signal
sequence domain, the extracellular domain, the transmem-
brane domain, and the cytoplasmic or intracellular domain).
Such domains find use in recombinant DNA techniques (e.g.
creation of fusion proteins and the like). Of particular interest
is the extracellular domain of TWEAKR from about amino
acid 28 to amino acid 68 to 80 of SEQ ID NO:4. The extra-
cellular domain of TWEAKR comprises a soluble TWEAKR
amino acid sequence. Also included in the invention are frag-
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ments of the extracellular domain that retain a biological
activity of TWEAKR. For example, abiological activity asso-
ciated with a TWEAKR extracellular domain or fragment
thereof includes the ability to bind to TWEAK.

In one aspect of the invention, a soluble TWEAKR frag-
ment is used as a TWEAKR antagonist to inhibit angiogen-
esis and/or to inhibit the binding of TWEAK ligand to
TWEAKR. A TWEAKR fragment preferably comprises the
extracellular domain of TWEAKR or a portion thereof as
described herein such that the fragment comprises a soluble
TWEAKR amino acid sequence. Accordingly, a TWEAKR
antagonist includes, for example, a soluble portion of the
TWEAKR molecule, preferably a portion of the extracellular
domain of TWEAKR, either alone, fused, or conjugated to
one or more other molecules or polypeptides (e.g., an Fc,
leucine zipper polypeptide, or a peptide linker). For example,
the invention provides compositions and fusion proteins that
comprise at least one soluble TWEAKR polypeptide domain
(e.g., the extracellular domain).

Soluble polypeptides are capable of being secreted from
the cells in which they are expressed. The use of soluble forms
of polypeptides is advantageous for certain applications.
Purification of the polypeptides from recombinant host cells
is facilitated since the polypeptides are secreted, and soluble
proteins are generally suited for parenteral administration. A
secreted soluble polypeptide may be identified (and distin-
guished from its non-soluble membrane-bound counterparts)
by separating intact cells which express the desired polypep-
tide from the culture medium, e.g. by centrifugation, and
assaying the medium (supernatant) for the presence of the
desired polypeptide. The presence of the desired polypeptide
in the medium indicates that the polypeptide was secreted
from the cells and thus is a soluble form of the polypeptide.
Soluble polypeptides may be prepared by any of a number of
conventional techniques. A polynucleotide encoding a
desired soluble polypeptide may be subcloned into an expres-
sion vector for production of the polypeptide, or the desired
encoding polynucleotide or soluble polypeptide may be
chemically synthesized. Examples of a nucleic acid molecule
encoding a soluble TWEAKR polypeptide comprises about
nucleotides 134 to 256, 134 t0 262, 134 t0 289, and 134 to 292
of SEQ ID NO:3. In one embodiment, D-amino acids are
substituted for the naturally occurring L-amino acids.
D-amino acids provide improved stability under in vivo con-
ditions. In addition, due to the size of the extracellular domain
or soluble polypeptide sequence of the invention it may be
advantageous to synthesize the polypeptide using D-amino
acids. It will be recognized that the polypeptide of the inven-
tion can be synthesized such that the polypeptide comprises a
combination of L- and D-amino acids.

Soluble TWEAKR polypeptides comprise all or part of the
TWEAKR extracellular domain, but generally lack the trans-
membrane domain that would cause retention of the polypep-
tide at the cell surface. Soluble polypeptides may include part
of'the transmembrane domain or all or part of the cytoplasmic
domain so long as the polypeptide is secreted from the cell in
which it is produced. Soluble TWEAKR polypeptides advan-
tageously comprise a native or heterologous signal peptide
when initially synthesized, to promote secretion from the cell,
but the signal sequence is cleaved upon secretion. The term
“TWEAKR extracellular domain” is intended to encompass
all or part of the native TWEAKR extracellular domain, as
well as related forms including but not limited to: (a) frag-
ments, (b) variants, (¢) derivatives, and (d) fusion polypep-
tides. The ability of these related forms to inhibit angiogen-
esis or other TWEAKR-mediated responses may be
determined in vitro or in vivo, using methods such as those
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exemplified below or using other assays known in the art.
Examples of soluble TWEAKR polypeptides are provided
below. In some embodiments of the present invention a mul-
timeric form of a soluble TWEAKR polypeptide (“soluble
TWEAKR multimer”) is used as an antagonist to block the
binding of TWEAK to TWEAKR, to inhibit angiogenesis or
other TWEAKR-mediated responses.

Soluble TWEAKR multimers are covalently-linked or
non-covalently-linked multimers, including dimers, trimers,
or higher multimers. Multimers may be linked by disulfide
bonds formed between cysteine residues on different soluble
TWEAKR polypeptides. One embodiment of the invention is
directed to multimers comprising multiple soluble TWEAKR
polypeptides joined via covalent or non-covalent interactions
between peptide moieties fused to the soluble TWEAKR
polypeptides. Such peptides may be peptide linkers (spacers),
or peptides that have the property of promoting multimeriza-
tion. In one embodiment peptide linkers are fused to the
C-terminal end of a first soluble TWEAKR molecule and the
N-terminal end of a second soluble TWEAKR molecule. This
structure may be repeated multiple times such that at least
one, preferably 2, 3, 4, or more soluble TWEAKR polypep-
tides are linked to one another via peptide linkers at their
respective termini. For example, a polypeptide of the inven-
tion comprises a sequence Z,-X-Z,, wherein Z, and Z, are
each individually a polypeptide consisting of amino acid 28
tox; of SEQ ID NO:4, wherein x, is an amino acid from about
68 to 80 of SEQ ID NO:4 and X is a peptide linker. In another
embodiment, the polypeptide comprises Z,-X-Z,(-X-7),,
wherein ‘n’ is any integer, but is preferably 1 or 2. In a further
embodiment, the peptide linkers should be of sufficient length
to allow the soluble TWEAKR polypeptide to form bonds
with adjacent soluble TWEAKR polypeptides. Examples of
peptide linkers include -Gly-Gly-, GGGGS (SEQ ID NO:10)
(GGGGS),, (SEQ ID NO:11), GKSSGSGSESKS (SEQ 1D
NO:12), GSTSGSGKSSEGKG (SEQ IDNO:13), GSTSGS-
GKSSEGSGSTKG (SEQ ID NO:14), GSTSGSGKPGS-
GEGSTKG (SEQIDNO:15), or EGKSSGSGSESKEF (SEQ
ID NO:16). Linking moieties are described, for example, in
Huston et al., PNAS 85:5879-5883, 1988; Whitlow et al.,
Protein Engineering 6:989-995, 1993; and Newton et al.,
Biochemistry 35:545-553, 1996. Other suitable peptide link-
ers are those described in U.S. Pat. Nos. 4,751,180 and 4,935,
233, which are hereby incorporated by reference. A poly-
nucleotide encoding a desired peptide linker can be inserted
between, and in the same reading frame as, a polynucleotide
encoding a soluble TWEAKR polypeptide, using any suitable
conventional technique. In particular embodiments, a fusion
polypeptide comprises from two to four soluble TWEAKR
polypeptides separated by peptide linkers.

In some embodiments, a soluble TWEAKR multimer is
prepared using polypeptides derived from immunoglobulins.
Preparation of fusion proteins comprising certain heterolo-
gous polypeptides fused to various portions of antibody-de-
rived polypeptides (including the Fc domain) has been
described, e.g., by Ashkenazi et al. (Proc. Natl. Acad. Sci.
USA 88:10535, 1991); Byrn et al. (Nature 344:677, 1990);
and Hollenbaugh and Aruffo (“Construction of Immunoglo-
bulin Fusion Proteins”, in Current Protocols in Immunology,
Suppl. 4, pages 10.19.1-10.19.11, 1992).

One preferred embodiment of the present invention is
directed to a TWEAKR-Fc¢ dimer comprising two fusion
proteins created by fusing a soluble TWEAKR to an Fc
polypeptide. A gene fusion encoding the TWEAKR-Fc
fusion protein is inserted into an appropriate expression vec-
tor. TWEAKR-Fc fusion proteins are expressed in host cells
transformed with the recombinant expression vector, and
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allowed to assemble much like antibody molecules, where-
upon interchain disulfide bonds form between the Fc moieties
to yield divalent soluble TWEAKR. The term “Fc polypep-
tide” as used herein includes native and mutein forms of
polypeptides derived from the Fc region of an antibody. Trun-
cated forms of such polypeptides containing the hinge region
that promotes dimerization are also included.

One suitable Fc polypeptide, described in PCT application
WO 93/10151, is a single chain polypeptide extending from
the N-terminal hinge region to the native C-terminus of the Fc
region of a human IgG1 antibody. Another useful Fc polypep-
tide is the Fc mutein described in U.S. Pat. No. 5,457,035 and
by Baum et al., EMBO 1J. 13:3992, 1994. The amino acid
sequence of this mutein is identical to that of the native Fc
sequence presented in WO 93/10151, except that amino acid
19 has been changed from Leu to Ala, amino acid 20 has been
changed from Leu to Glu, and amino acid 22 has been
changed from Gly to Ala. The mutein exhibits reduced affin-
ity for Fc receptors. Fusion polypeptides comprising Fc moi-
eties, and multimers formed therefrom, offer an advantage of
facile purification by affinity chromatography over Protein A
or Protein G columns, and Fc fusion polypeptides may pro-
vide a longer in vivo half life, which is useful in therapeutic
applications, than unmodified polypeptides.

In other embodiments, a soluble TWEAKR polypeptide
may be substituted for the variable portion of an antibody
heavy or light chain. If fusion proteins are made with both
heavy and light chains of an antibody, it is possible to form a
soluble TWEAKR multimer with as many as four soluble
TWEAKR polypeptides.

Another method for preparing soluble TWEAKR multim-
ers involves use of a leucine zipper domain. Leucine zipper
domains are peptides that promote multimerization of the
proteins in which they are found. Leucine zippers were origi-
nally identified in several DNA-binding proteins (Landschulz
etal., Science 240:1759, 1988), and have since been found in
a variety of different proteins. Among the known leucine
zippers are naturally occurring peptides and derivatives
thereof that dimerize or trimerize. Examples of leucine zipper
domains suitable for producing soluble multimeric proteins
are described in PCT application WO 94/10308, and the
leucine zipper derived from lung surfactant protein D (SPD)
described in Hoppe et al. FEBS Lett. 344:191, 1994. The use
of'a modified leucine zipper that allows for stable trimeriza-
tion of a heterologous protein fused thereto is described in
Fanslow et al, Semin. Immunol. 6:267, 1994. Recombinant
fusion proteins comprising a soluble TWEAKR polypeptide
fused to aleucine zipper peptide are expressed in suitable host
cells, and the soluble TWEAKR multimer that forms is recov-
ered from the culture supernatant.

For some applications, the soluble TWEAKR multimers of
the present invention are believed to provide certain advan-
tages over the use of monomeric forms. Fec fusion polypep-
tides, for example, typically exhibit an increased in vivo
half-life as compared to an unmodified polypeptide.

The present invention encompasses the use of various
forms of soluble TWEAKR multimers that retain the ability
to inhibit angiogenesis or other TWEAKR-mediated
responses. The term “soluble TWEAKR multimer” is
intended to encompass multimers containing all or part of the
native TWEAKR extracellular domain, as well as related
forms including, but not limited to, multimers of: (a) frag-
ments, (b) variants, (¢) derivatives, and (d) fusion polypep-
tides of soluble TWEAKR. The ability of these related forms
to inhibit angiogenesis or other TWEAKR-mediated
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responses may be determined in vitro or in vivo, using meth-
ods such as those exemplified in the examples or using other
assays known in the art.

Among the soluble TWEAKR polypeptides and soluble
TWEAKR multimers useful in practicing the present inven-
tion are TWEAKR variants that retain the ability to bind
ligand (e.g. TWEAK) and/or inhibit angiogenesis or other
TWEAKR-mediated responses. Such TWEAKR variants
include polypeptides that are substantially homologous to
native TWEAKR, but which have an amino acid sequence
different from that of a native TWEAKR because of one or
more deletions, insertions or substitutions. Particular
embodiments include, but are not limited to, TWEAKR
polypeptides that comprise from one to ten deletions, inser-
tions or substitutions of amino acid residues, when compared
to a native TWEAKR sequence. Included as variants of
TWEAKR polypeptides are those variants that are naturally
occurring, such as allelic forms and alternatively spliced
forms, as well as variants that have been constructed by
modifying the amino acid sequence of a TWEAKR polypep-
tide or the nucleotide sequence of a nucleic acid encoding a
TWEAKR polypeptide.

Generally, substitutions for one or more amino acids
present in the native polypeptide should be made conserva-
tively. Examples of conservative substitutions include substi-
tution of amino acids outside of the active domain(s), and
substitution of amino acids that do not alter the secondary
and/or tertiary structure of TWEAKR. Additional examples
include substituting one aliphatic residue for another, such as
Ile, Val, Leu, or Ala for one another, or substitutions of one
polar residue for another, such as between Lys and Arg; Glu
and Asp; or Gln and Asn, or substitutions of one aromatic
residue for another, such as Phe, Trp, or Tyr for one another.
Other such conservative substitutions, for example, substitu-
tions of entire regions having similar hydrophobicity charac-
teristics, are known in the art.

In some preferred embodiments, the TWEAKR variant is
at least about 70% identical in amino acid sequence to the
amino acid sequence of native TWEAKR; in some preferred
embodiments, the TWEAKR variant is at least about 80%
identical in amino acid sequence to the amino acid sequence
of native TWEAKR. In some more preferred embodiments,
the TWEAKR variant is at least about 90% identical in amino
acid sequence to the amino acid sequence of native
TWEAKR; in some more preferred embodiments, the
TWEAKR variant is at least about 95% identical in amino
acid sequence to the amino acid sequence of native
TWEAKR. In some most preferred embodiments, the
TWEAKR variant is at least about 98% identical in amino
acid sequence to the amino acid sequence of native
TWEAKR; in some most preferred embodiments, the
TWEAKR variant is at least about 99% identical in amino
acid sequence to the amino acid sequence of native
TWEAKR. Percent identity, in the case of both polypeptides
and nucleic acids, may be determined by visual inspection.
Percent identity may also be determined using the alignment
method of Needleman and Wunsch (J. Mol. Biol. 48:443,
1970) as revised by Smith and Waterman (Adv. Appl. Math
2:482, 1981). Preferably, percent identity is determined by
using a computer program, for example, the GAP computer
program version 10.x available from the Genetics Computer
Group (GCG; Madison, Wis., see also Devereux et al., Nucl.
Acids Res. 12:387, 1984). The preferred default parameters
for the GAP program include: (1) a unary comparison matrix
(containing a value of 1 for identities and O for non-identities)
for nucleotides, and the weighted comparison matrix of Grib-
skov and Burgess, Nucl. Acids Res. 14:6745, 1986, as
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described by Schwartz and Dayhoff, eds., A#las of Protein
Sequence and Structure, National Biomedical Research
Foundation, pp. 353-358, 1979 for amino acids; (2) a penalty
ot 30 (amino acids) or 50 (nucleotides) for each gap and an
additional 1 (amino acids) or 3 (nucleotides) penalty for each
symbol in each gap; (3) no penalty for end gaps; and (4) no
maximum penalty for long gaps. Other programs used by one
skilled in the art of sequence comparison may also be used.
For fragments of TWEAKR, the percent identity is calculated
based on that portion of TWEAKR that is present in the
fragment.

The present invention further encompasses the use of
soluble TWEAKR polypeptides with or without associated
native-pattern glycosylation. TWEAKR expressed in yeast or
mammalian expression systems (e.g. COS-1 or COS-7 cells)
may be similar to or significantly different from a native
TWEAKR polypeptide in molecular weight and glycosyla-
tion pattern, depending upon the choice of expression system.
Expression of TWEAKR polypeptides in bacterial expres-
sion systems, such as E. coli, provides non-glycosylated mol-
ecules. Different host cells may also process polypeptides
differentially, resulting in heterogeneous mixtures of
polypeptides with variable N- or C-termini.

The primary amino acid structure of soluble TWEAKR
polypeptides may be modified to create derivatives by form-
ing covalent or aggregative conjugates with other chemical
moieties, such as glycosyl groups, lipids, phosphate, acetyl
groups and the like. Covalent derivatives of TWEAKR may
be prepared by linking particular functional groups to
TWEAKR amino acid side chains or at the N-terminus or
C-terminus of a TWEAKR polypeptide. In addition,
TWEAKR can be complexed with polyethylene glycol
(PEG), metal ions, or incorporated into polymeric com-
pounds such as polyacetic acid, polyglycolic acid, hydrogels,
dextran, and the like, or incorporated into liposomes, micro-
emulsions, micelles, unilamellar or multilamellar vesicles,
erythrocyte ghosts or spheroblasts. Such compositions will
influence the physical state, solubility, stability, rate of in vivo
release, and rate of in vivo clearance, and are thus chosen
according to the intended application.

Fusionpolypeptides of soluble TWEAKR that are useful in
practicing the invention also include covalent or aggregative
conjugates of a TWEAKR polypeptide with other polypep-
tides added to provide novel polyfunctional entities.

TWEAKR Antibodies

One aspect of the present invention relates to the antigenic
epitopes of the TWEAKR extracellular domain. Such
epitopes are useful for raising antibodies, and in particular the
blocking monoclonal antibodies described in more detail
below. Such epitopes or variants thereof can be produced
using techniques well known in the art such as solid-phase
synthesis, chemical or enzymatic cleavage of a polypeptide,
or using recombinant DNA technology.

The claimed invention encompasses compositions and
uses of antibodies that are immunoreactive with TWEAKR
polypeptides. Such antibodies “bind specifically” to
TWEAKR polypeptides, meaning that they bind via antigen-
binding sites of the antibody as compared to non-specific
binding interactions. The terms “antibody” and “antibodies”
are used herein in their broadest sense, and include, without
limitation, intact monoclonal and polyclonal antibodies as
well as fragments such as Fv, Fab, and F(ab')2 fragments,
single-chain antibodies such as scFv, and various chain com-
binations. The antibodies of the present invention are prefer-
ably humanized, and more preferably human. The antibodies
may be prepared using a variety of well-known methods






