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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-






