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SCREENING ASSAYS FOR AGONISTS OR ANTAGONISTS OF RECEPTOR
ACTIVATOR OF NF-KB

This application claims the benefit of priority from United States provisional
patent application 60/235,157, filed September 22, 2000, which is hereby
incorporated by reference in its entirety.

Field of the Invention

This invention relates to methods for screening for agonists and/or

antagonists of activities associated with receptor activator of NF-xkB (RANK).
‘ Background of the Invention

RANK, an acronym for receptor activator of NF-xB, is a Typel
transmembrane protein that is a member of the tumor necrosis factor (TNF) receptor
superfamily and which when triggered activates the transcription factor NF-«B
(Anderson et al., Nature 390:175-179 (1997); Anderson et al., U.S. 6,017,729). The
human RANK (616 amino acids) has a signal peptide (28 amino acids), an N-
terminal extracellular domain (184 amino acids), a short transmembrane domain (21
amino acids), and a large C-terminal cytoplasmic domain (383 amino acids), and
mouse RANK is similarly arranged (Anderson et al., 1997). The extracellular
domain of RANK contains four cysteine-rich pseudorepeats and two N-glycosylation
sites, which features are characteristic of members of the TNF receptor superfamily.
RANK has a 40% homology with CD40 (Anderson et al., 1997), and is expressed on
T cells, dendritic cells, and osteoclasts (Anderson et al., 1997; Hofbauer et al., J Bone
Min Res 15:2-12 (2000)).
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The cytoplasmic domain of RANK associates intracellularly with several of
the TNF receptor-associated factors (TRAFs; Baker and Reddy, Oncogene 12:1
(1996)) including TRAF1, TRAF2, TRAF3, TRAFS5, and TRAF6 (Galibert et al., J
Biol Chem 273:34120-27 (1998)). These TRAF binding sites are clustered in two
distinct domains in the RANK cytoplasmic tail. The TRAFs are cytoplasmic proteins
that often mediate signal transduction by members of the TNF receptor superfamily,
and they are important in the regulation of, for example, immune and inflammatory
responses. RANK mediates some or all of its biological activities through a cascade
of events that involves the TRAF binding sites (see, for example, Galibert et al.,
1998).

Triggering of RANK, such as by contact with membrane-bound or soluble
RANK-L, results in the stimulation of RANK-mediated cellular responses. These
cellular responses can include the activation of transcription factor NF-kB, a
ubiquitous transcription factor that is extensively utilized in cells of the immune
system, or the activation of Jun kinase (JNK; see, for example, Galibert et al., 1998).
RANK activation in osteoclast progenitor cells induces the progenitors to
differentiate into mature osteoclasts. This differentiation process is accompanied by
the rearrangement of actin into “F-actin rings,” a specialized structure that is
detectable by staining (Lakkakorpi, P. and Vaananen, J. Bone Min Res 6:817-826
(1991)). Elevated levels of c-src tyrosine kinase activity is also associated with
RANK activation (Wong et al. Molecular Cell 4:1041-1049 (1999)).

RANK ligand (RANK-L) is a cell surface protein that binds with and
activates RANK (Anderson et al., U.S. 6,017,729). This protein is also known as
TRANCE, ODF or OPG ligand (Wong et al., 1999). RANK-L is a Type2
transmembrane protein, and has an intracellular domain of about 50 amino acids or
less, a transmembrane domain and an extracellular domain of about 240 to 250
amino acids. The extracellular domain of RANK-L contains a RANK-binding site.
Similar to other members of the TNF family to which it belongs, RANK-L has a
"spacer" region between the transmembrane domain and the receptor binding domain
that is not necessary for receptor binding.

In bone, RANK-L stimulates osteoclast differentiation, enhances the activity
of mature osteoclasts, and inhibits osteoclast apoptosis, thereby expanding the pool
of activated osteoclasts (see, for example, Hsu et al., Proc Nat'l Acad Sci U S A.
96:3540-45 (1999)). Osteoclasts are large, phagocytic, multinucleated cells which
are formed from hematopoietic precursor cells in the bone marrow. Osteoclasts
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promote dissolution of the bone matrix and solubilization of bone salts, and are
required for the proper development and growth of bones.

RANK knock-out mice are severely osteopetrotic and lack peripheral lymph
nodes (Dougall et al., Genes Dev. 13:2412-24 (1999)). Modulation of RANK and
RANK-L activity has been proposed as a means for treating a variety of disorders
that involve osteopenia or osteopetrosis, including, for example, osteoporosis,
Paget’s disease, hypercalcemia, and so on (see, for example, WO 98/46751 and
WO 99/58674).

RANK and its ligand play an integral role in the regulation of a wide range of
biological systems, including the immune response, the inflammatory response, and
bone remodeling through activation of osteoclasts. In view of the importance of
RANK in the regulation of a wide range of biological systems, there is a need for
methods for screening for molecules that antagonize or agonize RANK activity.

Summary of the Invention

The present invention provides methods for screening for a molecule that
antagonizes or agonizes RANK activity.

In one embodiment of the invention, assays for RANK agonists or antagonists
involve culturing RANK responsive cells in a semi-solid medium in the presence of a
candidate molecule and determining whether compared with a control culture the rate
of colony formation or rate of colony growth is enhanced or reduced in cells that
have been contacted with the candidate molecule. In this assay, a candidate molecule
is identified as being a RANK antagonist if the rate of colony formation or colony
growth in the contacted cells, also called “test cells,” is enhanced as compared with
the rate of colony formation or growth in the control reference cells that are not
contacted with the candidate molecule, or as a RANK agonist if the rate is
comparatively reduced. Except for contact with the candidate molecule, control
reference cells are otherwise cultured and handled in the same manner as the test
cultures.

In one aspect of the invention, the semi-solid medium used is
methylcellulose, though soft agar, soft agarose or the like also may be used.

If desired, candidate molecules can be batched for this assay. In this
approach, a plurality of candidate molecules are added to a test culture. If RANK
activity modulation is observed in such cultures, each candidate molecule in the
batch can then be tested separately and antagonists or agonists identified
individually.
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When the semi-solid medium assay is used to screen for molecules that
antagonize RANK activity, RANK is triggered in the RANK responsive cells before,
during and/or after the exposure of the test cells to the candidate molecule. As used
herein, RANK triggering refers to some event that stimulates the RANK protein to
transduce a signal to the cell in which it is being expressed. Cells useful in this first
aspect of the invention express RANK protein, are capable of forming colonies in a
semi-solid medium, and are stimulated by the action of one or more RANK-mediated
cellular signaling pathways to differentiate into cell types that cannot form colonies
in semi-solid medium.

When RANK activity is stimulated in RANK responsive cells for the semi-
solid medium assays of the invention, preferred methods of stimulation include:
contacting the RANK responsive cells with a RANK-L polypeptide, such as a
RANK-L polypeptide comprising amino acids 162-317 of SEQ ID NO:6 or amino
acids 161-316 of SEQ ID NO:8; contacting the RANK responsive cells with
agonistic anti-RANK antibodies; contacting the RANK responsive cells with one or
more cells that express a RANK-L polypeptide; overexpressing RANK in the RANK
responsive cells; and expressing in the RANK responsive cells a mutant form of
RANK that induces RANK signaling at normal levels of RANK expression in the
absence of RANK-L. An example of the latter type of RANK is FEO RANK (SEQ
ID NOS:9 and 10).

Exemplary RANK-L polypeptides for stimulating RANK activity include
native RANK-L, such as endogenous RANK-L that is expressed on the surfaces of
cells, soluble forms of RANK-L, a leucine zipper fusion of RANK-L, and a FLAG
polyHis fusion of RANK-L. Another method for stimulating RANK activity for the
subject assays is to contact the RANK responsive cells with an agonistic anti-RANK
antibody. Exemplary agonistic anti-RANK antibodies for this purpose include M330
antibodies and M331 antibodies, both of which are directed against human RANK,
and M395 and M396 antibodies, which are directed against murine RANK.

In one aspect of the invention, the rate of colony formation or colony growth
in semi-solid medium is determined by visual inspection of the plates after the cells
have been exposed to the candidate molecules. The numbers of colonies or sizes of
observed colonies is compared for plates exposed to the candidate molecule and
similar cultures not exposed to the candidate molecules.

One means of contacting the RANK responsive cells with a candidate
molecule involves introducing into the test cells a DNA molecule that encodes either



10

15

20

25

30

WO 02/24896 PCT/US01/29857

a candidate nucleic acid molecule or that encodes a candidate protein molecule. For
example, the introduced DNA can be a cDNA molecule encoding a single protein or
a ¢cDNA library encoding a group of proteins to be tested. After being introduced
into the cell, this DNA may or may not become integrated into the genome of the
RANK responsive cells. Techniques for stable transfection and transient transfection
are known, and either type of technique may be used. In some instances, the encoded
candidate molecule is a nucleic acid molecule, such as an anti-sense oligonucleotide
or an RNA with ribozyme activity. In one aspect of the invention, cDNAs
determined to encode a RANK agonist or antagonist are isolated and purified from
colonies of test cells that are growing in semi-solid medium.

Other means of contacting the RANK responsive cells with candidate
molecules involve adding the candidate molecule directly to the semi-solid medium,
either by mixing it with the medium before pouring the plates, or by overlaying the
poured plates with a layer of medium containing the candidate molecule. For
example, the foregoing methods may be used when the candidate molecule is a
protein or small organic molecule. If desired, a plurality of proteins or other test
molecules may be added to the test cultures.

In one aspect of the invention, RANK responsive cells are employed that
express a defective RANK molecule and the screening is for an agonist that
complements this defective RANK molecule. An exemplary defective RANK for
this purpose is human RANKA340-42.

Suitable RANK responsive cells for the above described assays include
primary hematopoietic cells, including hematopoietic precursor cells derived from
bone marrow, spleen, fetal liver or peripheral blood, as well as primary
hematopoietic cells derived from bone marrow, spleen, fetal liver or peripheral blood
and enriched for osteoclast precursors. In other aspects of the invention, the RANK
responsive cells are a cell line. Suitable cell lines include RAW 264.7 cells, C7 cells,
and BCL-XV/Tag cells.

Another aspect of the invention exploits the ability of promoter sequences
derived from the tartrate-resistant acid phosphatase (TRAP) gene (SEQ ID NO:12) or
the MMP-9 gene (SEQ ID NO:11) to respond directly to signal transduction resulting
from RANK triggering. In a preferred embodiment, the MMP-9 promoter comprises
nucleotides 1769-3591 of SEQ ID NO:11. The present invention provides methods
for screening for a RANK agonist or antagonist by employing recombinant DNA
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constructs in which a TRAP or MMP-9 promoter is operably linked to a nucleic acid
molecule that encodes a reporter protein. Reporter proteins suitable for this purpose
include, for example, luciferase, p-galactosidase, green fluorescent protein, alkaline
phosphatase or a heterologous surface protein detectable by antibody binding
methods. Examples of the latter include human IL-2 receptor, murine IL-4 receptor,
human CD2 protein, human CD4 protein and human CD8 protein.

For these assays, a reporter/promoter construct as described herein is
introduced into cultured RANK responsive cells. Suitable RANK responsive cells
include hematopoietic cells. Examples of suitable hematopoietic cells include RAW
264.7 cells. To use this approach to screen for a RANK antagonist, the constructs are
introduced into the test cells, which then are treated with a RANK activity agonist,
such as soluble RANK-L, which triggers RANK in the cells, thereby activating the
promoter activity in the construct, resulting in expression of the reporter gene.
Candidate antagonist molecules are contacted with the triggered cells to test for their
ability to suppress this RANK-mediated reporter gene expression. The test cells are
contacted with the candidate antagonist before, during or after the RANK triggering
step.

Candidate molecules, for example, may be added to the culture medium. In
one embodiment of the invention, the candidate molecule is a protein; in another
embodiment it is a small orgaﬁic molecule.

In one aspect of the invention, the candidate molecule is a protein or group of
proteins encoded by cDNA that is introduced into the test cells prior to cells’ being
exposed to the RANK trigger. Generally, the cDNA is introduced at least 48 hours
prior to triggering RANK. The cDNA can be isolated from cells that exhibit an
altered level of reporter gene expression.

Suitable methods for ftriggering RANK in the above-described
reporter/promoter construct assays include exposing the test cells to cells that express
RANK-L on their surfaces, exposing the test cells to soluble RANK-L,
overexpressing RANK in the test cells, expressing human RANKA340-42 in the test
cells, or exposing the test cells to an agonistic antibody specific for the RANK
protein. In one aspect of the invention, RANK is triggered in the RANK responsive
cells by contacting them with a RANK-L polypeptide that includes amino acids
162-317 of SEQ ID NO:6 or amino acids 161-316 of SEQ ID NO:8.

Test cells in which RANK has been triggered are contacted with the
candidate molecule and the cells then are analyzed to determine whether the level of
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reporter protein expression is enhanced or reduced as a result of this contact. The
level of reporter expression is determined by any suitable assay, such as a
fluorescence-based assay, a colorimetric assay, a solid phase assay, or assays
employing a radioactive compound. One means of determining levels of reporter
gene product is to use conventional methods to physically isolate by fluorescence-
based cell sorting those cells that are expressing the reporter molecule. Enhancement
or reduction of reporter protein expression in the test cells is determined by
comparing the level of reporter protein expression in the test cells with the level of
expression in control cultures that are not contacted with the candidate molecule. If
the candidate molecule is a RANK antagonist, the level of reporter expression will be
comparatively reduced.

The above-described constructs also are used to screen for RANK agonists.
In this instance, RANK is not deliberately triggered in the test cells, but rather the
candidate molecule is assessed for its ability to trigger RANK. Cells useful in this
aspect of the invention express RANK protein and contain at least one signal
transduction pathway that is stimulated by the activation of RANK. In some
instances, the agonist is contacted with the cells by introducing into the cells a cDNA
encoding a candidate protein agonist, or by introducing a cDNA library encoding a
plurality of candidate protein agonists. In such instances, an agonist can be isolated
by recovering and purifying the cDNA from those colonies that exhibit enhanced
reporter gene expression. Furthermore, it can be demonstrated using conventional
techniques that the purified candidate molecule indeed interacts with RANK.

In one aspect of the invention, the reporter/promoter constructs are used to
identify RANK agonists by using cells that express a defective RANK molecule and
the screening is for an agonist that complements the defective RANK activity. For
example, cells expressing human RANKA340-42 may be used for this purpose.

In another aspect of the invention, screening for antagonists or agonists of
RANK activity involves contacting a candidate molecule with RANK responsive
cells that are capable of differentiating into osteoclasts in response to the triggering
of RANK. To screen for RANK antagonists, one triggers RANK in the cells,
exposes the cells to the candidate antagonist, and observes the level of c-src activity
or F-actin formation as compared to the level of c-src activity or F-actin formation in
reference RANK responsive cells that are not contacted with the candidate molecule.
If the candidate is an antagonist, the rate of c-src activity and F-actin ring formation
will be comparatively reduced. If the candidate is to be screened for RANK agonist
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activity, the RANK triggering step is omitted and a positive result will consist of
observing enhanced c-src activation and F-actin formation.

In yet another aspect of the invention, candidate RANK agonists or
antagonists are screened by contacting a candidate molecule with RANK responsive
cells that are capable of differentiating into osteoclasts in response to the triggering
of RANK in said cells, triggering RANK in the cells, then culturing the cells on a
film of CaPO,. Differentiated osteoclasts will resorb the CaPQy in their immediate
vicinity, thus producing a pit in the film. One then compares the number of pits in
the film that are caused by the contacted cultured cells versus the number of pits
caused in a similar film by reference RANK responsive cells in which RANK is
triggered but which are not contacted with the candidate molecule. One then can
identify a candidate molecule as a RANK agonist if a greater number of pits is
caused by the candidate molecule-treated cells than by the reference cells and as a
RANK antagonist if the number of pits caused by the treated cells is less than the
number caused by the control cells.

Detailed Description of the Preferred Embodiment

The present invention provides methods for screening for a molecule that
antagonizes or agonizes RANK activity. Although various assays for detecting
antagonists and agonists of RANK are known in the art (see, for example,
U.S. 6,017,729), the screening strategies described herein have not been previously
described.

As used herein, the term "RANK agonist," or grammatical equivalents
thereof, refers to a molecule that stimulates RANK activity, including a molecule that
triggers RANK. A RANK agonist can interact directly with RANK, or may enhance
RANK activity indirectly. RANK-L, for example, would be considered to be a
RANK agonist. Also, antibodies that specifically bind RANK often act as agonists
of RANK activity.

As used herein, the term "RANK antagonist,” or grammatical equivalents
thereof, refers to a molecule that inhibits RANK activity. A RANK antagonist can
interact directly or indirectly with RANK. RANK:Fc (described in U.S. 6,017,729)
and osteoprotegerin (described in U.S. 6,015,938) are examples of RANK
antagonists, the former being a fusion protein containing the extracellular domain of
RANK fused with the Fc region of immunoglobulin, and the latter being a naturally-
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occurring protein. These two proteins antagonize RANK by binding RANK-I,
thereby preventing the RANK-L from binding with RANK responsive cells.

The term “RANK?” as used herein refers to a protein having the ability to
activate NF-xB or the abiﬁty to bind with TRAF1, TRAF2, TRAF3, TRAFS5 or
TRAF6, and having an at least 80% amino acid identity with the amino acid
sequence shown in SEQ ID NO:2 or SEQ ID NO:4. RANK proteins according to the
invention are capable of binding with antibodies that bind specifically to a protein
having the amino acid sequence of SEQ ID NO:2 or SEQ ID NO:4.

The term "RANK-L" is an acronym for RANK ligand, which is a Type 2
transmembrane protein that binds to and activates RANK. The sequences of two
nucleic acid molecules encoding representative RANK-L proteins are set forth in
SEQ ID NO:5 (human RANK-L) and SEQ ID NO:7 (murine RANK-L), and the
sequences of the RANK-L proteins encoded by these two nucleic acid sequences are
set forth in SEQ ID NO:6 and SEQ ID NO:8, respectively. It is understood that
“RANK-L” as used herein includes both full-length RANK-L proteins as well as
membrane-bound or soluble forms of the RANK-L protein, including chimeric
molecules comprising portions of RANK-L and multimeric RANK-L molecules.

RANK and RANK-L are involved in controlling formation of mature
osteoclasts, the primary cell type implicated in bone resorption. An increase in the
rate of bone resorption (over that of bone formation) can lead to various bone
disorders which are collectively referred to as osteopenias, and include osteoporosis,
osteomyelitis, hypercalcemia, osteopenia brought on by surgery or steroid
administration, Paget's disease, osteonecrosis, bone loss due to rheumatoid arthritis,
periodontal bone loss, prosthetic loss or loosening and osteolytic metastasis.
Agonists and antagonists of RANK can be used to modulate osteoclast formation and
may be administered to patients suffering from bone disorders to ameliorate these
conditions.

Further, many cancers metastasize to bone and induce bone breakdown by
locally disrupting normal bone remodeling. Such cancers can be associated with
enhanced numbers of osteoclasts and enhanced amount of osteoclastic bone
resorption resulting in hypercalcemia (see, for example, Guise et al. Endocrine
Reviews , 19(1):18-54, 1998.). Other cancers do not necessarily metastasize to bone,
but result in hypercalcemia and bone loss (e.g., squamous cell carcinomas). Agonists
and antagonists of RANK may be administered to patients suffering from cancer to
ameliorate the symptoms thereof, including but are not limited to those suffering
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from breast cancer, multiple myeloma, melanoma, lung cancer, prostate,
hematologic, head and neck, and renal cancer. Antagonists of the RANK/RANKL
interaction are particularly useful for treating cancer.

In addition, RANK antagonists or agonists identified by the present screening
assays can be used to prevent or treat cardiovascular diseases and other conditions
characterized by arterial calcification. Also, the antagonists and agonists of RANK
identified herein are useful in treating immune diseases and/or inflammatory
diseases, such as toxic or septic shock, or graft-versus-host reactions (such as via the
inhibition of NF-PB activation). As RANK triggering stimulates T cell activation,
the RANK agonists identified herein are useful as vaccine adjuvants.

Tumor cells are more responsive to radiation when their NF-xB is blocked;
thus, antagonists of RANK signaling will be useful as an adjunct therapy for disease
characterized by neoplastic cells that express RANK. Conversely, agonists of RANK
will be useful for stimulating RANK-mediated cellular responses, and certain RANK
agonists may be capable of complementing inactive RANK mutants.

Candidate Molecules to be Tested for RANK Agonist or Antagonist Activity:

Examples of candidate molecules, also referred to herein as “test molecules,”
to be tested for RANK agonist or antagonist activity include, but are not limited to,
carbohydrates, small molecules (usually organic molecules or peptides), proteins, and
nucleic acid molecules (including oligonucleotide fragments typically consisting of
from 8 to 30 nucleic acid residues). Peptides to be tested typically consist of from 5
to 25 amino acid residues. Also, candidate nucleic acid molecules can be antisense
nucleic acid sequences, and/or can possess ribozyme activity. If desired, antisense or
ribozyme RNAs can be introduced into a target cell by means of introducing into the
cells a DNA molecule that encodes the antisense or ribozyme RNA.

Small molecules to be screened using the hereindescribed screening assays
can typically be administered orally or by injection to a patient in need thereof.
Small molecules that can be administered orally are especially preferred. The small
molecules of the invention preferably will not be toxic at the doses required for them
to be effective as pharmaceutical agents, and they are preferably not subject to rapid
loss of activity in the body, such as the loss of activity that might result from rapid
enzymatic or chemical degradation. In addition, pharmaceutically useful small
molecules are preferably not immunogenic.
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The methods of the invention can be used to screen for antisense molecules
that inhibit RANK activity by virtue of interfering with the functional expression of
one or more mRNA molecules that encode one or more proteins that mediate a
RANK-dependent cellular response. An anti-sense nucleic acid molecules are
complementary to a nucleic acid target expressed within the host cell and by forming
duplexes with the target thus hinder the target from functioning. Anti-sense nucleic
acids may block the transcription of a target gene by duplexing with either strand of
the DNA encoding the gene, or by duplexing with a regulatory element that controls
expression of the target gene. Alternatively, it may duplex with an mRNA, thus
hindering or blocking its translation. An anti-sense nucleic acid molecule may be
constructed in a number of different ways provided that it is capable of interfering
with the expression of a target gene. Typical anti-sense oligonucleotides to be
screened preferably are 20-50 nucleotides in length, and more preferably are 30-40
nucleotides in length. The anti-sense nucleic acid molecule generally will be
substantially identical in nucleotide sequence to one strand of the target gene. The
minimal identity will typically be greater than about 65%, but a higher identity might
exert a more effective repression of expression of the endogenous sequences.
Substantially greater identity of more than about 80% is preferred, though about 95%
to absolute identity is most preferred.

Candidate nucleic acid molecules can possess ribozyme activity. Thus, the
methods of the invention can be used to screen for ribozyme molecules that inhibit
the functional expression of one or more mRNA molecules that encode one or more
proteins that mediate a RANK dependent cellular response. Ribozymes are catalytic
RNA molecules that can cleave nucleic acid molecules having a sequence that is
completely or partially homologous to the sequence of the ribozyme. It is possible to
design ribozyme transgenes that encode RNA ribozymes that specifically pair with a
target RNA and cleave the phosphodiester backbone at a specific location, thereby
functionally inactivating the target RNA. In carrying out this cleavage, the ribozyme
is not itself altered, and thus is capable of continuing to cleave other target RNA
molecules. The inclusion of ribozyme sequences within antisense RNAs confers
RNA-cleaving activity upon them, thereby increasing the activity of the antisense
constructs.

The design and use of target RNA-specific ribozymes is described in
Haseloff et al. (Nature, 334: 585-591(1988))(see also U.S. Patent No.5,646,023),
both of which publications are incorporated herein by reference. Tabler et al. (Gene
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108:175 (1991)) have greatly simplified the construction of catalytic RNAs by
combining the advantages of the anti-sense RNA and the ribozyme technologies in a
single construct. Smaller regions of homology are required for ribozyme catalysis,
therefore this can promote the repression of different members of a large gene family
if the cleavage sites are conserved.
RANK and RANK-L Molecules

Generally, the screening assays described herein involve a RANK or a
RANK-L protein.

RANK and its binding partner RANK-L and nucleic acids encoding these
proteins are known in the art and have been well-characterized with respect to their

physical properties, their disposition within the cell, and with respect to may of the
biological activities associated with the binding of RANK and RANK-L. Examples
of murine and/or human RANK as well as examples of murine and/or human
RANK-L are disclosed in U.S. 6,017,729, U.S.5,843,678 (disclosing
“osteoprotegerin binding protein,” which is described herein as murine RANK-L),
WO 98/25958 (disclosing “488E9,” which is described herein as murine RANK-L);
WO 98/44751 (disclosing murine “ODAR,” referred to herein as murine RANK);
and EP 0 911 342 (disclosing “OCIF-binding molecule,” referred to herein as murine
RANK-L). Others have disclosed RANK-L, referring to it as “TRANCE” (see, for
example, Wong et al., Molec Cell 4:1041-49 (1999)). Any of these RANK and
RANK-L molecules may be used in the assays described herein.

The sequences of two nucleic acid molecules encoding representative RANK
proteins are set forth in SEQ ID NO:1 (human RANK) and SEQ ID NO:3 (murine
RANK), and amino acid sequences encoded by these nucleic acid molecules are set
forth in SEQ ID NOS:2 and 4, respectively. The sequences of exemplary human and
mouse RANK-L sequences are shown in SEQ ID NOS:6 and 8, and nucleic acids
encoding these proteins in SEQ ID NOS:5 and 7. However, it is understood that
other RANK and RANK-L variants other than those shown in these examples may be
used in the hereindisclosed assays, including other RANK and RANK-L molecules
known in the art, or variants having amino acid differences that do not influence the
binding of RANK to RANK-L nor the triggering of RANK that normally results
from this binding.

Sequence variants of native RANK and RANK-L polypeptides are useful in
the practice of the present invention in any instance where the native RANK or
RANK-L polypeptide is utilized, provided that the variant possesses any biological
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activity required for the assay. Generally for these assays, suitable RANK variants
will bind RANK-L thereby stimulating RANK activity, and suitable RANK-L
variants will bind to RANK thereby stimulating RANK activity. Mutations present
in such variants may include, for example, substitutions, deletions, and insertions of
amino acids. Allelic forms or mutated forms of RANK and RANK-L can be
obtained for use in these assays by using a variety of techniques known in the art,
including, for example, site-directed mutagenesis, oligonucleotide-directed
mutagenesis, and so on.

RANK molecules useful for the disclosed methods include wild-type RANK
as well as variant forms of RANK. The variants may differ in amino acid sequence
from the RANK molecules of SEQ ID NOS:2 or 4, but will retain the ability to
transduce at least one of the biological signals that is associated with the triggering of
wild-type RANK, such as activation of NF-xB. Suitable variants include naturally-
occurring allelic variants, mutant forms of RANK (such as FEO RANK) or variants
constructed using recombinant DNA technology.

RANK-L proteins, including soluble forms of RANK-L, useful for triggering
RANK will contain the RANK binding domain, which is contained in the
extracellular region of the molecule. For human RANK-L, the extracellular domain
encompasses about 249 amino acids at the carboxy end of the protein (amino
acids 69 through 317 of SEQ ID NO:6), and for mouse RANK-L encompasses about
247 amino acids at the carboxy terminus of the protein (amino acids 70-316 of SEQ
ID NO:8). Soluble RANK-L for triggering RANK may comprise the entire
extracellular region, or may comprise only that portion of RANK-L that contains the
RANK-binding domain, which for human RANK-L is found in a fragment having
amino acids 69 to 317 of SEQ ID NO:6, or more preferably having amino acids
162-317 of SEQ ID NO:6, or for murine RANK-L in a fragment having amino acids
70 to 316 of SEQ ID NO:8, or more preferably having amino acids 161-316 of SEQ
ID NO:8.

Soluble RANK-L for triggering RANK may further comprise a signal peptide
that directs secretion of the soluble protein, and also may further comprise a second
polypeptide, such as, for example, a polypeptide which when present will stimulate
oligomerization of the soluble RANK-L fusion protein. RANK-L fragments for
constructing soluble RANK-Ls can be prepared using known recombinant techniques
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to isolate a desired portion of the extracellular region. Various RANK-L derivatives
for triggering RANK include covalent or aggregative conjugates of the proteins or
their fragments with other proteins or polypeptides, such as by synthesis in
recombinant culture as N-terminal or C-terminal fusions. For example, the
conjugated peptide may be a signal (or leader) polypeptide sequence at the N-
terminal region of the protein which co-translationally or post-translationally directs
transfer of the protein from its site of synthesis to its site of function outside of the
cell membrane or wall (e.g., the yeast a-factor leader). Alternatively, RANK-L may
be conjugated in some instances with a poly-His or FLAG® tag as described in
U.S. 6,017,729.

Generally, if RANK-L is being used to trigger RANK, the RANK-L is
derived from the same species (for example, human) from which the RANK is
derived. However, mouse RANK-L is capable of triggering human RANK, and
human RANK-L is capable of triggering mouse RANK.

RANK proteins useful in the practice of the present invention typically have
an amino acid sequence that is at least 80% identical, or at least 85% identical, or
preferably at least 90% identical to all or a portion of the native RANK amino acid
sequences set forth in SEQ ID NOS:2 or 4. RANK-L proteins useful in the practice
of the present invention typically have an amino acid sequence that is at least 80%
identical, or at least 85% identical, or preferably at least 90% identical to all or a
portion of the native RANK-L amino acid sequences set forth in SEQ ID NOS:6 or 8.
The RANK proteins of the invention when triggered are capable of activating NF-xB
activity.

Percent identity is determined as follows. Amino acid sequence identity is
defined as the percentage of the amino acid residues set forth in SEQ ID NOS:2, 4, 6
or 8 that are identical with part or all of another protein sequence (which may be a
portion of a larger protein sequence) after aligning the sequences and introducing
gaps, if necessary, to achieve the maximum percent identity. For comparing amino
acid sequences of unequal length, the percent identity is calculated based on the
smaller of the two sequences. Percent identity may be determined using a computer
program, for example, the GAP computer program described by Devereux et al.
(Nucl. Acids Res 12:387, 1984), which is available from the University of Wisconsin
Genetics Computer Group (UWGCG), or any other suitable computer program that is
capable of aligning and comparing two or more amino acid sequences. When using
the GAP program, preferred default parameters for conducting the comparison
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include: (1) a unary comparison matrix (containing a value of 1 for identities and 0
for non-identities) for amino acids, and the weighted comparison matrix of Gribskov
and Burgess, Nucl. Acids Res. 14:6745, 1986, as described by Schwartz and Dayhoff,
eds., Atlas of Protein Sequence and Structure, National Biomedical Research
Foundation, pp. 353-358, 1979; (2) a penalty of 3.0 for each gap and an additional
0.10 penalty for each symbol in each gap; and (3) no penalty for end gaps. Another
program useful for determining percent identify is the BESTFIT program, also
available from the University of Wisconsin as part of the GCG computer package.
Default parameters for using the BESTFIT program are the same as those described
above for using the GAP program.

Some embodiments of the invention employ mutant forms of the RANK
protein. An example of this type of RANK mutant is the mutated form of RANK
isolated from patients having a condition known as “familial expansile osteolysis”
(FEO), which is a rare autosomal dominant bone dysplasia with similarities to Paget's
disease of bone. These diseases are characterized by focal areas of increased bone
remodeling that leads to deformity and disability. The FEO gene and the gene
associated with familial Paget's disease of the bone map to chromosome 18q21 which
is the same location that includes the RANK gene. An exemplary FEO RANK DNA
is described in Hughes et al., Nat Genet 24:45-48 (2000).

Mutant forms of RANK are especially useful in assays designed to identify
molecules capable of complementing the defect in cells expressing this form of
RANK, as such molecules can serve as therapeutic agents to treat diseases associated
with the RANK mutation. The assays described herein are useful for screening for
molecules that possess the capacity to complement the RANK defect in the FEO
RANK gene. The sequences for an FEO RANK are given in SEQ ID NOS:9 and 10.
Molecules with this capacity are “FEO RANK agonists” and will be useful for
treating patients suffering from FEO, Paget’s disease or related diseases, or for
developing agents to be used for this purpose. It is anticipated that RANK mutations
will be found to play a role in bone diseases other than FEO and Paget’s. DNA
encoding these mutated forms of RANK will be isolated and tested in the
hereindescribed screening assays to identify treatments for the diseases.

RANK Activation:
Many of the assays described herein involve the use of RANK resporisive

cells. As used herein, the phrase "RANK responsive cell" refers to a cell that
expresses a membrane-bound RANK protein that is capable of transducing an
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intracellular signal or stimulating a discernable biological response in the cell (such
as differentiation from one cell type into another cell type) when the RANK protein
is triggered by binding to a RANK-L or when the RANK is triggered by some other
means.

As used herein, the phrase "RANK activity" refers to the biological activity in
the cell that occurs after RANK itself has undergone activation, that is, after the
RANK has become “triggered.” In general, “RANK activity” is instigated by
triggering RANK, and the RANK activity is detected by measuring one or more of
the biological responses that is characteristically induced directly or indirectly by a
triggered wild-type RANK protein. When RANK is triggered, it oligomerizes with
other RANK molecules in its immediate vicinity in the cell membrane. If, for
example, a RANK-specific agonistic antibody is used to trigger RANK, the antibody
brings two RANK molecules into close proximity, thus allowing them to dimerize,
thereby triggering RANK activity. It is possible that more than two RANK
molecules will oligomerize when RANK is triggered. Probably, the oligomerization
stimulates a conformational change in the cytoplasmic tail of the RANK protein,
thereby initiating a chain of events that results in a discernable biological response.

Triggering RANK is a step required for many of the screening assays
described herein, particularly when it is desired to screen for RANK antagonists.
This may be accomplished in many different ways, including exposure to a RANK-L
protein that possesses a RANK binding domain. Full-length RANK-L may be used,
such as membrane-bound RANK-L, or soluble RANK-L molecules, such as the ones
described above. At a minimum, the RANK-L polypeptide must be able to bind
RANK, thus must possess that portion of the RANK-L extracellular region that has
this capacity. One example of a type of RANK-L useful to stimulate RANK activity
is a leucine zipper fusion of RANK-L, such as the leucine zipper fusion of RANK-L
described in U.S. 6,017,729, or other leucine zipper constructs as described in that
reference or elsewhere.

Another example of a type of RANK-L useful to stimulate RANK activity is
a FLAG" poly-His fusion of RANK-L, such as the FLAG " poly-His fusion of
RANK-L described in U.S. Patent Serial Number 6,017,729.

RANK can be triggered in a variety of ways, including but not limited to:
over-expression of RANK in a cell; co-expression in the same cell of RANK and
RANK-L; contacting cells expressing membrane-bound RANK with soluble
RANK-L; contacting RANK-expressing cells with cells that express membrane-
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bound RANK-L; and adding agonistic antibodies directed against RANK to cells that
are expressing RANK. In addition to the foregoing, any other desired method of
triggering RANK may be used in the hereindisclosed assays.

One preferred method of triggering RANK is to contact RANK responsive
cells with agonistic anti-RANK antibodies, i.e., antibodies that bind to RANK and
stimulate RANK activity. Examples of agonistic anti-RANK antibodies include anti-
human M330 antibodies, anti-human M331 antibodies, anti-mouse M395 antibodies,
and anti-mouse M396 antibodies.

Yet another way to stimulate RANK activity in RANK responsive cells is to -
contact RANK responsive cells with one or more cell types expressing RANK-L,
such as cells that express RANK-L on their surface or that secrete a soluble RANK-L
protein. For example, RANK responsive cells can be co-cultured in liquid or semi-
solid medium with one or more cell lines expressing RANK-L. Representative
examples of cell types that express RANK-L include any cell type that is transfected
with a nucleic acid molecule that encodes RANK-L ¢cDNA (either transiently or
stably) under conditions that enable the functional expression of RANK-L by the
transfected cells. Additional examples of cell types that express RANK-L include
primary T-cells (activated with anti-CD3 antibodies), B-cells (such as the 70z3 cell
line), and the mouse thymoma cell line EL-4 (Anderson et al., Nature 390:175-179
(1997)). In addition, a number of osteoblast and bone marrow stromal cells of both
human and mouse origin express RANK-L, including ST2 (Yasuda et al., Proc. Nat'l.
Acad. Sci USA 95: 3597-3602 (1998)) and MC3T3-El, hMS (Hofbauer et al., J.
Bone Min. Res. 15: 2-12, 2000) as well as osteosarcoma cell lines ROS and MG-63
(Hotbauer et al, 2000). Expression of RANK-L can be upregulated in these
aforementioned cell types using bone resorbing factors such as glucocorticoids, 1,25-
dihydroxyvitamin D3, interleukin 1 (IL-1), IL-6, IL-17, TNFa, prostaglandin E2 or
parathyroid hormone (see Hofbauer et al., 2000).

Also, cells which express a soluble RANK-L can be cultured on the solid
surface of a culture well and RANK responsive cells, resuspended in semi-solid
medium, are overlaid on top of the RANK-L expressing cells. RANK in these
RANK responsive cells becomes triggered by contact with RANK-L that is secreted
into and that diffuses throughout the semi-solid medium.

In some embodiments, the cells expressing RANK-L secrete a soluble form
of the molecule. Representative examples of cell types that secrete soluble RANK-L
include primary T-cells activated with anti-CD3 and/or anti-CD28 antibodies
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(Kong et al., Nature 402: 304-309 (1999)), and human 293 fibroblasts transfected
with a nucleic acid molecule encoding RANK-L (Lacey et al., Cell 93: 165-178
(1998)).

Yet another way of stimulating RANK activity in RANK responsive cells is
to overexpress RANK in the RANK responsive cells, for example by genetically
transforming RANK responsive cells with a DNA construct that includes a nucleic
acid sequence encoding RANK under the control of a strong, constitutive promoter.
For example, in the absence of exogenously added RANK-L, 293/EBNA cells
transfected with an expression vector (pDC409-hRANK) activate NF-kB activity
(see, Anderson et al., 1997, supra) and an NF-kB responsive promoter-reporter as a
result of RANK overexpression (see Galibert et al., J. Biol. Chem. 273:34120-27
(1998)). The concentration of RANK in the membrane of cells overexpressing
RANK is so high that RANK spontaneously oligomerizes in these membranes,
thereby triggering RANK activity. Suitable RANK nucleic acids for use in
constructs to induce RANK overexpression include DNAs capable of encoding the
RANK proteins shown in SEQ ID NOS:2 and 4 (such DNAs are exemplified by the
nucleic acid sequences shown in SEQ ID NOS:1 and 3), or variants thereof that
encode proteins having at least 85% amino acid sequence homology with a protein
according to SEQ ID NO:2 or 4, said protein further retaining the ability to trigger
RANK activity when overexpressed in a cell.

Representative examples of expression vectors that can be used to
overexpress RANK include, but are not limited to: pDC400 series vectors
(Giri et al., EMBO J. 13: 2822-2830 (1994)); pDC300 series vectors; the retroviral
vector pBMNZ utilizing the Moloney long terminal repeat (LTR) promoters
(Kinsella and Nolan, Human Gene Therapy 7: 1405-1413 (1996)) or retroviral
vectors containing a hybrid tetracycline inducible element (pREVTRE) available
from Clontech (1020 East Meadow Circle, Palo Alto, CA 94303-4230, USA). These
same vectors may be used for introducing RANK or RANK-L DNA into cells when
introduction of such DNA may be required for other aspects of this invention.

Another method of triggering RANK activity is to express in RANK
responsive cells a form of RANK protein which activates one or more RANK-
mediated signaling pathways without binding RANK-L, when expressed at normal
levels in the RANK responsive cells, such as FEO RANK (SEQ ID NO:10).

In addition to activation of NF-xB, detectable biological responses resulting
from RANK triggering include, for example, activation of c-src kinase, activation of
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JNK, differentiation of osteoclast precursors into osteoclasts, activation of T cells,
and so on. C-src is important in proper osteoclast function (see, for example,
Lowe et al., Proc Natl Acad Sci USA 90:4485-89 (1993)). In one aspect of the
invention, RANK activity is determined by assessing the amount or level of a
reporter protein expressed by a promoter/reporter construct in which the reporter
gene is operably linked to a RANK-responsive promoter.

As used herein the term "operably linked" refers to nucleic acid sequences
that are functionally related to each other, and that preferably are positioned
contiguously in a single nucleic acid chain. For example, a regulatory nucleic acid
sequence is operably linked to a coding sequence (such as a sequence encoding a
reporter protein) if the regulatory nucleic acid sequence controls (either by itself, or
in conjunction with one or more other regulatory nucleic acid sequences) the
transcription of the coding sequence. Typically, operably linked nucleic acid
sequences are contiguous in the same nucleic acid molecule, but in some instances
the regulatory sequence may be “trans-acting” and may be present on a different
nucleic acid molecule.

Screening Assays for RANK Agonists and Antagonists.

Semi-solid Medium Assays

In one embodiment of the invention, methods are provided that include the
steps of: (a) contacting RANK responsive cells with a candidate molecule, the
RANK responsive cell being cultured in a semi-solid medium; and (b) observing an
enhanced or reduced rate of colony formation by the contacted RANK responsive
cell in the semi-solid medium, compared with the rate of colony formation of one or
more reference RANK responsive cells that are not contacted with the candidate
molecule. When used to screen for a molecule that antagonizes RANK activity, the
methods of this aspect of the invention further include the step of stimulating RANK
activity in the RANK responsive cell.

As used herein the term "semi-solid medium" refers to a cell growth medium
that does not provide a solid substrate to which cells can attach, and that is
sufficiently viscous such that cells added to the semi-solid medium are suspended
therein, and are thereby prevented from sinking through the semi-solid medium and
contacting, and attaching to, the inner surface of the container within which the semi-
solid medium is dispensed. Semi-solid media useful in the practice of the present
invention typically include a gelatinization agent (such as agar or methylcellulose)
dissolved in an aqueous medium in an amount of from 0.1% to 5% (W/v).
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In this embodiment of the invention, RANK-responsive cells are plated in a
semi-solid medium in the presence of one or more molecules that is to be tested for
its ability to modulate RANK activity. The cells used in the practice of this
embodiment of the invention express RANK, are capable of forming colonies in a
semi-solid medium, and are stimulated by RANK activation to differentiate into cell
types that grow slowly in semi-solid medium or that cannot grow in semi-solid
medium. The test molecule may be contacted with the cells before or at the time they
are plated into the semi-solid medium, or after they have been plated.

In these assays, RANK responsive cells may suspended be in semi-solid
medium that is then applied to the surface of a layer of semi-solid medium that
includes a higher concentration of gelatinization agent than is present in the semi-
solid medium within which the cells are suspended. For example, RANK responsive
cells can be suspended in a semi-solid medium that includes agar at a concentration
of 0.3% (w/v). The suspended cells can then be plated onto a layer of semi-solid
medium that includes agar at a higher concentration, such as a concentration of 0.5%
(W/v).

An unusual feature of this semi-solid medium approach for detecting RANK
antagonists is that a positive response (that is, colony formation and/or colony
growth) is enhanced when an antagonist is present, whereas assays to detect
antagonists more typically are designed such that the measured response is abolished
in the presence of an antagonist. Moreover, the present assay permits the recovery of
cells that are responding to the antagonist, a feature that is particularly useful when
the test molecule has been delivered to the cells in the form of a recombinant cDNA
library (see below).

Using a semi-solid medium assay, the ability of a test molecule to agonize
RANK is detected by contacting RANK-responsive cells with the test molecule, and
observing a reduced rate of colony formation or colony growth in semi-solid medium
as compared with the rate of colony formation in a reference culture of the same
RANK responsive cells that are not contacted with the test molecule. If desired, for
detecting RANK agonists, positive control cultures may be used to provide a
reference for comparison in which the reference cells are contacted with a known
RANK agonist, such as RANK-L or an agonistic anti-RANK antibody.

Cells useful for assays involving semi-solid medium generally include any
cells that express RANK, that are capable of forming colonies in a semi-solid
medium, and that are stimulated by RANK triggering to differentiate into cell types
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that cannot form colonies in semi-solid medium. Generally, these cells differentiate
into osteoclasts when RANK is triggered. Representative examples of cells useful in
the practice of this aspect of the invention include the RAW 264.7 cell line (ATCC
Deposit Number TIB-51), undifferentiated hematopoietic cells, which may be
obtained from the spleen, peripheral blood or bone marrow cells of any mammalian
species, the BCL-X1/Tag cell line which can differentiate into osteoclasts that express
TRAP, which generally is considered to be an osteoclast-specific enzyme marker
(Hentunen et al., J. Clin. Invest. 102:88-97 (1998)), and the mouse macrophage-like
osteoclast progenitor cell line C7 (Nakagawa et al., Biochem. Biophys. Res. Comm.
253:395-400 (1998)). RAW 264.7 cells (a mouse macrophage cell line) are
stimulated to differentiate into multinuclear osteoclasts (which cannot form colonies
in semi-solid media) by the addition of RANK-L.

Colony formation is assessed by visually comparing the size and/or number
of colonies in cultures contacted with a test molecule with the size and/or number of
reference colonies present in control cultures of the same RANK responsive cells that
have not been contacted with a potential agonist or antagonist of RANK. The size
and/or number of colonies is assessed after a desired period of time, such as from 1 to
10 days after contacting the RANK responsive cells with the test molecule, or more
preferably, from 5 to 10 days after contacting the cells with the test molecule. Visual
comparison of the cultures may be made, for example, using light or phase contrast
microscopy.

Again by way of example, the rate of colony formation .can be measured
within one culture well using changes in visible light transduction as measured
spectrophotometrically. In addition, if cells are labeled using a vital fluorescent dye
prior to growth in semi-solid media, the rate of colony formation can be assessed
fluorometrically. The DNA content of cells in a culture well can also be measured
using standard means to assess the rate of colony formation.

If the aforedescribed semi-solid medium approach is used to detect RANK
antagonists, the assay will include a step that comprises activating RANK in the
cells. The cells are contacted with the test molecule (that is, the putative RANK
antagonist) before, during or after the RANK activation step. RANK activation can
be accomplished, for example, by overexpressing RANK in the cells, or by
contacting the cells with an agonistic anti-RANK antibody or with RANK-L.
Alternatively, triggering may be accomplished by co-expressing RANK-L in the
RANK-responsive cells, adding RANK-L to the cultures as soluble RANK-L, or it
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may provided by other means as described herein. If the test molecule is a RANK
antagonist, the cells will divide more than in similar cultures to which the test
molecule is not added. If a test molecule that is a RANK antagonist is added prior to
RANK triggering, more colonies will appear in cultures that are contacted with the
test molecule than in cultures that are not contacted with the test molecule. If the
antagonist is added after colonies have formed, the colonies exposed to the antagonist
will grow larger than colonies in control cultures that were not exposed to the
antagonist.

Using the aforedescribed cells, the ability of a test molecule to function as a
RANK agonist is detected by contacting the RANK responsive cells with the test
molecule, and observing a reduced rate of colony formation in semi-solid medium as
compared with the rate of colony formation in a control culture of the same RANK
responsive cells that are not contacted with the test molecule. In this assay, a RANK
agonist will stimulate the cells to differentiate into a cell type that cannot form
colonies in semi-solid media. Cells typically used for these assays will differentiate
into osteoclasts when exposed to a test molecule that is a RANK agonist. Control
RANK agonists that may be used for these assays include membrane-bound
RANK-L and soluble forms of RANK-L.

In one variation of the semi-solid medium assay, this strategy is used to
screen a nucleic acid library, such as a cDNA library, that encodes a population of
candidate protein molecules that are being screened for their ability to antagonize or
agonize RANK activity. The cDNA library is introduced into a population of RANK
responsive cells by any art-recognized means, such as by transfection or transduction,
as described in more detail below. If RANK antagonists are being sought, cells into
which the ¢cDNA molecules have been introduced are cultured in a semi-solid
medium, and RANK is triggered in the cells by one of the methods described herein
or by another suitable method. The rate of colony formation or the rate of colony
growth in the suspended genetically modified cells is compared with that in similar
cells into which no DNA other than a control DNA has been introduced. Suitable
control cells may receive, for example, vector DNA instead of the cDNA library.
Colonies in the genetically modified population which are growing significantly
faster than colonies in the control population can be isolated and further studied, The
foreign DNA can be retrieved from such colonies to identify and isolate the RANK
antagonist that was responsible for a colony’s enhanced growth. For example, the
introduced nucleic acid molecules can be isolated from the fast growing colonies and



10

15

20

25

30

35

WO 02/24896 PCT/US01/29857

23

the nucleic acid sequence of each can be determined. The protein encoded by the
isolzited, sequenced, nucleic acid molecule can be expressed and/or chemically
synthesized and its ability to antagonize RANK activity confirmed and studied.

Agonists of RANK are recognized in this assay by performing the assay as
described above but without triggering RANK; cells containing cDNA encoding a
RANK agonist will grow more slowly or will fail to form colonies. ¢DNA encoding
the RANK agonist is recovered from these slow growing as described above.

Many different types of mammalian gene transfer and expression vectors
have been developed that are suitable for introducing a ¢cDNA library encoding
proteins to be tested in the above semi-solid medium assay for their ability to
modulate RANK activity (see, Miller and Calos, eds., "Gene Transfer Vectors for
Mammalian Cells," Current Comm. Mol. Biol., Cold Spring Harbor Laboratory, New
York, 1987). Naked DNA can be physically introduced into mammalian cells by
transfection using any one of a number of techniques including, but not limited to,
calcium phosphate transfection (Berman et al., Proc. Natl. Acad. Sci. USA 81: 7176,
1984); DEAE-dextran transfection, protoplast fusion (Deans et al., Proc. Nat'l. Acad.
Sci. USA 81: 1292, 1984); electroporation, lipofection (Felgner et al., Proc. Nat'l.
Acad. Sic. USA 84: 7413, 1987), polybrene transfection (Kawai and Nishzawa, Mol.
Cell. Biol. 4: 1172, 1984) and direct gene transfer by laser micropuncture of cell
membranes (Tao et al., Proc. Natl. Acad. Sc. USA 84: 4180, 1987).

In addition, various infection techniques have been developed which utilize
recombinant infectious, virus particles for gene delivery. The viral vectors which
have been used in this manner include virus vectors derived from simian virus 40
(SV40; Karlsson et al., Proc. Nat'l. Acad. Sc. USA 82: 158, 1985); adenoviruses
(Karlsson etal., EMBO J. 5: 2377, 1986); adeno-associated virus (LaFace et al.,
Virology 162: 483, 1988) and retroviruses (Coffin, 1985, p17-71 in Weiss et al (eds.),
RNA Tumor Viruses, 2nd ed., Vol. 2. Cold Spring Harbor Laboratory, New York).
These same virus vectors may be used for introducing RANK or RANK-L DNA into
cells when introduction of such DNA may be required for other aspects of this
invention,

Gene transfer and expression methods are numerous and essentially function
to introduce and express genetic material in mammalian cells. Several of the above
described techniques have been used to transduce hematopoietic or lymphoid cells,
including calcium phosphate transfection (Berman et al., supra, 1984); protoplast
fusion (Deans et al., supra 1984); electroporation (Cann et al. Oncogene 3: 123,
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1988) and infection with recombinant adenovirus (Karlsson etal., supra;
Ruether et al. Mol. Cell Biol. 6: 123, 1986); adeno-associated virus (LaFace et al.,
supra); and, retrovirus vector (Overell et al., Oncogene 4: 1425, 1989). Primary T
lymphocytes have been successfully transduced by electroporation (Cann et al.,
supra, 1988) and by retroviral infection (Nishihara et al., Cancer Res 48: 4730,
1988); Kasid et al., supra, 1990).

Assays involving the aforedescribed semi-solid medium screening strategy
are useful as follows for screening collections of molecules, such as libraries of small
organic molecules or peptides. Microtiter plates, such as 96—well microtiter plates,
may be used, and a different candidate agonist or antagonist of RANK activity is
placed in each well together with an aliquot of RANK-responsive cells in semi-solid
medium. Cells used for this assay are cells that normally will differentiate and stop
dividing in response to RANK triggering (see above for description of suitable cells).
If it is desired to detect molecules with RANK antagonist activity, a stimulus for
triggering RANK is provided, such as RANK-L, which may be added to the medium
or which may be provided by some other means as described herein. Again by way
of example, a candidate molecule can be dissolved and distributed throughout the
semi-solid medium, or can be applied (in solution form) to the upper surface of the
semi-solid medium and allowed to diffuse throughout.

If desired, the nucleic acid molecules introduced into the RANK responsive
cells can be stably integrated into the RANK responsive cell genome. For example, a
cDNA library constructed in a retroviral vector can be utilized to transfect a RANK
responsive cell line. The advantage of stably integrating the introduced DNA
molecules into the genome of the RANK responsive cells is that a continuous, high
level of gene expression is typically obtained. Example2 herein discloses a
representative protocol for screening for agonists or antagonists of RANK signaling
using RAW 264.7 cells and a retroviral expression library.

Another application of the methods of the invention is to screen for molecules
(such as cDNAs, proteins and peptides) that complement a defective RANK signal.
For example, a form of human RANK (termed "RANKA340-421") in which the
TRAF6 binding site is missing, cannot stimulate the formation of osteoclasts from
hematopoietic precursor cells. This form of RANK is described in Galibert et al., J.
Biol. Chem. 273:34120, 1998, has an amino acid sequence corresponding to that of
human RANK (SEQ ID NO:2) but with the TRAF6 binding site (amino acids
340-421 of SEQ ID NO:2) deleted. The methods of the present invention can
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therefor be used to screen for molecules that complement the RANKA340-421
signaling mutation and thereby permit the formation of osteoclasts from
hematopoietic precursor cells. Example 3 herein describes the preparation of RANK
responsive cell line that expresses RANKA340-421.

Promoter/reporter assays using the MMP-9 or TRAP promoter

In a further aspect of the invention, provided herein are screening assays that
use promoter/reporter constructs that employ promoters that were not previously
known to be capable of responding to RANK activation by causing elevated
expression of protein coding sequences to which the promoters are operably linked.
Specifically, the present promoter/reporter constructs use a promoter derived from a
TRAP gene or from a MMP-9 gene. Example 4 herein describes a construct of the
murine MMP-9 promoter (Sato et al., J Biol Chem 268:23460-68 (1993); Sato and
Seiki, Oncogene 8:395-405 (1993)) fused to the human IL-2a receptor. The human
MMP-9 promoter or a TRAP promoter (human or murine; see, for example, Reddy et
al., Bone 16:587-593 (1995))also can be used for these screening methods.

Assays according to this aspect of the invention include the steps of:
(a) contacting a cultured RANK responsive cell with a test molecule, the RANK
responsive cell comprising a nucleic acid molecule encoding a reporter molecule, the
nucleic acid molecule encoding a reporter molecule being operably linked to a
RANK responsive regulatory nucleic acid sequence; and (b) observing an enhanced
or reduced level of expression of the reporter molecule in the contacted RANK
responsive cell, compared to the level of expression of the reporter molecule in one
or more reference RANK responsive cells that are not contacted with the candidate
molecule. When used to screen for a molecule that antagonizes RANK activity, the
methods of this aspect of the invention further comprise the step of stimulating
RANK activity in the RANK responsive cell.

RANK agonists are identified in this type of assay is detected by observing an
increased level of reporter molecule expression in RANK responsive cells contacted
with the RANK agonist as compared to the level of reporter molecule expression in
control RANK responsive cells that have not been contacted with the RANK agonist,
or with any other activator of RANK activity. The control cells are typically the
same type of RANK responsive cells as the RANK responsive cells contacted with
the RANK agonist. When the assays are directed to identifying RANK agonists, the
protocol does not include a RANK triggering step such as deliberately contacting the
cells with RANK-L.
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The presence of a RANK antagonist is detected by observing a reduced level
or the absence of reporter molecule expression in RANK responsive cells in which
RANK has been triggered and which have been contacted with a candidate
antagonist. The level or reporter expression is assessed by comparison with the level
of reporter expression in control, RANK responsive cells that have been contacted
with a RANK activator, but which have not been contacted with the candidate
RANK antagonist. The control cells are typically the same type of RANK
responsive cells as the RANK responsive cells contacted with the RANK antagonist.

When this type of assay is used to screen for antagonists of RANK activity,
RANK activity must be stimulated in the RANK responsive cells. Typically, RANK
activity is triggered before or at the same time as contacting the RANK responsive
cells with the candidate molecule(s). In some cases, it may be desirable to stimulate
RANK activity after contacting the RANK responsive cells with the candidate
molecule. Any procedure that stimulates RANK activity can be utilized, such as
those procedures for stimulating RANK activity that are described above.

Cells useful in this aspect of the invention express RANK protein and include
at least one signal transduction pathway that is stimulated by the activation of
RANK. Some cells useful in this aspect of the invention naturally express RANK
and include at least one signal transduction pathway that is stimulated by the
activation of RANK. Examples of this type of cell include RAW 264.7 cells, the
BCL-X1/Tag osteoclast cell line which can be differentiated into TRAP + osteoclasts
(Hentunen et al., J. Clin. Invest. 102: 88-97 (1998)), and the mouse macrophage-like
osteoclast progenitor cell line C7 (Nakagawa et al., Bioch. Biophys. Res. Conm.
253: 395-400 (1998)).

Other cells useful in this aspect of the invention are genetically modified to
express RANK and/or to include at least one signal transduction pathway that is
stimulated by the activation of RANK. Examples of this latter type of cell include
293/EBNA cells. Virtually any cell type capable of growth in culture may be
genetically modified to express RANK for the purposes of these assays. Numerous
other suitable methods for introducing RANK DNA into a cell are described
elsewhere in this disclosure, and include viral vectors and other methods such as
electroporation, lipofection and so on.

The RANK-responsive cells can be contacted with one or more candidate
molecules in any acceptable manner, such as by utilizing those procedures that are
described above or by any other desired method.
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Reporter molecules that are useful in this embodiment of the invention
include luciferase, (-galactosidase, green fluorescent protein, alkaline phosphatase
and any heterologous surface protein which can be detected on the surface of a
RANK responsive cell, such as by using a specific antibody directed against the
heterologous protein. Examples of useful heterologous surface proteins include the
human IL-2 receptor, the murine IL-4 receptor (abbreviated as mIL-4R), the human
CD2, CD4 or CD8 proteins.

Assays based on detecting c-src activity or F-actin rings

In another aspect of the invention, assays are provided for screening for a
molecule RANK and RANK-L antagonists by measuring the extent to which a
candidate molecule enhances or inhibits the RANK-mediated induction of c-src
tyrosine kinase activity and/or F-actin ring formation. F-actin rings are cytoskeletal
structures that are characteristic of active osteoclasts (Lakkakorpi and Vaananen, J.
Bone Min. Res. 6:817-26 (1991)).

To detect F-actin rings, cells are fixed, such as by exposure to 3%
paraformaldehyde, and visualized by staining cells with a fluorescent probe that
binds specifically with actin. A suitable fluorescent tag is phalloidin, which can be
obtained from Molecular Probes, Eugene, OR. The fluorescent signal is detected, for
example, using a standard fluorescent microscope, and the number of cells having
F-actin rings is visually quantified. An F-actin ring is identified as a continuous ring
of F-actin at the periphery of a cell, and these distinct structures are visible through a
microscope. F-actin rings do not appear in cell types other than osteoclasts.

To detect c-src activity, phosphotransferase activity of this enzyme is
measured using a synthetic substrate, such as the p34/cdc2 peptide
(KVEKIGEGTYGVVYK) (SEQ ID NO:13), which functions as a substrate for the
enzyme. An exemplary assay for measuring c-src activity is provided in Example 8.

This aspect of the invention utilizes cells that express a RANK protein that is
capable of activating the cells to differentiate into osteoclasts, or any cells that
respond to RANK triggering by activating c-src activity. In a preferred embodiment
of this aspect of the invention, the RANK protein induces elevated levels of c-src
tyrosine kinase activity and F-actin ring formation while the cells are undergoing
differentiation. Exemplary cells useful in this embodiment are any cells that are
capable of differentiating into osteoclasts in response to RANK triggering and that
also express a form of RANK that is capable of inducing c-src activity and F-actin
ring formation. Such cells include primary hematopoietic cells that have been
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enriched for osteoclast precursors, or a cell line such as RAW 264.7 cells. Suitable
primary hematopoietic precursors can be derived from bone marrow cells, fetal liver
or peripheral blood. Suitable cells also include cells that have been genetically
modified to express RANK, using the methods described above.

For this type of assay, the test molecule may be added to the culture medium
for up to about five days after differentiation is complete. C-src activity or F-actin
ring formation is assayed after the cells have been exposed to the test molecule for
any convenient time period. For example, the activity is measured after 6 to 12
hours, after one day, after two days, after three days, after four days, after five days
or after a longer period of exposure. A test molecule is identified as being a RANK
agonist if after exposure to the test molecule the amount of F-actin rings or c-src
activity detected in the cells is increased as compared with the level observed in
control RANK -/- cells into which no RANK DNA was introduced.

In this type of assay, test molecules also may be evaluated for their ability to
complement certain biological activities that are characteristic of the wild-type
RANK protein. Generally, this type of assay exploits the fact that wild-type RANK
protein can induce c-src activity and F-actin ring formation in cells that are
undergoing the process of differentiating into osteoclasts. However, these two
activities of RANK can be abrogated by deleting the TRAF6 binding domain from
the RANK protein (see Example 8), although the TRAF6 binding domain is not
required in order for RANK activation to be able to induce osteoclast differentiation.
Thus, when TRAF6 deletion mutants of the RANK protein are expressed in
osteoclast precursors, triggering RANK will cause the cells to differentiate, but will
not cause them to express higher levels of c-src activity nor will these cells exhibit F-
actin rings. For human RANK protein, the TRAF6 binding domain is encompassed
within a region defined by amino acids 340-421 of SEQ ID NO:2. Thus, cells in
which such RANK mutants are expressed can be used in assays to screen for
molecules capable of complementing the TRAF6 binding site deletion in the mutant
RANK. The ability of a test molecule to complement this defect is detected by
observing that when the test molecule is contacted with cells expressing the RANK
mutant, c-src activation and F-actin formation do occur when RANK is triggered.

Cells suitable for use with TRAF6 mutants of RANK include primary
hematopoietic precursor cells from RANK knock-out animals, such as the previously
described RANK-/- mice (Dougall et al., 1999). To perform this assay, cells from a
RANK knock-out animal are genetically modified by introducing a DNA encoding a
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mutant RANK protein that lacks a TRAF6 binding region. Exemplary DNAs for this
purpose are mouse or human RANK DNA from which the TRAF6 binding domain
coding sequences have been deleted. Suitable means for introducing the RANK
DNA include infection with a viral vector (such as a retroviral or adenovirus vector)
into which the DNA encoding the protein has been ligated, or any of the other means
discussed above. After introducing the RANK mutant DNA, the cells are induced to
differentiate into osteoclasts by triggering the RANK protein using any of the means
of RANK triggering that are described above or any other desired means of
triggering RANK. To determine if a test molecule complements the defect in this
mutant form of RANK, the molecule is added to the culture medium for part or all of
the incubation period during which the cells are undergoing differentiation.

Screening assays involving CaPQy resorption

Provided also are methods of screening for RANK agonists or antagonists in
assays based on the RANK-dependent resorption of a synthetic matrix of calcium

phosphate. Wild-type RANK protein can enable cells to differentiate into osteoclasts
that are capable of resorbing calcium phosphate (CaPOy), while signals from a

RANK protein lacking a TRAF6 binding site do not initiate CaPOy4 resorption. Cells

useful for this screening assay include any cells in which the activation of RANK
leads to CaPOy resorption, that is, cells that differentiate into osteoclasts when
RANK is triggered. Exemplary cells for use in this assay include primary
hematopoietic precursors, primary hematopoietic cells, RAW 264.7 cells, or any cell
transfected with a form of RANK that supports this activity (such as osteoclast
precursor cells from RANK-/- mice).

In one embodiment of the invention, this method is used to screen for
molecules that complement inactive RANK mutants, such as the TRAF6 deletion
mutants as described above.

Suitable procedures for performing this assay are exemplified by those set
forth in Example 9. Generally, cells are cultured on commercially available thin
microscope slides that are thinly coated with CaPO .. RANK responsive cells so
grown will respond to RANK triggering by differentiating into cells that resorb
CaPOQ,, resulting in the formation of a discrete pit in the CaPO, film. To detect a
RANK antagonist, the number of pits on slides contacted with the test molecule is
compared with the number of pits on slides not contacted with the test molecule.
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RANK agonists are detected in this type of assay by growing suitable cells on
CaPO, films and contacting the cells with a test molecule without first triggering
RANK in the cells.

The following examples illustrate the best mode now contemplated for
practicing the invention, but should not be construed to limit the invention.

EXAMPLE 1.

This example describes evaluating murine 3T3 cells transfected with plasmids
containing DNA encoding human FEO RANK (SEQ ID NO:9), and murine 3T3 cells
expressing recombinant DNA encoding human wild type RANK (SEQ ID NO:1) for
their relative ability to activate endogenous c-jun kinase (JNK) in the absence of
RANK-L stimulation. JNK is known to be activated as a consequence of RANK
signal transduction.

For JNK assays, whole cell extracts were prepared from 3T3 cells 24 hours
after transfection. Cells were lysed in a buffer containing 20 mM HEPES, pH 7.4,
2mM EGTA, 50 mM pB-glycerol phosphate, 1 mM DTT, 1 mM sodium
orthovanadate, 1% Triton-X 100, 10% glycerol and the protease inhibitors leupeptin,
pepstatin A, and PMSF. Clarified lysates were immunoprecipitated with 1 pg each
anti-JNK (FL) and anti-JNK (C17) antibodies (both from Santa Cruz Biotechnology,
Inc. Santa Cruz, CA). The immune complexes were washed three times in lysis
buffer, two times with wash buffer (500 mM LiCl, 100 mM Tris, pH 7.5, 0.1% Triton
X-100, 1 mM DTT) and three times in assay buffer (20 mM MOPS, pH 7.0, 2 mM
EGTA, 10 mM MgCl;, 1 mM DTT, 0.1% Triton X-100). JNK activity was
determined by an immune-complex assay using 1pug of a fusion protein of
glutathione—S-transferase and amino acids 1-169 of c-jun kinase (GST-cJun (1-169))
(UBI, Lake Placid, NY) and 5 pCi of [32P]-ATP as substrate in 40 ul of assay buffer
at 30°C for 20 min. Reaction products were resolved on 4-20% SDS/PAGE and
visualized by autoradiography.

JNK was activated in response to expression of FEO RANK, but not in
response to expression of wild type RANK.

EXAMPLE 2
This example describes screening for antagonists of RANK signaling using
RAW 264.7 cells and a retroviral expression library in a semi-solid medium assay.
A retroviral cDNA library is constructed in pBMNZ. Preferably the cDNA is
synthesized against mRNA isolated from cells that do not form osteoclasts, i.e., cells
that may express antagonists of RANK activity (e.g., macrophages activated with
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GM-CSF or IL-10). Retroviral particles are packaged using the Phoenix cell lines
(provided by Dr. Gary Nolan, Stanford University, USA) and appropriate envelope
protein (such as ecotropic envelope protein, amphotropic envelope protein or
polytropic envelope protein). For example, in the case of transiently produced
retroviral vectors, Phoenix packaging cells are transfected with constructs generated
in the pPBMNZ retroviral vector, and the culture supernatant is harvested 48 hrs post-
transfection. The retroviral particles are isolated using standard techniques. For
example, viral particles are purified from membrane fragments by sterile filtration
through a 0.45 micron filter.

RAW 264.7 cells are infected with the packaged retroviral cDNA library
under conditions which lead to optimal infection. For example, optimal infection
conditions can be determined by monitoring the expression of a reporter gene
expressed from a test retroviral construct. Retroviral constructs encoding
B-galactosidase (e.g., pPBMNZ/LZRS; Kinsella and Nolan, 1996, supra) can be used
to produce retroviral particles. After infection of cells with a serial dilution of the
virus stocks, the number of B-galactosidase expressing cells can be monitored 24 hr
after infection. Various conditions including the choice of envelope protein,
multiplicity of infection, length of infection incubation time, pre-treatment of cells
under conditions to promote cell-cycling, co-factors such as polybrene or
recombinant fibronectin fragments can be varied in order to determine the conditions
under which the largest amount of test virus enters the cells.

Cells are then plated in a semi-solid medium after the appropriate time
allowing for expression of cDNAs in the infected cells. Exemplary conditions for
plating infected cells are plating, in each well of a 24-well plate, 3 ml of 0.3% (w/v)
methylcellulose medium containing infected cells at a cell density of from 1 X 10°
cells/ml to 1 X 10° cells/ml. A soluble leucine zipper form of RANK-L (200 ng/ml)
is included in the semi-solid medium.

Cells are cultured for a period of from 5 days and 8 days and colonies derived
from the infected cell population that are growing significantly faster than the
colonies derived from the uninfected, control population are isolated for further
analysis. For example, the colonies of interest are aseptically isolated and grown
further in the absence of RANK activation in order to increase the cell numbers. The
cDNA clone within the cells of each colony is recovered by any art-recognized
technique, such as RT-PCR of the expressed viral transgene, PCR of the incorporated
provirus or via a helper viral recombination and recovery of viral particles. For
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example, amplification of integrated cDNAs has been described by Kitamura et al.,
Proc. Natl. Acad. Sci. USA 92: 9146-9150 (1995).

A variation of this assay takes advantage of the cell-fusion and terminal
differentiation that occurs when RAW264.7 cells are contacted with RANK-L. To
perform this variation of the assay, RAW264.7 cells are plated in a 6 well culture
plate, a soluble leucine zipper form of RANK-L is added to the wells, and the plates
are incubated for 3 to 5 days in the presence of the leucine zipper RANK-L
polypeptide. Cells that respond positively to the RANKL trigger will fuse into large
multinuclear differentiated osteoclasts and will lose their potential to divide in
culture. If desired, other forms of RANKL besides leucine zipper RANKL can be
used as the stimulus in this assay. To use this assay to test various agents for their
capacity to antagonize RANK, the putative antagonist is added to the wells prior to
and/or during exposure to the RANKL stimulus. If a candidate antagonist, such as an
expressed cDNA, abrogates the cells’ responsiveness to RANK-L, the cells will
retain their capacity to divide in these cultures. Cells from these plates that remain
capable of growth in culture can be separated and recovered from the fused
differentiated osteoclasts by vigorous pipetting or by trypsin digestion. These
recovered cells will be able to grow in normal growth media in the absence of
RANKL, thus they can be enumerated and propagated using conventional
techniques. As described above, the cDNAs within the propagated cells are
recovered by conventional techniques, such as reverse-transcriptase PCR of the
expressed viral transgene, PCR of the incorporated provirus or via a helper viral
recombination and recovery of viral particles.

EXAMPLE 3

This example describes the preparation of RANK responsive cell line that
expresses RANKA340-421 (see Galibert et al, 1998 for description of
RANKA40-421).

Spleen cells were isolated from 3-6 week old RANK -/- mice (which have a
defect in osteoclast formation and are osteopetrotic) and lineage depleted in the
following manner. T-cells were removed by immunoabsorption using biotinylated
anti-CD3 antibodies; erythroid cells were removed by immunoabsorption using
biotinylated anti-Ter-119 antibodies; and granulocytes were removed by
immunoabsorption using biotinylated anti-GR-1 antibodies. The antibody-cell
complexes were removed by binding the biotin moiety to streptavidin-conjugated
magnetic beads, which were then passed over a metallic MACS depletion column.
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The lincage depleted cells were then incubated for 48 hrs in 40 ng/ml CSF-1
and infected using retroviral supernatants (MOI of 5) in the presence of recombinant
fibronectin fragments (Retronectin, PanVera Corp, Madison, WI) for an additional
48 hr in 40 ng/m1 CSF-1. Following infection, spleen cells were harvested and plated
in MEM 10% FBS containing 40ng/ml CSF-1 and 200 ng/ml murine RANK-L.
Cells were then cultured under these conditions for 5 days to allow differentiation of
osteoclasts.

The retroviruses used for transfection were prepared by subcloning DNA
encoding RANKA340-421 into the pBMNZ vector (Kinsella and Nolan, 1996,
Human Gene Therapy 7:1405-1413). The entire RANKA340-421 cDNA was
excised from pDC304/RANKA340-421 (Galibert et al., J. Biol. Chem. 273:34120,
1998) using the restriction endonucleases BglII and NotI. This ¢cDNA insert
fragment was ligated into the retroviral vector pBMNZ (Kinsella and Nolan, 1996,
supra) that had been digested with Bam HI and NotI. The resultant plasmid was
purified, the DNA sequence confirmed and designated pBMNZ/RANKA340-421.
Production of infectious retroviral vector particles in 293-E Phoenix packaging cells
was performed as described (Kinsella and Nolan, 1996, supra).

EXAMPLE 4

This example describes the preparation of promoter/reporter vectors of the
murine MMP-9 promoter (SEQ ID NO:11) fused to the human IL-2a. receptor.

A DNA fragment containing the promoter region of the murine MMP-9 gene
was fused to a cDNA molecule encoding the human IL-20. receptor as follows. A
plasmid containing 4.15 kb of the murine MMP-9 promoter region (SEQ ID NO:11)
was subcloned into the promoter deficient pGL2 basic vector (Promega, Madison,
WI) containing the luciferase reporter gene as described by Roach etal.,, Gene
208: 117-122 (1998). The resultant plasmid was designated pGB-coINK1. An
approximately 3.5 kb Sma I/ EcoRI fragment containing the MMP-9 5' flanking
promoter sequence (SEQ ID NO:11) was excised from pGB-colNK1 and subcloned
into the SIN retroviral vector pSIR (Clontech) at the Bam HI site which had been
made blunt-ended.

A cDNA encoding the human IL-2a receptor was subcloned into CAVNOT
as described in Cosman, D., et al. "Cloning and expression of human and mouse 11.-2
receptor ¢DNAs".  In: Lymphokines: Molecular Cloning and Analysis of
Lymphokines. D.R. Webb and D.V. Goeddel (eds.) Academic Press, 1987, p. 109.
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The human IL-2c receptor ¢cDNA was amplified from the CAVNOT
construct using PCR such that the 5' end was modified to include a Bgl II site and the
3' end was modified to include a PfIM1 site. This amplified product was ligated into
the pGEM-T vector (Promega). The human IL-2a receptor cDNA was excised from
this plasmid using Bgl II and PfIM1 restriction sites and ligated into pGL2 basic
(Promega) which had been digested with Bgl II and PfIM1 to excise the luciferase
reporter cDNA. The human IL-2a receptor thus replaced the luciferase reporter in
pGL2, and the resulting plasmid was designated pGL2/hIL-2 receptor.

The pGL2/hIL-2 receptor was digested with Kpnl and Bgl II within the
polylinker upstream of the cDNA encoding human IL-2a receptor. A 3.5 kb Kpn
I/Nbel fragment isolated from the pGB-colNK1 plasmid encoding the MMP-9
promoter (SEQ ID NO:11) and the contiguous Nhe I to Bgl II (653 bp) fragment of
the remaining MMP-9 promoter were ligated in a trimolecular ligation with the
pGL2/hIL-2 receptor forming the plasmid termed pGL2-MMP-9/human IL-2
receptor in which the entire 4.15 kb 5' flanking sequence of the mouse MMP-9
flanking region is fused directly upstream of the hIL-2a receptor cDNA. This
construct exhibited responsiveness to RANK.

In order to test the inhibitory activity of a candidate molecule using this
system, the candidate molecule may be added prior to, simultaneous with or after
addition of the RANK activity agonist. The level of IL-2 a receptor expression on
the surface is a measure of the level of RANK activation.

The location of the RANK-responsive portion of MMP-9 promoter was more
narrowly identified by testing further truncations of the promoter. A PVUII/BGL2
restriction fragment including the 5'-proximal 1822 bp of the MMP-9 promoter was
fused with a BLGII/EcoRI restriction fragment encoding the human IL-2 receptor o
in the multicloning site of the pSIR retroviral vector (Clontech). The resulting
plasmid, which was named pSIR/MMP-9, is responsive to RANK and is useful in
assays to identify RANK antagonists. The region of the MMP-9 promoter present in
pSIR/MMP-9 corresponds to nucleotides 1769-3591 of SEQ ID NO:11.

pSIR/MMP-9 was introduced into RANK responsive cells as follows.
Retroviral particles were prepared after transfection of 293/E packaging cells with
pSIR/MMP-9. RAW264.7 cells were infected with these particles and neomycin
resistant colonies stably expressing the reporter were isolated. Treatment of these
cells with RANKL led to an increase in the cell surface expression of the hIL-2 aR,
as detected by flow cytometry using the mouse mAb (clone 2A3) anti-human IL-2
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oR as a reagent for detecting the IL-2R. Expression of hIL-2 o receptor was
observed within 4 hours and reached the maximal level observed within 48 hr.

Surface expression of human IL-2a. receptor is detected by flow cytometry in
the following manner. Cells are harvested and known, specific, antibody binding
sites are blocked using a solution of PBS containing 5% normal goat serum for
30 minutes at 4°C. Cells are then washed and incubated with the anti-human IL-2a
receptor monoclonal antibody clone, at an antibody concentration of 5 pug/ml for
1 hour at 4°C. Following this incubation, cells are washed and a fluorescently
conjugated, anti-mouse IgG secondary antibody is incubated with the cells for an
additional thirty minutes at 4°C. After washing the cells, the fluorescence intensity is
measured using a flow cytometer, such as a FACS scan (Becton Dickinson).

Additionally, surface expression of human IL-2a. receptor can be analyzed
using a radioactive antibody against IL-2a0 receptor. For the mIL-4R-specific
radioimmune assay, mouse anti-human IL-200 monoclonal antibody reactive with
mIL-4R was labeled with '** I via a Chloramine T conjugation method; the resulting
specific activity is typically 1.5 X 10'® cpm/nmol. After 48 hours, cells transfected
with pGL2-MMP-9/human IL-2 receptor were washed once with media (DMEM, 12
5% FBS). Non-specific binding sites were blocked by the addition of pre-warmed
binding media containing 5% non-fat dry milk and incubation at 37°C/5% CO, in a
tissue culture incubator for one hour. The blocking media was decanted and binding
buffer containing 1251 anti-mIL-4R (clone M1; rat IgG1) was added to the cells and
incubated with rocking at room temperature for 1 hour. After incubation of the cells
with the radio-labeled antibody, cells were washed extensively with binding buffer (2
X) and twice with phosphate-buffered saline (PBS). Cells were lysed in 1 ml of
0.5M NaOH, and total radioactivity measured with a gamma counter. Using this
assay, 293/EBNA co-transfected with DNAs encoding RANK demonstrated
transcriptional activation, as shown by detection of mulL-4R on the cell surface.
Overexpression of RANK resulted in transcription of mulL-4R, as did triggering of
the RANK by RANK-L. Similar results are observed when RANK is triggered by
agonistic antibodies.

Further, cells expressing human IL-200 receptor on their surface can be
isolated using a panning technique, such as the technique described by Aruffo and
Seep, PNAS 84:8573-8577 (1987). In brief, a secondary antibody which recognizes
the primary antibody is immobilized onto bacteriological 60 millimeter plates. The
cells to be panned are prepared as single cell suspensions in PBS containing
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0.5 mM EDTA and 5% FBS. The antibody to the cell-surface marker is added at
approximately 5 pg/ ml followed by incubation on ice for 30 minutes. Cells are
washed once and added to the second antibody-coated plates in PBS/EDTA/5% FBS,
and incubated at room temperature for 1-3 hours. Excess cells not adhering to the
dish are removed by gentle washing with PBS/5% FBS.

EXAMPLE 5

This example describes the activation of the TRAP promoter. A 2.6 kb DNA
fragment containing the human TRAP promoter was obtained by digesting the 4
plasmid pBL2HT2.2 with the restriction endonuclease Apal. The cloning of the
human TRAP gene 5’ region and the construction of pBL2HT?2.2 are fully described
in Reddy et al. (Bone 16:587-593 (1995)). A DNA containing the mouse TRAP
promoter (SEQ ID NO:12) and a DNA containing the murine MMP-9 promoter
(SEQ ID NO:11) also were used for these experiments. DNAs containing the
promoters were fused to the luciferase reporter gene. These promoter/reporter
constructs were transfected into human 293/EBNA cells along with various
combinations of expression vectors that encoded full-length human RANK (SEQ ID
NO:2) and human full-length RANK-L proteins (SEQ ID NO:6).

For the mouse TRAP promoter (SEQ ID NO:12), 2 X10° 293/EBNA cells
were transfected using DEAE/dextran with 40 ng of a plasmid encoding
approximately 2 kb of the mouse TRAP promoter (SEQ ID NO:12) fused to a
luciferase reporter, 20 ng of an expression vector encoding RANK-L (SEQ ID
NO:6), and 0.4 ng of an expression vector encoding RANK (SEQ ID NO:2). Twenty
four hours after transfection, luciferase activity in cell lysates was measured
according to manufacturer's instructions (Promega) using a EG&G/Berthold
luminometer. Expression of RANK was sufficient to increase reporter expression
(approximately 2-fold) while the combination of RANK (SEQ ID NO:2) and
RANK-L (SEQ ID NO:6) increased reporter expression approximately 4-fold.

For the human TRAP promoter, the 1.9 kb Apall fragment containing the
promoter activity isolated from the region upstream of the human TRAP gene
(Reddy et al., 1995) was fused to a luciferase reporter and transfected (40 ng) into
293/EBNA cells. The combination of human RANK (SEQ ID NO:2) and human
RANK-L (SEQ ID NO:6) increased reporter expression approximately 1.5 fold.

For the murine MMP-9 promoter experiments, 4.1 kb of the murine MMP-9
promoter (SEQ ID NO:11) were fused to a luciferase gene and transfected (40 ng)
into 293/EBNA cells. Transfection of either RANK (SEQ ID NO:2) alone or the
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combination of RANK (SEQ ID NO:2) plus RANK-L (SEQ ID NO:6) increased
reporter expression 2.5-fold.

Additionally, RAW 264.7 cells (6 X 10° cells) were transfected with 15 pg of
MMP-9(SEQ ID NO:11)/luciferase plasmid DNA using DEAFE/dextran. Two hours
after transfection, cells were divided into two equal amounts and further incubated
for 24 hours. Addition of 1 pg/ml of a leucine zipper form of murine RANK-L for
18 hours was sufficient to induce the MMP-9(SEQ ID NO:11)/luciferase promoter
10-15 fold.

Quantitative RT-PCR measurements of mouse TRAP and mouse MMP-9
mRNA in RAW 264.7 cells after treatment with either mouse RANKL/LZ
(200 ng/ml) or TNFo (20 ng/ml) for various times revealed that TRAP mRNA is
elevated greater than 250-fold by RANK-L, but is only increased by about 2.3-fold
by TNFoo. MMP-9 mRNA is elevated greater than 350-fold by RANK-L, but is not
increased by TNFa.. This specificity is helpful in screening for inhibitors of RANK
signal transduction.

EXAMPLE 6

This example illustrates the preparation of monoclonal antibodies against
RANK-L. Preparations of purified recombinant RANK-L, for example, or transfixed
cells expressing high levels of RANK-L, are employed to generate monoclonal
antibodies against RANK-L using conventional techniques, such as those disclosed
in U.S. Pat. No. 4,411,993, incorporated herein by reference. DNA encoding
RANK-L can also be used as an immunogen, for example, as reviewed by Pardoll
and Beckerleg in Immunity 3: 165, 1995. Such antibodies are likely to be useful in
interfering with RANK-L signaling (antagonistic or blocking antibodies), as
components of diagnostic or research assays for RANK-L or RANK-L activity, or in
affinity purification of RANK-L.

To immunize rodents, RANK-L immunogen is emulsified in an adjuvant
(such as complete or incomplete Freund's adjuvant, alum, or another adjuvant, such
as Ribi adjuvant R700 (Ribi, Hamilton, Mont.), and injected in amounts ranging from
10-100 pg subcutaneously into a selected rodent, for example, BALB/c mice or
Lewis rats. DNA may be given intradermally (Raz et al., Proc. Natl. Acad. Sci. USA
91: 9519, 1994) or intramuscularly (Wang et al., Proc. Natl. Acad. Sci. USA 90:
4156, 1993); saline has been found to be a suitable diluent for DNA-based antigens.
Ten days to three weeks days later, the immunized animals are boosted with
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additional immunogen and periodically boosted thereafter on a weekly, biweekly or
every third week immunization schedule.

Serum samples are periodically taken by retro-orbital bleeding or tail-tip
excision for testing by dot-blot assay (antibody sandwich), ELISA (enzyme-linked
immunosorbent assay), immunoprecipitation, or other suitable assays, including
FACS analysis. Following detection of an appropriate antibody titer, positive animals
are given an intravenous injection of antigen in saline. Three to four days later, the
animals are sacrificed, splenocytes harvested, and fused to a murine myeloma cell
line (e.g., NS1 or preferably Ag 8.653 [ATCC CRL 1580]). Hybridoma cell lines
generated by this procedure are plated in multiple microtiter plates in a selective
medium (for example, one containing hypoxanthine, aminopterin, and thymidine, or
HAT) to inhibit proliferation of non-fused cells, myeloma-myeloma hybrids, and
splenocyte-splenocyte hybrids.

Hybridoma clones thus generated can be screened by ELISA for reactivity
with RANK-I, for example, by adaptations of the techniques disclosed by
Engvall et al., Immunochem. 8: 871 (1971) and in U.S. Pat. No. 4,703,004. A
preferred screening technique is the antibody capture technique described by
Beckman et al., J. Immunol. 144: 4212 (1990). Positive clones are then injected into
the peritoneal cavities of syngeneic rodents to produce ascites containing high
concentrations (>1 mg/ml) of anti-RANK-L monoclonal antibody. The resulting
monoclonal antibody can be purified by ammonium sulfate precipitation followed by
gel exclusion chromatography. Alternatively, affinity chromatography based upon
binding of antibody to protein A or protein G can also be used, as can affinity
chromatography based upon binding to RANK-L protein. Using the methods
described herein to monitor the activity of the mAbs, both blocking (i.e., antibodies
that bind RANK-L and inhibit binding to RANK) and non-blocking (i.e., antibodies
that bind RANK-L and do not inhibit binding) are isolated.

EXAMPLE 7

This example illustrates the preparation of monoclonal antibodies against
RANK. Preparations of purified recombinant RANK, for example, or transfected
cells expressing high levels of RANK, are employed to generate monoclonal
antibodies against RANK using conventional techniques, such as those disclosed in
U.S. Pat. No. 4,411,993. DNA encoding RANK can also be used as an immunogen,
for example, as reviewed by Pardoll and Beckerleg in Immunity 3: 165, 1995.
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To immunize rodents, RANK immunogen is emulsified in an adjuvant (such
as complete or incomplete Freund's adjuvant, alum, or another adjuvant, such as Ribi
adjuvant R700 (Ribi, Hamilton, Mont.), and injected in amounts ranging from
10-100 pg subcutaneously into a selected rodent, for example, BALB/c mice or
Lewis rats. DNA may be given intradermally (Raz et al., Proc. Natl. Acad. Sci. USA
91: 9519, 1994) or intramuscularly (Wang et al., Proc. Natl. Acad. Sci. USA
90: 4156, 1993); saline has been found to be a suitable diluent for DNA-based
antigens. Ten days to three weeks days later, the immunized animals are boosted with
additional immunogen and periodically boosted thereafter on a weekly, biweekly or
every third week immunization schedule.

Serum samples are periodically taken by retro-orbital bleeding or tail-tip
excision for testing by dot-blot assay (antibody sandwich), ELISA (enzyme-linked
immunosorbent assay), immunoprecipitation, or other suitable assays, including
FACS analysis. Following detection of an appropriate antibody titer, positive animals
are given an intravenous injection of antigen in saline. Three to four days later, the
animals are sacrificed, splenocytes harvested, and fused to a murine myeloma cell
line (e.g., NS1 or preferably Ag 8.653 [ATCC CRL 1580]). Hybridoma cell lines
generated by this procedure are plated in multiple microtiter plates in a selective
medium (for example, one containing hypoxanthine, aminopterin, and thymidine, or
HAT) to inhibit proliferation of non-fused cells, myeloma-myeloma hybrids, and
splenocyte-splenocyte hybrids.

Hybridoma clones thus generated can be screened by ELISA for reactivity
with RANK, for example, by adaptations of the techniques disclosed by Engvall et
al., Immunochem. 8: 871 (1971) and in U.S. Pat. No. 4,703,004. A preferred
screening technique is the antibody capture technique described by Beckman et al., J.
Immunol. 144: 4212 (1990). Positive clones are then injected into the peritoneal
cavities of syngeneic rodents to produce ascites containing high concenirations
(>1 mg/ml) of anti-RANK monoclonal antibody. The resulting monoclonal antibody
can be purified by ammonium sulfate precipitation followed by gel exclusion
chromatography. Alternatively, affinity chromatography based upon binding of
antibody to protein A or protein G can also be used, as can affinity chromatography
based upon binding to RANK protein.

Monoclonal antibodies were generated using RANK/Fc fusion protein as the
immunogen. These reagents were screened to confirm reactivity against the RANK
protein. Using the methods described herein to monitor the activity of the mAbs, both
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blocking (i.e., antibodies that bind RANK and inhibit binding of a ligand to RANK)
and non-blocking (i.e., antibodies that bind RANK and do not inhibit ligand binding)
were isolated.

EXAMPLE 8

In this assay, test molecules capable of modulating an activity associated with
RANK are identified by measuring the induction of c-src tyrosine kinase or F-actin
ring formation in the presence of the test molecule.

Experiments were conducted in which DNA encoding wild-type or human
RANK/TRAF6 binding mutant (RANK A340-421) was introduced into
hematopoietic cells isolated from RANK -/- mice. Full-length and mutant human
RANK DNAs were subcloned into the pBMNZ retroviral vector as previously
described (Kinsella and Nolan, 1996, Human Gene Therapy 7:1405-1413).
Infectious RANK-containing retrovirus was produced in 293-E Phoenix packaging
cells as described (Kinsella and Nolan, 1996). Supernatants from these cells were
used as a source of infectious virus particles.

The generation of the RANK -/- mice used in these assays has been described
previously (Dougall etal., 1999). Spleen cells were isolated from 3-6 week old
RANK -/- mice and enriched for osteoclast precursors by depleting the initial cell
population of various types of cells other than osteoclast precursors. For this
"depletion" step, the cells were incubated with biotinylated antibodies against CD3
(specific for T cells), Ter-119 (specific for erythrocytes), and GR=1 (specific for
granulocytes). After the antibodies had bound to their respective target cells,
streptavidin-conjugated magnetic beads were added to the culture, and the mixture of
cells was passed over magnetic columns (MACS depletion columns;
MILLTENNYT). Cells that did not adhere to the MACS columns were considered to
be enriched for osteoclast precursors and were used for the assays.

Cells enriched for osteoclast precursors were incubated for 48 hrs in 40 ng/ml
CSF-1 prior to being infected with retroviral supernatants (MOI of 5) in the presence
of recombinant fibronectin fragments (Retronectin, PanVera Corp, Madison, WI) for
an additional 48 hr in 40 ng/ml CSF-1. Both the cells and the virus particles tend to
adhere to fibronectin, thus the fibronectin fragments served to enhance the rate of
infection by creating a localized high concentration of both cells and virus.
Following infection, the cells were harvested and plated in a-MEM 10% fetal bovine
serum containing 40ng/m1 CSF-1 and 200 ng/ml mRANK-L and were incubated for
5 days in this medium.
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For infected cultures that received wild-type RANK DNA, c-src levels were
fairly high following differentiation. In a typical experiment, extracts from cells
expressing wild-type RANK wall incorporate about 15-fold more *P into a
c-src-specific substrate than extracts from cells that are defective in RANK. Both
fetal bovine serum and CSF-1 contribute to the basal level of c-stc activity, thus this
basal level was reduced by "starving" the cells for 18 hrs in MEM containing 0.5%
instead of 10% fetal bovine serum and 10 ng/ml instead of 40 ng/ml CSF-1, followed
by 2 hours in MEM containing 0.5% FBS and no CSF-1.

To induce c-src and F-actin rings, recombinant mRANK-L/leucine zipper
protein was added to the cultures at a concentration of 1 pug/ml for various times after
which the cells were lysed in a buffer containing 50 mM HEPES (pH 7.2), 10%
glycerol, 250 mM NaCl and 1% Triton X-100. The c-src protein was purified by
immunoprecipitation using the monoclonal antibody GD-11. C-src activity in the
immune complex was monitored using a commercially available assay kit (Upstate
Biotechnology, Lake Placid, NY). In brief, the measurement of c-src activity
entailed measuring the phosphotransferase activity using y-labeled ATP and the
p34/cdc2 peptide (KVEKIGEGTYGVVYK) (SEQ ID NO:13), which provides a
substrate for the c-src kinase. The kinase assays were incubated at 30°C for 10
minutes in a buffer containing 10 pCi of gamma-labeled ATP, MnCl, (75 mM), ATP
(500pM), MOPS (20 mM), beta-glycerol phosphate (25 mM), EGTA (5 mM),
sodium orthovanadate (1 mM), and dithiothrietol (1 IhM). The phosphorylated
substrate peptide was then separated from the residual labeled ATP using
phosphocellulose paper and labeled peptide was quantified using a scintillation
counter. The immunoprecipitation and in vitro immune complex kinase assay were
performed as described (Musch, et al. J. Biol. Chem. (1999) 274:7923-7928).

When c-src induction was assayed as described above, it was observed that
when cells were induced to differentiate after the introduction of a full-length RANK

~ transgene, the cells contained high levels of c-src activity. In contrast, c-src activity

was not discernibly different from background levels in extracts of cells
differentiated after infection with either a control virus (encoding lacZ) or with
RANK DNA lacking the TRAF6 binding domain (RANK A340-421). Background
levels were determined using RANK -/- cells that were not infected with retrovirus.
A procedure to detect F-actin rings was carried out as follows. Primary
hematopoietic cells from the RANK -/- mice were infected with retroviral constructs
encoding either the full-length human RANK c¢DNA or the RANK/TRAF6 binding
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mutant (RANK A340-421). Cells were cultured on LabTek Chamber slides with #1
borosilicate coverglasses (Nalge/Nunc). After incubation for 5 days in MEM
containing 10% fetal bovine serum containing 40ng/ml CSF-1 and 200 ng/ml
mRANK-L. The media was aspirated, washed twice in PBS and then fixed in a
solution of 3% paraformaldehyde for 10 minutes, followed by quenching in 50 mM
NH,4Cl. The F-actin rings were visualized by staining the cells with a fluorescent
probe for actin, phalloidin (Molecular Probes, Eugene, OR). The fluorescent signal
was detected using a standard fluorescent microscope, and F-actin rings were
identified as continuous rings of F-actin at the periphery of individual cells.

F-actin rings were visualized in the cells by staining with fluorescent
phalloidin. For cells infected with wild-type RANK DNA, F-actin rings were
detected in more than 50% of the cells. However, when the cells had been
transfected with the human RANK/TRAF6 binding mutant, all of the cells had a
disorganized F-actin cytoskeletal structure and no F-actin rings were discerned.

To assay for an agonist of RANK activity, a test molecule is added to the
culture medium during the RANK-L exposure step, or after the differentiation step is
completed. If the test molecule is an agonist of RANK activity, cells infected with
the above-described deletion mutant will express F-actin rings or will express
detectable c-src activity or both. However, RANK agonists that require the presence
of a TRAF6 binding site in the RANK molecule will not test positive in RANK -/-
cells infected with a RANK TRAF6 deletion mutant.

EXAMPLE 9

The resorption of CaPQy, upon which this assay is based; is considered to be
a measure of osteoclast activity. Spleen cells were isolated from 3-6 week old
RANK -/- mice and treated as described in Example 9 to remove cells expressing the
CD3, Ter-119, and GR-1 antigens. Cells not expressing any of these antigens were
harvested and infected as described in Example 9 with retroviral vector particles
containing full-length or TRAF6 binding site deletion mutants of RANK.

Following infection, the spleen cells were harvested and plated in MEM
containing 10% fetal bovine serum containing 40 ng/ml CSF-1 and 200 ng/ml
mRANK-L onto 16 well quartz slides coated with a thin film of CaPQ, (Osteologic,
BD Biosystems). After 5 days in culture, the slides were washed, the cells removed
by washing with bleach, and the slides washed again with buffer. Cells that had been
infected with full-length RANK resorbed the CaPO4 matrix as determined by

numerous clear pits (also called resorptive lacunae), which were visualized by
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phase-contrast microscopy. The number of pits in the CaPOy film is a measure of the

extent to which the RANK-L induced the cells grown on that slide to differentiate
into osteoclasts.

If desired, the CaPOy film can be stained using a 0.5% solution of alizarin red
for 4 to 5 minutes followed by washing in water. After staining, the resorptive
lacunae are visualized by phase contrast microscopy as a clear area on a red
background.

Cells that have been differentiated using the full-length RANK transgene
contained high levels of CaPQ, resorption. While cells differentiated with either a

control virus (encoding lacZ) or with the RANK construct lacking the TRAF6
binding domain (RANK D340-421) had insignificant levels of CaPQ, resorption.

While the preferred embodiment of the invention has been illustrated and
described, it will be appreciated that various changes can be made therein without
departing from the spirit and scope of the invention.
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The embodiments of the invention in which an exclusive property or privilege
is claimed are defined as follows:

1. A method for screening for a molecule that is capable of antagonizing
or agonizing RANK activity, wherein RANK is a polypeptide that comprises amino
acids 1-616 of SEQ ID NO:2 or amino acids 1-625 of SEQ ID NO:4, said method
comprising the steps of:

(a) contacting RANK responsive cells with one or more candidate
molecules, said cells being cultured in a semi-solid medium;

(b)  determining whether the rate of colony formation or rate of colony
growth in the contacted RANK responsive cells is enhanced or reduced as compared
with the rate of colony formation or growth in one or more reference RANK
responsive cells that are cultured in a semi-solid medium but not contacted with the
candidate molecule(s); and

(c) identifying the molecule as an antagonist if the rate of colony
formation or colony growth in the contacted cells is comparatively enhanced and
identifying the molecule as an agonist if the rate of colony formation or colony

growth of the contacted cells is comparatively reduced.

2. The method of Claim 1, said method further comprising the step of
stimulating RANK activity in said RANK responsive cells by a method selected from
the group consisting of:

(2 éontacting the RANK responsive cells with a RANK-L polypeptide,
wherein the RANK-L polypeptide comprises amino acids 162-317 of SEQ ID NO:6
or amino acids 161-316 of SEQ ID NO:8;

(b)  contacting the RANK responsive cells with agonistic anti-RANK
antibodies;

(c)  contacting the RANK responsive cells with one or more cells that
express a RANK-L polypeptide, said RANK-L polypeptide comprising amino acids
162-317 of SEQ ID NO:6 or amino acids 161-316 of SEQ ID NO:8;

(d)  overexpressing RANK in said RANK responsive cells; and
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(e) expressing in said RANK responsive cells a mutant form of RANK
having an amino acid sequence as shown in SEQ ID NO:10. '

3. The method of Claim 2, wherein the RANK responsive cells are
contacted with a RANK-L polypeptide, and further wherein said polypeptide is
selected from the group consisting of native RANK-L, soluble RANK-L, a leucine
zipper fusion of RANK-L, and a FLAG" polyHis fusion of RANK-L.

4. The method of Claim 2, wherein RANK activity is stimulated by
contacting the responsive cells with an agonistic anti-RANK antibody.

5. The method of Claim 4, wherein the antibodies are selected from the
group consisting of anti-human M330 antibodies, anti-human M331 antibodies, anti-
mouse M395 antibodies and anti-mouse M396 antibodies.

6. The method of Claim 1, wherein the step of determining the rate of
colony formation or colony growth in the contacted RANK responsive cells
comprises visually comparing the size of colonies formed in the contacted RANK
responsive cells with the size of colonies formed in the one or more reference RANK
responsive cells, wherein said visual comparison is done at least one day after
contacting the RANK responsive cells with the candidate molecule.

7. The method of Claim 1, wherein the step of contacting RANK
responsive cells with a candidate molecule comprises expressing in said cells an
introduced DNA molecule that encodes a nucleic acid molecule or a protein molecule
that constitutes the candidate molecule.

8. The method of Claim 7 wherein said introduced DNA molecule is a
c¢cDNA molecule.

9. The method of Claim 7 wherein said introduced DNA molecule is
integrated into the genome of said RANK responsive cells.

10. The method of Claim 7 wherein said introduced DN A molecule is not
integrated into the genome of said RANK responsjve cells.

11.  The method of Claim 7 wherein said candidate molecule is a protein
encoded by the introduced DNA molecule.
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12. The method of Claim 7 wherein said candidate molecule is a nucleic
acid molecule encoded by the introduced DNA molecule, and, said candidate
molecule is selected from the group consisting of an antisense nucleic acid molecule

and a nucleic acid molecule that possesses ribozyme activity.

13.  The method of Claim 8, further comprising isolating said introduced
DNA molecule from a colony formed from said contacted RANK responsive cells.

14.  The method of Claim 1, wherein the candidate molecule is a protein
and the step of contacting the RANK responsive cells with the candidate molecule
comprises adding said protein to the semi-solid medium in which the cells are
cultured.

15.  The method of Claim 1, wherein the contacting step comprises adding
to the semi solid medium in which the cells are cultured a plurality of proteins that
are candidate molecules.

16.  The method of Claim 1, wherein the RANK responsive cells are
primary hematopoietic cells selected from the group consisting of hematopoietic
precursor cells derived from bone marrow, spleen, fetal liver or peripheral blood; and
primary hematopoietic cells derived from bone marrow, spleen, fetal liver or
peripheral blood and enriched for osteoclast precursors.

17.  The method of Claim 1, wherein the RANK responsive cells are a cell
line selected from the group consisting of RAW 264.7 cells; C7 cells; and BCL-
Xl1/Tag cells.

18.  The method of Claim 1 wherein the semi-solid medium comprises
methylcellulose.

19.  The method of Claim 1, further comprising the step of purifying said
candidate molecule from the contacted cells after detecting a comparatively enhanced
or reduced rate of colony formation or colony growth in the contacted RANK
responsive cells.

20. A method for screening for a molecule that modulates RANK activity,
said method comprising the steps of:
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(a) contacting cultured RANK responsive cells with a candidate
molecule, said RANK responsive cells comprising a nucleic acid molecule encoding
a reporter protein, said nucleic acid molecule being operably linked to a RANK-
responsive regulatory nucleic acid sequence that is selected from the group consisting
of a MMP-9 promoter and a TRAP promoter, wherein the RANK responsive cells
are exposed to a RANK ftrigger prior to, during or after being contacted with said
candidate molecule;

(b)  determining whether the level of reporter molecule expression in the
contacted RANK responsive cells is enhanced or reduced as compared with the level
of reporter molecule expression in a culture of reference RANK responsive cells that
are not contacted with the candidate molecule; and

(c) identifying the candidate molecule as a RANK agonist if the level of
reporter molecule expression in the contacted cells is comparatively enhanced and
identifying the candidate molecule as an RANK antagonist if the level of reporter
molecule expression in the contacted cells is comparatively reduced.

21.  The method of Claim 20, wherein RANK is triggered in the RANK
responsive cells by a method selected from the group consisting of:

(a) contacting the RANK responsive cells with a RANK-L polypeptide,
wherein the RANK-L polypeptide comprises amino acids 162-317 of SEQ ID NO:6
or amino acids 161-316 of SEQ ID NO:8;

(b) contacting the RANK responsive cells with an agonistic anti-RANK
antibody;

(c) contacting the RANK responsive cells with cells that express
RANK-L, wherein RANK-L is a polypeptide that comprises amino acids 162-317 of
SEQ ID NO:6 or amino acids 161-316 of SEQ ID NO:8;

(d) overexpressing RANK in said RANK responsive cells; and

(e) expressing in said RANK responsive cells a defective RANK
polypeptide having an amino acid sequence as shown in SEQ ID NO:10.

22. The method of Claim 21, wherein RANK is triggered in the RANK
responsive cells by contacting the cells with a RANK-L polypeptide comprising
amino acids 162-317 of SEQ ID NO:6 or amino acids 161-316 of SEQ ID NO:8, and
further wherein said RANK-L polypeptide is selected from the group consisting of
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native RANK-L, a leucine zipper fusion of RANK-L, and a FLAG polyHis fusion of
RANK-L.

23.  The method of Claim 20, wherein the RANK responsive regulatory
nucleic acid is a MMP-9 promoter.

24.  The method of Claim 23, wherein the MMP-9 promoter comprises
nucleotides 1769-3591 of SEQ ID NO:11.

25.  The method of Claim 20 wherein the step of contacting RANK
responsive cells with a candidate molecule comprises expressing in said RANK
responsive cells an introduced DNA molecule that encodes a candidate nucleic acid
molecule or a candidate protein molecule.

26. The method of Claim 25 wherein said introduced DNA molecule is a
cDNA molecule.

217. The method of Claim 25 wherein said introduced DNA molecule is
integrated into the genome of said RANK responsive cells.

28.  The method of Claim 25 wherein said introduced DNA molecule is
not integrated into the genome of said RANK responsive cells.

29.  The method of Claim 25 wherein said candidate molecule is a protein
encoded by the introduced DNA molecule.

30. The method of Claim 25 wherein said candidate molecule is a nucleic
acid molecule encoded by the introduced DNA molecule.

31.  The method of Claim 30 wherein said nucleic acid molecule possesses
ribozyme activity.

32.  The method of Claim 25, further comprising isolating said introduced
DNA molecule from a colony formed from said contacted RANK responsive cells.

33.  The method of Claim 20, wherein the step of contacting RANK
responsive cells with a candidate molecule comprises culturing said RANK
responsive cells in the presence of the candidate molecule, and further wherein said
candidate molecule is a protein.
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34, The method of Claim 20, wherein the step of contacting RANK
responsive cells with a candidate molecule comprises culturing said RANK
responsive cells in the presence of a plurality of candidate proteins.

35.  The method of Claim 20, wherein said reporter molecule is selected
from the group consisting of luciferase, green fluorescent protein, alkaline
phosphatase and a heterologous surface protein.

36. The method of Claim 35, wherein the reporter molecule is a
heterologous surface protein that is selected from the group consisting of human IL-2
receptor, murine IL-4 receptor, human CD2 protein, human CD4 protein, human
CD8 protein, luciferase protein, B-galactosidase, and green fluorescent protein.

37.  The method of Claim 20, wherein said RANK responsive cells
express a defective RANK molecule and wherein said screening is for an agonist that
complements said defective RANK activity.

38.  The method of Claim 20, wherein said RANK responsive cells are
hematopoietic cells.

39.  The method of Claim 20, wherein said RANK responsive cells are
RAW 264.7 cells.

40. The method of Claim 20, further comprising the step of purifying the
candidate molecule from cells in which the level of expressed reporter molecule is
determined to be comparatively enhanced or reduced.

41.  The method of Claim 40, further comprising the step of demonstrating
that the purified candidate molecule interacts with RANK.

42.  The method of Claim 20, wherein the level of reporter molecule
expression is determined by an assay selected from the group conmsisting of a
fluorescence-based assay, a solid phase assay, and an assay employing a radioactive
compound.

43.  The method of Claim 20, wherein determining the level of expressed
reporter molecule comprises physically isolating by fluorescence-based cell sorting
the cells that are expressing said reporter molecule.
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44. A method for screening for a molecule that antagonizes or agonizes
RANK activity, said method comprising the steps of:

(a) contacting RANK responsive cells with a candidate molecule, wherein
the RANK responsive cells are capable of differentiating into osteoclasts in response
to the triggering of RANK in said cells; and

(b) observing an enhanced level of c-src activity or F-actin formation in
said contacted cells as compared to level of c-src activity or F-actin formation in
reference RANK responsive cells that are not contacted with the candidate molecule.

45. A method for screening for a molecule that antagonizes or agonizes
RANK activity, said method comprising the steps of:

(a) contacting RANK responsive cells with a candidate molecule, wherein
the RANK responsive cells are capable of differentiating into osteoclasts in response
to the triggering of RANK in said cells;

(b)  triggering RANK in said contacted cells;

(¢)  culturing the contacted cells on a film of CaPOs,

(d)  determining the number of pits in said film caused by the contacted
cultured cells as compared with the number of pits caused in a CaPQ, film by
reference RANK responsive cells in which RANK is triggered but which are not
contacted with the candidate molecule; and

(e) identifying the candidate molecule as a RANK agonist if a greater
number of pits is caused by the contacted cells than by the reference cells and as a
RANK antagonist if the number of pits caused by the contacted cells is less than the
number caused by the reference cells.
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