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SCREENING ASSAYS FOR AGONISTS OR
ANTAGONISTS OR RECEPTOR ACTIVATOR
OF NF-«B

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This application is a division of U.S. application Ser. No.
09/957,944, filed Sep. 20, 2001, now U.S. Pat. No. 6,884,598,
which claims the benefit of priority from U.S. provisional
patent application 60/235,157, filed Sep. 22, 2000, both of
which are hereby incorporated by referenced in their entirety.

FIELD OF THE INVENTION

This invention relates to methods for screening for agonists
and/or antagonists of activities associated with receptor acti-
vator of NF-kB (RANK).

BACKGROUND OF THE INVENTION

RANK, an acronym for receptor activator of NF-kB, is a
Type 1 transmembrane protein that is a member of the tumor
necrosis factor (TNF) receptor superfamily and which when
triggered activates the transcription factor NF-xB (Anderson
et al., Nature 390:175-179 (1997); Anderson et al., U.S. Pat.
No. 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-glyco-
sylation 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., ] Bone Min Res 15:2-12 (2000)).

The cytoplasmic domain of RANK associates intracellu-
larly with several of the TNF receptor-associated factors
(TRAFs; Baker and Reddy, Oncogene 12:1 (1996)) including
TRAF1, TRAF2, TRAF3, TRAFS, and TRAF6 (Galibert et
al., I 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, forexample, 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
(INK;; see, for example, Galibert et al., 1998). RANK activa-
tion in osteoclast progenitor cells induces the progenitors to
differentiate into mature osteoclasts. This differentiation pro-
cess is accompanied by the rearrangement of actin into “F-ac-
tinrings.” 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 etal. Molecular
Cell 4:1041-1049 (1999)).
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RANK ligand (RANK-L) is a cell surface protein that
binds with and activates RANK (Anderson et al., U.S. Pat.
No. 6,017,729). This protein is also known as TRANCE,
ODF or OPG ligand (Wong et al., 1999). RANK-L is a Type
2 transmembrane protein, and has an intracellular domain of
about 50 amino acids or less, atransmembrane 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 trans-
membrane 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
USA. 96:3540-45 (1999)). Osteoclasts are large, phagocytic,
multinucleated cells which are formed from hematopoietic
precursor cells in the bone marrow. Osteoclasts promote dis-
solution 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 sys-
tems, 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 ago-
nists identified individually.

When the semi-solid medium assay is used to screen for
molecules that antagonize RANK activity, RANK is trig-
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gered 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 form-
ing 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, pre-
ferred 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:§;
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-R ANK 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 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 ora 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 trans-
fection and transient transfection are known, and either type
of technique may be used. In some instances, the encoded
candidate molecule 1s 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 candi-
date molecule. For example, the foregoing methods may be
used when the candidate molecule is a protein or small
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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 precur-
sors. 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-X1/Tag cells.

Another aspect of the invention exploits the ability of pro-
moter sequences derived from the tartrate-resistant acid phos-
phatase (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 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, f-galactosidase,
green fluorescent protein, alkaline phosphatase or a heterolo-
gous surface protein detectable by antibody binding methods.
Examples of the latter include human IL-2 receptor, murine
1L-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 respon-
sive cells. Suitable RANK responsive cells include hemato-
poietic cells. Examples of suitable hematopoietic cells
include RAW 264.7 cells. To use this approach to screen fora
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 candi-
date 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 organic molecule.

In one aspect of the invention, the candidate molecule is a
protein or group of proteins encoded by cDNA that is intro-
duced 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 expres-
sion.

Suitable methods for triggering RANK in the above-de-
scribed 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 anti-
body specific for the RANK protein. In one aspect of the
invention, RANK is triggered in the RANK responsive cells



US 7,572,594 B2

5

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 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 calorimetric 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 fluores-
cence-based cell sorting those cells that are expressing the
reporter molecule. Enhancement or reduction of reporter pro-
tein 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 con-
tacted 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 con-
tacted 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 ago-
nists. In such instances, an agonist can be isolated by recov-
ering 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 con-
structs 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 antago-
nists 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 forma-
tion will be comparatively reduced. If the candidate is to be
screened for RANK agonist activity, the RANK triggering
step 1s 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 cul-
turing the cells on a film of CaPQO,,. Differentiated osteoclasts
will resorb the CaPO, in their immediate vicinity, thus pro-
ducing 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
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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 ago-
nists of RANK are known in the art (see, for example, U.S.
Pat. No. 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 usedherein, the term “RANK antagonist,” or grammati-
cal 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. Pat. No.
6,017,729) and osteoprotegerin (described in U.S. Pat. No.
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-occurring protein. These two proteins
antagonize RANK by binding RANK-L, 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-kB or the ability to bind with
TRAF1, TRAF2, TRAF3, TRAFS5 or TRAF6, and having an
atleast 80% amino acid identity with the amino acid sequence
shown in SEQ 1D NO:2 or SEQ ID NO:4. RANK proteins
according to the invention are capable of binding with anti-
bodies 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 mol-
ecules 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 pro-
teins encoded by these two nucleic acid sequences are set
forth in SEQ ID NO:6 and SEQ 1D 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 disor-
ders which are collectively referred to as osteopenias, and
include osteoporosis, osteomyelitis, hypercalcemia, osteope-
nia 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
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be used to modulate osteoclast formation and may be admin-
istered 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 resorp-
tion 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 hypercalce-
miaand 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 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.

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

Tumor cells are more responsive to radiation when their
NF-kB 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 cellu-
lar 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 frag-
ments typically consisting of from 8 to 30 nucleic acid resi-
dues). 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 addi-
tion, pharmaceutically useful small molecules are preferably
not immunogenic.

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 medi-
ate a RANK-dependent cellular response. An anti-sense
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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 inter-
fering with the expression of a target gene. Typical anti-sense
oligonucleotides to be screened preferably are 20-50 nucle-
otides 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 com-
pletely 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 anti-
sense 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. Pat. No. 5,646,023), both of which publications are
incorporated herein by reference. Tabler etal. (Gere 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 mem-
bers 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 dis-
closed in U.S. Pat. Nos. 6,017,729, 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-bind-
ing molecule,” referred to herein as murine RANK-L). Others
have disclosed RANK-L, referring to it as “TRANCE” (see,
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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 1D NO:1
(human RANK) and SEQ ID NO:3 (murine RANK), and
amino acid sequences encoded by these nucleic acid mol-
ecules 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. How-
ever, 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 polypep-
tides 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
activity required for the assay. Generally for these assays,
suitable RANK variants will bind RANK-L thereby stimu-
lating RANK activity, and suitable RANK-L, variants will
bind to RANK thereby stimulating RANK activity. Mutations
present in such variants may include, for example, substitu-
tions, 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 associ-
ated with the triggering of wild-type RANK, such as activa-
tion of NF-kB. 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-bind-
ing 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 com-
prise 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 pro-
tein. RANK-L fragments for constructing soluble RANK-Ls
can be prepared using known recombinant techniques to iso-
late a desired portion of the extracellular region. Various
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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 trans-
fer 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.
Pat. No. 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 inven-
tion 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-kB
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
(UWGCQ), 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 include: (1) a
unary comparison matrix (containing a value of 1 for identi-
ties and O 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
Dayhoft, eds., Ailas 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 pack-
age. Default parameters for using the BESTFIT program are
the same as those described above for using the GAP pro-
gram.

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™
(FEQ), 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
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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 FEORANK 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 mol-
ecules can serve as therapeutic agents to treat diseases asso-
ciated with the RANK mutation. The assays described herein
are useful for screening for molecules that possess the capac-
ity to complement the RANK defect in the FEO RANK gene.
The sequences foran FEQ RANK are givenin SEQID NOS:9
and 10. Molecules with this capacity are “FEO RANK ago-
nists” 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 responsive 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 intra-
cellular 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 oligo-
merizes with other RANK molecules in its immediate vicin-
ity 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 oli-
gomerize when RANK is triggered. Probably, the oligomer-
ization stimulates a conformational change in the cytoplas-
mic 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 screen-
ing 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 pro-
tein 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. Ata 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. Pat. No. 6,017,729, or
other leucine zipper constructs as described in that reference
or elsewhere.

20

25

35

40

45

50

60

65

12

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. Pat. No. 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-expres-
sion 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-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 trig-
gering RANK may be used in the hereindisclosed assays.

One preferred method of triggering RANK is to contact
RANK responsive cells with agonistic anti-RANK antibod-
ies, 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 anti-
bodies, anti-mouse M395 antibodies, and anti-mouse M396
antibodies.

Yet another way to stimulate RANK activity in RANK
responsive cellsis 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 7023 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-E1, hMS
(Hofbauer et al., J. Bone Min. Res. 15: 2-12, 2000) as well as
osteosarcoma cell lines ROS and MG-63 (Hofbauer 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, 1L-17, TNFa, prostaglandin E2 or parathyroid
hormone (see Hofbauer et al., 2000).

Also, cells which express a soluble RANK-L can be cul-
tured on the solid surface ofa culture well and RANK respon-
sive 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 (Kong et al., Nature 402: 304-309 (1999)), and
human 293 fibroblasts transfected with a nucleic acid mol-
ecule encoding RANK-L (Lacey et al., Cell 93: 165-178
(1998)).

Yet another way of stimulating RANK activity in RANK
responsive cells 1s 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 ofa
strong, constitutive promoter. For example, in the absence of
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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 overex-
pression (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 spontane-
ously oligomerizes in these membranes, thereby triggering
RANK activity. Suitable RANK nucleic acids for use in con-
structs 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 SEQIDNOS: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 pPBMNZ
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, Calif. 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 ofthis 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 ¢-src kinase, activation of INK, differ-
entiation 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 con-
struct 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 tran-
scription 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 con-
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tacted RANK responsive cell in the semi-solid medium, com-
pared with the rate of colony formation of one or more refer-
ence 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 activ-
ity 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).

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 modu-
late 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 concentra-
tion 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 areference culture of the same RANK responsive cells that
are not contacted with the test molecule. If desired, for detect-
ing 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 gen-
erally 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
that cannot form colonies in semi-solid medium. Generally,
these cells differentiate into osteoclasts when RANK is trig-
gered. Representative examples of cells useful in the practice
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of this aspect of the invention include the RAW 264.7 cell line
(ATCC Deposit Number TIB-51), undifferentiated hemato-
poietic cells, which may be obtained from the spleen, periph-
eral blood or bone marrow cells of any mammalian species,
the BCL-X1/Tag cell line which can differentiate into osteo-
clasts that express TRAP, which generally is considered to be
an osteoclast-specific enzyme marker (Hentunen et al., I.
Clin. Invest. 102:88-97 (1998)), and the mouse macrophage-
like osteoclast progenitor cell line C7 (Nakagawa et al., Bio-
chem. 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 colo-
nies 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 contact-
ing 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 con-
tacted 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 over-
expressing RANK in the cells, or by contacting the cells with
an agonistic anti-RANK antibody or with RANK-L. Alterna-
tively, 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 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 mol-
ecule 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
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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 strat-
egy is used to screen a nucleic acid library, such as a cDNA
library, that encodes a population of candidate protein mol-
ecules that are being screened for their ability to antagonize or
agonize RANK activity. The cDNA library is introduced into
apopulation 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 con-
trol cells may receive, for example, vector DNA instead of the
¢DNA library. Colonies in the genetically modified popula-
tion 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 the nucleic acid sequence of each can be deter-
mined. The protein encoded by the isolated, sequenced,
nucleic acid molecule can be expressed and/or chemically
synthesized and its ability to antagonize RANK activity con-
firmed and studied.

Agonists of RANK are recognized in this assay by per-
forming 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. cDNA
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 modu-
late RANK activity (see, Miller and Calos, eds., “Gene Trans-
fer 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 includ-
ing, but not limited to, calcium phosphate transfection (Ber-
man 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. Nar'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. Se. USA 84: 4180, 1987).

In addition, various infection techniques have been devel-
oped 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 et al., EMBO J. 5: 2377,
1986); adeno-associated virus (LaFace et al., Virology 162:
483, 1988) and retroviruses (Coffin, 1985, p 17-71 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.
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Gene transfer and expression methods are numerous and
essentially function to introduce and express genetic material
in mammalian cells. Several of the above described tech-
niques have been used to transduce hematopoietic or lvm-
phoid cells, including calcium phosphate transfection (Ber-
man et al., supra, 1984); protoplast fusion (Deans et al., supra
1984); electroporation (Cann et al. Oncogene 3: 123, 1988)
and infection with recombinant adenovirus (Karlsson et al.,
supra; Ruether et al. Mol. Cell Biol. 6: 123, 1986); adeno-
associated virus (LaFace et al., supra); and, retrovirus vector
(Overell etal., Oncogene 4: 1425, 1989). Primary T lympho-
cytes have been successfully transduced by electroporation
(Cann et al., supra, 1988) and by retroviral infection (Nishi-
hara 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 collec-
tions of molecules, such as libraries of small organic mol-
ecules or peptides. Microtiter plates, such as 96-well micro-
titer 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 trigger-
ing (see above for description of suitable cells). Ifit is desired
to detect molecules with RANK antagonist activity, a stimu-
lus 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 distrib-
uted 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 integrat-
ing the introduced DNA molecules into the genome of the
RANK responsive cells is that a continuous, high level of
gene expression is typically obtained. Example 2 herein dis-
closes 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 for-
mation 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 corre-
sponding 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
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 respon-
sive 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
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promoters are operably linked. Specifically, the present pro-
motet/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., I Biol Chem 268:23460-68 (1993); Sato and Seiki, Onco-
gene 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 con-
tacted 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 contact-
ing the cells with RANK-L.

The presence of a RANK antagonist is detected by observ-
ing 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 candi-
date antagonist. The level or reporter expression is assessed
by comparison with the level of reporter expression in con-
trol, 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 ofassay is used to screen for antagonists of
RANK activity, RANK activity must be stimulated in the
RANK responsive cells. Typically, RANK activity is trig-
gered 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
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(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. Comm. 253: 395-400
(1998)).

Other cells useful in this aspect of the invention are geneti-
cally modified to express RANK and/or to include at least one
signal transduction pathway that is stimulated by the activa-
tion 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 else-
where 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.

Reporter molecules that are useful in this embodiment of
the invention include luciferase, f-galactosidase, green fluo-
rescent 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 recep-
tor, the murine IL-4 receptor (abbreviated as mIL-4R), the
human CD2, CD4 or CDS proteins.

Assays Based on Detecting c-src Activity or F-Actin Rings

In another aspect of the invention, assays are provided for
screening fora 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 osteo-
clasts (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, Oreg. The fluorescent signal
is detected, for example, using a standard fluorescent micro-
scope. 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/cde2 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 differ-
entiate into osteoclasts, or any cells that respond to RANK
triggering by activating c-src activity. In a preferred embodi-
ment 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 differ-
entiation. 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 enriched for osteoclast precursors, or a
cell line such as RAW 264.7 cells. Suitable primary hemato-
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poietic 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. Gen-
erally, 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 differ-
entiating 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 1D 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 atest
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 modi-
fied by introducing a DNA encoding a 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 CaPO, 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-
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type RANK protein can enable cells to differentiate into
osteoclasts that are capable of resorbing calcium phosphate
(CaPQ,), while signals from a RANK protein lacking a
TRAF6 binding site do not initiate CaPO, resorption. Cells
useful for this screening assay include any cells in which the
activation of RANK leads to CaPO, resorption, that is, cells
that differentiate into osteoclasts when RANK is triggered.
Exemplary cells for use in this assay include primary hemato-
poietic precursors, primary hematopoietic cells, RAW 264.7
cells, or any cell transfected with a form of RANK that sup-
ports 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 exempli-
fied by those set forth in Example 9. Generally, cells are
cultured on commercially available thin microscope slides
that are thinly coated with CaPQO,. RANK responsive cells so
grown will respond to RANK triggering by differentiating
into cells that resorb CaPQ,, 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.

RANK agonists are detected in this type of assay by grow-
ing suitable cells on CaPQ, films and contacting the cells with
a test molecule without first triggering RANK in the cells.

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

EXAMPLE 1

This example describes evaluating murine 313 cells trans-
fected 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.
INK is known to be activated as a consequence of RANK
signal transduction.

For INK assays, whole cell extracts were prepared from
3713 cells 24 hours after transfection. Cells were lysed in a
buffer containing 20 mM HEPES, pH 7.4, 2 mM EGTA, 50
mM f-glycerol phosphate, 1 mM DTT, 1 mM sodium ortho-
vanadate, 1% Triton-X 100, 10% glycerol and the protease
inhibitors leupeptin, pepstatin A, and PMSF. Clarified lysates
were immunoprecipitated with 1 ug each anti-INK (FL) and
anti-JNK (C17) antibodies (both from Santa Cruz Biotech-
nology, Inc. Santa Cruz, Calif.). 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). INK activity was determined by an immune-com-
plex assay using 1 pg of a fusion protein of glutathione-S-
transferase and amino acids 1-169 of ¢-jun kinase (GST-cJun
(1-169)) (UBI, Lake Placid, N.Y.) and 5 uCi of [>*P]-ATP as
substrate in 40 ul of assay buffer at 30° C. for 20 min. Reac-
tion products were resolved on 4-20% SDS/PAGE and visu-
alized by autoradiography.
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INK was activated in response to expression of FEOQ
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 pPBMNZ. Pref-
erably 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 GM-CSF or 1L-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 pack-
aging cells are transfected with constructs generated in the
pBMNYZ retroviral vector, and the culture supernatant is har-
vested 48 hrs post-transfection. The retroviral particles are
isolated using standard techniques. For example, viral par-
ticles are purified from membrane fragments by sterile filtra-
tion through a 0.45 micron filter.

RAW 264.7 cells are infected with the packaged retroviral
¢DNA library under conditions which lead to optimal infec-
tion. For example, optimal infection conditions can be deter-
mined by monitoring the expression of a reporter gene
expressed from a test retroviral construct. Retroviral con-
structs encoding f-galactosidase (e.g., pPBMNZ/LZRS; Kin-
sella and Nolan, 1996, supra) can be used to produce retrovi-
ral particles. After infection of cells with a serial dilution of
the virus stocks, the number of f-galactosidase expressing
cells can be monitored 24 hr after infection. Various condi-
tions 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 m1 0f 0.3% (w/v)
methylcellulose medium containing infected cells at a cell
density of from 1x10° cells/ml to 1x10° 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 recom-
bination and recovery of viral particles. For example, ampli-
fication 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
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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
RANKIL 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 antago-
nistis 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 tech-
niques. 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 recom-
bination and recovery of viral particles.

EXAMPLE 3

This example describes the preparation of RANK respon-
sive 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 biotiny-
lated anti-CD3 antibodies; erythroid cells were removed by
immunoabsorption using biotinylated anti-Ter-119 antibod-
ies; 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.

The lineage 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 frag-
ments (Retronectin, PanVera Corp, Madison, Wis.) for an
additional 48 hr in 40 ng/ml CSF-1. Following infection,
spleen cells were harvested and plated in MEM 10% FBS
containing 40 ng/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 endo-
nucleases Bgl II and Not I. This cDNA insert fragment was
ligated into the retroviral vector pPBMNZ (Kinsella and
Nolan, 1996, supra) that had been digested with Bam HI and
Not I. The resultant plasmid was purified, the DNA sequence
confirmed and designated pBMNZ/RANKA340-421. Pro-
duction of infectious retroviral vector particles in 293-E
Phoenix packaging cells was performed as described (Kin-
sella and Nolan, 1996, supra).

EXAMPLE 4
This example describes the preparation of promoter/re-

porter vectors of the murine MMP-9 promoter (SEQ 1D
NO:11) fused to the human IL-2a receptor.
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A DNA fragment containing the promoter region of the
murine MMP-9 gene was fused to a cDNA molecule encod-
ing the human IL-2a: receptor as follows. A plasmid contain-
ing 4.15 kb of the murine MMP-9 promoter region (SEQ ID
NO:11) was subcloned into the promoter deficient pGIL.2
basic vector (Promega, Madison, Wis.) containing the
luciferase reporter gene as described by Roach et al., Gene
208: 117-122 (1998). The resultant plasmid was designated
pGB-colNK1. An approximately 3.5 kb Sma I/EcoR] frag-
ment containing the MMP-9 5' flanking promoter sequence
(SEQ ID NO:11) was excised from pGB-colNK1 and sub-
cloned into the SIN retroviral vector pSIR (Clontech) at the
Bam HI site which had been made blunt-ended.

A c¢DNA encoding the human IL-2¢ receptor was sub-
cloned into CAVNOT as described in Cosman, D., et al.
“Cloning and expression of human and mouse 1L.-2 receptor
cDNAs”. In: Lymphokines: Molecular Cloning and Analysis
of Lymphokines. D. R. Webb and D. V. Goeddel (eds.) Aca-
demic Press, 1987, p. 109.

The human IL-2c receptor cDNA was amplified from the
CAVNQOT construct using PCR such that the 5' end was modi-
fied to include a Bgl II site and the 3' end was modified to
include a PAIM1 site. This amplified product was ligated into
the pGEM-T vector (Promega). The human IL-2c. receptor
c¢DNA was excised from this plasmid using Bgl 1T and PAIM1
restriction sites and ligated into pGL2 basic (Promega) which
had been digested with Bgl II and PfIMI 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
1T within the polylinker upstream of the cDNA encoding
human IL-2c. receptor. A 3.5kb Kpn I/Nhel fragment isolated
from the pGB-co1NK1 plasmid encoding the MMP-9 pro-
moter (SEQ ID NO:11) and the contiguous Nhe I to Bgl 11
(653 bp) fragment of the remaining MMP-9 promoter were
ligated in a trimolecular ligation with the pGL2/hIL-2 recep-
tor forming the plasmid termed pGL2-MMP-9/human 1L-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 mol-
ecule 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 PYUII/BGL2 restriction frag-
ment including the 5'-proximal 1822 bp of the MMP-9 pro-
moter was fused with a BLGII/EcoRI restriction fragment
encoding the human IL-2 receptor a 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
ofthe 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 transfec-
tion of 293/E packaging cells with pSIR/MMP-9. RAW264.7
cells were infected with these particles and neomycin resis-
tant colonies stably expressing the reporter were isolated.
Treatment of these cells with RANKIL. 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 aR as a reagent for detecting the IL-2R. Expression of
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hIL-2 c. receptor was observed within 4 hours and reached the
maximal level observed within 48 hr.

Surface expression of human IL-2¢ 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-2¢ receptor monoclonal antibody clone, at an
antibody concentration of 5 ug/ml for 1 hour at 4° C. Follow-
ing this incubation, cells are washed and a fluorescently con-
jugated, 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 Dick-
inson).

Additionally, surface expression of human IL-2a receptor
can be analyzed using a radioactive antibody against 1L-2c
receptor. For the mIL-4R-specific radioimmune assay, mouse
anti-human IL-2c0 monoclonal antibody reactive with mIL-
4R was labeled with "I via a Chloramine T conjugation
method; the resulting specific activity is typically 1.5x10'6
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 con-
taining 5% non-fat dry milk and incubation at37° C./5% CO,
in a tissue culture incubator for one hour. The blocking media
was decanted and binding buffer containing ' *°T anti-mIL-4R
(clone M1; rat IgG1) was added to the cells and incubated
with rocking at room temperature for 1 hour. After incubation
ofthe cells with the radio-labeled antibody, cells were washed
extensively with binding buffer (2 X) and twice with phos-
phate-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 activa-
tion, as shown by detection of mullL-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-2a 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 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 incu-
bated 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 pro-
moter. A 2.6 kb DNA fragment containing the human TRAP
promoter was obtained by digesting the 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 experi-
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ments. DNAs containing the promoters were fused to the
luciferase reporter gene. These promotet/teporter 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), 2x10°
293/EBNA cells were transfected using DEAE/dextran with
40 ng ofa 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
(SEQID 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/Ber-
thold 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 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 (6x10° cells) were trans-
fected with 15 pg of MMP-9 (SEQ ID NO:11)/luciferase
plasmid DNA using DEAFE/dextran. Two hours after trans-
fection, cells were divided into two equal amounts and further
incubated for 24 hours. Addition of 1 ug/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 RANKIL/LZ (200 ng/ml) or TNFa (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 TNFa. 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 recom-
binant RANK-L, for example, or transfixed cells expressing
high levels of RANK-L, are employed to generate mono-
clonal antibodies against RANK-L using conventional tech-
niques, 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 compo-
nents of diagnostic or research assays for RANK-L or
RANK-L activity, or in affinity purification of RANK-L.



US 7,572,594 B2

27

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 rang-
ing from 10-100 pug 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
aweekly, biweekly or every third week immunization sched-
ule.

Serum samples are periodically taken by retro-orbital
bleeding or tail-tip excision for testing by dot-blot assay
(antibody sandwich), ELISA (enzyme-linked immunosor-
bent assay), immunoprecipitation, or other suitable assays,
including FACS analysis. Following detection of an appro-
priate antibody titer, positive animals are given an intrave-
nous 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 selec-
tive medium (for example, one containing hypoxanthine,
aminopterin, and thymidine, or HAT) to inhibit proliferation
of non-fused cells, myeloma-myeloma hybrids, and spleno-
cyte-splenocyte hybrids.

Hybridoma clones thus generated can be screened by
ELISA for reactivity with RANK-L, for example, by adapta-
tions of the techniques disclosed by Engvall et al., Immu-
nochem. 8: 871 (1971) and in U.S. Pat. No. 4,703,004. A
preferred screening technique is the antibody capture tech-
nique 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-I, 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 recombi-
nant RANK, for example, or transfected cells expressing high
levels of RANK, are employed to generate monoclonal anti-
bodies 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.

To immunize rodents, RANK immunogen is emulsified in
an adjuvant (such as complete or incomplete Freund’s adju-
vant, 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
aweekly, biweekly or every third week immunization sched-
ule.

Serum samples are periodically taken by retro-orbital
bleeding or tail-tip excision for testing by dot-blot assay
(antibody sandwich), ELISA (enzyme-linked immunosor-
bent assay), immunoprecipitation, or other suitable assays,
including FACS analysis. Following detection of an appro-
priate antibody titer, positive animals are given an intrave-
nous 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 selec-
tive medium (for example, one containing hypoxanthine,
aminopterin, and thymidine, or HAT) to inhibit proliferation
of non-fused cells, myeloma-myeloma hybrids, and spleno-
cyte-splenocyte hybrids.

Hybridoma clones thus generated can be screened by
ELISA for reactivity with RANK, for example, by adapta-
tions of the techniques disclosed by Engvall et al., Immu-
nochem. 8: 871 (1971) and in U.S. Pat. No. 4,703,004. A
preferred screening technique is the antibody capture tech-
nique 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 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 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 forma-
tion 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 pPBMNZ retroviral vector as
previously described (Kinsella and Nolan, 1996, Humar
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 ofthe RANK -/- mice used in these assays
has been described previously (Dougall et al., 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 granulocvtes). 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;



US 7,572,594 B2

29

MILLTENNYT). Cells that did not adhere to the MACS col-
umns were considered to be enriched for osteoclast precur-
sors 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 retro-
viral supernatants (MOI of 5) in the presence of recombinant
fibronectin fragments (Retronectin, PanVera Corp, Madison,
Wis.) for an additional 48 hrin 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 40
ng/ml CSF-1 and 200 ng/m! mRANK-L and were incubated
for 5 days in this medium.

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 2P into a c-sre-
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-src 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 con-
centration of 1 pg/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 mono-
clonal antibody GD-11. C-src activity in the immune com-
plex was monitored using a commercially available assay kit
(Upstate Biotechnology, Lake Placid, N.Y.). In brief, the mea-
surement of c-src activity entailed measuring the phospho-
transferase 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 uCi of gamma-labeled ATP, MnCl, (75 mM), ATP (500
uM), MOPS (20 mM), beta-glycerol phosphate (25 mM),
EGTA (5 mM), sodium orthovanadate (1 mM), and dithio-
thrietol (1 mM). The phosphorylated substrate peptide was
then separated from the residual labeled ATP using phospho-
cellulose 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-sre 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 ¢-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 ¢DNA or the RANK/TRAF6
binding mutant (RANK A340-421). Cells were cultured on
LabTek Chamber slides with #1 borosilicate coverglasses
(Nalge/Nunc). After incubation for 5 days in MEM contain-
ing 10% fetal bovine serum containing 40 ng/ml CSF-1 and
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200 ng/ml mRANK-L. The media was aspirated, washed
twice in PBS and then fixed in a solution of 3% paraformal-
dehyde for 10 minutes, followed by quenching in 50 mM
NH,Cl. The F-actin rings were visualized by staining the cells
with a fluorescent probe for actin, phalloidin (Molecular
Probes, Eugene, Oreg.). 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. How-
ever, 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 CaPO,, 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 contain-
ing 40 ng/ml CSF-1 and 200 ng/ml mRANK-L onto 16 well
quartz slides coated with a thin film of CaPO, (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 CaPO,, matrix as deter-
mined by numerous clear pits (also called resorptive lacunae),
which were visualized by phase-contrast microscopy. The
number of pits in the CaPQO,, 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 CaPO, film can be stained using a 0.5%
solutionofalizarin 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 back-
ground.

Cells that have been differentiated using the full-length
RANK transgene contained high levels of CaPO, resorption.
While cells differentiated with either a control virus (encod-
ing 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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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 13

<210> SEQ ID NO 1

<211> LENGTH: 3136

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (39)..(1886)
<223> OTHER INFORMATION:

<400> SEQUENCE: 1

cegetgagge cgeggcgece gccagectgt ceegegee atg gee ccg cgc gec cgg 56
Met Ala Pro Arg Ala Arg
1 5
cgg cgc cgc ccg ctg tte geg ctg ctg ctg cte tge geg ctg cte gee 104
Arg Arg Arg Pro Leu Phe Ala Leu Leu Leu Leu Cys Ala Leu Leu Ala
10 15 20
cgg ctg cag gtg gct ttg cag atc gct cct cca tgt acc agt gag aag 152
Arg Leu Gln Val Ala Leu Gln Ile Ala Pro Pro Cys Thr Ser Glu Lys
25 30 35
cat tat gag cat ctg gga cgg tgc tgt aac aaa tgt gaa cca gga aag 200
His Tyr Glu His Leu Gly Arg Cys Cys Asn Lys Cys Glu Pro Gly Lys
40 45 50
tac atg tet tet aaa tge act act ace tet gac agt gta tgt ctg cec 248
Tyr Met Ser Ser Lys Cys Thr Thr Thr Ser Asp Ser Val Cys Leu Pro
55 60 65 70
tgt gge ccg gat gaa tac ttg gat age tgg aat gaa gaa gat aaa tgce 296
Cys Gly Pro Asp Glu Tyr Leu Asp Ser Trp Asn Glu Glu Asp Lys Cys
75 80 85
ttg ctg cat aaa gtt tgt gat aca ggc aag gee ctg gtg gee gtg gte 344
Leu Leu His Lys Val Cys Asp Thr Gly Lys Ala Leu Val Ala Val Val
90 95 100
gcec gge aac age acg acc cce ¢gg cge tge geg tge acg get ggg tac 392
Ala Gly Asn Ser Thr Thr Pro Arg Arg Cys Ala Cys Thr Ala Gly Tyr
105 110 115
cac tgg agc cag gac tge gag tge tge cge cge aac ace gag tgc geg 440
His Trp Ser Gln Asp Cys Glu Cys Cys Arg Arg Asn Thr Glu Cys Ala
120 125 130
ceg gge ctg gge gee cag cac ceg ttg cag cte aac aag gac aca gtg 488
Pro Gly Leu Gly Ala Gln His Pro Leu Gln Leu Asn Lys Asp Thr Val
135 140 145 150
tge aaa cct tge ctt gca gge tac tte tet gat gee ttt tee tee acg 536
Cys Lys Pro Cys Leu Ala Gly Tyr Phe Ser Asp Ala Phe Ser Ser Thr
155 160 165
gac aaa tgc aga ccc tgg acc aac tgt acc tte ctt gga aag aga gta 584
Asp Lys Cys Arg Pro Trp Thr Asn Cys Thr Phe Leu Gly Lys Arg Val
170 175 180
gaa cat cat ggg aca gag aaa tcec gat geg gtt tge agt tet tet ctg 632
Glu His His Gly Thr Glu Lys Ser Asp Ala Val Cys Ser Ser Ser Leu
185 190 195
cca gct aga aaa cca cca aat gaa ccc cat gtt tac ttg cce ggt tta 680
Pro Ala Arg Lys Pro Pro Asn Glu Pro His Val Tyr Leu Pro Gly Leu
200 205 210
ata att ctg ctt cte tte geg tet gtg gee ctg gty get gee ate ate 728
Ile Ile Leu Leu Leu Phe Ala Ser Val Ala Leu Val Ala Ala Ile Ile
215 220 225 230
ttt ggc gtt tgc tat agg aaa aaa ggyg aaa gca cte aca gct aat ttg 776

Phe Gly Val Cys Tyr Arg Lys Lys Gly Lys Ala Leu Thr Ala Asn Leu
235 240 245
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-continued
tgg cac tgg atc aat gag gct tgt ggc cgc cta agt gga gat aag gag 824
Trp His Trp Ile Asn Glu Ala Cys Gly Arg Leu Ser Gly Asp Lys Glu
250 255 260
tce tca ggt gac agt tgt gtc agt aca cac acg gca aac ttt ggt cag 872
Ser Ser Gly Asp Ser Cys Val Ser Thr His Thr Ala Asn Phe Gly Gln
265 270 275
cag gga gca tgt gaa ggt gtc tta ctg ctg act ctg gag gag aag aca 920
Gln Gly Ala Cys Glu Gly Val Leu Leu Leu Thr Leu Glu Glu Lys Thr
280 285 290
ttt cca gaa gat atg tgc tac cca gat caa ggt ggt gtc tgt cag ggc 968
Phe Pro Glu Asp Met Cys Tyr Pro Asp Gln Gly Gly Val Cys Gln Gly
295 300 305 310
acg tgt gta gga ggt ggt ccc tac gca caa ggc gaa gat gcc agg atg 1016
Thr Cys Val Gly Gly Gly Pro Tyr Ala Gln Gly Glu Asp Ala Arg Met
315 320 325
ctc tca ttg gtc agc aag acc gag ata gag gaa gac agc ttc aga cag 1064
Leu Ser Leu Val Ser Lys Thr Glu Ile Glu Glu Asp Ser Phe Arg Gln
330 335 340
atg ccc aca gaa gat gaa tac atg gac agg ccc tcc cag ccc aca gac 1112
Met Pro Thr Glu Asp Glu Tyr Met Asp Arg Pro Ser Gln Pro Thr Asp
345 350 355
cag tta ctg tte cte act gag cet gga age aaa tee aca cet cet tte 1160
Gln Leu Leu Phe Leu Thr Glu Pro Gly Ser Lys Ser Thr Pro Pro Phe
360 365 370
tet gaa cece ctg gag gty ggg gag aat gac agt tta age cag tge tte 1208
Ser Glu Pro Leu Glu Val Gly Glu Asn Asp Ser Leu Ser Gln Cys Phe
375 380 385 390
acg ggg aca cag age aca gtg ggt tca gaa age tge aac tge act gag 1256
Thr Gly Thr Gln Ser Thr Val Gly Ser Glu Ser Cys Asn Cys Thr Glu
395 400 405
cee ctg tge agg act gat tgg act cee atg tee tet gaa aac tac ttg 1304
Pro Leu Cys Arg Thr Asp Trp Thr Pro Met Ser Ser Glu Asn Tyr Leu
410 415 420
caa aaa gag gtg gac agt gge cat tge ceg cac tgg gea gee age cec 1352
Gln Lys Glu Val Asp Ser Gly His Cys Pro His Trp Ala Ala Ser Pro
425 430 435
age cce aac tgg gca gat gte tge aca gge tge c¢gg aac ccet cet ggg 1400
Ser Pro Asn Trp Ala Asp Val Cys Thr Gly Cys Arg Asn Pro Pro Gly
440 445 450
gag gac tgt gaa ccc cte gtg ggt tee cca aaa c¢gt gga cce ttg cce 1448
Glu Asp Cys Glu Pro Leu Val Gly Ser Pro Lys Arg Gly Pro Leu Pro
455 460 465 470
cag tgc gee tat gge atg gge ctt cce cect gaa gaa gaa gcoc age agg 1496
Gln Cys Ala Tyr Gly Met Gly Leu Pro Pro Glu Glu Glu Ala Ser Arg
475 480 485
acg gag gcc aga gac cag ccc gag gat ggg get gat ggg agg cte cca 1544
Thr Glu Ala Arg Asp Gln Pro Glu Asp Gly Ala Asp Gly Arg Leu Pro
490 495 500
age tca geg agg gca ggt gee ggg tet gga age tee cet ggt gge cag 1592
Ser Ser Ala Arg Ala Gly Ala Gly Ser Gly Ser Ser Pro Gly Gly Gln
505 510 515
tecec cct geca tet gga aat gtg act gga aac agt aac tce acg tte atce 1640
Ser Pro Ala Ser Gly Asn Val Thr Gly Asn Ser Asn Ser Thr Phe Ile
520 525 530
tecc age ggg cag gtg atg aac ttc aag ggc gac atce ate gtg gte tac 1688
Ser Ser Gly Gln Val Met Asn Phe Lys Gly Asp Ile Ile Val Val Tyr
535 540 545 550
gtc agc cag acc teg cag gag ggce gcg gceg geg gcet geg gag ccece atg 1736
Val Ser Gln Thr Ser Gln Glu Gly Ala Ala Ala Ala Ala Glu Pro Met



35

US 7,572,594 B2

36

-continued
555 560 565
ggc cgc ccg gtg cag gag gag acc ctg gcg cgc cga gac tcc tte gcg 1784
Gly Arg Pro Val Gln Glu Glu Thr Leu Ala Arg Arg Asp Ser Phe Ala
570 575 580
ggg aac ggc ccg cgc ttc ccg gac ccg tgc gge gge ccc gag ggg ctg 1832
Gly Asn Gly Pro Arg Phe Pro Asp Pro Cys Gly Gly Pro Glu Gly Leu
585 590 595
cgg gag ccg gag aag gcc tecg agg ccg gtg cag gag caa ggc ggg gcc 1880
Arg Glu Pro Glu Lys Ala Ser Arg Pro Val Gln Glu Gln Gly Gly Ala
600 605 610
aag gct tgagcgcccce ccatggctgg gagcccgaag ctcggageca gggctcgega 1936
Lys Ala
615
gggcagcacce gcagcectetg ccccagecee ggccacccayg ggatcgateg gtacagtega 1996
ggaagaccac ccggcattct ctgcccactt tgccttceccag gaaatggget tttcaggaag 2056
tgaattgatg aggactgtcc ccatgcccac ggatgctcag cagceccgccg cactggggca 211s
gatgtctecce ctgccactce tcaaactcge agcagtaatt tgtggcacta tgacagctat 2176
ttttatgact atcctgttet gtgggggggg ggtctatgtt ttcceccccat atttgtatte 2236
cttttcataa cttttcttga tatctttcct ccctettttt taatgtaaag gttttctcaa 2296
aaattctcct aaaggtgagg gtctctttet tttctcectttt cctttttttt ttecttttttt 2356
ggcaacctygyg ctetggecca ggetagagtyg cagtggtgeg attatageee ggtgeagect 2416
ctaactcctg ggctcaagca atccaagtga tcctcccace tcaaccttceg gagtagetgg 2476
gatcacaget gecaggecacg cccagettee teceeccgace teecceccee cagagacacyg 2536
gtececaccat gttacccage ctggtetcaa actecccage taaagcagte ctecagecte 2596
ggeeteccaa agtactggga ttacaggegt gageccccac getggectge tttacgtatt 2656
ttettttgtyg ccectygetea cagtgtttta gagatggett teccagtgtyg tgttecattgt 2716
aaacactttt gggaaagggc taaacatgtg aggectggag atagttgceta agttgetagg 2776
aacatgtggt gggactttca tattctgaaa aatgttctat attcetcattt ttctaaaaga 2836
aagaaaaaag gaaacccgat ttatttctec tgaatctttt taagtttgtg tcgttectta 2896
agcagaacta agctcagtat gtgaccttac ccgectaggtg gttaatttat ccatgetgge 2956
agaggcactc aggtacttgg taagcaaatt tctaaaacte caagttgetg cagcettggea 3016
ttettettat tetagaggte tetetggaaa agatggagaa aatgaacagg acatgggget 3076
cctggaaaga aagggeccgg gaagttcaag gaagaataaa gttgaaattt taaaaaaaaa 3136

<210> SEQ ID NO 2
<211> LENGTH: 616

<212> TYPE:

PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Ala Pro Arg Ala Arg Arg Arg

1

Leu Cys Ala

Pro Cys Thr
35

Lys Cys Glu
50

Asp Ser Val

5

Leu Leu Ala Arg Leu

20

Ser Glu Lys His Tyr

40

Pro Gly Lys Tyr Met

55

Cys Leu Pro Cys Gly

Arg Pro Leu
10

Gln Val Ala
25
Glu His Leu

Ser Ser Lys

Pro Asp Glu

Phe Ala Leu
Leu Gln Ile
30

Gly Arg Cys
45

Cys Thr Thr
60

Tyr Leu Asp

Leu Leu

15

Ala Pro

Cys Asn

Thr Ser

Ser Trp
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-continued

38

65

Ala

Ala

Arg

Leu

145

Asp

Phe

Val

Val

Leu

225

Ala

Leu

Thr

Thr

Gly

305

Gly

Glu

Pro

Lys

Ser

385

Ser

Ser

Cys

Lys
465

Glu

Glu

Leu

Cys

Asn

130

Asn

Ala

Leu

Cys

Tyr

210

Val

Leu

Ser

Ala

Leu

290

Gly

Glu

Asp

Ser

Ser

370

Leu

Cys

Ser

Trp

Arg

450

Arg

Glu

Glu

Val

Thr

115

Thr

Lys

Phe

Gly

Ser

195

Leu

Ala

Thr

Gly

Asn

275

Glu

Val

Asp

Ser

Gln

355

Thr

Ser

Asn

Glu

Ala

435

Asn

Gly

Glu

Asp

Ala

100

Ala

Glu

Asp

Ser

Lys

180

Ser

Pro

Ala

Ala

Asp

260

Phe

Glu

Ala

Phe

340

Pro

Pro

Gln

Asn

420

Ala

Pro

Pro

Ala

Lys

85

Val

Gly

Cys

Thr

Ser

165

Arg

Ser

Gly

Ile

Asn

245

Lys

Gly

Lys

Gln

Arg

325

Arg

Thr

Pro

Cys

Thr

405

Tyr

Ser

Pro

Leu

Ser
485

70

Val

Tyr

Ala

Val

150

Thr

Val

Leu

Leu

Ile

230

Leu

Glu

Gln

Thr

Gly

310

Met

Gln

Asp

Phe

Phe

390

Glu

Leu

Pro

Gly

Pro

470

Arg

Leu

Ala

His

Pro

135

Cys

Asp

Glu

Pro

Ile

215

Phe

Trp

Ser

Gln

Phe

295

Thr

Leu

Met

Gln

Ser

375

Thr

Pro

Gln

Ser

Glu

455

Gln

Thr

Leu

Gly

Trp

120

Gly

Lys

Lys

His

Ala

200

Ile

Gly

His

Ser

Gly

280

Pro

Cys

Ser

Pro

Leu

360

Glu

Gly

Leu

Lys

Pro

440

Asp

Cys

Glu

His

Asn

105

Ser

Leu

Pro

Cys

His

185

Arg

Leu

Val

Trp

Gly

265

Ala

Glu

Val

Leu

Thr

345

Leu

Pro

Thr

Cys

Glu

425

Asn

Cys

Ala

Ala

Lys

90

Ser

Gln

Gly

Cys

Arg

170

Gly

Lys

Leu

Cys

Ile

250

Asp

Cys

Asp

Gly

Val

330

Glu

Phe

Leu

Gln

Arg

410

Val

Trp

Glu

Tyr

Arg
490

75

Val

Thr

Asp

Ala

Leu

155

Pro

Thr

Pro

Leu

Tyr

235

Asn

Ser

Glu

Met

Gly

315

Ser

Asp

Leu

Glu

Ser

395

Thr

Asp

Ala

Pro

Gly

475

Asp

Cys

Thr

Cys

Gln

140

Ala

Trp

Glu

Pro

Phe

220

Arg

Glu

Cys

Gly

Cys

300

Gly

Lys

Glu

Thr

Val

380

Thr

Asp

Ser

Asp

Leu

460

Met

Gln

Asp

Pro

Glu

125

His

Gly

Thr

Lys

Asn

205

Ala

Lys

Ala

Val

Val

285

Tyr

Pro

Thr

Tyr

Glu

365

Gly

Val

Trp

Gly

Val

445

Val

Gly

Pro

Thr

Arg

110

Cys

Pro

Tyr

Asn

Ser

190

Glu

Ser

Lys

Cys

Ser

270

Leu

Pro

Tyr

Glu

Met

350

Pro

Glu

Gly

Thr

Hisg

430

Cys

Gly

Leu

Glu

Gly

95

Arg

Cys

Leu

Phe

Cys

175

Asp

Pro

Val

Gly

Gly

255

Thr

Leu

Asp

Ala

Ile

335

Asp

Gly

Asn

Ser

Pro

415

Cys

Thr

Ser

Pro

Asp
495

80

Lys

Cys

Arg

Gln

Ser

160

Thr

Ala

His

Ala

Lys

240

Arg

His

Leu

Gln

Gln

320

Glu

Arg

Ser

Asp

Glu

400

Met

Pro

Gly

Pro

Pro

480

Gly
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40

Ala

Ser

Ser

Asp

545

Ala

Arg

Gly

Gln

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

Asp

Ser

Asn

530

Ile

Ala

Arg

Gly

Glu
610

Gly

Pro

515

Ser

Ile

Ala

Asp

Pro

595

Gln

Arg

500

Gly

Thr

Val

Glu

Ser

580

Glu

Gly

SEQUENCE :

atyg gee cey cge

Met
1

geg
Ala

cet
Pro

age
Ser

tee
Ser
65

tgg
Trp

aag
Lys

tgt
Cys

cge
Arg

cag
Gln
145

teca
Ser

Ala

cte
Leu

cca
Pro

aga
Arg

gac
Asp

aat
Asn

gee
Ala

get
Ala

agg
Arg
130

cte

Leu

gat
Asp

Pro

tge
Cys

tge
Cys
35

tge
Cys

agt
Ser

gaa
Glu

ctyg
Leu

tge
Cys
115

aac

Asn

aac
Asn

gte
Val

Arg

gty
Val
20

ace
Thr

gaa
Glu

gtg
Val

gaa
Glu

gtg
Val
100

acg

Thr

acg
Thr

aag
Lys

ttt
Phe

Leu

Gly

Phe

Val

Pro

565

Phe

Gly

Gly

SEQ ID NO 3
LENGTH :
TYPE: DNA
ORGANISM:
FEATURE:

NAME/KEY: CDS
LOCATION :

1878

Mus

Pro

Gln

Ile

Tyr

550

Met

Ala

Leu

Ala

sp.

Ser

Ser

Ser

535

Val

Gly

Gly

Arg

Lys
615

(1) .. (1875)

3

gee
Ala
5

cty

Leu

cag
Gln

cea
Pro

tgt
Cys

gat
Asp

geg
Ala

get
Ala

gag
Glu

gat
Asp

teg
Ser

OTHER INFORMATION:

€99
Arg

cte
Leu

gag
Glu

gga
Gly

ctyg
Leu
70

aaa
Lys

gtg
Val

gge
Gly

tgt
Cys

acg
Thr
150

tece
Ser

g9
Arg

gtt
Val

agg
Arg

aag
Lys
55

cee
Pro

tge
Cys

gat
Asp

tac
Tyr

gca
Ala
135

gtg
Val

aca
Thr

Ser
Pro
520

Ser

Ser

Arg

Asn

Glu

600

Ala

cge
Arg

cca
Pro

cat
His
40

tac
Tyr

tgt
Cys

ttg
Leu

cet
Pro

cac
His
120
cet

Pro

tge
Cys

gac
Asp

Ala
505

Ala

Gly

Gln

Pro

Gly

585

Pro

cge
Arg

cty
Leu
25

tat
Tyr

cty
Leu

gge
Gly

ctyg
Leu

gge
Gly
105

tgg
Trp

gge
Gly

aca
Thr

aaa
Lys

Arg

Ser

Gln

Thr

Val
570

Pro

Glu

cay
Gln
10

cay
Gln

gag
Glu

tee
Ser

cee
Pro

cat
His
90

aac

Asn

aac
Asn

tte
Phe

cee
Pro

tgce
Cys

Ala

Gly

Val

Ser

555

Gln

Arg

Lys

cty
Leu

gty
Val

cat
His

tet
Ser

gat
Asp

aaa
Lys

cac
His

tea
Ser

gga
Gly

tge
Cys
155

aaa
Lys

Gly

Asn

Met
540

Gln

Glu

Phe

Ala

cee
Pro

act
Thr

cte
Leu

aag
Lys
60

gag
Glu

gte
Val

acy
Thr

gac
Asp

gct
Ala
140

cte

Leu

cet
Pro

Ala

Val
525

Asn

Glu

Glu

Pro

Ser
605

geg
Ala

cte
Leu

gga
Gly

tge
Cys

tac
Tyr

tgt
Cys

gece
Ala

tge
Cys
125

cag

Gln

ety
Leu

tgg
Trp

Gly
510

Thr

Phe

Gly

Thr

Asp
590

Arg

ceg
Pro

cag
Gln
30

c¢gg
Arg

act
Thr

ttg
Leu

gat
Asp

ceg
Pro
110

gag
Glu

cat
Hisg

ggc
Gly

acc
Thr

Ser

Gly

Lys

Ala

Leu
575

Pro

Pro

ctyg
Leu
15

gte
Val

tgt
Cys

cet
Pro

gac
Asp

gea
Ala
95

cgt

Arg

tgc
Cys

cee
Pro

tte
Phe

aac
Asn

Gly

Asn

Gly

Ala
560

Ala

Cys

Val

cty
Leu

act
Thr

tge
Cys

ace
Thr

ace
Thr
80

gge
Gly

cge
Arg

tge
Cys

ttg
Leu

tte
Phe
160

tge
Cys

48

96

144

192

240

288

336

384

432

480

528
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42

-continued
165 170 175
acc cte ctt gga aag cta gaa gca cac cag ggg aca acg gaa tca gat 576
Thr Leu Leu Gly Lys Leu Glu Ala His Gln Gly Thr Thr Glu Ser Asp
180 185 190
gtg gtc tgc age tet tee atg aca ctg agg aga cca ccc aag gag gcc 624
Val Val Cys Ser Ser Ser Met Thr Leu Arg Arg Pro Pro Lys Glu Ala
195 200 205
cag gct tac ctg ccc agt ctec atc gtt ctg cte ctce tte atc tect gtg 672
Gln Ala Tyr Leu Pro Ser Leu Ile Val Leu Leu Leu Phe Ile Ser Val
210 215 220
gta gta gtg gct gec atc atc ttec gge gtt tac tac agg aag gga ggg 720
Val Val Val Ala Ala Ile Ile Phe Gly Val Tyr Tyr Arg Lys Gly CGly
225 230 235 240
aaa gcg ctg aca gct aat ttg tgg aat tgg gtc aat gat gct tgc agt 768
Lys Ala Leu Thr Ala Asn Leu Trp Asn Trp Val Asn Asp Ala Cys Ser
245 250 255
agt cta agt gga aat aag gag tcc tca ggg gac cgt tgt gct ggt tcc 816
Ser Leu Ser Gly Asn Lys Glu Ser Ser Gly Asp Arg Cys Ala Gly Ser
260 265 270
cac tcg gca acc tcc agt cag caa gaa gtg tgt gaa ggt atc tta cta 864
His Ser Ala Thr Ser Ser Gln Gln Glu Val Cys Glu Gly Ile Leu Leu
275 280 285
atg act cgg gag gag aag atg gtt cca gaa gac ggt gct gga gtc tgt 912
Met Thr Arg Glu Glu Lys Met Val Pro Glu Asp Gly Ala Gly Val Cys
290 295 300
ggg cct gtg tgt geg geca ggt ggg ccc tgg gca gaa gte aga gat tect 960
Gly Pro Val Cys Ala Ala Gly Gly Pro Trp Ala Glu Val Arg Asp Ser
305 310 315 320
agg acg tte aca ctg gte age gag gtt gag acg caa gga gac cte teg 1008
Arg Thr Phe Thr Leu Val Ser Glu Val Glu Thr Gln Gly Asp Leu Ser
325 330 335
agg aag att cce aca gag gat gag tac acg gac c¢gg cce teg cag cet 1056
Arg Lys Ile Pro Thr Glu Asp Glu Tyr Thr Asp Arg Pro Ser Gln Pro
340 345 350
teg act g9t tea ctg cte cta ate cag cag gga age aaa tet ata cec 1104
Ser Thr Gly Ser Leu Leu Leu Ile Gln Gln Gly Ser Lys Ser Ile Pro
355 360 365
cca tte cag gag ccc ctg gaa gtg ggg gag aac gac agt tta age cag 1152
Pro Phe Gln Glu Pro Leu Glu Val Gly Glu Asn Asp Ser Leu Ser Gln
370 375 380
tgt ttec acc ggg act gaa age acg gtg gat tet gag gge tgt gac tte 1200
Cys Phe Thr Gly Thr Glu Ser Thr Val Asp Ser Glu Gly Cys 2Asp Phe
385 390 395 400
act gag cct cecg age aga act gac tet atg cce gtg tee cet gaa aag 1248
Thr Glu Pro Pro Ser Arg Thr Asp Ser Met Pro Val Ser Pro Glu Lys
405 410 415
cac ctg aca aaa gaa ata gaa ggt gac agt tgce cte cce tgg gtg gte 1296
Hig Leu Thr Lys Glu Ile Glu Gly Asp Ser Cys Leu Pro Trp Val Val
420 425 430
agce tce aac tca aca gat gge tac aca ggc agt ggyg aac act cct ggg 1344
Ser Ser Asn Ser Thr Asp Gly Tyr Thr Gly Ser Gly Asn Thr Pro Gly
435 440 445
gag gac cat gaa cecc ttt cca ggg tee ctg aaa tgt gga cca ttg cecce 1392
Glu Asp His Glu Pro Phe Pro Gly Ser Leu Lys Cys Gly Pro Leu Pro
450 455 460
cag tgt gcc tac age atg gge ttt cce agt gaa gca gca gec age atg 1440
Gln Cys Ala Tyr Ser Met Gly Phe Pro Ser Glu Ala Ala Ala Ser Met
465 470 475 480
gca gag gcg gga gta cgg ccc cag gac agg gct gat gag agg gga gece 1488
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44

Ala

tca
Ser

gtg
Val

aac

gag
Glu
545

gtg
Val

ceg
Pro

999
Gly

ggt
Gly

gaa
Glu
625

<210>
<211>
<212>
<213>

<400>

Glu

999
Gly

act
Thr

tte
Phe
530

gge
Gly

cag
Gln

cge
Arg

gca
Ala

999
Gly
610

tga

Ala

tece
Ser

gga
Gly
515

aag
Lys

ceg
Pro

gag
Glu

tte
Phe

cce
Pro
595

gcg
Ala

Gly

999
Gly
500

aac
Asn

ggt
Gly

ggt
Gly

gag
Glu

cece
Pro
580

€99
Arg

cag
Gln

SEQUENCE :

Met Ala Pro Arg

1

Ala

Pro

Ser

Ser

65

Trp

Lys

Cys

Arg

Gln

145

Ser

Leu

Pro

Arg

50

Asp

Asn

Ala

Ala

Arg

130

Leu

Asp

Cys

Cys

35

Cys

Ser

Glu

Leu

Cys

115

Asn

Asn

Val

Val

20

Thr

Glu

Val

Glu

Val

100

Thr

Thr

Phe

Val
485

age
Ser

agt
Ser

gac
Asp

tecc
Ser

acyg
Thr
565

gac

Asp

cag
Gln

act
Thr

SEQ ID NO 4
LENGTH :
TYPE: PRT
ORGANISM:

625

Mus
4

Ala

5

Leu

Gln

Pro

Cys

Asp

85

Ala

Ala

Glu

Asp

Ser
165

Arg

tce
Ser

aac
Asn

atc
Ile

gca
Ala
550

ctyg

Leu

gtc
Val

aag
Lys

tca
Ser

sp.

Arg

Leu

Glu

Gly

70

Lys

Val

Gly

Cys

Thr

150

Ser

Pro

cece
Pro

tce
Ser

atc
Ile
535

gag
Glu

gca
Ala

tgt
Cys

gac
Asp

cte
Leu
615

Arg

Val

Arg

Lys

55

Pro

Cys

Asp

Tyr

Ala

135

Val

Thr

Gln

agt
Ser

acyg
Thr
520

gtg
Val

cce
Pro

cac
His

gee
Ala

999
Gly
600

cat
His

Arg

Pro

His

40

Tyr

Cys

Leu

Pro

His

120

Pro

Cys

Asp

Asp

gac
Asp
505
tte
Phe

gtg
Val

gag
Glu

aga
Arg

acc
Thr
585

aca

Thr

ace
Thr

Arg

Leu

25

Tyr

Leu

Gly

Leu

Gly

105

Trp

Gly

Thr

Lys

Arg
490

cag
Gln

atc
Ile

tat
Tyr

tcg
Ser

gac
Asp
570

999
Gly

tcg
Ser

cag
Gln

Gln

10

Gln

Glu

Ser

Pro

His

90

Asn

Asn

Phe

Pro

Cys
170

Ala

cca
Pro

tect
Ser

gtc
Val

gag
Glu
555

tece

Ser

gct
Ala

cg9
Arg

999
Gly

Leu

Val

His

Ser

Asp

75

Lys

His

Ser

Gly

Cys

155

Lys

Asp

cct
Pro

age
Ser

age
Ser
540

cce

Pro

ttt
Phe

999
Gly

ceyg
Pro

tce
Ser
620

Pro

Thr

Leu

Lys

60

Glu

Val

Thr

Asp

Ala

140

Leu

Pro

Glu

gee
Ala

999
Gly
525

cag
Gln

gty
Val

gcg
Ala

ctyg
Leu

gty
Val
605

gga
Gly

Ala

Leu

Gly

45

Cys

Tyr

Cys

Ala

Cys

125

Gln

Leu

Trp

Arg

tet
Ser
510

cag

Gln

acc
Thr

gge
Gly

gge
Gly

cag
Gln
590

cag

Gln

caa
Gln

Pro

Gln

30

Arg

Thr

Leu

Asp

Pro

110

Glu

Hisg

Gly

Thr

Gly
495

999
Gly

gtg
Val

tcyg
Ser

cgc
Arg

acc
Thr
575

gag
Glu

gag
Glu

tgt
Cys

Leu

15

Val

Cys

Pro

Asp

Ala

95

Arg

Cys

Pro

Phe

Asn
175

2la

aac
Asn

atg
Met

cag
Gln

cct
Pro
560

geg
Ala

cag
Gln

cag
Gln

gca
Ala

Leu

Thr

Cys

Thr

Thr

80

Gly

Arg

Cys

Leu

Phe

160

Cys

1536

1584

1632

1680

1728

1776

1824

1872

1878
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46

Thr

Val

Gln

Val

225

Lys

Ser

Met

Gly

305

Arg

Arg

Ser

Pro

Cys

385

Thr

Ser

Glu

Gln

465

Ala

Ser

Val

Asn

Glu

545

Val

Pro

Leu

Val

Ala

210

Val

Ala

Leu

Ser

Thr

290

Pro

Thr

Lys

Thr

Phe

370

Phe

Glu

Leu

Ser

Asp

450

Cys

Glu

Gly

Thr

Phe

530

Gly

Gln

Arg

Leu

Cys

195

Tyr

Val

Leu

Ser

Ala

275

Arg

Val

Phe

Ile

Gly

355

Gln

Thr

Pro

Thr

Asn

435

His

Ala

Ala

Ser

Gly

515

Lys

Pro

Glu

Phe

Gly

180

Ser

Leu

Ala

Thr

Gly

260

Thr

Glu

Thr

Pro

340

Ser

Glu

Gly

Pro

Lys

420

Ser

Glu

Gly

Gly

500

Asn

Gly

Gly

Glu

Pro
580

Lys

Ser

Pro

Ala

Ala

245

Asn

Ser

Glu

Ala

Leu

325

Thr

Leu

Pro

Thr

Ser

405

Glu

Thr

Pro

Ser

Val

485

Ser

Ser

Asp

Ser

Thr

565

Asp

Leu

Ser

Ser

Ile

230

Asn

Lys

Ser

Lys

Ala

310

Val

Glu

Leu

Leu

Glu

390

Arg

Ile

Asgp

Phe

Met

470

Arg

Ser

Asn

Ile

Ala

550

Leu

Val

Glu

Met

Leu

215

Ile

Leu

Glu

Gln

Met

295

Gly

Ser

Asp

Leu

Glu

375

Ser

Thr

Glu

Gly

Pro

455

Gly

Pro

Pro

Ser

Ile

535

Glu

Ala

Cys

Ala

Thr

200

Ile

Phe

Trp

Ser

Gln

280

Val

Gly

Glu

Glu

Ile

360

Val

Thr

Asp

Gly

Tyr

440

Gly

Phe

Gln

Ser

Thr

520

Val

Pro

His

Ala

His

185

Leu

Val

Gly

Asn

Ser

265

Glu

Pro

Pro

Val

Tyr

345

Gln

Gly

Val

Ser

Asp

425

Thr

Ser

Pro

Asp

Asp

505

Phe

Val

Glu

Arg

Thr
585

Gln

Arg

Leu

Val

Trp

250

Gly

Val

Glu

Trp

Glu

330

Thr

Gln

Glu

Asp

Met

410

Ser

Gly

Leu

Ser

Arg

490

Gln

Ile

Tyr

Ser

Asp

570

Gly

Gly

Arg

Leu

Tyr

235

Val

Asp

Cys

Asp

Ala

315

Thr

Asp

Gly

Asn

Ser

395

Pro

Cys

Ser

Lys

Glu

475

Ala

Pro

Ser

Val

Glu

555

Ser

Ala

Thr

Pro

Leu

220

Tyr

Asn

Arg

Glu

Gly

300

Glu

Gln

Arg

Ser

Asp

380

Glu

Val

Leu

Gly

Cys

460

Ala

Asp

Pro

Ser

Ser

540

Pro

Phe

Gly

Thr

Pro

205

Phe

Arg

Asp

Cys

Gly

285

Ala

Val

Gly

Pro

Lys

365

Ser

Gly

Ser

Pro

Asn

445

Gly

Ala

Glu

Ala

Gly

525

Gln

Val

Ala

Leu

Glu

190

Lys

Ile

Lys

Ala

Ala

270

Ile

Gly

Arg

Asp

Ser

350

Ser

Leu

Cys

Pro

Trp

430

Thr

Pro

Ala

Arg

Ser

510

Gln

Thr

Gly

Gly

Gln
590

Ser

Glu

Ser

Gly

Cys

255

Gly

Leu

Val

Asp

Leu

335

Gln

Ile

Ser

Asp

Glu

415

Val

Pro

Leu

Ser

Gly

495

Gly

Val

Ser

Arg

Thr

575

Glu

Asp

2la

Val

Gly

240

Ser

Ser

Leu

Cys

Ser

320

Ser

Pro

Pro

Gln

Phe

400

Lys

Val

Gly

Pro

Met

480

Ala

Asn

Met

Gln

Pro

560

Ala

Gln
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-continued

Gly Ala Pro Arg Gln Lys Asp Gly Thr Ser Arg Pro Val Gln Glu Gln
595 600 605

Gly Gly Ala Gln Thr Ser Leu His Thr Gln Gly Ser Gly Gln Cys Ala
610 615 620

Glu
625

<210> SEQ ID NO 5

<211> LENGTH: 954

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1) ..(951)
<223> OTHER INFORMATION:

<400> SEQUENCE: 5

atg cgc cgc gece age aga gac tac acc aag tac ctg cgt ggce tcg gag 48
Met Arg Arg Ala Ser Arg Asp Tyr Thr Lys Tyr Leu Arg Gly Ser CGlu
1 5 10 15
gag atg ggc ggc ggc ccc gga gec ccg cac gag gge cce ctg cac gee 96
Glu Met Gly Gly Gly Pro Gly Ala Pro His Glu Gly Pro Leu His Ala
20 25 30
ceg cog ceg et geg ceg cac cag cee cee gee gee tee cge tee aty 144
Pro Pro Pro Pro Ala Pro His Gln Pro Pro Ala Ala Ser Arg Ser Met
35 40 45
tte gtg gee cte ctg ggyg ctg ggg ctyg gge cag gtt gte tge age gte 192
Phe Val Ala Leu Leu Gly Leu Gly Leu Gly Gln Val Val Cys Ser Val
50 55 60
gee ¢ty tte tte tat tte aga geg cag atg gat cet aat aga ata tca 240
Ala Leu Phe Phe Tyr Phe Arg Ala Gln Met Asp Pro Ash Arg Ile Ser
65 70 75 80
gaa gat ggce act cac tge att tat aga att ttg aga cte cat gaa aat 288
Glu Asp Gly Thr His Cys Ile Tyr Arg Ile Leu Arg Leu His Glu Asn
85 90 95
gca gat ttt caa gac aca act ctg gag agt caa gat aca aaa tta ata 336
Ala Asp Phe Gln Asp Thr Thr Leu Glu Ser Gln Asp Thr Lys Leu Ile
100 105 110
cet gat tea tgt agg aga att aaa cag gee ttt caa gga get gtg caa 384
Pro Asp Ser Cys Arg Arg Ile Lys Gln Ala Phe Gln Gly Ala Val Gln
115 120 125
aag gaa tta caa cat atc gtt gga tca cag cac atc aga gca gag aaa 432
Lys Glu Leu Gln His Ile Val Gly Ser Gln His Ile Arg Ala Glu Lys
130 135 140
gcg atg gtg gat gge tca tgg tta gat ctg gee aag agg age aag ctt 480
Ala Met Val Asp Gly Ser Trp Leu Asp Leu Ala Lys Arg Ser Lys Leu
145 150 155 160
gaa gct cag cct ttt get cat cte act att aat gee ace gac ate cca 528
Glu Ala Gln Pro Phe Ala His Leu Thr Ile Asn Ala Thr Asp Ile Pro
165 170 175
tet ggt tec cat aaa gtg agt ctg tee tet tgg tac cat gat cgg ggt 576
Ser Gly Ser His Lys Val Ser Leu Ser Ser Trp Tyr His Asp Arg Gly
180 185 190
tgg gce aag atc tec aac atg act ttt age aat gga aaa cta ata gtt 624
Trp Ala Lys Ile Ser Asn Met Thr Phe Ser Asn Gly Lys Leu Ile Val
195 200 205
aat cag gat ggc ttt tat tac ctg tat gcc aac att tge ttt cga cat 672
Asgn Gln Asp Gly Phe Tyr Tyr Leu Tyr Ala Asn Ile Cys Phe Arg His
210 215 220
cat gaa act tca gga gac cta gct aca gag tat ctt caa cta atg gtg 720

Hig Glu Thr Ser Gly Asp Leu Ala Thr Glu Tyr Leu Gln Leu Met Val
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-continued

50

225

230

tac gtc act aaa acc agc atc aaa
Tyr Val Thr Lys Thr Ser Ile Lys

245

aaa gga gga agc acc aag tat tgg
Lys Gly Gly Ser Thr Lys Tyr Trp

260

tat tcc ata aac gtt ggt gga ttt
Tyr Ser Ile Asn Val Gly Gly Phe

275 280

atc agc atc gag gtc tcc aac ccc
Ile Ser Ile Glu Val Ser Asn Pro
290 295

gca aca tac ttt ggg gct ttt aaa
Ala Thr Tyr Phe Gly Ala Phe Lys

305

<210>
<211>
<212>
<213>

<400>

310

SEQ ID NO 6

LENGTH: 317

TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 6

Met Arg Arg Ala Ser Arg Asp Tyr

1

5

Glu Met Gly Gly Gly Pro Gly Ala

20

Pro Pro Pro Pro Ala Pro His Gln

35 40

Phe Val Ala Leu Leu Gly Leu Gly

50

55

Ala Leu Phe Phe Tyr Phe Arg Ala

65

70

Glu Asp Gly Thr His Cys Ile Tyr

85

Ala Asp Phe Gln Asp Thr Thr Leu

100

Pro Asp Ser Cys Arg Arg Ile Lys

115 120

Lys Glu Leu Gln His Ile Val Gly
130 135

Ala Met Val Asp Gly Ser Trp Leu

145

150

Glu Ala Gln Pro Phe Ala His Leu

165

Ser Gly Ser His Lys Val Ser Leu

180

Trp Ala Lys Ile Ser Asn Met Thr

195 200

Asn Gln Asp Gly Phe Tyr Tyr Leu
210 215

His Glu Thr Ser Gly Asp Leu Ala

225

230

Tyr Val Thr Lys Thr Ser Ile Lys

245

Lys Gly Gly Ser Thr Lys Tyr Trp

atc
Ile

tca
Ser
265

ttt
Phe

tece
Ser

gtt
Val

Thr

Pro

25

Pro

Leu

Gln

Arg

Glu

105

Gln

Ser

Asp

Thr

Ser

185

Phe

Tyr

Thr

Ile

Ser

cca
Pro
250

999
Gly

aag
Lys

tta
Leu

cga
Arg

Lys

10

His

Pro

Gly

Met

Ile

90

Ser

Ala

Gln

Leu

Ile

170

Ser

Ser

Ala

Glu

Pro

250

Gly

235
agt

Ser

aat
Asn

tta
Leu

ctg
Leu

gat
Asp
315

Tyr

Glu

Ala

Gln

Asp

75

Leu

Gln

Phe

His

Ala

155

Asn

Trp

Asn

Asn

Tyr

235

Ser

Asn

tet
Ser

tet
Ser

€99
Arg

gat
Asp
300

ata
Ile

Leu

Gly

Ala

Val

60

Pro

Arg

Asp

Gln

Ile

140

Lys

Ala

Tyr

Gly

Ile

220

Leu

Ser

Ser

cat
His

gaa
Glu

tet
Ser
285

ceg

Pro

gat
Asp

Arg

Pro

Ser

45

Val

Asn

Leu

Thr

Gly

125

Arg

Arg

Thr

Hisg

Lys

205

Cys

Gln

His

Glu

acc
Thr

tte
Phe
270

gga
Gly

gat
Asp

tga

Gly

Leu

30

Arg

Cys

Arg

Hisg

Lys

110

Ala

Ala

Ser

Asp

Asp

190

Leu

Phe

Leu

Thr

Phe

ctyg
Leu
255

cat

His

gag
Glu

cag
Gln

Ser

15

His

Ser

Ser

Ile

Glu

95

Leu

Val

Glu

Lys

Ile

175

Arg

Ile

Arg

Met

Leu

255

His

240
atg

Met

ttt
Phe

gaa
Glu

gat
Asp

Glu

Ala

Met

Val

Ser

80

Asn

Ile

Gln

Lys

Leu

160

Pro

Gly

Val

His

Val

240

Met

Phe

768

816

864

912

954
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Tyr

Ile

Ala
305

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

atg
Met
1

gag
Glu

gcg
Ala

atyg
Met

ate
Ile
65

teca

Ser

aac

gac
Asp

gaa
Glu

atyg
Met
145

gee

Ala

ggt
Gly

gce
Ala

caa
Gln

260

Ser Ile Asn Val Gly Gly Phe
275 280

Ser Ile Glu Val Ser Asn Pro
290 295

Thr Tyr Phe Gly Ala Phe Lys
310

SEQ ID NO 7
LENGTH: 1694
TYPE: DNA
ORGANISM:
FEATURE:
NAME/KEY: CDS
LOCATION: (1) ..(948)
OTHER INFORMATICN:

Mus musculus

SEQUENCE: 7

tac
Tyr

cge cgg gee
Arg Arg Ala

age
Ser
5

cga gac

Asp

atg
Met

cece
Pro

gte
Val

gge
Gly

age
Ser
20

gge
Gly

gge
Gly

cct
Pro

tet geca ceg get ceg geg
Ser Ala Pro Ala Pro Ala
35 40

tte ¢ty gee cte ¢ty ggy
Phe Leu Ala Leu Leu Gly
50 55

cty
Leu

tte
Phe

tac
Tyr
70

ttt
Phe

get
Ala

cty
Leu

¢ty
Leu

cga
Arg

act
Thr
85

ttt
Phe

gaa
Glu

gac
Asp

age
Ser

cac
His

tge
Cys

act
Thr

gca
Ala

gat
Asp

ttg
Leu
100

cag
Gln

gac
Asp

teg
Ser

tee
Ser

tge
Cys
115

atg
Met

aaa
Lys

caa
Gln
120

agg
Arg

agg

att
Ile

ctyg
Leu
130

caa
Gln

cac
His

ceca
Pro

gtg
Val

gg9
Gly
135

teca
Ser

atyg
Met

gaa
Glu

ttg
Leu

gat
Asp

tgg
Trp
150

gge
Gly

cea
Pro

ttt
Phe

cac
His

cte
Leu

ace
Thr

cag
Gln

geca
Ala
165

tee
Ser

cat
His

aaa
Lys
180

act
Thr

tee
Ser

gte
Val

cty
Leu

atc
Ile
195

tet
Ser

tta
Leu
200

aag
Lys

aac
Asn

atg
Met

acg
Thr

tte
Phe

tat
Tyr

tac
Tyr

tac
Tyr

gat
Asp
210

ggc
Gly

cty
Leu
215

265

Phe

Ser

Val

gge
Gly

cca
Pro
25

ceyg
Pro

gga
Gly

gcg
Ala

tat
Tyr

ctyg
Leu
105

gece
Ala

cag
Gln

gtg
Val

ate
Ile

tet
Ser
185

age

Ser

gce
Ala

Lys

Leu

Arg

aag
Lys
10

cac
His

cca
Pro

ctyg
Leu

cay
Gln

aga
Arg
90

gag
Glu

tte
Phe

cge
Arg

gee
Ala

aat
Asn
170

tgg
Trp

aac
Asn

aac
Asn

Leu

Leu

Asp
315

tac
Tyr

gag
Glu

cce
Pro

gge
Gly

aty
Met
75

ate
Ile

agt
Ser

cag
Gln

tte
Phe

cag
Gln
155

get
Ala

tac
Tyr

gg9a
Gly

att
Ile

270

Ser
285

Arg Gly Glu Glu

Asp Pro

300

Asp Gln 2Asp

Asp

cty
Leu

tcyg
Ser
15

cge agce

Ser

gag
Glu

ctyg
Leu
30

cac
His

cce
Pro

ggt
Gly

ceyg
Pro

tce
Ser

tce
Ser

gce
Ala

gce
Ala
45

cgc
Arg

gte
Val

tge
Cys

gty
Val

cay
Gln
60

age
Ser

cet
Pro

ata
Ile
80

gat
Asp

aac
Asn

aga
Arg

cte
Leu

cat
His
95

cty
Leu

aga gaa

Glu

cta
Leu

cet
Pro

aca
Thr
110

gaa
Glu

gac
Asp

gtg
Val

999
Gly

gece
Ala
125

cag
Gln

aag
Lys

tca
Ser
140

get
Ala

ceca
Pro

get
Ala

gga
Gly

cet
Pro

cga
Arg

gge
Gly

aag
Lys

gag
Glu
160

atce
Ile

cea
Pro
175

gce
Ala

age
Ser

teg
Ser

cac
Hisg

gat
Asp

cga
Arg
190

ggc
Gly

tgg
Trp

cta
Leu
205

aaa
Lys

aac
Asn

agg
Arg

gtt
Val

ttt
Phe

cat
His

cat
His

tge
Cys
220

cg9g
Arg

48

96

144

192

240

288

336

384

432

480

528

576

624

672
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54

gaa aca tcg
Glu Thr Ser
225

gtc gtt aaa
Val Val Lys

gga gg9g age
Gly Gly Ser

tece ata aat
Ser Ile Asn
275
agc att cag
Ser Ile Gln
290
acg tac ttt
Thr Tyr Phe
305
ttcgtggaac
gtctatacat
tectetettga
ggtgattaca
agaggtatte
ctgggtctaa
attgcaaaga
acctgcaaat
tgtctaaagt
tgctatagta
taaatgtaca
aagggggeag

ttaatagagt

gga agc gt
Gly Ser Va
23

acc agc at
Thr Ser Il
245

acg aaa aa
Thr Lys As
260

gtt ggg g9
Val Gly GI1

gtg tcc aa
Val Ser As

ggg gct tt

a cct aca
1 Pro Thr
0

c aaa atc
e Lys Ile

¢ tgg tcg
n Trp Ser

a ttt ttc
y Phe Phe
280

c cct tee
n Pro Ser

295

c aaa gtt

Gly Ala Phe Lys Val

31
attagcatgg
gtgtaagact
gcctgtacag
caacggtttt
cgatgettat
cecectggaca
aatgatagtyg
aagttetttt
tatatttcag
tttgattcaa
gatgtattta
aatactgttt

ctteag

<210> SEQ ID NO 8
<211> LENGTH: 316

<212> TYPE:

PRT

<213> ORGANISM: Mus mu

<400> SEQUENCE: 8

Met Arg Arg
1

Glu Met Gly
Ala Pro Ser
35

Met Phe Leu
50

Ile Ala Leu
65

Ser Glu Asp

Asn Ala Asp

Ala Ser Ar
5

Ser Gly Pr
20

Ala Pro Al

Ala Leu Le

0

atgtcctaga
actaagagac
gttgtgtata
acaattttgt
gaaaaactta
tgtgeccactyg
tgaagggtta
tttctaatga
gtgtaatgtt
aatatttaaa
actggtgcac

ctyggtgacea

sculus

g Asp Tyr

o Gly Val

a Pro Ala
40

u Gly Leu
55

Phe Leu Tyr Phe Arg

70

Ser Thr Hi
85

Leu Gln As
100

s Cys Phe

P Ser Thr

gac tat ctt

Asp Tyr Leu
235

cca agt tcect

Pro Ser Ser

250

ggc aat tct

Gly Asn Ser

265

aag ctc cga

Lys Leu Arg

ctg ctg gat
Leu Leu Asp

cag gac ata
Gln Asp Ile
315
tgtttggaaa
atggcccacyg
tgtaaagtcce
aatgatttcce
cacgtgaget
agaaccttga
agttetttty
ggagagaaaa
ttetgtygcaa
aatgtctcac

tttgtaatte

catgtagttt

Gly Lys Tyr
10

Pro His Glu
25

Pro Pro Pro

Gly Leu Gly

Ala Gln Met
75

Tyr Arg Ile
90

Leu Glu Ser
105

cag ctg atg
Gln Leu Met

cat aac ctg
His Asn Leu

gaa ttc cac
Glu Phe His
270

gct ggt gaa
Ala Gly Glu
285

ccg gat caa
Pro Asp Gln
300

gac tgagact
Asp
cttcttaaaa
gtgtatgaaa
ataggtgatg
tagaattgaa
atggaaggyy
aattaagagg
aattgttaca
atatatgtat
agttttgtaa
tgttgacata

ceetgaaggt

atttetttat

Leu Arg Ser
Gly Pro Leu
30

Ala Ala Ser
45

Gln Val Val
60

Asp Pro Asn

Leu Arg Leu

Glu Asp Thr
110

gtg tat
Val Tyr
240
atg aaa
Met Lys
255
ttt tat
Phe Tyr

gaa att
Glu Ile

gat gcg
Asp Ala

cat

aatggatgat
ctcacagccce
ttagattcat
ccagattggyg
gtcacagtet
atgccatgtce
ttgegetggy
ttttatataa
attatatttg
tttaatgttt
actcgtaget

tcetttttaac

Ser Glu
15

His Pro

Arg Ser

Cys Ser

2rg Ile
80

His Glu
95

Leu Pro

720

768

816

864

912

958

1018

1078

1138

1198

1258

1318

1378

1438

1498

1558

1618

1678

1694
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-continued

Asp Ser Cys Arg Arg Met Lys Gln Ala Phe Gln Gly Ala Val Gln Lys
115 120 125

Glu Leu Gln His Ile Val Gly Pro Gln Arg Phe Ser Gly Ala Pro Ala
130 135 140

Met Met Glu Gly Ser Trp Leu Asp Val Ala Gln Arg Gly Lys Pro CGlu
145 150 155 160

Ala Gln Pro Phe Ala His Leu Thr Ile Asn Ala Ala Ser Ile Pro Ser
165 170 175

Gly Ser His Lys Val Thr Leu Ser Ser Trp Tyr His Asp Arg Gly Trp
180 185 190

Ala Lys Ile Ser Asn Met Thr Leu Ser Asn Gly Lys Leu Arg Val Asn
195 200 205

Gln Asp Gly Phe Tyr Tyr Leu Tyr Ala Asn Ile Cys Phe Arg His His
210 215 220

Glu Thr Ser Gly Ser Val Pro Thr Asp Tyr Leu Gln Leu Met Val Tyr
225 230 235 240

Val Val Lys Thr Ser Ile Lys Ile Pro Ser Ser His Asn Leu Met Lys
245 250 255

Gly Gly Ser Thr Lys Asn Trp Ser Gly Asn Ser Glu Phe His Phe Tyr
260 265 270

Ser Ile Asn Val Gly Gly Phe Phe Lys Leu Arg Ala Gly Glu Glu Ile
275 280 285

Ser Ile Gln Val Ser Asn Pro Ser Leu Leu Asp Pro Asp Gln Asp Ala
290 295 300

Thr Tyr Phe Gly Ala Phe Lys Val Gln Asp Ile Asp
305 310 315

<210> SEQ ID NO 9

<211> LENGTH: 3154

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (39)..(1904)
<223> OTHER INFORMATION:

<400> SEQUENCE: 9

cegetgagge cgeggegecee gecagectgt ceegegeo atg gee ceg ¢ge gee cgg 56
Met Ala Pro Arg Rla Arg
1 5

cgg cge cge ceg ctg tte geg ctg ctg ctg cte tge geg ctg cte ctg 104

Arg Arg Arg Pro Leu Phe Ala Leu Leu Leu Leu Cys Ala Leu Leu Leu

10 15 20
cte tge geg ctg cte gee cgg ctg cag gtg get ttg cag ate get cet 152
Leu Cys Ala Leu Leu Ala Arg Leu Gln Val Ala Leu Gln Ile Ala Pro
25 30 35
cca tgt acc agt gag aag cat tat gag cat ctg gga cgg tgc tgt aac 200
Pro Cys Thr Ser Glu Lys His Tyr Glu His Leu Gly Arg Cys Cys 2Asn
40 45 50

aaa tgt gaa cca gga aag tac atg tct tet aaa tge act act acc tet 248

Lys Cys Glu Pro Gly Lys Tyr Met Ser Ser Lys Cys Thr Thr Thr Ser

55 60 65 70

gac agt gta tgt ctg ccec tgt gge ccg gat gaa tac ttg gat agce tgg 296

Asp Ser Val Cys Leu Pro Cys Gly Pro Asp Glu Tyr Leu Asp Ser Trp

75 80 85
aat gaa gaa gat aaa tygc ttg ctg cat aaa gtt tgt gat aca ggc aag 344

Asn Glu Glu Asp Lys Cys Leu Leu His Lys Val Cys Asp Thr Gly Lys
90 95 100
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-continued
gce ctg gtg gec gtg gte geec gge aac agce acg acce c¢ce cgg cgc tgce 392
Ala Leu Val Ala Val Val Ala Gly Asn Ser Thr Thr Pro Arg Arg Cys
105 110 115
gcg tge acg get ggg tac cac tgg age cag gac tgce gag tgc tgc cgce 440
Ala Cys Thr Ala Gly Tyr His Trp Ser Gln Asp Cys Glu Cys Cys Arg
120 125 130
cgc aac acc gag tge gcg ccg ggc ctg ggc gcee cag cac ccg ttg cag 488
Arg Asn Thr Glu Cys Ala Pro Gly Leu Gly Ala Gln His Pro Leu CGln
135 140 145 150
ctc aac aag gac aca gtg tgc aaa cct tgc ctt gca ggc tac ttc tet 536
Leu Asn Lys Asp Thr Val Cys Lys Pro Cys Leu Ala Gly Tyr Phe Ser
155 160 165
gat gcc ttt tec tec acg gac aaa tgc aga cce tgg acce aac tgt acc 584
Asp Ala Phe Ser Ser Thr Asp Lys Cys Arg Pro Trp Thr Asn Cys Thr
170 175 180
ttc ctt gga aag aga gta gaa cat cat ggg aca gag aaa tcc gat gcg 632
Phe Leu Gly Lys Arg Val Glu His His Gly Thr Glu Lys Ser Asp Ala
185 190 195
gtt tgc agt tct tet ctg cca gect aga aaa cca cca aat gaa ccc cat 680
Val Cys Ser Ser Ser Leu Pro Ala Arg Lys Pro Pro Asn Glu Pro His
200 205 210
gtt tac ttg ccc ggt tta ata att ctg ctt ctec tte geg tect gtg gece 728
Val Tyr Leu Pro Gly Leu Ile Ile Leu Leu Leu Phe Ala Ser Val Ala
215 220 225 230
¢ty gtg get gee ate ate ttt gge gtt tge tat agyg aaa aaa ggg aaa 776
Leu Val Ala Ala Ile Ile Phe Gly Val Cys Tyr Arg Lys Lys Gly Lys
235 240 245
gea cte aca get aat ttg tgg cac tgg ate aat gag get tgt gge cge 824
Ala Leu Thr Ala Asn Leu Trp His Trp Ile Asn Glu Ala Cys Gly Arg
250 255 260
c¢ta agt gga gat aag gag tcee tca ggt gac agt tgt gte agt aca cac 872
Leu Ser Gly Asp Lys Glu Ser Ser Gly Asp Ser Cys Val Ser Thr His
265 270 275
acg gca aac ttt ggt cag cag gga gca tgt gaa ggt gte tta ctg ctg 920
Thr Ala Asn Phe Gly Gln Gln Gly Ala Cys Glu Gly Val Leu Leu Leu
280 285 290
act ctg gag gag aag aca ttt cca gaa gat atg tge tac cca gat caa 968
Thr Leu Glu Glu Lys Thr Phe Pro Glu Asp Met Cys Tyr Pro Asp Gln
295 300 305 310
ggt ggt gtc tgt cag gge acg tgt gta gga ggt ggt cce tac geca caa 1016
Gly Gly Val Cys Gln Gly Thr Cys Val Gly Gly Gly Pro Tyr Ala Gln
315 320 325
ggc gaa gat gec agg atg cte tcea ttg gte age aag acce gag ata gag 1064
Gly Glu Asp Ala Arg Met Leu Ser Leu Val Ser Lys Thr Glu Ile Glu
330 335 340
gaa gac agc ttc aga cag atg cce aca gaa gat gaa tac atg gac agg 1112
Glu Asp Ser Phe Arg Gln Met Pro Thr Glu Asp Glu Tyr Met Asp Arg
345 350 355
cce tce cag ccc aca gac cag tta ctg tte cte act gag cct gga agce 1160
Pro Ser Gln Pro Thr Asp Gln Leu Leu Phe Leu Thr Glu Pro Gly Ser
360 365 370
aaa tcc aca cet cct tte tet gaa cce ctg gag gty ggg gag aat gac 1208
Lys Ser Thr Pro Pro Phe Ser Glu Pro Leu Glu Val Gly Glu Asn Asp
375 380 385 390
agt tta agc cag tge ttc acg ggg aca cag agc aca gtg ggt tca gaa 1256
Ser Leu Ser Gln Cys Phe Thr Gly Thr Gln Ser Thr Val Gly Ser Glu
395 400 405
agce tgc aac tgc act gag ccc ctg tge agg act gat tgg act cce atg 1304
Ser Cys Asn Cys Thr Glu Pro Leu Cys Arg Thr Asp Trp Thr Pro Met
410 415 420
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tece tect gaa

Ser Ser Glu
425

cac tgg gca

His Trp Ala

440

tgc cgg aac

Cys Arg Asn

455

aaa cgt gga

Lys Arg Gly

gaa gaa gaa
Glu Glu Glu

get gat ggg
Ala Asp Gly

505
agc tce cct
Ser Ser Pro

520

agt aac tec
Ser Asn Ser

535

gac atce ate
Asp Ile Ile

geg get geyg
Ala Ala Ala

cge cga gac
Arg Arg Asp
585

gge gge cee
Gly Gly Pro
600

cag gag caa
Gln Glu Gln
615
cteggageca
ggatecgateyg
gaaatggget
cagceegecyg
tgtggcacta
ttcecececcat
taatgtaaag
cetttttete
attatagcce
tecaacctteg
tecececccece

taaagcagte

gctggectge

aac tac ttg caa aaa
Asn Tyr Leu Gln Lys

430

gcc age ccc age ccc
Ala Ser Pro Ser Pro

445

cet cct ggg gag gac
Pro Pro Gly Glu Asp

460

cece ttg cee cag tge
Pro Leu Pro Gln Cys

475

gce age agg acg gag
Ala Ser Arg Thr Glu

490

agg ctc cca agce tca
Arg Leu Pro Ser Ser

510

ggt ggc cag tcec cct
Gly Gly Gln Ser Pro

525

acg tte ate tee age
Thr Phe Ile Ser Ser
540

gty gte tac gte age
Val Val Tyr Val Ser

555

gag cee atg gge cge
Glu Pro Met Gly Aryg

570

tee tte geyg ggy aac
Ser Phe Ala Gly Asn

590

gag ggg ctg cgg gag
Glu Gly Leu Arg Glu

605

gg¢ ggg gee aag get
Gly Gly Ala Lys Ala
620

gggctegega
gtacagtcga
tttcaggaag
cactggggea
tgacagetat
atttgtatte
gttttcteaa
ttettttttt
ggtgeageet
gagtagetgy
cagagacacyg
ctecagecte

tttacgtatt

gggcagcace

ggaagaccac
tgaattgatg
gatgtetece
ttttatgact
cttttcataa
aaatteteet
ggcaacctygg
ctaactectyg
gatcacagcet
gtcecaccat
ggccteccaa

ttettttgty

gag gtg gac
Glu Val Asp

aac tgg gca
Asn Trp Ala

tgt gaa ccc
Cys Glu Pro
465

gce tat gge
Ala Tyr Gly
480

gce aga gac
Ala Arg Asp
495

gcg agg gca
Ala Arg Ala

gca tect gga
Ala Ser Gly

999 cag gtg
Gly Gln Val
545

cag acce teg
Gln Thr Ser
560

ceyg gty cay
Pro Val Gln
575

gge ceg cge
Gly Pro Aryg

ceyg gag aag
Pro Glu Lys

agt ggc cat
Ser Gly His
435

gat gtc tgc
Asp Val Cys
450

cte gtg ggt
Leu Val Gly

atg ggc ctt
Met Gly Leu

cag cce gag
Gln Pro Glu
500

ggt gec ggg
Gly Ala Gly
515

aat gtg act
Asn Val Thr
530

atg aac ttce
Met Asn Phe

cag gag ggc
Gln Glu Gly

gag gag acc
Glu Glu Thr
580

tte ceg gac
Phe Pro Asp
595

gee teg agyg
Ala Ser Arg
610

tgc ccg
Cys Pro

aca ggc
Thr Gly

tce cca
Ser Pro
470

cce cect
Pro Pro
485

gat ggg
Asp CGly

tct gga
Ser Cly

gga aac
Gly Asn

aag ggc
Lys Gly
550

geg geg
Ala Ala
565

¢ty geg
Leu 2la

ceg tge
Pro Cys

ceg gty
Pro Val

tgagegecoe ceatggetygyg gageccgaag

gcagecteoty
ceggeattet
aggactgtee
ctgecactee
atcetgttet
cttttettga
aaaggtgagg
ctetggecca
ggectcaagea
gcaggecacy
gttacccage
agtactggga

cecectgetea

ccecagececee
ctgcccactt
ccatgcccac
tcaaactcgc
9tg99999999
tatcttteet
gtctetttet
ggetagagty
atccaagtga
cccagcttcc
ctggtcteaa
ttacaggegt

cagtgtttta

ggccacccag
tgecttecag
ggatgctcag
agcagtaatt
ggtctatgtt
ccetettett
tttetetttt
cagtggtgeg
tecteccace
tcececegac
actceccage
gagcceccac

gagatggett

1352

1400

1448

1496

1544

1592

1640

1688

1736

1784

1832

1880

1934

1994

2054

2114

2174

2234

2294

2354

2414

2474

2534

2594

2654

2714
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tceccagtgtg tgttcattgt aasacactttt gggaaagggce taaacatgtg aggcctggag 2774
atagttgcta agttgctagg aacatgtggt gggactttca tattctgaaa aatgttctat 2834
attctcattt ttctaaaaga aagaaaaaag gaaacccgat ttatttctcc tgaatctttt 2894
taagtttgtg tcgttcctta agcagaacta agctcagtat gtgaccttac ccgctaggtg 2954
gttaatttat ccatgctggc agaggcactc aggtacttgg taagcaaatt tctaaaactc 3014
caagttgctg cagcttggca ttcttcttat tctagaggte tctctggaaa agatggagaa 3074
aatgaacagg acatggggct cctggaaaga aagggcccgg gaagttcaag gaagaataaa 3134
gttgaaattt taaaaaaaaa 3154

<210> SEQ ID NO 10
<211> LENGTH: 622

<212> TYPE:

PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

Met Ala Pro
1

Leu Cys Ala
Ala Leu Gln
35

Leu Gly Arg
50

Lys Cys Thr
65

Glu Tyr Leu

Val Cys Asp

Thr Thr Pro

115

Asp Cys Glu
130

Ala Gln His
145

Leu Ala Gly

Pro Trp Thr

Thr Glu Lys
195

Pro Pro Asn
210

Leu Phe Ala
225

Tyr Arg Lys

Asn Glu Ala

Ser Cys Val

275

Glu Gly Val

Arg Ala Ar
5

Leu Leu Le
20

Ile Ala Pr

Cys Cysg As

Thr Thr Se
70

g Arg Arg

u Leu Cys

o Pro Cys
40

n Lys Cys
55

r Asp Ser

Asp Ser Trp Ash Glu

85

Thr Gly Lys Ala Leu

100

Arg Arg Cys Ala Cys

Cys Cys Ar
Pro Leu Gl
15

Tyr Phe Se
165

120

g Arg Asn
135

n Leu Asn
0

r Asp Ala

Asn Cys Thr Phe Leu

180

Ser Asp Al

Glu Pro Hi

Ser Val Al
23

a Val Cys
200

s Val Tyr
215

a Leu Val
0

Lys Gly Lys Ala Leu

245

Cys Gly Ar
260

Ser Thr Hi

Leu Leu Le

g Leu Ser

s Thr Ala
280

u Thr Leu

Arg Pro Leu
10

Ala Leu Leu
25

Thr Ser Glu

Glu Pro Gly

Val Cys Leu

75

Glu Asp Lys
90

Val Ala Val
105

Thr Ala Gly

Thr Glu Cys

Lys Asp Thr

155

Phe Ser Ser
170

Gly Lys Arg
185

Ser Ser BSer

Leu Pro Gly

Ala Ala Ile
235

Thr Ala Asn
250

Gly Asp Lys
265

Asn Phe Gly

Glu Glu Lys

Phe Ala Leu
Ala Arg Leu
30

Lys His Tyr
45

Lys Tyr Met
60

Pro Cys Gly

Cys Leu Leu

Val Ala Gly

110

Tyr His Trp
125

Ala Pro Gly
140

Val Cys Lys

Thr Asp Lys

Val Glu His

190

Leu Pro Ala
205

Leu Ile Ile
220

Ile Phe Gly

Leu Trp His

Glu Ser Ser

270

Gln Gln Gly
285

Thr Phe Pro

Leu Leu
15

Gln Val

Glu His

Ser Ser

Pro Asp
80

His Lys
95

Asn Ser

Ser Gln

Leu Gly

Pro Cys

160

Cys Arg
175

His Gly

Arg Lys

Leu Leu

Val Cys

240
Trp Ile
255
Gly Asp

Ala Cys

Glu Asp
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290 295

Met Cys Tyr Pro Asp Gln Gly

305

310

Gly Gly Pro Tyr Ala Gln Gly

325

Ser Lys Thr Glu Ile Glu Glu

340

Asp Glu Tyr Met Asp Arg Pro

355

Leu Thr Glu Pro Gly Ser Lys
370 375

Glu Val Gly Glu Asn Asp Ser

385

390

Ser Thr Val Gly Ser Glu Ser

405

Thr Asp Trp Thr Pro Met Ser

420

Asp Ser Gly His Cys Pro His

435

Ala Asp Val Cys Thr Gly Cys
450 455

Pro Leu Val Gly Ser Pro Lys

465

470

Gly Met Gly Leu Pro Pro Glu

485

Agp Gln Pro Glu Asp Gly Ala

500

Ala Gly Ala Gly Ser Gly Ser

515

Gly Asn Val Thr Gly Asn Ser
530 535

Val Met Asn Phe Lys Gly Asp

545

550

Ser Gln Glu Gly Ala Ala Ala

565

Gln Glu Glu Thr Leu Ala Arg

580

Arg Phe Pro Asp Pro Cys Gly

595

Lys Ala Ser Arg Pro Val Gln
610 615

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO 11

LENGTH: 3591

TYPE: DNA

ORGANISM: Mus musculus
FEATURE:

NAME/KEY: misc_feature
LOCATION: (48)..(48)
OTHER INFORMATION: “n”
FEATURE:

NAME/KEY: misc_feature
LOCATION: (50)..(50)
OTHER INFORMATICON: “n”
FEATURE:

NAME/KEY: misc_feature
LOCATION: (52)..(52)
OTHER INFORMATICON: “n”

Gly

Glu

Asp

Ser

360

Ser

Leu

Cys

Ser

Trp

440

Arg

Arg

Glu

Asp

Ser

520

Asn

Ile

Ala

Arg

Gly

600

Glu

Val

Asp

Ser

345

Gln

Thr

Ser

Asn

Glu

425

Ala

Asn

Gly

Glu

Gly

505

Pro

Ser

Ile

Ala

Asp

585

Pro

Gln

Cys

Ala

330

Phe

Pro

Pro

Gln

Cys

410

Asn

Ala

Pro

Pro

Ala

490

Arg

Gly

Thr

Val

Glu

570

Ser

Glu

Gly

Gln

315

Arg

Arg

Thr

Pro

Cys

395

Thr

Tyr

Ser

Pro

Leu

475

Ser

Leu

Gly

Phe

Val

555

Pro

Phe

Gly

Gly

300

Gly

Met

Gln

Asp

Phe

380

Phe

Glu

Leu

Pro

Gly

460

Pro

Arg

Pro

Gln

Ile

540

Tyr

Met

Ala

Leu

Ala
620

Thr

Leu

Met

Gln

365

Ser

Thr

Pro

Gln

Ser

445

Glu

Gln

Thr

Ser

Ser

525

Ser

Val

Gly

Gly

Arg

605

Lys

Cys

Ser

Pro

350

Leu

Glu

Gly

Leu

Lys

430

Pro

Asp

Cys

Glu

Ser

510

Pro

Ser

Ser

Arg

Asn

590

Glu

Ala

Val

Leu

335

Thr

Leu

Pro

Thr

Cys

415

Glu

Asn

Cys

Ala

Ala

495

Ala

Ala

Gly

Gln

Pro

575

Gly

Pro

Gly

320

Val

Glu

Phe

Leu

Gln

400

Arg

Val

Trp

Glu

Tyr

480

Arg

Arg

Ser

Gln

Thr

560

Val

Pro

Glu
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<400> SEQUENCE: 11

tggtggtgca cgcctttaat cccagegett gggaggcaga ggcaggengn tntcectgagtt 60
cgaggccagt ctggtctaca gagagagttce caggacagce aggactacac agagaaaccce 120
tgtctttaaa acaaaaacca agcaaccaaa caagaagagc aacaataaaa attgagecatc 180
ctcactaacg gtttgagtat ttgatgaaac ttttggacca tttataaaga aaactcaaca 240
cacaccagag gctcttetcet tcccactcac ccagggaaca tttggtaaca tcaatggttyg 300
tcacaatggg tatgggtggt gctgetggca ctaggaggaa gggagggtga ggacacctcet 360
agacacactg cagtgtctgg ggacatccce aaacaaagga ccacageccce aaggataaag 420
atgccaagct tgatgagtgt ggtggggcat ctttaatcce atcactcagg aggcagaggce 480
agggggatct ctatgagttg gaggccagge tggtccacac agcaaaatct aggccagcca 540
ggtctccata gtgggaccet gcectcaaaaa caaaaccaayg ggtgtagagc tcaagaaaca 600
agacatacat agacatgaca tatggtatag atgtggcata ctgcatagat gtgacatcta 660
acacagacgg aacacaccac atagacatga catggtatag atgtgacata ctgcatagat 720
gtgacatcta acacagactg gacacaccac gtagacatga catatatgtg acatacaaca 780
cagatgacat atggcataga tgtgacatat aacagatgta acataccata cagataggac 840
atacatacat acatacatac atacatagat gtgacatata acagagccat ggcatagtgc 900
atagacatca catccacatg ttecageatece ttaacgcagt tgetggeaag atgggaatac 960
tgcatagatt cctetgaagt tettgtetgt cacctegacyg gagatcagga tgggaggtee 1020
tettattttyg tttecattte asatettgta ttagtetttyg gecccacagt cccaggtetyg 1080
taatatggtt accctgggac cctgtettea geatgtgace cctcaaaate ctgagectee 1140
agecttateg tactaaggta gcaggggaag agaagggtte aggtggcaaa geectggaaa 1200
cccacccatt tcattecacet gtactetgat cegetecgte cccacageag atgagaatcet 1260
tgtaccetgy ctetetggtt ttgtttgttt gtttgttttyg ttttgttttyg ttttgttttt 1320
tgttttgttt tgttttgttt ttcgagacaa ggtttectetg tatagecctg getgtectgg 1380
aactcactte gtagaccagg ctggectega actcagaaat ctgectgect ctgectecca 1440
agtgctggga ttaaaggegt gcaccaccag atcacgggga cctgagatca tgggcaagte 1500
ccttgactge tetgagttga agtttectat tccagaaaag ccagagttac cteccaaact 1560
aaccttgtta gccaggcata gtgtgcacac ctatgacaca gecgettggga ggcagaggca 1620
ggggatggga gttcagcaca agectgactt ccaattggac tttgtctcaa tagatggagy 1680
gtgggctggy gaaatggceca agtgggtcag agcattcatt gtagaagcag gaggacccega 1740
ctteggaget acaacatcca cgtaaacage tgggtgecgge acctacttge tcacctecaa 1800
cactgacaga tggagactct gagacagggt taccaaggct tgctggegge cagectgget 1860
gcaaatcect gggctcttaa gtttagggag actctgecte aaaggaacaa aaggaaagat 1920
gacagagggy gacagccaac atctectett gecttggcayg tcatggatgt gtgteectge 1980
acacacacat atgcacacac acacacaaac acacacacac acacaaacac acacacacaa 2040
acacacacac acacacacac acacacgcac acacacacta aaacaaatta acaaacaaaa 2100
acaaggacta ggaacagctc agttgtagag tacttgecta gecatgtgtga gaccctagag 2160
gcettgggeat acacacacac acacattcat acacagacac agactcacat atggacacac 2220
acacagtctce acacatatgg gatagcaata tataggagag ttttgtagag agcgtatcac 2280
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aacgtccaac acaataaatc asaaaagtga atgatcactg cggcctggag gtgaaatgcc 2340
ttgcccaagg tggttgggaa atgacgaggt tgggaaatgg tagacccaga actgcaattce 2400
agtgctggag ctcaccagtg agaagcatct aagagaagct tgggagaaca cccagctctce 2460
tcteteegge tcacaggtet gttegttggg aagcacatga aggtcectggge acacaggagg 2520
cttagtcaga acagcttgct gaagacagat caaggccccg ctccaccatg gtggcaggcg 2580
aggaggatgg aaggccgggg gctgccgget gttggcaaga ctgtgccaaa gctttectga 2640
gtggagcagyg gcagggctgg aggaggggaa gggtccatga cgatctcaca gctcegggaga 2700
ggaaggtgtt tgccccatcc aggtcaccecc aaggcttaga gccaagaccce cagtctcecta 2760
atttccaatc acaaacctga caccatcaac tgaggtctcg tgaacactgc taaaagtggt 2820
ttttctgtgt ttcgagagtc tcattttatc ctcagatcaa tatagggaca aaggcttgag 2880
cgacaaaggg tctgtttttg ttctttaaac agaagaggaa ggatagtgct agcctgagaa 2940
ggatgaagct tctgcttgct cccacatgtg tgtgtcccece cgecccccag gcteatettt 3000
ccttceccccaa ggagtcagec tgctggaget aggggtttge cccgtggaat tccccaaatce 3060
ctgcctcaaa gagectgete ccagaggcca ggagaggaag ctgagtcaaa gactctatca 3120
gggggcgggy atgagaggat agaacctaca gtgtggggayg gggctccagg ctgcactcetg 3180
gccagggagy gggtgtctceca gaagcccaag gaagaggggt ctcaggectce aggtctecceca 3240
gtettttact gggctgatca gtcagggeeyg tcagacctag ggetaggtga atgeccecatt 3300
ctgcacaccce tccttecctt tcccacaaag tctgcagttt gcagaaacta aaccctgagt 3360
tetgtggttt cetgtgggte tgggggtect gectgacttyg gcaatggggyg actgtggaca 3420
gggcataagy gagggggtag tgtaaacaca cacacacaca cacacacaca cacacacaca 3480
cgetgagtea gcataageet ggaggggagy ggeggggtea ctgatteagt tttactgect 3540
ctttaaaate tcetgecaaagg cagegttage cagaagetge ggtecteace a 3591
<210> SEQ ID NO 12
<211> LENGTH: 1991
<212> TYPE: DNA
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 12
ccegggtete ccottaactee tgggactetg aaccttggag gegaggegea ggtaatgget 60
gaggcaggat tggggcgggyg aaaccgagge acccgeccte tgeaactetg gactetgtag 120
ggcaggcagyg gagccegtggg gacaggetgg cccgegecge ctetteccaa ctegtgeage 180
ccggagegac ccgecgegaa teegeagete agttgggtag cacagettgt cctggaccca 240
ccgeccaaggt gagactcgec cgecageect tgetctgect cccacgggga ggggtetetg 300
tetgttgggy ccaccccact teettectgt tegectetac tgagaggtge gagtggggaa 360
tgcaaggcaa actctteget gggtgacctg gggtgagteg ctgaccetet ctgagecttt 420
atgcaaagca cggaacgaga gattccagaa tccgagettg cagggaccgyg aggggttggt 480
ggtgagtgtt caaggaagga gtctggaaag attgggcgge ttgtgaagtt aaggagggag 540
gggaggaggt gggaagetygg ccacacccac cacagegctyg ggetetgegg tcgaaacage 600
ctgcagetge tgtaggtgec aaggtcaaaa ggctacagec agccacgtgyg tgtgtgectt 660
ctggaagtte cttaggctgg aaaccgggtg tgggaaagge catggaagag tgtggacaga 720
acttcctgga aaaggcagtt attgetgetg tttatgatgg cgagggggaa ctcggagaca 780
gtcccacact tagatgactc cagatacaca atttgcacta ggacttacaa aacacagagg 840
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-continued

agacaggggg ctgttacatg ggcgeccacag aggaattatt taggectgta
ttggaagtgg ctcatctttg gctacccagg gaggaagtta gggatagect
agacactgtc tcaaaacaaa aacaaaaaaa aaaaaataat tggagtgtat
agccactgag gttceccatge tagagtcgag acacccacce agaaaaagtg
acagacagcce aagggtgtga aaacacagac gttcagecta gaacagectce
acagtcaaac tcgggaccta cagatgccca gtacacatta ccatcagacc
gtgctggett cgagaaactt ttcacggcte agtctggect gggtgcecceg
atttccagtt ctggggaagt ccagtgctca catgaccaag gggagggctt
ctcggagaaa atgcatcatc ttteccaatg atgcacttcet gecccagaga
ggtgatcacc gcttttggte caggagectta actgectcett gcagectcetce
tgcttectee agggtaagtg tcagaggage gaggtggaag aggcctgtgg
cccagetect cagctecettg caggeccaat tgctactggt gtgtetgtgg
tgtagatgge tagggtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt
gtcttatgte tttatctcag actttetgtt tccattttte aaacttccca
ggctggeett gaacttetgg tccagttget ccacctecat ggtagtgect
gcatgcaccyg tgagaccagg ctcageggge tagtctttet ttgettggac
ctetetgtee teaccagaga ctetgaacte cetetettee teacagatgg
ggtgetgetyg ggectacaaa tcatatgget cccactectyg acccacggta
teccaccety agatttgtgg ctgtgggega ctggggagyyg gtecccaatg
cacagecedy g

<210> SEQ ID NO 13

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 13

attccaacac 900
gggcttettg 960
gtcacaggca 1020
acagcgagtt 1080
agtgcagtga 1140
ctggctgact 1200
ccccagecec 1260
ctggacaatc 1320
ataaagactc 1380
tgaccacctg 1440
gggccacctt 1500
aactgacggc 1560
cttaagaccg 1620
atgtagctga 1680
gagtttatag 1740
cagggtcteg 1800
attcatgggt 1860
cageceecac 1920
ceecatteca 1980

1991

Lys Val Glu Lys Ile Gly Glu Gly Thr Tyr Gly Val Val Tyr Lys

1 5 10
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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 can agonize
or antagonize RANK activity, wherein RANK is a polypep-
tide that activates NF-kB and that comprises (i) amino acids
1-616 of SEQ ID NO:2 or (ii) has at least 90% sequence
identity with amino acids 1-616 of SEQ ID NO:2, the method
comprising:

(a) contacting test cells expressing RANK with a candidate
molecule, the test cells being cultured in a semi-solid
medium;

(b) determining whether the rate of colony formation or g
rate of colony growth of the test cells is enhanced or
reduced as compared with the rate of colony formation
or growth in one or more reference cells that express
RANK and that are cultured in a semi-solid medium but
not contacted with the candidate molecule; and 65

(c) identifying the candidate molecule as an antagonist if
the rate of colony formation or colony growth in the test

50

55

cells is comparatively enhanced and identifying the can-
didate molecule as an agonist if the rate of colony for-
mation or colony growth of the test cells is compara-
tively reduced relative to the one or more control cells.
2. The method of claim 1, the method further comprising
stimulating RANK activity in the test cells by a method
selected from the group consisting of:
(a) contacting the test cells with a RANK-L polypeptide
that comprises amino acids 162-317 of SEQ ID NO:6;
(b) contacting the test cells with an agonistic anti-RANK
antibody;
(c) contacting the test cells with a cell that expresses a
RANK-L polypeptide that comprises amino acids 162-
317 of SEQ 1D NO:6; and.
(d) overexpressing RANK in the test cells.
3. The method of claim 2, wherein the test cells are con-
tacted with a RANK-L polypeptide, and further wherein the
RANK-L polypeptide is selected from the group consisting of
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anative RANK-L, a soluble RANK-L, a leucine zipper fusion
of RANK-L, and a polyHis fusion of RANK-L.

4. The method of claim 2, wherein RANK activity is stimu-
lated by contacting the test cells with an agonistic anti-RANK
antibody.

5. The method of claim 1, wherein determining the rate of
colony formation or colony growth comprises visually com-
paring the size of colonies formed from the test cells with the
size of colonies formed from the one or more reference cells
at least one day after contacting the test cells with the candi-
date molecule.

6. The method of claim 1, wherein the candidate molecule
is a nucleic acid molecule or a protein molecule.

7. The method of claim 6, wherein the nucleic acid mol-
ecule is a cDNA molecule.

8. The method of claim 6, wherein the nucleic acid mol-
ecule is integrated into the genome of the test cells.

9. The method of claim 6, wherein the nucleic acid mol-
ecule is not integrated into the genome of the test cells.

10. The method of claim 6, wherein the candidate molecule
is a protein encoded by the nucleic acid molecule.

11. The method of claim 6, wherein the nucleic acid mol-
ecule is selected from the group consisting of an antisense
nucleic acid molecule and a nucleic acid molecule that pos-
sesses ribozyme activity.

12. The method of claim 7, further comprising isolating the
nucleic acid molecule from a colony formed from the test
cells.

13. The method of claim 1, wherein the candidate molecule
is a protein and contacting comprises adding the proteinto the
semi-solid medium in which the test cells are cultured.

14. The method of claim 1, wherein the candidate molecule
is one of a plurality of proteins and contacting comprises
adding the plurality of proteins to the semi-solid medium in
which the test cells are cultured.

15. The method of claim 1, wherein the test cells are (i)
hematopoietic precursor cells derived from bone marrow,
spleen, fetal liver or peripheral blood, or (ii) primary hemato-
poietic cells derived from bone marrow, spleen, fetal liver or
peripheral blood and enriched for osteoclast precursors.

16. The method of claim 1, wherein the send-solid medium
comprises methylcellulose.

17. The method of claim 1, further comprising purifying
the candidate molecule from the test cells after detecting a
comparatively enhanced or reduced rate of colony formation
or colony growth from the test cells.

18. A method for screening for a molecule that antagonizes
or agonizes RANK activity, wherein RANK is a polypeptide
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that activates NF-kB and that comprises (i) amino acids 1-616
of SEQ ID NQ:2 or (ii) has at least 90% sequence identity
with amino acids 1-616 of SEQ ID NO:2, the method com-
prising:

(a) contacting test ceUs expressing RANK with a candi-
date molecule, wherein the test cells can differentiate
into osteoclasts in response to activation of RANK in the
test cells;

(b) determining whether there is an enhanced level of c-src
activity or F-actin formation in the test cells as compared
to the level of c-src activity or F-actin formation in one or
more reference cells tat express RANK but that are not
contacted with the candidate molecule,
wherein enhancement in the level of c-src activity or

F-actin formation in the test cells relative to the one or
more reference cells indicates that the candidate mol-
ecule is a RANK agonist, whereas a decrease in the
level of c-src activity or F-actin formation in the test
cells relative to the one or more reference cells indi-
cates that the candidate molecule is a RANK antago-
nist.

19. A method of screening for a molecule that antagonizes
or agonizes RANK activity, wherein RANK is a polypeptide
that activates NF-kB and that comprises (i) amino acids 1-616
of SEQ ID NO:2 or (ii) has at least 90% sequence identity
with amino acids 1-616 of SEQ ID NO:2, the method com-
prising:

(a) contacting test cells expressing RANK with a candidate
molecule, wherein the test cells can differentiate into
osteoclasts in response to triggering of RANK;

(b) culturing the test cells on a film of CaPO,, and

(c) determining the number of pits formed in the film in
contact with the test cells as compared with the number
of pits formed in a CaPO4 film in contact with reference
cells expressing RANK but which are not contacted with
the candidate molecule,
wherein the presence of a greater number of pits in the

film in contact with the test cells relative to the num-
ber of pits in the film in contact with the reference
cells indicates that the candidate molecule is a RANK
agonist, whereas the presence of a fewer number of
pits in the film in contact with the test cells relative to
the number of pits in the film in contact with the
reference cell5 indicates that the candidate molecule
is a RANK antagonist.
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