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W (57) Abstract: The mechanism by which the high bone mass (HBM) mutation (G171V) of the Wnt coreceptor LRP5 regulates
v the canonical Wnt signaling was investigated. The mutation was previously shown to reduce Dkk protein-1-mediated antagonism,
w={ suggesting that the first YWTD repeat domain where G171 is located may be responsible for Dkk protein-mediated antagonism.
1) However, we found that the third YWTD repeat, but not the first repeat domain, is required for DKK1-mediated antagonism. In-
& stead, we found that the G171V mutation disrupted the interaction of LRP5 with Mesd, a chaperon protein for LRP5/6 molecules on
& the cell surface. Although the reduction in the level of cell surface LRP5 molecules led to a reduction in Wnt signaling in a paracrine

paradigm, the mutation did not appear to affect the activity of coexpressed Wnt in an autocrine paradigm. Together with the obser-

vation that osteoblast cells produce autocrine canonical Wnt, Wnt7b, and that osteocytes produce paracrine Dkk1, we believe that

the G171V mutation may cause an increase in Wnt activity in osteoblastls by reducing the numnber of targets for paracrine Dkk1 to
g antagonize without affecting the activity of autocrine Wnt.
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COMPOSITIONS AND METHODS FOR BONE FORMATION AND REMODELING

REFERENCE TO RELATED PATENT APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
60/504,860, filed on September 22, 2003, entitled “Compositions and Methods for Stimulation of
Bone Formation.”

[0002] This applicatioﬁ is related to the patent application entitled “Compositions and

Methods for the Stimulation or Enhancement of Bone Formation and the Self-Renewal of Cells”,
by Dan Wu, et al. filed on May 19, 2004, and its entire contents is hereby incorporated by
reference, in its entirety.

FIELD OF THE INVENTION

[0003] The present invention relates to the field of therapeutic methods, compositions and uses
thereof, in the treatment of bone fractures, bone disease, bone injury, bone abnormality, tumors,
growths or viral infections. More particularly, the methods and compositions of the invention
are directed to the stimulation, enhancement and inhibition of bone formation or bone
remodeling.

[0004] All patents, patent applications, patent publications, scifantiﬁc articles, and the like,
cited or identified in this application are hereby incorporated by reference in their entirety in

order to describe more fully the state of the art to which the present invention pertains.

BACKGROUND OF THE INVENTION

[0005] Osteoporosis is a major public health problem, and it is especially prevalent in aging

populations (1, 15, 21). The majority of fractures that occur in people over the age of 65 are due
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to osteoporosis (15, 40). Peak bone mass is a determining factor in establishing the risk of
osteoporotic fracture (Heaney et al., 2000), and studies indicate that genetic factors contribute

" significantly to the variance in peak bone mass. Qne of the genes that regulate bone mass has
recently beeﬁ identified via positional cloning. Loss of function mutations in low density
lipoprotein receptor-related protein 5 (LRPS), a co-receptor for the canonical Wnt signaling .
pathway (27), were found to be associated with Osteoporosis-Pseudoglioma Syndrome (OPPG),
an autosomal recessive disorder which shows a reduction of bone density in humans (9). In
addition, two independent kindreds that manifest familial High Bone Mass (HBI\/D phenotypes
were found to harbor a Gly171 to VaI. substitution mutation (G171V) in LRPS (5, 22). More
recenﬂy, additional HBM mutations were reéorted in the same structural domain of the G171V
mutation (36). Moreover, mice in which the LRP5 genes wére inactivated by gene targeting'
showed phenotypes similar to those of OPPG patients (16), and transgenic expression of
LRP5G171V in mice resulted in HBM (2). Furthermoré, mouse primary osteoblasts showed
reduced responsiveness to Wnt in the absence of LRP5 (16), and Wnt (9) or activated.p-catenin
(4) stimulated the canonical Wnt signaling activity and induced the production of the osteoblast
marker alkaline phosphatase (AP) in osteoblast—likg cells. Together, these pieces of evidence
indicate that the canonical Wnt signaling pathway plays an important role in the regulatipn of
bone development.

[0006] Until recently, the canonical Wnt signaling pathway was believed to start when Wnt
bound to frizzled Fz proteins. The seven transmembrane domain-containing Fz proteins
suppress the Glycogen synthase kinase 3 (GSK3)-dependent phosphorylation of g-catenin
through ill-defined mechanisms involving Dishevelled proteins. This suppression leads to the

stabilization of p-catenin. B-catenin can then interact with transcription regulators, including
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lymphoid enhancing factor-1 (LEF-1) and T cell factors (TCF), to activate gene transcription (7,
10, 38). Recently, genetic and biochemical studies have provided solid evidence to indicate that
co-receptors are required for canonical Wnt signaling in addition to Fz proteins (27, 28). The fly
ortholog of LRP5/6 (LRP5 or LRP6), Arrow, was found to be required for the signaling of Wg,
the fly ortholog of Wnt-1 (37). LRP5 and LRP6 are close homologues which basically function
the same way, yet exhibit, different expression patterns. In addition, LRP6 was found to bind to
Whntl and regulate Wnt-induced developmental processes in Xenopus embryos (34). Moreover,
mice lacking LRP6 exhibited developmental defects that are similar to those caused by
deficiencies in various Wnt proteins (30). Furthermore, LRPS, LRP6 and Arrow were found to
be involved in trénsducing the canonical Wnt signals by binding Axin and leading to Axin
degradation and p-catenin stabilization (25, 35). The LRP5/6-mediated signaling process does
not appear to depend on Dishevelled proteins (18, 31). Recently, a chaperon protein, Mesd, was
identified as required for LRP5/6 transport to the cell surface (6, 11).

[0007] Xenopus Dickkopf (Dkk)-1 was initially discovered as a Wnt antagonist that plays an
important role in head formation (8). Thus far, four members of Dkk have been identified in

~ mammals (17, 26). These include Dkk1, Dkk2, Dkk3 and Dkk4. Dkk1 and Dkk2 inhibit
canonical Wnt signaling by simultaneously binding to LRP5 or LRP6 and a single
transmembrane protein Kremen (3, 23, 24, 32). It has been previously reported that the LRP5
HBM G171V mutation appeared to attenuate Dkk1-mediated antagonism to the canonical Wnt

signaling (5). The present invention describes the mechanism for this attenuation.
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SUMMARY OF THE INVENTION

[0008] The present invention describes a model which explains the functional interactions of
cavities on domains of receptors or co-receptors involved in bone formation or bone remodeling
with Dkk, Wnt, Mesd, or other proteins which function in similar ways. These receptors include,
but are not limited to, the LRP5 receptor, the LRP6 receptor, and the frizzled receptor. The
LRP5 receptor is comprised of four YWTD repeat domains. Each domain contains multiple
YWTD repeats of amino acids. The LRP5 receptor also has an LDL receptor repeat. Both LRPS
and LRP6 are close homologues and function in basically the same way although they possess
different expression patterns.

[0009] The invention provides methods for identifying non-native or exogenous compounds
which bind to or interact with these cavities to cause the stimulation, inhibition or regulation of
Wnt signalipg, and thus bone formation, tumorigenesis and any other biological and pathological
~ process regulated by Wnt signaling. A non-native compound compris‘es a compound that is not
naturally or normally found in a cell or organism, as opposed to a native compound which is not
introduced from an outside source. The compounds were identified from a National Cancer
Institute (NCI) database through various screening methods and assays. These compounds could
also be modified to create derivates or analogues not found in the NCI database or in nature
which also function effectively. Compounds were identified which disrupted Dkk and LRP5/6

interactions, Wnt and LRP5/6 interactions and Mesd and LRPS/ 6 interactions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows a schematic representation of wildtype LRPS5 and its deletion mutants.
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[0011] FIG. 2 illustrates that the G171V mutation disrupts LRPS trafficking. HEK cells were
transfected with expression plasmids as indicated in the figure. One day later, the cells were
lysed and immunoprecipitation was carried out using an anti-Flag antibody. Mesd was Flag-
tagged whereas all LRP5 molecules were HA-tagged. The G171V mutation disrupted the
interactions of both LRPS5 with Mesd (FIG. 2A, lanes 1 and 3), and R12 with Mesd (FIG. 2B,
lanes 1 and 2), while the E721 mutation did not affect the interaction (F1G. 2A, Lanes 2 and 3).
The lower panels of FIG. 2A and FIG. 2B show equal amounts of Wt and mutant LRP5 input
for the immunoprecipitation. [HEK cells were transfected with the Mesd plasmid and the
expression plasmids indicated in the figure.] RI2TGV, R12T, R1-4 and R1-4GV (GV) are AP
fusion proteins, which are LRP5 mutants lacking transmembrane domains that may be secreted
in the supernatants of the cell cultures. One day later, conditioned medium (CM) was collected
and centrifuged at a high speed. The supernatants were immunoprecipitated by an anti-HA
antibody (FIG. 2C) or used for an AP assay (FIG. 2D). Cells were also lysed in the SDS-PAGE
sample buffer and analyzed by Western blotting (lower panels of FIG. 2C and FIG. 2D). The
data shows that the G171V mutation inhibited the secretion of R12 and R1-4. FIG. 2E confirms
that the G171V mutation interferes with cell surface Uansﬁort of LRPS through the use of a
binding assay which detects LRPS5 on the cell surface. The levels of cell surface LRP5 molecules
were detected by Western analysis using streptavidin-horse radish peroxidase (SA-HRP) after
the cell surfaces were biotinylated and LRP5 molecules were precipitated with anti-HA antibody
(FIG. 2E, upper panel). The levels of LRPS5 in the immunocomplexes are shown in the lower

panel of FIG. 2E.

[0012] FIG. 3 shows that the HBM G171V mutation of LRP5 is less susceptible to Dkk1-
mediated inhibition of coexpressed Wnt activity. The left panel of FIG. 3A shows that when
HEK cells were transfected with plasmids as indicated together with LEF-1 luciferase reporter
plasmids in the presence or absence of Wnt1, the HBM G171V mutation did not lead to an
increase in LEF-1-dependent transcriptional activity compared to the wildtype (Wt) LRP5
(LRP5wy). The right panel of FIG. 3A shows expression levels of LRP5, LRP5c171v, LRP6, and
LRP6gssv as determined by antibodies specific to the HA tag carried by LRPS5 proteins or anti-
LRP6 antibodies. FIG. 3B shows that when HEK cells were transfected with LEF-1 luciferase
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reporter plasmids, Wnt-1, Dkk1 and Kremen in the presence of Wt or G171V LRP5 as indicated
in the figure. LEF-1 reporters-indicated Wnt activity is significantly higher in HEK cells
.expressing LRP5g;71v than those expressing LRPSw, when Dkk is present. The prbtein

~ expression levels of Dkk1, Kremen and LRPS were verified by Western blotting, as shown in
FIG. 3C.

[0013] FIG. 4 illustrates that cells expressing LRP5G171 show less Dkk1 binding sites than
those expressing LRPSw; (FIG. 4A). FIG. 4B shows equal amounts of Wt and mutant LRP5

expression after transfection.

[0014] FIG. 5 shows that the second domain of LRPS is required for Wnt activity. HEK cells
were transfected with LEF activity reporter plasmids and expression plasmids. One day later,
LEF reporter activity was measured, as previously described. The results in FIG. 5 show that
LRP5ga0aq and LRPS5g47ov (LRPS with point mutations in the second domain) may abolish Wnt
signaling compared to LRPSwt.

[0015] FIG. 6 illustrates that the third domain of LRP5 is required for Dkk-mediated
antagonism. FIG. 6A shows that the third YWTD repeat domain is required for Dkk-mediated
inhibition. HEK cells were transfected with LEF activity reporter plasmids, Kremenl plasmids
and expression plasmids. LRPSR12 or LRP5R124, but not LRP5R34, could still potentiate Wnt-
stimulated LEF-1 activity, suggesting that either LRP5R12 or LRP5R124 retains the Wnt
coreceptor function. However, Dkk1 could not inhibit Wnt signaling when LRP5R12 or
LRP5R124 was present despite the coexpression of Kremen. This suggests that the third YWTD
repeat domain is required for Dkk1-mediated inhibition. The expression level of LRPSw; and its
mutant molecules are shown in FIG. 6B. FIG. 6C illustrates that LRPSR34 contains Dkk1
binding sites and that E721 in R34 is required for Dkk1 binding. FIG. 6D is a schematic

representation of the mutations.

[0016] FIG. 7 shows that amino acid residues in the third YWTD repeat domain, consisting of
interaction surfaces, are required for Dkk-mediated inhibition of Wnt. In FIG. 7A, the space
filled model of the third YWTD repeat domain was deduced based on the structure of the LDL
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receptor YWTD repeat domain (13). Based on the three-dimensional structure, 19 LRP5 mutants
contdining Ala substitution mutations on the surface of the third YWTD repeat domain were
generated. The ability of these mutant LRP5 proteins to resist Dkk1-mediated inhibition was
determined. Nine of the mutants (more than 5%) showed altered sensitivity to Dkk1-mediated
inhibition, and they all contained mutations that were localized on the same surface. In FIG. 7B,
HEK cells were transfected with LEF activity reporter plasmids, Kreminl plasmid, and
expression plasmids. The expression of Wt and mutant LRP5 molecules are shown in the lower
panel. Among 19 mutations, the E721 mutation showed the strongest effect on Dkk1-mediated
inhibition of Wat, followed by W781, and then Y719. LRP5g171v also showed an effect on the
Dkk1-mediated inhibition of Wnt.

[0017) FIG. 8 shows the two dimensional structures of three compounds obtained from the
National Cancer Institute (NCI). NCI106164 (FIG. 8A) shows a 68% inhibitory effect on Dkk1
binding while NCI39914 (FIG. 8B) and NCI660224 (F1G. 8C) increase Dkkl binding by 654%

and 276%, respectively.

[0018] FIG. 9 illustrates the two-dimensional structure of anthra-9,10-quinone (FIG.9A), a
common substructure in NCI39914 and NCI660224. FIG. 9B shows the two-dimensional
structure of NCI 657566. FIG. 9C shows the template that was used for the two-dimensional

similarity search.

[0019] FIG.10. shows the two-dimensional structure of compounds NCI366218 (IIC8, FIG.
10A) and NCI8642 (IIIC3, FIG.10B) which specifically interrupt Dkk1 -LRP5 interaction and
reverse the inhibition of Wnt signaling by Dkk1.

[0020] FIG. 11 illustrates that NCI366218 and NCI8642 reverse Dkk]1 inhibition. HEK cells
were transfected with LRP5 plasmid together with a LEF-1 expression plasmid, LEF-1 luciferase
reporter plasmid and a GFP expression plasmid. The cells were then treated with different
concentrations of the NCI366218 and NCI8642 compounds and subsequently treated with
control CM, Wnt3a CM or Wnt 3a/Dkkl CM mixture for 6 hrs. The reporter activity from cells
treated with DMSO was taken as 100%. FIG. 11 shows that at certain concentrations,
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NCI366218 (FIG. 11A) and NCI8642 (FIG. 11B) can significantly reverse Dkk-mediated
inhibition of Wnt activity. '

[0021] FIG. 12 shows that NCI366218 and NCI8642 can inhibit Dkk1 binding to LRP5. HEK
cells were transfected with Mesd plasmids and LRP5 or LRP5R34. One day later, cells were
treated with different concentrations of NCI366218 and NCI8642 and incubated on ice with
conditioned medium (CM) prepared from HEK cells expressing mDkk!1-AP. The AP activity
was determined as previously described. The AP activity from cells treated with DMSO was
taken as 100%. FIG. 12 shows that NCI366218 (FIG. 12A) and NCI8642 (FIG. 12B) inhibit
Dkk1 binding to LRP5wt, and Dkk protein binding to LRP5R34.

[0022] FIG. 13 illustrates that NCI366218 (IIC8) can stimulate osteoblast differentiation.
Bone marrow stromal (BMS) cells were isolated from 3-month-old mice carrying a Green
Fluorescent Protein (GFP) transgene controlled by the 2.3Kb CollA1 promoter (2.3 Col-GFP)!,
in which GFP can be used as a marker of osteoblast cells. On the 8" and 12" day, cultures were
treated with 9uM and 26puM of TIC8 compound, respectively. The same time point, cultures were
treated with DMSO as the control. FIG. 13 shows that the osteoblast differentiation marker,
2.3Col-GFP, was turned on when BMS culture was treated with IICS. N

[0023] FIG. 14 shows an osteogenic assay. Primary bone marrow stromal osteoblasts were
cultured in the presence and absence of NCI366218 and induced into differentiation. 20 days
later, mineralization of the osteoblasts reflecting the bone formation process was observed with

Xylene Orange staining. NCI366218 stimulated mineralization two fold.

[0024] FIG. 15 illustrates that both LRP5R12 and LRP5R34 contain Dkk1 binding sites, E721
in R34 is r'equired for the Dkk1 binding and the G171V LRP5 mutant can abolish the Dkk
binding to the cell surface. FIG. 4A shows that Dkk1 can bind to both LRP5R12 and LRP5R34,
but the Dkk1 binding to the cell surface was significantly low in cells transfected with R12GV
(G171V mutation in LRP5R12) and R34E (LRP5R34 carrying the E721 mutation). FIG. 4B

shows equal amounts of Wt and mutant LRP5 expression after transfection.



WO 2005/115354 PCT/US2005/017199

[0025] FIG. 16 illustrates Dkk1 and Wnt7b expression in osteogenic cells. Total RNA was
isolated from bone marrow stromal cell culture at different time points after differentiation
induction. Dkk and Wnt expression level was determined by real time RT-PCR. Wnt7b showed
marked increase in its expression after differentiafion induction (FIG. 7A). The ability of Wnt 7b
to stimulate the LEF-1 reporter gene was examined and it was able to stimulate the canonical
Wnt pathway (FIG. 7B). FIG. 7C is mouse long bone section in situ hybridization picture. It
shows most of Dkkl is expressed in osteocyte. FIG. D illustrates the interactions ‘between

Kremen, Dkk, LRP, Wnt and Fz.
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DETAILED DESCRIPTION OF THE INVENTION

[0026] As previously reported (5), expression of the LRP5 mutant protein (LRP5g171v)
containing the HBM G171V mutation and an HA-epitope tag at its C-terminus (Fig. 3A) did not
Jead to an increase in LEF-1-dependent transcriptional activity compared to the wildtype (Wt)
LRP5 (LRPS5w:) (Fig. 3A). Additionally, the G171V mutation did not result in further
potentiation of the activity stimulated by coexpressed Wntl in an autocrine paradigm (Fig. 3B).
LEF-1 is a down-stream target transcription factor of the canonical Wnt signaling pathway. Its
activity, measured by a luciferase reporter gene assay, has been widely used to gauge the
canonical Wnt activity (12, 20). Thus, LRPSgi71v is neither constitutively active nor more
competent in transducing Wnt signaling. Surprisingly, the corresponding mutation on LRP6, a
substitution of a Val residue for Residue G-158, rendered it unable to act synergistically with

Wat-1 (Fig. 3A), likely inactivating the receptor.

[0027] It was shown that LRP5gi71v was less susceptible to Dkk1-mediated inhibition than
LRP5y; in the absence of Kremen(5). Kremen is a Dkk-binding single-transmembrane protein
known to facilitate Dkk1-induced inhibition (23). In this study, we tested the effect of this
mutation in the presence of Kremen. The coexpression of Kremenl] significantly potentiated
Dkk-mediated inhibition (Fig. 3B), confirming the previously reported effect of Kremen (23):
Similar to what was observed in the absence of Kremen, in the presence of both Kremenl and
Dkk1, Wnt showed higher activity in HEK cells expressing LRP5g171v than those expressing
LRP5y: (Fig. 3B). To ensure that the difference was not a result of multi-plasmid transfection,
the protein expression of Dkk1, Kreminl and LRP5 (Fig. 3C) was examined. Similar results of

increased resistance to Dkk-mediated inhibition of autocrine Wntl activity were also observed in

10
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NIH3T3 cells and two osteoblast-like cell lines, MC3T3 and 273. .

[0028] The prevailing hypothesis for explaining .Why LRP5 G171V is less susceptible to
Dkk1-mediated inhibition has been that the mutation could disrupt the interaction between LRPS
‘and Dkk1. It is reasonable to hypothesize that the first YWTD repeat domain that contains G171
is required for Dkk1-mediated antagonism. To test this hypothesis, two LRP5 deletion mutants
were generated: LRPSR12 with a deletion of the third and fourth YWTD repeat domains, and
LRP5R34 with a deletion of the first and second YWTD repeat domains (Fig. 1). As previously
reported for LRP6 (24), LRP5R12, but not LRP5R34, could still potentiate Wnt-stimulated LEF-
1 activity (Fig. 6A), suggesting that LRP5R12 retains the Wnt coreceptor function. However,
Dkk! could not inhibit Wnt signaling when LRP5R12 was present even if Kremen was
coexpressed (Fig. 6A). This suggests that the last two YWTD repeat domains may be required
for Dkkl-mediated inhibition. To further delineate the sequence that is required for Dkk1-
mediated inhibition, an additional LRP5 mutant, LRP5R124, was generated in which the third
YWTD repeat domain was deleted (Fig. 1). Like LRP5R12, LRP5R124 is also resistant 'to
Dkk1-mediated inhibitién (Fig. 6A), indicating that the third YWTD repeat domain is required

for Dkk1-mediated inhibition.

[0029] As deletion of the entire third YWTD repeat domain may cause gross conformational
changes in LRPS, point mutations in this domain were created that could disrupt Dkk1-mediated
inhibition. Based on the three-dimensional structure of the third YWTD repeat domain deduced
from that of the LDL receptor (13), 19 LRP5 mutants were created containing Ala substitution

mutations on the surface of the third YWTD repeat domain (Fig. 7A). The ability of these

11
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mutant LRP5 proteins to resist Dkkl-mediated inhibition was determined and is shown in Fig.
3A. Nine of the mutants showed altered (more than 5%) sensitivity to Dkk1-mediated inhibition,
and they all contained mutations that were localized on the same surface (Fig. 7A). Among these
mutations, the E721 mutation showed the strongest effect, followed by W781, and then Y719
(Fig. 7B). Mutations of E721-corresponding residues in the first and second YWTD repeat
‘domains (D111 and D418, respectively) did not significantly alter the sensitivity to Dkk-
.mediated inhibition. All the mutants that were resistant to Dkk1-mediated inhibition were also
resistant to Dkk2-mediated inhibition. All this data supports the conclusion that the third YWTD

repeat domain is required for Dkk-mediated inhibition.

[0030] An obvious explanation for the requirement of the third YWTD repeat domain for
Dkk-mediated inhibition is that this domain is responsible for Dkk1 binding. The direct binding
of Dkk1-AP fusion protein to LRPS expressed on the surface of HEK cells was measured (23).
As shown in Fig. 6C, Dkk1-AP showed a saturating: binding curve to HEK cells expressing
LRP5. This binding would only be measured when Mesd, a LRP5/6 chaperon that was shown to
facilitate the folding and trafficking of LRP5/6 (6, 11), was coexpressed. Surprisingly, LRP5g71
still showed significant binding of Dkkl, and the bindiﬁg was higher than that shown by
LRP5:171v (Fig. 6C). LRP5g72;, which is highly resistant to Dkk1-mediated inhibition compared
to LRP5gy71v (Fig. 7B), showed better binding of Dkk1 than LRP5g171v (Fig. 6C). To show that
the third YWTD repeat domain may indeed bind Dkkl, binding of Dkk1-AP to HEK cells
expressing R34 or R34E (R34E is R34 carrying the E721 mutation) was examined. While R34
showed significant binding of Dkk1-AP, R34E failed to do so (Fig. 15A), demonstrating that

R34 is capable of binding Dkk1 and that E721 is required for the binding to occur. This may be

12
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explained by the observation that the third YWTD repeat domain is not the only site for Dkk
binding on LRPS5, allowing LRP5g7 to retain its ability to bind Dkk1. This explanation was
confirmed by observing that R12 could also bind Dkk1 (Fig. 15A). Although both R12 and R34
may bind Dkk1, their affinities for Dkk1 appear to be at least five times less than the affinity of
full-length LRPS5 (estimated from half maximal binding). Although the maximal binding to cells
expressing R12 or R34 appeared to be comparable or probably even higher than that of LRPSw;
(the binding to R12 or R34 did not appear to reach saturation at the maximal possible inputs), the
expression levels of R12 and R34, as estimated by Western analysis (Fig. 15B) were
approximately twice as much as that of LRP5w;. This, supports the conclusion that there are

more than one binding sites for Dkk1 on LRP5 or LRP6.

[0031] G171V, a point mutation in the first YWTD repeat domain, reduces the apparer;t
binding of Dkkl drastically (Fig. 6C). The characteristics of the Dkkl binding curve for
LRP5gi71y suggest that the G171V mutation does not appear to alter the affinity for Dkkl1,
despite reducing maximal binding six-fold (Fig. 6C). Although both LRP5w: and LRP56171 were
expressed at similar levels (Fig. 6C), the G171V mutation resulted in fewer LRP5 receptors on
the cell surface. Since it is well known that Mesd plays an important role in the transport of
LRPS5 receptors to the cell surfaces, the G171V mutation was examined to determine whether it
interfered with Mesd function. Mesd has previously been shown to interact with LRP5 or LRP6
(11). Consistent with this finding, the co-immunoprecipitation of LRPS and Mesd was (Fig. 2A).
The interaction of R12 with Mesd was also detected (Fig. 2B). The results showed that the
G171V mutation disrupted the interactions of both LRP5 with Mesd (Fig. 2A, Lanes 1 and 3)

and R12 with Mesd (Fig. 2B, Lanes 1 and 2), while the E721 mutation did not affect the

13
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interaction (Fig. 2A, Lanes 2 and 3). If the interaction between LRP5 and Mesd is important for
the function of Mesd (folding and transport of LRP5 or LRP6), the G171V mutation should also
impede the secretion of LRPS mutants that lack the transmembrane domains. As expected, the
G171V mutation inhibited the secretiony of R12T (Fig. 2C) and R1-4 (Fig. 2D), which are R12
and full length LRPS, respectively, lacking the transmembrane and intracellular domains. R1-4,
carrying the E721 mutation, did not inhibit its secretion. In addition, live cells expressing
LRP5w: and LRP5g;7;v were biotinylated on their surfaces, and the levels of LRP5 proteins at
the cell surfaces were compared by Western analysis using streptavidin-HRP after LRPS5 proteins
were immunoprecipitated. As shown in Fig. 2E, the amount of biotinylated LRP5g171v is clearly
lower than that of LRP5w; although the levels of two LRP5 molecules in the immunocomplexes
are the same. This confirms that the G171V mutation interferes with the cell surface transport of

LRPS.

[0032] The G171V mutation was predicted to be a hypermorphic allele since it is associated
with bone phenotypes opposite to those exhibited by LRP5-null or hypomorphic mutations (5,9,
16, 22). Poor cell surface presentation of LRP5g171v would contradict this prediction, based on
‘the assumption that fewer receptors on the cell surface should result in a lower Wnt. However,
vs}hen exogenous Wnt, which mimics a paracrine or endocrine paradigm was added, cells
expressing LRP5g,71y showed less of a response than cells expressing LRP5wt (Fig. 16A). This
did not occur when Wnt was coexpressed with the LRP5 molecules (Fig. 3A). The mutation
does not appear to affect the activity of autocrine Wnt, suggesting that Wnt proteins may be able
to bind to their receptors and activate the signaling evénts before the receptors are actually

transported to cell surfaces. These observations explain how LRP5g;71v gives rise to higher Wnt
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activity in osteoblasts during their differentiation. The mutation affects more Dkk-mediated
antagonism than Wnt activity when osteoblasts produce autocrine canonical Wnts during their
differentiation and there is paracrine production, of Dkk1 in bone. The expression of all 19
mouse Wnt genes in bone marrow stromal osteoblast cultures was examined. One of the Wnt
genes, Wnt7b, showed a marked increase in its expression after differentiation induction (Fig.
16A). The ability of Wnt 7b to stimulate the LEF-1 reporter gene, and the canonical Wnt
pathway was shown (Fig. 16B). Also, Dkkl was expressed in high levels in osteocytes and
terminally differentiated osteoblasts, thus functioning as a paracrine’ factor for differentiating

osteoblasts (Fig. 16C).

[0033] The present invention describes how the HBM G171V mutation enhances canonical
Whnt signaling. The assumption that the G171V mutation may be hypermorphic was based on
the phenotype associated with this mutation and a previous observation that the mutant LRPS
receptor appeared to be ﬁxore resistant to Dkk-mediated inhibition of coexpressed Wnt activity
(5). The initial hypothesis was that the mutation may be located in the Dkk1 binding regio.hh of
LRPS thereby interfering with the direct interaction of Dkk and LRPS. The present invention
shows that the G171V mutation does not directly interfere with the interaction between LRPS5
and Dkk1 at the third YWTD repeat domain of the LRPS5 receptor, rather than at the first domain
where the G171V mutation is located. Instead, the G171V mutation interferes with the
interaction between LRPS and its chaperon Mesd and impedes the transport of LRPS to the cell

surface, resulting in fewer LRP5 molecules on the cell surface.

[0034] The G171V mutation may still result in an increase in Wnt activity in differentiating
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osteoblasts provided that the differentiating osteoblasts produce autocrine Wnt proteins and have
access to paracrine Dkk proteins in the bone. This is because osteoblasts expressing LRPSwt or
LRP5gi71v respond to autocrine canonical Wyt similarly, but paracrine Dkk has a lower
antagonistic effect on the cells expressing the mutant LRP5. This results in an increase in Wnt
signaling activity in cells expressing LRP5gi71v. As shown in Fig. 16, both conditions exist:

osteoblasts express a canonical Wnt, Wnt7b, and have access to Dkk1 produced from osteocytes.

[0035] Although the G171V mutation may increase bone mass through a mechanism
independent of its Wnt coreceptor role, it is extremely unlikely that the G171V mutation
increases bone mass by reducing Wnt activity. All available evidence, including human and
mouse genetic and biochemical evidence, indicate a positive relationship between Wnt activity
and osteogenesis. In both humans and mice, LRP5-null or hypomorphic mutations lead to bone
phenotypes that are opposite to those exhibited by humans or mice carrying the G171V mutation
(5, 9, 16, 22). In addition, the canmonical Wnt proteins stimulate both proliferation and
differentiation of osteoblast cells (9, 16) while Dkk1 inhibits osteoblast differentiation in a bone
marrow stromal culture system. These findings, together with the one that the expression of
Wnt7b is drastically upregulated after osteoblast differentiation (Fig. 16B), suggest that increases
in canonical Wnt signaling activity lead to increases in bone formation. On the other hand, Dkk1
is produced at low levels in differentiating osteoblasts and at higher levels by osteocytes, the
terminally differentiated osteoblasts. Dkk1 produced by osteocytes involved in the regulation of
bone remodeling functions as a negative feedback mechanism in the regulation of osteoblast

activity.
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[0036] While the first two YWTD repeats are capable of binding Dkk1 (Fig. 15A), they are
not required for DKK-mediated inhibition of Wnt signaling (Fig. 6A). This is because the
binding of Dkk1 to the first two YWTD repeat domains is incompatible with the concurrent
interaction of Dkk1 and Kremen as depicted in Fig. 16D. Simultaneous interactions of Dkk1
with both Kremen and LRP5/6 are required for DKK 1-mediated inhibition of Wnt signaling (24).
Based on the structure of the LDL receptor YWTD repeat domain, each of the first three YWTD
repeat domains of LRP5 forms a barrel-like structure with a wider opening at one end and a
narrower one at the other (the fourth repeat domain does not share enough amino acid sequence
homology for structural deduction). This structural information allowed the identification of
amino acid residues on the third YWTD repeat domain that are important for Dkk1 binding. The
results showed that Dkk] interacts with the third YWTD repeat domain via the wider opening of
the barrel structure. Dkk] interacts with the first two YWTD repeat domains in a similar
manner, because simultaneoﬁs, but not individual, mutations of E721 equivalent residues in these
two repeat domains (D111 and D481, respectively) abolished the binding of Dkk1-AP to R12.
This E721 .residue of LRP5 may form a salt bridge with a basic residue in Dkk1. This postulation
is supported by a recent study on the interaction of nidogen and laminin using érystallography.
The laminin interaction domain of nidogen shares amino acid sequence homology with and has
the same barrel-like structure as the YWTD repeat domains of LRP5, and one of the contact
residues in this nidogen domain is an E721-equivalent Glu, which forms a salt bridge with a Lys

résidue on laminin (33).

[0037] The present invention has identified compounds which, when provided to a cell, bind

to, interact with or fit into sites or cavities found on the domains of the co-receptors involved in
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the stimulation, enhancement, inhibition or regulation of bone formation, or bone remodeling.
These receptors include the LRP5 receptor, the LRP6 receptor, the frizzled receptor or any other
receptor involved in the LRPS or LRP6 (LRP5/6),receptor system. The frizzled receptor is a co-
receptor that has a domain containing CRD, a Wnt-binding site which functions to increase or

decrease Wnt activity.

[0038] The compounds were identified using screening methods described in the
EXAMPLES. Some of these compounds were found to disrupt the Dkk and LRPS interaction.
Other compounds inhibited Wnt signaling by probably inhibiting the binding of Wnt to LRP5/6.
The compounds of the present invention are non-native, or exogenous comp(;unds which are not
present in the cell, but originate from an outside source. They comprise agonists, which are
agents that can combine with the receptors to initiate events, antagonists, which are agents that
combine with the receptors to inhibit the effect of agaonists, and partial agonists, which have
characteristics of both agonists and antagonists — at times appearing to cause actions and at other
times inhibiting actions by decreasing the effects of agonists, for example. Some of thse
compounds were also found to increase affinities, or the degree to which drugs or compounds are

attracted to receptor binding sites.

[0039] The LRP5g71v mutation which causes high bone density, attenuates the Mesd-LRP5
interaction, resulting in less LRPS receptors present at the cell surface. Compounds were found
that also disrupted the Mesd-LRPS interaction, leading to an increase in bone density through

bone formation or bone remodeling.
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[0040] High amounts of Wnt activitiy have been associated with many cancers. Compounds
were found that decreased this Wnt activitiy by disrupting the bdining of Wnt to the second
domain of the LRPS receptor, leading to an inhibition of Wnt activity and a treatment for tumors
and growths characterized by an increase in Wnt activity.

i0041] Wnt signaling has been shown to be a positive regulator of osteogenesis. Compounds
were also identified which co‘uld increase Wnt_ activity to promote osteogenesis, bone formation

or bone remodeling.

[0042] Dkk acts as a Wnt antagonist when it binds to, or interacts with, the third domain of the
LRPS receptor compounds were identified that inhibit: the Dkk-LRP5 interaction to promote
bone formation or remodeling. One compound, NCI366218 was tested for osteoblast
differentiation in tissue culture models. Bone marrow stromal (BMS) cells were isolated from
three-month old mice carrying a Green Fluorescent Protein (GFP) transgene controlled by the
2.3Kb CollA1l promoter (2.3Col-GFP), in which GFP was used as a marker of osteoblast cells.
On the 8™ and 12" days, the cultures were treated with the NCI366218 compound. On the same
days, the cultures were treated with DMSO as a control. After the cells were treated with
NCI366218, more cells became GFP positive compared to those treated with DMSO. These
results indicate that the NCI366218 compound stimulates ostéoblast differentiation. Compounds
(such as NCI366218 and NCI8642) which attenuate Dkk-mediated inhibition of Wnt have

potential therapeutic applications to treat osteoporosis and other bone diseases.

[0043] Wnt and Dkk have been shown to regulate the growth and differentiation of
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mesenchymal stem cells. Compounds have been identified which function as mesenchyl stem
cell regulators for the regulation of bone formation and for the development and differentiation

of hemaetopoietic stem cells.

[0044] Wnt has been shown to regulate the growth and differentiation of hematopoietic stem
cells. Compounds have been identified which function as hemaetopoietic stem cell regulators for
the regulation of bone formation and for the proliferation and expansion of stem cells in vivo and

in vitro.

MATERIALS AND METHODS

Cell culture, transfection, preparation of CV, and luciferase assay.

[0045] Human embryonic kidney cell (HEK) line A293T and mouse fibroblast cell line
NIH3T3 were maintained and transfected as previously described (1). Pre-osteoblast cell lines
2T3 and MC3T3 were cultured in a-MEM containing 10% FCS. For luciferase assays, cells in
24-well plates were seeded at 5x10* cells/well and transfected with 0.5 ng DNA/well using
Lipofectamine Plus (Invitrogen, CA), as ‘suggested by the manufacturer. The LacZ plasmid was
usually used to make DNA concentrations equal for each transfection. Cell extracts were
collected 24 hr after transfection. Luciferase assays were performed as previously described (1,
2). Luminescence intensity was normalized against fluorescence intensity of GFP. For the
preparation of Dkk1-AP containing CM, HEK cells were seeded in 6 well-plates at 4x10°
cells/well and transfected with 1 pg DNA/well. CMs were.collected 48 hours after transfection.

Construction of expression plasmids and mutagenesis.

[0046] The wild—t_ype and mutant forms of human LRP5, LRP6, mouse Wntl, Dkk1, and
Dkk2 were generated by PCR using the high fidelity thermostable DNA polymerase Pfu Ultra
(Stratagene, CA). HA or Flag epitope tags were introduced to the C-termini of the full-length
and mutant molecules. The expression of these molecules was driven by a CMV promoter. The

LEF-1 reporter gene constructs were obtained from an outside source (3).
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Dkk1-AP binding assay and immunoprecipitation assay.

[0047] HEK cells in 24-well plates were transfected with LRPS and its mutants. One day
later, cells were washed with cold washing buffer (HBBS containing BSA and NaN3) and
incubated on'ice with mouse Dkk1-AP conditioned medium for two hours. The cells were then
washed three times with washing buffer and lysed. The lysates were heated at 65°C for 10
minutes, and their AP activity was determined using a Tropix luminescence AP assay kit. The

immunoprecipitation assays were carried out as previously described (4).

Biotinylation of cell surface proteins.

[0048] HEK cells were transfected with LacZ, LRPS5, and LRPSgi71v expression plasmids.
The cells were labeled with 0.5 mg/ml sulfo-NHS-biotin (Pierce) in ice-cold PBS, washed and
lysed as previously described. (5). The ;ell lysate was immunoprecipitated with an anti-HA

antibody and A/G-agarose protein.

Primary osteoblast cultures.

[0049] Bone marrow stromal (BMS) osteoblast cultures from 3 month old mice were
generated as previously described (6). The cells were induced to undergo osteogenic
differentiation in the presence of 10 nM Dexamethasone, 8mM B-Glycerophosphate, and

50ug/ml ascorbic acid. The media was changed every two days.

Homology modeling. .
[0050] A homology model of the third YWTD-EGF domain of LRP5 was built with ICM

(Molsoft L.L.C., La Jolla, CA) using sequences obtained from the Swiss-Prot/TrEMBL database
(Entry Name QOUP66 [8]). The LDL receptor (Low-Density Lipoprotein) YWTD-EGF domain
(PDB code 11JQ [9]) was chosen as the template.

Virtual screening.

[0051] The UNITY™ program (Tripos, Inc.) was used to screen the National Cancer Institute
(NCI) database for chemical compounds that were able to fit into the cavity formed by six-
propellers at the end with Glu456. The candidate compounds were then docked into the Dkk1
binding cavities of the LRP5 domains using the FlexX™ program (Tripos, Inc.) for energy
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minimization [10]. The chemical compounds displaying the highest binding affinities in the
calculations were obtained from the Drug Synthesis & Chemistry Branch, Developmental
Therapeutics Program, Division of Cancer Treatment and Diagnosis, National Cancer Institute,
for further experimental tests. Second and third r6unds of screenings were carried out based on

the results of biochemical assays.

22



WO 2005/115354 PCT/US2005/017199

EXAMPLES

1. Deletion mutants of LRPS.
[0052] A set of PCR primers were designed, PCR reactions were carried out, and PCR

fragments were sucloned into vectors to generate several LRP5 deletion mutants. Deletion of the
third and fourth domains (residues 646 to 1198) resulted in LRP5R12; deletion of the first and
second domains (residues 1 to 646) resulted in LRP5R34 and deletion of the third domain
(residues 947 to 1198) resulted in LRP5R124. (see Fig. 1).

2. Domain I of LRPS5 is essential for Mesd-mediated LRPS5 function.
2.1 The G171V .mutation in the first domain of LRPS5 disrupts LRPS trafficking.
(A) Interaction of LRPS with Mesd.

[0053] HEK cells were transfected with expression plasmids, as indicated in Fig. 2A. One day
later, the cells were lysed and immunoprecipitation was carried out using an anti-Flag antibody.
Mesd was Flag-tagged and all LRP5 molecules were HA-tagged. The results showed that the
G171V mutation of domain I disrupted the interactions of both LRP5 with Mesd (Fig. 2A, lanes |
1 and 3) and R12 with Mesd (Fig. 2B, lanes 1 and 2), whereas the E721mutation of domain IIT
showed no effect on the interaction (Fig. 24, lanes 2 and 3).

(B) LRP5 mutants do not efficiently present themselves to the cell surface.
[0054] HEK cells were transfected with Mesd plasmids and expression plasmids, as indicated
in F ig. 2B and Fig. 2C. R12TGV, R12T, R1-4 and R1-4GV (GV) are AP fusion proteins, which,
are LRP5 mutants lacking transmembrane domains that are secreted in the cell culture medium.
One day later, the conditioned medium (CM) was collected and centrifuged at a high speed. The
supernatant was either immunoprecipitated by an anti-HA antibody (Fig. 2C) or used for an AP
assay (Fig. 2D). Cells were élso lysed in the SDS-PAGE sample buffer and analyzed by Western
blotting (lower panels of Fig. 2C&D). The results indicate that the G17.1V mutation attenuates

the presentation of LRPS to the cell surface.
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(C) Evaluation of cell surface LRPS levels.
[0055] HEK cells were transfected with LacZ, wildtype HA-LRPS or HA-LRP5G171V
exi)ression plasmids. The levels of cell surface LRPS molecules were detected by Western
analysis using streptavidin-horse radish peroxidase (SA-HRP) after the cell surfaces were
biotinylated and the LRP5 molecules were precipitated with anti-HA antibody (Fig. 2E upper
panel). The levels of LRPS in the immunocomplexes are shown in the lower panel. These results
show a decrease in cell surface presentation of the G171V mutant. |

2.2 LRP5gi7v is less susceptible to Dkk1l-mediated inhibition of the activity of

. coexpressed Wnt.

i

(A) Effects of the G171V mutation on canonical Wnt signaling activity. .

[0056] HEK cells were transfected with plasmids, as indicated in Fig. 3A, together with LEF-1
expression plasrhids, LEF-1 luciferase reporter plasmids and GFP expression plasmids. One day
later, the cells were lysed. GFP levels and luciferase activity of the lysed cells were determined
and normalized against GFP levels, as described in the Materials & Methods. The activity from
cells transfected with LacZ was taken as 100% to establish the control. Tﬁe expression of LRPS,
LRP5gi71v, LR-_P6, and LRP6¢ssv was detected using an antibody specific to the HA tag carried
b'y LRP5 proteins, or an anti-LRP6 antibody (Fig. 3A). The results indicate that the HBM G171V
mutation did not lead to an increase in LEF-1-dependent transcriptional activity compared to

wildtype (Wt) LRPS (LRP5wy) by itself or in transducing signals for coexpressed Wnt.

(B) Effects of the G171V mutation on canonical signaling activity stimulated by

coexpressed Wntl.
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[0057] HEK cells were transfected with plasmids of LEF reporters, Wnt-1, Dkk1 and Kremen
in the presence of LRP5w or LRP5G171v, as indicated in Fig. 3B. Human HEK cells were
transfected with LacZ, or cotransfected with Dkk1, Kremen! and Wntl in the presence of LRP5
or LRP5g171v. The protein expression level was verified by Western blotting (Fig. 3C). In the
presence of both Kremenl and DKK1, Wnt showed higher activity in HEK cells expressing
LRP55;71y than those expressing LRPSw: (Fig. 3B). These results indicate that the LRPSg171v
tranduces more signals than the wild type in the presence of Dkk1.

2.3 Binding of Dkk1-AP to LRPS and LRPS mutants.
[0058] HEK cells were transfected with Mesd plasmids and LRPS plasmids, as indicated in

Fig.4, and incubated on ice with CM prepared from HEK cells expressing Dkk1-AP. The AP
activity was determined in arbitrary units (AU), as described in the Materials and Methods. The
expression of Wt and mutant LRP5 molecules are shown in Fig. 4B. These results indicate that
cells expressing the LRP5g171v mutant show less appareﬁt Dkk binding than those expressing
LRPS5 w; (Fig. 4A), which is consistent with less LRP5g171v on cell surfaces, shown in Fig.2.

3. Domain II of LRPS5 is required for Wnt activity.
[0059] HEK cells were transfected with the LEF activity reporter plasmids and expression

plasmids, as indicated in Fig. 5. Expression plasmids LRP5R494Q and LRP5G479V are LRP5
receptors with point mutations in their second domain. One day later, the cells were lysed. GFP
levels and luciferase activity of the lysed cells were determined and normalized against GFP |
levels, as described in the Materials & Methods. Fig. 5 shows that LRP5R494Q and
LRP5G479V can abolish Wnt signaling, as compared to LRPSw:. These results indicate that
Domain II is required for Wnt activity.

4. Domain III is required for Dkk-mediated inhibition.
4.1 Analysis of domain IIL
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(A). Functional analysis of domain II1.
[0060] HEK cells were transfected with the LEF activity reporter plasmids, Kremen! plasmid

and expression plasmids as indicated in the Fig. 6A. The expression of Wt LRP5 and its mutant
molecules were shown in the Fig. 6B. The result shows that LRPSR12 or LRP5R124, but not
LRP5R34, could still potentiate Wnt-stimulated LEF-1 activity (Fig. 6A), suggesting that
LRP5R12 or LRP5R124 retains the Wnt coreceptor function. However, Dkk1 could not inhibit
Whnt signaling when LRP5SR12 or LRP5R124 was present (Fig. 6A). This suggests that the

domain III is required for Dkk1-mediated inhibition.

(B). Binding of DKKI-AP to LRP5 and LRPS5 mutants.
[0061] HEK cells were transfected with Mesd plasmids and LRP5 plasmids, as indicated in

Fig.6C, and incubated on ice with CM prepared from HEK cells expressing Dkk1-AP. The AP
activity was determined in Arbitrary Units, as described in the Methods and Materials. The
expression of Wt and mutant LRPS molecules are shown in the right panel of Fig. 6C. These
results indicate that LRP5R34 contains Dkk! binding sites, and that E721 in R34 is required for
Dkk1 binding. (Fig. 6C).

4.2 Identification of the amino acid residues on the interaction surface on domain III which

are required for Dkk inhibition.

(A) Schematic representation of Ala substitution mutations on interaction surface II1.
[0062] The space filled model of Domain III was deduced based on the structure of the LDL
receptor YWTD repeat domain (13). The homology model of Domain III of Dkk1 was built
with ICM (Molsoft L.L.C., La Jolla, CA) using sequences obtained from the Swiss-
Prot/TrEMBL database (Entry Name Q9UP66 [18]). The Low-Density Lipoprotein (LDL)
receptor YWTD-EGF domain (PDB code 11JQ [22]) was chosen as the template. Based on the

three-dimensional structure, we generated 19 LRP5 mutants containing Ala substitution
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mutations on the surface of Domain III (Fig. 7A). The ability of these mutant LRPS proteins to
re;sist Dkk1-mediated inhibition was determined and is shown in Fig. 7A. Nine of the mutants
showed altered (more than 5%) sensitivity to Dkk1-mediated inhibition, and contained mutations
localized on the same surface (Fig. 74). |

(B) Effect of representative point mutations on the Wnt coreceptor activity of LRPS.
[0063] HEK cells were transfected with LEF activity reporter plasmids, Kremenl plasmids
and expression plasmids, as indicated in Fig. 7B. The expression of Wt and mutant LRP5
molecules are shown in the lower panel. Among 19 mutations, the E721 mutation showed the
strongest effect on Dkk1-mediated inhibition, followed by W781, and Y719 (Fig. 7B).

5. Screening compounds that interact with the specified domains of LRPS.

5.1 Screening compounds using Domain III as a template.

(A). Virtual screem;ng.
[0064] The UNITY™ program (Tripos, Inc.) was used to screen the National Cancer Institute
(NCI) database (http:// 129.43.27.140/ncidb2) for chemical compounds that were able to fit into
the cavity on Domain III. This database is freely searchable and includes the coordinates of
250,251 small chemical compounds. A search query was designed to consist of R764 and E721
with 0.3A tolerance, and a hydrophobic center with 1.0A tolerance that is 3.2A away from
Trp781, pointing towards the cavity. Taking the flexibility of the compounds into consideration,
the Directed Tweak algorithm in the UNITY™ program allowing for a rapid, conformationally
flexible three dimensional search [21] was applied.
[0065] The candidate compounds obtained using the UNITY™ program were then docked in’co=
the Dkk! binding surface using the FlexX™ program (Tripos, Inc.) for energy minimization
[17], which quickly and flexibly docks ligands to protein-binding sites [44]. Residues E721,
W864, Y719, R764, D877, F888, G782, W781 and M891, shown to be critical for Dkk1
recognition (Fig. 7A), were considered in the calculations. Following the docking procedures,
the compounds were then ranked based on their predicted ability to bind to the Dkk1 binding
pocket using the Cscore™ program. Cscore™ generated a relative consensus score based on

how well the individual scoring functions of the protein-ligand complexes performed [8]. The
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Cscore™ were then subjected to final manual visual inspection. While 40 compounds with the
highest consensus scores were requested from NCI, only 17 were obtained due to unavailability.
These compounds were then subjected to the Dkk-1 binding assay (see section 5). Three of these
compounds were found to have an effect on the binding of Dkk1 to LRP-5: NCI106164 (Fig.
8A) inhibited Dkk1 binding by 32%, while NCI39914 (Fig. 8B) and NCI660224 (Fig. 8C)
stimulated Dkk! binding by 645% and 275%, respectively. The stimulatory effect of NCI39914
and NCI1660224 may be due to the enhanced interaction of these compounds with the Dkk1
binding cavity of the third domain. This enhancement could result from bridging of the gap that
exists between the interaction surfaces of Dkk1 and LRP5. Since anthra-9,10-quinone (Fig. 9A)
is a common substructure among compounds NCI39914 and NCI1660224, anthra-9,10-quninone
may play a key role in the binding interaction with LRPS5. A two dimensional search for
compounds found in the NCI database that are similar to anthra-9,10-quinone was performed
using the similarity search algorithm of the UNITY™ program. The hits were then docked with
the FlexX™ program, as previously described. 25 compounds with the highest scores were
obtained from NCI and tested. Compounds NCI657566 (Fig. 9B) and NCI366218 (Fig. 10A)
“were able to reverse the Dkk1-mediated inhibition of Wnt signaling. A new two dimensional
similarity search was conducted using a NCI366218-derived template shown in Fig. 9C and 13
candidate cdmpounds were identified. Biological assays (as described below) shewed that NCI
8642 (Fig. 10B) was the best compound for the reversal of Dkk-mediated inhibition of Wnt
signaling and the disruption of Dkk1 binding to LRPS.

(B) Biological assays.

[0066] Biological assays were used to screen the compounds identified by virtual screening.
(1) Dkk-1 binding assay. |

[0067] The binding of Dkk1-AP to HEK cells expressing full length LRP5 or LRP5R34
mutant lacking the first two domains was performed as described in section 2 (Fig. 4). The first
batch of 17 compounds ‘was initially screened for the inhibition of Dkk1 binding to full length
LRPS5. We found that NCI106164 showed a 68% inhibitory effect on Dkk1 binding, while
NCI39914 and NCI660224 stimulated Dkk1 binding by approximately 654% and 276%,
respectively. (see Table I.)
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(1I) Wnt activity assay.

[0068] The second and third domains of LRPS5 are required for Wnt signaling, and these.
domains probably directly interact with Wnt molecules. Since these domains share extensive
amino acid sequence homology, it is probable thaf certain compounds that bind to the third
domain may also bind to the first two domains, potentially causing the inhibition of Wnt activity.
The second batch of compounds were initially screened using the Wnt activity assay and
subsequently screened using the binding assay to confirm that compounds reversing Dkk
inhibition inhibited Dkk binding to LRPS. As shown in Table II, 25 compounds from the second
batch were screened using the Wnt activity assay. The compounds were examined for the
following: 1) basal reporter activity inhibition; 2) Wat activity inhibition; and 3) reversal of Dkk-
mediated inhibition of Wnt activity. As shown in Table II, 17 out of 25 compounds were found
to inhibit Wnt activity by more than 30%. Two compounds, NCI366218 and NCI657566, were
found to reverse Dkk1 mediated inhibition of Wnt signaling without affecting Wnt activity.

[0069] To determine which compounds reverse Dkk-mediated inhibition, a third batch of
compounds was identified using virtual screening. 13 compounds were identified and subjected
to Wnt activity screening. As shown in Table III, three compounds were found to greatly inhibit

Wht activity, and one compound (NCI8642) significantly reversed Dkk-mediated inhibition.

[0070] Both NCI8642 and NCI366218 were further characterized by Wnt activity assays and
Dkk binding assays, as shown in Fig. 11 and Fig. 12. NCI8642 was more effective in the
reversal of Dkk-mediated inhibition. NCI8642 also had wider range of effective concentrations
than NCI366218. Both compounds began to show Wnt inhibition at high concentrations. Both
compounds reversed Dkk-mediated inhibition by disrupting the interaction between Dkk1 and |
LRP5 since both compounds inhibited the binding of Dkk1-AP to full length LRP5 and the
LRP5 R34 mutant that lacks the first two domains. NCI8642 was shown to be more effective
than NCI366218 in the inhibition of Dkk1 binding, consistent with its increased effectiveness in

the reversal of Dkk-mediated antagonism to Wnt signaling.
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(I1I) Osteogenic assay.

a) Osteogenic assays in culture.

[0071] Whnt stimulates the proliferation and differentiation of cultured osteoblasts and Dkk
inhibits this process. Therefore, these compounds increase osteogenesis. This may be monitored
by the examination of mineralization or the expression of osteogeneic markers, including the
expression of BSP, osteocalcin, and collagen. The expression of GFP driven by the 2.3 Kb
CollA1 promoter may also be monitored. Fig. 13 shows that NCI366218 stimulates GFP
expression suggesting an increase in osteoblast differentiation. Fig. 14 shows that NCI366218

stimulates mineralization. NCI366218 also stimulates bone formation in calvarial organoculture.

b) In vivo osteogenic assays

[0072] Testing for the effectiveness of these compounds in vivo may be conducted to
determine if the compounds increase osteogenesis in vivo. A variety of compound doses may be
" injected at the outer surfaces of calvarias and into bone marrow cavities. Increased bone
formation may be examined histologically and through the use of pQCT, DNX, and X-ray
radioautography.

(IV) Beta-catenin level assay.

[0073] Cytosolic B-catenin is stabilized by Wt signaling. The effect of these compounds on
Whnt signaling may be examined by the resulting levels of B-catenin. For example, mouse L1
cells were treated with compounds combined withWnt3a CM, or a Dkk1-Wnt3a CM mixture for
8 hours. Cells used as a control were also treated with only Wnt3a CM or Dkk1-Wnt3a CM
mixture for 8 hours. B-catenin levels in cell lysates were measured by Western blotting or ELISA
using specific anti-R-catenin antibodies. B-catenin levels from compound-treated cells were then
compared to their controls. This method may also be used to screen compounds biologically.

[49]
(V) Phosphorylation of PPPSP sites of LRP5/6

[0074] It was recently discovered that Wnt stimulates the phosphorylation of LRP5 at PPPSP
motifs at the intracellular domain of LRPS (Tamai et al., 2004). Antibodies specific to
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phosphorylated PSPPP may be obtained and used to examine Wnt activity (Tamai et al., 2004).
The advantage of this assay is that it only measures receptor activation. Compounds that
participate in this event are less likely to affect Wnt intracellular signaling events compared to
the combounds screened using other assays. For éxample, HEK cells were treated with
compounds combined withWnt3a CM or DKK 1-Wnt3a CM mixture for 10-60 minutes. Cells
used as a control were treated with only Wnt3a CM or DKK1-Wnt3a CM mixture for 6 hours.
The phosphorylation of PPPSP sites of LRP5 or LRP6 were measured by Western blotting or
ELISA using specific antibodies against phosphorylated PPPSP sites. Compound treated cells
were compared to their controls in order to screen compounds which showed an effect on Wnt

' activity according to levels of phosphorylated LDLR-PPPSP sites. This method may also be used

to screen compounds biologically. [49]

5.2 Screening compounds using Domain II of LRPS as a template.

(A). Virtual screening. .

[0075] The structure of this domain may be deduced using homology modeling, as described
in the “Materials aﬁd Methods”. Site-directed mutagenesis was used to map the residues that are
required for Wnt signaling, as described in section 4.2. Virtual screening methods were applied
to this Wnt signaling surface using the methods described in section 5.1(A). Since domain II is
involved in Wnt signaling, compounds identified using domain II as a template may increase
Wht signaling or decrease Wnt signaling. Since domain II and domain III are homologous, the
compounds identified using virtual screening may: 1) increase Dkk binding; 2) decrease Dkk

binding; 3) increase Dkk antagonism; and/or 4) decrease Dkk antagonism.

(B). Biological assays.

[0076] Compounds were tested using biological assays described in section 5.1 (B).
Compounds that increase or decrease Wnt activity were identified using methods described in
section 5.1 (B), I-V. Compounds that enhance or inhibit Dkk1 binding were determined using
assays described in 5.1 (B), I. Compounds that enhance or inhibit Dkk1 antagonism were

determined using assays described in 5.1 (B), II.
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5.3. Screening compounds by using Domain I of LRPS as a template.

(A). Virtual screening.

[0077]  The structure of this domain may be deduced using homology modeling, as described
in the “Materials and Methods”. Site-directed mutagenesis was used to map the residues that are
required for Mesd binding and function, as described in Fig. 2. Virtual screening methods were
applied to this Mesd-binding surface using the methods described in section 5.1(A). Since
domain I is involved in Mesd functions, compounds identified using domain I as a template may
increase or decrease LRPS presentation to the cell surface, thereby increasing or decreasing Wnt
signaling and/or increasing or decreasing Dkk antagonism. Since domain I and domain II are
homologous, the compound identified using virtual screening may increase or decrease Wnt
signaling. ' Since domain I and domain III are homologous, the compounds identified using
virtual screening may: 1) increase Dkk binding; 2) decrease Dkk binding; 3) increase Dkk
antagonism; and/or 4) decrease Dkk antagonism.

(B). Biological assays.

[0078] Compounds that increase or decrease Wnt activity were identified using methods
described in section 5.1 (B), I-V. Compounds that enhance or inhibit Dkk1 binding were
determined using assays described in section 5.1 (B), I. Compounds that enhance or inhibit Dkk1
antagonism were determined using the assays described in section 5.1 (B), II. Compounds that

affect Mesd function were determined using assays shown in Fig. 2.

6. Screening of compounds that interact with the CRD of the frizzled receptor.

[0079] Wnt signals through a transmembrane receptor of the frizzled family. This frizzled
receptor passes through the cell membrane several times. A conserved cysteine-rich domain
(CRD) located on the N-terminal extracellular region of frizzled acts as a Wnt binding site.
Secreted frizzled-related protein Frzb-1 contains CRD and serves as an antagonist of Wnt
signaling expression.

[0080] The crystal structures of the CRDs of Frizzled 8 and secreted Frizzled-related protein 3
from mice have been determined. (Dann C. et al.) The Wnt binding sites have also been

determined by Wnt-binding and mutagenesis assays.
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6.1 Virtual screening.

[0081] Virtual screening methods described in 5.1(A) were used to screen for potential
compounds that interact with CRD to regulate the Wnt signaling pathway. A homology model
was created using the known CRD structure from‘mouse protein as a template. Homology
models for other frizzled family members or for human frizzled protein CRD regions were
created. Based on the structure and the amino acids involved in the CRD-Wnt interaction,
energy minimization methods were used to screen for compounds to further test the biological
activity of each compound. For those that showed higher biological activity, a similar structural

query was used to identify additional candidate compounds.

6.2 Biological assays.

[0082] Whnt-binding assays were used to screen the effect of compounds on the CRD region of
frizzled proteins. CRD peptides (or frizzled proteins) expressed on the surface of the cell with a
detectable marker (e.g, Myc-tag). Medium containing the compound and Wnt-alkaline
phosphatase fusion protein (e.g Wnt8-AP) was used. After incubation, binding was determined
using immuno-histochemistry staining.

Once the candidate compounds showed an effect on Wnt binding, other biological assays (as
described in 5.1(B)) were applied to determine each compounds effect on Wnt signaling. [27, 38,
12]

7. Screening of compbunds that interact with Dkk.

7.1 Virtual screening.

[0083]  The structure of Dkk1 was solved and its interaction surfaces to Kremen and LRP5/6
were mapped using mutagenesis, as described in section 4.2. Virtual screening was conducted
according to the methods described in section 5.1(A). Compounds were found to increase or
decrease Dkk binding to LRP5 or Kremen, or increase or decrease Dkk-mediated inhibition of

Wnt.
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7.2. Bilogical assays.

[0084] Compounds that increase or decrease Dkk binding to LRP5 were determined as
described in section 5.1 (B), . Compounds that increase or decrease Dkk binding to Kremen
were determined as described in section 5.1 (B), I'with the exception that the cells were
transfected with Kremen instead of LRPS. Compounds that increase or decrease Dkk

antagonism were determined as described in section 5.1 (B), II-IIL '

8. Screening of compounds that interact with Dyl domains.

[0085] Cytoplasmic dishevelled (Dvl) proteins are activated by the Wnt-frizzled receptor
complex.' They are essential in both canonical and non-canonical Wnt signaling pathways. Dvl
proteins are composed of an N-terminal DIX domain, a central PDZ domain, and a C-terminal
DEP domain. These three conserved domains each associate with different proteins, thereby each
functioning in a different pathway.

[0086] = The DIX domain exists as a homodimer and forms a predominantly helical structure.
This was determined using pulsed-field gradient NMR studies. The DIX domain mediates
targeting to actin stress fibres and cytoplasmic vesicles in vivo. It thereby may represent a point -
of divergence in Wnt signaling. The stabilization of B-catenin through canonical Wnt signaling
involves memberance targeting of Dvl. Lys 58, Ser 59 and Met 60 in mouse DvI2 are critically
involved in the actin interaction. Lys 68 and Giu 69 are important in cytoplasmic vesicle
localization.

[0087] The PDZ domain interacts with several molecules and plays an important role in both
the canonical and non-canonical Wnt pathways. The three dimensional Xenopus PDZ domain
structure has been determined (Cheyette. Et al). Through the use of chemical-shift perturbation
NMR spectroscopy and binding assays, it was shown that there is a direct interaction between the
conserved motif KTXXXW of frizzled and the PDZ domain of mouse Dvl1. This allows the
binding region to be determined. (ang. Et al).

[0088] The DEP domain of Dvl proteins transduces signals to effector proteins downstream of
Dvl in the Wnt pathway. The DEP domain of dishevelled is required for the upregulation of B-
catenin activity and the stimulation of Lef-1 mediated transcription in mammalian cells. The

mouse Dvll DEP domain’s structure has been determined. (Wong, et at) It has been shown that
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Lys434, Asp445, and Asp 448 play an important role in protein-protein interaction, and that their

mutations Wnt-1 induced Lef-1 activation.

8.1 Vitual screening.

‘[0089] Since the functional residues and secondary structures of the DIX domain have been
determined, a screening of the existing protein domains may provide information for tertiary
structural configurations potential candidates and a simulation for the same may generate
candidate compounds for binding analysis. Candidate compounds affecting binding may be
analyzed, and a new group of similar compounds may be assayed biologically.

Since the three dimensional structure for PDZ and DEP is known, a virtual screening method
similar to the method described in section 5.1 may be used. This structure may be used as a
template to create a homology model for human protein domains or other similar functional
protein domains. Based on the structure and the amino acids involved in specified functions,
energy minimization methods may be used to screen compounds. The biological activity of each
compound may be tested. For those compounds that show high biological activity, a similar
structural query may be used to find more candidate compounds, and biological activity will be

 further assayed.

8.2 Biological assays.

[0090] Actin-binding inhibition assays for actin binding regions, and Xnr3 or Siamois
expression levels may be used for DIX domain vesicle localization. A constructed vector
containing tagged DIX may be transfected into a cell, after compound treatment.
Immunofluorenscence staining may then be used to determine actin-binding inhibition. RT-PCR
may be used to detect Xnr3 or Siamois levels for vesicle localization. |
[0091] Anin vitro binding assay may be used for initial screening for the PDZ domain. A
peptide (e.g, Drp C terminal region) that binds to the PDZ domain of Dvl may be used. Purified
tagged peptide bound to beads may be mixed with the PDZ domain and each compound, and
after incubation, antibody may be used to detect the bound compounds. The binding efficiency
effect of each compound may be determined.

[0092] To screen for compounds that will affect canonical Wnt pathway, a luciferase assay

may be used for the domain. Cells may be transfected with the Dvl domain. Once these cells are
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incubated with compounds, Wnt/B-catenin activated luciferase activity may be assayed, thereby
measuring each compound’s effect.

[0093] The compounds are then classified based on their structure, and the identified
compounds are further screened. Once candidate tompounds affecting protein binding are
1dentifed, other biological assays described section in 5.1(B) may be used to determine the effect

of each compound on Wnt signaling. [57, 6, 58, 55, 7]

9. Screening of compounds that interact with B-catenin.

[0094]  B-catenin mediates the transmission of the Wnt signal into the nucleus and thereby
activating the target genes. The Wnt signal prevents B-catenin degradation, allowing B-catenin to
accumulate and subsequently translocate to the nucleus to form a transcriptional activating
complex with members of the Tcf/LEF familiy of proteins.

[0095]  The crystal structure of B-catenin, as well as the complex it forms with Axin, Lef, TCF
and several other proteins, have been solved. This information may be used for the screening of
compounds that regulate canonical Wnt signaling.

[0096] B-catenin contains N-terminal armadillo repeats, which are the biﬁding sites for APC, -
LEF/TCF, E-cadherin and conductin/axin. All the binding sites are located in armadillo repeat
units 3-8 of B-catenin. The binding of the factors occupy the groove and thus preclude the!

simultaneous binding of other competing -catenin partners.

9.1 Virtual screening

[0097] A modified strategy similar to the virtual screening described in section 5.1 may be
used for identifying compounds for B-catenin interaction for binding. The homology model of B—=
catenin from different species may be generated using B-catenin as a template. Based on the
structure and the critical amino acids involved in the interactions with LEF/TCF, Axin and APC,
energy minimization methods may be used to screen for compounds to‘create groups of
candidate compounds. Since all the aforementioned proteins occupy similar positions on B-
catenin, when biological assays are used for the screening of each compound, all four

interactions are tested. Based on initial biological activity, the structure of effective compounds
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are analyzed, and new groups of compounds are tested using similar methods. Additional

biological assays may be carried out to identify the most effective compounds.

9.2 Biological assays.
[0098]  Since all the -catenin partners occupy similar positions, in vitro translation and protein
binding assays may be used to determine the effectiveness of each compound. Tagged B-catenin,
TCF, APC, LEF or Axin constructs may be transcribed and translated in vitro. Once they are
incubated with the compounds, immunoblotting may be used to detect binding.
Once compounds are identified which affect Wnt binding, other biological assays may be used,
as described in section 5.1(B), to determine the effect of each compound on Wnt signaling. [52,

43, 16,59, 11]

10. Screening of compounds that interact with LEF-1/TCF transcription factors.
[0099] Lymphoid enhancer-binding factor (LEF) is a DNA-binding protein that plays an

architectural role in the assembly and function of a regulatory nucleoprotein complex. It
recognizes specific nucleotide sequences through a high-mobility-group (HMG) domain. The
solution structure of the HMG domain of mouse LEF-1, complexed with a 15-base-pair
oligonucleotide duplex containing the optimal binding site from the TCR-alpha gene enhancer,

has been solved.

10.1 Virtual screening.

[0100] A strategy similar to the virtual screening described in section 5.1 may be used to
screen for potential compounds that interact with HMG-oligonucleotide binding, to thereby
affect the activity of gene expression regulation. Based on the structure, proteins containing
HMG domains bend the DNA to which they bind. Any compounds that affect DNA bending or
binding ability have an effect on the regulation of gene expression. The homology model for the
LEF HMG domain for different species may be created using the known structure as a template.
Based on the structure and the amino acids involved in HMG-oligo interaction, energy
minimization methods may be used to screen for compounds. Compounds which may either

force the bending or prohibit the bending are selected. The DNA biding activity used to screen
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the compounds. For compounds which show a much higher or much lower biological activity, a

similar structural query may be used to identify additional candidate comopounds.

10.2 Biological assays. A

[0101] DNA-binding assays may be used to screen the compounds. Oligonucleotides and
HMG domains are incubated with the compounds. Gel retardation assays are used to determine
the DNA binding. The binding experiment may be modified with uniformly B¢ Jabeled NMR to
analyze domain bending. Since LEF controlled gene regulation is directly affected, luciferase
assay may also be used for detecting compound effects. Once compounds affecting protein
binding are identified, other biological assays described in 5.1(B) may be used to determine the

effect of each compound on Wnt signaling. [33]

11. Screening of compounds that interact with any other Wnt signaling -related proteins.

[0102] Additional protein factors involved in Wnt signaling exist. Their structure may be
solved in the future. Based on interaction surface structures, compounds may be screened and

their biological activity tested, as described in section 5.
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10.

11.

CLAIMS

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound that binds to a
transmembrane protein, said protein interacting with at least one Dkk protein.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound other than Wnt
or Dkk protein that binds to a transmembrane protein, said protein interacting with at
least one Dkk protein.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound that binds to the
LRPS5/6 receptor system.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound, other than Wnt
or Dkk protein, that binds to the LRP5/6 receptor system.

A method for the stimulation, enhancement or régulation of bone formation or bone
remodeling comprising administering at least one non-native compound that binds to the
LRP5 or LRP6 receptor.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound, other than Wnt

or Dkk protein, that binds to the LRP5 or LRP6 receptor.

A method for the stimulation, enhancement or regulaﬁon of bone formation or bone

‘remodeling comprising administering at least one non-native compound that binds to a

homologue of the LRP5 or LRP6 receptor.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound, other than Wnt
or Dkk protein, that binds to a homologue of the LRPS5 or LRP6 receptor.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound that binds to a
receptor or co-receptor involved in bone formation or remodeling.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound, other than Wnt
or Dkk protein, that binds to a receptor or co-receptor involved in bone formation or
remodeling.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound that binds to a
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

receptor or co-receptor involved in bone stimulation, enhancement, regulation or
remodeling.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound, other than Wt
or Dkk protein, that binds to a receptor or co-receptor involved in bone stimulation,
enhancement, regulation or remodeling. ‘

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound that binds to a
receptor or co-receptor involved in the Wnt signaling pathway.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound, other than Wnt
or Dkk protein, that binds to a receptor or co-receptor involved in the Wnt signaling
pathway.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound that binds to a
Whnt signaling receptor.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound, other than Wnt
or DKk protein, that binds to a Wnt signaling receptor.

A method for the accumulation of the intracellular protein B-catenin comprising
administering at least one non-native compound that binds to a receptor or co-receptor
involved in bone formation or bone remodeling.

A method for the accumulation of the intracellular protein B-catenin comprising
administering at least one non-native comipound, other than Wnt or Dkk protein, that
binds to a receptor or co-receptor involved in bone formation or bone remodeling.

A method for the inhibition of the accumulation of the intracellular protein P-catenin
comprising administering at least one non-native compound that binds to a receptor or

co-receptor involved in bone formation or bone remodeling.

A method for the inhibition of the accumulation of the intracellular protein B-catenin
comprising administering at least one non-native compound, other than Wnt or Dkk
protein, that binds to a receptor or co-receptor involved in bone formation or bone
remodeling.

A method for the accumulation of the intracellular protein B-catenin via a non-canonical

Wnt pathway comprising administering at least one non-native compound that binds to a
receptor or co-receptor involved in bone formation or bone remodeling.
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29.

30.

31.

WO 2005/115354 PCT/US2005/017199

A method for the accumulation of the intracellular protein B-catenin via a non-canonical
What pathway comprising administering at least one non-native compound, other than
Whnt or DKk protein, that binds to a receptor or co-receptor involved in bone formation or
bone remodeling.

A method for the inhibition of the accumulation of the intracellular protein B-catenin via
a non-canonical Wnt pathway comprising administering at least one non-native
compound that binds to a receptor or co-receptor involved in bone formation or bone
remodeling.

A method for the inhibition of the accumulation of the intracellular protein -catenin via
a non-canonical Wnt pathway comprising administering at least one non-native
compound, other than Wnt or Dkk protein, that binds to a receptor or co-receptor
involved in bone formation or bone remodeling.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound that binds to the LRP5/6 receptor system.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound, other than Wnt or Dkk protein, that binds to the LRP5/6
receptor system.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound that binds to the LRP5 or LRP6 receptor.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound, other than Wnt or Dkk protein, that binds to the LRPS or
LRP6 receptor.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in 2 mammalian subject comprising administering at least '
one non-native compound that binds to a homologue of the LRP5 or LRP6 receptor.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in 2 mammalian subject comprising administering at least
one non-native compound, other than Wnt or Dkk protein, that binds to a homologue of
the LRP5 or LRP6 receptor.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound that binds to a receptor or co-receptor involved in bone
formation or bone remodeling.
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32.

33.

34,

35.

36.

37.

38.

39.

40.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound, other than Wnt or Dkk protein, that binds to a receptor or co-
receptor involved in bone formation or boge remodeling. '

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound that binds to a receptor or co-receptor involved in bone
stimulation, enhancement, regulation or remodeling.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound, other than Wnt or Dkk protein, that binds to a receptor or co-
receptor involved in bone stimulation, enhancement, regulation or remodeling.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound that binds to a receptor or co-receptor involved in the Wnt
signaling pathway. :

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound, other than Wnt or Dkk protein, that binds to a receptor or co-
receptor involved in the Wnt signaling pathway.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound that binds to a Wnt signaling receptor.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound, other than Wnt or Dkk protein, that binds to a Wnt signaling
receptor.

A method for the treatment of a bone fracture, bone disease, bone injury, or bone
abnormality, in a mammalian subject comprising administering at least one non-native
compound that promotes the accumulation of the intracellular protein B-catenin.

A method for the treatment of a bone fracture, bone disease, bone injury, or bone
abnormality, in a mammalian subject comprising administering at least one non-native
compound, other than Wnt or Dkk protein, that promotes the accumulation of the
intracellular protein B-catenin.
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41.

42.

44.

45.

46.

47.

48.

49.

50.

A method for the treatment of a tumor or abnormal growth in 2 mammalian subject
comprising administering at least one non-native compound that inhibits the
accumulation of the intracellular protein B-catenin.

A method for the treatment of a tumor or abnormal growth in 2 mammalian subject
comprising administering at least one non-native compound, other than Whnt or Dkk
protein, that inhibits the accumulation of the intracellular protein B-catenin.

A method for the treatment of a bone fracture, bone disease, bone injury, or bone
abnormality, in a mammalian subject comprising administering at least one non-native
compound that promotes the accumulation of the intracellular protein B-catenin via a non-
canonical Wnt pathway.

A method for the treatment of a bone fracture, bone disease, bone injury, or bone
abnormality, in a mammalian subject comprising administering at least one non-native
compound, other than Wnt or Dkk protein, that promotes the accumulation of the
intracellular protein B-catenin via a non-canonical Wnt pathway.

A method for the treatment of a tumor or abnormal growth in a mammalian subject
comprising administering at least one non-native compound that inhibits the
accumnulation of the intracellular protein p-catenin via a non-canonical Wnt pathway.

A method for the treatment of a tumor or abnormal growth in a mammalian subject
comprising administering at least one non-native compound, other than Wnt or Dkk

_.protein, that inhibits the accumulation of the intracellular protein B-catenin via a non-

canonical Wnt pathway.

The method of claims 1-46 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claims 1-46 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claims 1-46 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, -
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

The method of claims 1-46 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.
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The method of claims 1-46 wherein said non-native compound is identified using a
method comprising:
screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

docking said compound into the cavity using the Flexx ™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that binds to the LRP5/6 receptor system.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound, other than Wnt or Dkk protein, that binds to the LRP5/6 receptor
system. “

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that binds to the LRP5 or LRP6 receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound, other than Wnt or Dkk protein, that binds to the LRPS or LRP6
receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that binds to a homologue of the LRPS5 or LRP6 receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-

native compound, other than Wnt or Dkk protein, that binds to a homologue of the LRP5

or LRP6 receptor. o

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,’
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that binds to a receptor or co-receptor involved in bone formation or
bone remodeling.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound, other than Wnt or Dkk protein, that binds to a receptor or co-receptor
involved in bone formation or bone remodeling.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
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native compound that binds to a receptor or co-receptor involved in bone stimulation,

- enhancement, regulation or remodeling.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound, other than Wnt or Dkk protein, that binds to a receptor or co-receptor
involved in bone stimulation, enhancement, regulation or remodeling.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that binds to a receptor or co-receptor involved in the Wnt signaling
pathway.

A therapeutic composition for the treatment of a bone. fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound, other than Wnt or Dkk protein, that binds to a receptor or co-receptor
involved in the Wnt signaling pathway. i

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-

native compound that binds to a Wnt signaling receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,

‘bone abnormality, tumor or growth in a mammalian subject comprising at least one non-

native compound, other than Wnt or Dkk protein, that binds to a Wnt signaling receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
or bone abnormality in a mammalian subject comprising at least one non-native
compound that binds to a receptor or co-receptor involved in bone formation or bone
remodeling to promote the accumulation of the intracellular protein f-catenin.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
or bone abnormality in a mammalian subject comprising at least one non-native
compound, other than Wat or Dkk protein, that binds to a receptor or co-receptor
involved in bone formation or bone remodeling to promote the accumulation of the
intracellular protein p-catenin. -

A therapeutic composition for the treatment of a tumor or abnormal growth in a
mammalian subject comprising at least one non-native compound that binds to a receptor
or co-receptor involved in bone formation or bone remodeling to inhibit the accumulation
of the intracellular protein B-catenin.

A therapeutic composition for the treatment of a tumor or abnormal growth in a
mammalian subject comprising at least one non-native compound, other than Wnt or Dkk
protein, that binds to a receptor or co-receptor involved in bone formation or bone
remodeling to inhibit the accumulation of the intracellular protein B-catenin.
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A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
or bone abnormality in a mammalian subject comprising at least one non-native
compound that binds to a receptor or co-receptor involved in bone formation or bone
remodeling to promote the accumulation of the intracellular protein B-catenin via a non-
canonical Wnt pathway.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
or bone abnormality in a mammalian subject comprising at least one non-native
compound, other than Wnt or Dkk protein, that binds to a receptor or co-receptor
involved in bone formation or bone remodeling to promote the accumulation of the
intracellular protein B-catenin via a non-canonical Wnt pathway.

A therapeutic composition for the treatment of a tumor or abnormal growth in a
mammalian subject comprising at least one non-native compound that binds to a receptor
or co-receptor involved in bone formation or bone remodeling to inhibit the accumulation
of the intracellular protein B-catenin via a non-canonical Wnt pathway.

A therapeutic composition for the treatment of a tumor or abnormal growth in a
mammalian subject comprising at least one non-native compound, other than Wnt or Dkk
protein, that binds to a receptor or co-receptor involved in bone formation or bone
remodeling to inhibit the accumulation of the intracellular protein B-catenin via a non-
canonical Wnt pathway.

The method of claims 52-73 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claims 52-73 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claims 52-73 wherein said compound comprises a small molecule,
protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic
acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid,
lipoprotein, chemical, or a fragment of a compound that comprises a heterocyclic organic
molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, ’
glycoprotein, glycolipid, lipoprotein, or chemical.

The method of claims 52-73 'wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 52-73 wherein said composition further comprises a
pharmaceutically acceptable carrier.
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The method of claims 52-73 wherein said composition is formulated as a tablet, pill,
dragee, liquid, gel, capsule, syrup, slurry or suspension.

The method of claims 52-73 wherein said non-native compound is identified using a
method comprising: '

screening for a compound that fits into the cavity on the receptor using the UNITY ™
program,; ‘

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound that interacts
with a transmembrane protein, said protein interacting with at least one Dkk protein.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound, other than Wnt
or Dkk protein, that interacts with a transmembrane protein, said protein interacting with
at least one Dkk protein.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound that interacts
with the LRP5/6 receptor system.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound, other than Wnt
or Dkk protein, that interacts with the LRP5/6 receptor system.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound that interacts
with the LRP5 or LRP6 receptor.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound, other than Wnt
or Dkk protein, that interacts with the LRPS or LRP6 receptor.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound that interacts
with a homologue of the LRPS or LRP6 receptor.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound, other than Wnt
or Dkk protein, that interacts with a homologue of the LRP5 or LRP6 receptor.

A method for the stimulation, enhancement or regulation of bone formation or bone

remodeling comprising administering at least one non-native compound that interacts
with a receptor or co-receptor involved in bone formation or bone remodeling.
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A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound, other than Wnt
or Dkk protein, that interacts with a receptor or co-receptor involved in bone formation or
bone remodeling.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound that interacts
with a receptor or co-receptor involved in bone stimulation, enhancement, regulation or
remodeling.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound, other than Wnt
or Dkk protein, that interacts with a receptor or co-receptor involved in bone stimulation,
enhancement, regulation or remodeling.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound that interacts
with a receptor or co-receptor involved in the Wnt signaling pathway.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound, other than Wnt
or Dkk protein, that interacts with a receptor or co-receptor involved in the Wnt signaling
pathway.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least one non-native compound that interacts
with a Wnt signaling receptor.

A method for the stimulation, enhancement or regulation of bone formation or bone
remodeling comprising administering at least onie non-native compound, other than Wnt
or Dkk protein, that interacts with a Wnt signaling receptor.

A method for the accumulation of the intracellular protein p-catenin comprising
administering at least one non-native compound that interacts with a receptor or co-
receptor involved in bone formation or bone remodeling.

A method for the accumulation of the intracellular protein B-catenin comprising
administering at least one non-native compound, other than Wnt or Dkk protein, that
interacts with a receptor or co-receptor involved in bone formation or bone remodeling.

A method for the inhibition of the accumulation of the intracellular protein p-catenin

comprising administering at least one non-native compound that interacts with a receptor
or co-receptor involved in bone formation or bone remodeling.
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A method for the inhibition of the accumulation of the intracellular protein B-catenin -
comprising administering at least one non-native compound, other than Wnt or Dkk
protein, that interacts with a receptor or co-receptor involved in bone formation or bone
remodeling.

A method for the accumulation of the intracellular protein p-catenin via a non-canonical
Wnt pathway comprising administering at least one native compound that interacts with a
receptor or co-receptor involved in bone formation or bone remodeling.

A method for the accumulation of the intracellular protein p-catenin via a non-canonical
Wnt pathway comprising administering at least one native compound, other than Wnt or
Dkk protein, that interacts with a receptor or co-receptor involved in bone formation or
bone remodeling.

A method for the inhibition of the accumulation of the intracellular protein B-catenin via
a non-canonical Wnt pathway comprising administering at least one non-native
compound that interacts with a receptor or co-receptor involved in bone formation or
bone remodeling. '

A method for the inhibition of the accumulation of the intracellular protein B-catenin via
a non-canonical Wnt pathway comprising administering at least one npn-native
compound, other than Wnt or Dkk protein, that interacts with a receptor or co-receptor

involved in bone formation or bone remodeling.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound that interacts with the LRP5/6 receptor system.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound, other than Wnt or Dkk protein, that interacts with the LRP5/6
receptor system.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound that interacts with the LRP5 or LRP6 receptor.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound, other than Wnt or Dkk protein, that interacts with the LRPS or
LRP6 receptor.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound that interacts with a homologue of the LRPS or LRP6 receptor.
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A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound, other than Wnt or Dkk protein, that interacts with a
homologue of the LRP5 or LRP6 receptor.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound that interacts with a receptor or co-receptor involved in bone
formation or bone remodeling.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound, other than Wnt or Dkk protein, that interacts with a receptor
or co-receptor involved in bone formation or bone remodeling.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound that interacts with a receptor or co-receptor involved in bone
stimulation, enhancement, regulation or remodleling.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound, other than Dkk protein or Wnt, that interacts with a receptor
or co-receptor involved in bone stimulation, enhancement, regulation or remodeling.

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound that interacts with a receptor or co-receptor involved in the
Whnt signaling pathway. '

A method for the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound, other than Wnt or Dkk protein, that interacts with a receptor
or co-receptor involved in the Wnt signaling pathway.

A method for the treatment of a bone fracture, bone disease, bone injury, bone .
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound that interacts with a Wnt signaling receptor.

A method for-the treatment of a bone fracture, bone disease, bone injury, bone
abnormality, tumor or growth in a mammalian subject comprising administering at least
one non-native compound, other than Wnt or Dkk protein, that interacts with a Wnt
signaling receptor.

A method for the treatment of a bone fracture, bone disease, bone injury, or bone
abnormality in a mammalian subject comprising administering at least one non-native
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compound that interacts with a receptor or co-receptor involved in bone formation or
bone remodeling to promote the accumulation of the intracellular protein B-catenin.

A method for the treatment of a bone fracture, bone disease, bone injury, or bone
abnormality in a mammalian subject comprising administering at least one non-native
compound, other than Wnt or Dkk protein, that interacts with a receptor or co-receptor
involved in bone formation or bone remodeling to promote the accumulation of the
intracellular protein B-catenin.

A method for the treatment of a tumor or abnormal growth in a mammalian subject
comprising administering at least one non-native compound that interacts with a receptor
or co-receptor involved in bone formation or bone remodeling to inhibit the accumulation
of the intracellular protein p-catenin.

A method for the treatment of a tumor or abnormal growth in a mammalian subject
comprising administering at least one non-native compound, other than Wnt or Dkk
protein, that interacts with a receptor or co-receptor involved in bone formation or bone
remodeling to inhibit the accumulation of the intracellular protein f-catenin.

A method for the treatment of a bone fracture, bone disease, bone injury, or bone
abnormality, in a mammalian subject comprising administering at least one non-native
compound that interacts with a receptor or co-receptor involved in bone formation or
bone remodeling to promote the accumulation of the intracellular protein B-catenin via a
non-canonical Wnt pathway.

A method for the treatment of a bone fracture, bone disease, bone injury, or bone
abnormality, in a mammalian subject comprising administering at least one non-native
compound other than Wnt or Dkk protein, that interacts with a receptor or co-receptor
involved in bone formation or bone remodeling to promote the accumulation of the
intracellular protein p-catenin via a non-canonical Wnt pathway.

A method for the treatment of a tumor or abnormal growth in a mammalian subject
comprising administering at least one non-native compound that interacts with a receptor
or co-receptor involved in bone formation or bone remodeling to inhibit the accumulation
of the intracellular protein B-catenin via a non-canonical Wnt pathway. :

A method for the treatment of a tumor or abnormal growth in 2 mammalian subject
comprising administering at least one non-native compound, other than Wnt or Dkk
protein, that interacts with a receptor or co-receptor involved in bone formation or bone
remodeling to inhibit the accumulation of the intracellular protein B-catenin via a non-
canonical Wnt pathway.

The method of claims 81-126 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.
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The method of claims 81-126 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claims 81-126 wherein said compound comprises a small molecule,
protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic
acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid,
lipoprotein, chemical, or a fragment of a compound that comprises a heterocyclic organic
molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar,
glycoprotein, glycolipid, lipoprotein, or chemical.

The method of claims 81-126 wherein said administering step comprises administration
by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 81-126 wherein said non-native compound is identified using a
method comprising: ’ )

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

docking said compound into the cavity using the Flexx ™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that interacts with the LRP5/6 receptor system.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound, other than Wnt or Dkk protein, that interacts with the LRP5/6 receptor
system.

A therapeutic éomposition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that interacts with the LRPS or LRP6 receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound, other than Wnt or Dkk protein, that interacts with the LRP5 or LRP6
receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-

native compound that interacts with a homologue of the LRP5 or LRP6 receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
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native compound, other than Wnt or Dkk protein, that interacts with a homologue of the
LRPS5 or LRP6 receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-

native compound that interacts with a receptor or co-receptor involved in bone formation
or bone remodeling.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound, other than Wnt or Dkk protein, that interacts with a receptor or co-
receptor involved in bone formation or bone remodeling.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that interacts with a receptor or co-receptor involved in bone
stimulation, enhancement, regulation or remodeling.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound, other than Wnt or Dkk protein, that interacts with a receptor or co-
receptor involved in bone stimulation, enhancement, regulation or remodeling.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that interacts with a receptor or co-receptor involved in the Wnt
signaling pathway. :

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non- |
native compound, other than Wnt or Dkk protein, that interacts with a receptor or co-
receptor involved in the Wnt signaling pathway.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that interacts with a Wnt signaling receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound, other than Wnt or Dkk protein, that interacts with a Wnt signaling
receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
or bone abnormality in a mammalian subject comprising at least one non-native
compound that interacts with a receptor or co-receptor involved in bone formation or
bone remodeling to promote the accumulation of the intracellular protein p-catenin.
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147. A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
or bone abnormality in a mammalian subject comprising at least one non-native
. compound other than Wnt or Dkk protein, that interacts with a receptor or co-receptor
involved in bone formation or bone remodeling to promote the accumulation of the
intracellular protein B-catenin.

148. A therapeutic composition for the treatment of a tumor or abnormal growth in a
mammalian subject comprising at least one non-native compound that interacts with a
receptor or co-receptor involved in bone formation or bone remodeling to inhibit the
accumulation of the intracellular protein B-catenin.

149. A therapeutic composition for the treatment of a tumor or abnormal growth in a
mammalian subject comprising at least one non-native compound, other than Wnt or Dkk
protein, that interacts with a receptor or co-receptor involved in bone formation or bone
remodeling to inhibit the accumulation of the intracellular protein p-catenin.

150. A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
" or bone abnormality in a mammalian subject comprising at least one non-native
compound that interacts with a receptor or co-receptor involved in bone formation or
bone remodeling to promote the accumulation of the intracellular protein B-catenin via a
non-canonical Wnt pathway.

151. A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
or bone abnormality in a mammalian subject comprising at least one non-native
compound, other than Wnt or Dkk protein, that interacts with a receptor or co-receptor
involved in bone formation or bone remodeling to promote the accumulation of the
intracellular protein B-catenin via a non-canonical Wnt pathway.

152. A therapeutic composition for the treatment of a tumor or abnormal growth in a
mammalian subject comprising at least one non-native compound that interacts with a .
receptor or co-receptor involved in bone formation or bone remodeling to inhibit the
accumulation of the intracellular protein B-catenin via a non-canonical Wnt pathway.

153. A therapeutic composition for the treatment of a tumor or abnormal growth in a
mammalian subject comprising at least one non-native compound, other than Wnt or Dkk -
protein, that interacts with a receptor or co-receptor involved in bone formation or bone
remodeling to inhibit the accumulation of the intracellular protein B-catenin via a non-
canonical Wnt pathway.

154.  The method of claims 132-153 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

155.  The method of claims 132-153 wherein said non-native compound comprises
NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.
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The method of claims 132-153 wherein said compound comprises a small molecule,
protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic
acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid,
lipoprotein, chemical, or a fragment of a compound that comprises a heterocyclic organic
molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar,
glycoprotein, glycolipid, lipoprotein, or chemical.

The method of claims 132-153 wherein said administering step comprises administration
by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 132-153 wherein said composition further comprises a
pharmaceutically acceptable carrier.

The method of claims 132-153 wherein said composition is formulated as a tablet, pill,
dragee, liquid, gel, capsule, syrup, slurry or suspension.

The method of claims 132-153 wherein said non-native compound is identified using a
method comprising: ‘

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
binds to the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound, other
than Wnt or Dkk protein, that binds to the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to the
LRPS5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound, other than Wnt or
Dkk protein, that binds to the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that binds to the LRP5 or LRP6 receptor.
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A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound, other than Wnt or Dkk
protein, that comprises small molecule, protein, peptide, polypeptide, cyclic molecule,
heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar
lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds to the LRP5 or
LRP6 receptor. “

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical.that binds to the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound, other than Wnt or Dkk protein, that
comprises a small molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic
organic molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar,
glycoprotein, glycolipid, lipoprotein or chemical that binds to the LRP5 or LRP6
receptor.

- A method for the stimulation or enhancement of bone formation or bone remodeling

comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical, said
compound or said fragment of a compound binding to the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound, other than Wnt or Dkk
protein, or at least one fragment of a non-native compound, other than Wnt or Dkk
protein, that comprises a small molecule, protein, peptide, polypeptide, cyclic molecule,
heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar
lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical, said compound or said
fragment of a compound binding to the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical, said compound
or said fragment of a compound binding to the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising

administering at least one non-native compound, other than Wnt or DKk protein, or at
least one fragment of a non-native compound, other than Wnt or Dkk protein, that
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comprises a small molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic
organic molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar,
glycoprotein, glycolipid, lipoprotein or chemical, said compound or said fragment of a
compound binding to the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
interacts with the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound, other
than Wnt or Dkk protein, that interacts with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that interacts with
the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound, other than Wnt or
Dkk protein, that interacts with the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that interacts with the LRP5 or LRPG6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound, other than Wnt or Dkk
protein, that comprises a small molecule, protein, peptide, polypeptide, cyclic molecule,
heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar
lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical. that interacts with the
LRPS or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical. that interacts with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound, other than Wnt or Dkk protein, that
comprises a small molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic
organic molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar,
glycoprotein, glycolipid, lipoprotein or chemical.that interacts with the LRP5 or LRP6
receptor.
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A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical, said
compound or said fragment of a compound interacting with the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound, other than Wnt or Dkk
protein, or at least one fragment of a non-native compound, other than Wnt or Dkk
protein, that comprlses a small molecule, protein, peptide, polypeptide, cyclic molecule,
heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar
lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical, said compound or said
fragment of a compound interacting with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical, said compound
or said fragment of a compound interacting with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound, other than Wnt or Dkk protein, or at
least one fragment of a non-native compound, other than Wnt or Dkk protein, that
comprises a small molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic
organic molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar,
glycoprotein, glycolipid, lipoprotein or chemical, said compound or said fragment ofa
compound interacting with the LRP5 or LRP6 receptor.

The method of claims 161-184 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claims 161-184 wherein said non-native compound comprises
NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claims 161-184 wherein said administering step comprises administration
by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 161-184 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;
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docking said compound into the cavity using the F lexx™ program; and
obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that binds to at least one
domain of the LRPS or LRP6 receptor.

A method for the regulation of bone formation or bone rerriodeling comprising
administering at least one non-native compound that binds to at least one domain of the
LRPS5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
binds to at least one domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to at least
one domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that binds to at least one domain of the LRP5 or LRP6
receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical. that binds to at least one domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds to at
least one domain of the LRPS5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds to at
least one domain of the LRPS or LRP6 receptor.
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A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that interacts with at least
one domain of the LRPS or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that interacts with at least one domain of
the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that

interacts with at least one domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that interacts with at
least one domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small-
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that interacts with at least one domain of the LRP5 or .
LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that interacts with at least one domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
interacts with at least one domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that interacts with
at least one domain of the LRP5 or LRP6 receptor.

The method of claims 189-204 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.
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The method of claims 189-204 wherein said non-native compound comprises
NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claims 189-204 wherein said administering step comprises administration
by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 189-204 wherein said non-native compound is identified using a
method comprising: '

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ pro gram.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that binds to the first domain
of the LRP5 or LRP6 receptor.

A method for the regﬁlation of bone formation or bone remodeling comprising
administering at least one non-native compound that binds to the first domain of the
LRPS5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
binds to the first domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to the
first domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that binds to the first domain of the LRP5 or LRP6
receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that binds to the first domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
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compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds to the
first domain of the LRP5 or LRP6 receptor. :

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds to the
first domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that interacts with the first
domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that interacts with the first domain of the
LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
interacts with the first domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that interacts with
the first domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, chatged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that interacts with the first domain of the LRPS5 or
LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a protein, lipid, sugar,
glycoprotein, glycolipid, or chemical that interacts with the first domain of the LRPS or
LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemicalthat
interacts with the first domain of the LRP5 or LRP6 receptor.
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A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, gucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that interacts with
the first domain of the LRP5 or LRP6 receptor.

The method of claims 209-224 wherein said non-native compound comprises at least one
agonist, antagonist, partial agomst or any combination thereof.

The method of claims 209-224 wherein said non-native compound comprises
NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claims 209-224 wherein said administering step comprises administration
by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 209-224 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that binds to the site where at
least one Mesd binds to the LDL receptor repeat of the LRPS or LRP6 receptor, at least
one domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the
LRPS5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that binds to the site where at least one
Mesd binds to the LDL receptor repeat of the LRPS or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
binds to the site where at least one Mesd binds to the LDL receptor repeat of the LRP5 or
LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at Jeast one domain of
a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to the site
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where at least one Mesd binds to the LDL receptor repeat of the LRP5 or LRP6 receptor,
at least one domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of
the LRPS or LRP6 receptor, or any combination thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a proteinsmall
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that binds to the site where at least one Mesd binds to
the LDL receptor repeat of the LRPS or LRP6 receptor, at least one domain of the LRPS
or LRP6 receptor, at least one domain of a homologue of the LRPS or LRP6 receptor, or
any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic-molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that binds to the site where at least one Mesd binds to the LDL receptor repeat
of the LRP5 or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least
one domain of a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,

“cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar

lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds
to the site where at least one Mesd binds to the LDL receptor repeat of the LRPS or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRPS or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds to the °
site where at least one Mesd binds to the LDL receptor repeat of the LRPS or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRPS or LRP6 receptor, or any combination thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that binds to the site where at
least one Mesd binds to the first domain of the LRPS5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising

administering at least one non-native compound that binds to the site where at least one
Mesd binds to the first domain of the LRPS or LRP6 receptor.

64



WO 2005/115354 PCT/US2005/017199

239. A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
binds to the site where at least one Mesd binds to the first domain of the LRPS5 or LRP6
receptor. P

240. A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to the site
where at least one Mesd binds to the first domain of the LRP5 or LRP6 receptor.

241. A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that binds to the site where at least one Mesd binds to
the first domain of the LRP5 or LRP6 receptor.

242. A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small-mo lecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that binds to the site where at least one Mesd binds to the first domain of the
LRP5 or LRP6 receptor.

" 243. A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds to the
site where at least one Mesd binds to the first domain of the LRP5 or LRP6 receptor.

244. A method for the regulation of bote formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds to the
site where at least one Mesd binds to the first domain of the LRP5 or LRP6 receptor.

245. A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that interacts with the site
where at least one Mesd interacts with the LDL receptor repeat of the LRP5 or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRPS or LRP6 receptor, or any combination thereof.

246. A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that interacts with the site where at least
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one Mesd interacts with the LDL receptor repeat of the LRPS or LRP6 receptor, at least
one domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the
LRPS5 or LRP6 receptor, Or any combination thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
interacts with the site where at least one Mesd interacts with the LDL receptor repeat of
the LRPS or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least
one domain of a homologue of the LRPS or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that interacts with
the site where at least one Mesd interacts with the LDL receptor repeat of the LRPS or
LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least one domain of
a homologue of the LRP5 or LRP6 receptor, or any combination thereof,

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that interacts with the site where at least one Mesd
interacts with the LDL receptor repeat of the LRPS or LRP6 receptor, at least one domain
of the LRPS5 or LRP6 receptor, at least one domain of a homologue of the LRP5 or LRP6
receptor, or any combination thereof. ‘

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that interacts with the site where at least one Mesd interacts with the LDL
receptor repeat of the LRPS5 or LRP6 receptor, at least one domain of the LRP5 or LRP6
receptor, at least one domain of a homologue of the LRP5 or LRP6 receptor, or any
combination thereof.

-A method for the stimulation or enhancement of bone formation or bone remodeling

comprising administering at least one non-native compound or at least one fragment of a
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic '
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that interacts with
the site where at least one Mesd interacts with the LDL receptor repeat of the LRP5 or
LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least one domain of

a homologue of the LRP5 or LRP6 receptor, or any combination thereof,
A method for the regulation of bone formation or bone remodeling comprising

administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a protein, lipid, sugar, glycoprotein, glycolipid, or chemical
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that interacts with the site where at least one Mesd interacts with the LDL receptor repeat
of the LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least
one domain of a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the stimulation or enhancement of bone formation or bone remondeling
comprising administering at least one non-native compound that interacts with the site
where at least one Mesd interacts with the first domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-nnative compound that interacts with the site where at
least one Mesd interacts with the first domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
interacts with the site where at least one Mesd interacts with the first domain of the LRP5
or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that interacts with
the site where at least one Mesd interacts with the first domain of the LRP5 or LRP6
receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling -
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that interacts with the site where at least one Mesd
interacts with the first domain of the LRPS or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that interacts with the site where at least one Mesd interacts with the first
domain of the LRPS or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that interacts with
the site where at least one Mesd interacts with the first domain of the LRPS or LRP6
receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
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compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that interacts with
the site where at least one Mesd interacts with the first domain of the LRP5 or LRP6
receptor. P
The method of claims 229-260 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claims 229-260 wherein said non-native compound comprises
NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

. The method of claims 229-260 wherein said compound comprises a small molecule,

protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic
acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid,
lipoprotein, chemical, or a fragment of a compound that comprises a heterocyclic organic
molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar,
glycoprotein, glycolipid, lipoprotein, or chemical.

The method of claims 229-260 wherein said administering step comprises administration
by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 229-260 wherein said non-native compound is identified using a
method comprising: :

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore ™ program.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that binds to the site where at
least one LRPS or LRP6 chaperone binds to the LDL receptor repeat of the LRP5 or
LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of’
a homologue of the LRPS5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that binds to the site where at least one
LRPS or LRP6 chaperone binds to the LDL receptor repeat of the LRPS or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling

comprising administering at least one organic or inorganic non-native compound that
binds to the site where at least one LRP5 or LRP6 chaperone binds to the LDL receptor
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repeat of the LRP5 or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor,
at least one domain of a homologue of the LRP5 or LRP6 receptor, or any combination
thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to the site
where at least one LRP5 or LRP6 chaperone binds to the LDL receptor repeat of the
LRP5 or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least one
domain of a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that binds to the site where at least one LRP5 or an
LRP6 chaperone binds to the LDL receptor repeat of the LRP5 or LRP6 receptor, at least
one domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the
LRP5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that binds to the site where at least one LRP5 or LRP6 chaperone binds to the

... LDL receptor repeat of the LRP5 or LRP6 receptor, at least one domain of the LRPS or

LRP6 receptor, at least one domain of a homologue of the LRPS or LRP6 receptor, or any
combination thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds
to the site where at least one LRP5 or LRP6 chaperone binds to the LDL receptor repeat
of the LRPS or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least
one domain of a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,

" non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds to the

site where at least one LRP5 or LRP6 chaperone binds to the LDL receptor repeat of the
LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least one
domain of a homologue of the LRPS or LRP6 receptor, or any combination thereof.
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A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that binds to the site where at
least one LRP5 or LRP6 chaperone binds to the first domain of the LRPS5 or LRP6
receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that binds to the site where at least one
LRP5 or LRP6 chaperone binds to the first domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
binds to the site where at least one LRPS5 or LRP6 chaperone binds to the first domain of
the LRPS5 or LRP6 receptor.

A method for the regulation of bone formation.or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to the site
where at least one LRPS or LRP6 chaperone binds to the first domain of the LRPS or
LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound, that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that binds to the site where at least one LRPS or LRP6
chaperone binds to the first domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that binds to the site where at least one LRP5 or LRP6 chaperone binds to the
first domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a -
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds
to the site where at least one LRP5 or LRP6 chaperone binds to the first domain of the
LRPS5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds to the
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site where at least one LRP5 or LRP6 chaperone binds to the first domain of the LRPS or
LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that interacts with the site
where at least one LRPS or LRP6 chaperone interacts with the LDL receptor repeat of the
LRPS or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least one
domain of a homologue of the LRPS or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that interacts with the site where at least
one LRP5 or LRP6 chaperone interacts with the LDL receptor repeat of the LRPS or
LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of
a homologue of the LRPS5 or LRP6 receptor, or any combination thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
interacts with the site where at least one LRP5 or LRP6 chaperone interacts with the LDL
receptor repeat of the LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6
receptor, at least one domain of a homologue of the LRPS or LRP6 receptor, or any
combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that interacts with
the site where at least one LRP5 or LRP6 chaperone interacts with the LDL receptor .
repeat of the LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor,
at least one domain of a homologue of the LRPS5 or LRP6 receptor, or any combination
thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that interacts with the site where at least one LRP5 or
LRP6 chaperone interacts with the LDL receptor repeat of the LRPS or LRP6 receptor, at
least one domain of the LRPS5 or LRP6 receptor, at least one domain of a homologue of
the LRP5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that interacts with the site where at least one LRPS or LRP6 chaperone interacts
with the LDL receptor repeat of the LRPS or LRP6 receptor, at least one domain of the
LRPS or LRP6 receptor, at least one domain of a homologue of the LRP5 or LRP6
receptor, or any combination thereof.
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A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
interacts with the site where at least one LRP5 or LRP6 chaperone interacts with the LDL
receptor repeat of the LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6
receptor, at least one domain of a homologue of the LRP5 or LRP6 receptor, or any
combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that interacts with
the site where at least one LRP5 or LRP6 chaperone interacts with the LDL receptor
repeat of the LRP5 or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor,
at least one domain of a homologue of the LRP5 or LRP6 receptor, or any combination
thereof. ‘

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that interacts with the site
where at least one LRPS5 or LRP6 chaperone interacts with the first domain of the LRPS
or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that interacts with the site where at least
one LRPS or LRP6 chaperone interacts with the first domain of the LRP5 or LRP6
receptor.

A'method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
interacts with the site where at least one LRP5 or LRP6 chaperone interacts with the first
domain of the LRPS or LRP6 receptor. :

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that interacts with
the site where at least one LRP5 or LRP6 chaperone interacts with the first domain of the
LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
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glycolipid, lipoprotein or chemical that interacts with the site where at least one LRP5 or -
LRP6 chaperone interacts with the first domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that interacts with the site where at least one LRPS or LRP6 chaperone interacts
with the first domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
interacts with the site where at least one LRP5 or LRP6 chaperone interacts with the first
domain of the LRPS or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that interacts with
the site where at least one LRP5 or LRP6 chaperone interacts with the first domain of the
LRPS or LRP6 receptor.

The method of claims 266-297 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claims 266-297 wherein said non-native compound comprises
NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claims 266-297 wherein said administering step comprises administration
by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 266-297 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

docking said compound into the cavity using the F lexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.
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A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that disrupts the interaction

“of at least one Mesd with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising

administering at least one non-native compound that disrupts the interaction of at least
one Mesd with the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
disrupts the interaction of at least one Mesd with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that disrupts the
interaction of at least one Mesd with the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that disrupts the interaction of at least one Mesd with
the LRPS5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that disrupts the interaction of at least one Mesd with the LRP5 or LRP6
receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemicalthat disrupts
the interaction of at least one Mesd with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that disrupts the
interaction of at least one Mesd with the LRPS or LRP6 receptor.
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A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that disrupts the binding of at
least one Mesd with the LRPS or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that disrupts the binding of at least one
Mesd with the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
disrupts the binding of at least one Mesd with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that disrupts the
binding of at least one Mesd with the LRPS5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that disrupts the binding of at least one Mesd with the

LRPS or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein, -
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that disrupts the binding of at least one Mesd with the LRPS5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
disrupts the binding of at least one Mesd with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that disrupts the
binding of at least one Mesd with the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling

comprising administering at least one non-native compound that disrupts the interaction
of at least one Mesd with the LDL receptor repeat of the LRP5 or LRP6 receptor, at least
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one domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the

- LRP5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that disrupts the interaction of at least
one Mesd with the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one
domain of the LRPS or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof. '

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
disrupts the interaction of at least one Mesd with the LDL receptor repeat of the LRPS5 or
LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of
a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the regulation bone formation or-bone remodeling comprising
administering at least one organic or inorganic non-native compound that disrupts the
interaction of at least one Mesd with the LDL receptor repeat of the LRPS or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRPS5 or LRP6 receptor, or any combination thereof,

A method for the stimulation or enhancement of bone formation or bone remodeling

- comprising administering at least one non-native compound that comprises a small

molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that disrupts the interaction of at least one Mesd with
the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one domain of the LRPS
or LRP6 receptor, at least one domain of a homologue of the LRP5 or LRP6 receptor, or
any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that disrupts the interaction of at least one Mesd with the LDL receptor repeat
of the LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least
one domain of 2 homologue of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
disrupts the interaction of at least one Mesd with the LDL receptor repeat of the LRP5 or
LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of
a homologue of the LRP5 or LRP6 receptor, or any combination thereof.
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A method for the regulation of bone formation or bone remodeling comprising ‘
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that disrupts the
interaction of at least one Mesd with the LDL receptor repeat of the LRPS or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that disrupts the binding of at
least one LRPS or LRP6 chaperone with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that disrupts the binding of at least one
LRP5 or LRP6 chaperone with the LRPS or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
disrupts the binding of at least one LRPS or LRP6 chaperone with the LRP5 or LRP6
receptor..

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that disrupts the
binding of at least one LRP5 or LRP6 chaperone with the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid,-sugar, glycoprotein,
glycolipid, lipoprotein or chemical that disrupts the binding of at least one LRP5 or LRP6
chaperone with the LRPS5 or LRP6 receptor.

A 'method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemicalthat disrupts the binding of at least one LRPS5 or LRP6 chaperone with the LRPS
or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a proteinsmall molecule, protein, peptide,
polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged
lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical
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that disrupts the binding of at least one LRP5 or LRP6 chaperone with the LRP5 or LRP6
receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that disrupts the
binding of at least one LRPS or LRP6 chaperone with the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that disrupts the interaction
of at least one LRP5 or LRP6 chaperone with the LDL receptor repeat of the LRP5 or
LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of
a homologue of the LRPS or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising

administering at least one non-native compound that disrupts the interaction of at least
one LRP5 or LRP6 chaperone with the LDL receptor repeat of the LRP5 or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRP5 or LRP6 receptor, at least one domain of a homologue of the
LRPS5 or LRP6 receptor, or any combination thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
disrupts the interaction of at least one LRP5 or LRP6 chaperone with the LDL receptor
repeat of the LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor,
at least one domain of a homologue of the LRPS5 or LRP6 receptor, or any combination

thereof.

A method for the regulation bone formation or bone remodeling comprising _
administering at least one organic or inorganic non-native compound that disrupts the
interaction of at least one LRP5 or LRP6 chaperone with the LDL receptor repeat of the
LRP5 or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least one
domain of a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that disrupts the interaction of at least one LRPS or
LRP6 chaperone with the LDL receptor repeat of the LRPS or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.
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340.

341.

342.
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344.

345.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that disrupts the interaction of at Jeast one LRP5 or LRP6 chaperone with the
LDL receptor repeat of the LRP5 or LRP6 receptor, at least one domain of the LRPS or
LRP6 receptor, at least one domain of a homologue of the LRP5 or LRP6 receptor, or any
combination thereof.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar

" lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that

disrupts the interaction of at least one LRPS or LRP6 chaperone with the LDL receptor
repeat of the LRPS5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor,
at least one domain of a homologue of the LRP5 or LRP6 receptor, or any combination
thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that disrupts the
interaction of at least one LRP5 or LRP6 chaperone with the LDL receptor repeat of the
LRPS5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least one
domain of a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

The method of claims 302-341 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

" The method of claims 302-341 wherein said non-native compound comprises

NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claims 302-341 wherein said administering step comprises administration -
by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 302-341 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the UNIT
program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

YTM
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346.

347.

348.

349.

350.

351.

352.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in mammalian subject comprising at least one non-
native compound that binds to or interacts with at least one domain of the LRP5 or LRP6
receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in mammalian subject comprising at least one non-
native compound that binds to or interacts with the first domain of the LRP5 or LRP6
receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in mammalian subject comprising at least one non-
native compound that binds to or interacts with the site where at least one Mesd binds to
or interacts with the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one .
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in mammalian subject comprising at least one non-
native compound that binds or interacts with the site where at least one Mesd binds to or
interacts with the first domain of the LRPS or LRP6 receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in mammalian subject comprising at least one non-
native compound that binds to or interacts with the site where at least one LRP5 or LRP6
chaperone binds to or interacts with the LDL receptor repeat of the LRPS or LRP6
receptor, at least one domain of the LRPS5 or LRP6 receptor, at least one domain of a
homologue of the LRP5 or LRP6 receptor, or any combination thereof.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in mammalian subject comprising at least one non-
native compound that binds to the site where at least one LRP5 or LRP6 chaperone binds
to or interacts with the first domain of the LRPS5 or LRP6 receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in mammalian subject comprising at least one non-
native compound that disrupts the interaction or binding of at least one Mesd with the
LRPS or LRP6 receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in mammalian subject comprising at least one non-
native compound that disrupts the interaction or binding of at least one Mesd with the
LDL receptor repeat of the LRP5 or LRP6 receptor, at least one domain of the LRP5 or
LRP6 receptor, at least one domain of a homologue of the LRP5 or LRP6 receptor, or any
combination thereof. :
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355.

356.
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358.

359.

360.

361.

362.

363.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in mammalian subject comprising at least one non-
native compound that disrupts the interaction or binding of at least one LRPS or LRP6
chaperone with the LRP5 or LRP6 receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in mammalian subject comprising at least one non-
native compound that disrupts the interaction or binding of at least one LRP5 or LRP6
chaperone with the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.

The method of claims 346-355 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claims 346-355 wherein said non-native compound comprises
NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claims 346-355 wherein said compound comprises a small molecule,
protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic
acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid,
lipoprotein, chemical, or a fragment of a compound that comprises a heterocyclic organic
molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar,
glycoprotein, glycolipid, lipoprotein, or chemical.

The method of claims 346-355 wherein said administering step comprises administration
by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 346-355 wherein said composition further comprises a
pharmaceutically acceptable carrier.

The method of claims 346-355 wherein said composition is formulated as a tablet, pill,
dragee, liquid, gel, capsule, syrup, slurry or suspension.

The method of claims 346-355 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the UNIT
program,

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

YTM :

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that binds to the third
domain of the LRP5 or LRP6 receptor.
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366.

367.

368.

369.

370.

371.

-A method for the regulation of bone formation or bone remodeling comprising

administering at least one non-native compound that binds to the third domain of the
LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
binds to the third domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to the
third domain of the LRP5 or LRP6 receptor

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polst lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that binds to the third domain of the LRPS or LRP6
receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that binds to the third domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds
to the third domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds to the
third domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that interacts with the third
domain of the LRP5 or LRP6 receptor.
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373.
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375.

376.

377.

378.

379.

380.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that interacts with the third domain of
the LRPS or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
interacts with the third domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that interacts with
the third domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that interacts with the third domain of the LRPS or
LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,

-charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or

chemical that interacts with the third domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid; non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
interacts with the third domain of the LRPS or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that interacts with
the third domain of the LRP5 or LRP6 receptor. '

The method of claims 363-378 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claims 363-378 wherein said non-native compound comprises
NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.
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381. The method of claims 363-378 wherein said administering step comprises administration
by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

382. The method of claims 363-378 wherein sai/d non-native compound is identified using a
method compnsmg

a. screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

b. docking said compound into the cavity using the F lexx ™ program; and

c. obtaining the compound with the highest binding affinity using the Cscore™ program.

383. A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that binds to the site where at
least one Dkk protein binds to the LDL receptor repeat of the LRPS or LRP6 receptor, at
least one domain of the LRPS or LRP6 receptor, at least one domain of a homologue of
the LRPS5 or LRP6 receptor, or any combination thereof.

384. A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that binds to the site where at least one
Dkk protein binds to the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.

385. The method of claim 383 or 384 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof. .

386. The method of claim 383 or 384 wherein said Dkk protein comprises a Wnt antagonist.

387. The method of claim 386 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnat 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

388. The method of claim 383-384 wherein said Dkk protein comprises a Wnt inhibitor.

389. The method of claim 388 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a DKk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sSFRP3 protein.

390. The method of claim 383-384 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

391. A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
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392.

393.

394.

395.

396.

397.

399.

. 400.

binds to the site where at least one Dkk protein binds to the LDL receptor repeat of the
LRPS5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least one
domain of a homologue of the LRP5 or LRP6 receptor, or any combination thereof,

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to the site
where at least one Dkk protein binds to the LDL receptor repeat of the LRPS or LRP6
receptor, at least one domain of the LRPS or LRP6 receptor, at least one domain of a
homologue of the LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 391 or 392 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 391 or 392 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 394 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7¢, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 391 or 392 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 396 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 391 or 392 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

*A method for the stimulation or enhancement of bone formation or bone remodeling

comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that binds to the site where at least one Dkk protein
binds to the LDL receptor repeat of the LRPS-or LRP6 receptor, at least one domain of
the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRPS or LRP6
receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that binds to the site where at least one Dkk protein binds to the LDL receptor
repeat of the LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor,
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401.

402.

403.

404.

405.

406.

407.

408.

4009.

410.

at least one domain of @ homologue of the LRP5 or LRP6 receptor, or any combination

‘thereof.

The method of claim 399 or 400 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 399 or 400 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 402 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 399 or 400 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 404 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein. :

The method of claim 399 or 400 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds
to the site where at least one Dkk protein binds to the LDL receptor repeat of the LRP5 or
LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least one domain of
a homologue of the LRPS or LRP6 receptor, or any combination thereof.

A method for the regulaton of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds to site
where at least one Dkk protein binds to the LDL receptor repeat of the LRP5 or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRPS5 or LRP6 receptor, or any combination thereof.

The method of claim 407 or 408 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 407 or 408 wherein said Dkk protein comprises a Wnt antagonist.
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412,
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416.
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418.

419.

420.

421.

docking said compound into the cavity using the Flexx
obtaining the compound with the highest binding affinity using the Cscore™ program.

The method of claim 410 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 407 or 408 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 412 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a DKk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 407 or 408 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

The method of claim 383, 384, 391, 392, 399, 400, 407 or 408 wherein said non-native
compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof.

The method of claim 383, 384, 391, 392, 399, 400, 407 or 408 wherein said non-native
compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative
or analog thereof.

The method of claim 383, 384, 391, 392, 399, 400, 407 or 408 wherein said
administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,
sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.

The ;nethbd of claim 383, 384, 391, 392, 399, 400, 407 or 408 wherein said non-native

compound is identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY™

program;
™ )
program; and

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that binds to the site where at
least one Dkk protein binds to the third domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that binds to the site where at least one

DKk protein binds to the third domain of the LRP5 or LRP6 receptor.

The method of claim 419 or 420 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof. ‘
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434.

The method of claim 419 or 420 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 422 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt Sb, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or, Wnt 16.

“The method of claim 419 or 420 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 424 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb

" protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein

or an sSFRP3 protein.

The method of claim 419 or 420 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
binds to the site where at least one Dkk protein binds to the third domain of the LRPS or
LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to the site
where at least one Dkk protein binds to the third domain of the LRP5 or LRP6 receptor.

The method of claim 427 or 428 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 427 or 428 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 430 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Whnt 4a, Wnt Sa, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 427 or 428 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 432 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sSFRP3 protein.

The method of claim 427 or 428 wherein said Dkk protein comprises a related profein, an
unrelated protein with analogous functions, or a homologue of a DKk protein.
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444,

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that binds to the site where at least one DKk protein
binds to the third domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that binds to the site where at least one Dkk protein binds to the third domain of
the LRP5 or LRP6 receptor.

The method of claim 435 or 436 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 435 or 436 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 438 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 435 or 436 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 440 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 435 or 436 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds
to the site where at least one Dkk protein binds to the third domain of the LRP5 or LRP6
receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
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non-polar lipid, sugar, glycopirotein glycolipid, lipoprotein or chemical that binds to the
site where at least one Dkk protein binds to the third domain of the LRP5 or LRP6
receptor.

The method of claim 443 or 444 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 443 or 444 wherein said Dkk protéin comprises a Wnt antagonist.

The method of claim 446 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt Sb, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 443 or 444 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 448 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 443 or 444 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

The method of claim 419, 420, 427, 428, 435, 436, 443 or 444 wherein said non-native
compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof.

The method of claim 419,420,427, 428, 435, 436, 443 or 444 wherein said non-native
compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative
or analog thereof.

The method of claim 419, 420, 427, 428, 435, 436, 443 or-444 wherein said
administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,
sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.

The method of claim 419, 420, 427, 428, 435, 436, 443 or 444 wherein said non-native
compound is identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ pro gram.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that interacts with the site
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where at least one DKk protein interacts with the LDL receptor repeat of the LRP5 or
LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least one domain of
a homologue of the LRPS or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that interacts with the site where at least
one Dkk protein interacts with the LDL receptor repeat of the LRP5 or LRP6 receptor, at
least one domain of the LRPS or LRP6 receptor, at least one domain of a homologue of
the LRPS or LRP6 receptor, or any combination thereof.

The method of claim 455 or 456 wherein said Dkk protein comprises Dkk1, Dkk2, DKk3,
Dkk4 or any combination thereof.

The method of claim 455 or 456 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 458 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Whnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt §, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 455 or 456 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 460 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, .a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 455 or 456 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
interacts with the site where at least one Dkk protein interacts with the LDL receptor
repeat of the LRPS or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor,
at least one domain of a homologue of the LRPS or LRP6 receptor, or any combination
thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that interacts with
the site where at least one Dkk protein interacts with the LDL receptor repeat of the
LRP5 or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least one
domain of a homologue of the LRPS or LRP6 receptor, or any combination thereof.

The method of claim 463 or 464 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof. .
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The method of claim 463 or 464 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 466 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt Sb, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wat 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 463 or 464 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 468 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a DKk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 463 or 464 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
miolecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that interacts with the site where at least one Dkk
protein interacts with the LDL receptor repeat of the LRPS or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that interacts with the site where at least one Dkk protein interacts with the LDL
receptor repeat of the LRPS or LRP6 receptor, at least one domain of the LRPS5 or LRP6
receptor, at least one domain of a homologue of the LRP5 or LRP6 receptor, or any
combination thereof. '

The method of claim 471 or 472 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 471 or 472 wherein said Dkk protein comprises a Wnt antagonist.
The method of claim 474 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Whnt 42, Wat Sa, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 471 or 472 wherein said Dkk protein comprises a Wnt inhibitor.
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.or an sFRP3 protein.

The method of claim 476 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a DKk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein

v

The method of claim 471 or 472 wherein said Dkk.protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
interacts with the site where at least one Dkk protein interacts with the LDL receptor
repeat of the LRPS or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor,
at least one domain of a homologue of the LRPS or LRP6 receptor, or any combination
thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic

. molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,

non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that interacts with
the site where at least one Dkk protein interacts with the LDL receptor repeat of the

LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least one
domain of a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 479 or 480 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,

. Dkk4 or any combination thereof.

The method of claim 479 or 480 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 482 wherein said Wnt antagonist corhprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wat 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnat 7c, Whnt 8, Wnt 82, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

_ The method of claim 479 or 480 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 484 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein. ’

93



WO 2005/115354 PCT/US2005/017199

486.

4837.

438.

489.

490.

491.

492,

493.
494,

495.

496.

497.

The method of claim 479 or 480 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

The method of claim 455, 456, 463, 464, 471, 472, 479 or 480 wherein said non-native
compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof.

The method of claim 455, 456, 463, 464, 471, 472, 479 or 480 wherein said non-native
compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative
or analog thereof. : ‘ .

The method of claim 455, 456, 463, 464, 471, 472, 479 or 480 wherein said
administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,
sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.

The method of claim 455, 456, 463, 464, 471, 472, 479 or 480 wherein said non-native
compound is identified using a method comprising;

screening for a compound that fits into the cavity on the receptor using the UNITY™
program, ) :

docking said compound into the cavity using the Flexx ™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that interacts with the site
where at least one Dkk protein interacts with the third domain of the LRPS or LRP6

receptor.
A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that interacts with the site where at least

one Dkk protein interacts with the third domain of the LRP5 or LRP6 receptor.

The method of claim 491 or 492 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 491 or 492 wherein said Dkk protein comprises a2 Wnt antagonist.
The method of claim 494 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 491 or 492 wherein said Dkk protein comprises a Wnt inhibitor.
The method of claim 496 wherein said Wnt inhibitor comprises at least one of the

following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
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protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 491 or 492 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
interacts with the site where at least one Dkk protein interacts with the third domain of
the LRPS or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that interacts with
the site where at least one DKk protein interacts with the third domain of the LRP5 or
LRP6 receptor.

The method of claim 499 or 500 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 499 or 500 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 502 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wat 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 499 or 500 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 504 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 499 or 500 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein. ‘

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that interacts with the site where at least one Dkk
protein interacts with the third domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising

administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,

95



WO 2005/115354 PCT/US2005/017199

509.

510.

511.

512.

513.

514.

515.

516.

517.

518.

charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that interacts with the site where at least one Dkk protein interacts with the third
domain of the LRPS or LRP6 receptor.

The method of claim 507 or 508 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof. '

The method of claim 507 or 508 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 510 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7¢, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wat 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 507 or 508 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 512 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sSFRP3 protein. '

The method of claim 507 or 508 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
interacts with site where at least one Dkk protein interacts with the third domain of the
LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that interacts with
site where at least one Dkk protein interacts with the third domain of the LRP5 or LRP6
receptor.

The method of claim 515 or 516 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 515 or 516 wherein said Dkk protein comprises a Wnt antagonist.
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The method of claim 518 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7¢c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 515 or 516 wherein said Dkk protein comprises a Wnt inhibitor.
The method of claim 520 wherein said Wnt inhibitor comprises at least one of the

following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb

- protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein

or an sSFRP3 protein.

The method of claim 515 or 516 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

The method of claim 491, 492, 499, 500, 507, 508, 515 or 516 wherein said non-native
compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof.

The method of claim 491, 492, 499, 500, 507, 508, 515 or 516 wherein said non-native
compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative
or analog thereof.

The method of claim 491, 492, 499, 500, 507, 508, 515 or 516 wherein said
administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,

“sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.

The method of claim 491, 492, 499, 500, 507, 508, 515 or 516 wherein said non-native
compound is identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore
program.

™

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that binds to the site where at
least one related protein, unrelated protein with analogous functions or a homologue of
Dkk protein binds to the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising

administering at least one non-native compound that binds to the site where at least one
related protein, unrelated protein with analogous functions or a homologue of Dkk
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protein binds to the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of @ homologue of the LRPS
or LRP6 receptor, or any combination thereof.

The method of claim 527 or 528 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof. -

The method of claim 527 or 528 wherein said Dkk protein comprises a Wnt antagonist.
The method of claim 530 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wat 16.

The method of claim 527 or 528 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 532 wherein said Wnt inhibitor comprises at least one of the

* following proteins, at least one fragment of the following proteins or any combination

thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an SFRP3 protein.

The method of claim 527 or 528 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
binds to the site where at least one related protein, unrelated protein with analogous
functions or a homologue of Dkk protein binds to the LDL receptor repeat of the LRP5 or
LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of
a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to the site
where at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein binds to the LDL receptor repeat of the LRP5 or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 535 or 536 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 535 or 536 wherein said Dkk protein comprises a Wnt antagonist.
The method of claim 538 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,

Whnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnat 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.
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The method of claim 535 or 536 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 540 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a DKk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 535 or 536 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that binds to the site where at least one related protein,
unrelated protein with analogous functions or a homologue of Dkk protein binds to the
LDL receptor repeat of the LRP5 or LRP6 receptor, at least one domain of the LRPS or
LRP6 receptor, at least one domain of a homologue of the LRPS5 or LRP6 receptor, or any
combination thereof. ‘

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that binds to the site where at least one related protein, unrelated protein with
analogous functions or a homologue of Dkk protein binds to the LDL receptor repeat of
the LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least
one domain of a homologue of the LRPS or LRP6 receptor, or any combination thereof.

The method of claim 543 or 544 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof. ‘

The method of claim 543 or 544 wherein said Dkk protein comprises a Wnt antagonist.
The method of claim 546 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Whnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 543 or 544 wherein said Dkk protein comprises a Wnt inhibitor.
The method of claim 548 wherein said Wnt inhibitor comprises at least one of the

following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
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protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 543 or 544 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or 2 homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds
to the site where at least one related protein, unrelated protein with analogous functions
or a homologue of Dkk protein binds to the LDL receptor repeat of the LRP5 or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRPS or LRP6 receptor, or any combination thereof.

A method for the regulaton of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native

- compound that comprises a small molecule, protein, peptide, polypeptide, cyclic

molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds to site
where at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein binds to the LDL receptor repeat of the LRP5 or LRP6
receptor, at least one domain of the LRPS or LRP6 receptor, at least one domain of a
homologue of the LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 551 or 552 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof. C

The method of claim 551 or 552 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 555 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wat 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt

10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 551 or 552 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 556 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein. '

The method of claim 551 or 552 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.
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The method of claim 527, 528, 535, 536, 543, 544, 551 or 552 wherein said non-native
compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof.

The method of claim 527, 528, 535, 536, 543, 544, 551 or 552 wherein said non-native
compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative
or analog thereof. '

The method of claim 527, 528, 535, 536, 543, 544, 551 or 552 wherein said
administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,
sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.

The method of claim 527, 528, 535, 536, 543, 544, 351 or 552 wherein said non-native
compound is identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that binds to the site where at
least one related protein, unrelated protein with analogous functions or a homologue of
DKk protein binds to the third domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that binds to the site where at least one
related protein, unrelated protein with analogous functions or a homologue of Dkk
protein binds to the third domain of the LRPS or LRP6 receptor.

The method of claim 563 or 564 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

. The method of claim 563 or 564 wherein said Dkk p.rotein comprises a Wnt antagonist.

The method of claim 566 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 563 or 564 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 568 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.
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The method of claim 563 or 564 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
binds to the site where at least one related protein, unrelated protein with analogous
functions or a homologue of Dkk protein binds to the third domain of the LRPS5 or LRP6
receptor. '

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to the site
where at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein binds to the third domain of the LRP5 or LRP6 receptor.

The method of claim 571 or 572 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 571 or 572 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 574 wherein said Wnt antagonist comprises Wnt 1, Wnt 2,. Wnt 3a,
What 4a, Wnt Sa, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 571 or 572 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 576 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a DKk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 571 or 572 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small

- molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,

nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that binds to the site where at least one related protein,
unrelated protein with analogous functions or a homologue of Dkk protein binds to the
third domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising

administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
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charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or

. chemical that binds to the site where at least one related protein, unrelated protein with

analogous functions or a homologue of Dkk protein binds to the third domain of the
LRP5 or LRP6 receptor.

The method of claim 579 or 580 wherein said Dkk protein comprises Dkk1, Dkk2, DKk3,
Dkk4, or any combination thereof.

The method of claim 579 or 580 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 582 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt Sb, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wat 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 579 or 580 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 584 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 579 or 580 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a2 homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds
to the site where at least one related protein, unrelated protein with analogous functions:
or 2 homologue of Dkk protein binds to the third domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native °
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds to the
site where at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein binds to the third domain of the LRP5 or LRP6 receptor.

The method of claim 587 or 588 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof. ‘

The method of claim 587 or 588 wherein said Dkk protein comprises a Wnt antagonist.
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The method of claim 590 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt Sb, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7¢, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt'11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 587 or 588 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 592 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a DKk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 587 or 588 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

- The method of claim 563, 564, 571, 572, 579, 580, 587 or 588 wherein said non-native

compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof.

The method of claim 563, 564, 571, 572, 579, 580, 587 or 588 wherein said non-native
compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative
or analog thereof. '

The method of claim 563, 564, 571, 572, 579, 580, 587 or 588 wherein said
administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,

_sublingual, topical, rectal, or subcutaneous administration, or any combination thereof,

The method of claim 563, 564, 571, 572, 579, 580, 587 or 588 wherein said non-native
compound is identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that interacts with the site
where at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein interacts with the LDL receptor repeat of the LRP5 or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRPS or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that interacts with the site where at least
one related protein, unrelated protein with analogous functions or a homologue of Dkk
protein interacts with the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one
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doméin of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRPS
or LRP6 receptor, or any combination thereof.

601. The method of claim 599 or 600 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof. '

Ve

602. The method of claim 599 or 600 wherein said Dkk protein comprises a2 Wnt antagonist.

603. The method of claim 602 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

604. The method of claim 599 or 600 wherein said Dkk protein comprises a Wnt inhibitor.

605. The method of claim 604 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a DKk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

606. The method of claim 599 or 600 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

607. A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that ~
interacts with the site where at least one related protein, unrelated protein with analogous
functions or a homologue of Dkk protein interacts with the-LDL receptor repeat of the
LRPS5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least one
domain of a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

608. A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that interacts with
the site where at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein interacts with the LDL receptor repeat of the LRP5 or LRP6
receptor, at least one domain of the LRP5 or LRP6 rec'eptor, at least one domain of a
homologue of the LRP5 or LRP6 receptor, or any combination thereof.

609. The method of claim 607 or 608 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

610. The method of claim 607 or 608 wherein said Dkk protein comprises a Wnt antagonist.
611. ‘The method of claim 610 wherein said Wnt antagonist comprises Wat 1, Wnt 2, Wnt 3a,

Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wat 7b, Wnt 7¢, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.
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612. The method of claim 607 or 608 wherein said Dkk protein comprises a Wnt inhibitor.

613. The method of claim 612 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb -
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sSFRP3 protein.

614. The method of claim 607 or 608 wherein said DKk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

615. A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that interacts with the site where at least one related -
protein, unrelated protein with analogous functions or a homologue of Dkk protein
interacts with the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one domain
of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRPS or LRP6
receptor, or any combination thereof.

616. A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoproteinor .~
chemical that interacts with the site where at least one related protein, unrelated protein
with analogous functions or a homologue of Dkk protein interacts with the LDL receptor
repeat of the LRPS5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor,
at least one domain of a homologue of the LRP5 or LRP6 receptor, or any combination
thereof.

617. The method of claim 615 or 616 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
DKkk4, or any combination thereof.

618. The method of claim 615 or 616 wherein said Dkk protein comprises a Wnt antagonist.

619. The method of claim 618 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt Sa, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

620. The method of claim 615 or 616 wherein said Dkk protein comprises a Wnt inhibitor.

621. The method of claim 620 wherein said Wnt inhibitor comprises at least one of the

following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
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protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 615 or 616 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
interacts with the site where at least one related protein, unrelated protein with analogous
functions or a homologue of DKk protein interacts with the LDL receptor repeat of the
LRPS5 or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor; at least one
domain of a homologue of the LRPS or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that interacts with
the site where at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein interacts with the LDL receptor repeat of the LRP5 or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRPS or LRP6 receptor, or any combination thereof. —

The method of claim 623 or 624 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 623 or 624 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 626 whe‘r'éin said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wat 4a, Wnt 5a, Wat 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 623 or 624 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 628 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a DKk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 623 or 624 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.
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The method of claim 599, 600, 607, 608, 615, 616, 623 or 624 wherein said non-native
compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof.

The method of claim 599, 600, 607, 608, 615, 616, 623 or 624 wherein said non-native
compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative
or analog thereof.

The method of claim 599, 600, 607, 608, 615, 616, 623 or 624 wherein said
administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,
sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.

The method of claim 599, 600, 607, 608, 615, 616, 623 or 624 wherein said non-native
compound is identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

docking said compound into the cavity using the F lexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that interacts with the site
where at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein interacts with the third domain of the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that interacts with the site where at least
one related protein, unrelated protein with analogous functions or a homologue of Dkk
protein interacts with the third domain of the LRP5 or LRP6 receptor.

The method of claim 635 or 636 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof. :

The method of claim 635 or 636 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 638 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt Sa, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 635 or 636 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 640 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an SFRP3 protein. ‘
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The method of claim 635 or 636 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
interacts with the site where at least one related protein, unrelated protein with analogous
functions or a homologue of Dkk protein interacts with the third domain of the LRP5 or
LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that interacts with
the site where at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein interacts with the third domain of the LRP5 or LRP6 receptor.

The method of claim 643 or 644 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 643 or 644 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 646 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnat 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 643 or 644 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 648 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein. ‘

The method of claim 643 or 644 wherein said Dkk protein comprisés a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that interacts with the site where at least one related
protein, unrelated protein with analogous functions or a homologue of Dkk protein
interacts with the third domain of the LRPS or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising

administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
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charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that interacts with the site where at least one related protein, unrelated protein
with analogous functions or a homologue of Dkk protein interacts with the third domain
of the LRP5 or LRP6 receptor.

The method of claim 651 or 652 wherein s/aid Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 651 or 652 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 654 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Whnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnat 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 651 or 652 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 656 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 651 or 652 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a DKk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
interacts with site where at least one related protein, unrelated protein with analogous
functions or a homologue of Dkk protein interacts with the third domain of the LRP5 or
LRP6 receptor. ' :

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid; lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that interacts with
site where at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein interacts with the third domain of the LRPS or LRP6 receptor.

The method of claim 659 or 660 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 659 or 660 wherein said Dkk protein comprises a Wnt antagonist.
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The method of claim 662 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt Sa, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 82, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16. ~

The method of claim 659 or 660 wherein s/aid Dkk protein comprises a Wnt inhibitor.

The method of claim 664 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 659 or 660 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

The method of claim 635, 636, 643, 644, 651, 652, 659 or 660 wherein said non-native
compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof.

The method of claim 635, 636, 643, 644, 651, 652, 659 or 660 wherein said non-native

.compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative

or analog thereof.

The method of claim 635, 636, 643, 644, 651, 652, 659 or 660 wherein said
administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,
sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.

The method of claim 635, 636, 643, 644, 651, 652, 659 or 660 wherein said non-native
compound is identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY™
program; : :

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for the stimulation or enhancement of bone forination or bone remodeling .
comprising administering at least one non-native compound that disrupts the interaction
of at least one Dkk protein with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that disrupts the interaction of at least

one Dkk protein with the LRP5 or LRP6 receptor.

The method of claim 671 or 672 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.
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The method of claim 671 or 672 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 674 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 671 or 672 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 676 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein

or an sFRP3 protein.

The method of claim 671 or 672 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
disrupts the interaction of at least one Dkk protein with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that disrupts the
interaction of at least one Dkk protein with the LRP5 or LRP6 receptor.

The method of claim 679 or 680 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 679 or 680 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 682 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 679 or 680 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 684 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 679 or 680 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.
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A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that disrupts the interaction of at least one Dkk protein
with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that disrupts the interaction of at least one Dkk protein with the LRP5 or LRP6
receptor.

The method of claim 687 or 688 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 687 or 688 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 690 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wat 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16. '

The method of claim 687 or 688 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 692 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 687 or 688 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
disrupts the interaction of at least one Dkk protein with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
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non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that disrupts the
interaction of at least one Dkk protein with the LRP5 or LRP6 receptor.

The method of claim 695 or 696 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof. .

The method of claim 695 or 696 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 698 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wat 4a, Wnt Sa, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 695 or 696 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 700 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a DKk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 695 or 696 wherein said Dkk protein comprises a related protein, an
unrelated.protein with analogous functions, or a homologue of a Dkk protein.

The method of claim 671, 672, 679, 680, 687, 688, 695 or 696 wherein said non-native
compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof.

The method of claim 671, 672, 679, 680, 687, 688, 695 or 696 wherein said non-native
compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative
or analog thereof.

The method of claim 671, 672, 679, 680, 6387, 688, 695 or 696 wherein said
administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,
sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.

The method of claim 671, 672, 679, 680, 687, 688, 695 or 696 wherein said non-native
compound is identified using a method comprising: ‘
screening for a compound that fits into the cavity on the receptor using the
UNITY™ program,
docking said compound into the cavity using the Flexx™ program; and
obtaining the compound with the highest binding affinity using the Cscore
program. '

™
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A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that disrupts the binding of at
least one Dkk protein with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising '
administering at least one non-native compound that disrupts the binding of at least one
Dkk protein with the LRP5 or LRP6 receptor

The method of claim 707 or 708 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 707 or 708 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 710 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7¢, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 707 or 708 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 712 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 707 or 708 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
disrupts the binding of at least one Dkk protein with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that disrupts the
binding of at least one Dkk protein with the LRPS or LRP6 receptor.

The method of claim 715 or 716 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 715 or 716 wherein said Dkk protein comprises a Wnt antagonist.
The method of claim 718 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wht 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 715 or 716 wherein said Dkk protein comprises 2 Wnt inhibitor.

115



WO 2005/115354 PCT/US2005/017199

721.

722.

723.

724.

725.
726.

727.

728.

729.

730.

731.

The method of claim 720 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination

. thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb

protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein. '

The method of claim 715 or 716 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that disrupts the binding of at least one Dkk protein
with the LRPS or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that disrupts the binding of at least one Dkk protein with the LRP5 or LRP6
receptor,

The method of claim 723 or 724 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 723 or 724 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 726 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt Sa, Wat 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 723 or 724 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 728 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 723 or 724 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
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non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
disrupts the binding of at least one Dkk protein with the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that disrupts the
binding of at least one Dkk protein with the LRPS or LRP6 receptor

The method of claim 731 or 732 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 731 or 732 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 734 wherein said Wnt antagon'%st comprises Wnt 1, Wnt 2, Wnt 3a,
Wht 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7¢, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 731 or 732 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 736 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a DKk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb.
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 731 or 732 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

The method of claim 707, 708, 715, 716, 723, 724, 731 or 732 wherein said non-native
compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof. 4 ’

The method of claim 707, 708, 715, 716, 723, 724, 731 or 732 wherein said non-native
compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative
or analog thereof. '

The method of claim 707, 708, 715, 716, 723, 724, 731 or 732 wherein said
administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,
sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.
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The method of claim 707, 708, 715, 716, 723, 724, 731 or 732 wherein said non-native
compound is identified using a method comprising: 4
screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;
docking said compound into the cayity using the Flexx ™ program; and
obtaining the compound with the highest binding affinity using the Cscore"
program.

M

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that disrupts the interaction
of at least one Dkk protein with the LDL receptor repeat of the LRP5 or LRP6 receptor,

at least one domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of
the LRP5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that disrupts the interaction of at least
one Dkk protein with the LDL receptor repeat of the LRPS or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.

The method of claim 743 or 744 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or arly combination thereof.

The method of claim 743 or 744 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 746 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Whnt 4a, Wnt S5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 743 or 744 wherein said Dkk protein comprises 2 Wt inhibitor.

The method of claim 748 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a DKk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 743 or 744 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
disrupts the interaction of at least one Dkk protein with the LDL receptor repeat of the
LRPS5 or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least one
domain of a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

118



WO 2005/115354

752.

753.

754.

755.

756.

757.

758.

759.

760.

761.

PCT/US2005/017199

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that disrupts the
interaction of at least one Dkk protein with the LDL receptor repeat of the LRPS or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRPS or LRP6 receptor, or any combination thereof.

The method of claim 751 or 752 wherein said Dkk protein comprises DkkI, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 751 or 752 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 754 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 751 or 752 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 756 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 751 or 752 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that disrupts the interaction of at least one Dkk protein
with the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one domain of the
LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5 or LRP6
receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that disrupts the interaction of at least one Dkk protein with the LDL receptor
repeat of the LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor,
at least one domain of a homologue of the LRP5 or LRP6 receptor, or any combination
thereof.

The method of claim 759 or 760 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.
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The method of claim 759 or 760 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 762 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt Sa, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 759 or 760 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 764 wherein said Wt inhibitor comprises at least one of the
following proteins, at least oné fragment of the following proteins or any combination
thereof: a DKk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 759 or 760 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
disrupts the interaction of at least one Dkk protein with the LDL receptor repeat of the
LRPS5 or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least one
domain of a homologue of the LRPS5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that disrupts the
interaction of at least one Dkk protein with the LDL receptor repeat of the LRP5 or LRP6
receptor, af least one domain of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 767 or 768 wherein said Dkk protein comprises Dkk1, Dkk?2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 767 or 768 wherein said Dkk protein comprises a Wnt antagonist.
The method of claim 770 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Whnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 767 or 768 wherein said Dkk protein comprises a Wat inhibitor.
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The method of claim 772 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein. :

The method of claim 767 or 768 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

The method of claim 743, 744, 751, 752, 759, 760, 767 or 768 wherein said non-native
compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof.

The method of claim 743, 744, 751, 752, 759, 760, 767 or 768 wherein said non-native
compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative
or analog thereof. ,

The method of claim 743, 744, 751, 752, 759, 760, 767 or 768 wherein said
administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,
sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.

The method of claim 743, 744, 751, 752, 759, 760, 767 or 768 wherein said non-native
compound is identified using a method comprising:
screening for a compound that fits into the cavity on the receptor using the

~ UNITY™ program,;

docking said compound into the cavity using the Flexx™ program; and
obtaining the compound with the highest binding affinity using the Cscore™
program.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that disrupts the binding of at
least one Dkk protein with the LDL receptor repeat of the LRPS or LRP6 receptor, at
least one domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of -
the LRP5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that disrupts the binding of at least one
DKk protein with the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one
domain of the LRPS or LRP6 receptor, at least one domain of a homologue of the LRP3
or LRP6 receptor, or any combination thereof. '

The method of claim 779 or 780 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.
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The method of claim 779 or 780 wherein said Dkk protein comprises 2 Wnt antagonist.

The method of claim 782 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Whnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 779 or 780 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 784 wherein said Wnt inkibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sSFRP3 protein. )

The method of claim 779 or 780 whierein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
disrupts the binding of at least one Dkk protein with the LDL receptor repeat of the LRPS
or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least one domain
of a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that disrupts the
binding of at least one Dkk protein with the LDL receptor repeat of the LRPS or LRP6
receptor, at least one domain of the LRPS or LRP6 receptor, at least one domain of a
homologue of the LRP5 or LRP6 receptor, or any combination thereof. '

The method of claim 787 or 788 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 787 or 788 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 790 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 787 or 788 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 792 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.
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The method of claim 787 or 788 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that disrupts the binding of at least one Dkk protein
with the LDL receptor repeat of the LRPS or LRP6 receptor, at least one domain of the
LRPS or LRP6 receptor, at least one domain of a homologue of the LRPS or LRP6
receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that disrupts the binding of at least one Dkk protein with the LDL receptor

-repeat of the LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor,

at least one domain of a homologue of the LRP5 or LRP6 receptor, or any combination
thereof.

The method of claim 795 or 796 wherein said DKk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof. '

The method of claim 795 or 796 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 798 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wat 4a, Wnt Sa, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14; Wnt 15 or Wnt 16.

The method of claim 795 or 796 whérein said Dkk protein comprises a Wnt inhibitor.

The method of claim 798 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sSFRP3 protein.

The method of claim 795 or 796 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a DKk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
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disrupts the binding of at least one Dkk protein with the LDL receptor repeat of the LRP5
or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least one domain

- of a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that disrupts the
binding of at least one Dkk protein with the LDL receptor repeat of the LRP5 or LRP6
receptor, at least one domain of the LRPS5 or LRP6 receptor, at least one domain of a
homologue of the LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 803 or 804 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 803 or 804 wherein said Dkk protein comprisesR a Wnt antagonist.

The method of claim 806 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
What 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 803 or 804 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 808 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sSFRP3 protein.

The method of claim 803 or 804 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

The method of claim 779, 780, 787, 788, 795, 796, 803 or 804 wherein said non-native
compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof. '

The method of claim 779, 780, 787, 788, 795, 796, 803 or 804 wherein said non-native
compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative
or analog thereof.

The method of claim 779, 780, 787, 788, 795, 796, 803 or 804 wherein said
administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,
sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.
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The method of claim 779, 780, 787, 788, 795, 796, 803 or 804 wherein said non-native
compound is identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cayity using the Flexx ™ program; and

obtaining the compound with the highest binding affinity using the Cscore
program.

™

A method for the stimulation or enhancement of bone formation or bone remodeling

- comprising administering at least one non-native compound that disrupts the binding of at

least one related protein, unrelated protein with analogous ﬁmchons or a homologue of

Dkk protein to the LRPS5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that disrupts the binding of at least one
related protein, unrelated protein with analogous functions or a homologue of Dkk
protein to the LRP5 or LRP6 receptor.

The method of claim 815 or 816 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 815 or 816 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 818 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 80 Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 815 or 816 wherein said Dkk protein comprises a Wﬁt inhibitor.

The method of claim 820 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sSFRP3 protein.

The method of claim 815 or 816 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a DKk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
disrupts the binding of at least one related protein, unrelated protein with analogous
functions or a homologue of Dkk protein to the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that disrupts the
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binding of at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein to the LRPS or LRP6 receptor.

The method of claim 823 or 824 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof. P

The method of claim 823 or 824 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 826 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Whnt 4a, Wnt 52, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 823 or 824 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 828 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb '
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sSFRP3 protein.

The method of claim 823 or 824 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,

‘nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,

glycolipid, lipoprotein or chemical that disrupts the binding of at least one related protein,
unrelated protein with analogous functions or a homologue of Dkk protein to the LRPS or
LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that disrupts the interaction of at least one Dkk protein with the LDL receptor
repeat of the LRPS or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor,
or any combination thereof.

The method of claim 831 or 832 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,-
Dkk4 or any combination thereof.

The method of claim 831 or 832 wherein said Dkk protein comprises a Wnt antagonist.
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The method of claim 831 Wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16. '

The method of claim 831 or 832 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 836 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 831 or 832 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
disrupts the binding of at least one Dkk protein with the LDL receptor repeat of the LRP5
or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, or any combination
thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that disrupts the
binding of at least one Dkk protein with the LDL receptor repeat of the LRP5 or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 839 or 840 wherein said Dkk protein comprisés Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 839 or 840 wherein said Dkk protein comprises a Wnt antagonist.
The method of claim 842 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
What 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 839 or 840 wherein said DKk protein comprises a Wnt inhibitor.
The method of claim 844 wherein said Wnt inhibitor comprises at least one of the

following proteins, at least one fragment of the following proteins or any combination
thereof: a DKk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
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protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sSFRP3 protein.

The method of claim 839 or 840 wherein said Dikk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

The method of claim 815,816, 823, 824, 831, 832, 839 or 840 wherein said non-native

“compound comprises at least one agonist, antagonist, partial agonist, or any combination

thereof.

The method of claim 815, 816, 823, 824, 831, 832, 839 or 840 wherein said non-native
compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative
or analog thereof. ‘

The method of claim 815, 816, 823, 824, 831, 832, 839 or 840 wherein said
administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,
sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.

The method of claim 815, 816, 823, 824, 831, 832, 839 or 840 wherein said non-native
compound is identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore”
program.

M

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that disrupts the interaction
of at least one related protein, unrelated protein with analogous functions or a homologue
of Dkk protein to the LRPS or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that disrupts the interaction of at least
one related protein, unrelated protein with analogous functions or a homologue of Dkk
protein to the LRPS or LRP6 receptor.

The method of claim 851 or 852 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4 or any combination thereof.

The method of claim 851 or 852 wherein said Dkk protein comprises a Wnt antagonist.
The method of claim 854 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,

Wt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt §, Wnt 8a, Wnt 8c, Wnt
10a, Wnat 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.
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The method of claim 851 or 852 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 856 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, & cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 851 or 852 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
disrupts the interaction of at least one related protein, unrelated protein with analogous
functions or a homologue of Dkk protein to the LRP5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that disrupts the
interaction of at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein to the LRPS or LRP6 receptor.

The method of claim 859 or 860 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 859 or 860 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 862 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Whnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7¢c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 859 or 860 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 864 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 859 or 860 wherein said Dkk protein comprises a related protein, an -
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that disrupts the interaction of at least one related
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protein, unrelated protein with analogous functions or a homologue of Dkk protein to the
LRPS or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that disrupts the interaction of at least one related protein, unrelated protein with
analogous functions or a homologue of Dkk protein to the LRP5 or LRP6 receptor.

The method of claim 867 or 868 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof. :

The method of claim 867 or 868 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 870 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Whnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wat 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 867 or 868 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 872 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 867 or 868 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
disrupts the interaction of at least one related protein, unrelated protein with analogous
functions or a homologue of Dkk protein to the LRPS5 or LRP6 receptor.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that disrupts the
interaction of at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein to the LRP5 or LRP6 receptor. :
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The method of claim 875 or 876 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 875 or 876 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 878 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 875 or 876 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 880 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 875 or 876 wherein said Dkk brotein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

The method of claim 851, 852, 859, 860, 867, 868, 875 or §76 Whérein said non-native
compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof.

The method of claim 851, 852, 859, 860, 867, 868, 875 or 876 wherein said non-native
compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative
or analog thereof.

The method of claim 851, 852, 859, 860, 867, 868, 875 or 876 wherein said
administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,
sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.

The method of claim 851, 852, 859 860, 867, 868, 875 or 876 wherein said non-native
compound is identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore
program.

™

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that disrupts the interaction
of at least one related protein, unrelated protein with analogous functions or a homologue
of Dkk protein with the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one
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domain of a homologue of the LRP5 or LRP6 receptor, at least one domain of the LRPS
or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that disrupts the interaction of at least
one related protein, unrelated protein with analogous functions or a homologue of Dkk
protein with the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one domain
of a homologue of the LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6
receptor, or any combination thereof.

The method of claim 887 or 888 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 887 or 888 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 890 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wat 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 887 or 888 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 892 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 887 or 888 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a DXkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
disrupts the interaction of at least one related protein, unrelated protein with analogous
functions or a homologue of Dkk protein with the LDL receptor repeat of the LRP5 or
LRP6 receptor, at least one domain of a homologue of the LRP5 or LRP6 receptor, at
least one domain of the LRPS or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that disrupts the
interaction of at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein with the LDL receptor repeat of the LRP5 or LRP6 receptor,

at least one domain of a homologue of the LRP5 or LRP6 receptor, at least one domain of
the LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 895 or 896 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof. '
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The method of claim 895 or 896 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 898 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 33,
Wt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 895 or 896 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 900 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 895 or 896 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that disrupts the interaction of at least one related
protein, unrelated protein with analogous functions or a homologue of DKk protein with
the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one domain of a
homologue of the LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6
receptor, or any combination thereof.

A method for the regulation of bone formation or bene remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that disrupts the interaction of at least one related protein, unrelated protein with
analogous functions or a homologue of Dkk protein with the LDL receptor repeat of the
LRPS or LRP6 receptor, at least one domain of a homologue of the LRP5 or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 903 or 904 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 903 or 904 wherein said Dkk protein comprises a Wnt antagonist.
The method of claim 906 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,

Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wat 7b, Wnt 7c, Wnt 8, Wnt 8a Whnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.
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The method of claim 903 or 904 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 908 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 903 or 904 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
disrupts the interaction of at least one related protein, unrelated protein with analogous
functions or a homologue of Dkk protein with the LDL receptor repeat of the LRP5 or
LRP6 receptor, at least one domain of a homologue of the LRP5 or LRP6 receptor, at
least one domain of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that disrupts the
interaction of at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein with the LDL receptor repeat of the LRP5 or LRP6 receptor,
at least one domain of a homologue of the LRP5 or LRP6 receptor, at least one domain of
the LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 91 1' or 912 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,

"Dkk4, or any combination thereof.

The method of claim 911 or 912 wherein said Dkk protein comprises a Wnt antagonist.
The method of claim 914 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnat 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 911 or 912 wherein said Dkk protein comprises a Wnt inhibitor.
The method of claim 916 wherein said Wnt inhibitor comprises at least one of the

following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
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protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 911 or 912 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

The method of claim 887, 888, 895, 896, 903, 904, 911 or 912 wherein said non-native
compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof.

The method of claim 887, 888, 8§95, 896, 903, 904, 911 or 912 wherein said non-native
compound comprises NCI366218, NCI8642 NCI106164, NCI657566, or any derivative
or analog thereof.

‘The method of claim 887, 888, 895, 896, 903, 904, 911 or 912 wherein said

administering step comprises administration by inhalation, oral, intravenous,
intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,
sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.

The method of claim 887, 888, 895, 896, 903, 904, 911 or 912 wherein said non-native
compound is identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore
program.

™

A method for the stimulation or enhancement of bone formation or bone refnodeling
comprising administering at least one non-native compound that disrupts the binding of at
least one related protein, unrelated protein with analogous functions or a homologue of

" Dkk protein with the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one

domain of a homologue of the LRP5 or LRP6 receptor, at least one domain of the LRP5
or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that disrupts the binding of at least one
related protein, unrelated protein with analogous functions or a homologue of Dkk '
protein with the LDL receptor repeat of the LRPS or LRP6 receptor, at least one domain
of a homologue of the LRPS5 or LRP6 receptor, at least one domain of the LRPS5 or LRP6
receptor, or any combination thereof.

The method of claim 923 or 924 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

- The method of claim 923 or 924 wherein said Dkk protein comprises a Wnt antagonist.
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The method of claim 926 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wnt 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnat 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 923 or 924 wherein spid Dkk protein comprises a Wnt inhibitor.

The method of claim 928 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 923 or 924 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
disrupts the binding of at least one related protein, unrelated protein with analogous
functions or a homologue of Dkk protein with the LDL receptor repeat of the LRP5 or
LRP6 receptor, at least one domain of a homologue of the LRP5 or LRP6 receptor, at
least one domain of the LRP5 or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that disrupts the
binding of at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein with the LDL receptor repeat of the LRPS or LRP6 receptor,
at least one domain of a homologue of the LRP5 or LRP6 receptor, at least one domain of
the LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 931 or 932 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof. :

The method of claim 931 or 932 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 934 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a, -
Wat 4a, Wnt 5a, Wnat 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8¢, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16. ‘

The method of claim 931 or 932 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 936 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.
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The method of claim 931 or 932 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that disrupts the binding of at least one related protein,
unrelated protein with analogous functions or a homologue of Dkk protein with the LDL
receptor repeat of the LRPS or LRP6 receptor, at least one domain of a homologue of the
LRPS or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, or any
combination thereof. '

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that disrupts the binding of at least one related protein, unrelated protein with
analogous functions or a homologue of Dkk protein with the LDL receptor repeat of the
LRPS5 or LRP6 receptor, at least one demain of a homologue of the LRPS or LRP6
receptor, at least one domain of the LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 939 or 940 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 939 or 940 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 942 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Wnt 4a, Wat 5a, Wnt 5b, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16.

The method of claim 939 or 940 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 944 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 939 or 940 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a Dkk protein.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,

‘cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
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lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
disrupts the binding of at least one related protein, unrelated protein with analogous
functions or a homologue of Dkk protein with the LDL receptor repeat of the LRPS5 or
LRP6 receptor, at least one domain of a homologue of the LRPS5 or LRP6 receptor, at
least one domain of the LRPS or LRP6 receptor, or any combination thereof.

A method for the regulation of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that disrupts the
binding of at least one related protein, unrelated protein with analogous functions or a
homologue of Dkk protein with the LDL receptor repeat of the LRP5 or LRP6 receptor,

at least one domain of a homologue of the LRPS5 or LRP6 receptor, at least one domain of
the LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 947 or 948 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

The method of claim 947 or 948 wherein said Dkk protein comprises a Wnt antagonist.

The method of claim 950 wherein said Wnt antagonist comprises Wnt 1, Wnt 2, Wnt 3a,
Whnt 4a, Wnt 5a, Wnt Sb, Wnt 6, Wnt 7a, Wnt 7b, Wnt 7c, Wnt 8, Wnt 8a, Wnt 8c, Wnt
10a, Wnt 10b, Wnt 11, Wnt 14, Wnt 15 or Wnt 16. :

The method of claim 947 or 948 wherein said Dkk protein comprises a Wnt inhibitor.

The method of claim 952 wherein said Wnt inhibitor comprises at least one of the
following proteins, at least one fragment of the following proteins or any combination
thereof: a Dkk protein, a crescent protein, a cerebrus protein, an axin protein, an Frzb
protein, a glycogen synthase kinase protein, a T-cell factor protein, a disheveled protein
or an sFRP3 protein.

The method of claim 947 or 948 wherein said Dkk protein comprises a related protein, an
unrelated protein with analogous functions, or a homologue of a DKk protein. 1

The method of claim 923, 924, 931, 932, 939, 940, 947 or 948 wherein said non-native
compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof. '

The method of claim 923, 924, 931, 932, 939, 940, 947 or 948 wherein said non-native
compound comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative
or analog thereof.

The method of claim 923, 924, 931, 932, 939, 940, 947 or 948 wherein said
administering step comprises administration by inhalation, oral, intravenous,
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intraperitoneal, intramuscular, parenteral, transdermal, intravaginal, intranasal, mucosal,
sublingual, topical, rectal, or subcutaneous administration, or any combination thereof.

The method of claim 923, 924, 931, 932, 939, 940, 947 or 948 wherein said non-native
compound is identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore”
program.

M

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that binds to, or interacts with, the third domain of the LRP5 or LRP6
receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that binds to, or interacts, with the site where at least one Dkk protein
binds to, or interacts with, the LDL receptor repeat of the LRP5 or LRP6 receptor, at least
one domain of the LRPS or LRP6 receptor, at least one domain of a homologue of the
LRP5 or LRP6 receptor, or any combination thereof.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that binds to, or interacts with, the site where at least one Dkk protein
binds to, or interacts with, the third domain of the LRP5 or LRP6 receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that binds to, or interacts with, the site where at least one related
protein, unrelated protein with analogous functions or a homologue of Dkk protein binds
to, or interacts with, the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRPS5
or LRP6 receptor, or any combination thereof. =

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that binds to, or interacts with, the site where at least one related
protein, unrelated protein with analogous functions or a homologue of Dkk binds to, or
interacts with, the third domain of the LRP5 or LRP6 receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-

native compound that disrupts the interaction or binding of at least one Dkk protein with

the LRP5 or LRP6 receptor.
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A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that disrupts the interaction or binding of at least one Dkk protein with
the LDL receptor repeat of the LRP5 or LRP6 receptor, at least one domain of the LRP5
or LRP6 receptor, at least one domain of a homologue of the LRP5 or LRP6 receptor,.or
any combination thereof.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that disrupts the interaction or binding of at least one related protein,
unrelated protein with analogous functions or a homologue of Dkk protein to the LRPS or
LRP6 receptor.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that disrupts the interaction or binding of at least one related protein,
unrelated protein with analogous functions or a homologue of Dkk protein with the LDL
receptor repeat of the LRP5 or LRP6 receptor, at least one domain of a homologue of the
LRPS5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, or any
combination thereof.

The method of claims 959-967 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claims 959-967 wherein said non-native cbmpound comprises
NCI366218, NCI8642, NCIlQ6164, NCI657566, or any derivative or analog thereof.

The method of claims 959-967 wherein said compound comprises a small molecule,
protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic
acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid,
lipoprotein, chemical, or a fragment of a2 compound that comprises a heterocyclic organic
molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar,
glycoprotein, glycolipid, lipoprotein, or chemical.

The method of claims 959-967 wherein said administering step comprises administration
by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 959-967 wherein said composition further comprises a
pharmaceutically acceptable carrier.

The method of claims 959-967 wherein said composition is formulated as a tablet, pill,
dragee, liquid, gel, capsule, syrup, slurry or suspension.
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The method of claims 959-967 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program; '

docking said compound into the cayity using the Flexx™ program;.and

obtaining the compound with the highest binding affinity using the Cscore
program.

™

A method for the inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound that binds to, or interacts with, the site
where Wnt binds to the second domain of the LRP5 or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that
binds to, or interacts with, the site where Wnt binds to the second domain of the LRP5 or
LRP6 receptor. ‘

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that binds to, or interacts with, the site where Wnt
binds to-the second domain of the LRPS or LRP6 receptor.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide,
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that binds
to, or interacts with, site where Wnt binds to the second domain of the LRPS or LRP6
receptor.

A method for the inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound that interacts with the site where Wnt
binds to the second domain of the LRP5 or LRP6 receptor.

A method for the inhibition of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to, or
interacts with, the site where Wnt binds to the second domain of the LRPS5 or LRP6

‘receptor.

A method for the inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
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chemical that binds to, or interacts with, the site where Wnt binds to the second domain
of the LRPS or LRP6 receptor.

A method for the inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that interacts with
the site where Wnt binds to, or interacts with, the second domain of the LRP5 or LRP6
receptor.

The method of claims 975-982 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claims 975-982 wherein said non-native compound comprises
NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claims 975-982 wherein said administering step comprises administration
by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 975-982 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore
program.

™

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that binds to, or interacts with, the second domain of the LRP5 or LRP6
receptor.

The method of claim 987 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claim 987 wherein said non-native compound comprises NCI3 66218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claim 987 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
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nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

The method of claim 987 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claim 987 wherein said composition further comprises a pharmaceutically
acceptable carrier.

The method of claim 987 wherein said composition is formulated as a tablet, pill, dragee,
liquid, gel, capsule, syrup, slury or suspension.

The method of claim 987 wherein said non-native compound is identified using a method
comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™
program.

A method for the inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound that disrupts the bidning or interaction of
Wnt with LRP5 or LRP6.

A method for the inhibition of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that disrupts the
binding or interaction of Wnt with LRPS5 or LRP6.

A method for the inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound that comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or
chemical that disrupts the binding or interaction of Wnt with LRP5 or LRP6. :

A method for the inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound or at least one fragment of a non-native
compound that comprises a small molecule, protein, peptide, polypeptide, cyclic
molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid,
non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that disrupts the
binding or interaction of Wnt with LRP5 or LRP6.

The method of claims 995-998 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.
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The method of claims 995-998 wherein said non-native compound comprises
NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claims 995-998 wherein said administering step comprises administration
by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 995-998 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cavity using the F lexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore’
program.

M

A thereapeutic composition for the treatment of a bone fracture, bone disease, bone
injury, bone abnormality, tumor or growth in a mammaliean subject comprising at least

- one non-native compound that disrupst the binding or interaction of Wnt with LRP5 or

LRPé6.

The method of claim 1003 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claim 1003 wherein said non-native compound cornprises‘NC13662l 8,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claim 1003 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

The method of claim 1003 wherein said administering step comprises administration by -
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claim 1003 wherein said composition further comprises a
pharmaceutically acceptable carrier.

The method of claim 1003 wherein said composition is formulated as a tablet, pill,
dragee, liquid, gel, capsule, syrup, slurry or suspension.
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The method of claim 1003 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cayity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore
program.

™

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering a non-native compound that disrupts the binding or interaction
of Wnt with LRPS or LRP6.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one organic or inorganic non-native compound that

- disrupts the binding or interaction of Wnt with LRP5 or LRP6.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound that comprises a small
molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein or chemical that disrupts the binding or interaction of Wnt with
LRPS or LRP6.

A method for the stimulation or enhancement of bone formation or bone remodeling
comprising administering at least one non-native compound or at least one fragment of a
non-native compound that comprises a small molecule, protein, peptide, polypeptide, .. .
cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar
lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical that
disrupts the binding or interaction of Wnt with LRP5 or LRP6.

The method of claims 1011-1014 wherein said non-native compound comprises at least
one agonist, antagonist, partial agonist, or any combination thereof.

The method of claims 1011-1014 wherein said non-native compound comprises

NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claims 1011-1014 wherein said administering step comprises ‘
administration by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral,
transdermal, intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 1011-1014 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cavity using the Flexx ™ program; and
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obtaining the compound with the highest binding affinity using the Cscore™

program.

A method for disrupting Dkk protein mediated antagonism comprising administering at
least one non-native compound that binds fo the LRP5 or LRP6 receptor.

A method for disrupting Dkk protein mediated antagonism comprising administering at
least one organic or inorganic non-native compound that binds to the LRP5 or LRP6
receptor.

A method for disrupting Dkk protein mediated antagonism comprising administering at
least one non-native compound that comprises a small molecule, protein, peptide,
polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged
lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemlcal
that binds to the LRP5 or LRP6 receptor.

A method for disrupting Dkk protein mediated antagonism comprising administering at
least one non-native compound or at least one fragment of a non-native compound that
comprises a small molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic
organic molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar,
glycoprotein, glycolipid, lipoprotein or chemical that binds to the LRP5 or LRP6
receptor.

A method for disrupting Dkk protein mediated antagonism comprising administering at
least one non-native compound that interacts with the LRP5 or LRP6 receptor.

A method for disrupting Dkk protein mediated antagonism comprising administering at
least one organic or inorganic non-native compound that interacts with the LRP5 or
LRP6 receptor.

A method for disrupting Dkk protein mediated antagonism comprising administering at
least one non-native compound that comprises a small molecule, protein, peptide,
polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged
lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical
that interacts with the LRP5 or LRP6 receptor. '

A method for disrupting DKk protein mediated antagonism comprising administering at
least one non-native compound or at least one fragment of a non-native compound that
comprises a small molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic
organic molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar,
glycoprotein, glycolipid, lipoprotein or chemical that interacts with the LRP5 or LRP6
receptor.

The method of claims 1019-1026 wherein said non-native compound comprises at least
one agonist, antagonist, partial agonist, or any combination thereof.
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The method of claims 1019-1026 wherein said non-native compound comprises
NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claims 1019-1026 wherein said administering step comprises
administration by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral,
transdermal, intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof. S

The method of claims 1019-1026 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™
program.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormality, tumor or growth in a mammalian subject comprising at least one non-
native compound that disrupts Dkk protein mediated antagonism by binding or
interacting with the LRPS or LRP6 receptor.

The method of claim 1031 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any comb1nat10n thereof.

The method of claim 1031 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claim 1031 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

The method of claim 1031 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claim 1031 wherein said composition further comprises a
pharmaceutically acceptable carrier.

The method of claim 1031 wherein said composition is formulated as a tablet, pill,
dragee, liquid, gel, capsule, syrup, slurry or suspension.
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1038. The method of claim 1031 wherein said non-native compound is identified using a
method comprising:

a. screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

b. docking said compound into the cayity using the Flexx ™ program; and

c. obtaining the compound with the highest binding affinity using the Cscore™
program.

1039. A method for disrupting Dkk protein mediated antagonism comprising the biﬁding of at
least one non-native compound to the first domain of the LRPS5 or LRP6 receptor.

1040. A method for disrupting Dkk protein mediated antagonism comprising administering at
least one organic or inorganic non-native compound that binds to the first domain of the
LRP5 or LRP6 receptor.

1041. A method for disrupting Dkk protein mediated antagonism comprising administering at
least one non-native compound that comprises a small molecule, protein, peptide,
polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged
lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical
that binds to the first domain of the LRP5 or LRP6 receptor. .

1042. A method for disrupting Dkk protein mediated antagonism comprising administering at
least one non-native compound or at least one fragment of a non-native compound that
comprises a small molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic
organic molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar,
glycoprotein, glycolipid, lipoprotein or chemical that binds to the first domain of the
LRP5 or LRP6 receptor.

1043. A method for disrupting Dkk protein mediated antagonism comprising administering a
non-native compound that interacts with the first domain of the LRP5 or LRP6 receptor.

1044. A method for disrupting Dkk protein mediated antagonism comprising administering at
least one organic or inorganic non-native compound that interacts with the first domain of
the LRP5 or LRP6 receptor.

1045. A method for disrupting Dkk protein mediated antagonism comprising administering at
least one non-native compound that comprises a small molecule, protein, peptide,
polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, charged
lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein or chemical
that interacts with the first domain of the LRP5 or LRP6 receptor.

1046. A method for disrupting Dkk protein mediated antagonism comprising administering at
least one non-native compound or at least one fragment of a non-native compound that
comprises a small molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic
organic molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar,
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glycoprotein, glycolipid, lipoprotein or chemical that interacts with the first domain of the
LRPS5 or LRP6 receptor.

The method of claims 1039-1046 wherein said non-native compound comprises at least
one agonist, antagonist, partial agonist, or any combination thereof.

The method of claims 1039-1046 wherein said non-native compound comprises
NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claims 1039-1046 wherein said administering step comprises
administration by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral,
transdermal, intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claims 1039-1046 wherein said non-native compound is 1dent1ﬁed using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore
program.

™

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormaility, tumor or growth in amammalian subject comprising at least one non-
native compound that disrupts Dkk protein mediated antagonism by binding or
interacting with the first domain of the LRPS or LRP6 receptor.

The method of claim 1051 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claim 1051 wherein said non-nativé compound comprises NCI366218,

" NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claim 1051wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid, -
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, 11poprotem
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

The method of claim 1051 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.
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1056. The method of claim 1051 wherein said composition further comprises a
pharmaceutically acceptable carrier.

1057. The method of claim 1051 wherein said composition is formulated as a tablet, pill,
dragee, liquid, gel, capsule, syrup, slurry or suspension.

1058. The method of claim 1051 wherein said non-native compound is identified using a
method comprising:

a. screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;
. docking said compound into the cavity using the Flexx™ program; and
c. obtaining the compound with the highest binding affinity using the Cscore™
program.

1059. A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound that binds to, or interacts with, the site
where Dkk protein binds to , or interacts with, the trans-membrane protein.

1060. The method of claim 1059 wherein said non-native compound increases the binding of
said Dkk protein to said trans-membrane protein.

1061. The method of claim 1059 wherein said non-native compound increases the affinity of
said Dkk protein to said trans-membrane protein.

1062. The method of claim 1059 wherein said non-native compound increases the interaction of
said Dkk protein to said trans-membrane protein.

1063. A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to, or
interacts with, the site where Dkk protein binds to, or interacts with, the trans-membrane
protein.

1064. The method of claim 1063 wherein said non-native compound increases the binding of
said Dkk protein to said trans-membrane protein.

1065. The method of claim 1063 wherein said non-native compound increases the affinity of
said Dkk protein to said trans-membrane protein.

1066. The method of claim 1063 wherein said non-native compound increases the interaction of
said Dkk protein to said trans-membrane protein.

1067. A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound comprising a protein, lipid, sugar,
glycoprotein, glycolipid or chemical that binds to, or interacts with, the site where Dkk
protein binds to, or intereacts with, the trans-membrane protein.
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The method of claim 1067 wherein said non-native compound increases the binding of
said Dkk protein to said trans-membrane protein.

The method of claim 1067 wherein said non-native compound increases the affinity of
said Dkk protein to said trans-membrane protein.

The method of claim 1067 wherein said non-native compound increases the interaction of
said Dkk protein to said trans-membrane protein.

A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound or at least a fragment of a non-native
compound comprising a protein, lipid, sugar, glycoprotein, glycolipid or chemical that
binds to, or interacts with, the site where Dkk protein binds to, or interacts with, the trans-
membrane protein.

The method of claim 1071 wherein said non-native compound or said fragment of a non-
native compound increases the binding of said Dkk protein to said trans-membrane
protein.

The method of claim 1071 wherein said non-native compound or said fragment of a non-
native compound increases the binding affinity of said Dkk protein to said trans-
membrane protein.

The method of claim 1071 wherein said non-native compound or said fragment of a non-
native compound increases the interaction of said Dkk protein to said trans-membrane
protein.

The method of claim 1051, 1059, 1063 or 1071 wherein said non-native compound
comprises at least one agonist, antagonist, partial agonist, or any combination thereof.

The method of claim 1051, 1059, 1063 or 1071 wherein said non—nativé compound
comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog
thereof.

The method of claim 1051, 1059, 1063 or 1071 wherein said administering step
comprises administration by inhalation, oral, intravenous, intraperitoneal, intramuscular,
parenteral, transdermal, intravaginal, intranasal, mucosal, sublingual, topical, rectal, or
subcutaneous administration, or any combination thereof.

The method of claim 1051, 1059, 1063 or 1071 wherein said non-native compound is
identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™
program.
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A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormaility, tumor or growth in a mammalian subject comprising at least one
native compound that binds to, or interacts with, the site where Dkk protein binds to, or
interacts with, the transmembrane protein, said compound increasing the binding, affinity
or interaction of said Dkk protein to said transmembrane protein.

The method of claim 1079 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claim 1079 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claim 1079 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

The method of claim 1079 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,

iintravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous

administration, or any combination thereof.

The method of claim 1079 wherein said composition further comprises a
pharmaceutically acceptable carrier.

The method of claim 1079 wherein said composition is formulated as a tablet, pill,
dragee, liquid, gel, capsule, syrup, slurry or suspension.

The method of claim 1079 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cavity using the Flexx ™ program; and

obtaining the compound with the highest binding affinity using the Cscore
program.

™

A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound that binds to, or interacts with, site
where Dkk protein binds to, or interacts with, the LDL receptor repeat of the LRP5 or
LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least one domain of
a homologue of the LRP5 or LRP6 receptor, or any combination thereof.
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The method of claim 1087 wherein said non-native compound increases the binding of
said Dkk protein to said LDL receptor repeat of the LRPS5 or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.

The method of claim 1087 wherein said non-native compound increases the affinity of
said Dkk protein to said LDL receptor repeat of the LRPS or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.

The method of claim 1087 wherein said non-native compound increases the interaction of
said Dkk protein to said LDL receptor repeat of the LRP5 or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.

A method for the increased inhibition of borie formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to, or
interacts with, the site where Dkk protein binds to, or interacts with, the LDL receptor
repeat of the LRP5 or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor,
at least one domain of a homologue of the LRP5 or LRP6 receptor, or any combination
thereof.

The method of claim 1091 wherein said non-native compound increases the binding of

said Dkk protein to said LDL receptor repeat of the LRPS or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.

The method of claim 1091 wherein said non-native compound increases the affinity of
said Dkk protein to said LDL receptor repeat of the LRPS or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.

The method of claim 1091 wherein said non-native compound increases the interaction of
said Dkk protein to said receptor repeat of the LRP5 or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5 -
or LRP6 receptor, or any combination thereof.

A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound comprising a protein, lipid, sugar,
glycoprotein, glycolipid or chemical that binds to, or interacts with, the site where Dkk
protein binds to, or interacts with, the LDL receptor repeat of the LRPS or LRP6 receptor,
at least one domain of a homologue of the LRP5 or LRP6 receptor, at least one domain of

- the LRPS or LRP6 receptor, or any combination thereof.

1096.

The method of claim 1095 wherein said non-native compound increases the binding of
said Dkk protein to said LDL receptor repeat of the LRP5 or LRP6 receptor, at least one
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domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.

The method of claim 1095 wherein said non-native compound increases the affinity of
said Dkk protein to said LDL receptor repeat of the LRPS or LRP6 receptor, at least one
domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5
or LRP6 receptor, or any combination thereof.

The method of claim 1095 wherein said non-native compound increases the interaction of
said Dkk protein to said LDL receptor repeat of the LRP5 or LRP6 receptor, at least one
domain of the LRPS5 or LRP6 receptor, at least one domain of a homologue of the LRPS
or LRP6 receptor, or any combination thereof.

A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound or at least a fragment of a non-native
compound comprising a protein, lipid, sugar, glycoprotein, glycolipid or chemical that
binds to, or interacts with, the site where Dkk protein binds to, or interacts with, the LDL
receptor repeat of the LRP5 or LRP6 receptor, at least one domain of the LRPS5 or LRP6
receptor, at least one domain of a homologue of the LRP5 or LRP6 receptor, or any
combination thereof.

The method of claim 1099 wherein said non-native compound or said fragment of a non-
native compound increases the binding of said Dkk protein to said LDL receptor repeat of
the LRPS or LRP6 receptor, at least one domain of the LRP5 or LRP6 receptor, at least
one domain of a homologue of the LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 1099 wherein said non-native compound or said fragment of a non-
native compound increases the affinity of said Dkk protein to said LDL receptor repeat of
the LRP5 or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor, at least
one domain of a homologue of the LRPS or LRP6 receptor, or any combination thereof.

The method of claim 1099 wherein said non-native compound or said fragment of a non-
native compound increases the interaction of said Dkk protein to said LDL receptor
repeat of the LRP5 or LRP6 receptor, at least one domain of the LRPS or LRP6 receptor,
at least one domain of a homologue of the LRP5 or LRP6 receptor, or any combination
thereof.

The method of claim 1079, 1087, 1091, 1095 or 1099 wherein said non-native compound
comprises at least one agonist, antagonist, partial agonist, or any combination thereof.

The method of claim 1079, 1087, 1091, 1095 or 1099 wherein said non-native compound
comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog
thereof.

The method of claim 1079, 1087, 1091, 1095 or 1099 wherein said administering step
comprises administration by inhalation, oral, intravenous, intraperitoneal, intramuscular,
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1106.

1107.

1108..

1109.

1110.

1111.

1112

1113.

parenteral, transdermal, intravaginal, intranasal, mucosal, sublingual, topical, rectal, or
subcutaneous administration, or any combination thereof.

The method of claim 1079, 1087, 1091, 1095 or 1099 wherein said non-native compound
is identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;, ‘

docking said compound into the cavity using the F lexx ™ program; and

obtaining the compound with the highest binding affinity using the Cscore™
program.

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormaility, tumor or growth in a mammalian subject comprising at least one
native compound that binds to, or interacts with, the site where Dkk protein binds to, or
interacts with, the LDL receptor repeat of the LRP5 or LRP6, at least one domain of the
LRP5 or LRP6 receptor, at least one domain of a homologue of the LRP5 or LRP6
receptor, or any combination thereof, said compound increasing the binding, affinity or
interaction of said Dkk protein to said LDL receptor repeat of the LRP5 or LRP6, at least
one domain of the LRP5 or LRP6 receptor, at least one domain of a homologue of the
LRP5 or LRP6 receptor, or any combination thereof.

The method of claim 1107 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claim 1107 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claim 1107 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

The method of claim 1107 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claim 1107 wherein said composition further comprises a
pharmaceutically acceptable carrier.

The method of claim 1107 wherein said composition is formulated as a tablet, pill,
dragee, liquid, gel, capsule, syrup, slurry or suspension.
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1114.

1115.

1116.

1117.

1118.

1119.

1120.

1121.

1122.

1123.

1124.

1125.

The method of claim 1107 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cayity using the Flexx ™ program; and

obtaining the compound with the highest binding affinity using the Cscore’
program.

M

A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound that binds to, or interacts with, the site
where Dkk protein binds to, or interacts with, at least one domain of the LRP5 or LRP6

.receptor.

Thé method of claim 1115 wherein said non-native compound increases the binding of
said Dkk protein to said domain.

The method of claim 1115 wherein said non-native compound increases the affinity of
said Dkk protein to said domain.

The method of claim 1115 wherein said non-native compound increases the interaction of
said DKk protein to said domain.

A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to, or

" interacts with, the site where Dkk protein binds to, or interacts with, at least one domain

of the LRP5 or LRP6 receptor.

The method of claim 1119 wherein said non-native compound increases the binding of
said Dkk protein to said domain.

The method of claim 1119 wherein said non-native compound increases the affinity of
said Dkk protein to said domain.

The method of claim 1119 wherein said non-native compound increases the interaction of
said DKk protein to said domain. ’

A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound comprising a protein, lipid, sugar,
glycoprotein, glycolipid or chemical that binds to, or interacts with, the site where Dkk
protein binds to, or interacts with, at least one domain of the LRP5 or LRP6 receptor.

The method of claim 1123 wherein said non-native compound increases the binding of
said Dkk protein to said domain.

The method of claim 1123 wherein said non-native compound increases the affinity of
said Dkk protein to said domain.
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1126. The method of claim 1123 wherein said non-native compound increases the interaction of
said Dkk protein to said domain.

1127. A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound or at least a fragment of a non-native
compound comprising a protein, lipid, sugar, glycoprotein, glycolipid or chemical that
binds to, or interacts with, the site where Dkk protein binds to, or interacts with, at least
one domain of the LRP5 or LRP6 receptor.

1128. The method of claim 1127 wherein said non-native compound or said fragment of a non-
native compound increases the binding of said Dkk protein to said domain.

1129. The method of claim 1127 wherein said non-native compound or said fragment of a non-
native compound increases the affinity of said Dkk protein to said domain.

1130. The method of claim 1127 wherein said non-native compound or said fragment of a non-
native compound increases the interaction of said DkK protein to said domain.

1131. The method of claim 1115, 1119, 1123 or 1127 wherein said non-native compound
' comprises at least one agonist, antagonist, partial agonist, or any combination thereof.

1132. The method of claim 1115, 1119, 1123 or 1127 wherein said non-native compound
comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog
thereof. .

1133. The method of claim 1115, 1119, 1123 or 1127 wherein said administering step
comprises administration by inhalation, oral, intravenous, intraperitoneal, intramuscular,
parenteral, transdermal, intravaginal, intranasal, mucosal, sublingual, topical, rectal, or
subcutaneous administration, or any combination thereof.

1134. The method of claim 1115, 1119, 1123 or 1127 wherein said non-native compound is
identified using a method comprising:

a. screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

b. docking said compound into the cavity using the Flexx ™ program; and

c. " obtaining the compound with the highest binding affinity using the Cscore™
program.

1135. A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormaility, tumor or growth in 2 mammalian subject comprising at least one
native compound that binds to, or interacts with, the site where Dkk protein binds to, or
interacts with, at least one domain of the LRP5 or LRP6 receptor.

1136. The method of claim 1135 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.
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1137. The method of claim 1135 wherein said non-native compound comprises NCI366218,-
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

1138. The method of claim 1135 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

1139. The method of claim 1135 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

1140. The method of claim 1135 wherein said composition further comprises a
pharmaceutically acceptable carrier.

1141. The method of claim 1135 wherein said composition is formulated as a tablet, pill,
dragee, liquid, gel, capsule, syrup, slurry or suspension.

1142. The method of claim 1135 wherein sald non-native compound is identified using a
method comprising:

a. screening for a cornpound that fits into the cavity on the receptor using the
UNITY™ program;
. docking said compound into the cavity using the Flexx™ program; and
c. obtaining the compound with the highest binding affinity using the Cscore™
_program.

1143. A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound that binds, or interacts with, to the site
where Dkk protein binds to, or interacts with, the third domain of the LRP5 or LRP6
receptor.

1144. The method of claim 1143 wherein said non-native compound increases the binding of
said Dkk protein to said third domain.

1145. The method of claim 1143 wherein said non-native compound increases the affinity of
said Dkk protein to said third domain.

1146. The method of claim 1143 wherein said non-native compound increases the interaction of
said Dkk protein to said third domain.

1147. A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one organic or inorganic non-native compound that binds to, or
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1148.
1149.
1150.

1151

1152.
1153.
1154,

1155.

1156.
- 1157.

1158.

1159.

interact with, the site where Dkk protein binds to, or interacts with, the third domain of
the LRPS or LRP6 receptor.

The method of claim 1147 wherein said non-native compound increases the binding of
said Dkk protein to said third domain..
The method of claim 1147 wherein said non-native compound increases the affinity of
said Dkk protein to said third domain. ‘

The method of claim 1147 wherein said non-native compound increases the interaction of”
said DKk protein to said third domain.

A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound comprising a protein, lipid, sugar,
glycoprotein, glycolipid or chemical that binds to, or interacts with, the site where Dkk
protein binds to, or interacts with, the third domain.

The method of claim 1151 wherein said non-native compound increases the binding of
said Dkk protein to said third domain.

The method of claim 1151 wherein said non-native compomid increases the affinity of
said Dkk protein to said third domain.

The method of claim 1151 wherein said non-native compound increases the interaction of
said Dkk protein to said third domain.

A method for the increased inhibition of bone formation or bone remodeling comprising
administering at least one non-native compound or at least a fragment of a non-native
compound comprising a protein, lipid, sugar, glycoprotein, glycolipid or chemical that
binds to, or interacts with, the site where Dkk protein binds to, or interacts with, the third
domain of the LRPS or LRP6 receptor.

The method of claim 1155 wherein said non-native compound or said fragment of a non-
native compound increases the binding of said Dkk protein to said third domain.

The method of claim 1155 wherein said non-native compound or said fragment of a non-
native compound increases the affinity of said Dkk protein to said third domain.

The method of claim 1143, 1147, 1151, or 1155 wherein said non-native compound or
said fragment of a non-native compound increases the interaction of said Dkk protein to

said third domain.

The method of claim 1143, 1147, 1151, or 1155 wherein said non-native cofnpound
comprises at least one agonist, antagonist, partial agonist, or any combination thereof.
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1160.

1161.

1162.

1163.

1164.

1165.

1166.

1167.

1168.

1169.

The method of claim 1143, 1147, 1151, or 1155 wherein said non-native compound
comprises NCI366218, NCI8642, NCI106164, NCI657566, or any derivative or analog
thereof.

The method of claim 1143, 1147, 1151, or 1155 wherein said administering step
comprises administration by inhalation, oral, intravenous, intraperitoneal, intramuscular,
parenteral, transdermal, intravaginal, intranasal, mucosal, sublingual, topical, rectal, or
subcutaneous administration, or any combination thereof.

The method of claim 1143, 1147, 1151, or 1155 wherein said non-native compound is
identified using a method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cavity using the F lexx™ program; and
obtaining the compound with the highest binding affinity using the Cscore
program. :

™

A therapeutic composition for the treatment of a bone fracture, bone disease, bone injury,
bone abnormaility, tumor or growth in a mammalian subject comprising at least one

. native compound that binds to, or interacts with, the site where Dkk protein binds to, or

interacts with, the third domain of the LRP5 or LRP6 receptor.

The method of claim 1163 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claim 1163 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claim 1163 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

The method of claim 1163 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claim 1163 wherein said composition further comprises a
pharmaceutically acceptable carrier.

The method of claim 1163 wherein said composition is formulated as a tablet, pill,
dragee, liquid, gel, capsule, syrup, slurry or suspension.
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1170.

1171.

The method of claim 1163 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the
UNITY™ program;

docking said compound into the cayity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore
program.

™

A method for promoting the self-renewal of cells in vitro comprising;:

a. obtaining cells from a subject; and
b. providing conditions in vitro comprising:

)
(i1)

(iif)

1172.

1173.

1174.

1175.

1176.

1177.

1178.

1179.

feeder layer;

an amount of Dkk protein, Wnt inhibitor or Wnt antagonist sufficient
to stimulate the renewal of said cells; and

at least one non-native compound that binds to at least one receptor
or co-receptor which stimulates, enhances, inhibits or regulates bone formation or bone
remodeling.

The method of claim 1171 wherein said feeder layer comprises mesenchymal stem cells,
stromal cells or other types of cells that promote the self-renewal or regeneration of cells.

The method of claim 1171 wherein said cells comprise regulatory, immune-regulatory or
NKT cells.

The method of claim 1171 wherein said cells comprise hematopoeitic stem cells.

The method of claim 1171 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3, Dkk4
or any combination thereof.

The method of claim 1171 wherein said non-native compound comprises at least one
agonist; antagonist, partial agonist, or any combination thereof.

The method of claim 1171 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claim 1171 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical. :

A method for promoting the turnover or differentiation of cells in vitro comprising:

a. obtaining cells from a subject; and
b. providing conditions in vitro comprising:

(®

feeder layer;
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(i)

(iif)

1180.

1181.

1182.

1183.

1184.

1185.

1186.

1187.
a.

b.

C.

1188.

an amound of Dkk protein, Wnt inhibitor or Wnt antagonist
sufficient to stimulate the turnover or differentiation of said cells; and

at least one non-native compound that binds to at least one receptor
or co-receptor which stimulates, enhances, inhibits or regulates bone formation or bone
remodeling. P :

The method of claim 1179 wherein said feeder layer comprises mesenchymal stem cells,
stromal cells or other types of cells that promote the self-renewal or regeneration of cells.

The method of claim 1179 wherein said cells comprise regulatory, immune-regulatory or
NKT cells.

The method of claim 1179 wherein said cells comprise osteocytes or osteoblasts.

The method of claim 1179 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3, Dkk4
or any combination thereof.

The method of claim 1179.wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claim 1179 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI1657566, or any derivative or analog thereof.

The method of claim 1179 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

The method of claim 1171 and 1179 wherein said non-native compound is identified
using a method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

ocking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for promoting the growth of cells in vitro comprising:

a. obtaining cells from a subject; and
b. providing conditions in vitro comprising:

(1)
(i)

(iif)

feeder layer;

an amount of Dkk protein, Wnt inhibitor or Wnt antagonist sufficient
to stimulate the growth of said cells; and

at least one non-native compound that binds to at least one receptor
or co-receptor which stimulates, enhances, inhibits or regulates bone formation or bone
remodeling.
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1189. The method of claim 1188 wherein said feeder layer comprises mesenchymal stem cells,
stromal cells or other types of cells that promote the self-renewal or regeneration of cells.

1190. The method of claim 1188 wherein said ce]ls comprise regulatory immune-regulatory or
NKT cells.

1191. The method of claim 1188 wherein said cells comprise hematopoeitic stem cells.

1192. The method of claim 1188 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3, Dkk4
or any combination thereof.

1193. The method of claim 1188 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

1194. The method of claim 1188 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

1195. The method of claim 1188 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical. '

1196. The method of claim 1188 wherein said non-native compound is identified using a
method comprising:

a. screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

b. ocking said compound into the cavity using the Flexx™ program; and

c. obtaining the compound with the highest binding affinity using the Cscore™ program.

1197. A method for the treatment of a disease in a mammalian subject comprising:
a. obtaining cells from said subject or another subject;
b. renewing said cells in vitro with conditions comprising:

@@ feeder layer;

(i) . an amount of Dkk protein, Wnt inhibitor or Wnt antagonist sufficient
to stimulate the renewal of said cells; and ,

(i) at least one non-native compound that binds to at least one receptor

or co-receptor which stimulates, enhances, inhibits or regulates bone formation or
remodeling; and
c. re-administering said renewed cells to said subject.

1198. The method of claim 1197 wherein said feeder layer comprises mesenchymal stem cells,
stromal cells or other types of cells that promote the self-renewal or regeneration of cells.
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1199. The method of claim 1197 wherein said cells comprise regulatory, immune-regulatory or
NKT cells.

1200. The method of claim 1197 wherein said cells comprise hematopoeitic stem cells.

1201. The method of claim 1197 wherein said Dlzk protein comprises Dkk1, Dkk2, Dkk3,
Dkk4, or any combination thereof.

1202. The method of claim 1197 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

1203. The method of claim 1197 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

1204. The method of claim 1197 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

1205. The method of claim 1197 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof..

1206. The method of claim 1 197 wherein said non-native compound is identified using a
method comprising:

a. screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

b. ocking said compound into the cavity using the Flexx™ program; and

c. obtaining the compound with the highest binding affinity using the Cscore™ program.

'1207. A method for the treatment of a disease in a mammalian subject comprising'
a. obtaining cells from said subject or another subject;

b. promotlng the turnover or differentiation of cells by prov1d1ng conditions in vitro
comprising:

(1) feeder layer;

(id) an amount of Dkk protein, Wnt inhibitor or Wnt antagonist sufficient
to stimulate the turnover or differentiation of said cells; and :

(iii) at least one non-native compound that binds to at least one receptor

or co-receptor which stimulates, enhances, inhibits or regulates bone formation or
remodeling; and
c. re-administering said new or differentiated cells to said subject.
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1208. The method of claim 1207 wherein said feeder layer comprises mesenchymal stem cells,
stromal cells or other types of cells that promote the self-renewal or regeneration of cells.

1209. The method of claim 1207 wherein said cells comprise regulatory immune-regulatory or
NKT cells.

Ve

1210. The method of claim 1207 wherein said cells comprise osteocytes or osteoblasts.

1211. The method of claim 1207 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3, Dkk4
or any combination thereof.

1212. The method of claim 1207 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

1213. The method of claim 1207 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

1214. The method of claim 1207 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotem glycolipid, 11poprotem
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotem
glycolipid, lipoprotein, or chemical.

1215. The method of claim 1207 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

1216. The method of claim 1207 wherein said non-native compound is identified using a
method comprising:

a. screening for a compound that fits into the cavity on the receptor using the UNITY™
program;
. ocking said compound into the cavity using the Flexx™ program; and
c. obtaining the compound with the highest binding affinity using the Cscore™ program.

1217. A method for the treatment of a disease in 2 mammalian subject comprising:
a. obtaining cells from said subject or another subject;

b. promoting the growth of cells by providing conditions in vitro comprising:

@ feeder layer;

(i) an amount of Dkk protein, Wnt inhibitor or Wnt antagonist sufficient
to stimulate the turnover or differentiation of said cells; and

(iif) at least one non-native compound that binds to at least one receptor

or co-receptor which stimulates, enhances, inhibits or regulates bone formation or
remodeling; and
C. re-administering said grown cells to said subject.
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1218. The method of claim 1217 wherein said feeder layer comprises mesenchymal stem cells,
stromal cells or other types of cells that promote the self-renewal or regeneration of cells.

1219. The method of claim 1217 wherein said ce]ls comprise regulatory immune-regulatory or
NKT cells.

1220. The method of claim 1217 wherein said cells comprise hematopoeitic stem cells.

1221. The method of claim 1217 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3, Dkk4
or any combination thereof.

1222. The method of claim 1217 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof,

1223. The method of claim 1217 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

1224, The method of claim 1217 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical. ‘

1225. The method of claim 1217 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

-1226. The method of claim 1217 wherein said non-native compound is identified using a
method comprising:

a. screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

b. ocking said compound into the cavity using the Flexx" ™ program; and

c. obtaining the compound with the highest binding affinity using the Cscore™ program.

1227. A method for the treatment of a viral infection in a mammalian subject comprising:
a. obtaining CD34+ cells from a subject infected with a virus;

b. transducing said cells in vitro to introduce a gene resistant to said virus;

c. renewing said transduced cells in vitro by providing conditions comprising:

(1) feeder layer;

(i1) an amount of Dkk protein, Wnt inhibitor or Wnt antagonist sufficient

to stimulate the turnover or differentiation of said cells; and
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(iif)

1228.
1229.

1230.

1231.

1232.

1233,

1234.

1235.

1236.

1237.

at least one non-native compound that binds to at least one receptor
or co-receptor which stimulates, enhances inhibits or regulates bone formation or
remodeling; and
re-administering said renewed transduced cells into said subject.

The method of claim 1227 wherein said fecder layer comprises mesenchymal stem cells,
stromal cells or other types of cells that promote the self-renewal or regeneration of cells.

The method of claim 1227 wherein said cells comprise regulatory immune-regulatory or
NKT cells.

The method of claim 1227 wherein said cells comprise hematopoeitic stem cells.

The method of claim 1227 wherein said Dkk protein comprises Dkk1, Dkk2, Dkk3, Dkk4
or any combination thereof.

The method of claim 1227 wherein said non-native compound comprises at least one
agonist, antagonist, partial agonist, or any combination thereof.

The method of claim 1227 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claim 1227 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

The method of claim 1227 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claim 1227 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

ocking said compound into the cavity using the Flexx ™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for the treatment of a disease in a mammalian subject comprising
administering to said subject at least one non-native compound that binds to at least one
receptor or co-receptor involved in bone formation or bone remodeling to stimulate or
increase the renewal of cells.
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1238.

1239.

1240.

1241.

1242.

1243.

1244.

1245.

1246.

1247.

1248.

1249.

The method of claim 1237 wherein said cells comprise hematopoetic stem cells.

The method of claim 1237 wherein said cells comprise regulatory, immune-regulatory or
NKT cells.

The method of claim 1237 wherein said disease comprises any type of viral mediated or
immune drug mediated hepatitis, bacterial infections, viral infections, fungal infections or
parasitic infections.

The method of claim 1237 wherein said viral infection comprises HBV infection, HCV
infection, HDV infection or HIV infection.

The method of claim 1237 wherein said non-native compound comprises an agonist,
antagonist, partial agonist, or any combination thereof.

The method of claim 1237 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claim 1237 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

The method of claim 1237 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claim 1237 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

ocking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for the treatment of a disease in a mammalian subject comprising
administering to said subject at least one non-native compound that inhibits the binding
of Dkk to the LRP5 or LRP6 receptor to thereby stimulate or increase the renewal of
cells.

The method of claim 1247 wherein said cells comprise hematopoetic stem cells.

The method of claim 1247 wherein said cells comprise regulatory, immune-regulatory or
NKT cells.
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1258.

1259.

1260.

‘The method of claim 1247 wherein said disease comprises any type of viral mediated or

immune drug mediated hepatitis, bacterial infections, viral infections, fungal infections or
parasitic infections.

The method of claim 1247 wherein said Vi;al infection comprises HBV infection, HCV
infection< HDV infection or HIV infection.

The method of claim 1247 wherein said non-native compound comprises an agonist,
antagonist, partial agonist, or any combination thereof,

The method of claim 1247 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claim 1247 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein glycolipid, lipoprotem
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

The method of claim 1247 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claim 1247 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

ocking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for the treatment of a disease in a mammalian subject comprising
administering to said subject at least one non-native compound that binds to at least one
receptor or co-receptor involved in bone formation or bone remodehng to stimulate or
increase the turnover or differentiation of cells.

The method of claim 1257 wherein said cells comprise osteocytes or osteoblasts.

The method of claim 1257 wherein said cells comprise regulatory, immune-regulatory or
NKT cells.

The method of claim 1257 wherein said disease comprises any type of viral mediated or

immune drug mediated hepatitis, bacterial infections, viral infections, fungal infections or
parasitic infections.
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1270.

1271.

The method of claim 1257 wherein said viral infection comprises HBV infection, HCV
infection, HDV infection or HIV infection.

The method of claim 1257 wherein said non-native compound comprises an agonist,
antagonist, partial agonist, or any combination thereof.

The method of claim 1257 wherein said non-native compound comprises NCI366218,

'NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claim 1257 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

The method of claim 1257 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claim 1257 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

ocking said compound into the cavity using the Flexx™ program; and

obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for the treatment of a disease in a mammalian subject comprising
administering to said subject at least one non-native compound that inhibits the binding
of Dkk to the LRP5 or LRP6 receptor to thereby stimulate or increase the turnover or
differentiation of cells.

The method of claim 1267 wherein said cells comprise osteocytes or osteoblasts.

The method of claim 1267 wherein said cells comprise regulatory, immune-regulatory or
NKT cells. '

The method of claim 1267 wherein said disease comprises any type of viral mediated or
immune drug mediated hepatitis, bacterial infections, viral infections, fungal infections or

parasitic infections.

The method of claim 1267 wherein said viral infection comprises HBV infection, HCV
infection, HDV infection or HIV infection.
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1273.
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1276.

1277.

1278.

1279.

1280.

1281.

1282.

The method of claim 1267 wherein said non-native compound comprises an agonist,
antagonist, partial agonist, or any combination thereof.

The method of claim 1267 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

The method of claim 1267 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

The method of claim 1267 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

The method of claim 1267 wherein said non-native compound is identified using a
method comprising:

screening for a compound that fits into the cavity on the receptor using the UNITY ™

program;
ocking said compound into the cavity using the Flexx ™ program; and
obtaining the compound with the highest binding affinity using the Cscore™ program.

A method for the treatment of a disease in a mammalian subject comprising
administering to said subject at least one non-native compound that binds to at least one
receptor or co-receptor involved in bone formation or bone remodeling to stimulate or
increase cell growth.

The method of claim 1277 wherein said cells comprise hematopoetic stem cells.

The method of claim 1277 wherein said cells comprise regulatory, immune-regulatory or

NKT cells.

The method of claim 1277 wherein said disease comprises any type of viral mediated or
immune drug mediated hepatitis, bacterial infections, viral infections, fungal infections or
parasitic infections. '

The method of claim 1277 wherein said viral infection comprises HBV infection, HCV
infection, HDV infection or HIV infection.

The method of claim 1277 wherein said non-native compound comprises an agonist,
antagonist, partial agonist, or any combination thereof.
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1283. The method of claim 1277 wherein said non-native compound comprises NCI366218,
NCIg642, NCI106164, NCI657566, or any derivative or analog thereof.

1284. The method of claim 1277 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

1285. The method of claim 1277 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

1286. The method of claim 1277 wherein said non-native compound is identified using a
method comprising:

a. screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

b. ocking said compound into the cavity using the Flexx ™ program; and

c. obtaining the compound with the highest binding affinity using the Cscore™ program.

1287. A method for the treatment of a disease in a mammalian subject comprising
administering to said subject at least one non-native compound that inhibits the binding
of DKk to the LRPS or LRP6 receptor to thereby stimulate or increase cell growth.

1288. The method of claim 1287 wherein said cells comprise hematopoetic stem cells.

1289. The method of claim 1287 wherein said cells comprise regulatory, immune-regulatory or
NKT cells.

1290. The method of claim 1287 wherein said disease comprises any type of viral mediated or
immune drug mediated hepatitis, bacterial infections, viral infections, fungal infections or
parasitic infections.

1291. The method of claim 1287 wherein said viral infection comprises HBV infection, HCV
infection, HDV infection or HIV infection. .

1292. The method of claim 1287 wherein said non-native compound comprises NCI366218,
NCI8642, NCI106164, NCI657566, or any derivative or analog thereof.

1293. The method of claim 1287 wherein said compound comprises a small molecule, protein,
peptide, polypeptide, cyclic molecule, heterocyclic organic molecule, nucleic acid, lipid,
charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein,
chemical, or a fragment of a compound that comprises a heterocyclic organic molecule,
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nucleic acid, lipid, charged lipid, polar lipid, non-polar lipid, sugar, glycoprotein,
glycolipid, lipoprotein, or chemical.

1294, The method of claim 1287 wherein said administering step comprises administration by
inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral, transdermal,
intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcutaneous
administration, or any combination thereof.

1295. The method of claim 1287 wherein said non-native compound is identified using a
method comprising:

a. screening for a compound that fits into the cavity on the receptor using the UNITY™
program;

b. ocking said compound into the cavity using the Flexx ™ program,; and

c. obtaining the compound with the highest binding affinity using the Cscore™ program.

1296. A method for identifying a non-native compound which binds to, interacts with, or fits
into the cavity of at least one extracellular domain of the LRP5 or LRP6 receptor to
thereby stimulate, enhance, inhibit or regulate bone formation or bone remodeling
comprising: ‘

a. screening for a compound that fits into the binding cavity of said domain using
the UNITY™ program; ,

. docking said compound into said binding cavity using the Flexx™ program; and

c. obtaining the compound with the highest binding affinity using the C score™
program.

1297. A method for identifying a non-native compound which binds to, interacts with, or
fits into the cavity of, at least one intracellular domain of the LRP5 or LRP6 receptor to
thereby increase or decrease Wnt activity comprising:

a. screening for a compound that fits into the binding cavity of said domain using
the UNITY™ program;

b. docking said compound into said binding cavity using the F lexx™ program; and

C. : obtaining the compound with the highest binding affinity using the C score ™
program.

1298. A method for identifying a non-native compound which binds to, interacts with, or

fits into the cavity of at least one domain of the Frizzled receptor to thereby increase or
decrease Wnt activity comprising:

a. screening for a compound that fits into the binding cavity of said domain using the UNITY™
program;

b. docking said compound into said binding cavity using the Flexx™ program; and

c. obtaining the compound with the highest binding affinity using the C score™ program.

1299. The method of claim 1298 wherein said domain of the frizzled receptor comprises CRD.

173



	Abstract
	Bibliographic
	Description
	Claims

