WO 2006/107719 A2 |00 00 0 00O O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

e,

2
&

(19) World Intellectual Property Organization (3
International Bureau

2B
)

(43) International Publication Date
12 October 2006 (12.10.2006)

) I OO O

(10) International Publication Number

WO 2006/107719 A2

(51) International Patent Classification:
AGIK 38/17 (2006.01)

(21) International Application Number:
PCT/US2006/011754

(22) International Filing Date: 31 March 2006 (31.03.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

11/097,518 1 April 2005 (01.04.2005) US

(71) Applicant (for all designated States except US): ENZO
BIOCHEM, INC. [US/US]; 527 Madison Avenue, New
York, NY 10022 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ZHENG, Jie
[US/US]; 1071 Island Place East, Memphis, TN 38103
(US). SHAN, Jufang [US/US]; 255 S. Dunlap Street, #16,
Memphis, TN 38126 (US). WU, Dianqing [US/US]; 298
Guinevere Ridge, Cheshire, CT 06410 (US).

(74) Agents: SCHULMAN, Robert, M. et al.; Intellec-
tual Property Department, HUNTON & WILLIAMS
LLP, 1900 K Street, N.W. Suite 1200, Washington, DC
20006-1109 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: COMPOSITIONS AND METHODS FOR THE INHIBITION OF DISHEVELLED PROTEINS

o7
O 05
] 05
IWAULRS
O 'cs
€8 4
H5

SO

C

4 c17

oN 02 O
N c
H
w2 O

1

Oo

(57) Abstract: The Wnt signaling pathways are involved in embryo development as well as in M tumorigenesis. Dishevelled (DvI)
tra®duces Whnt signals from the receptor Frizzled (Fz) to downstream components in canonical and non-canonical Wnt signaling
pathways, and the DvI, PDZ domain plays an essential role in both pathways, and the DvI PDZ .domain binds directly to Fz recep-
tors. In the present invention using NMR-assisted virtual ligand screening, several compounds were identified and were found to
bind to the DvI PDZ domain. Molecular dynamics simulation was used to analyze the binding between the PDZ domain and these
compounds in detail. These compounds provide a basis for rational design of high-affinity inhibitors of the PDZ domain, which can
block Wnt signaling by interrupting the Fz-DvI interaction.
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'COMPOSITIONS AND METHODS FOR THE INHIBITION OF DISHEVELLED PROTEINS -

REFERENCE TO RELATED PATENT APPLICATIONS

This patent application is a continuation-in-part of the patent application entitled “Sclerostin and
the Inhibition on Wnt Signaling and Bone Formation,” filed on March 18, 2005 (Dan Wu, et al.).
This apphcauon is related to the patent application entitled “Composmons and Methods for the
Stimulation or Enhancement of Bone Formation and the Self-Renewal of Cells,” Apphcatxon No.

- 10/849,643, filed on May 19, 2004 and its contents is hereby mcorporated by -reference, in its
entirety. . This apphcatlon is also related to the patent apphcatlon ent1tled “Composmons and
Methods for Bone Formatlon and Remodeling,” Apphcauon No. 10/849/067 filed on May 19,

2004, and its contents is hereby 1ncorporated by reference, in its entirety.

FIELD OF THE INVENTION

The present invention relates to -the Dishevelled proteins, which translate Wnt -
signals from the transmembrarie receptor Frizzled to downétream components in canonical and.
non-canqn'ical' Wnt signaling pathways. The invention relates to the field of thérapeutic
methodé, compositions and uses thereof, in the treatment of various diseases which are caused by ‘
‘Wnt signaling involved in pathogenesis. More particularly, the compositions and methods are
' directed to compounds that interrupt the Frizzled-Dishevelled interactibn The compounds were
1dent1ﬁed from hbranes of compounds using screemng methods. These compounds may also be

modlﬁed to create denvatlves or analogues not found in the libraries or in nature Wh1ch also -

function effectively.

All patents, patent applications, patent publications, scientific 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 invention pertains, -



WO 2006/107719 PCT/US2006/011754

" BACKGROUND OF THE INVENTION :

. Wat 51gna11ng pathways play nnportant roles in embryonic and postembryomc
developrnent and have been 1mphcated in tumorigenesis. In the canonical Wnt—ﬂ-catemn
pathway, secreted Wnt glycoprotems bind to seven—transmembrane domain Fnzzled (Fz)
receptors and activate intracellular Dishevelled (Dvl) proteins. Activated Dvl proteins then
inhibitl\ glycogen synthase kinase-SB (GSK-3B); ‘this inhibition eauees destabilization of a
molecular complex formed by GSK-38, adenomatous polyposis coli (APC), axin, and B-catenin
and reduces the capability of GSK—BB to phosphorylate pB-catenin. Uﬂphosphorylated B-catenin
proteins escape from ubiquination and degradation ‘and accumulate in the cytoplasm. This
accumulation leads to the translocation of B-catenin into the nucleus, Where it stimulates
transcriptien of Wnt target genes, such as the gene encoding the T cell factor/lymphoid eahancer ‘
factor (Tcf/Lef). Numerous reports address mutations of Wnt—-B-catenin 31gnalmg pathway

components that-are involved in the development of neoplasia.

The link between the Wnt pathway and cancer dates back to the initial eliscovery of Wnt
signaling: the first vertebrate Wnt growth factor was identified as the product of a cellular
: oncogene (Wnt-1), which is activated by proviral insertion m murine mammary carcinomas.
Perhaps the most compelling evidence supportirig the role of Wnt signaling in oncogenesis is the
~ finding that approximatel}; 85% of colorectal cancers are characterized by mutaﬁens in APC, one
of the key components of the Wnt pathway. Members of the Wnt signaling pathway also have
been implicated in the pathogenesis of various pediatric cancers such as Burkitt lymphoma,' 4
medulloblastoma, ;Wilms’ tumor, .a.nd neuroblastoma. Furthermore, aberrant Wnt signaling is

involved in other diseases, such as osteoporosis and diabetes.

Dvl relays the Wnt signals from membrane-bound receptors to downstream components:
* and thereby plays an essential role -in the Wnt signaling pathway. Dvl proteins are highly
conserved throughout the animal kingdom. Three Dvl homologs, Dvl-1, -2, and -3, have been
identified in mammalian systems. All three human Dvl genes are ‘widely expressed in fe;cal and
adult tissues including brain, lung, kidney, skeletal muscle, and heart. The Dvl preteins are
composed of an N-terminal DIX domain, a central PDZ motif, and a C-terminal DEP domain. Of
these three, the PDZ doﬁain appears to play an important role in both the canonical and non-
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canomcal Wnt pathways. Indeed, the PDZ domain of Dvl may be mvolved not only in . ..

dlstmgulshmg roles between the two pathways but also in nuclear locahzatmn Recently, the
mteractlons between the PDZ domain (res1dues 247 through 341) of mouse Dvl-1 (mDvl1) and
-its bmdmg partners were investigated by using nuclear magnetic resonance (NMR) spectroscopy
“The peptlde-mteractmg site of the mDvl1 PDZ domain interacts with. various molecules whose
sequences have no obvious homology Although it is not a typical PDZ-binding motif, one
~ * peptide that binds to the mDvl1 PDZ domain is the conserved motif (KTXXXW) of Fz, which
" begins two amino acids after the seventh transmembrane domiain. This finding showed that there
is a direct interaction between Fz and Dvl and revealed a previously unknown connection
. between the membrane-bound receptor and downstream .components of the‘ Wnt signaling
pathways. Therefore, an inhibitor of the Dvl PDZ domain is hkely to effectively block the Wnt
signaling pathway at the Dv1 level.

The special role of the Dvl PDZ domain in the Wnt-B-catenin péthway makes it an ideai
" pharmaceutical target. Small organic inhibitors of the PDZ domain in Dvl might be useful in
dissecting molecularAmechanisms and formulating pharmaceutical ageo'ts that target tumers or‘
- other diseases in which the Wnt signaling. is involved in pathogenesis. In light of the structure of -
the Dvl ‘PDZ domain, vn‘tual ligand screening was used to identify a non-peptide compound,
NCI668036, that binds to the Dvl PDZ domain. Further NMR experiments validatedAthat the

‘compou‘nd binds to the peptidé-binding site on the surface of the PDZ domain; the binding |
affinity- (dissociation constant' KD) of the compound was measured by fluorescence
- spectroscopy In addition, we carried out molecular dynamics (MD) simulations of the 3
interaction between this compound and the PDZ domain as well as that between the C-termmal
. region of a known PDZ domam inhibitor (Dapper) and the PDZ domain, and we compared the -
. binding free energies of these interactions, which were calculated via the molecular mechanics

~ Poisson-Boltzman surface area (MM-PBSA) method.
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SUMMARY OF THE INVENTION

The present invention is based on' the activation or inactivation ‘of the intracellular
Dishevelled (Dvl) proteins; or homologs of said proteins, which are involved in Wnt signaling

‘pathways.

In one aspect, the present invention provided methods for identifying compounds using

_virtual screenings.

In a preferred embodiment, the present invention provides methods for conducting NMR-

assisted virtual screening.

In another ‘aspect, the present invention provides compounds which bind to the
Dishevelled proteins or homologs of said Dishevelled proteins to interrupt the interaction of

these proteins with Frizzled receptors, or homologs of Frizzled receptors.

In still another aspect, the invention provides'compqunds which bind to the PDZ domain -
of the Dishevelled protéins to interrupt interactions with transmembrane receptors, such as the.

Frizzled receptor.

Other aspects of the present invention will be apparent to one of ordinary skill in the art-

- from the following detailed description relating to the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

Structure-Based ngand Screenmg
A search was conducted for potential inhibitors of the PDZ domam of Dvl by the use of

sti'ucture—based virtual screening. PDZ is a modular protein-interaction' domain that has two
helices and six B sheets. The oB helix and BB sheet, together with the loop thaf proceeds,
followed"by BB, form a peptide-binding cleft. In their crystal-coﬁlplex structure, the Dapper
peptide (derived from one of the binding partners of the Dvl PDZ domaiﬁ) forms hydrogen
bonds With residues Leu265, Gly266, 116267, and 11269 in the BB sheet of the PDZ domain.

To ‘identify ‘'small organic compounds that can bind to this groove and interrupt
interactions between the PDZ domiain and its binding partners, a query was designed by usmg the -
program UNITY™, a module in the software package SYBYL™ (Tripos, Inc.). The query
consisted of two hydrogen-bond donors (backbone amide nitrogens of Gly266 and 11€269) and

two hydrogen—bdnd acceptors (carbonyl oxygens of 116267 and I1e269) on the PDZ domain, with '
0.3-A tolerances for spaﬁél constraints. The Flex™ search module of UNITY™ was then used to
explqré the three-dimensional (3D) small-molecule database of the National Cancer Institute
4(NACI) to identify compouhds that met the requirements of the query. The 3D database is
available from NCI at no cost, and it includes ihe coordinates of more than 250,000 drug-like
| ~chemical compounds. The Flex™ search option of UNITY™ considers the flexibility of
compdunds, and it uses the Directed Twegk algorithm to conduct a rapid and conformationally

- flexible 3D search. The search yielded 108 organic compounds as the initial hits.

These 108 hits then were “docked” into-the binding site of the PDZ domain using the

'. FlexXTM program of SYBYL™. FlexXx™ is energy minimization-modeling software that varies
~ the conformatlon of the ligand to fit it into the protem—bmdmg site. As a control, we also docked
'~ the Dapper peptide into the PDZ domain. The receptor’s binding site was defined by residues
Gly266, 116269, and Arg325 with a selection radius of 5.9 A, and a core sub-pocket was defined
by Gly266 with a selection radius of 5.9 A. Under this condition, the docked Dapper peptide had
a similar conformation to that found in crystal structure of the complex with a backbone root
mean square deviation (RMSD) of 2.04 A. In particular, the backbone RMSD for the six C-

terminal amino acids is 1.22 4, indicating that the docking procedure was able to dock ligand
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spectroscopy experiments by using ﬂuorophore-labeled PDZ domain (TMR-PDZ) We followed ;-
the quenching of fluorescence emission of TMR-PDZ at 579 nm (with the excitation at 552 nm)
as we titrated NC1668036 into the TMR-PDZ 'solutmn. The fluorescence emission of TMR was
quenched because of the binding of NCIG68036 to the PDZ domain. A double reciprocal plot of
the fluorescence changes against the ‘concexltrations of NCI668036 gave a linear correlation.
Linear fitting using Origin (Microcal Software, Inc.) calculated a Kp (mean £ standard deviation)
of 237 + 31 uM (Fig. 3). ' |

Molecular Dynamics Simulations of the Complex Between the Dvl PDZ Domain and
. NC1668036

" To further investigate the interaction between t'he'PDZ domain and NCI668036, the .
AMBER™ software suite was used to conduct a molecular dynamics (MD) simulation study of
the NC1668036-PDZ domain complex. MD simulations were performed in exphclt water for 5

ns after equilibration with the particle mesh Ewald (PME) method. The MM-PBSA algonthm :
| was then used to calculate the binding free energy of the interaction between the PDZ domain

and NC1668036

To sample sufficient possible binding modes during the MD simulation, we re-ekamlned
. the entire output of the initial FlexX™ docking results were re-examined. The default settings of
the FlexX™ docking algorithm yielded 30 possible docking conformations (Fig. 4), and the
- conformer which had the best docking scores were selected. Although the conformations of the
- 30 docked NCIG68036 were very similar overall there were distinct variations. These 30 bound
conformers can be clustered into three main groups Group 1 comprises 5 conformers (in red), .
and the RMSDs of all the atoms in NCI668036 are between 0.46 and 0.77 A for this group of
‘conformers; group II has 13 conformers (in yellow) with RMSDs between 1.44 and 1.7 A; and
| group III has 12 conformers (in blue) with RMSD between 2.31 to 2.86 A (Fig. 3A). Manual -
inspection of these docking conformers led to the selection of 10 conformers as starting points
for the MD simulations (see Table 1 for the list of the parameters used in the MD simulations).
Of these 10 conformers, one was from group I (conformer 6), five were from group I
(conformers 4, 7, 10, 14, and 15), arld four were from group III (conformers 12, 22, 26, and 27).
During the 10 MD simulation runs, the simulation that started with conformer 22 (group III) had
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_ the lowest and most stable bmdmg free energy, suggesting that this conformer represents the true:

PDZ domain-bound conformatlon of NC1668036 in solution. "
Structure of the NCI1668036-Bound Dvl PDZ Domain

'The MD simulation thaf started with conformer 22 was analyzed in detail. During the 5-
ns ' MD. production run, the total energy of the MD system (waterbox included) fluctuated
between —44552.6 kcal mol* and ~44344.2 kcal mol* (mean, —44450.8 kcal mol-'j with a root
mean square (rms) of 32.6 kcal mol-1 (Fig. 5A and 5C). The lowest energy occurs at 4.905 ns; the
‘structure of mDvll bound with NCI668036. at this point is shown in Fig. 6A. In the complex .
NCI668036‘ formed hydrogen bonds with residues Leu258, Gly259, 11260, I1e262, anc} Arg318

of the Dvl PDZ domain (Fig. 6B); close hydrophobic contacts between the ligand and the .
residhes in the PDZ domain were also observed. For example, the valyl group that is connected
to carbon C1 was within 3.5 A of the hydrophobic- side chains of residues Leu258, 11e260,
113262, Leu317, and Val314 as well as the Ca side chain of Arg318. In addition,.the C17 methyl .

" group was within 3.5 A of Phe257, and the “C”-temlinal t-butyl group had hydrophobic contacts
with Val263 and Val314 (within 3.5 A of the hydrophobic side chains of the two résidues).

Bound NCI668036 Adopts a Conformation Similar to That of Bound Dapper Peptide

" A comparison between the crystal structure of the PDZ domain bound with the Dapper
peptide and the simulated NCI668036—PDZ domain complex revealed that both ligands adopt
| similar conformations when bound to the PDZ domain (Fig. 5C and 5D). The maés-weighted
backbone RMSD (only the 4 C-terminal amino acids, MT’lfV,' were included in the RMSD
* calculation) for both the PDZ domain—-NCI668036 and the PDZ domain;Dapper peptide was -
149 A. The backbone of NCI668036 was defined as the atoms in the main cham between and
- including the carbonyl carbon of the carboxylate group (C) and the carbonyl carbon at the other
end of NCI668036 (C8), (a total of 13 atoms; Fig. 1).

To conduct a further detailed comparison, similar to the MD simulation conducted with
the PDZ domain-NCI668036 complex, we first carried out a 5-ns MD simulation for the

- complex was first carried out which consisted of the PDZ domain and Dapper peptide. For each
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MD simulation, 1000 “snapshots” were saved and analyzed in detail (Fig. 5). The MD.
simulations allowed the companson the hydrogen bonds within the two complexes in depth, and
those: hydrogen bonds, together w1th their percentage occupancies in the 1000 snapshots, are
listed in Table 5. The most striking- difference between the two complexes was within. the
hydrogen-bond network between the “carboxylate binding loop” formed by the conserved motif
of Gly——Leu—Gly—Phe (Phe257—Leu258—Gly259—Ile260 in the mDvl1l PDZ domain) and the C-
terminal residue of the bound pept1de This hydrogen-bond network is the hallmark of the
strizcture of a C-terminal pept1de complex of a PDZ domain; and in the structure of the Dapper—
PDZ domain complex, the amide groups of Leu258, Gly259, and 11260 donated hydrogen bonds
to the carboxylate group of the Dapper peptrde In the NCI668036—PDZ domaln complex,
because of 1the ﬂex1b111ty of the ether bond, the C-terminal carboxylate group and oxygen O3
| were in cis conformation. This conformation allowed both oxygen O3 and the C-terminal )
carboxylate group to be involved in the “hydrogen network”; the amide groups of Gly259 and
I1e260 form hydrogen bonds with oxygen 03, and the C-terminal carboxylate group of
: 'NCI668036 forms a hydrogen bond with the amlde group of Leu258. Outside the- “carboxylate - :
" binding network”, the two bound ligands had very similar hydrogen bonds and hydrophobic
contacts with the host PDZ domain. Therefore, the increased binding affinity. of the Dapper
| peptlde likely is due to the extra length of the peptide—residues Lys5, Leu6, and Ser7 of the
bound Dapper peptlde form multiple hydrogen bonds and hydrophobic contacts with the host
. PDZ domain.

To further compare the binding events of the Dapper peptide and NCI668036 to the PDZ
domain, the bmdmg free energies of the complexes were examined. The absolute: binding free
energies for both systems were calculated by usmg the MM-PBSA approach in combination with
the normal mode analysis. The binding free energy was -1.88 kcal mol.i for the PDZ~
NCI668036 complex and —7.48 kcal mol-1 for the PDZ-Dapper peptide complex (see Tables 2, 3,

and 4 for all the energy elements obtained from the MM-PBSA free blndmg energy . =

calculations). The relative ranking of binding free energies was consistent with expenmental
data. Indeed, as the dissociation constants for NCI668036 and the Dapper peptide were 237 uM
and 10 pM, respectively, at 25 °C, the binding free energies (G = —RTInKb) were —4.94 kcal
mol-: for NCI668036 and —6.82 kcal mol- for the Dapper peptide. .
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Inhibition of the Wt Signaling Pathway By NCI668036

'Inan earher study, it was demonstrated that the PDZ domain of Dvl interacts directly
with the conserved sequence that is C terminal to the seventh transmembrane helix of the Wt
receptor Fz. This interaction is essential in transductlon of the Wnt signal from Fz to the
downstream component of Dvl. Therefore, an mhlbltor of the Dvl PDZ domain should modulate
Wnt s1gnahng by acting as an antagonist. To test whether NCI1668036 can indeed inhibit Wnt
s1gna11ng pathways NCI668036 was co-injected with various activators of the canomcal Wnt
pathway into the animal-pole region of Xenopus embryos at the two-cell stage. RT-PCR was

-then performed to analyze expression of the Wnt target gene Siamois in ectodermal explants that
were d1ssected from blastulae and cultured until their development reached the early gastrula :
stage. In the RT-PCR experiments, expression of ornithine decarboxylase (ODC) was used as
the loading control. Although NCI668036 had little effect on Siamois expressxon induced by B-
catenin, a component of Wnt signaling that is downstream of Dvl, NCI668036 inhibited Siamois

~expression induced by Wnt3A (Fig. 7A). These results are consistent with the notion that -
binding of NCI668036 to the PDZ domain of Dvl blocks signaling in the canonical Wnt pathway
at the Dvl level.

Whether NCI668036 affected the well-known ability of Wnt to induce secondary axis
- formation was then tested. Wnt3A injected into the ventro-vegetal region of a Xenopus
. ectodermal explant induced the formation of a complete secondary axis37 (Fig. 7B and 7C).
: However, when co—m;ected with Wnt3A, NCI668036 substantially reduced the secondary axxs
* formation induced by Wnt3A (Fig. 7D). This reduction resulted in embryos with a partial
secondary axis or only a single axis (see Table 6). ’Iherefore it may be concluded that

NCI668036 specifically blocks signaling in the canonical Wnt pathway.

By using a UNITY™ search for compounds with the potential to bind to the PDZ
‘domain, FlexX™ docking of candidates into the binding site, Cscore™ ranking of binding
modes, and chemical-shift perturbation NMR experiments, we identified a non peptidic small
organic molecule (NCI668036) was identified, which could bind to the mDvil PDZ domain.
This shows that NMR-assisted virtual ligand screening is a feasible approach to identify small
molecules that, on the basis of their structural features, are predicted to bind to the target.



WO 2006/107719 PCT/US2006/011754

To build the search qﬁexjy for the \)irh.lal-screening stage, the crys'tal‘ structure of ,fhe PDZ
domain of Xenopus Dvl bound with the Dapper peptide was used instead of the NMR solution
structure of the apo-PDZ domain of mouse Dvl. The two PDZ domains share high homology,. |
especially around the peptlde-bmdmg sites; near the binding sites, there'is only a single. armno
acid d1fference between the two PDZ domauns (Glu319 in the PDZ domain of mDvl1 versus
Asp326 in. the PDZ domain of Xenopus Dvl), and the side chain of this residue pomts away from
. the peptlde-bmdmg cleft. The peptlde-bmdmg cavity of the domain is smaller i in the apo-form of

the solution structure than in the crystal structure of the Dappér-bound PDZ domain of Xenopus
Dvl. This difference is consistent wifh the classic “induce-and-fit” mechanism, in which, upon
the binding of a peptlde or a small organic molecule, the binding sites in the PDZ domain |
undergo conformational change to accommodate the bound ligand. However, this ﬂexlblhty |
cannot be fully - explored through UNITY™ search and the FlexX™ dockmg protocols.
Therefore, although the PDZ domain of mouse Dvl was used in the'expen'meptal studies, the
crystal structure of the PDZ domain of Xenopus Dvl provides a better- template for the virtual .
‘screening steps. Indeed, the binding free energies calculated from MD simulaﬁon of the PDZ
domain-NCI668036 and PDZ domain-Dapper peptide complexes fit well with'the experimental
binding data. | | "

. NCI668036 is a peptide mimetic in which two peptide bonds are substituted by two ether’
, bonds.. Therefore NCI668036 is expected to be more stable than the corresponding peptide in

' vivo. Although it binds the PDZ domain relaﬁvely weakly, NCI668036 can be used as.a

template for further modifications. Indeed, NCI668036 has a very simple structtﬁe,’ and it is very

stable and highly soluble. In addition, MD simulation showed that, compared with the complex -
| of the PDZ domain and Dapper peptide, which has higher binding afﬁnify (Ka= 10 pM), the .
complex formed by the PDZ domain and NCI668036 does not fully utilize all possible

" interactions to maximize binding affinity. For example, the 'binding affuﬁty is expected to

increase if the branching of a hydrophobic group from the backbone of NC1668036 contacts the
side chain of Phe257 in the PDZ domain.

NCI668036 interacts with the Dvl PDZ domain specifically. We tested two other PDZ
domains: the first PDZ domain of PSD-95, PSD95a (PDB code: 11U0, 11U2), which belongs to
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. the class I PDZ domains, and the PDZ7 domam of the glutamate receptor—mteractmg protem"f
(PDB ‘code: 1IM5Z), a member of class II PDZ domains (Flg 12 shows the structure-based
sequerice alignment of different PDZ domains). NCI668036 binds to both of these PDZ domains
extremely wealdy The specificity of NCI668036 for the Dvl PDZ domain likely is due to a.
unique feature of the domain. The Dvl PDZ domain belongs to neither class I nor class II PDZ‘
domains (Fig. 12). In partlcular the Dvl PDZ domain has two loops: one is between the first and
second B- strands (the BA-BB loop), and the other is between the second o-helix and the last B-

. strand (the PB- BF loop). These two loops of the Dvl PDZ domain are longer than that in a typical
PDZ domain. In the structure of a typlcal PDZ domain bound with a C-terminal pep’ude the
carboxylate group of the bound peptlde is also linked through a bound water molecule to the

‘ guamd1mum group of an arglmne in the BA-BB loop. The side chain of the same argmme also

’ forms a hydrogen bond with the amide ground of a glycme in the BB-BF loop. However, the Dvl -
PDZ domain lacks both the arginine and glycine, and the cavity that holds the bound water
molecule in a typical PDZ domam is much smaller in the Dvl PDZ. Indeed, there is no bound

:water molecule in the crystal structure of the Dvl PDZ domain m a complex with the Dapper -
peptlde However, when NCI668036 bound to the Dvl PDZ domam oxygen O3 partmpated in
two hydro gen-bond connections with the “carboxylate binding loop” of the PDZ domain, and the.
‘carboxylate -group of the bound NCI668036 was pushed into the empty space and stayed in the

~ narrow cavity. We speculate that this binding feature of NCI668036 may explain the specificity

. 'of the molecule for the Dvl PDZ domain; in other words, NCI668036 achieves its specificity by -

" using its umque binding mode This notion is supported by results from one of our MD .

" . simulation studies. In the MD simulation run, the starting conformation of the PDZ domam—

- NCI668036 complex was created by superimposing NCI668036 over the bound Dapper peptlde,
so that the carboxylate group of the co'mpound formed all three hydrogen bonds with the host

PDZ domain. After a 200-ps production run, the system was no longer stable.

Using the screening methods described, additional compounds were identiﬁed which -
were found to bind to a domain of the Dishevelled protems Fig. 8 shows the structtlres of
molecular compounds which were all found capable of binding to the Dishevelled protems Fig.
9 and Fig. 10 show structures of compounds that bind to Dlshevelled and they also show
compounds which were found to be non-binding. All of the compound structures in Fig. 11 were

found to bind to the PDZ domain of the Dishevelled protein. These compounds were NCI
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. compounds, Siéma Aldrich compounds and Chem Div compounds.

Considering that Dvl is at the crossroad of the Wnt signaling pathways and that the
typical binding events in which the molecule is involved are relatively weak but finely tuned and
well balanced, an effective Dvl antagomst might be very useful in analyses of Wnt signaling and
in dissecting various pathways. Funct10na1 stud1es of NCI668036 strongly support this theory
Besides being a powerful tool for b1ologxca1 studies of Wnt s1gna11ng pathways, a strong
inhibitor of Dvl serves as a leading compound for further development of pharmaceutxcal agents
useful in the treatment of cancer and other human d1seases in which the Wnt signaling pathway

“has a crucial role in pathogenesis.
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MATERIALS AND METHODS

Purification of »N-labeled mDvll PDZ botnain.
The “N-labeled mouse Dvil PDZ domain (residue 247 to residue 341 of mDvll) was
' prepared as descnbed previously. To increase the solubility of the protein, Cys334, which'is

N "

located outsrde the hgand binding 51te was mutated to alanine in the PDZ domain construct.

Preparation of 2-((5(6)-Tetramethylrhodamine)carboxylarnino)ethyl Methanethiosulfonate
(TMR)-Lmked mDvll PDZ Domain. | o

W11d-’cype PDZ domain protein (without the Cys334Ala mutatlon) was produced using
the standard procedure. Cy5334 is the only cysteine m the protein. Punﬁed PDZ (40 uM) was .
dialyzed against.100 mM potassium phosphate buffer (pH 7.5)at4°C overmght to remove DTT,
which was added during protein purification steps to prevent disulfide bond formation. We then
dropwise added a 10-fold molar excess of TMR dlssolved in DMSO to the solution of the PDZ
domain ‘while it was being stirred. After 2 hours of reactron at room temperature excess TMR

and other reactants were removed by extensive dialysis against 100 mM potassium phosphate

buffer pH 7.5) at 4 °C.

Structure-based Ligand Screening of Small Compounds Bmdmg to the PDZ Domain.
The UNITY™ module of the SYBYL™ software package (Tripos, Inc.) was used to |
~ screen the NCI small-molecule 3D database for chemical compounds that could fit into the
| ‘peptrde-bmdmg groove of the Dvl PDZ domain (PDB code: 1L60) The candidate compounds
then were docked mto the binding groove by usmg the FlexXTM module of SYBYLTM (Tnpos
Inc.). The compounds that displayed the highest consensts binding scores were acqulred from -
. the Drug Synthesis and Chemistry Branch, Developmental Therapeutics Program, D1v1s1on of
~ Cancer Treatment and Diagnosis, National Cancer Institute (http:// 129.43.27.140/ncldb2/) for

further tests.

' NMR Spectroscopy.

NMR “N-HSQC experiments were performéd by using a Varian Inova 600 “MHz NMR
spectrometer at 25 °C. Samples consisted of the Dvl PDZ domain (concentration, ~0.3 mM) in
100 mM potassium phosphate buffer (pH 7.5), 10% D20, and 0.5 mM EDTA. NMR spectra



WO 2006/107719 PCT/US2006/011754

- were processed with NMRpipe software and analyzed by iising the program Sparky™

Fluorescence Spectroscopy

We used a Fluorolog-3 spectroﬂuorometer (Jobin-Yvon, Inc.) was used to obtain the
fluorescence measurements of the interaction between the TMP- linked PDZ domain and the
NCI668036 compound. Titration expenments ‘were performed at 25 °C in 100 mM potassmm
phosphate buffer (pH 7.5). The solution of NCI668036 (concentration, 1 mM) was sequentially
injected into a fluorescence sample cell that contained 2 m! 30 uM TMR-labeled PDZ domam in
100 mM potassium phosphate buffer (pH 7. 5). During the fluorescence measurement the
excitation wavelength was 552 nm, and the emission wavelength was 579 nm. The fluorescence
data were analyzed by using the ORIGIN™ program (Microcal Software, Inc.). The Kb values - |
were determined by using a double reciprocal plot of fluorescence changes against irlle'reasing'

compound concentrations.

Molecular Dynamlcs Simulation.

MD simulation was performed by using the sander program in the software package
AMBER 8™ with the parm99 force field. AM1-BCC charges were assigned to NCI668036 by
using the Antechamber module 47 in AMBER 8. ™ The starting structures of hgand—protem
complexes were prepared by using the output from the FlexX™ docking studies. After
neutralization, complexes were dissolved in a periodic rectangular TIP3P water box, with each
. side 10 A away from the edge of the system. The components of these MD systems are
summarized in Table 1 Systems were minimized by 1000-step steepest. descent minimization
followed by 9000-step conjugated gradient minimization. The MD simulations were performed
with time step of 2 ps and non-bonded cutoff being set to 9. 0 A. Both constant volume (NTV)
and constant pressure (NTP) penodlc boundary conditions were applied to gradually relax the
. system. In detail, the MD production run was carried out under the NPT condition for 5 ns aftera
50-ps NVT ensemble in which the temperature was increased from 100 K to 300 K, a 50-ps NPT
~ ensemble in which solvent density was adjusted, and another 100-ps NPT ensemble in which
.harmonic restraints were gradually reduced from 5.0 kcal mol-1 A-2to 0. Snapshots were saved
every 5 ps during the production run. Other simulation pararﬁeters were set similarly to those

described in the work by Gohlke et al.
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Binding Free Energy Calculatlon
Binding free energy was - calculated by (1) for which the MM-PBSA approach was
implemented by using the mm _pbsa pl module of AMBER 8™.
Gt = Geonse . Goon - Grnnd (1)
where
| G = Ht ot Gure= TS (2)
G»fmlw; [eRPY C w——" ) Iy

GMM=yA+b (4) .

Where gas phase energy, Hess, is the sum of internal (bond, angle and torsion), van.der Waals,

and electrostanc energy in the molecular mechamcal force field with no cutoff, as calculated by

_' molecular mechamcs Hirans/rot i 3RT (R is the gas constant) because of six translanonal and

rotational degrees of freedom. Solvation free energy, Gsolvation, Was calculated by using the PB

model. InPB calculatlons the polar salvation energy, G polar solvation , was obtained by solving the

PD equation by with the Delphi software using parse radius, parm94 charges (for the PDZ .

" domain and the Dapper peptide), and AM1-BCC charges (for the compound). The nonpolar
contribution was calculated by (4). In the equation, A is the solvent accessible area calculated by

- the Molsurf module in Amber 8™, and y (surface tension) and b (a constant) were 0.00542 kcal
mol" A2 and 0.92 kcal mol respectively. All of the above energy terms were averaged from 150

. ~ snapshots extracted every 20 ps, and entropy TS was estimated by normal mode analysis using

15 snépshots extracted every 200 ps during the last 3-ns production run.
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'DETAILED DESCRIPTION OF THE FIGURES

Flgure 1. Structure of compound NC1668036
The chem1ca1 structure of NCI668036 ‘was sketched by using ISIS/Draw (MDL Information
Systems, Inc.). ‘Some atoms (which are mentioned previously) are labeled with the atom name

assigned by the Antechamber module of AMBER 8TM

Figure 2. Interaction between the mDvll PDZ domain and NC1668036.
sN-HSQC spectra of free NCI668036 (red contour lmes) and of NCI668036 bound to the PDZ
.domain of mDvl1 (blue contour lines) are shown The concentration of the PDZ domain was 0.3
mM. The concentrations of NC1668036 was 7.8 mM (bound form). In the upper mset the 51gnals .
_ from the same region w1th enlarged spectra were placed in smaller boxes. The inset also contains
" an additional spectrum (green lines) from a different concentration of NCI668036 (2.4 mM). In
~ the worm representation of the bgckbone structure of the mDvl1 PDZ domain (lower inset), the
" thickness of the worm is proportional to the weighted sum (in Hz) of the 'H and “N shifts upon
binding by NC1668036 increasing chemical-shift perturbation is shown (blue, low; red, high).
The figure was prepared by using the software In51ght ™ (Accelrys, Inc. )

Figure 3. Binding affinity between mDvll PDZ and NCI668036 as determined from a

double reciprocal plot of fluorescence intensity quenching (F) against the concentration of

NCI668036
F luorescence measurements were obtained by titrating NCI668036 into a solution of the TMR-

PDZ domam The Kb value of the complex formed by NCI668036 and the: PDZ domain of
. mDvll was 237 + 31 pM as extracted after linear fitting.

Figure 4. The 30 docking conformations of compound NC1668036 generated'by using

the FlexX™ program were clustered into three groups.

Group I comprised 5 conformations (red) with RMSDs between 0. 46 and 0.77 A, group 11 had 13
conformations (yellow) with RMSDs between 1.44 and 1.73 A, and group Il had 12
conformations (blue) with RMSDs between 2.31 and 2.86 A.
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. Figure5. " Backbone root mean square deviations (RMSDs, A) of the mDv11, PDZ
domain bound to NCI668036 the mDvll PDZ domain bound to the Dapper peptlde, and
the starting structure and total potential .energies of the MD systems for 5-ns. exphclt
simulations.” . ‘ '

The 200-ps equlhbratlon phase is not included.

A. Backbone RMSDs of the mDvll PDZ domain (purple) and NCI668036 (green) for a S-ns
simulation. ,

. B. Backbone RMSDs of the Dvll PDZ domain (purple) and Dapper peptide (green) for a §-n,s
simulation. ' ' |
'C. The total potential energy (ETOT) of the mDvll PDZ domain and NCI668036 (water
~molecules included) during a 5-ns simulation fluctuated between —44552.6 keal mol and -
443442 kcal mol*. The total potent1al energy (mean + standard deviation) was —44450 8 +32. 6
keal mol*. : .

D. The total potentlal energy of the Dvll PDZ domain (water | molecules mcluded) and Dapper
peptlde durmg a 5-ns simulation fluctuated between —44349.8 kcal mol* and ~44122.3 keal moll
“The total potent1a1 energy (mean + standard deviation) was —44233.8 % 31.3 kcal mol".

Figure 6. Conformatmn of NC1668036 docked into the PDZ domam and of the
NCI668036—mDvll PDZ domain complex.
| 'A. NCI668036 and the Dapper peptide bound to the PDZ domain in similar conformations.
, NCI66.8036 (blue) was docked into the Dvl PDZ domain (ribbons and tubes in gray) by using
_ FlexX™ (Tripos, Inc.). The Dapper peptide (orange) is in its conformation determined by x-ray
crystallography and is in a complex with the PDZ domain. The difference between the backbone
root mean square deviation of compound NCI668036 and that of Dapper peptlde (only the 4 C-
| terminal amino acids [MTTV] backbone atoms were used) was 1.49 A.

. B. The binding conformation of NCI1668036 at 4.905 ns dunng the 5-ns simulation. The PDZ
" domain is shown as gray ribbons and tubes. NCI668036 is represented accordmg to the bound . -
atom (green, carbon; red, oxygen and blue, nitrogen). Residues that formed a hydrogen bond
with the compound are shown in ball-and-stick format (black, carbon; red, oxygen; blue
nitrogen); hydrogen bonds are represented by yellow dashed lines. Residues within 3.5 A of
isopropyl, methyl (those next to mtrogen atoms) and #-butyl groups of compound are in CPK
format (gray, carbon; red, oxygen; blue, nitrogen. In addition, Leu258, 11e260, and 11262 were
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. within 3.5 A of the isopropyl group next to the carboxylate group. They are in ball-and-stick -

format for clarity).

1

Figure7.  Effect of NCI668036 on canonical Wnt signaling in Xertopus embryos.
A. NCI668036 mlnblted the canonical Wnt pathway induced by Wnt3A but not by B-catemn
RT-PCR was conducted to analyze the expression of the Xenopus Wnt target gene Szamozs m
ectodermal explants. Synthetm mRNA corresponding to Wnt3A (1 pg) and &-catenin (500 ng)
" ‘were injected alone or with NCI668036 (180 ng) into the ammal-pole reglon at the two-cell '
stage, and ectodermal explants were cultured until they reached the early gastrula stage, at wh1ch
“time they underwent RT-PCR analysis.

B. A control embryo that received no mJectlon

C. An embryo that recelved an injection of Wnt3A mRNA developed a complete secondary :

axis.
D. An embryo that received coinjections of Wnt3A mRNA and NCI668036 developed a partial

*secondary axis.

Figure8."  Molecular structures of NCI & Sigma Aldrich compounds which were tested

for their ablhty to bind to the Dishevelled protein.
Compounds 221120, 107146, 145882 and 161613 were found to weakly bind to Dvl whereas
compounds 108123, 339938, v8878 and 579270 were found to not bind at all.

Flgure 9. Molecular structures of Chem Div compounds which were tested for their .

. ability to bind to the Dlshevelled protein. t
Compounds 3237-0565, 3237-0713, 3237-0430, 8006-2560, 0090-0031 and 2372—2393 were -

found to bind to Dvl whereas 0136-01 81 did not.

Figure 10.  Molecular structures of Chem Div compounds which were tested for their

‘ ability to blnd to the Dishevelled protein.
Compounds 8004-1312, 3289-8625, 3289-5066, 3237-0719 bound to Dvl. Compounds 8003-
2178, C691-0030, 1748-0253, 1108- 0424, 2922-0102, 3379-2274 and 8003-4726 did not bind to

Dvl.
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Figure 11. - Molecular structures of compouhds which were tested for their ability to - -

| bind to the Dishevelled protein.
Compounds 103673, 145882, 3289- 5066 3289-8625, 337837, 7129, 3237-0719, 12517, pl,
142277, 82569, 39869, p3, 46893, 661075, 661080, 661086, 661092, 661091,84123 and 668036

‘were all found to bind to Dvl.

Figure 12 12.  Structure-based alignment of the amino-acid sequehces of the PDZ

" ‘domains of Dvl Homologs and other protems
Secondary structural elements are indicated above the sequences. Residues at the gly-hls (GH)
positions are in boldface type. The asterisk denotes the binding pocket for the hgand’s C

- terminus. Sequence dlfferences among the PDZ domams are mdlcated by underhmng
Table 1. Information about atoms of simulated systems and dimensions of water boxes.

" Table 2. Binding free energy components of compound NCI668036 and PDZ averaged over the

last 3 ns of‘a 5-ns explicit simulation-.

Table 3. Binding free energy components of the PDZ domain and the Dapper peptide averaged

over the last 3 ns of a 5-ns explicit simulation.

Table 4. Binding free energy components of the PDZ domain and NC1668036 and
- the PDZ domain and the Dapper peptide averaged over the last 3 ns of the 5-ns explicit

simulation-.

Table 5. Hydrogen bonds observed between NCI668036 and the PDZ domain and between the

Dapper peptide and the PDZ domain during 5-ns explicit simulatior.

Table 6. Effect of NCI668036 on formation of the secondary axis induced by Wnt3A and 8-

catenin®.

<Ventro-vegetal injection of Wnt3A mRNA and p-catenin and of Wnt3A mRNA and NCI668036
at the two-cell stage. Experimental details are shown in Figure 7B through D.

sDefined as the appearance of a second neural plate on the ventral side of early neurulae and
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ectopic eye‘s ‘and cement glands. Percentages indicate the proportion of embryos that met the

definition.

<Total number of embryos that received injections in two independent experiments.
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CLAIMS |

A method for the treatment of various cancerous diseases comprising colorectal, desmoid,
endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate, thyroid, uterine, breast,
Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor, neuroblastoma, hepatoblastoma, .
other diseases comprising diabetes, hair loss, bone fracture, bone disease, bone injury, loss
of bone mass, diseases of sweat glands, diseases of mammary glands, or any other disease:
in a mammalian subject in which the Wnt signaling pathway plays an important role, =
comprising administering at least one non-native compound, at least one fragment of a non-
native compound, or any combination thereof, that prevents the binding of a membrane-
bound receptor to a component of the Wnt signaling pathways. . = .

A method for the treatment of various cancerous diseases comprising colorectal, desmoid,

endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate, thyroid, uterine, breast,

- Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor, neuroblastoma, hepatoblastoma,

_ other diseases comprising diabetes, hair loss, bone fracture, bone disease, bone injury, loss
of bone mass, diseases of sweat glands, diseases of mammary glands, or any other disease

'in a mammalian subject in which the Wnt signaling pathway plays an important role,

. comprising administering at least one non-native compound, at least one fragment of a non-
native compound, or any combination thereof, that prevents the binding of a membrane-
bound receptor or co-receptor involved in bone formation or bone remodeling to at least
one domain, cavity or binding site of the Dishevelled protein.

* A method for the treatment of various cancerous diseases comprising colorectal, desmoid,
endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate, thyroid, uterine, breast,
Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor, neuroblastoma, hepatoblastoma, -
other diseases comprising diabetes, hair loss, bone fracture, bone disease, bone injury, loss
of bone mass, diseases of sweat glands, diseases of mammary glands, or any other disease
in a mammalian subject in which the Wnt signaling pathway plays an important role,
comprising administering at least one non-native compound, at least one fragment of a non-
native compound, or any combination thereof, that prevents the binding of a receptor, a
membrane-bound receptor or co-receptor involved in bone formation or bone remodeling to
the PDZ domain, cavity or binding site of the Dishevelled protein. :

A method for the treatment of various cancerous diseases comprising colorectal, desmoid,
endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate, thyroid, uterine, breast,
Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor, neuroblastoma, hepatoblastoma,
other diseases comprising diabetes, hair loss, bone fracture, bone disease, bone injury, loss
of bone mass, diseases of sweat glands, diseases of mammary glands, or any other disease

in a mammalian subject in which the Wnt signaling pathway plays an important role,
comprising administering at least one non-native compound, at least one fragment of a non-
native compound, or any combination thereof, that prevents the binding of the Frizzled
receptor to at least one domain, cavity or binding site of the Dishevelled protein.

A method for the treatment of various cancerous diseases comprising colorectal, desmoid,
endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate, thyroid, uterine, breast,
Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor, neuroblastoma, hepatoblastoma,
other diseases comprising diabetes, hair loss, bone fracture, bone disease, bone injury, loss
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of bone mass, diseases of sweat glands, diseases of mammary glands, or any other disease
in 2 mammalian subject in which the Wnt signaling pathway plays an important role,
comprising administering at least one non-native compound, at least one fragment of a non-
native compound, or any combination thereof, that prevents the binding of the Frizzled

receptor to the PDZ domain, cavity or binding site of the Dishevelled protein.

The method of claims 1 to 5 wherein said compound or said fragment of a compound
comprises NCI668036, NCI221120, NCI107146, NCI145882, NCI161613, 8004-1312, -
3289-8625, 3289-5066, 3237-0719, 3237-0565, 3237-0713, 3237-0430, 8006-2560, 0090-
0031, 23722393, 103673, 145882, 3289-5066, 3289-8625, 337837, 7129, 3237-0719,
125217, pl, 142277, 82569, 39869, p3, 46893, 661075, 661080, 661086, 661092, 661091,
84123 or 668036. ' '

The method of claims 1 to 5 wherein said compound or said fragment of a compound
comprises NCI668036, NCI1221120, NCI107146, NCI145882, NCI161613, 8004-1312,
3289-8625, 3289-5066, 3237-0719, 3237-0565, 3237-0713, 3237-0430, 8006-2560, 0090-
0031, 2372-2393, 103673, 145882, 3289-5066, 3289-8625, 337837, 7129, 3237-0719, .
125217, pl, 142277, 82569, 39869, p3, 46893, 661075, 661080, 661086, 661092, 661091,
84123 or 668036, or any derivative or analog thereof. '

The method of claims 6 or 7 wherein said two or more compounds, or said fragments of
compounds are directly linked together with cross-linking, or indirectly linked together

with a linker arm.

The method of claim 8 wherein said compounds, said fragments of a compound, or any
combination thereof, dock in a first location and a second location on the same domain,

cavity, binding site, receptor or protein.

The method of claim 9 wherein said compounds, said fragments of a compound, or any
combination thereof, dock in a first location and a second location on different domains,

cavities, binding sites, receptors or proteins.

The method of claims 1 to 5 wherein said compounds, or said fragments of a compound,

. are linked together with a linker arm or cross-linking. -

The method of claims 8 to 11 wherein said linker arm is of such flexibility and size that the
binding strength of the reagent is greater that the binding strength of either ligand
separately.

The method of claims 8 to 11 wherein the binding of the bivalent or multivalent reagent
may be quenched or reversed by the addition of one of said reagents.

The method of claims 1 to 13 wherein said compound or said fragment of a 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.
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The method of claims 1 to 5 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 1 to 14 wherein said compound or said fragment of a compound
comprises at least one agonist, antagonist, partial agonist, or any combination thereof.

The method of claims 1 to 16 wherein said compound is identified using a method
comprising: :

a. screening for a compound that fits into said domain, cavity or binding site using
software which conducts conformational searching for molecules that fita
receptor site; ‘

b. docking said compound into said domain, cavity or binding site using software for
docking compounds into binding sites; and ' ‘ ,

c. obtaining the compound with the highest binding affinity using the software
which provides scoring of binding affinity. - ‘

A method for the treatment of various cancerous diseases comprising colorectal,
desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate, thyroid,
uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor, neuroblastoma,

" hepatoblastoma, other diseases comprising diabetes, hair loss, bone fracture, bone
disease, bone injury, loss of bone mass, diseases of sweat glands, diseases of mammary

- glands, or any other disease in a mammalian subject in which the Wnt signaling pathway
plays an important role, comprising administering at least one non-native compound, at
least one fragment of a non-native compound or any combination thereof, that interrupts
the interaction of a membrane-bound receptor or co-receptor with a component of the

.Wnt signaling pathway.

A method for the treatment of various cancerous diseases comprising colorectal,
desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate, thyroid,
uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor, neuroblastoma;
‘hepatoblastoma, other diseases comprising diabetes, hair loss, bone fracture, bone
disease, bone injury, loss of bone mass, diseases of sweat glands, diseases of mammary
glands, or any other disease in a mammalian subject in which the Wnt signaling pathway
plays an important role, comprising administering at least one non-native compound, at -
least one fragment of a non-native compound or any combination thereof, that interrupts
the interaction of a membrane-bound receptor or co-receptor involved in bone formation
or bone remodeling with at least one domain, cavity or binding site of the Dishevelled

protein. ’

A method for the treatment of various cancerous diseases comprising colorectal,
desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate, thyroid,
uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor, neuroblastoma,
hepatoblastoma, other diseases comprising diabetes, hair loss, bone fracture, bone
disease, bone injury, loss of bone mass, diseases of sweat glands, diseases of mammary
glands, or any other disease in a mammalian subject in which the Wnt signaling pathway
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plays an important role, comprising administering at least one non-native compound, at '
least one fragment of‘a non-native compound or any combination thereof; that interrupts,
the interaction of a membrane-bound receptor or co-receptor involved in bone formation
or bone remodeling with the PDZ domain, cavity or blndmg site of the Dishevelled

protein.

A method for the treatment of various cancerous diseases comprising colorectal;
desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate, thyroid,
uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor, neuroblastoma,
hepatoblastoma other diseases comprising diabetes, hair loss, bone fracture, bone
disease, bone injury, loss of bone mass, diseases of sweat glands, diseases of mammary
glands, or any other disease in a mammalian subject in which the Wnt signaling pathway
plays an important role, comprising administering at least one non-native compound, at
least one fragment of a non-native compound or any combination thereof, that interrupts
the interaction of the Frizzled receéptor with at least one domain, cavity or binding site of
the Dishevelled protein. -

A method for the treatment of various cancerous diseases comprising colorectal,
desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate, thyroid,
uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ fumor, neuroblastoma,
hepatoblastoma, other diseases comprising diabetes, hair loss, bone fracture, bone
disease, bone injury, loss of bone mass, diseases of sweat glands, diseases of mammary
glands, or any other disease in a mammalian subject in which the Wnt signaling pathway
plays an important role, comprising administering at least one non-native compound, at
least one fragment of a non-native compound or any combination thereof, that interrupts
the interaction of the Frizzled receptor to the PDZ domam cavity or binding site of the

Dishevelled protein.

The method of claims 18 to 22 wherein said compound comprises NCI668036,
NCI221120,NCI107146, NCI145882, NCI161613, 8004-1312, 3289-8625, 3289-5066,
3237-0719, 3237-0565, 3237-0713, 3237-0430, 8006-2560, 0090-0031, 2372-2393,
103673, 145882, 3289-5066, 3289-8625, 337837, 7129, 3237-0719, 125217, pl, 142277,
82569, 39869, p3, 46893, 661075, 661080, 661086, 661092, 661091, 84123 or 668036.

The method of claims 18 to 22 wherein said compound or said fragment of a compound
comprises NCI668036, NCI221120, NCI107146, NC1145882, NCI161613, 8004-1312,
3289-8625, 3289-5066, 3237-0719, 3237-0565, 3237-0713, 3237-0430, 8006-2560,
0090-0031, 2372-2393, 103673, 145882, 3289-5066, 3289-8625, 337837, 7129, 3237-
0719, 125217, p1, 142277, 82569, 39869, p3, 46893, 661075, 661080, 661086, 661092, -
661091, 84123 or 668036.

The method of claims 23 or 24 wherein said two or more compounds or said fragments of
compounds are directly linked together with cross-linking, or indirectly linked together
with a linker arm.

The method of claim 25 wherein said compounds, said fragments of a compound, or any
combination thereof, dock in a first location and a second location on the same domain,

cavity,binding site, receptor or protein.
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27.  The method of claim 25 wherein said compounds, said fragments of a compound, or any,
, combination thereof, dock in a first location and a second location on different domains,
cavities, binding sites, receptors or proteins.

28.  The method of claims 18 to 22 wherein said compounds, or said fragments of a
compound, are linked together with a linker arm or cross-linking.

29.  The method of claims 25 to 28 wherein said linker arm is of such flexibility and size that
the binding strength of the reagent is greater than the binding strength of either ligand
separately. ’

30.  The method of claims 25 to 28 wherein the binding of the bivalent or multivalent reagent
may be quenched or reversed by the addition of sole of said reagents.

31.  The method of claims 18 to 30 wherein said compound or said fragment of a 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.

32.  The method of claims 18 to 22 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.

33.  The method of claims 18 to 31 wherein said compound or said fragment of a compound
comprises at least one agonist, antagonist, partial agonist, or any combination thereof.

34,  The method of claims 18 to 33 wherein said compound is identified using a method
comprising: , .

a) screening for a compound that fits into said domain, cavity or binding site .
using software which conducts conformational searching for molecules that fit
a receptor site;

b) docking said compound into said domain, cavity or binding site using
software for docking compounds into binding sites; and

c) obtaining the compound with the highest binding affinity using the software

‘ which provides scoring of binding affinity.

35. A therapeutic composition for the treatment of various cancerous diseases comprising
colorectal, desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate,
thyroid, uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor,
neuroblastoma, hepatoblastoma, other diseases comprising diabetes, hair loss, bone
fracture, bone disease, bone injury, loss of bone mass, diseases of sweat glands, diseases
of mammary glands, or any other disease in a mammalian subject in which the Wnt
signaling pathway plays an important role, comprising administering at least one non-
native compound, at least one fragment of a non-native compound, or any combination
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thereof, that prevents the binding of a membrane-bound receptor or co-receptor to a
component of the Wnt signaling pathway.

A therapeutic composition for the treatment of various cancerous diseases comprising

"~ colorectal, desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate,

thyroid, uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilmis’ tumor,

“neuroblastoma, hepatoblastoma other diseases comprising diabetes, hair loss, bone

fracture, bone disease, bone injury, loss of bone mass, diseases of sweat glands, diseases
of mammary glands, or any other disease in a mammalian subject in which the Wnt
signaling pathway plays an important role, comprising at least one non-native compound,
at least one fragment of a non-native compound, or any combination thereof, that
prevents the binding of a membrane-bound receptor or co-receptor involved in bone
formation or bone remodeling to at least one domain, cavity or binding site of the

Dishevelled protein.

A therapeutic composition for the treatment of various cancerous diseases comprising
colorectal, desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate,
thyroid, uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor,
neuroblastoma, hepatoblastoma, other diseases comprising diabetes, hair loss, bone
fracture, bone disease, bone injury, loss of bone mass, diseases of sweat glands, diseases
of mammary glands, or any other disease in a mammalian subject in which the Wnt
signaling pathway plays an important role, comprising at least one non-native compound,
at least one fragment of a non-native compound, or any combination thereof, that
prevents the binding of a receptor, a membrane-bound receptor or co-receptor involved in
bone formation or bone remodeling to the PDZ domain, cavity or binding site of the

Dishevelled protein.

A therapeutic composition for the treatment of various cancerous diseases comprising
colorectal, desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate,
thyroid, uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor, -
neuroblastoma, hepatoblastoma other diseases comprising diabetes, hair loss, bone
fracture, bone disease, bone injury, loss of bone mass, diseases of sweat glands, diseases-
of mammary glands, or any other disease in a mammalian subject in which the Wnt
signaling pathway plays an important role comprising at least one non-native compound,
at least one fragment of a non-native compound, or any combination thereof; that
prevents the binding of the Frizzled receptor to at least one domain, cavity or binding site
of the Dishevelled protein.

A therapeutic composition for the treatment of various cancerous diseases comprising
colorectal, desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate,
thyroid, uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor,
neuroblastoma, hepatoblastoma other diseases comprising diabetes, hair loss, bone
fracture, bone disease, bone injury, loss of bone mass, diseases of sweat glands, diseases
of mammary glands, or any other disease in a mammalian subject in which the Wnt
signaling pathway plays an important role, comprising at least one non-native compound,
at least one fragment of a non-native compound, or any combination thereof, that
prevents the binding of the Frizzled receptor to the PDZ domain, cavity or binding site of

the Dishevelled protein.



40,

41.

42,

43.

44,

45.

46.

47.

48. -

49.

WO 2006/107719 PCT/US2006/011754

The composition of claims 35 to 39 wherein said compound or said fragment of 2"
compound comprises NCI668036, NCI221120, NCI107146, NCI145882, NCI161613,
'8004-1312, 3289-8625, 3289-5066, 3237-0719, 3237-0565, 3237-0713, 3237-0430,
8006-2560, 0090-0031, 2372-2393, 103673, 145882, 3289-5066, 3289-8625, 337837,
7129, 3237-0719, 125217, p1, 142277, 82569, 39869, p3, 46893, 661075, 661080,
661086, 661092, 661091, 84123 or 668036.

The composition of claims 35 to 39 wherein said compound or said fragment of a
compound comprises NCI668036, NCI221120, NCI107146, NCI1145882, NCI161613,
8004-1312, 3289-8625, 3289-5066, 3237-0719, 3237-0565, 3237-0713, 3237-0430,
8006-2560, 0090-0031, 2372-2393, 103673, 145882, 3289-5066, 3289-8625, 337837, ,
7129, 3237-0719, 125217, p1, 142277, 82569, 39869, p3, 46893, 661075, 661080,
661086, 661092, 661091, 84123 or 668036.

The composition of claim 40 or 41 wherein said two or more compounds or fragments of
compounds are directly linked together with cross-linking, or indirectly linked together
with a linker arm. '

The method of claim 42 wherein said compounds, said fragments of a compound, or any
combination thereof, dock in a first location and a second location on the same domain,
cavity, binding site, receptor or protein.

The composition of claim 43 wherein said compounds, said fragments of a compound, or
any combination thereof, dock in a first location and a second location on different |
domain, cavities, binding sites, receptors or proteins.

The composition of claims 35 to 39 wherein said compounds, or said fragments of a
compound, are linked together with a linker arm or cross-linking.

The method of claim? 42 to 45 ____wherein said linker arm is of such ﬂexibility and size
that the binding strength of the reagent is greater that the binding strength of either ligand
separately. ‘ '

The method of claims 42 to 45 wherein the binding of the bivalent or multivalént reagent
may be quenched or reversed by the addition of one of said reagents. .

The composition of claims 35 to 47 wherein said compound or said fragment of a
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 composition of claims 35 to 39 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 composition of claims 35 to 48 wherein said compound or said fragment of a .

" compound comprises at least one agonist, antagonist, partial agonist, or any combination
thereof. '

The composition of claims 35 to 50 wherein said non-native compound is identifiéd using
a method comprising: ’ '
a. screening for a compound that fits into said domam cavity or binding site using
software which conducts conformational searching for molecules that fit a

receptor site;
b. docking said compound into said cavity usmg software for docking compounds

into binding sites; and
c. ~obtaining the compound with the highest binding affinity using the software
which provides scoring of binding afﬁnity.

‘The composmon of claims 35 to 51 wherein said composmon further comprises a

pharmaceuhcally acceptable carrier.

The composition of claims 35 to 51 whera'm said composition is formulated as a tablet,
pill, dragee, liquid, gel, capsule, syrup, shury or suspension.

A therapeutic composition for the treatment of various cancerous diseases comprising
colorectal, desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate,
thyroid, uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor,
neuroblastoma, hepatoblastoma other diseases comprising diabetes, hair loss, bone
fracture, bone disease, bone injury, loss of bone mass, diseases of sweat glands, dlseases
of mammary glands, or any other disease in a mammalian subject in which the Wnt
signaling pathway plays an important role, comprising at least one non-native compound,
at least one fragment of a non-native compound, or any combination thereof, that
interrupts the interaction of a membrane-bound receptor or co-receptor with a component

of the Wt signaling pathway.

A therapeutic composition for the treatment of various cancerous diseases comprising .
colorectal, desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate;
thyroid, uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor,
neuroblastoma, hepatoblastoma, other diseases comprising diabetes, hair loss, bone
fracture, bone disease, bone injury, loss of bone mass, diseases of sweat glands, diseases
of mammary glands, or any other disease in 2 mammalian subject in which the Wnt
signaling pathway plays an important role, comprising at least one non-native compound,
at least one fragment of a compound, or any combination thereof, that interrupts the
interaction of 8 membrane-bound receptor or co-receptor involved in bone formation or -
bone remodeling with at least one domain, cavity or binding site of the Dishevelled

protein..

A therapeutic composition for the treatment of various cancerous diseases comprising
colorectal, desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate,-
thyroid, uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor,
neuroblastoma, hepatoblastoma, other diseases comprising diabetes, hair loss, bone
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fracture, bone disease, bone injury, loss of bone mass, diseases of sweat glands, diseases
of mammary glands,-or any other disease in a mammalian subject in which the Wnt
signaling pathway plays an important role, comprising at least one non-native compound,
at least one fragment of a compound, or any combination thereof, that interrupts the
interaction of a membrane-bound receptor or co-receptor involved in bone formation or
bone remodeling with the PDZ domain, cavity or binding site of the Dishevelled protein.

A therapeutic composition for the treatment of various cancerous diseases comprising
colorectal, desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate,
thyroid, uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor,
neuroblastoma, hepatoblastoma other diseases comprising diabetes, hair loss, bone
fracture, bone disease, bone injury, loss of bone mass, diseases of sweat glands, diseases

‘of mammary glands, or any other disease in a mammalian subject in which the Wnt

signaling pathway plays an important role, comprising at least one non-native compound,
at least one fragment of a compound, or any combination thereof; that interrupts the-

interaction of the Frizzled receptor with at least one domam cavity or binding site of the

i

Dishevelled protein.

A therapeutic composition for the treatment of various cancerous diseases comprising
colorectal, desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate,
thyroid, uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor,
neuroblastoma, hepatoblastoma other diseases comprising diabetes, hair loss, bone
fracture, bone disease, bone injury, loss of bone mass, diseases of sweat glands, diseases
of mammary glands; or any other disease in a mammalian subject in which the Wnt
signaling pathway plays an important role, comprising at least one non-native compound,
at least one fragment of a non-native compound, or any combination thereof, that
interrupts the interaction of the Frizzled receptor to the PDZ domain, cavity or binding
site of the Dishevelled protein.

“The composition of claims 54 to 58 wherein said compound comprises NCI668036,

NCI221120, NCI107146, NC145882, NCI161613, 8004-1312, 3289-8625, 3289-5066,
3237-0719, 3237-0565, 3237-0713, 3237-0430, 8006-2560, 0090-0031, 2372-2393, -
103673, 145882, 3289-5066, 3289-8625, 337837, 7129, 3237-0719, 125217, p1, 142277,
82569, 39869, p3, 46893, 661075, 661080, 661086; 661092, 661091, 84123 or 668036.

The composition of claims 54 to 58 wherein said compound comprises NCI1668036,
NCI221120, NCI107146, NCI145882, NCI161613, 8004-1312, 3289-8625, 3289-5066, .
3237-0719, 3237-0565, 3237-0713, 3237-0430, 8006-2560, 0090-0031, 2372-2393,
103673, 145882, 3289-5066, 3289-8625, 337837, 7129, 3237-0719, 125217, p1, 142277,
82569, 39869, p3, 46893, 661075, 661080, 661086, 661092, 661091, 84123 or 668036 or

any derivative or analog thereof.

The composition of claim 59 or 60 wherein said two or more compounds-or said

' fragments of compounds are directly linked together with cross-linking, or indirectly

linked together with a linker arm.

The method of claim 61 wherein said compounds, said fragments of a compound, or any
combination thereof, dock in a first location and a second location on the same domain,
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cavity, binding site, receptor or protein.

The method of claim 62 wherein said compounds, said fragments of a compound, or anyII

' combination thereof, dock in a first location and a second location on dlfferent domams

cavities, binding sites, receptors or proteins.

The method of claims 54 to 58 wherein said compounds, or said fragments of a -

' compound, are linked together with a linker arm or cross-linking.

The method of claims 61 to ‘64 wherein said linker arm is of such flexibility and size that
the binding strength of the reagent is greater than the binding strength of eitheér ligand
separately.

The method of claims 61 to 64 wherein the binding of the bivalent or multlvalent reagent
may be quenched or reversed by the addition of one of said reagents

The composition of claims 54 to 66 wherein said compound or said fragment of 2 -
compound compnses a small molecule, protein, peptide, polypeptide, cyclic molecule,
heterocyclic organic molecule, nucleic acid, lipid, charged lipid, polar lipid, non-polar
lipid, sugar, glycoprotein, glycohpld 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 composition of claims 54 to 58 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 composition of claims 54 to 67 wherein said non-native compound i$ identified using

a method compnsmg
a. screening for a compound that fits into said domain, cavity or binding site using

software which conducts conformational searching for molecules that fit a

receptor site;
b. docking said compound into said domain, cavity or binding site usmg software for

docking compounds into binding sites; and
c. obtaining the compound with the highest binding affinity using the software
which provides scoring of binding affinity.

The composmon of claims 54 to 69 further compnsmg a pharmaceutically acceptable
carrier.

The composition of claims 54 to 69 wherein said composition is formulated as a tablet,
pill, dragee, liquid, gel, capsule, syrup, slurry or suspension.

A method for identifying a drug candidate or compound which promotes or inhibits the
interaction of the Frizzled receptor to the PDZ domain, cavity or binding site of the

Dishevelled protein comprising:
a. determining the virtual structure of said PDZ domain, cavity or binding site;
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b.' identifying a particular binding cavity on said domain, cavity or binding site;
C. identifying a specific site within said binding cavity; and
d. screening for a compound that fits into said specific site.

* The method of cla1m 72 further comprising the step of 1dent1fymg the compound w1th the.

highest binding affinity using the Cscore™ program.

The method of claim 72 wherein said step of identifying a particular binding cavity

comprises conducting experiments based on the biological functions of the compounds.

The method of claim 74 yvhefein said experiments comprise mutational analyses.

~The method of claims 72 to 75 wherein said Dishevelled protein is non-soluble or

membrane bound.

A method for identifying a drug candidate or compound which promotes or inhibits the

interaction of the Frizzled receptor to the PDZ domam, cavity or bmdmg site of the

Dishevelled protein comprising:
determining the virtual structure of said PDZ domain, cavity or binding site;

a.

b. identifying a particular binding cavity on said domain, cavity or binding site;

c. ldentlfymg a specific site within said binding cavity;

d. screening for a compound that fits into said specific site usmg the UNITY™
program;

e. docking said compound into the said specific site using the Flexx™ program; and

f obtaining the compound with the highest binding affinity using the Cscorem

program.

~ The method of claim 77 wherein said step of identifying a particular binding cavity .
comprises conducting experiments based on the biological functions of the compounds.

The method of claim 78 wherein said experiments comprise mutational analyses.

The method of claim 76 to 79 wherein said Dishevelled protein is non-solubie or
membrane-bound.

A method for identifying a drug candidate compound which binds to the PDZ domaih,

cavity or binding site of the Dishevelled protein comprising:

a. determining the virtual or computational structure of a said domain, cavity or
binding site comprising the use of amino acid sequencing, X-ray crystallography,
NMR, analogs or derivatives of said domain, cavity, or binding site, or any
-combination thereof;,

b. identifying a particular binding cavity on said domain, cavity or bmdmg site
through the use of experiments based on biological function comprising
mutational analysis, chemical modification of amino acids, co-crystallography,
NMR, or any combination thereof;

c. identifying a specific binding site within said binding cavity based on mutations
or chemical modifications;

d. screening for a compound that fits into said specific site using the UNITY™
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" program.; and
e. 1dent1fy1ng the compound with the hlghest bmdmg affinity or the lowest energy .
using the Cscore™ program to find the compound with the best fit.

82. A method for identifying a drug candidate compound which binds to_the PDZ domain,
cavity or binding site of the Dishevelled protein comprising:
a. determining the virtual or computational structure of said domain, cavity or
* binding site comprising the use of amino acid sequencing, X-ray crystallography,
NMR, analogs or derivatives of said domain, cavity or binding site, or any
combination thereof;
b. identifying a particular binding cavity on said domain, cavity or bmdmg site
- through the use of experiments based on biological function comprising
mutational analysis, chemical modification, co-crystallography, NMR or any
combination thereof,
c. identifying a specific binding site within said binding cavity based on the results
obtained from said experiments;
d. screening for a compound that fits 1nto said binding cavity or said specific site in
said binding cavity using the UNITY™ program;
-e. docking said compound into sald binding cavity or said specific site in said
. binding cavity using the Flexx™ program; and
f. 1dent1fy1ng the compound with the highest binding afﬁmty or the lowest energy,
: using the CscoreTM program,
83. A method for 1dent1fymg a drug candidate or compound which binds to the Dishevelled
protein comprising:
a. providing or determining the virtual or computational structure of said protein
comprising the use of amino acid sequencing, X-ray crystallography, NMR,
_analogs or derivatives of said protein, or any combination thereof;,

" b. identifying a particular binding cavity, site or domain on said protein using
various experiments comprising mutational analysis, chemical modification of
amino acids, co-crystallography, NMR, or any combination thereof;

c. identifying a specific binding site within said bmdmg cavity, site or domain based
on the results of said experiments; and -

d. screening a library of drug candidate compounds to identify the drug candidate or
compound having the best fit with said spec1ﬁc binding site or said b1ndmg
cavity, site or domain. :

84. A method for 1dent1fy1ng a drug candldate or compound which binds to the PDZ domain,
cav1ty or binding site of the Dishevelled protein comprising:

a.  providing or determining the virtual or computational structure of said domain,
cavity or binding site comprising the use of amino acid sequencing, X-ray
crystallography, NMR, analogs or denvanves of said domain, cavity or binding
site,-or any combination thereof;

b. 1dent1fy1ng a particular bmdmg, site on said domain, cavity or bmdmg site using
various experiments comprising mutational analysis, chemical modification of
amino acids, co-crystallography, NMR, or any combination thereof;

c. identifying a specific binding cavity within said particular binding site based on
the results of said experiments; and '

d. screening a library of drug candidate compounds to identify the drug candidate or
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compound having the best fit with said specific binding cavity or said bmdmg~
domain, cavity or site.

85. A method for 1dent1fymg a drug candidate or compound which binds to a protein .
involved in a Wnt signaling pathway comprising; :

- a. providing or determining the virtual or computational structure of said protein
comprising the use of amino acid sequencing, X-ray crystallography, NMR,
analogs or derivatives of said receptor protein, or any combination thereof;

b. identifying a particular binding cavity, site or domain on said protein using -

~ various experiments comprising mutational analysis, chemical modification of
amino acids, co-crystallography, NMR, or any combination thereof;

c. identifying a specific binding site within said binding cavity, site-or domain based
on the results of said experiments; and

d. screening a library of drug candidate compounds to identify the drug candidate or
compound having the best fit with said specific binding site or said binding
cavity, site or domain.

86. A method for the relgulation of Wnt signaling comprising administering at least one non-
native compound, at least one fragment of a non-native compound, or any combination
thereof, that decreases or eliminates the affinity of the Dishevelled protein to the Frizzled

receptor.

87.  The method of claims 81 to 86 wherein said compound or said fragment of a compound
comprises NCI668036, NCI221120, NCI107146, NCI145882, NCI161613, 8004-1312,
3289-8625, 3289-5066, 3237-0719, 3237-0565, 3237-0713, 3237-0430, 8006-2560,
0090-0031,2372-2393, 103673, 145882, 3289-5066, 3289-8625, 337837, 7129, 3237-
0719, 125217, p1, 142277, 82569, 39869, p3, 46893, 661075, 661080, 661086, 661092,
661091, 84123 or 668036.

88. . The method of claims 81 to 86 wherein said compound or said fragment of a compound
comprises NCI668036, NCI221120, NCI107146, NCI1145882, NCI161613, 8004-1312, .
3289-8625, 3289-5066, 3237-0719, 3237-0565, 3237-0713, 3237-0430, 8006-2560,
0090-0031, 2372-2393, 103673, 145882, 3289-5066, 3289-8625, 337837, 7129, 3237-
0719, 125217, p1, 142277, 82569, 39869, p3, 46893, 661075, 661080, 661086, 661092,
661091, 84123 or 668036, or any derivative or analog thereof.

89.  The method of claims 87 or 88 wherein said two or more compounds, or said fragments .
of compounds are directly linked together with cross-hnkmg, or indirectly linked together

with a linker arm.

90.  The method of claim 89 wherein said compounds, said fragments of a compound, or any
combination thereof, dock in a first location and a second location on the same domain,

cavity, binding site, receptor or protein.

91.  The method of claim 90 wherein said compounds, said fragments of a compound, or any
combination thereof, dock in a first location and a second location on different domains,
cavities, binding sites, receptors or proteins.
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‘The method of claims 81 to 86 wherein said compounds, or said fragments ofa

compound, are linked together with a linker arm or cross—hnkmg ,.,y

The method of claims 89 to 92 wherem said linker arm is of such flexibility and size that. .
the binding strength of the reagent is greater than the binding strength of either ligand
separately.

The method of claims 89 to 92 wherein the binding of the bivalent or multivalent reagetit
may be quenched or reversed by the addition of one of said reagents.

The method of claims 81 to 94 wherein said compound or said fragment of a 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,
‘mon-polar lipid, sugar, glycoprotein, glycolipid, lipoprotein, or chemical.

The method of claims 81 to 86 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 to 95 wherein said compound or said fraément of a compound
comprises at least one agonist, antagonist, partial agonist, or any combination thereof.

A method that disrupts the interaction of a transmembrane receptor or co-receptor
involved in bone formation, bone remodeling or Wnt 31gnalmg to at least one domam
cavity or binding site of the Dishevelled protein comprising: :

a. providing a plurality of test compounds;

b. designing a query comprising the use of computer software;

c. screening for a first set of compounds within said plurality of compounds that
meet the requirements of said query using software designed to conduct a
conformational search for molecules that fit a receptor site;

d. docking said first set of compounds into the binding site of said domain using
computer software designed to dock molecules into binding sites;

e. removing compounds from said first set of compounds that were not docked into
the binding pocket of said domain to obtain a first subset of binding compounds;

f. ranking said first subset of binding compounds based on their predicted binding
ability using computer software designed to provide binding affinities; :

g. identifying a second subset of binding compounds with the best binding ability -
within said first subset of binding using computer software des1gned to provide a
scoring system for binding affinity;

h. providing a nuclear magnetic resonance spectrometer;

i. testing the binding ability of said second subset of binding compounds according
to chemical-shift perturbations obtained using said nuclear magnetic resonance
spectrometer;

j. 1dentifying at least one ideal compound with the desired chemical shift
perturbations; and
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k. ‘administering said ideal compound to a mammalian subject.

99. A method that disrupts the interaction of a transmembrane receptor or co-receptor
involved in bone formation, bone remodeling or Wnt signaling to the PDZ domain, cavity
or binding site of the Dishevelled protein comprising:

a. providing a plurality of test compounds;

b. designing a query comprising the use of computer software;

c. screening for a first set of compounds within said plurality of compounds that
meet the requirements of said query using software designed to conduct a
conformational search for molecules that fit a receptor site;

d. docking said first set of compounds into the binding site of said domain using
computer software designed to dock molecules into binding sites;

e. removing compounds from said first set of compounds that were not docked into
the binding pocket of said domain to obtain a first subset of binding compounds;

f. ranking said first subset of binding compounds based on their predicted binding

~ ability using computer software designed to provide binding affinities;

g. identifying a second subset of binding compounds with the best binding ability
within said first subset of binding using computer software designed to provide a
scoring system for binding affinity;

h. providing a nuclear magnetic resonance spectrometer;

i. testing the binding ability of said second subset of binding compounds according -
to chemical-shift perturbations obtained using said nuclear magnetic resonance
spectrometer;

j. identifying at least one ideal compound with the desired chemical ‘shift
perturbations; and

k. administering said ideal compound to a mammalian subject.

100. A method that disrupts the interaction of the Frizzled receptor to at least one domain,
cavity or binding site of the Dishevelled protein comprising:
a. providing a plurality of test compounds;
b. designing a query comprising the use of computer software; ‘
c. screening for a first set of compounds within said plurality of compounds that
meet the requirements of said query using software designed to conduct a
conformational search for molecules that fit a receptor site;
d. docking said first set of compounds into the binding site of said domain using
computer software designed to dock molecules into binding sites;
e. removing compounds from said first set of compounds that were not docked into. -
the binding pocket of said domain to obtain a first subset of binding compounds;
f. " ranking said first subset of binding compounds based on their predicted binding
ability using computer software designed to provide binding affinities;
g. identifying a second subset of binding compounds with the best binding ability
within said first subset of binding using computer software designed to provide a
scoring system for binding affinity; '
h. providing a nuclear magnetic resonance spectrometer;
testing the binding ability of said second subset of binding compounds according
to chemical-shift perturbations obtained using said nuclear magnetic resonance
spectrometer;
j. 1identifying at least one ideal compound with the desired chemical shift

[
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k.

perturbations; and
administering said ideal compound to a marnmalian subject.

A method that disrupts the interaction of the Frizzled receptor to the PDZ domain, cavity.

j.

k.

* or binding site of the Dishevelled protéin comprising:

a.
b.
c.

providing a plurality of test compounds;

designing a query comprising the use of computer software;

screening for a first set of compounds within said plurality of compounds that
meet the requirements of said query using software designed to conduct a
conformational search for molecules that fit a receptor site;

docking said first set of compounds into the binding site of said domain using
computer software designed to dock molecules into binding sites;

' removing compounds from said first set of compounds that were not docked into
~ -the binding pocket of said domain to obtain a first subset of binding compounds;
ranking said first subset of binding compounds based on their predicted binding

ability using computer software designed to provide binding affinities;
identifying a second subset of binding compounds with the best binding ability
within said first subset of binding using computer software designed to provide a
scoring system for binding affinity;

providing a nuclear magnetic resonance spectrometer;

testing the binding ability of said second subset of binding compounds according
to chemical-shift perturbations obtained using said nuclear magnetlc resonance
spectrometer;

identifying at least one ideal compound with the desired chemical shift
perturbations; and

administering said ideal compound to 2 mammalian subject.

A method for the treatment of various diseases comprising cancer, Burkitt’s lymphoma,
medulloblastoma, Wilms’ tumor, neuroblastoma, diabetes, hair loss, bone fracture, bone
disease, bone injury, or any other disease in a mammalian subject in which the Wrt
signaling pathway plays an important role, comprising administering at least one non-
native compound, at least one fragment of a non-native compound, or any combination
thereof] that disrupts the interaction of a transmembrane receptor or co-receptor involved
in bone formation or bone remodeling or Wnt signaling with at least one domain, cavity
or binding site of the Dishevelled protein comprising: -

a.
b.
C.

providing a plurality of test compounds;

designing a query comprising the use of computer software;

screening for a first set of compounds within said plurality of compounds that
meet the requirements of said query using software designed to conduct a
conformational search for molecules that fit a receptor site;

docking said first set of compounds into the binding site of said domain using
computer software designed to dock molecules into binding sites;

removing compounds from said first set of compounds that were not docked into
the binding pocket of said domain to obtain a first subset of binding compounds;
ranking said first subset of binding compounds based on their predicted binding
ability using computer software designed to provide binding affinities;
identifying a second subset of binding compounds with the best binding ability
within said first subset of binding using computer software designed to provide a
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- .scoring system for binding affinity;

h. providing a nuclear magnetic resonance spectrometer; N

i. testing the binding ability of said second subset of binding compounds according
to chemical-shift perturbations obtained using said nuclear magnetic resonance
spectrometer; . : '

j. identifying at least one ideal compound with the desired chemical shift
perturbations; and ‘ -

k. administering said ideal compound to a mammalian subject.

A method for the treatment-of various diseases comprising cancer, Burkitt’s lymphoma,

‘medulloblastoma, Wilms’ tumor, neuroblastoma, diabetes, hair loss, bone fracture, bone

disease, bone injury, or any other disease in a mammalian subject in which the Wnt

_signaling pathway plays an important role, comprising administering at least one non-

native compound, at least one fragment of a non-native compound, or any combination
thereof, that disrupts the interaction of a transmembrane receptor or co-receptor involved

“in bone formation or bone remodeling or Wnt signaling to the PDZ domain, cavity or

binding site of the Dishevelled protein comprising:

a. providing a plurality of test compounds;

'b. designing a query comprising the use of computer software;

c. screening for a first set of compounds within said plurality of compounds that
meet the requirements of said query using software designed to conduct a
conformational search for molecules that fit a receptor site;

d. docking said first set of compounds into the binding site of said domain using
computer software designed to dock molecules into binding sites;’

e. removing compounds from said first set of compounds that were not docked into
the binding pocket of said domain to obtain a first subset of binding compounds;

f. ' ranking said first subset of binding compounds based on their predicted binding

 ability using computer software designed to provide binding affinities;

g. identifying a second subset of binding compounds with the best binding ability
within said first subset of binding using computer software designed to-provide a
scoring system for binding affinity; '

h. providing a nuclear magnetic resonance spectrometer;

" i. testing the binding ability of said second subset of binding compounds according
to chemical-shift perturbations obtained using said nuclear magnetic resonance
spectrometer; -

j. identifying at least one ideal compound with the desired chemical shift

" perturbations; and
k. administering said ideal compound to a mammalian subject.

A method for the treatment of various diseases comprising cancer, Burkitt’s lymphoma,
medulloblastoma, Wilms’ tumor, neuroblastoma, diabetes, hair loss, bone fracture, bone
disease, bone injury, or any other disease in a mammalian subject in which the Wnt
signaling pathway plays an important role, comprising administering at least one non-
native compound, at least one fragment of a non-native compound, or any combination
thereof, that disrupts the interaction of the Frizzled receptor to at least one domain, cavity
or binding site of the Dishevelled protein comprising:

a. providing a plurality of test compounds;

b. designing a query comprising the use of computer software;
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c. screening for a first set of compounds within said plurality of compounds that
meet the requirements of said query using software designed to conduct a ...
conformational séarch for molecules that fit a receptor site;

.d. docking said first set of compounds into the binding site of said domain using
computer software designed to dock molecules into bindirig sites;

e. removing compounds from said first set of compounds that were not docked into
the binding pocket of said domain to obtain a first subset of binding compounds;

£ ranking said first subset of binding compounds based on their predicted binding'

 ability using computer software designed to provide binding affinities; .

g. identifying a second subset of binding compounds with the best binding ability

within said first subset of binding using computer software designed to provide a
_ scoring system for binding affinity;

h. providing a nuclear magnetic resonance spectrometer;

i.. testing the binding ability of said second subset of binding compounds according
to chemical-shift perturbations obtained using said nuclear magnetic resonance
spectrometer;

j. identifying at least one ideal compound with the desired chemical shift
perturbations; and o

k. administering said ideal compound to a mammalian subject.

105. - A method for the treatment of various diseases comprising cancer, Burkitt’s lymphoma,

' medulloblastoma, Wilms’ tumor, neuroblastoma, diabetes, hair loss, bone fracture, bone
disease, bone injury, or any other disease ina mammalian subject in which the Wnt -
signaling pathway plays an important role, comprising administering at least one non-
native compound, at least one fragment of a non-native compound, or any combination
thereof, that disrupts the interaction of the Frizzled receptor to the PDZ domain, cavity or.
binding site of the Dishevelled protein comprising:

a. providing a plurality of test compounds;

b. designing a query comprising the use of computer software;

c. screening for a first set of compounds within said plurality of compounds that
meet the requiréments of said query using software designed to conduct a
conformational search for molecules that fit a receptor site;

d. docking said first set of compounds into the binding site of said domain using.
computer software designed to dock molecules into binding sites; '

e. removing compounds from said first set of compounds that were not docked into
the binding pocket of said domain to obtain a first subset of binding compounds;

f. ranking said first subset of binding compounds based on their predicted binding

* ability using computer software designed to provide binding affinities; -

g. identifying a second subset of binding compounds with the best binding ability
within said first subset of binding using computer software designed to provide a
scoring system for binding affinity; :

h. providing a nuclear magnetic resonance spectrometer;

i, testing the binding ability of said second subset of binding compounds according
to chemical-shift perturbations obtained using said nuclear magnetic resonance
spectrometer;

j. identifying at least one ideal compound with the desired chemical shift
perturbations; and

k. administering said ideal compound to a mammalian subject.
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'106. . The method of claims:98 to 105 further comprising the step of determining the binding
affinity of said ideal compound using fluorescence spectroscopy.

107. The method of claims 98 to 105 wherein said query compnses two hydrogen bond donors
and two hydrogen bond acceptors

108; The method of claims 98 to 105 wherein said scoring system comprises assigning F
scores. ' ' A

109. The method of claims 98 to 105 wherein said scoring system comprises assigning
highest consensus binding scores.

110. The method of claims 98 to 109 further comprising the step of 1nifest1gai1ng the
interaction between said ideal compound and said domain through the use of a molecular
dynamics simulation study

111, The méthod of claims 98 to 110 further comprising calculating the binding free energy.
of said interaction through the use of the MM-PBSA algorithm.

112. ' The method of claims 98 to 111 wherein said compound or said fragment of a compound
comprises NCI668036, NCI221120, NCI107146, NCI145882, NCI161613, 8004-1312,
3289-8625, 3289-5066, 3237-0719, 3237-0565, 3237-0713, 3237-0430, 8006-2560,

© 0090-0031, 2372-2393, 103673, 145882, 3289-5066, 3289-8625, 337837, 7129, 3237-
0719, 125217, pl, 142277, 82569, 39869, p3, 46893, 661075, 661080, 661086 661092,
661091, 84123 or 668036. :

113. The method of claims 98 to 111 wherein said compound or said fragment of a compound
comprises NCI668036, NCI221120, NCI107146, NCI145882, NCI161613, 8004-1312,
. 3289-8625, 3289-5066, 3237-0719, 3237-0565, 3237-0713, 3237-0430, 8006-2560,
0090-0031, 2372-2393, 103673, 145882, 3289-5066, 3289-8625, 337837, 7129, 3237-
0719, 125217, pl, 142277, 82569, 39869, p3, 46893, 661075, 661080, 661086, 661092
661091 84123 or 668036, or any derivative or analog thereof.

{14.  The method of claims 112 or 113 wherein said two or more compounds or said
- fragments of compounds are directly linked together with cross-linking, or indirectly
linked together with a linker arm.

" 115. The method of claim 114 wherein said compounds, said fragments of a compound, or any
- combination thereof, dock in a first location and a second location on the same domain,
binding site, receptor or protein.

116.  The method of claim 115 wherein said compounds, said fragments of a compound, or any
combination thereof, dock in a first location and a second location on different binding
sites, receptors or proteins. :

117. The method of claims 98 to 111 wherein said two or more compounds or said fragments |
of a compound, are linked together with a linker arm or cross-linking.
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The method of claims 114 to 117 wherein said linker arm is of such ﬂéxibility and 'size
that the binding strength of the reagent is greater than the binding strength of either
ligand separately.

The method of claims 114 to 117 wherein the binding of the bivalent or multivalent
reagent may be quenched or reversed by the addition of one of said reagents. '

The method of claims 98 to 119 wherein said compound or said fragment of a compound '
compnses a small molecule, protein, peptide, polypeptide, cyclic molecule, heterocyclic
organic molecule, nucleic acid, lipid, charge 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 98 to 111 wherein said administering step comprises
administration by inhalation, oral, intravenous, intraperitoneal, intramuscular, parenteral,
transdermal, intravaginal, intranasal, mucosal, sublingual, topical, rectal, or subcﬂtaneousx

- administration, or any combination thereof.

The method of claims 98 to 120 wherein said compound or said fragment of a compound
comprises at least one agonist, antagonist, partial agonist, or any combination thereof.

A method that disrupts the interaction of a transmembrane receptor or co-receptor
involved in bone formation, bone remodeling or Wnt signaling to at least one domain,
cavity or binding site of the Dishevelled protein comprising:
a. prov1d1ng a plurality of test compounds; .
b. screening for compounds that fit into said domain using software des1gned to
conduct a conformational search for molecules that fit a receptor site;
c. docking said compounds into said domain using software designed to dock
molecules into binding sites;
d. identifying the compound with the highest binding affinity using software
. designed to provide a scoring system for binding affinity; and :
e. administering said compound to a mammalian subject.

A method that disrupts the interaction of a transmembrane receptor or co-receptor .
involved in bone formation, bone remodeling or Wnt signaling to the PDZ domain, cav1ty
or binding site of the Dishevelled protein comprising: ~
a. prowdmg a plurality of test compounds;
b.  screening for compounds that fit into said domain using software designed to
conduct a conformational search for molecules that fit a receptor site;
c. docking said compounds into said domain using soﬂware designed to dock
, molecules into binding sites;
d. identifying the compound with the highest binding affinity usmg software
designed to provide a scoring system for binding affinity; and
e. administering said compound to a mammalian subject.

A method that disrupts the interaction of the Frizzled receptor to at least one domain,
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cavity or binding site of the Dishevelled protein comprising:

a. providing a plurality of test compounds;

b. screening for'compounds that fit into said domain using software designed to
conduct a conformational search for molecules that fit a receptor site;

c. docking said compounds into said domain using software designed to dock

. molecules into binding sites;

d. identifying the compound with the highest binding affinity usmg software

designed to provide a scoring system for binding affinity; and -
~e. administering said compound to a mammalian subj ect

A method that disrupts the interaction of the Frizzled receptor to the PDZ domain, cavity
or binding site of the Dishevelled protein comprising:
a. .providing a plurality of test compounds;
b. screening for compounds that fit into said domain using software designed to
conduct a conformational search for molecules that fit a receptor site;
c. docking said compounds into said domain using software designed to dock
molecules into binding sites;
d. identifying the compound with the highest binding affinity us1ng software’
designed to provide a scoring system for binding affinity; and
e. administering said compound to 2 mammalian subject..

A method for the treatment of various cancerous diseases comprising colorectal,
desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate, thyroid,
uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor, neuroblastoma,
hepatoblastoma, other diseases comprising diabetes, hair loss, bone fracture, bone
disease, bone injury, loss of bone mass, diseases of sweat glands, diseases of mammary
glands, or any other disease in a mammalian subject in which the Wnt signaling pathway
plays an important role, comprising administering at least one non-native compound, at
least one fragment of a non-native compound, or any combination thereof, that disrupts
the interaction of a membrane-bound receptor or co-receptor involved in bone formation
or bone remodeling or Wnt signaling with at least one domain, cavity or binding site of
the Dishevelled protein comprising:
a. providing a plurality of test compounds;
b. screening for compounds that fit into said domain using software designed to
conduct a conformational search for molecules that fit a receptor site; ‘
c. docking said compounds into said domain using software designed to dock
molecules into binding sites;
d. identifying the compound with the highest binding affinity using software
designed to provide a scoring system for binding affinity; and ’
e. administering said compound to a mammalian subject.

A method for the treatment of various cancerous diseases comprising colorectal,
desmoid, endometrial, gastric, hepatocellular, ovarian, pancreatic, prostate, thyroid,
uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor, neuroblastoma,
hepatoblastoma, other diseases comprising diabetes, hair loss, bone fracture, bone
disease, bone injury, loss of bone mass, diseases of sweat glands, diseases of mammary
glands, or any other disease in a mammalian subject in which the Wnt signaling pathway
plays an important role, comprising administering at least one non-native compound, at
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lesst one fragtitent of 4 nbr-native compound, or any combination thereof, that disrupts
the interaction of a membrane-bound receptor or co-receptor involved in bone formation
~ or bone remodeling or Wnt signaling to the PDZ domain, cavity or binding site of the
‘Dishevelléd protein comprising:
a. providing a plurality of test compounds; :
b. screening for compounds that fit into said domain using software designed to
conduct a conformational search for molecules that fit a receptor site;
c. docking said compounds into said domain using software designed to dock
molecules into binding sites; ' . '
d. identifying the compound with the highest binding affinity using software
designed to provide a scoring system for binding affinity; and
e. administering said compound to a mammalian subject.

‘A method for the treatment of various cancerous diseases comprising colorectal,
desmoid, endometrial, gastric, hepatocellular, gastric, ovarian, pancreatic, prostate,
thyroid, uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor,
neuroblastoma, hepatoblastoma, other diseases comprising diabetes, hair loss, bone
fracture, bone disease, bone injury, loss of bone mass, diseases of sweat glands, diseases -
of mammary glands, or any other disease in a mammalian subject in which the Wnt
signaling pathway plays an important role, comprising administering at least one non-
native compound, at least one fragment of a non-native compound, or any combination
thereof, that disrupts the interaction of the Frizzled receptor to at least one domain, cavity
or binding site of the Dishevelled protein comprising:
a. providing a plurality of test compounds;
b. screening for compounds that fit into said domain using software designed to
conduct a conformational search for molecules that fit a receptor site;
c. docking said compounds into said domain using software designed to dock
molecules into binding sites; :
d. identifying the compound with the highest binding affinity using software
designed to provide a scoring system for binding affinity; and :
e. administering said compound to a mammalian subject.

A method for the treatment of various cancerous diseases comprising colorectal,
desmoid, endometrial, gastric, hepatocellular, gastric, ovarian, pancreatic, prostate,
thyroid, uterine, breast, Burkitt’s lymphoma, medulloblastoma, Wilms’ tumor,
neuroblastoma, hepatoblastoma, other diseases comprising diabetes, hair loss, bone
fracture, bone disease, bone injury, loss of bone mass, diseases of sweat glands, diseases
of mammary glands, or any other disease in a mammalian subject in which the Wnt
signaling pathway plays an important role, comprising administering at least one non-
native compound, at least one fragment of a non-native compound, or any combination
thereof, that disrupts the interaction of the Frizzled receptor to the PDZ domain, cavity or
binding site of the Dishevelled protein comprising:
a. providing a plurality of test compounds; ‘
b. screening for compounds that fit into said domain using software designed to
conduct a conformational search for molecules that fit a receptor site;
¢. docking said compounds into said domain using software designed to dock
molecules into binding sites;
d. identifying the compound with the highest binding affinity using software
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+ designed to provide a scoring system for binding affinity; and -
e. 'administering said compound to a mammalian subject.

131.  The method of claims 123 to 130 further comprising the step of testing the binding ability
of said compounds according to chermcal shift perturbations obtained using nuclear '
magnetm resonance spectroscopy.

132. The method of claims 123 to 131 further comprising the step of determmmg the bmdmg, |
affinity of said compound using fluorescence speciroscopy. '

133.  The method of claims 123 to 132 further comprising the step of investigaﬁng the
interaction between said compound and said domain through the use of a molecular

dynamics simulation study.

134.  The method of claim 123 to 133 further comprising calculating the binding free
energy of said interaction through the use of the MM-PBSA algorithm. ,

135. The method of claims 123 to 130 wherein said compound or said fragment of a
compound comprises NCI668036, NCI221120, NCI107146, NCI145882, NCI161613, 8004-
1312, 3289-8625, 3289-5066, 3237-0719, 3237-0565, 3237-0713, 3237-0430, 8006-2560, 0090-
0031, 2372-2393, 103673, 145882, 3289-5066, 3289-8625, 337837, 7129, 3237-0719, 125217,
pl, 142277, 82569, 39869, p3, 46893, 661075, 661080, 661086, 661092, 661091, 84123 or

668036.

136. 'The method of claims 123 to 130 wherein said compound or said fragment of a
‘compound comprises NCI1668036, NC1221120, NCI107146, NCI145882, NCI161613, 8004-
1312, 3289-8625, 3289-5066, 3237-0719, 3237-0565, 3237-0713, 3237-0430, 8006-2560, 0090-
0031, 2372-2393, 103673, 145882, 3289-5066, 3289-8625, 337837, 7129, 3237-0719, 125217,
pl, 142277, 82569, 39869, p3, 46893, 661075, 661080, 661086, 661092, 661091, 84123 or
668036, or any derivative or analog thereof.

137. The method of claims 135 or 136 wherein said two or more compounds or said
fragments of compounds are directly linked together with cross-linking, or 1nd1rect1y linked

together with a linker arm.

138.  The method of claim 137 wherein said compounds, said fragments of a compound, or any 4
combination thereof, dock in a first location and a second location on the same domam, binding

_site, receptor or protein.

© 139. The method of claim 138 wherein said compounds, said fragments of a compound or any
combination thereof, dock in a first location and a second location on different binding sites,

receptors or proteins.

140. The method of claims 123 to 130 wherein said two or more compounds or said
fragments of a compound, are linked together with a linker arm or cross-linking.

'141. The method of claims 137 to 140 wherein said linker arm is of such flexibility and size
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142.

143.

144,

145.

146.

that the binding strength of the reagent is greater than the binding strength of elther ,
ligand separately

The rnethod of claims ‘1 37 to 140 wherein the binding of the bivalent or multivalent

- reagent may be quenched or reversed by the addition of one of said reagents. -

The method of claims 123 to 142 wherein said compound or said fragment ofa ,
compound comprises a small molecule, protein, peptide, polypeptide, cyclic molecule, |

_heterocyclic organic molecule, nucleic acid, lipid, charge 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 hpld sugar, glycoprotein glycolipid, lipoprotein or

chemical.

The method of claims 123 to 130 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 123 to 143 wherein said compound or said fragment of a
compound comprises at least one agonist, antagonist, partial agonist, or any
combination thereof.

A method for preventing the binding of a transmembrane receptor or co-receptor
involved in bone formation, bone remodeling or Wnt signaling to at least one domam
of the Dishevelled protein comprising:

i. providing a plurality of test compounds;

ii. designing a query comprising the use of UNITY software;

iii. screening for a first set of compounds within said plurality of compounds
that meet the requirements of said query using the Flexx search model of
Unity; -

iv. docking said first set of compounds into the binding site of said domam

" using the Flexx program of SYBYL;

v. removing compounds from said first set of compounds that were not
docked into the binding pocket of sa1d doma.m to obtain a first subset of
binding compounds;

vi. ranking said first subset of binding compounds based on their predlcted
binding ability using the Cscore program of SYBYL;

vii. identifying a second subset of binding compounds with the best blndlng
ability within said first subset of binding using a scoring function of
Cscore;

viii. providing a nuclear magnetic resonance spectrometer;

ix. testing the binding ability of said second subset of binding compounds
according to chemical-shift perturbations obtamed using said nuclear
magnetic resonance spectrometer;

X. identifying at least one ideal compound with the desired chemical shift
perturbations; and ’

xi. administering said ideal compound to a mammalian subject.
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© 147. A method that disrupts the interaction of a transmembrane receptor or co-receptor -
involved in bone férmation, bone remodeling or Wnt signaling to the PDZ domain,
cavity or binding site of the Dishevelled protein comprising:
a. .providing a plurality of test compounds; ‘
b. designing a query comprising the use of UNITY software;’
¢. screening for a first set of compounds within said plurality of compounds that
meet the requirements of said query using the Flexx search model of UNITY; !
- d. . docking said first set of compounds into the binding site of said domain using the 'l
 Flexx program of SYBYL; ' ,
e. removing compounds from said first set of compounds that were not docked into’
the binding pocket of said domain to obtain a first subset of binding compounds;
- . ranking said first subset of binding compounds based on their predicted binding
ability using the Cscore program of SYBYL; , :
g identifying a second subset of binding compounds with the best binding ability
within said first subset of binding using a scoring function of Cscore; '

h. providing a nuclear magnetic resonance spectrometer; , :
i. testing the binding ability of said second subset of binding compounds according
to chemical-shift perturbations obtained using said nuclear magnetic resonance

spectrometer; ‘ ,

J- identifying at least one ideal compound with the desired chemical shift
perturbations; and :

k. administering said ideal compound to a mammalian subjec':,ﬂt.

148. A method that disrupts the interaction of the Frizzled receptor to at least one domain,
cavity or binding site of the Dishevelled protein comprising:

a. providing a plurality of test compounds;

b. designing a query comprising the use of UNITY software; : :

c. screening for a first set of compounds within said plurality of compounds that
meet the requirements of said query using the Flexx search model of UNITY;

d. docking said first set of compounds into the binding site of said domain using the
Flexx program of SYBYL; ‘

e. removing compounds from said first set of compounds that were not docked into
the binding pocket of said domain to obtain'a first subset of binding compounds;

f. ranking said first subset of binding compounds based on their predicted binding

-ability using the Cscore program of SYBYL: ; .

g. identifying a second subset of binding compounds with the best binding ability
within said first subset of binding using a scoring function of Cscore; '

h. providing a nuclear magnetic resonance spectrometer;

i. testing the binding ability of said second subset of binding compounds according
to chemical-shift perturbations obtained using said nuclear magnetic resonance
spectrometer; :

j. identifying at least one ideal compound with the desired chemical shift
perturbations; and

k. administering said ideal compound to a mammalian subject.

149. A method that disrupts the interaction of the Frizzled receptor to the PDZ domain,
cavity or binding site of the Dishevelled protein comprising:
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ISH S

providing a plurality of test compounds;

d351gmng a query comprising the use of UNITY software;

screening for a first set of compounds within said plurality of compounds that
meet the requirements of said query using the Flexx search model of UNITY;
docking said first set of compounds into the binding site of said domain using the
Flexx program of SYBYL;

" removing compounds from said first set of compounds that were not docked into

the binding pocket of said domain to obtain a first subset of binding compounds;
ranking said first subset of binding compounds based on their predicted binding
ability using the Cscore program of SYBYL;

identifying a second subset of bmdmg compounds with the best binding ability
within said first subset of binding using a scoring function of Cscore,

prov1dmg a nuclear magnetic resonance spectrometer;

testing the binding ability of said second subset of binding compounds according
to chemical-shift perturbations obtained using sa1d nuclear magnetic resonance

- spectrometer;

identifying at least one ideal compound with the desired chemical shift
perturbations; and :
administering said ideal compound to a mammalian subject.
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