DESCRIPTION INHIBITION OF OSTEOLYTIC LESIONS BY SRC KINASE INHIBITORS  Tins
application claims priority to U.S. Provisional Patent application serial number 60/691,933 filed June
17, 2005, which is incorporated herein by reference in its entirety, 5BACKGROUND OF THE
INVENTION IL.FIELD OF THE INVENTION  The present invention relates generally to the field of
cell biology, cell physiology, medicine, and oncology. More particularly, it concerns methods for
regulating osteoclastogenesis in a subject in need thereof, and particularly osteoclastogenesis related
to 10cancer-induced bone destruction. IL DESCRIPTION OF RELATED ART  Breast cancer is the
most common female malignancy in the U.S. and is the second leading cause of cancer death in
women. Women with breast cancer are at risk for bone metastases. 5 to 10 % of patients with breast
cancer will initially present with metastatic 15pgiseagerioihe bone. Patients with osteolytic bone
disease from metastatic breast cancer are at increased risk for pathologic fractures, bone pain, cord
compression and hypemaiceoNDAherconrem starsiank oficate fanispiINgIBON@Rmetastases is
bisphosphonate therapy, which delays skeletal events, but does not completely prevent them. in
addition, not all patientirespoatbicithis trgatment, Whidsam oree figgibagotreatrnemitis desired, a
further biologicalsa s malegulan:20, dissentionafihisdissassis, ieauirads Reseptor activator of NF-KB
(RANK) and its ligand (RANKI" also known as TR_ANCE/ODPOPOL) are essential mediators of
osteoclastogenesis and have beengxplicatedin arious disgasesy\VWhich include rheumatoid arthritis,
osteoporosis, giant cell tumor of bone, Paget's disease, metastatic breast and prostate cancer,
multiple myelomé‘, and FEHMIRAT E%&Hgﬂ?@lﬁg&?@blysis. Osteoprotegerin (OPG, also known as 25

OCIF/TRI) is a solublerdecayraseptar hatinbibils,RANMUromdingding,tedissalbsuyface receptor
RANK.  Knockgut mouge madels of RANKL, RANK, apd.QRGhave demanstaigd,an essential role

of these molecules in otsteocl‘astogenesi,s |.e.,ﬂPonfe remO(tjelllng). The biological 1|mg(t)rtance of these
molecules is und%sf‘(éoé’g?é)éeﬁ?lfﬁléaiﬁ‘a’&% i S JBRTEYe B RO BFOLiS ) S TeS I Et S dfrliption of OPG
and by the intluctdrcoh st Sprstfesicti targeted disruption of

IL DESCRIPTION OF RELATED ART

Breast cancer is the most common female malignancy in the U.8. and is the second
leading cause of cancer death in women. Women with breast cancer are at risk for bone
metastases. 5 to 10 % of patients with breast cancer will initially present with metastatic

15 disease to the bone. Patients with osteolytic bone disease from metastatic breast cancer are at
increased risk for pathologic fractures, bone pain, cord compression and hypercalcemia. The
current standard of care for treating bone metastases is bisphosphonate therapy, which delays
skeletal events, but does not completely prevent them. In addition, not all patients respond to
this treatment. While a more effective treatment is desired, a further biological and molecular

20 dissection of this disease is required. Receptor activator of NF-kB (RANK) and its ligand
(RANKL, also known as TRANCE/ODF/OPGL) are essential mediators of osteoclastogenesis
and have been implicated in various diseases, which include rheumatoid arthritis,
osteoporosis, giant cell tumor of bone, Paget’s disease, metastatic breast and prostate cancer,
multiple myeloma, and familial expansile osteolysis. Osteoprotegerin (OPG, also known as

25  OCIF/TRD) is a soluble, decoy receptor that inhibits RANKL from binding to its cell surface
receptor RANK.

Knockout mouse models of RANKL, RANK, and OPG have demonstrated an
essential role of these molecules in osteoclastogenesis (i.e., bone remodeling). The biological
importance of these molecules is underscored by the induction of severe osteoporosis by

30 targeted disruption of OPG and by the induction of osteopetrosis by targeted disruption of




RANKL or by ovetexpression of OPG. Thus, osteoclast formation may be attributed to the relative ratio
of RANKL to OPCi in the microerwironment of bone marrow, and alterations in this balance may be a
major cause of bone loss in many metabolic bone disorders. Similar to RANKL -1- mice, targeted
disruption of RANK also leads to an osteopetrotic phenotype. 5 Both RANK-/- and RANKL 7- mice
exhibited absence of osteociasts, indicating the essential requirement of these molecules for
osteoclastogenesis. Furthermore, RANK and RANKL are required for lymph node organogenesis and
early B and T cell development, Additionally, mice lacking TRAF6, c-Src, c-Fos, or the NE-KB subunits
p50/p52 also display an osteopetrotic phenotype; though these mutant mice have osteoclasts, these
cells apparentlyRiNKave tefeetsinebpnet@S€aption. FrrodaRRNKSnamt RANKWs! Welbas their
cytoplasmic sigraling meleculesiare hegaves nirg fastorsdhat gulaieorosmalibenadiameostasis.
The relationshin hejeen,the mportance of RANIORANKLIOBO,in bone remadeling, and that most
cancer-induced Eone d]estrt_fctlon IS c]ue to Increased osteoclastic activity suggests a major role of
RANKRANKL/OFS b6TE Gisasess dyrdam e 8Usials 1Hes 18 Mvetramiet sPRAKNR/RANKL/OPG
in osteopordsis, Bet@rtiVeponts Bujijést-anipotertisldrdieot tHeseodivledulesting dthessdigeases including

rheumatoid arthyitjsi ghant-caltivmmc-etorne:Basel sdiscasenand familial expansie, astcolysis (due to

a mutation in exgn,1.gtRANK). Metastalic breast ang prostpte canget iave the,abli o invade and

Wow as metasta?%s in bone causing 6steolytic lesions. In metastatic tumor mouse models, in which
the tumor 20 caliéss!atkiadBd Ystéottastdgendsiband Bne tedtruclien? sstefiiiteidMinistration of
OPG reduces tumeasneneatliatedobopneidesiraetiiomand painassoctateayyvitasboss egnearlylhus, targeting

the RANK signal fransdluction maghingn cauld Rotemtiallybesused,as.a {harapentisstiategy to inhibit

unwanted bone des(ilructio sociated with cancer nd metabolic}L ggghdisorders. Additional strategies

81%na molegule are% e ﬁovemn%% ;%oto s that rggulate nor, omfostams. . .
to prevent unwante ne destructon associated wi metastatic cancels, or conditions associate

with or related (0 bong. o8, Are Aeedet, R MMARY. QR IIMANKENTIIN pond RECENAANCE WITh the
present invention are provided compounds of the Al Formutd T171, ﬁf orel\?:%orﬁ]ula I 0
R-N?-(CllZl, and that most cancer-induced bone destruction is due to increased osteoclastic activity
suggests a major role of RANK/RANKL/OPG in bone diseases and cancer. Besides the
15 involvement of RANK/RANKIL/OPG in osteoporosis, recent reports suggest a potential role
of these molecules in other diseaseé including rheumatoid arthritis, giant cell tumor of bone,
Paget’s disease, and familial expansile osteolysis (due to a mutafion in exon 1 of RANK).
Metastatic breast and prostate cancers have the ability to invade and grow as metastases in
bone causing osteolytic lesions. In metastatic tumor mouse models, in which the tumor
20  causes increased osteoclastogenesis and bone destruction, systemic administration of OPG
reduces tumor-mediated bone destruction and pain associated with bone cancer. Thus,
targeting the RANK signal transduction machinery could potentially be used as a therapeutic
strategy to inhibit unwanted bone destruction associated with cancer and metabolic bone
disorders. Additional strategies to prevent unwanted bone destruction associated with

25  metastatic cancers, or conditions associate with or related to bone loss are needed.




where n is an integer from 1-3; Xis N, CH; provided that when Xis N, niis 2 or 3; R is an alkyl of 1 to 3
carbon atoms; R(1) is 2,4-diC1, 5-OMe; 2,4-diCh 3,4,5-tri-OMe; 2- Cl, 5- OMe; 2-Me, 5-0Me; 2,4-di-Me;
2,4-diMe-5-01\ 4e, 2,4-diC1, 5-0Et; R(2) is an alkyl of 1 to 2 carbon atoms, and pharmaceutically
acceptable salts thereof. 10 Formula H where nis 2 or3; R is an alkyl of 1 to 3 carbon atoms; R(2) iis
an alkyl of o 2 carbon atoms, and pharmaceutically acceptable salts thereof. Formula 1l R20 Al
/11-(CH21, where nis 2 or 3; R.(1) is 2,4-diC1, 5-OMe 2,4-did; 3,4,5-tii-OMe; 2- Cl, 5-OMe; 2-Me, 5-
OMe; 2,4-di-Mc; 2,4-diMe-5-OMe, 2,4-diCl, 5-0Et; R(2) is an alkyl of 1 to 2 carbon atoms, 5and

pharmaceutically acceptable salts tQﬁ'ﬁeﬁ& 151?%%%%1%%%‘%\3%‘1‘6@1'12)11 \

In accordance with the present invention are provided compounds of the structural
Formula I, 11, TIL, or IV

Formula I
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R20 CN
\
P

where n is an integer from 1-3; X is N, CH, provided that when X is N, nis 2 or 3; Risan
alkyl of 1 to 3 carbon atoms; R(1) is 2,4-diCl, 5-OMe; 2,4-diCl; 3,4,5-iri-OMe; 2- Cl, 5-
OMe; 2-Me, 5-OMe; 2,4-di-Me; 2,4-diMe-5-OMe, 2,4-diCl, 5-OFt; R(2) is an alkyl of 1 to 2

carbon atoms, and pharmaceutically acceptable salts thereof.
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where n is 2 or3; R is an alkyl of 1 to 3 carbon atoms; R(2) is an alkyl of 1 to 2 carbon

atoms, and pharmaceutically acceptable salts thereof.




where nis 2 or 3; R is an alkyl of 1 to 3 carbon atoms; 141) is 2,4-did, 5-OMe; 2,4-dia; 3,4,5-tri-OMe; 2-
Cl" 5-OMe; 2-Me, 5-0Me; 2,4-di-Me; 2,4-diMe-5-0Me, 2,4-diCi, 5-OEt. | 0The compounds of thisention
may he used for treating, preventing, or inhibiting bone resorption, pathological bone resorption,
ostcoolast activity, osteoclastogenesis, osteolytie lesions, or other pathologic conditions with
associated bone loss or destruction. In certain embodiments the compounds are used as part of a
pharmaceutical composition. Specific compounds of the invention include; compound 1 -
44(2,4-Dichloro-5- inethoxyphenyl) amino)-6-inethoxy-743-(4-methyl-l-piperazinyl) propoxy)-3-
guinolinecarbonitrile; compound 2 - 4((2,4-Dichloro-5-methoxyphenyl) amino)-7-(3-(4- ethyl-1-
piperazinyl) prgpexy6-methoxy-3-quinolinecarbonitrile; compound 3 - 5Dichloro-5-methoxyphenyl)
amino.1-6-methoxy-712-(4- methyl-1 -piperazinyl) ethoxy)-3- quinolinecarbonitrile; compound 4 -
4-[(2,4-Dichloro-5-metboxyphenyl)aminol-742-(4-ethyl1-piperazinypethoxyl-6-methoxy-3-quinolincearb
onitrile; compound 5 - 4-[(2,4-Dichlom-5-
mcfhoxyphenypamino]-6-metboxy-7-[(1-methylpiperidim4

how]-S- quinolinecarbonitrile;

compound 6 -

4-[(2,4-Dichloro-5-methox5mhenyi)amino]-6-methoxy#4 ethylpipericlin-4-yi)elhoxyl-3-quinolineca
rbonitrilo;compound 7 - 4-[(2,4- R20 CN
Dichloro-5-methoxypheny)amino]-6-methoxy- [ Ipiperidin-47
yl)propoxy]quinoline-3-carbonitrile;compound-8.- 4K2,4-llichloro-5-methoxyphenyl)

arnino]-7-[(1-ethyMipericlin-4-ypin yI-G?methoxyql}TInoIine-3-carbonitri|e; compound 9 -
4-[(2,4-Dichioto-5-methoxyp aminpl=6@thoxy-743-(4-methythiperazin-1-
15yl)propoxy]quinoline-3-carbonitrite;eoOmpound10-4-[(2,4-Dichloro-5-
methoxyphenyi)amino]-6-ethoxy-7-[(1-methylpiperidin-4-Almetboxyleuinoline-3- carbonitrile; compound
11 - 4-[(2,4-Dietdaro+S: methaxyphe ayiia o] eb2atiatys 263 DMe; 2- Cl, 5-OMe; 2-Me, 5-
ethylpiperazingly.L)propexylguinplined:cantenitilercompounditd 5¢4-12,4:i6h oms,
methoxyplgen)‘/lg(%m&?alcﬁ-et59>é¥574?5-1g18é@%@1¥b@]perld|n-4-y0propoxquumollne-3-

eutica. eptal

Formula IV
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where n is 2 or 3; R is an alkyl of 1 to 3 carbon atoms; R(1) is 2,4-diCl, 5-OMe; 2,4-diCl;
3,4,5-tri-OMe; 2- Cl, 5-OMe; 2-Me, 5-OMe; 2,4-di-Me; 2,4-diMe-5-OMe, 2.4-diCl, 5-OFt.

10 The compounds of this invention may be used for treating, preventing, or inhibiting
bone resorption, pathological bone resorption, osteoclast activity, osteoclastogenesis,
osteolytic lesions, or other pathologic conditions with associated bone loss or destruction. In

certain embodiments the compounds are used as part of a pharmaceutical composition.




20carbonitrile; compound 13 - 4-[(2,4-Dichloro-5-methoxyphenyi)amino]-6-elhoxy-7-12-(4-
methyl-1-piperazinypethoxylquinoline-3-aubonitrile; compound 14 - 4-[(2,41-Dichloro-5-
methoxyphenybaminol-6-ethoxy-742-(i.-methylpipericlin-4-y1)etboxy]quinoline-3- carbonitrile;
compound 15 - 4-[(2,4-Dichloro-5-mellsoxyphenyl)amino]-6-methoxy-743-(4-
nropyl-1-piperazinyppropoxyl-3-quinormecarbonitrile;compound 16 - 4-[(2,4-
25dichlorophenybaminol-6-methoxy-7-[(1-methylpiperidin-4-y1)methoxy]-3- quinolinecarbonitrile;

compound 17 - 6-metim; (IHm th Ipiperidin-4- ethox
[(3,4,5- trlmethoxyphg r?fllelz@%m?rlﬁngﬁqucfno r?éé) BT yn@ comr%%”u]ﬁ?:fi 18~ 4(ﬁ24 hieisos”

metboxyphenmi‘ﬁ’?ﬁ@]ﬁeﬁ%ethoxvmféi@?ﬁ@ﬁqv}ﬁdéﬁﬁﬂﬁﬁﬁlxlﬂ)m&ﬁéwlhu|nolnﬁ’é‘ll?3>xbih?bonitrile;
compound 19 qunheiheserrdil(s- mﬁ{ﬁﬁmy 2-metfypbenyi)aminabA4tins0 meathylpigendin-4-y1)
methoxylquinaling-3 I;SQ;@?&QM H@tgo%?g &Mxéec%@hﬁm 'p&%@éﬁmn% Gsip ethoxy-7-[(1

-methylpip_eridin-4-ylmethoXxy] quinolin e-3- carbonitrile; compound 21

6-methoxy: 41 (B ETE 2 U RGTISGRTRGHE AL -pibessiny) ethosy] -
rnethylpiperidiariofismativoiyly gimolined 3-catfohRifd o amptiurdraehypiack dicttorbys-

etboxyphenyeainkéynethigxy-Fdth-metvpipetidipA-Dmeaibslasinelipe-picaarbenitrile; and

pharmaceutlcallg accepta, le s th reof ertain_ emb d a erred compound is compound
1-4((2,4- chhlfortl en 3§<mp$jeny6 Ui J(I)E ?él leﬁl@%gfﬂqﬁ) Z)nrlr?stelt }pﬁj{plperazmyl)

propoxy)-3- quﬁﬁ‘&lﬂ%‘éﬁ?&fﬁ%ﬁi‘}ﬁﬂe compount fg- éblrﬁ%é‘n%@féﬁ“éﬁﬁftﬁ?i?@f’éﬁ%@%? RYsSition described
herein caittbe Bliriplentiehted it -rdshetct td-ampbiberbaétiied or compodition deséfided herein.

The use of theofae@r&c;'@l}m' DpASRHSE mmﬂ@mmmm%ﬁ@m"comprising" in the claims
and/or the spec%catloré .mean ongﬂebut it is alsg gonsﬁ] Mmthe me n|n of "one or more,"
t

0Xy|quincline- a;tbonl com OrQ:-3- 1611
"at least one a OFH ny rmoret an one! Hhe e use of t erm ? |nmﬁ1 s used to mean

"and/or" unles&@Rphcitly- Tty ipiaredted YB‘P@WY&%@@%ﬁ%g‘J&HWcfﬁ%‘ﬁﬁ%rﬁ‘éﬂ%l%ﬁré mutually
exclusive, altheughtthehtisctastte:supeismndefinitian- tHat(refersytpienlyalternatives and "and/or."

15 ylpropoxylquinoline-3-carbonitrile; compound 10 - 4-[(2,4-Dichloro-5-
methoxyphenyl)amino}-6-ethoxy-7-[(1-methylpiperidin-4-yDmethoxylquinoline-3-
carbonitrile; compound 11 - 4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-ethoxy-7-[3-(4-
ethylpiperazin-1-yl)propoxylquinoline-3-carbonitrile;  compound 12 - 4-[(2,4-Dichloro-5-
methoxyphenyl)amino]-6-ethoxy-7-[ 3-(1-methylpiperidin-4-yl)propoxylquinoline-3-

20 carbonitrile; compound 13 - 4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-ethoxy-7-[2~(4-
methyl-1-piperazinyl)ethoxy]quinoline-3-carbonitrile; compound 14 - 4-[(2,4-Dichloro-5-
methoxyphenyl)amino]-6-ethoxy-7-[2-(1-methylpiperidin-4-ylhethoxy]quinoline-3-
carbonitrile; compound 15 - 4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-[3-(4~
propyl-1-piperazinyl)propoxy|-3-quinolinecarbonitrile; compound 16 - 4-[(2,4-

25  dichlorophenyhamino}-6-methoxy-7-[(1-methylpiperidin-4-yDmethoxy]-3-
quinolinecarbonitrile; compound 17 - 6-methoxy-7-[{1-methylipiperidin-4-yl)methoxy}-4-
[(3,4,5-trimethoxyphenyl)aminolquinoline-3-carbonitrile;  compound 18 - 4-[(2-chloro-5-
methoxyphenyl)amino]-6-methoxy-7-[(1-methylpiperidin-4-yhmethoxyjquinoline-3-
carbonitrile;  compound 19 - 6-methoxy-4-[(5-methoxy-2-methylphenyl)amino]-7-[(1-

30 methylpiperidin-4-yl) methoxy]quinoline-3-carbonitrile; compound 20 - 4-[(2,4-
dimethylphenyhamino]-6-methoxy-7-[(1-methyipiperidin-4-yl)methoxylquinoline-3-
carbonitrile; compound 21 - 6-methoxy-4-[(5-methoxy-2,4-dimethylphenylamino]-7-[(1-
methylpiperidin-4-yDmethoxylquinoline-3-carbonitrile; compound 22 - 4-[(2,4-dichloro-5-
ethoxyphenyl)amino}-6~-methoxy-7-[(1-methylpiperidin-4-ylymethoxy]quinoline-3-




Other objects, features, and advantages of the present invention will become apparent from the
following detailed description. it should be understood, however, that die detailed description and the
specific examples, while indicating specific embodiments of the invention, 15 are given by way of
illustration only, since various changes and modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from this detailed description. BRIEF DESCRIPTION
OF THE DRAWINGS The following drawings form part of the present specification and are
included to further demonstrate certain aspects of the present invention. The invention may be better
understood by reference t eorm ft rayings.in combination with the detailed
5description o?ag%ggé,f}g emrrznb%cj]I Fﬁ%oﬁ%ggﬁrlgs%%ggﬁ ge?é{lwn gé@l&ﬂc urr%sCel 1111Cem ?11“8§ IS a potent
inhibitor of ostGEAGYRpRIETS GQ’I@OTW) Trhe-Siictgre So‘F‘ﬁt}é’Wﬁ@'M%Wﬁﬁ BefiRblinecarbonitrile
8KI1606. (FIG. 1:8)Biviiyceliypweieydatedin-d8uwelinptatesi(@« 107 cells/well) and stimulated with
M-CSF (10 ng/ml) or M-CSP and RANKL (100 nOrd.), in quadruplets with indicated concentrations of
81(1606, M-CSF 10was repienishédioh day Bsti@ellswenerfixitdnandstanedfan TRABwN day five,
using a TRAP;siainingcKit fiom,SiomanAldrch 48l bauis, MR (EiGlGLRata. shown is representative

of throe experiments. Shown are photographs of representative 'Fields from the different treatments

using a 10x objectivelens OFW@ 2 @erBMMnQﬁH&ﬁec%Qﬁ%éQ wit{ {RORIR aoymmeg@endent manner.
(FIG. 15 2A) B C% ?Ils Wer ted |n 48 well plates (2 x J, cgllstvlvell asmgre trt?a%ed with M-CSF

(10 ward) or M? an %(iﬁllhql N %ﬁ?galruﬁ ets for indiéa edo?mes then treated with 300
MM 81(1606. W@Q&me% CPelEPé%” SHeerRgHa. 3. Te s sy 8@, and stained for TRAP on day five,
using a TRAP staining kit from Sigma-Aldrich (St. Louis, MO). (FIG. 2B) Data shown is representative
of three experimentd®PHEtG§ D Hsare of teht ckdntativecd (TiIeE frenf e eiffererlivdstments using a
10x objective ledigated tFigiires 3¥uaBveMini-i 13-48maslsstimiilsie asteaulastbgenasts in

R_AW264.7 cellsn(FIC.AMAANA el 300 callsial:Aelpes teatment) were plated in 96
well plates with iVIDA- 435 cells at indicated densities and incubated for 5 days. (FIG. 3B)

Conditioned media wagNigpalec A esciiResl bt ARG 4 ol TBQLRSRL 8 75 wells per
treatment) |nc¥rbat d ¥v h con |t| % media frP A MB- 435 ndlcate concel ntr; thﬂS for 5 days.

The cultures were ands §t|"he i HRAP 6 on %/ém(be%sltrcfo 2 PEAB StRinig ﬁt‘? Fom
Sigma- Aldrlchd(ff‘s‘{?}ﬁt?ﬂlét}%ﬁ?@ﬁ?a?@w@?ﬁ @ﬂéﬁ}@%ﬁﬁéﬂﬁ@f@f@ﬁ\‘?@é&ﬁéﬁﬂﬁéﬁ@v%%graphs are of

represer?tast_iv_eaféegi&ﬂreymﬂjeoﬁ iﬂﬁeasenhtreatynefn&s using a}ﬂ@e_whj@&tbﬁ@ﬁl&ﬁs@@ﬁigm tes 4A-411.
81(1606 Inhlbltﬁ)M%%@ﬁé" §§t§glmﬁﬁtﬁ&%@9§&@%ﬁﬂ&e skilled in the art from this

detailed description.




8AW264.7. (FIG. 4A) RAW264.7 cells (500 cells/well; 8 wells per treatment) were plated in 96 well
plates with MDA-MD-435 (800 cells/well) cells at indicated densities and incubated for 5 days in the
presence of increasing doses of 51(1606. (FIG. 4B) RAW264.7 cells (750 cells/well; Swells per
treatment) were plated in 96 well plates in 10% conditioned media from MDA-MB-435 for 5 days. The
cultures were fixed and stained for TRAP on day five, using a 5 TRAP staining kit from Sigma-Aldrich
(St. Louis, MO). Data shown is representative of five experiments.  Figures 5A-5C. 5ICI606
significantly decreases tumor growth and osteolytic lesions. Mice were divided into 3 treatment groups.
Treatment was initiated 3 days after tibial |nject|on of 5 x 105 IVIDA-MB-435 cells of either oral gavage
of vehicle (0.5% 10 Methoce 1/BRIZF DRI JON O THE MRAYISIGI606 in vehicle, or S.C. injections

of 10 mg/kg Zomeda,(zolendionic acid) p.0,1, M ARS8 days per week 1019 wee 3:F1C- 5A) weight,
of tumor was determlneg f é ind leg of the

o &
%ﬂ lows: welg ht O{In ecte ('j eight of non-injecte

same animal. fEfest %ﬁ)oﬁ%ﬁscﬁ‘fﬂ%ﬁp\?\‘i@r@fé%Wi‘?i?éﬂ”ﬁ"@?ﬁ‘l’}rg| FX“Y%F%&‘@%QS N(THHSCIOH program
was used to meagsireddresifetitrias andipticcareasctdodiculatecthienmitio witll Bipixelsdn lytic

zones/pixeds indibigiarea skl afddhadweenijested tibia was fixed and decalcified in EDTA, and
sections stained for the presence of multinucleated osteoclasts (>13 nuclei) using TRAP staining kit

from Sigma-Aldrich {§hrbouis1 dMQ) 1606 FguRaGABE: 31 (L0 stghillsantliclecreases tumor growth
and osteolytic [esions f&lé"ﬁyh %%%XV? %15@!‘1%%@5 ﬁlgﬁ‘ﬁ%@?ﬂe&i@% OENﬁlﬁ‘geﬁ‘J%x%t 14-day intervals

After 9 20 weeks, flna X-ray ima vyere taken of the contr treated with oral gavage of

vehicle (0.5% Wfé%g‘eﬁﬂélzfé?&e? é‘e]r9 |ﬁe$éx§5l)(ﬁ%§h’6‘}&?t%f€31 chﬁfFﬁ%@ﬁWg?ﬁa (PIG. 6B) or
Zomeda (FIG. BCRADES CRIRPFIONIOFaiiST RATI EEVBOBIMBNTS $iAg Békekissue is
continuously beisgrrplprishadyby thapracessiohiesaigtionane 3k depesitian afrealeium minerals

This process, Q't%‘&{é%%ﬁ S QﬁﬁERQ&”LO%%OK%PQﬁ%C'?@)'%J&%‘M@&?Q J@}/ré&{&a?%'&’ pes, the

osteoblasts and the osteoclasts, The osteoclast js a multinucleated cell and js the only cell in the body

known to have e E55a8H/ o &8@‘?{5(1%6(8}1?8%?83 BoRE T ERRAIA IR HRB g EE  itions the
absorption-res@iptierscyekeisogefsstivelsesulting in the degradation of bone. The degradation of bone
typically results in an increased 30 risk for pathologic bone fractures, bone pain, spinal cord
compression and hﬂ:ié‘fff’dl%‘éﬂfFaBMM cells respond to SKI606 in a time-dependent manner. (FIG.

15 2A) BMM cells were plated in 48 well plates (2 x 10* cells/well) and pre-treated with M-CSF
(10 ng/ml) or M-CSF and RANKL (300 ng/ml) in quadruplets for indicated times, then
treated with 300 nM SK1606. M-CSF was replenished on day 3. Cells were fixed and stained
for TRAP on day five, using a TRAP staining kit from Sigma-Aldrich (St. Louis, MO). (FIG.
2B) Data shown is representative of three experiments. Photographs are of representative

20 fields from the different treatments using a 10x objective lens.

Figures 3A-3B. MDA-MB-435 cells stimulate osteoclastogenesis in RAW?264.7

cells. (FIG. 3A) RAW264.7 cells (500 cells/well; 8 wells per treatment) were plated in 96

well plates with MDA-MD-435 cells at indicated densities and incubated for 5 days. (FIG.

3B) Conditioned media was prepared as described above. RAW?264.7 cells (750 cells/well; 8

25  wells per treatment) incubated with conditioned media from MDA-MB-435 at indicated
concentrations for 5 days. The cultures were fixed and stained for TRAP on day five, using a
TRAP staining kit from Sigma-Aldrich (St. Louis, MO). Data shown is representative of five
experiments. Photographs are of representative fields from the different treatments using a

10x objective lens. .

30 Figures 4A-4B. SKI606 inhibits MDA-MB-435 stimulated osteoclastogenesis in
RAW264.7. (FIG. 4A) RAW264.7 cells (500 cells/well; 8 wells per treatment) were plated in




Embodiments of the present invention include methods and compositions for treating osteolytic
lesions, bone-resorbing diseases or bone resorption related to a pathologic condition, generally
including, but not limited to osteoporosis, arthritis, rheumatoid arthritis, cancer metastases to the bone,
bone cancer, hyperealcemia, osteolytic lesions with orthopedic 5 implants, Paget's disease, and bone
loss associated with hyperparathyroidism. Representative cancers include, but are not limited to breast
cancer, prostate cancer, colon cancer, endometrial cancer, multiple myelotna, renal cell carcinoma,
head and neck cancers, and cervical carcinoma. Arthritic conditions include, but are not limited to
adjuvant-, collaggas fractesialhandmantigensidiaed..ay thitis; RariculachsRewnateid.adhritis.

Osteolytic lesipns 3,0,nclidls, but are potimitad fo adamantinema, anewrysmalbpne yst (lesion),
angiosarcoma -- high grade, angiosarcoma - low grade, bone lesions of gaucher's disease, brown
tumor of hypeFFayatRyroRssRedrerrBbIESt Bt BrvrtrbrsOiR filsrergierfdriibsdredma,
chordorna, clegbaeiiBhiondrosasgormas atnxentionatdatiansatidilBryRateasarctimaystiegenerative joint
disease, desmonlasie: i fanhysealmedulary sienosis it malianan fajaus histiocytoma,
enchondroma, eositiophilic granuloma, epithelioid hemangioendothelioma, ewing's sarcoma of bone,
extraosseous B¥EUEEFoma, fibrosarcoma, fibrous dysplasia” florid reactive periostitis, giant cell
tumor, glomus tumor, granulocytic sarcoma in bone, hardcastle's syndrome, hemangioma,
hemangiopericytom 8GR rde S Een ety fegimssHoagkF BRI BB SH& ntracortical
osteosarcomalintraosseénus? nwellidifferentated. oStegsaxcomainjtixtaicdrical dronidirdma, leukemia,
malignant fibreys.hystigeytarnagmeiosheesiosiscmetastatic: bigastsapcess matastaticskidney cancer,

metastatic lung cancef, Jelastatc st caneet, multifacal osteosamorna, ulfipie myeloma
myositis ossificans, nheurofibronia of béne, n oc:nil-tin lymphoma, nonossitying fioroma (fibrous

cortical defect¥-orsfa (olesfmicosidoBlastahta Sosteraro farb g sekoclidfidiom¥ogisthmoce), 25
osteofibrous dysplasia,destenidiasteuma; stemmainpstedRyyeliiphostacpathitestiatagspsteopoilcilosis,

osteosarcomay,paget s diseasadargsieal osieasysoMAREHoR G SPRAIAMA. Reriesteal

osteosarcoma, pigmented villonodular synovitis, post - paget's sarcoma, schwannoma qf bone, small

cell osteosarcOfid SRR Bty & SEIE R Forb R AS VB IRERY FAyRIBIHE (5148 &ytoma),

subeliondral cystisynbiiat oo pdebrimtbsisytelafiifeciali CBOvstensmtohtidia Tagitesiods -

metar:j hyseal f%@ﬁﬁ&ﬁﬁ@@b@ﬁ,%ﬁ@%ﬂ@s&%@ By ste b&@%&ﬁﬁ&%&%@&é&iﬁkw&TORs In

accordance wit re —invention. are provi . un the structural formula 1: EN CN
T

where n is an integer IS ) e hen ,nis2or3;ltisanalkylof 11n 3
carbon atoms; R(1) | 14-d§ %Ollgf : 4.-M.g:|' §f 4f65-tri-OMe' 2- Cl 2 OélLM LLive, 5-0Me; 2 4-di-Me;
. ’ -0, 81 Antly Hecreages tuthor growih and ost ic Iegsions. 7 !
2,4-diMe-5-0OMc, 2,4-éﬁl(‘ffs, -OEt; E% IS a%najﬁ(y of 110 2 ca%o atoms, ané?o%tpharmaceutlcally
acceptable salf<pdreges were taken at 35 days after injection, and also at 14-day intervals. After 9
20 weeks, final X-ray images were taken of the control group, treated with oral gavage of vehicle
(0.5% Methocel/0.4% Tween in PBS) (FIG. 6A), mice treated with 150 mg/kg (FIG. 6B) or

Zomeda (FIG. 6C).

DESCRIPTION OF IILLUSTRATIVE EMBODIMENTS

Living bone tissue is continuously being replenished by the process of resorption and

25 deposition of calcium minerals. This process, described as, the absorption-resorption cycle, is
facilitated by two cell types, the osteoblasts and the osteoclasts. The osteoclast is a
multinucleated cell and is the only cell i the body known to have the capacity to degrade (or
resorb) bone. In certain pathological conditions the absorption-resorption cycle is defective
resulting in the degradation of bone. The degradation of bone typically results in an increased

30  risk for pathologic bone fractures, bone pain, spinal cord compression and hypercalcemia.




10Specific compounds of the invention include: compound 1 - 44(2,4-Dichloro-5- methoxyphenyl)
amino)-6-methoxy-7-(3-(4-methyl-I-piperazinyl) propoxy)-3- quinolinccarhonitHle; compound 2 -
4-((2,4-Dichioro-5-methoxyphen34) amino)-7-(3-(4- ethyl-1- piperazinyl)
propoxy)-6-methoxy-3-gainolinecarbonitrile; compound 3 - 4-[(2,4- Dichloro-5-rnethoxyphenyl)
amino]-6-methozy-712-(4- methyl-1 -piperazinyl) ethoxyl-3- 15quitiolincearbonitrile; compound 4-
4-[(2,4-Dicbloro-5-melnoxyphenypaminoj-712-(4-ethyl-
1.-piperazinypethoxy]-6-methoxy-3-guinolinecarbonitrile; compound 5 - 4-[(2,4-Dichloro-5-
methoxyphenyeamingl-Gimeil oxynd phétenathytip atidin-4yoas thexyindoginsalingsathonitrile;

compound 6 - 4-[(2,4-Dichlorq-5-methoxyphenyl)amino]-6-methoxy- , :
T2ty BN T DRI G R R Do e COERn e o3y Pl
20Dichloro-5-¢tietiiory prraratbanvidineniatioxjirieBp1onsermapip affifisqtheunatoid arthritis,
yepropoxylquiaglinera-cashonitile;sempesiagdr; kit dRich eseob b eihexypiiesithopedic
amino]-7-[(1-ethylpiperidin-4-yOmethoxyl-6-methaxyquineline-3-carbonitrile; compound 9 -

(0.4 Dichol ARty ety BE R R SHLILLE: Fompatie
y1)propoxylqaisHiielsiEath Siitries cesth hetise 10- MRt spiegilopersiate cancer, colon cancer,
methoxyphenyjiaananil-Gnet0xr o -metbylpipar et yibineto xylquindire: Zataibomitrile; compound
11 - 4-[(2,4-Dichloro-5-methox3phenyl)amino]-6-ctiloxy-7-13-(4~. .. . i i}

ey imimaran e A L el bopied fo it sl
inethoxyphen§FaHiterb aahgexyLduaes- Py RAmsiTeH b ALaw0 SoRT uisHRnds: kstddnitrile;
compound _13110&([(:21;)4&MGhl@ﬂQﬂﬁ@ﬁMﬁﬁ@ﬂ)&ﬂﬁﬂ@iﬁ&l&iﬂWH[@ﬁ@ﬁ, angiosarcoma —
methyl-1-pipef "é}_‘iﬁ%}'&%&%&'&%‘Qeli%‘r@&@é?’ﬂ&ﬂkef@g@mFb?%@goﬂé’é FelleARICRIMsP o

methoxyphen}y aminoi-6-ethoxy-742-(1-methylpiperidin-4-yDethox.yjquinoline-3- 10earbonitrile;
compound 15 YREREALBRERo- 58 y) SRHBTBEAEh oS§For43 - (ghondrosarcoma,

chordoma, clear cell chondrosarcoma, conventional intramedullary osteosarcoma,
degenerative joint disease, desmoplastic fibroma, diaphyseal medullary stenosis with
15  malignant fibrous histiocytoma, enchondroma, eosinophilic granuloma, epithelioid
hemangioendothelioma, ewing’s sarcoma of bone, extraosseous osteosarcoma, fibrosarcoma,
fibrous dysplasia, florid reactive periostitis, giant cell tumor, glomus tumor, granulocytic
sarcoma in bone, hardcastle’s syndrome, hemangioma, hemangiopericytoma, high-grade
surface osteosarcoma, hodgkin lymphoma of bone, intracortical osteosarcoma, intraosseous
20  well-differentiated osteosarcoma, juxtacortical chondroms, leukemia, malignant fibrous
hystiocytoma, melorheostosis, metastatic breast cancer, metastatic kidney cancer, metastatic
Iung cancer, metastatic prostate cancer, multifocal osteosarcoma, multiple myeloma, myositis
ossificans, neurofibroma of bone, non hodgkin lymphoma, nonossifying fibroma (fibrous
cortical defect), nora's lesion, osteoblastoma, osteochondroma, osteochondromatosis (hmoce),
25  osteofibrous dysplasia, osteoid osteoma, osteoma, osteomyelitis, osteopathia striata,
osteopoikilosis, osteosarcoma, paget’s disease, parosteal osteosarcoma, periosteal chondroma,
periosteal osteosarcoma, pigmented villonodular synovitis, post - paget’s sarcoma,
schwannoma of bone, small cell osteosarcoma, solitary bone cyst, solitary fibrous tumor,
solitary myeloma (plasmacytoma), subchondral cyst, synovial chondromatosis, telangectatic

30 osteosarcoma, "Tug" lesions — metaphyseal fibrous defect, or unicameral bone cyst




propyl-1-piperazinyl)propoxy]-3-quinolinecarbonitrile;compound 16 - 4-1(2,4-
dichlorophenyl)aminol-6-methoxy-74(1-methylpiperidin-4-y1l)methoxyl-3- quinolinecarbonitrile;
compound 17 - 6-methoxy-7-[(1-methylpiperidin-4-yl)methoxy]-4-
[(3,4,5-trimethoxyphenyl)anaino]quhioline-3-carbonittile; compound 18 - 4-[(2-chloro-5-
15inethoxyphenyl)am ino ]-6-meth xy-74(1-rnethylpiperidi n-4-yOmethoxy] quinol i ne-3- carbonitril e;
compound 19 - 6-methoxy-4-[(5-methoxy-2-methylphenypamino]-7-[(1- methylpiperidin-4-y1)
methoxy]quinoline-3-carbonitrile;compound 20 - 4-[(2,4-
dimethylphenyl)amirﬁi}lﬁmmmEpKMMﬁéWpiﬁ@kﬁm yI)methoxy]quinoIine -3- carbonitrile;

compound 21 - e- mejtho é t ox -2,4- dlmet hen mino
eSS T

20methylpiperidin-4- yl')l 16 reSﬁmc:élnr egcrll? é’ pc1:o poﬁ%lépﬁ‘i[‘% 516 SHHER m110 5-

ethoxyphenyl)dphirdi6-methoxy-7-10 miethylpiperidin-4-yinnethoxyl carbonltrlle, and pharmaceutically
acceptable salts thereof The compounds of this invention may be used for treating, ameliorating,
preventing, or inhibiting osteoclastogenesis or bone loss. In a preferred embodiment the compounds
are 25 used as part of a pharmaceutical composition. In a preferred embodiment, compound 1 - 4-
((2,4-Dichloro-5-methoxyphenyl) amino)-6-methoxy-7-(3-(4<me hyI -I-piperazinyl) propoxy)-
3-quinolinecarbonitrile is used in inhibiting osteoclastoge 3he loss. Pharmaceutically
acceptable salts are those derived from such organigad tRorganic acids as: acetic, lactic, carboxylic,
citric, cinniunic tartaric succinic fumarlc 30 malon|c mandelic., rnalic, oxalic, proDionic, hydrochloric,
j @fhanesulfonlc ethanesulfonic,

5
where n is an integer from 1-3; X is N, CH, provided that when X is N, nis 2 or 3; Risan
alkyl of 1 to 3 carbon atoms; R(1) is 2,4-diCl, 5-OMe; 2.4-diCl; 3,4,5-tri-OMe; 2- Cl, 5~
OMe; 2-Me, 5-OMe; 2,4-di-Me; 2,4-diMe-5-OMe, 2,4-diCl, 5-OEt; R(2) is an alkyl of 1 to 2
carbon atoms, and/or pharmaceutically acceptable salts thereof,
10 Specific compounds of the invention include: compound 1 - 4-((2,4-Dichloro-5-

methoxyphenyl) amino)-6~-methoxy-7-(3-(4-methyl-1 -piperazinyl) propoxy)-3-
quinolinecarbonitrile; compound 2 - 4-((2,4-Dichloro-5-methoxyphenyl) amino)-7-(3-(4-
ethyl-1- piperazinyl) propoxy)-6-methoxy-3-guinolinecarbonitrile; compound 3 - 4-[(2,4-
Dichloro-5-methoxyphenyl) amino]-6-methoxy-7-[2-(4- methyl-1-piperazinyl) ethoxy]-3-
15  quinolinecarbonitrile; compound 4 - 4-[(2,4-Dichloro-5-methoxyphenyl)amino}-7-[2-(4-ethyl-
I-piperazinyl)ethoxyl-6-methoxy-3-quinolinecarbonitrile; compound 5 - 4-[(2,4-Dichloro-5-
methoxyphenyl)amino}-6-methoxy-7-[(1-methylpiperidin-4-ylmethoxy]-3-
quinolinecarbonitrile; compound 6 - 4-[(2,4-Dichloro-5-methoxyphenylamino]-6-methoxy-
7-[2-(1-methylpiperidin-4-yl)ethoxy]-3-quinolinecarbonitrile; compound 7 - 4-[(2,4
20  Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-[3-(1-methylpiperidin-4-
yhpropoxylquinoline-3-carbonitrile;  compound 8 - 4-[(2,4—Dichloro-5-methoxypheny1)

amino]-7-[(1-ethylpiperidin-4-yDmethoxy]-6-methoxyquinoline-3-carbonitrile; compound 9 -

10




The term "alkyl" refers to the radical of saturated aliphatic groups, including straight chain alkyl groups,
branched-chain alkyl groups, cycloalkyl (alleyclic) groups, alkyl substituted cycloalkyl groups, and
cyeloalkyl substituted alkyl groups. In a preferred embodiment, a straight chain or branched chain alkyl
has 3 or fewer carbon atoms in its 5 backbone. © The compounds may be provided by oral; intrales
onal; intraperitoneal; intramuscular or intravenous injection; infusion; liposome-mediated delivery;
topical; nasal; anal; vaginal; sublingual; uretheral; transdermal; intrathecal; ocular or Ode delivery, In

order to obtain &Rﬂﬂ%ﬂﬁol@ﬁ%@%ﬁpﬁaﬁﬁmpﬁaﬁﬁf RignyenHon.itis preferred that a compound
of the 10 inveg{ign is in the form of a unitIQOse. Suitable ugit dose forms inc&ugle{'tqb[etts, capsules and
powders in sacHBISPSF UL FRPUSEE forms MAY &8itain om 0.1, 6821464807 200 to 300 ng
or mg of a compegitktbanirehtictomciidingetilyvarigs dnd reatigas]thispdilsstween, and in certain

aspects from 2:tedQ0inRg ofmehuil anotherembadinephtheounih desagafpreasaeniains0 to 150 mg of

a compoung of resent invention. The compounds.15 of the present inventjon can be
administere% o?%% pre aizll%t }él_ ﬁgﬁ)% u\?\r/lﬁhlg})eu@tecgr%o ?f %ﬁlnjs%?%’é%? ggch Qg%n%g%%l%éonﬁ?ay be
administered froffEPhgyRanivgleshey 4 By Risrdrirstdiy' norcro aitglintnes a day, week or
month, over weeltspitnidnthsoanhyears.3The-gifddbive ambuntwillphendpteim|rabbedyy gnetof skill in the

art; it will also Q%@?ipﬁ%%ﬁmﬁ%@%59[@18&@1&1%9&{}9%9”@0:@9&@P‘M' inihepisould routinely

perform empirical activity 20 tests to determine the bloactivity of the compound in bioassays and thus
determine whaF‘a‘é%géH’éW%%wé@"@ﬂ’%ﬂ%r@?&@%ﬁ%ﬁ PSRRI Shinical trial data.  The

compound$ of thédpiiatioremraynbe JoriiPatdel diitry-Consreetiiobral Bxwipidritsiclehr aB d4filler, a
disintegrating agent.- edliedahydrpicantqafiavesningagent, a colaiacditives or-a caigs. The carrier
may be for exagi?ﬁdgrgp é'r‘ﬂyﬁl‘gﬁxtmﬁ‘&%‘_%Egtﬁ%'cyg-ﬁ?ﬂiﬁ%}wﬁ%{&%ﬁh@ﬂﬁﬁn & l%gjgy_s solution, a nonaqueous

solution or a solid cartier. The carrier may be a polymer. A carrier in this invention encompasses any
of the standardipiaFRssEBerittny doeustad ddrrictansiisy G5 brsdptrinersinferba <amé Solution,
acetate bufferelf3gafitrenstintiphenybterpelnulsions-subhnadlan ciltwater erdiulsickohlarMiglyeeride
emllJllsion, Vﬁri%kl@tﬁb(ﬂ%’ﬁéﬁfyl%ﬁiﬁ%%@g@tﬁ%yéﬁﬁlﬁ%ggﬁﬁﬁﬁg&%Mﬁiﬁxﬁ%ﬁé&%ﬂqﬁﬁl@ﬁ&é@ﬁd_3;0When provided
orally or topically, such compounds w ravided ta a subject ivery in. different carriers.
Typically, such%%brorrllé%r%eé_onta?ﬁl%%(uélﬁpiggts"sgé%eﬁ? ﬁgfé%:mﬁﬁfﬁﬁgﬁﬁ%h%@ﬁ%%g ﬁﬁ%(ﬁ*z#illl]ay, gelatin,
stearic acid, tafeciEgiabliefars orsiRoglivecBrglyedrititie speetroErrridf wouldHééd to be
selected baseddumnytjst&rdfesiﬁed]mexﬁhmdx@ﬁq@iuetyylﬁqreﬁmamﬁmn@mw{ﬁiwﬁered sa_line (PBS)
could be used farjntaye noédﬁf?cfuﬁxsi?m'%Q{%U}G%le@tg%ﬁ’e%%%@ﬁL@dﬁﬁ!&hﬁ%ﬁ%{ﬂ%ﬁﬁb‘j-efs[-’(P—'”tme”ts or
S

Is m for ical delivery. Th m n he present invention liver
? Oethh :ry V\%&ussae}?g[ﬁgltg i i%-g}(?l)mgt oxy]ql?igo?inep?»qclzjarbonig{lg; ecgmep%%n' 22 ?43[?2,4[316{:}{13‘%- ~e ‘ ered

ethoxyphenyl)amino]-6-methoxy-7-[{1-methylpiperidin-4-ylymethoxyjquinoline-3-

carbonitrile; and pharmaceutically acceptable salts thereof.

The compounds of this invention may be used for treating, ameliorating, preventing,

or inhibiting osteoclastogenesis or bone loss. In a preferred embodiment the compounds are

o]
LA

used as part of a pharmaceutical composition. In a preferred embodiment, compound 1 - 4-
({2,4-Dichloro-5-methoxyphenyl) amino}-6-methoxy-7-(3-(4-methyl-1-piperazinyl) propoxy)-

3-quinolinecarbonitrile is used in inhibiting osteoclastogenesis or bone loss.

Pharmaceutically acceptable salts are those derived from such organic and inorganic

acids as: acetic, lactic, carboxylic, cifric, cinnamic, tartaric, succinic, fumaric, maleic,

30  malonic, mandelic, malic, oxalic, propionic, hydrochloric, hydrobromic, phosphoric, nitric,
sulfuric, glycolic, pyruvic, methanesulfonic, ethanesulfonic, toluenesulfonic, salicylic,

benzoic, and similarly known acceptable acids.

11




5 diluents, preservatives, sobibilizers, emulsifiers, adjuvants and/or carriers useful in treatment or
prevention of an osteolytic lesion and/or bone loss. Such compositions are liquids or lyophilized or
otherwise dried formulations and include diluents of various buffer content (for example, Tris-liel,
acetate, phosphate), pH and ionic strength, additives such as albumins or gelatin to prevent absorption
to surfaces, detergents (for example, TWEEN 20, TAMEN 80, 10 PLURONIC F68, bile acid salts),
solubilizing agents (for example, glycerol, polyethylene glycerol), anti-oxidants (for example ascorbic
acid, sodium metabisulfate), preservatives (for example, thimerosal, benzyl alcohol, parabens), bulking
substances or tonicitysnadifiges (lRrexampladacisenmanaiioh corpatenhatiaeh saentef polymers
such as polyelipleng dvea complexaian il melalians, acingereeralien ofis compound into or

onto particulate 15 préparations of hydrogels or liposomes, micro-emulsions, micelles; unilamellar or

multilamellar VEREIEEd eRAprsE) & s doreasrbistrstitet, el L ofipBsitidAsA Wil ffitence the
physical stategsbddivikity, stalbility, datie of mavikelreieasdamdsrater dbimvivdcledrande iof the compound
or composijtiongkhgghoice of compositions will depend on the physical and chemical properties of the
compound capable of treating, ameliorating or preventing a 20particular condition or disease state.

The compound of the,presenkiRvaRiienMandke delivered dasallyiviay&icansulathatallpws a sustained
release of the compound over.a perj:gd of time. Congﬁotlég%e r susgaine relqase com%glsitions include

formulation in ?fﬁatb Miitelts elf)lbe%l%?ofmexsé%lb%? ?%ﬁ‘;;%%, S, Wai‘éeg;oﬂ_g A naf%éaﬁ?lésyél irfvention finth.er
provides a coftpbumd o e my ERtRIAs: uskeakscalh eietHiiafRItE substelseéofobiiBating,
regulating, amelisisatinginprevientngs aniphihitiigho sieatiastageresisi dibosedasad of thhe present

invention fyrthgr proyvides a.method. ok Saing hane sl manswhigh.comprises,administering to

the individual, diagnosed with or at risk of developing an 300steol3rtic lesion, an effective amount of a
compound or 59‘?5%5?%5%%‘%8&?’%%88%?8?% P THETRVBRLSR “FhE Bosé Providd & Patient will vary
depending upthithagistbeing admmistedad,thdnpenposdnobding all mbistranioringee thesmner of
administrationpanetthenlike cAuthesppautically effeotiveameunt’ isar-amesmnhaufficiant to cure, reduce

or ameliorate SymRIOMS, f PANE)ASS<y me o TS SATIAGYALS LIS NNERIORMaY e delivered alone or

in combination with other 5compounds used to treat a%elated disease state or pathologies.  The

compountis ofthi&iRvERtol WA pr8h AT HGHITTE) EBMME Y af P AVETABR ¥ariHg ntaterials (b)
known startingdmateridisowilich camroergseparedadsideseribédrin tAedliteratiare an¢ey dew intermediates
described in the,schemesand expesimental procrdutesseferanrcedhersinnCompaunts included in
this invention can_be prepared ac ordin 1o he 10 synthesis routes.disclosed in.U.S. Patents
6,002,008 and B 70 e B R B e e ot

herein by refe%%@é“ir?mﬁﬁ Icgpﬁﬂléﬂtfbs(_)ne of skill' in the art could routinely perform empirical activity
20 tests to determine the bioactivity of the compound in bioassays and thus determine what

dosage to administer, as well as extrapolating and analyzing clinical trial data.

The compounds of the invention may be formulated with conventional excipients,
such as a filler, a disintegrating agent, a binder, a lubricant, a flavoring agent, a color additive,
or a carrier. The carrier may be for example a diluent, an aerosol, a topical carrier, an

25  aqueous solution, a nonaqueous solution or a solid carrier. The carrier may be a polymer. A
carrier in this invention encompasses any of the standard pharmaceutically accepted carriers,
such as phosphate buffered saline solution, acetate buffered saline solution, water, emulsions
such as an oil/water emulsion or a triglyceride emulsion, various types of wetting agents,

tablets, coated tablets and/or capsules.

30 When provided orally or topically, such compounds would be provided to a subject by
delivery in different carriers. Typically, such carriers contain excipients such as starch, milk,

sugar, certain types of clay, gelatin, stearic acid, tale, vegetable fats or oils, gums, or glycols,

12




Reactions are performed in ,a solvent appropriate to the reagents and materials employed and
suitable for the reactions being effected. It is understood by those skilled in the 15 art of organic
synthesis that the various functionalities present on the molecule must be consistent with the chemical
transformations proposed. When not specified, order of synthetic steps, choice of protecting groups
and deprotection conditions will be readily apparent to those skilled in the att. In addition, in some
instances, substituents on the startin.g materials may be incompatible with certain reaction conditions.
Restrictions pertinent to 70given substituents will be apparent to one skilled in the art. Reactions are

run under ineti,aesRheres Wheie QB GREAR . bastheRenaation afapmpounds-pfkormula | have
been reported in the liter tur%, 3oschelli % l., 2001a; B(§)§chelli at al., 2001b; .Bgslchelli et al., 2003;
uf ( d% . & Use erhic deliyer

Boschelli at ar- 3862 APV ufgied SyBE (64 ichis Incororataa hrem by retsrence). 25 Il.

BONE ABSORPTUORLR BSORPTIGN € \PoiEnts or gels mgnbaisshéisebmntiftivasly being replenished
by the process of resorption and deposition of calcium minerals. This process, described as, the
absorption-resorptidhecyeteoisdacifithtert dsyotviey esibey pes, theldsteoblastthentitheswstdoclasts. The
osteociast is auuitipsicated-cal andisdhenasly-celdpiheediknomi tedave thexeapacity to
degrade (or S(Qresorbz bonfe. This resorption a };ivitg IS acco Iiﬁhced b .%he oste cIa&t forming pits

. revention o .OStBOl IC% S1on and/or pone O%S.. uc }11&) F 1018, are ldgul Oé .
(resorption lacuhae) in'bone tissue: In fact, osteoclast activity in cell Culture is measured by their

capacity to folfPPiise pigshervitcbisbiminatianyey frdu dilerasbonevsPeiasmitidferdentine. The
osteoclast is detived Tigrmal hesmatppeieiia:preeLusdOonbickeigh aasiwihihedMimeadnelements of the

blood (Takahashi el 3. kPR The, PrecHizaL 9k Meiostandast s ipgRanipleanssl gel with a

. 1 "~
single nucleus) which'is found in the bone marrow and which 5 forms the mature and unique

multinuclfatet & Eda b &idleaiieiytng TeRliEas AsaHo Efrerantissh 5P mBaehsteeIl fusion, The
mature osteoglastdd,distigidishadhfrormmpthescontiltinic| eadedhcelistimplthie) preseneévef the enzyme

tartrate-resistantaciciphesehatassi(diRAY) phichiswiieRused-as.an: estraclastieell marker. Among

the pathologicalrgolgdf'tions associqei[ed Wilth an apnormal osteociast 10 de\{e?lt?&lmen or ;unction are
a

conditions wharBIA inGeASed Boe redSIBlicHFaBMts S Bhe J8velsBritRt oF fragife®iidror brittle bone

structure, suctPEB\stEs poitbSisiDriereadebonconsdstien resadtdtiy tiecdevedBisent of excess
bone mass, spiehuasastegpetiasisldt is bejievedsthatithe leratopment-oéexeesamendelicient

populations of grieQeiasts. 24 25RARASKE RN/ IPM:A AR RANEIngJask o e GRRRL specii
cytoieines. the physical state, solubility, stability, rate of in vivo release, and rate of in vive clearance of

the compound or composition. The choice of compositions will depend on the physical and
chemical properties of the compound capable of treating, ameliorating or preventing a

20 particular condition or disease state.

The compound of the present invention may be delivered locally via a capsule that
allows a sustained release of the compound over a period of time. Controlled or sustained
release compositions include formulation in lipophilic depots (for example, fatty acids, waxes,

oils).

25 The present invention further provides a compound of the invention for use as an
active therapeutic substance for ireating, regulating, ameliorating, preventing, or inhibiting

osteoclastogenesis or bone loss.

The present invention further provides a method of treating bone loss in humans,
which comprises administering to the individual, diagnosed with or at risk of developing an
30 osteolytic lesion, an effective amount of a compound or a pharmaceutical composition of the

inventionn. The dose provided to a patient will vary depending upon what is being

13




15lvlany of the known cytokines stimulate or inhibit blood cells: Several growth regulatory cytokines
such as M-CSF, transforming gowth factor alpha (TOP-a), interleuldn1(IL-1) and tumor necrosis factor
(TNF) have been shown to stimulate marrow mononuclear cell proliferation. Although eytokines such
as interlettkin-I; tumor necrosis factor and interleukin-6 (IL-6) may influence osteoelast formation and
differentiation (Mundy, 1990), 20these factors are not specific osteoclast growth regulatory factors.
Knockout mouse models of RANKL, RANK, and osteoprotegerin decoy receptor (GPO) have
demonstrated an essential role of these molecules in osteoclastogenesis (i.e., bone remodeling). The
biological importance of these molecules is underscored by the induction of severe osteoporosis by
targeted disrupteinisfEP @ amdotryofife MMatiiticirofisstesrrenfodisiby2grrarebiedifisiuption of RANKI,
or by overexpressipauatDP&Bucayoeials 19298pkongieteat,:d 998, Mizdn oretnalipd898). Thus,
ostcoclast formatign,mayhe Atlributed to the relative ratio of RANKL to OPCi in the Microenvironment
of bone marrow, and alterations in this balance may be a major cause of bone loss in many metabolic
bone disorders. Simitas te.BANKL: i Dicgstargstedidiseption.of RANKGalsenleadstie: an osteopetrotic

phenotype Do&%%gu% sa&seg% %%?%1 '?Ll?%e?ﬁis%e%ggzxte%ﬁ)ﬁﬂho ANK -/- and RANKL -I- mice exhibited
absence of osteoclasts, indicating the essential requirement of these molecules for

osteoclastogenesis. furthermore, RANK and @kefzrr@dr%ir% fQrlvmph node.grganogenesis and
early B and T cell, development (Dougall at at, 199 %ng at at, 199%3. dditjonally, mice lacking

TRAPP (Lomad&BearaTabd}) Aare (s i st " 1o 11 Crd e ithitebiratt™1982), or the NIi-kB
subunits p50/pBPianz633At BTl sEseRRebiEhe 199Tyaise eepiagh Betepetrotie phenotype;
though these meitantahiceihavemsiedciastssiheses celtstappardntiychbavkadefdetstinisbone resorption.
Maintenange of;hane intealityscaauires a dypamic balange hetweendbona.founatianand bone

resorption. The g size ahagtive gaisosiesia/s Asiemingdby e aekeffeqts,of diferentiation and

fusion of osteoclast precursors an e activity and rate of apoptosis of active osteoelasts. Although
various eytokin@& TR, IL-1, IL-6, IL-11, TGFa) and 10 molecules (1.1a, 25-dihydroxyvitamin D3 and
glucocorticoids) exprigséged b% osteobladst Iinea%g cells have E?e_e?(g shown to rﬂlan\f a role in osteoclast

p

differentiation, i.t apptaeafcso?ﬁa %ﬁé’rfé)ggeen ial'factors are RAN roduced %y osat'te@g%fasts) and RANK

(expressed on BEESEAeIsUAedStB6ETadepTBYRHittrsy: dsivairal e Bsttiitehitticellular signaling
mechanisifs aad pathavay syiitherahis dlsoaicequiremelitcforiviC SE subitscfimotienbstill remains
elusive3 but is J;&m@&_fabzl/yupﬂiy smu&edﬁmdﬁ&ﬁaht«igﬁmg&dif‘bﬁ{anthatieﬁb@ﬁamoaaflwosteoe_last _
progenitors and supuivak,s IHe @éaﬁﬁg%ﬁ)ﬂ%g iscogrnuaysly remadelad.,oqrmally turning over in

about 2 years and allows use gf skaletal mineral I calcium homegsiasis, The sitength and shape of

. g
the skeleton is ﬁpeserve y segmental replacemént: a bone section Is degra eofnby osteoclasts,
materials may be incompatible with certain reaction conditions. Restrictions pertinent to
20  given substituents will be apparent to one skilled in the art. Reactions are run under inert

atmospheres where appropriate.

The preparation of compounds of Formula I have been reported in the literature,
(Boschelli ef al., 2001a; Boschelli et al., 2001b; Boschelli ef al., 2003; Boschelli er al., 2004,

and Ye ef al., 2001, each of which is incorporated herein by reference).

25 IL BONE ABSORPTION-RESORPTION CYCLE

Living bone tissue is continuously being replenished by the process of resorption and
deposition of calcium minerals. This process, described as, the absorption-resorption cycle, is
facilitated by two cell types, the osteoblasts and the osteoclasts. The osteoclast is a
multinucleated cell and is the only cell in the body known to have the capacity to degrade (or

30 resorb) bone. This resorption activity is accomplished by the osteoclast forming pits

(resorption lacunae) in bone tissue, In fact, osteoclast activity in cell culture is measured by
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90 formed from monocyte-macrophage precursors (Scheven at at, 1986; and. Fujikawa at al., 1996),
while osteoblasts, derived from stomal cells, synthesize new bone (Rickard, at at, 1996). These
unrelated cells differentiate in a coupled mariner, producing a new bone section in a few weeks.
Osteoclasts, which are multinucleated giant cells, arise from hematopoietie stem cells 25 and are the
primary cells responsible :for physiological and pathological bone resorption. Osteoclasts are
specialized for the removal of both the inorganic and organic phases of bone (Blair at at, 1986).

Changes in the,leyels;of eiokines. and.growth fagiars.indons micoenyiranment,caijse. abnormal bone

resorption by the osteoclasts (for a review see Mundy, at al., 1.997). Accordingly, forced expression of
IL-4 (Lewis, &€Hne1 0829) osienelost Srlesised HURANEEHICRYEC wegriohiRisRdtiftiii e Bst®openia, while
mice overexphessing«salutble TibHead (Ealebtohi(Amm &) allat p1eaF)rdbdbpletectibisthied -6 gene (Poll,
at at, 1994) arg protecied paRINFHRANG RSN cRISEMRY S500eR AeliGiENaYyow aRiSERINtION Of the

hydroxyacgatrii%e mineral phase is dependent upon acidification of the s_ubost(_eoclastic resorption lacuna,
via the action BFEafSolEAhATHrELE ) B %g%%lnoﬁﬁ?ﬁ SACE OBE B S P £885; Blair at al.,
1992). Excesd$ifedbrienesonptiondyadisfetdelastbccontyiborssdosthe gsithaliblsd dtampitiuman 5
diseases inclydingahititis Qo sleappiesise Peliodentiis.and -hyRercalcemiaAhmatigramsy. During
resorption, ostie.o]clas remgve both thle minleral and organic components of bon.e (Blair at al., 1986).
winich 15 offen wsed as an osteoclast cell marker. ) . )
The current major bone diseasess pu%ﬁlc concern are osteoporosis, hypercalcemia of malignancy,
osteopenia due to bone metastases, periodontal disease, hyperparathyroidism, periarticular erosions
in rheumatoid arthrfti&° %éﬁ?‘sp&%@ %C?{lﬁolrﬁg Rz |8ﬁt3%/dhvé%d aélsté%nﬁglﬁ%q, é%f Oﬁgﬁ%ocorticoid
treatmenit. AlFtivelspuesshditibmstiareacharaditériz edhbyiboprcisss bassuithapionieaitimibalethce between

bone resorptign dbrarkdenpanshbongifasmationuwiic hueantinkestasatighewdife-atihe rate of about

149 per yeat,on e average; Honews, e ate, of bope tunaver difers fiom sie tojsite, for example

o ) . apsorption res oprm O

it is higher in t e trabecular bone of 1 eR/ertebra.e and the alveolar bone in the jaws
cortices of 15 BHEIrG D BRESY THEBH RSP FoP SR SORS tfirse 1Y SRS TRV End can amount
to over 5% petsyeafrim veriebiaedinyedatelycfoiowinditrgnbpause, a condition Which leads to
increased fracture risk. Turnover may be effected by an increase or decrease in osteoblast activity or
an increase or decrneiase o1 asteactastaoctivity . SCanmpeositianscanddnetends faveodglaiing osteoclast

andor osteohigst o shiiest WeLld heuselulin.hebeatment.at a2 vadety of diseasgs or condions

associated with bone Ioss. the conditions listed above would benefit from treatment with agents

which inhibit of Feg & B ALt SN B B EhE T LEti 6 R RRERh B TP inhibition of
bone resorptiofl igtthideintibitichitbfebtepoldstpredumsontdifdsionMETHAOBS FOR TREATING

OSTEOLYTIGLNRLEI@NSG 28y henpiesentinyantiondavolesihedieatpreniebisubieets with a
one

pathologjgal tghese factors are not specific osteoclast growth regulatory factors.

Knockout mouse models of RANKL, RANK, and osteoprotegerin decoy receptor

(OPG) have demonstrated an essential role of these molecules in osteoclastogenesis (i.e., bone
remodeling). The biological importance of these molecules is underscored by the induction of
severe Osteoporosis'by targeted disruption of OPG and by the induction of osteopetrosis by

25 targeted disruption of RANKL or by overexpression of OPG (Bucay et al., 1998; Kong et al.,
1999; Mizuno et al., 1998). Thus, osteoclast formation may be attributed to the relative ratio

of RANKL to OPG in the microenvironment of bone marrow, and alterations in this balance

may be a major cause of bone loss in many metabolic bone disorders. Similar to RANKI, -/
mice, targeted disruption of RANK also leads to an osteopetrotic phenotype (Dougall et al.,

30 1999; Li et al., 2000). Both RANK -/- and RANKL -/- mice exhibited absence of osteoclasts,
indicating the essential requirement of these molecules for osteoclastogenesis. Furthermore,

RANK and RANKL are required for lymph node organogenesis and early B and T cell
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resorbtion malady or condition. The term "therapeutic benefit" refers to anything that promotes or
enhances the well-being of the subject with respect to the medical treatment of his/her condition, which
includes treatment of osteolytic conditions and/or regulation of bone resorption, osteoelast activity,
and/or osteoclastogenesis. A.Pharnmeeufical Formulations and Delivery In certain embodiments
of the present invention, methods involving delivery of one or more compounds of the invention are
contemplated. Examples of diseases and conditions that may be prevented, ameliorated, or treated
with one or more compound of the invention 5 include bone loss associate with cancer metastasis to

the bone, whiclsvitlehrgas(Puneidl rorlimReY feohent dheitP AndideitienbinasicphntpaatitABfostate, renal,

bone, testiculat,.eapdical, gasuDintesinalucriom hiadderaod athen cancenietastasas.gs well as
other disease% %r condition, related to or a%ﬁsgﬁi?ted with ste%l tic lesjons. An "effective amount" of
is de

the pharmacetteal E8riF& iR gan &Sy, R &5 that 0’ Ao SLM ISR 88 e ctably and
repeatedly to abpietyectiieouthtibeselesitatimésuieyfosiexedmipldiens ssitehoratatlydducdeitnimize or limit
the extent of thgyesieelyiie. condition or disease, or its symptoms. In certain aspects, more rigorous
definitions may apply, including prevention, elimination, eradication or cure of disease. In certain

specific embodimentg,{f, i3 desitedoie ifmig%kf%@a%@éma%ﬂﬁ%ﬁ{c@tb&%&%% FGURERR, hinder or

reduce the resorption of bone using the met %ﬁs and compositions of the present invention. The

routes of admitISAXFSR ORI Pary "RRELPAMN IR ﬂﬁ%‘aﬁ8&t§?ﬁﬁt§#&ﬂ%&e@&tﬁs 1RSTEAER may include,
for example, intifédaiiral subbutamebussordgyionalrpasendérathinteavienouispinrbapesetitarf intranasal,

systemic, and Qg admiristatiomape:ionmatian. RAGopHaLoHS AdmiRisiaionisemay be applied
where appropriate. Delivery via syringe or catlaerization is contemplated. Such continuous perfusion

may take HlacBHFUPeriod rom BEBUETIEHBUYS, BhBBIGELE Rt st eptuPs-13°ABATS, to about
12-24 hours, ttmmhputels 2daysetoaboub b iZywdeds longesdottoiiffag thigionitiatipmoftreatment.

Generally, the dQs.0fhe IBERRRMIC GRMRASHION VRIS URs RUSRErSIOR. Wl Be Sauivalent to that

given 25by a single Or multiple injections, adjusted over a perigd of time during which the perfusion

J
occurs. The tr&TSIKES AR HSERTOR)VAHBEE 2t JEUEE DRPHBYE Megriiteg AL esNtaiithg a

- pathways., There is also a requirement for M-CSF, but its function still remains elusive, but is
15  probably ounly required for the initiation of differentiation of the early osteoclast progenitors

and survival.

The human skeleton is continuously remodeled, normally turning over in about 2
years and allows use of skeletal mineral in calcium homeostasis. The strength and shape of
the skeleton is preserved by segmental replacement: a bone section is degraded by osteoclasts,

20 formed from monocyte-macrophage precursors (Scheven ef al., 1986; and Fujikawa ef al.,
1996), while osteoblasts, derived from stromal cells, synthesize new bone (Rickard, ef al.,
1996). These unrelated cells differentiate in a coupled manner, producing a new bone section

in a few weeks.

Osteoclasts, which are multinucleated giant cells, arise from hematopoietic stem cells

25 and are the primary cells responsible for physiological and pathological bone resorption.
Osteoclasts are specialized for the removal of both the inorganic and organic phases of bone
(Blair e al., 1986). Changes in the levels of cytokines and growth factors in bone
microenvironment cause abnormal bone resorption by the osteoclasts (for a review see
Mundy, ef al., 1997). Accordingly, forced expression of IL-4 (Lewis, et al., 1993), and G-

30 CSF (Takahashi, ef al., 1996) in mice induced osteopenia, while mice overexpressing soluble
TNF-0. receptor (Ammann, et al, 1997) or depleted of the IL-6 gene (Poli, ef al., 1994) are

protected against bone loss caused by estrogen deficiency.
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predetermined-quantity of the therapeutic composition. The quantity to be administered, and the
particular route and formulation, are within the skill of those in the clinical arts. A unit 30 dose need not
be administered as a single injection but may comprise continuous infusion over a set period of time.
Unit dose of the present invention may conveniently be described in terms of mg per volume of
formulation or weight (e.g., milligrams or mg) of therapeutic composition.  In some embodiments,
the method for the delivery of a composition comprising one or more compositions of the invention is
via systemic administration. However, the 5 pharmaceutical compositions disclosed herein may
alternatively be administered: pediernierallyssubatiians oushyisindpattachpal icidifiavien otighy,
intradermally, iniramuseylay, Of SveRntaPetansally . Jaselon. may.ae by Syrngearany other

method used for injection of a SO|UtIOﬂ.S0|,UtIOI’IS of the active compounds as %{ree base or
pharmacologicQiRFattEpBe €ahs 2B iR 56%répated in water suitably mixed with a surfactant, such
as hydroxypropylcellulose. Dispersions may also be prepared in glycerol, liquid polgethylene glycols;

and mixtures thereof AFESIHEGNES EFRIRIBIA PSR CHRARBREGE 4dba guaie L™ re B e parations
contain a pfeseivativeitd ey erititie gsewthoekneiobrgdnisms hiikedrarimateutigadfarms suitable for
injectable use mlﬂg@a@&%&,aa%@@é%ngo@{ ﬁ'ﬂé@ﬁﬁ%&%@%@gé{%ﬂ&@nﬁﬁ%ﬁﬁr%ﬁ%ﬁge 15
extemporaneo ffePa[aﬁ'% of ti&erlle |n4teglt§gl o%%l'#'gnes Olffdl ersions (lg,SéSIt:’egtgpts 4§,466;468,
specifically inc rpgrﬁtézd’herg?h )}er(gfl fencelin its en |Sré1tqy3.(1npa CaSESthe form must be sterile and
must be fluid td\¥peceleeer? thamehsipaykingapiineekistso [bentspdiesissablexintithdissrritions of
manufacture anghsiarage anchinustibepieseivadnagainshdhteantaminalingaetioniRéapricroorganisms,

such as b"i‘ﬁter%&%&‘?ﬁ%ﬁ&lzm@é@@%s?&géﬁ{a}:%[& %ﬁl(%ca%h{)?@trg{ugéﬁp e';’lailoﬁleggecqm&g%%imng’ for
example, water; ethanol,golyo e.g., g\%cerol, propylene géycol, and liquid polyethylene glycol, and the

I
like), suitable MRITELRSPart ST Ve R EBIe LI AR BT HERB RS AT BE 8@ for example,
by the use of asmdatimgosuthas/tedtunidysthevelamtéfrande oftdé swquirdt partetersize in the case of
dispersion and Ry:ihe useQtSuifactantso.the-Rreyentipnehihe actlienef Zempucreorgagisms can be
brought about by yarigus antibacterial and antfunoal agents, for examnle, pasabens, chjorobutanal,
phenol, sorbic acmf, %ﬁlmerosarf, and the hike. i many cases, It will be pre?lérab & 10 Indllde isotonic
agents, fot exattfiReesqedrs B ROEitthieHeriessPY SiEisEetr alss &t PSRV & TrECHA) EBBId Compositions
can be broughtadcet by the liseirtthe icomposiyianswhagentsadelaytagiabsorhiibbsfonexample;

aluminum mongstearate,and gelatin.3RECKRAreNRAlAdMinistiation inaRAdYeaUSs sAltion; for

example, the solytion should . o i
activity or an increase or decrease in osteoclast activity. Compositions and methods for

modulating osteoclast and/or osteoblast in a subject would be useful in the treatment of a

20  variety of diseases or conditions associated with bone loss.

All the conditions listed above would benefit from treatment with agents which inhibit
or regulate osteoclastogenesis or bone resorption. One mechanism for the inhibition of bone

resorption is the inhibition of osteoclast precursor cell fusion.

III. METHODS FOR TREATING OSTEQOLYTIC CONDITIONS

25 The present invention involves the treatment of subjects with a pathological bone
resorbtion malady or condition. The term “therapeutic benefit” refers to anything that
promotes or enhances the well-being of the subject with respect to the medical treatment of
his/her condition, which includes treatment of osteolytic conditions and/or regulation of bone

resorption, osteoclast activity, and/or osteoclastogenesis.
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be suitably buffered if necessary and the liquid diluent first rendered isotonic with sufficient saline or
glucose. These particular agueous solutions are especially suitable for intravenous, intramuscular,
subcutaneous, intratamoral and intraperitoneal administration. In this connection, sterile aqueous
media which can be employed will be known to those of skill in the art in light of the present disclosure.
For example, one dosage may be dissolved in 1 ml of 5 isotonic NaCt solution and either added to
1000 nil of hypodermoclysis fluid or injected at the proposed site of infusion, (see fm example,
"Remington's Pharmaceutical Sciences' 15th Edition, pages 1035-1038 and 1570-1580), Some
variation in dosage will necessarily occur depending on the condition of the subject being treated. The
person responsible for administration will, in any event, determine the appropriate dose for the
individual subject. 10Moreckesteedytisprantieat atbReliEParations should meet sterility,

pyrogenicity, general safsty,Apchpuristandards asraied b ERMOMlice./Bielggics standards.

Sterile injectable solutions are prepared by incorporating.the active compmmads’in the reqwred amount

in the appropriat® SoIBRTH VARBYESHE %8?3%%0%%@ &l israted dpBIE B P quired,
followed by filteredy Steriiizatioh. Gelrariaily odispeasivils ere prayreeiyyutsd ﬂﬁdb?pmatmg the various
sterilized active mgr@dieﬁktsd&t@s@@&eari&@wemgée MépieR G QB tRINBoHAEHRsi GrdisRersiansmedium and the

required other INGregiGNEs, fro a‘i% e%P%Z%Q a%%QC%Q{?V%’;JQaEQ%%%‘?%o‘RE sterlgipowders for the

preparation of sterile |nJectab & 0 utions, the $ome methods of preparatlon are vacuum-drying and
freeze-drying teéﬁﬁfdﬁf@%%h&ﬁ%e‘?&%@%d\ﬂihéplﬁf ‘Eﬁ‘éc%\dﬁ@tés fgretia pitio iRy dteitoial desired
ingredient from eopteviogslydsterilesilierddy 2D sotatitn ltseneof. The compositions disclosed herein
may be formulated in a. neutral or salt form. Pharmaceutically-acceptable salts, include the acid
addition salts (formedAwithittre iremantindtyroupsatthelprotels)iandwhith adefoidiedwith inorganic

acids such as, fehexamnpieidydsochlarig,onRhespheric Acids.ar sWch.Rganieacidsiagacetic, oxalic,
tartaric, mandellc 25 aqd tpn%h]cl)|1(§e > eadlts formed with thg I ee ¢t arb(p@{e gru 5{5 can da}lso be derived from

hl O fa ce, 3‘)111111’1126 or hi ¢ COn ]}
morganlc bases SUC as, 1or exampe sodium potassium, ammonium, C ium, or errlc hydrOX|des

and such organi %S 4% TEBYRGy L STHED fTRSEh SRRSO S FBRateba R ke, Upon
formulation, solutionstiwillcbeisdiinsteredinamraiderasompatible with the dosage formulation and in
such amount as is therapeutically effective. The formulations are easily 30administered in a variety of
dosage forms such adisjeetabiecsoletiorandtadt fefssisd tapsblestegvbithectike, or otherwise
15 reverse, hinder or reduce the resorption of bone using the methods and compositions of the
present invention. The routes of administration will vary, naturally, with the location and
nature -of the lesion and may include, for example, intradermal, subcutaneous, regional,

parenteral, intravenous, intramuscular, intranasal, systemic, and oral administration and

formulation.

20 Continuous administration also may be applied where appropriate. Delivery via
syringe or catherization is contemplated. Such continuous perfusion may take place for a
period from about 1-2 hours, to about 2-6 hours, to about 6-12 hours, to about 12-24 hours, 1o
about 1-2 days, to about 1-2 wk or longer following the initiation of treatment. Generally, the
dose of the therapeutic composition via continuous perfusion will be equivalent o that given

25 by a single or multiple injections, adjusted over a period of time during which the perfusion

occurs.

The treatments may include various “unit doses.” Unit dose is defined as containing a
predetermined-quantity of the therapeutic composition. The quantity to be administered, and
the particular route and formulation, are within the skill of those in the clinical arts. A unit

30  dose need not be administered as a single injection but may comprise continuous infusion

over a set period of time. Unit dose of the present invention may conveniently be described in
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As used herein, "carrier" includes any and all solvents, dispersion media, vehicles, coatings, diluents,
antibacterial and antifungal agents, isotonic and absorption delaying agents, buffers, carrier solutions,
suspensions, colloids, and the like. The use of such media and agents for pharmaceutical active
substances is well known in the art. Except insofar as 5 any conventional media or agent is
incompatible with the active ingredient, its use in the therapeutic compositions is contemplated.
Supplementary active ingredients can also be incorporated into the compositions.  The phrase
"pharmaceutically acceptable” refers to molecular entities and compositions that do not produce an
allergic or sirsitas oftoward relotionf Vitteradmisistsidd (Qstoriliarman o ie)pre faratioticof an aqueous
composition thahegatains a protein as an active ingredient is well understood in the art. Typically, such
compositions are prepared as injeetables, either as liquid solutions or suspensions; solid forms

suitable for solutonq, qt SUSRARYIAN i, HaHIhRLORIAINESIION AN RIS DERIERAIE e B Combination

Treatments 15hi certain embodiments, the compositions and methods of the(ﬁresent invention involve

a compound THEbitHEPeHHeghISf n@aodﬁ‘éenr%%brﬁtlc‘ﬁ? SERSBE ORI B d /o8 $t86c 12 togenesis,
which in iurnpmaydgemecb@mmmbmdtwhwhhemhenagétﬁtsaw@@Mpdmttmwd@;@rﬂname@the effect of

other treatmeps.ishah. a5 apli-ReoRiatc tisalmanisy to; quglity.efdifef asublgst being

treated. These compositions word be% wged in 20 a combjned amaunt effective to aghieve the
desired effedBFgE &, REKNhE ?Zf W TRER AR AT AISESE SsRiaib THESiSRiBiton of

osteociasotgengsis, the activity of osteoclasts, or the resorption of bone. This process may involve
contacting the cells with a composition of the invnetion, and a second therapeutic agent(s) or multiple
factor(s) at the santeliivas thisemeiybecaghiededskiccbmniactingptheccllivilly acsimghéecaaposition or

pharmagglogica) 25, formulation thainslydesing o mRER AGCRIS, O RGSAIASNG N

g.cell with two or
more distinct compaositions or formulations wherein at least one composition includes a composition of

the inventionHME S8 o AT oS biifeP EBHTE oSt ot Rtedsivs &bsAE: At dBtt® agent. hi one
embodiment théteé gréseritsinVedtiondiitaly contienp et edrthataitso Stevpiasti@ortherapy s used in

conjunction Wit immung W&é@%@éﬁf%ﬁf@%&@o@&ﬂl@ﬁ@ tonRY %@Mi&l ﬁ»ﬂﬂs@ﬁﬁ:&%@@ﬂc

anti-cancer, or.cell cycle re tin gents Alternatlv the ther rec de llow the other
agent treatmgﬁ?%%/fgt%sﬁlérf ?ga %b?efr% PHInEE \le gﬁgeﬁsﬁmgn%% gogfe or more

second tﬁera«gxw@wa@gemsambwam eétemlaenlmﬁpysahélwp%dd%ﬁmlﬂé afegdhttissue, organ

or subject, one;géoidel Q@d@ﬁ’f@dﬂb&%{b‘éﬂ{&ﬂa&ﬁ]@ré’amﬂ@%&ﬁ%@fﬂm% digl potaxpite hetween the time
of each dellver‘}/ ‘?uch that the s ?ff tandt e inventive ¢ rﬁ}?osngn %/voul stl ‘% e able to exert
S ectont i

erile lés & 6X1 1t t at easy syringa ex18
an advantageou y 5 combine e Su ASuchiRstances, 1t is Cont emp ed that one

may contact ﬂa?éeeeﬂhwmrﬁﬁwmeamieéa\mmnaecbdﬁri@ 28t BPEabh Wﬁ%&gﬁﬁ‘@?etb‘?eferably,

within about Ged@nhiafteaahiethermlbrs&opari Sy alitons, bideay Jae fegirable to extend the time period for
treatment significantly, however, where several d (2, 3, 4, 5, 6 or 7) to several wk (1, 2, 3; 4,5, 6; 7 or

8) lapsexbetween thesaspastive adMiSEalNGspersion medium containing, for example, water,
ethanol, polyol (e.g., glycerol, propylene glycol, and liquid polyethylene glycol, and the like),
suitable mixtures thereof, and/or vegetable oils. Proper fluidity may be maintained, for
example, by the use of a coating, such as lecithin, by the maintenance of the required particle
size in the case of dispersion and by the use of surfactants. The prevention of the action of

25  microorganisms can be brought about by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many
cases, it will be preferable to include isotonic agents, for example, sugars ‘or sodium chloride.
Prolonged absorption of the injectable compositions can be brought about by the use in the

compositions of agents delaying absorption, for example, aluminum monostearate and gelatin.

30 For parenteral administration in an aqueous solution, for example, the solution should

be suitably buffered if necessary and the liquid diluent first rendered isotonic with sufficient
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10'Various combinations may be employed, for example a composition of the present invention is "A"
and a second therapy; such as chemotherapy, is "B": A/B/A BIAJB B/B/A AA/3 A/Bilt BIA/AB/A/B/B
B/D/B/AB/B/A/13 A/AIB/B A/B/A/B A/B/13/A D/B/AIA B/A/B/A B/AIAIB A/A/A/IB DIAJIAIA AIB/AJA
A/A/B/A 15Administration of the anti-osteoclast compositions of the present invention to a patient will
follow general protocols for the administration of such compositions, taking into account the toxicity; if
any. It is expected that the treatment cycles would be repeated as necessary. It also is contemplated
that various standard therapies, as well as surgical intervention, may be applied in combination with
the described therapy. 20In specific e bodiments,ti,t is contemp ate;%I tp%I antanti-cancer therapy, such
as chemotherfapy; ¥ FStHer A Sﬁ%ﬁ%aﬁﬁ%ﬁ‘fésréﬁﬁ,l‘?gséﬁﬁ%vg i Eonbiation Witfi the antiosteoclast
therapies deséfibadtiteifbaiaisernothEtapy @ atide iiverafies] alse e a Varigty of combination
therapies withdaaittiah ertical @S andstadiation-hasedhiiepinents. combinaienich#motherapies include,
for example, gisplafin4ERRE)-LaheRlalin, AcRBRING. macbioreibamingeyelephosuhamide,
camptothecing fosfamise, meRna/an, RIANIRKS: BusHfAN MIYOsKIe, dactipergyein. damorubicin

proposed site of infusion, (see for example, "Remington's Pharmaceutical Sciences" 15th

Edition, pages 1035-1038 and 1570-1580). Some variation in dosage will necessarily ocecur

depending on the condition of the subject being ireated. The person responsible for

administration will, in any event, determine the appropriate dose for the individual subject.

10 Moreover, for human administration, preparations should meet sterility, pyrogenicity, general

safety and purity standards as required by FDA Office of Biologics standards.

Sterile injectable solutions are prepared by incorporating the active compounds in the
required amount in the appropriate solvent with various of the other ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by

15 incorporating the various sterilized active ingredients into a sterile vehicle which contains the
basic dispersion medium and the required other ingredients from those enumerated above. In
the case of sterile powders for the preparation of sterile injectable solutions, the some methods
of preparation are vacuum-drying and freeze-drying techniques which yield a powder of the
active ingredient plus any additional desired ingredient from a previously sterile-filtered

20 solution thereof,

The compositions disclosed herein may be formulated in a neutral or salt form.
Pharmaceutically-acceptable salts, include the acid addition salts (formed with the free amino
groups of the protein) and which are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic,

25  and the like. Salts formed with the free carboxyl groups can also be derived from inorganic
bases such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and
such organic bases as isopropylamine, trimethylamine, histidine, procaine and the like. Upon
formulation, solutions will be administered in a manner compatible with the dosage
formulation and in such amount as is therapeutically effective. The formulations are easily

30  administered in a variety of dosage forms such as injectable solutions, drug release capsules
and the like,
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doxonibicin, bleomyein, plicomycin, mitomycin, etoposide (VP 16), tamoxifen; raloxifene, estrogen
receptor binding agents; taxol, gemcitabien, navelbinc, farnesyl-protein tansferase inhibitors,
uansplatimun, 5-fluorouracil, vincristin, vinblastin and methotrexate, or any analog or derivative variant
of the foregoing. 2. Radiotherapy Other factors that cause DNA damage and have been used
extensively include what 5 are commonly known as "rays, X-rays, and/or the directed delivery of
radioisotopes to tumor cells. Other fonns of DNA damaging factors are also contemplated such as
microwaves, proton beam irradiation (U.S. Patent 5,760,395 and. U.S. Patent 4,870,287) and
UV-irradiation. It is meskiikelycthatcaltiaf thesesfagioramefiecondrgatisrange ef-damagel@n DNA, on the

precursors of Ol Lenligalion AnchieRRlEALRN AN AR IDe.APSRHR AEh A paintenance of

chromosomes. Dosage ranges for X-rays range from daily doses of 50 to roentgens for prolonged
periods of tim&§%ito R, WreyletigBssLBr5960 8185807 PEdMg&hs THossgd suideitor
radioisotopes watyasitchy, inchdepént otivthaisaihdfeiothdiseto peththat sthempgthran@d type of radiation

emitted, ard thguRlakeibYathRneplastic sellsrlharrrme. teniasted »_imd.eXRosedy  hen applied to
acell, are use%herglpcto 15 d.ef‘.scrlbe th process XV\ﬁhICh a th_(lecrt'%e,utlccﬁomposm n gpd a

apeutic ¢compositions 1s conte . ementar mgredients’ can also
chemotherapeuﬁrcpor radiot erapeutic agen}f are delivered to gtarget CEIFtiasu&"dr subject, or are

placed in direchjasaipesitiorihscammesifisstherapy In the context of cancer treatment,
immunotherapeutics, generally, rely on the use of 20 immune effector cells and molecules (e.g.,
monoclonal antibodiék) tohase et dncheeesticcamsertiedis. Rastuittamealbetiderceditimiug such an

example. The ipune-eftestes repdrcdon exapple sananihocyspesils faesamamasker on the
surface of g t“P&%I{F&%L!n,T . antibo 1&136)'9nea5n@é/u§%5\{r?p§s§gg‘£] RIleGIonOf nerapy, ot It may recruit other
cells to actually effect cel |Iﬁn§. The anti ocfy also may be conjugated _tga rug or toxin
(themotherape#edion iadisH afgE 8t ARerin, HBIETE 0%, [SETQEERM o PERITARY serve merely
as a. targetingiaigeritlcA ltenpativiedyidthe witfectosumppdiea fyhidphocyteichirfimgoédugorfacermolecule that

interacts, eitheg,diteGHy:Rningirasito Witk Jumaicell targsts Various effector cells include cytotoxic T
cells and NT. cells, The combination of therapeutic modalities, i.e.” direct cytotoxic activity and

inhibition or reductiop of Ry l32,\Wey!e,piayide therapeutic benefit in

15 In certain embodiments, the compositions and methods of the pfesent invention
involve a compound inhibiting or regulating bone resorption, osteoclast activity, and/or
osteoclastogenesis, which in turn may be used in combination with other agents or
compositions to enhance the effect of other treatments, such as anti-neoplatic treatments, to
better the quality of life of a subject being treated. These compositions would be provided in

20  a combined amount effective to achieve the desired effect, for example, the killing or growth
inhibition of a cancer cell and the inhibition of osteoclasotgenesis, the activity of osteoclasts,
or the resorption of bone. This process may involve contacting the cells with a composition
of the invnetion, and a second therapeutic agent(s) or multiple factor(s) at the same time. This
may be achieved by contacting the cell with a single composition or pharmacological

25 formulation that includes two or more agents, or by contacting the cell with two or more
distinct compositions or formulations wherein at least one composition includes a
composition of the invention and one or more other compositions includes at least a second

therapeutic agent.

In one embodiment of the present invention, it is contemplated that anti-osteoclast
30 therapy is used in conjunction with immune therapy intervention, in addition to pro-apoptotic,
anti-angiogenic, anti-cancer, or cell cycle regulating agents. Alternatively, the therapy may

precede or follow the other agent treatment by intervals ranging from minutes to weeks. In

21




30 the treatment of Erb132 overexpressing cancers. A number of different approaches for passive
immunotherapy of cancer exist, They may be broadly categorized into the following: injection of
antibodies alone; injection of antibodies coupled to toxins or chemotherapeutic agents; injection of
antibodies coupled to radioactive isotopes; injection of anti-idiotype antibodies; and finally, purging of
tumor cells in bone marrow. In active immunotherapy, an antigenic peptide, polypeptide or protein,
or an autologous or allogenic tumor cell composition or "vaccine" is administered, generally with a
distinct bacterial adjuvant (Ravindranath and Morton, 1991; Morton et al., 1992; Mitchell et al., 1990;
Mitchell at al.,c29@98helns medanomer irm aroti drapysuthogenpatientsmihotalibisthighukOigM response
often. survive hatier ihandhpse wha alicitne:gn lewsgManrtibodien (Marten atale 4292). IgNI
antibodies are ofien, ransient Antibodies, and.ie exeeption (o ihe fls, appears fo,0e ant-ganlioside
or antlcarbohyogFate antibodies. n ac;op?l\(e |mmuno%herapy, the patler?t‘s cwcuf‘atmg lymphocytes,
or tumor infiltr AUV RPHEEY RS TS SRIBBEF PV itreP A st Aect By hy Bk TSR 8ENAS 1T-2 or
transduced withnibgleriitest farthd mbjenetrosis jarckeg administerat(Rosenberg abat:,t1088; 19E9). To
achieve this, ope wauldiadminigterieananimahon brman-prlient, animuneiogically effective
amount of acti\é%t?g"lglr)ﬂw%n%%tggeiln ombination with an badciuv t-incor o({%t_ed anigenic peptide

e Th i rab

.. al 1 some sttuations, it ma esirable to exten e . \
composition as descri erein. The Activated YmphocyteS witl mos preferatb?y B&'te patient's own

cells that werd% et siatERdmbarsisb avbr tarrvr s pié-anfl eictivatst@riedpantded"”) in vitro.
This form of immunotheyapychasprodueeskepraalitasesef regression of melanoma and renal
carcinoma, but the percentage of responders were few compared to those who did not respond.
4.Surgeryl Approxinéatedys6obabpersans withganpde fov ik ande sgoosurgeiny: of semedype; which 75

includes prevepiafiyg :HRYNQSIC QL SIRAIPY sSHrative.aadRalliative surgery. Curative surgery includes
resection in which all or part of cancerous tissue is physically removed, excised, and/or destroyed.

Tumor resection refgfs/io physicalsemoyal af atAeast parkof asumner. Bsaggition to tumor resection,
treatment by surgery includes laser surgery, cryosurgery; electrosureery, and microscopically

controlled surgery (Meltg/ ssurageeyh/B is iMriiers 30 gastemplaigddhat thempresent invention may be
used in conjunction with removal of superficial cancers; precancers, or incidental amounts of normal

tissue. EXAMPLESs,/a/Blhe following examples ate ingludeddo demanstkate preferred embodiments
of the invention. It should be appreciated by those of skill in the art that the techniques disclosed in the

exampleswhich follgurigpresenisiachnigyesdiscavaiachyothie inventordadunaiopuell in
will follow general protocols for the administration of such compositions, taking into account
the toxicity, if any. It is expected that the treatment Cycies would be repeated as necessary. It
also is contemplated that various standard therapies, as well as surgical intervention, may be

applied in combination with the described therapy.

20 In specific embodiments, it is contemplated that an anti-cancer therapy, such as
chemotherapy, radiotherapy, or immunotherapy, is employed in combination with the anti-

osteoclast therapies described herein.

1. Chemotherapy

Cancer therapies also include a variety of conibination therapies with both chemical

25 and radiation based treatments. Combination chemotherapies include, for example, cisplatin
(CDDP), carboplatin, procarbazine, mechlorethamine, cyclophosphamide, camptothecin,
ifosfamide, melphalan, chlorambucil, busulfan, nitrosurea, dactinomycin, daunorubicin,
doxorubicin, bleomycin, plicomycin, mitomycin, etoposide (VP16), tamoxifen, raloxifene,

estrogen receptor binding agents, taxol, gemcitabien, navelbine, farnesyl-protein tansferase
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5 the practice of the invention, and thus can be considered to constitute preferred modes for its
practice. However, those of skill in the art should, in light of the present disclosure, appreciate that
many changes can be made in the specific embodiments which are disclosed and still obtain a like or
similar result without departing from the spirit and scope of the invention. 10EXAMPLE 1 METHODS
Animals and cell lines. Female athymic NCr nude mice were obtained from the Animal Production
Area of the National Cancer Institute, Frederick Cancer Research Facility (Frederick, MD). Black 6
mice (C57BL/60 were Obtained from Charles Rivers (Wilmington, 15 MA). The mice were maintained
in a laminar air-flow cabinet under specific pathogen-free conditions and used at 8 weeks of age. An
facilities were approxeshhyithauArpaicanAsseciation fanAccieditationafl abaratianyAnimal Care

(AAALAC) in agerdance with the, %g}fg[ﬁtgregulations and standards of the United States Department
of Agriculture, the Department of Health and Human Services, and the Nffi. Mice were fed with Purina
rodent 20 chow and tap water gg Jibitn, T he breast cancer cell line, MDA-MB-435 cells were
maintained in D-MEM (itivitrogen, Carlsbad, CA) supplemented with 10% PBS and 1 iriM sodium
manvate (invitrogenC&aratrae e Ayusp RS h8usehiaddryp harge e PHinesiRINAreBd Mivas maintained in
DMEM/13%2 (mwvitrawenly Garshag A% supplerenteitddkithidia% P BSdkavitkegenmaarlsbad, CA). All
media contalnedh Uiz ari 24 2ok 100 Ao ik 230 RS EIANON . RPICHiEL S Streptomycin at 100
units/m1 and am ericin B 250nghl). Prima r rimary bone marrow cells
(BMM) from th?émtg%ri;lgaéﬁné“ g??%c% ééze%ts%%pt%éﬁg%eisaégcEgéyf%rﬁlﬁ%é%%ﬁicagf(‘ 7BU6J) 8-12
weeks of age. BHHEhalrBw WAL AR sUPRRIIESTTetaresdvms A dErasntiigéd at 1200 rpm for
3 minutes and setsusperndediPBinbirtco mpleteDaM BB selis we e irsabétethdn 20 30 ml Red
Blood Cell dysishuiendB8:aiNEiad., Dogik sagivim: Ricarhenatesd dily/doeDJiA) at1@om temperature

for 1-2 min. 25 gl of, DAVEM Sueplementedwith;10% GRS @8 F0%0ses of 2000 to 6000

roentgens. Dosage ranges for radioisotopes vary widely, and depend on the half-life of the

isotope, the strength and type of radiation emitted, and the uptake by the neoplastic cells.

The terms “contacted” and “exposed,” when applied to a cell, are used herein to
15 describe the process by which a therapeutic composition and a chemotherapeutic or
radiotherapeutic agent are delivered to a target cell, tissue or subject, or are placed in direct

juxtaposition.

3 Immunotherapy

In the context of cancer treatment, immunotherapeutics, generally, rely on the use of

20 immune effector cells and molecules (e.g., monoclonal antibodies) to target and destroy
cancer cells. Trastuzumab (Herceptin™) is such an example. The immune effector may be,

for example, an antibody specific for some marker on the surface of a tumor cell. The
antibody alone may serve as an effector of therapy or it may recruit other cells to actually
effect cell killing. The antibody also may be conjugated to a drug or toxin (chemotherapeutic,

25 radionuclide, ricin A chain, cholera toxin, pertussis toxin, efc.) and serve merely as a targeting
agent. Alternatively, the effector may be a lymphoeyte carrying a surface molecule that
interacts, either directly or indirectly, with a tumor cell target. Various effector cells include
cytotoxic T cells and NK cells. The combination of therapeutic modalities, i.e., direct
cytotoxic activity and inhibition or reduction of BrbB2 would provide therapeutic benefit in

30 the treatment of ErbB2 overexpressing cancers,
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tunts/m1 penicillin (complete D-MEM) were added and 13MM cells were centrifuged for 3 pith at 1200
rom. BMM cells were then plated at 1.5 - 2 x 107 cells/10 cm dish with 10 ml of complete D -MEM and
cultured for 24h. Non-adherent cells were collected and centrifuged for 5 mm at 1200 rpm and plated
at a concentration of 2.5 x 104 cells/well in a 96 well dish for cytotoxicity assay, 2 x 104 cells/well in
48-well plates, or 5 x 103 cells/well in 96-well plates for osteoelast differentiation assays. Cells were
cultured for 3 days in the presence of 10 nent M-CSF before they were washed and used for further
studies. For differentiation into osteoelasts 30-100 ng/m1RANKL is added. Media was supplemented

it 2 cays with s 1, GSE 30 RANK - JGY RIOUEIN. ASSR CHNGHEJoLAC1506 avainct BV

cells was performed in flat-bottom tissue culturé dishes 5 x 104) were plated and

treated as deschbed aBHE. SiEsan WL t&ﬁ&?&&”‘fﬁ‘%&ﬁﬁ?&%&%P&‘?ﬂ‘é}%&“&& 3 Wells in 2-fold
serial dilutions. CéiksligserauiivdUbatsidsfor Rnkphierapthiicressminingcinihedrenitbodils weredstained with
crystal violet (08462086 spethaba)nsrd:splubiizedwin S amsamns pufer (OwdM sgdium 15citrate,
pH 4.2, in 50% ethanal), Absorbance was measured at 630 urn using an EL,800 universal microplate
reader from Bio-Tek Instruments Inc (Winooski, VT). In nit Osteoclast Differentiation. BMM cells (2

105 were cultured jp 48 el olates. a8, dsaciineda0aye: ANd MO, ARRIEdMIRLOD gim! RANKL

and 10 nahnl M-CSF. Cell cultures were subject t0 a medium change on day 3. At day 5, cells were

fixed and "Il asEEEOBHISF YAEBI S il &R c‘@fﬁ’l%dsﬂ‘?@“fﬂfﬁ‘?ﬁ]uﬁ%%?lb’fwﬁﬂP -positive,
multinueleated {isgurugletyiatefivpar RethSempost- reatmdit LSt dner cbciAt AditkipBesphatase kit
from Sigma-AldsichoS! MiQus, MD)1993). B@ﬁ@r&%&ﬁ@mmﬁoﬁ&&w BN MVhels R % ikd3)gwere cultured in

96- well plqges ?g%/p%%:oﬂ?e (9’[91‘1 s%r\%vehg §e1 tl[;[anct%g% %hc‘ietqg%g o ? tebo % oHénplzates from
Cambrex 25 (Rock and, ME) and initially treated with 100 nwhil RANKL and 10 ngAnl M-CSF with or

without 300 nI\VA S}@I%@GI%’I“&?HH’F&G\R/@%t@ﬂﬁﬁlb"iﬁ@%‘?ﬂéﬁ Wﬂ#‘?@%’?ﬂ’i@ﬁgﬁﬁw ®8¥ 4t day three. On
day 5, a 200 aligthetaot-thesBepErramnthhsdaredibodizaluate the bone resorption from the
OsteoAssayTM plate. Bone resorption was evaluated by measuring collagen | release from the
OsteoAssar plate usitigp®rossiapsefdreGoittie BichSAikititom NohdivtBios diereaB0dBiagnostics
(Portsmouth, VAmAbsah)anrcewas imeasuad.at 45 yaphdisingsibergading mh&hlsnini@s reference
using an E{.800 éﬁ%&%@%@h%&%@!?%&%@&&i&%d%sl&%rﬁnét&"Ws@ﬁzd% (Ana@skp)T)-

Tfine- dependeney 131\41v1 cells’ (2 x104) were cultured in 48-well plates as described above and

2 X
treated with RARIKE VO REARL TS ﬁl’tﬁ%“é%é)é%@a&#’f)}%eaﬁé%‘fn@ﬁé‘w ET(TB6EHHIEY either with
PANKL stimulat@ivaiahd TREPY staineePab 06 bnp st treantientt- drceideredd] 2ni2dnisr #®tdours post-
RANKL stimulati@masichd RARssiainedrah 6. Lelswsigtiendixet astaingedafoy TRAP and the

mmibers of osteQelasisweke Caned 19,8260 GRAGINAN 88 AESGHRGL ANV B activated (or
20 “expanded”) in vitro. This form of immunotherapy has produced several cases of regression
of melanoma and renal carcinoma, but the percentage of responders were few compared to

those who did not respond.

4. Surgery

* Approximately 60% of persons with cancer will undergo surgery of some type, which

25  includes preventative, diagnostic or staging, curative and palliative surgery. Curative surgery
includes resection in which all or part of cancerous tissue is physically removed, excised,
and/or destroyed. Tumor resection refers to physical removal of at least part of a tumor. In
addition to tumor resection, treatment by surgery includes laser surgery, cryosurgery,
electrosurgery, and microscopically controlled surgery (Mohs' surgery). Tt is further

30 contemplated that the present invention may be used in conjunction with removal of

superficial cancers, precancers, or incidental amounts of normal tissue.
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RAW 264.7 Co-culture with MDA M11435 cells and Conditioned Media. For co-culture assays
RAW264.7 (500 cells/well) were plated in 96 well plates and allowed to adhere for 12 hours.
MDA-MB-435 were then introduced into the RAW264.7 culture at increasing 10 density and incubated
for 12 hours. Co-cultures were then incubated with or without 51(1606 at indicated concentrations for 5
days. Cells were then fixed, stained for TRAP and the numbers of osteociasts were counted in each
condition as described above.  For conditioned media the MDA-MB-435 cells were plated in 10 cm
plates (1 x 106 cells/plate) and incubated for 36 hours. Media was then removed, centrifuged for 5
minutes at 15 2500 rpm and supernatants wel ig@lﬁ}tgesd and placed in 4C until use. RAW264.7 cells
(750 cells/well) were plated in 96 well plates d to adhere for 12 hours. Conditioned media
from MDA-MB-435 cells miasvagddednane incubiaterwitnoisbié1606-al indicated:conggntrations for 5
days. Cells werg,{fiap, e SADed, QL URAR,apd-ha mber s ahstageasis etesgeunted in each

condition as degcribed above. 20Intrabone Injections and Processing of Bone Tissue Samples.
MDA-MB-435 c%ﬁﬁ%@?@sﬁ‘ﬁ’%%@%&d"WW&‘?H&%’%‘I&‘F& ésﬁ?‘ieti‘ﬂwgeéﬂ?*&%t& BiPWETe tvashed in PBS
and resuspéndét MpBihp rasaitetiondiirieipererisiy it thestivfearcinmhaledwdreitinesthetized with
intramuscular injectitensrafketanine (t0RIMg/kg) ptusasepromaziiene? herag/kgdicsemale athymic NCr
nude mice werepiectedWith: %.302:MR A MBrAR mb st Cancel.rails Ry Ok kof PBS, into the

proximal tibia of each mouse ﬂ{sm a z8-gauge J—lllamilton needle. ghre,e, dags after -~njaection the mice
were divided infléld?ssgﬁrooupaéna‘?n1 TrelatiRaft SArE St dERPBF A TRl ROF YEHIIRS (B 5% Methoce1/0.4%
Tween in PBS) ™58¢fg/kg 51(1606 in vehicle, or S.C. injections of 10 jig/kg Zomeda (zolendronic
acid) in 0.1 ml PBS. Treatment was given daily, 5 days per week for 9 weeks. X-ray images were
taken at 35 Uays after injection, 30 and also e idintervals, After 9 weeks, final X-ray images
were taken, tumor Weiﬂht calculated from the difference in weight of the tumor-bearing and non

tumor-bearing |84 Ssame animal. the tumor-injected tibia was fixed and decalcified in EDTA, and
sections stained for thapiiesenceifiatindcleatgd.esteoelast sz 3 aucieilimsing.kexcocyte Acid

phosphatase kit o SiamaAJch (Shbonis MO) gidencs ol bumor s iia ygs determined by

examination of histology sections. Weight of tumor was determined as follows: wei { of injected leg -

weight of non-iﬁFéE@EH?ﬁMB)Ie@a&Fﬁ’l‘@%%%%ﬁ%ﬁ?%?@ﬁ@ﬁg B shetete Sshifisted ffom digital X-ray
images; NIH Sdibh-pidigraine Wes ugridite! medsurearedoof tibieg wndd kpiczreakogardatculate the ratio of
pixels in lylic zoaestpixelsdrnittiiatagemeRESHT Al fadimritdentity.pateatial kikagadnkibitors,

compounds 1, 2,34 N8 A WRIEIRSISAIRLIMGY Akl dadnhibit RANIGL-inducadysieoclast
differentiation of 1tAW264.7 cells Stlzu%?gg OEO wa&n?%ossear% Sb cause a related compound has been
I chel

shown to be a. (Cjuﬁraeflﬁnﬁ‘el%}%?néf@flesan ] iﬁ?ses ost |e$f‘%lﬁe]?t0fﬁ . T&ﬁ%o%ewas identified

and characterizBePaaREit AL YE HHY THRE NS S Bt HRibie Siecifrai Brzyiteresgay with an 1IC50
of 1.2 nivl and inhibits:Sradependé nibjroteifiity rosin eqpho sphdindaMbn-stredih paliabteconcentrations.
' maintained in D-MEM (Invitrogen, Carlsbad, CA) supplemented with 10% FBS and 1 mM
sodium pyruvate (Invitrogen, Carlsbad, CA). The mouse macrophage cell line RAW?264.7
was maintained in DMEM/F12 (Invitrogen, Carlsbad, CA) supplemented with 10% FBS
(Invitrogen, Carlsbad, CA). All media contained Fungizone at a 1:100 dilution (final

25 concentration: penicillin G, streptomyein at 100 units/ml and amphotericin B 250ng/ml).

Primary Bone Marrow Cell Culture. Primary bone marrow cells (BMM) from the
tibiae and femora were aseptically dissected from Black 6 mice (C57BU6GJ) 8-12 weeks of
age. Bone marrow was flushed out with incomplete D-MEM and centrifuged at 1200 rpm for
3 minutes and re-suspended in 5 m! incomplete D-MEM. BMM cells were incubated in 20

30 ml Red Blood Cell lysis buffer (8.3 g/t NH4Cl, 1 &/l sodium bicarbonate, 0.4 g/l EDTA) at
room temperature for 1-2 min. 25 ml of D-MEM supplemented with 10% FBS and 100

25




The compound is not cytotoxic to 13MM cells and less than 10% of the cells died at 15 600 nlvl
S1(1606; indicating that the inhibitory effect on osteoclastogenesis is not due to eytotoxic activity of
51C1606 on the precursor cells. The structure of this 4-pheylamino-3- quinolinecarbonitrile is known
(Figure 1A) and has an inhibitory effect on RANKL-mediated osteoclast differentiation in BMM in a
dose dependent manner (Figure 1B). MINI cells appear to be less sensitive to SKI606. if added after
initiation of osteoclastogencsis (Figure 2A 20 and 2B). In addition, the ability of 51(1606 to inhibit bone
resorption was studied by stimulating BMNI cells with RANKL oii OstemAssaym plates from Cambrex
(Rockland, ME) with or without 51(1606. I3MM cultures treated with M-CSF and RANKL in the
presence of 30GhadhbicicN6 exdnipitedbavkivbietd-dacseasernmooliagen:t releasgsdanrindicator of bone

resorption, as q&m&a&%&%%&%&@%ﬁﬁ%%%m?nﬁ Tltiecamlt}xl%mmmc%nCer cell line;
MDA-MB-435 to in uc]e) osteouastol%e % ‘!F RAV%%G%%/%@"S was examined. This was found to be
mbe

density-dependBRPWHY ah dptiftat 80O 435° <&l §7§Rf}aﬁlflfeddf@g§$) The optimal
number of RAWZ 6417 é@l@%ﬁs wéEpRdAEEorSPiiosRIdy tobeBousianaffelriciskéulure with
MDA-MB-435 celiscfdataanet, shoveh p-Gonrtliticnadimnedia from M RiMBRsweeisanere also able to

30 support oste;gpl@ég@ggrz@@ma%\éé&% Tcepl paltugs it angpYmal gmweeo@ﬁaﬁ% conditioned

media from MDA-M Aﬁ%e grlés in DM@EVIVXS@% &Etr \ﬁé ls | § s tuattotrpe ability of
MDA-MB-435 cég(fm to induce 0s e%é‘fasto enesis th %\ ﬁ &ils 1€ ﬁlrefeased factor rather

than cell-to-cellP86PratE SRISARAB- %ﬁlﬁréi)aﬁ"}% r@l@&s@%ﬂﬁﬂﬁi&ﬁ’ﬂﬁﬂﬂfﬁ&%ﬁaw&@@PG as the

number of ostebdelz8tsiforaiédidecreased with higher concentrations of conditioned media. Additional

studies included the investigation of the ability of 510606 to inhibit breast
10 Cytotoxicity Assay. Cytotoxicity of SKI606 against BMM cells was performed in

96-well flat-bottom tissue culture dishes. BMM cells (2.5 x 104) were plated and treated as
described above, SKI606 was diluted in culture media and added to the wells in 2-fold serial
dilutions. Cells were incubated for 72 h and the remaining adherent cells were stained with
crystal violet (0.5% in 20% methanol) and solubilized with Sorenson’s buffer (0.1 M sodium
15 citrate, pH 4.2, in 50% ethanol). Absorbance was measured at 630 nm using an EL800

universal microplate reader from Bio~Tek Instruments Inc (Winooski, VT).

In Vitro Osteoclast Differentiation. BMM cells (2 x 10%) were cultured in 48- well

plates as described above and then treated with 100 ng/ml RANKL and 10 ng/mi M-CSF.

Cell cultures were subject to a medium change on day 3. At day 5, cells were fixed and

20  assessed for osteoclast differentiation by counting the total number of TRAP-positive,

multinucleated (>3 nuclei), cells per well 96h post-treatment using Leucocyte Acid
phosphatase kit from Sigma-Aldrich (St. Louis, MO).

Bone-Resorption Assay. BMM cells (5 x 10°) were cultured in 96- well plates as

described above. In short, cells were seeded onto OsteoAssay ™ plates from Cambrex

25  (Rockland, ME) and initially treated with 100 ng/ml RANKL and 10 ng/ml M-CSF with or

without 300 1M SKI606. Cell cultures were supplemented with fresh 10 ng/ml M-CSF at day

three. On day 5, 2 20ul aliquot of the supernatant was used to evaluate the bone resorption

from the OsteoAssay™ plate. Bone resorption was evaluated by measuring collagen I release

from the OsteoAssay™™ plate using CrossLaps for Culture ELISA kit from Nordic Bioscience

30  Diagnostics (Portsmouth, VA). Absorbance was measured at 450 nm using the reading at 650

nm as reference using an EL800 universal microplate reader from Bio-Telk Instruments Inc
{(Winooski, VT).
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5 cancer-induced osteoclast formation. 31(1606 significantly inhibited the MDA-MB-435- induced
ostoclastogenesis in RAW264.7 cells at a concentration of 400 nM 51(1606 (Figure 4A). 31C.1606 was
also able to inhibit the osteoclastogenesis induced by conditioned media from MDA-MB-435 cells in. a
dose-dependent manner (Figure 4B). 31C.1606 was assessed in an in vivo model, using female athym
¢ NCr nude mice (8 10 weeks old) injected with 5 x 105 MDA-MB-435 cells in 0.01 ml PBS into the
proximal tibia of each mouse using a 28-auge Hamilton needle. Mice were divided into three treatment
g-oups and the incidence of tumor in the tibia was determined by examination of histology sections
and weight of tumor. The weights of tibia tumors.in mice treated with either 31(1606 or Zomeda were

significantly smaller than the control g tumoyrs (Eigure 5A and Table 1). 15 Areas of lysis were
significantly less in mi(:%(;.r'1Ll ﬂ%%?é%ﬂ%?ﬁ%’ﬁ%%ﬁg{%% OmedA, ?&%ﬁ‘%énél@'%erq gsnﬁ‘csa-dfi’.crl‘?ﬁi[thermore,
significantly fewet"TRAW-pessifivatle B Hie OB GG YR i iR sBEtSAST F Rt S H8MM3 RKEB96-treated mice
(Figure SC). Compigitéseof the digifaliimagies adcl8hdwinidanl B e has HA«60nT ablédedENaluation. of
31(1606 on IVIDA-MB1435:.8908 Rumer MauseModek bxperinental graunincidencaf tumor in tibia
Weight of tu mor %%%Q&%?M%‘téﬁd gen 1%1&398%?89&4(\)/0%@39 lxgc)relczoé:!'l ecgho e%%l)z:ondition as described

above,

RAW 264.7 Co-culture with MDA MB435 cells and Conditioned Media. For co-
culture assays RAW264.7 (500 cells/well) were plated in 96 well plates and allowed to adhere
for 12 hours. MDA-MB-435 were then introduced into the RAW264.7 culture at increasing

10 density and incubated for 12 hours. Co-cultures were then incubated with or without SKI606
at indicated concentrations for 5 days. Cells were then fixed, stained for TRAP and the

numbers of osteoclasts were counted in each condition as described above.

For conditioned media the MDA-MB-435 cells were plated in 10 cm plates (1 x 10°

cells/plate) and incubated for 36 hours. Media was then removed, centrifuged for 5 minutes at

15 2500 rpm and supernatants were isolated and placed in 4°C until use. RAW264.7 cells (750
cells/well) were plated in 96 well plates and allowed to adhere for 12 hours. Conditioned
media from MDA-MB-435 cells was added and incubated with or SKI606 at indicated
concentrations for 5 days. Cells were then fixed, stained for TRAP and the numbers of

osteoclasts were counted in each condition as described above.

20 Intrabone Injections and Processing of Bone Tissue Samples. MDA-MB-435 cells
were harvested with 0.025% trypsin - 0.01% EDTA solution were washed in PBS and re-
suspended in PBS in preparation for implantation into the mice. Animals were anesthetized
with intramuscular injections of ketamine (100 mgkg) plus acepromazine (2.5 mg/kg).
Female athymic NCr nude mice were injected with 5 x 10° MDA-MB-435 breast cancer cells

25  in 0.01 ml of PBS, into the proximal tibia of each mouse using a 28-gauge Hamilton needle.
Three days after injection the mice were divided into 3 groups and treatment started, of daily
oral gavage of vehicle (0.5% Methocel/0.4% Tween in PBS), 150 mg/kg SKI606 in vehicle,
or S.C. injections of 10 ug/kg Zomeda (zolendronic acid) in 0.1 ml PBS. Treatment was
given daily, 5 days per week for 9 weeks. X-ray images were taken at 35 days after injection,

30 and also at 14 days intervals. After 9 weeks, final X-ray images were taken, tumor weight
calculated from the difference in weight of the tumor-bearing and non tumor-bearing leg of

the same animal. The tumor-injected tibia was fixed and decalcified in EDTA, and sections
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0,2420.07 0.294 +/- 0.06 SE3606 P12 (75%) 0.088 +/- 0.02 0.164 -Pi- 0.09 Zomeda 11/12 (92%)
0.073 +/- 0.02 0.099 1-i- 0.05 REFERENCES The following references, to the extent that they
provide exemplary procedural or other details supplementary to those set forth herein, are specifically
incorporated herein by reference. 5U.S. Patent 4,870,287

stained for the presence of multinucleated osteoclasts (>3 muclei) using Leucocyte Acid
phosphatase kit from Sigma-Aldrich (St. Louis, MO). Incidence of tumor in the tibia was
determined by examination of histology sections. Weight of tumor was determined as
follows: weight of injected leg - weight of non-injected hind leg of the same animal. Areas
5 of lysis were estimated from digital X-ray images; NIH Scion program was used to measure

area of tibias and Ivtic areas, to calculate the ratio of pixels in Iytic zones/pixels in tibia area.

RESULTS

To identify potential kinase inhibitors, compounds 1, 2, 3, 4, and 5 were tested for

their ability to inhibit RANKI-induced osteoclast differentiation of RAW264.7 cells. SKI606

10 was chosen because a related compound has been shown to be a dual inhibitor of Src and Abl
kinases (Boschelli et al., 2001b). SKI606 was identified and characterized. and it was found

that this compound inhibits Src in an enzyme assay with an ICse of 1.2 nM and inhibits Src-

dependent protein tyrosine phosphorylation at comparable concentrations.

The compound is not cytotoxic to BMM cells and less than 10% of the cells died at

15 600 oM SKI606, indicating that the inhibitory effect on osteoclastogenesis is not due to

cytotoxic activity of SKI606 on the precursor cells. The structure of this 4-pheylamino-3-

quinolinecarbonitrile is known (Figure 1A) and has an inhibitory effect on RANKL-mediated

osteoclast differentiation in BMM in a dose dependent manner (Figure 1B). BMM cells

appear to be less sensitive to SKI606'if added after initiation of osteoclastogenesis (Figure 2A

20 and 2B). In addition, the ability of SKI606 to inhibit bone resorption was studied by

stimulating BMM cells with RANKL on OsteoAssayTM plates from Cambrex (Rockland, ME)

with or without SKI606. BMM cultures treated with M~CSF and RANKL in the presence of

300 nM SK1606 exhibited a 3.7-fold decrease in collagen I release, an indicator of bone
resorption, as compared to M-CSF and RANKL freatment.

25 The ability of the breast cancer cell line; MDA-MB-435 to induce osteoclastogenesis
in RAW264.7 cells was examined. This was found to be density-dependent with an optimal
number of 800 MDA-MB-435 cells/well (Figure 3A). The optimal number of RAW264.7
cells was established, for this study to be 500 cells/well for co-culture with MDA-MB-435
cells (data not shown). Conditioned media from MDA-MB-435 cells were also able to

30 support osteoclastogenesis in RAW264.7 cell cultures with an optimal mixture of 10%
conditioned media from MDA-MB-435 cells in DMEM/F12 (Figure 3B). This indicates that
the ability of MDA-MB-435 cells to induce osteoclastogenesis in RAW264.7 cells is due to a
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U.S. Patent 5,466,468 U.S. Patent 5,760,395 U.S. Patent 6,780,996 U.S. Patent 6,002,008 10U.S.
Patent Appin, 20050101780A1 Ammann et al., J. Clin. Invest, 99(7):16991703, 1997. Baron et al., J
Cell Biol., 101(6):2210-2222, 1985. Blair et at, J Cell Biol., 102(4):11644172, 1986. Blair et al., J. Cell
Biochem., 48(4):401-410, 1992. Blair et al., J. Cell Biol., 102(4):1164-1172, 1986. Boschelli et al..,
Bioorg. Med. Chem, Lett., 13:3797, 2003. Boschelli et al., J Med Chem., 44:822, 2001b. Boschelli et
al., j Med. Chem., 47:1599, 2004. 20Bucay et al., Genes Dev., 12(9):1260-1268, 1998. - Dougall et al.,
Genes Dev., 13(18):2412-2424, 1999. Franzoso et al., Genes Dev., 11(24):3482-3496, 1997. Fujikawa
et at, Ann. Rheum, Dis., _5%(11_):816-822, 111996{ Iotﬁ\%v% et a!i N?t Med., 3%111:_1 85-1289, 1997.
25Johnson et KBS E S P86 TET KERE et AL NEittire® BFH6 P17 318245% 999, Lewis et
al., Proc. Vail fengicse DS A thorpapa p61sBosrsPmaoierised Hith Peher qumniméad, Sci. USA,
97(4):1566-15# 20004 aBaaga et al., Genes Dev., 13(8):1015-1024, 1999. 30Mitchell etal., Ann. NY
Aced Set, 690:153-166, 1993. Mitchell et al., J. Clin. Oncol., 8(5):856-869, 1990. Mizuno et al., Gene,
215(4339-343, 199& diastansatiab. jrdreled S fgvedi2 302 2O QLGP SKI606 to inhibit breast

5  cancer-induced osteoclast formation. SKI606 significantly inhibited the MDA-MB-435-
induced ostoclastogenesis in RAW264.7 cells at a concentration of 400 aM SKI606 (Figure
4A). SKI606 was also able to inhibit the osteoclastogenesis induced by conditioned media
from MDA-MB-435 cells in a dose-dependent manner (Figure 4B).

SKI606 waé assessed in an in vivo model, using female athymic NCr nude mice (8
10 weeks old) injected with 5 x 10° MDA-MB-435 cells in 0.01 m] PBS into the proximal tibia
of each mouse using a 28-ange Hamilton needle. Mice were divided into three treatment
groups and the incidence of tumor in the tibia was determined by examination of histology
sections and weight of tumor. The weights of tibia tumors in mice treated with either SKI606
or Zomeda were significantly smaller than the control group tumors (Figure SA and Table I).
15 Areas of lysis were significantly less in mice treated with SK1606 or Zomeda, (Figure 5B and
Table 1). Furthermore, significantly fewer TRAP-positive cells were counted in sections of
tumors from SK1606-treated mice (Figure SC). Composites of the digital images are shown

in Figures 6A-6C.

Table 1. Evaluation of SK1606 on MDA-MB-435 Bone Tumor Mouse Model

Experimental Incidence of tumor in | Weight of Estimate of Iytic zones !
group tibia tumor
Control (vehicle) 12/12 (100%) 0.242 +/- 0.07 0.294 +/- 0.06
SKI606 9/12 (75%) 0.088 +/-~ 0.02 0.164 +/- 0.09
Zomeda 11712 (92%) 0.073 +/- 0.02 0.099 +/- 0.05
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The method of claim | wherein the compound is of the formula: Formula | wherein: n is an. integer
from 2-3; X is N, CH, provided that when X is N,nis 2 or 3; R is alkyl of 1 to 3 carbon atoms;

R(1) is 2,4-did, 5-O0Me, 2,4-diCk 3,4,5-tri-OMe; 2-C1, 5-OMe; 2-Me, 5-0Me; 2,4-di1l0Me;
2,4-diMe-5-0Me, 2,4-diC1, 5-0Et; R(2) is allcyl of Ito 2 carbon atoms, or a pharmaceutically
acceptable salts thereof 3. The method of claibe compound is of the Fommia:

CLAIMS

1. A method of inhibiting bone resorption comprising, providing a therapeutically

effective amount of a compound of the formula

5  Formulal

e
N
E

CN

R*O
\

=
N

g

wherein:
n is an integer from 1-3;
X is N, CH, provided that when X is N, nis 2 or 3;
10 + Risan alkyl of 1 to 3 carbon atoms;
R(1) is 2,4-diCl, 5-OMe; 2,4-diCl; 3.,4,5-tri-OMe; 2-Cl, 5-OMe; 2-Me, 5-OMe; 2,4-di-
Me; 2,4-diMe-5-OMe, 2,4-diCl, 5-OFEt;

R(2) is an alkyl of 1 to 2 carbon atoms, or a pharmaceutically acceptable salts thereof.
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Formula] R20 ON / R-Nr(ClLdu N Xis N, CU n is 8: R(2) and R are methyl; or a pnaceutically
acceptable salts thereof. 4. The method of claim 1 wherein R(2) is methyl. The method of claim 1
wherein X is N. 10 6.The method of claim 1 wherein X is CR The method of claim 1 wherein the
compound is 4-[(2,4-Dichloro-5-
methoxyphenyflamino]-6-methoxy47-[3..(4-methyl-I-piperazinyl)propoxy]-3- quinolinecarbonitrile or a
pharmaceutically acceptable salt thereof.

2. The method of claim 1 wherein the compound is of the formula:

Formula I

N\/Q ——.‘Rl
R*0 CN
\\
=
N

et

5 wherein:
nis an integer from 2-3;
X is N, CH, provided that when X is N, nis 2 or 3;
Ris alkyl of 1 to 3 carbon atoms;
 R(1) is 2,4-diCl, 5-OMe; 2,4-diCl; 3,4,5-tri-OMe; 2-Cl, 5-OMe; 2-Me, 5-OMe; 2,4-di-
10 Me; 2,4-diMe-5-OMe, 2,4-diCl, 5-OFEt;

R(2) is alkyl of 1 to 2 carbon atoms, or a pharmaceutically acceptable salts thereof.
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8.The method of claim 1 wherein the compound is 48[(2,48Dichloro-5-
15methoxyphenyl)amino]-743-(4-ethyl-I-piperazinyi)propoxy-1-6-methoxy-3- quinolinecarhonitrile;
ri-[(24-Dicthloro-5-methoxyuhenyl)amino]-6-methoxy-742-(4-
mcthyl-1-piperazinyl)ethoxyl-3-quinolinecarbonitrile;4-[(2,4-Dichloro-5-
methoxyphenyl)amino]-742-4-ethyl-1-piperazinypethoxyl-6-methoxy-3- quinolinecarboninile;
4-[(2,41-Diehloro-5-methoxyphenyljaminol-6-methoxy-74(1-
methylpiperidin4-y1l)medioxyl-3-quinolinecarbonitrile;4-R2,4-Dichloro-5-
methoxyphenyl)aminol-5-methoxy-7-[2-(1-methylpiperidin-4-yl)ethoxy]-3- quinolinecarbonitrile;
4-[(2,4-Dichloto-5-methoxyph aminol-6-methoky-743-(1- ,
methylpiperidin-gl&1;@?%“3%&%%%“%%%&6goﬁ}fﬁ%léé}?&é%ﬁg% 1?[oro-S- methoxyphenyl)aminol-741
-ethylpiperidin-4-ylhnethoxy]-6-methoxyquinoline-3-
earbonitrile,4-[(2,4-Dichloro-5-methoxyphenyl)aminol-6-ethoxy-7-1:3-(1-
methylpiperazin-111)propexAquinoline-3-earbonitrile;4-11(2,4-Dichloro-5-
10methox)phenyl)amino]-6-ethoxy-7-[(1-tnethylpiperidin-4-ybrnethoxy]quinoline-3- earbonitri le;

4-[(2,4-lliehloro-5-inethoxyphenyl)aininoi-6-ethoxy-743<4-
__R‘x
|
R CN

O : /\
- /
N

R“"U—fCHz)n

5 XisN,CH
nis3;

R(2) and R are methyl; or a pharmaceutically acceptable salts thereof.

4. The method of claim 1 wherein R(2) is methyl.
5. The method of claim 1 wherein X is N.
10 6. The method of claim 1 wherein X is CH.

7. The method of claim 1 wherein the compound is 4-[(2,4-Dichloro-5-
methoxyphenyl)amino]-6-methoxy-7-[3~(4-methyl-1-piperazinylpropoxy}-3-

quinolinecarbonitrile or a pharmaceutically acceptable salt thereof.

8. The method of claim 1 wherein the compound is 4-{(2,4-Dichloro-5-

15 methoxyphenyl)amino}-7-[3-(4-ethyi-1-piperazinyl)propoxyl-6-methoxy-3-
quinolinecarbonitrile; 4-[(2,4-Dichloro-5-methoxyphenyl)aminol-6-methoxy-7-[2-(4-
methyl-1-piperazinylyethoxy]-3-quinolinecarbonitrile; 4-[(2,4-Dichloro-5-
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ethylpiperazin- | -yl)pronoxylquinoline-3-carbonitrile;4-[(2,41-Dichloro-5-
methoxyphenypamino]-6-ethoxy-7-[3-(1-methylpiperidin-4-yl)propoxylquinotine-3- earbonitrile; 4-
[(2,4-Dichloro-5-methoxyphenyl) amino] -6-ethoxy-742-(4-m ethyl-1-
15pioerazinyflethoxylquinoline-3-carhonitrile;4-[(2,4-Dichloro-5-
methoxyphenyl)anainol-G-ethoxy-7-12-(1-methylpiperidin-4-yflethoxy]quinoline-3- carbonitrile;
44(2,4-Dielitoto-5-methoxyphenyljaminol-6-methoxy-7[3-(4-propyl-1-
piperazinyl)propoxy]-3-quinolinecarbcmitrile;440,,4-dichlorophenytjaminoj-6-
methexy-7-[(1-methyipiperidinadtyhmeitBoiy]-Shofuimmmoeatisdnitrité:nstheattioxy-7- )O[(I
ZVae;|a)r/1|lpiper5idin'4r;y'l)£ﬁ1%gﬁl@ééi%]aﬂﬂ_{(§;4?4%{!2[@@?%%&9}9Miﬂﬁﬂ]%f%th@@qu@tri|e;
zanos S etV e 1 iy
methylphenyDaminolR A EBRR a1 itd oo ing: s0edmsrile;
4-[(2,4-diméthylphenypasiinclGainathokiZ A Misrethyhsibenigiend 2 hetioxyltiindltine-3-earbonitril
e;G-m ethoxy-4- [(5'_mﬁm@?@{ﬁgﬁﬂﬁwl»yl_)prop_ox_y] quinoline-3-carbonitrile; 4-[(2,4-Dichloro-5-
e e s e e e
yI)nethoxquuinoline@%&‘&?@é’nitrile; or pHaffiestisefiysbespiapB et titeaor . P& method of claim
| wherein the compoumthydaSidkirdgeoinhibitorl3etaFheiniethod of cl&ii@,4-Divhierei the bone loss is
associate_d1 with osteqgparasiseaignhes]ldmar.offhongimpiptipe-myslema; famiigkexpansile osteolysis;
osteopenia; carbonitrile; 4-[(2,4-Dichloro-5-methoxyphenyl)amino}-6-ethoxy-7-[3~(4-
ethylpiperazin-1-yl)propoxylquinoline-3-carbonitrile; 4-1(2,4-Dichloro-5-
methoxyphenylyamino}-6-ethoxy-7-[3-(1-methylpiperidin-4-ylpropoxylquinoline-3-
carbonitrile;  4-[(2,4-Dichloro-5-methoxyphenyl)amino}-6-ethoxy-7-[2~(4-methyl-1-
15 piperazinyl)ethoxylquinoline-3-carbonitrile; 4-[(2,4-Dichloro-5-
methoxyphenylaminol-6-ethoxy-7-{2-(1-methylpiperidin-4-yl)ethoxylquinotine-3-
catbonitrile; 4-[(2,4-Dichioro-5-methoxyphenyllamino}-6-methoxy-7-[3-(4-propyl-1-
piperazinyhpropoxy]-3-quinolinecarbonitrile; 4-1(2 4-dichlorophenyl)amino}-6-
methoxy-7-](1-methylpiperidin-4-yDmethoxy}-3-quinolinecarbonitrile; 6-methoxy-7-
20 [(L-methylpiperidin-4-yDmethoxy}-4-[(3,4,5-trimethoxyphenyl)amino}quinoline-3-~
carbonifrile; 4-[(2-chloro-5-methoxyphenyl)amino]-6-methoxy-7-[(1-
methylpiperidin-4-ylmethoxylquinoline-3-carbonitrile; 6-methoxy-4-[(5-methoxy-2-
methylphenyl)amine]-7-[(1-methylpiperidin-4-yl)methoxy]quinoline-3-carbonitrile;
4-[(2,4-dimethylphenyl)amino }-6-methoxy-7-[ (1-methylpiperidin-4-
25 yhmethoxy]quinoline-3-carbonitrile; 6-methoxy-4-[(5~-methoxy-2,4-
dimethylphenyl)amino]-7-[(1-methylpiperidin-4-yhmethoxy]quinoline-3-carbonitrile;
4-[(2 4-dichloro-5-ethoxyphenyl)amino -6-methoxy-7-[( 1 -methylpiperidin-4-

yhmethoxylguinoline-3-carbonitrile; or pharmaceutically accepiable salt thereof.
9. The method of claim 1 wherein the compound is a Src kinase inhibitor.

30 10, The method of claim 1, wherein the bone loss is associated with osteoporosis; giant

cell tumor of bone; multiple myeloma; familial expansile osteolysis; osteopenia;




perm dental disease wperparathyroidism; periarticular erosions in rheumatoid arthritis; Paget's
disease; immobilization-induced osteopenia; hypercalcemia of malignancy; bone metastasis;
adamantinoma; aneurysmal bone cyst (lesion); anthosarcoma (high grade); antriosarcoma (low
grade); bone lesions of Gaucher's 5 disease; Brown tumor of hyperparathyroidism; chondroblastoma;
chondromyxoid fibroma; chondtosarcoma; chordoma; clear cell chondrosarcoma; conventional
inframedullary osteosarcoma; degenerative joint disease; desmoptastic fiboroma; diaphyseal medullary
stenosis with malignant fibrous laistiocytoma; enchomfroma; eosinophilic granuloma; cpithelioid
hemangioendothelio%dgiwglngllggaggrqg{,@@a@fhygl@gﬂe;p%m%eggsstogg@pgﬁgggm fibrosarcoma;
fibrous dysplasia; rorlq ac vetgegloggglsngnomus tum ranéjloc tlc sarcoma in in bﬁ)ne Hardcastlets

syndrome; hernangloma ﬁﬁem%ngloperlé toma n@?ac?e surfate oste sezlacrcoma odgkin lymphoma

of bone; intracorticaPSEEEE chRa; TP %%eé‘ﬁ‘g‘%@wlaﬁfe?&ﬁﬁﬁ%‘& GereosatcHmamiuxtacortical
chondroma; leukemiargiraligmaritiib roud)hystioeytomdlotsanélo e Stesis; sfiétastatic breast cancer;

metastatic kidney camneske; nm&a@ta&iﬁoluag1@9&9@5&1@@2@%&1@0&@5@&@1@r&ﬁ&{dr@ﬁ@m@cal
osteosarcorna, myosfi&%n%sUﬂ%‘%{‘§Sa¥b§1%£°f!!%9m%‘a0fcpe9{‘eceﬁ‘oac!d lele] 5} ly mc%hvem%mnonosgfy Ing

fibroma. (fibrous cortical défect); Nora's lesion; osteoblastoma; osteochond roma,

osteochondromatos%‘%‘&&‘&%ﬂb%o?f?%fﬁ?ﬁ%|§ﬁt§‘§?&"8’¥f d§’[‘§oﬁ\sﬁaSSStéﬁiﬁ?ﬁla%e%W@htls osteopathia
striate; 20 osteopoikilosiysphrustdabostersardbrmaligerioSeas distrriormagnparidistenl osteosarcoma;
pigmented villonoduiakisypatiga Pt pages:sarcamagsshwannomaehpengicsmalcell

osteosarcema; solitagy, bone ¥k, SQlitary: A RUS MR SOHRN rﬁysglgmafm%@%mtoma)
subchondral cyst; synowal thondromatosis; tclan PPg;ectatlo osteasarc%]; "Tu sions -- metaphyseal

fibrous defect: or unAINarSI BORE VB2 ST PRE SSRGS & Ak erelﬁ“ \& Bone metastasis is

a lung, head and nedRBHEARE pEACIERIEIHiRNatEg AR SbiRse tt?éﬁP&?{C&’@Méé‘l%‘a’stromtestlnal,
colon, bladder canceégmpetastasgichol? . Tiiednétiiocksedsaiainm:] Intwherein th-tiffhentaetastasis is a breast

or prostate cancer mgtastasiss; ﬁaam@cmatmgﬁ Claifgtd Mt@@ﬁp@m@sjﬁgo@mmging an

anti- neopl@@tlc thera 1o lhcos o@%,m %I:s]to ic 1eas I@né@% %’nvett]aes mt ge;?’régr@e?o eas¥a%c Q%rgapy IS

chemotherapy, radiotherapy, immunotherapy, or surgery.
cancer; metastatic prostate cancer multifocal osteosarcoma; myositis ossificans;

neurofibroma of bone; non Hodgkin lymphoma; nonossifying fibroma (fibrous

cortical defect); Nora's lesion; osteoblastoma; osteochondroma; osteochondromatosis;

osteofibrous dysplasia; osteoid osteoma; osteoma; osteomyelitis; osteopathia striata;

20 osteopoikilosis; parosteal osteosarcoma; periosteal chondroma; periosteal
osteosarcoma; pigmented villonodular synovitis; post-paget’s sarcoma; schwannoma

of bone; small cell osteosarcoma; solitary bone cyst; solitary fibrous tumor; solitary

myeloma (plasmacytoma); subchondral cyst; synovial chondromatosis; telangectatic

osteosarcoma; "Tug" lesions — metaphyseal fibrous defect; or unicameral bone cyst.

25 11, The method of claim 10, wherein the bone metastasis is a lung, head and neck, breast,
pancreatic, prostate, renal, bone, testicular, cervical, gastrointestinal, colon, bladder

cancer metastasis,

12. The method of claim 11, wherein the bone metastasis is a breast or prostate cancer

metastasis,
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The method of claim 1, wherein the compound is administered orally.

13, The method of claim 11, further comprising providing an anti-neoplastic therapy.

14, The method of claim 13, wherein the anti-neoplastic therapy is chemotherapy,

radiotherapy, immunotherapy, or surgery.

15.  The method of claim 1, wherein the compound is administered orally.
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