US008168181B2

a2z United States Patent (10) Patent No.: US 8,168,181 B2
Sooknanan et al. (45) Date of Patent: May 1, 2012
(54) METHODS OF IMPAIRING OSTEOCLAST ;,g é}g%g g% 3%883 ghar(lg
,524, ai-Quan
DIFFERENTIATION USING ANTIBODIES 7528232 B2 52009 Wagner
THAT BIND SIGLEC-15 7,528,242 B2 52009 Anderson
7,534,579 B2 5/2009 Glucksmann
(75) Inventors: Roy Rabindranauth Sooknanan, 7,541,450 B2 6/2009 Liu
-G 7,547,512 B2 6/2009 Peiris
Beaconsfield (CA), .Gllles ].Sernaf'd 7360433 B2 7/2009 Khan
Tremblay, La Prairie (CA); Mario 7,566,685 B2 7/2009 Kinsella
Filion, Longueuil (CA) 7,569,547 B2 8/2009 Lindberg
7,572,894 B2 8/2009 Jin
(73) Assignee: Alethia Biotherapeutics, Inc., Montreal 7,575,876 B2 82009 Zhang
(CA) 7,585,839 B2 9/2009 Larsen
7,585,849 B2 9/2009 Liu
) ) o ) 7,585,937 B2 9/2009 Kungl
(*) Notice: Subject to any disclaimer, the term of this 7,601,807 B2 10/2009 Kanayama
patent is extended or adjusted under 35 ;,ggg,;gg g% iggggg g_ueh
) ) 1scher
US.C. 154(b) by 0 days. 7,628,089 B2 12/2009 Jakobovits
7,635,681 B2  12/2009 Bonny
(21) Appl. No.: 12/580,943 7,635,755 B2 12/2009 Kaplan
7,641,905 B2 1/2010 Jakobovits
(22) Filed: Oct. 16, 2009 7,662,409 B2 2/2010 Masters
7,662,776 B2 2/2010 Khan
. s 7,671,011 B2 3/2010 Shai
(65) Prior Publication Data 7691977 B2 42010 Fuh
7,989,160 B2 8/2011 Sooknanan et al.
US 2010/0104575 Al Apr. 29, 2010 2004/0076992 AL 42004 N Ura
.. 2004/0082508 Al 4/2004 Yue
Related U.S. Application Data 2005/0107588 Al 5/2005 Duggan
(63) Continuation-in-part of application No. 12/279,054, 2005/0118625 AL 6/2005 .Moums
filed as application No. PCT/CA2007/000210 on Feb. (Continued)
13, 2007, now Pat. No. 7,989,160.
FOREIGN PATENT DOCUMENTS
(60) Provisional appl.ic.ation No. §0/772,585, filed on Feb. EP 1369479 12/2003
13, 2006, provisional application No. 60/816,858, (Continued)
filed on Jun. 28, 2006, provisional application No.
61/248,960, filed on Oct. 6, 2009. OTHER PUBLICATIONS
51} Int.Cl Agrawal et al., “RNA interference: biology, mechanism, and appli-
(31)  Int. Cl. cations,” Microbiol Mol Biol Rev 67(4):657-685 (2003). Baron,
AGIK 39/00 (2006.01) “Anatomy and Biology of Bone Matrix and Cellular Flements,”
AGIK 39/395 (2006.01) Primer on the Metabolic Bone Diseases and Disorders of Mineral
(52) US.CL ... 424/130.1; 424/133.1; 424/134.1; Metabolism, Fifth Ed., American Society for Bone and Mineral
424/135.1; 424/139.1; 424/141.1; 424/142.1, Research, Washington, D.C., pp. 1-8 (2003).
424/152.1; 514/16.7, 514/16.8; 514/16.9; Biskobing, “Acid pH increases carbonic anhydrase Il and calcitonin
514/17.1 receptor mRNA expression in mature osteoclasts,” Calcif Tissue Int
. I 67(2):178-183 (2000).
(58) Field of .Cla.s51ﬁcat10n Search .............. [ None Boyle et al. “Osteoclast differentiation and activation,” Nature
See application file for complete search history. 423(6937):337-342 (2003).
(56) References Cited (Continued)
Primary Examiner — Elizabeth C Kemmerer
U.S. PATENT DOCUMENTS (74) Attorney, Agent, or Firm — Choate, Hall & Stewart,
5,712,127 A 1/1998 Malek LLP; Fangli Chen; Robert N. Sahr
6,451,555 Bl 9/2002 Duffy et al.
6,498,024 B1  12/2002 Malek et al. 57 ABSTRACT
g’g é;’ggg g é 49‘; %88; B‘ﬂy T_t ?l't | This invention relates, in part, to unique and newly identified
) 5 armeliet et al. . . . .
7402664 B2 7/2008 Wolfgang genetic Polynuqleotldes 1nvqlve§1 in the process of b.one
7.407.940 B2 /2008 Falla remodeling; variants and derivatives of the polynucleotides
7.411,051 B2 82008 Rosen and corresponding polypeptides; uses of the polynucleotides,
7,417,112 B2 8/2008 Rathore polypeptides, variants and derivatives; and methods and com-
7425612 B2 9/2008 Nakamura positions for the amelioration of symptoms caused by bone
;,325,22(5) g% i(l); 3882 k/}l'll remodeling disorders. Disclosed in particular are, the isola-
449, iller . . A . . -
7459530 B2 122008 Challita-Eid tion an((i1 gier}tlﬁpathn oflpohypucleotl(%es, polypeptldelz.séa\/e.ln
7485327 B2 5/2009 Kim ants an er.lvatlves involved in osteoc a;t acthlty, valhidation
7:488:590 B2  2/2009 Feige of the identified polynucleotides for thelr.potentlal as thera-
7.501,391 B2 3/2009 Khan peutic targets and use of the polynucleotides, polypeptides,
7,501,557 Bl 3/2009 Wagner variants and derivatives for the amelioration of disease states
7,510,840 Bl 3/2009 Challita-Eid and research purposes.
7,514,224 B2 4/2009 Lu
7,514,407 B2 4/2009 Averback 25 Claims, 11 Drawing Sheets



US 8,168,181 B2

Page 2
U.S. PATENT DOCUMENTS 2009/0227505 Al 9/2009 Khan
2005/0153333 Al 7/2005 Sooknanan 2009/0234026 AL 972009 Kaplan
200800133333 AL 12005 ¢ 2009/0252728 Al 10/2009 Jakobovits
2006/0240516 Al 10/2006 Jalinot 2009/0258017 AL 1072009 Callahan
Ao Al 1o200e Jalinot 2009/0264372 Al 102009 Dal Farra
20080171099 AL 712008 Bemn 2009/0270320 Al 10/2009 Panjwani
00817020 AL 72008 Khan 2009/0275050 Al 11/2009 Glucksmann
S o lTan0s A1 2008 el 2009/0275503 Al 11/2009 Shai
ooy AL Z2008 Afar 2009/0281038 Al 11/2009 Wagner
L aano A1 S2008 Xhan 2009/0298707 Al  12/2009 Yarbrough
ga 2009/0304746 Al 12/2009 Sette
2008/0206239 Al 8/2008 Jones 009/0317420 AL 122000 ‘Telford
2008/0207502 Al 8/2008 Rastelli 2010/0004172 AL 172010 Khan
2008/0207522 Al /2008 Hancock 010/0015664 AL 1920 an
2008/0213268 Al 9/2008 Watts 10 Kanayama
2008/0242618 Al 10/2008 Khan %8}8;88}2%8 ﬁ} }gg}g %IO]““O“
ura
ggggggj‘égi; ﬁ} }8;3882 E}:lan 2010/0016697 Al  1/2010 Spinale
S o saar Al loao0s Liv 2010/0029005 Al 2/2010 Kamiie
gang 2010/0035817 Al 2/2010 Fischer
2008/0254020 Al 10/2008 Walker -
20080051020 AL 1072008 Walker 2010/0041614 Al 2/2010 Bussolino
; 2010/0047163 Al 2/2010 Forte
2008/0274979 Al  11/2008 FEllis-Behnke
2008/0275547 Al 11/2008 Kanamaru 2010/0055438 AL 372010 Kaplan
2008/0279908 Al  11/2008 Bertozzi %8}8;882232; ﬁ} ggg}g Earbas’ 1
2008/0286808 Al  11/2008 Schellenberger 5010/0076173 A oy
2008/0287309 Al  11/2008 Bowdish L' 372010 Stephanopoulos
2008/0299111 Al  12/2008 Delacourte 2010/0080814 AL~ 42010 Desjarlais
50080209601 AL 132008 e 2010/0080824 Al 4/2010 Peiris
5008/0306001 AL 122008 Lin 2010/0086532 Al 4/2010 Barbas, III
3002/0306005 Al 12/2008 Khan 2010/0209428 Al 82010 Hiruma et al.
2008/0318871 Al  12/2008 Khan 2011/0268733 Al 11/2011 Hiruma et al.
2009/0004210 Al 1/2009 Mattner
2009/0005257 Al 1/2009 Jespers FOREIGN PATENT DOCUMENTS
2009/0005266 Al 1/2009 Ostermeier EP 1544215 6/2005
2009/0005541 Al 1/2009 Kungl EP 1580263 9/2005
2009/0010983 Al 1/2000 Melvik EP 1751179 2/2007
2009/0012032 Al 1/2000 Nakamura EP 1874337 1/2008
2009/0017460 Al 1/2009 Anderson EP 1931198 6/2008
2009/0019605 Al 1/2009 Takagi EP 1934252 6/2008
2009/0023648 Al 1/2009 Stredonsky EP 1950221 7/2008
2009/0028813 Al 1/2009 Stedronsky EP 1953551 8/2008
2009/0028856 Al 1/2009 Chen EP 1963499 9/2008
2009/0041671 Al 2/2009 Young EP 1970383 9/2008
2009/0042769 Al 2/2009 MacLean EP 1996609 12/2008
2009/0047335 AL 2/2009 Rastelli EP 2002036 12/2008
2009/0069259 Al 3/2009 Collingwood EP 2021467 2/2009
2009/0075377 Al 3/2000 Lu EP 2032149 3/2009
2009/0081178 Al 3/2009 Murray EP 2041569 4/2009
2009/0081457 Al 3/2009 Nagarajan EP 2046806 4/2009
2009/0082551 Al 3/2000 Zuckerman EP 2053406 4/2009
2009/0088387 Al 4/2009 Castillo EP 2057465 5/2000
2009/0092582 Al 4/2009 Bogin EP 2097094 9/2009
2009/0093408 Al 4/2009 Bridon EP 2105141 9/2009
2009/0093621 Al 4/2000 Ferrari EP 2130838 12/2009
2009/0099031 Al 4/2009 Stemmer EP 2129682 1/2010
2009/0099066 Al 4/2000 Moulton EP 2140005 1/2010
2009/0117578 Al 5/2000 Metz EP 2168986 3/2010
2009/0123412 Al 5/2009 Healy EP 2170363 4/2010
2009/0130111 Al 5/2000 Wu P 2003210166 7/2003
2009/0131265 Al 5/2009 Zhang P 2004107352 4/2004
2009/0136595 Al 5/2009 Shah P 2004189848 7/2004
2009/0136912 Al 5/2009 Kurokawa P 2004533803 11/2004
2009/0142280 Al 6/2009 Zhang P 2004339189 12/2004
2009/0142828 Al 6/2009 Bucciarelli P 2007020403 2/2007
2009/0142839 Al 6/2009 Primiano P 2008500267 1/2008
2009/0143567 Al 6/2009 Rathore P 2008504221 2/2008
2009/0149339 Al 6/2009 Lu P 2008004822 4/2008
2009/0169520 Al 7/2009 Soreq P 2008111841 5/2008
2009/0170191 Al 7/2009 Jakobovits P 2008263955 11/2008
2009/0175821 Al 7/2009 Bridon P 2009072081 4/2009
2009/0176664 Al 7/2009 Chu P 2009183293 8/2009
2009/0180958 Al 7/2009 Koivistoinen P 2000528255 8/2009
2009/0197812 Al 82009 Kim WO WO09411014 5/1994
2009/0214570 Al 82009 Mrsny WO WO00220723 A2 3/2002
2009/0214582 Al 8/2009 Dean WO WO00220822 3/2002
2009/0215667 Al 82009 Wagner WO WO-03048305 6/2003
2009/0221505 Al 9/2009 Kolonin WO WO03104275 12/2003
2009/0226372 Al 9/2009 Ruoslahti WO WO2004064972 8/2004
2009/0226374 Al 9/2009 Hugli WO WO2005061546 Al 7/2005
2009/0226433 Al 92009 Grandea, II1 WO WO02005081628 9/2005



US 8,168,181 B2
Page 3

WO WO02006113311 10/2006
WO W02007043059 4/2007
WO W02007062422 5/2007
WO W02007063300 7/2007
WO WO02007100524 9/2007
WO W02007104062 9/2007
WO WO02007111952 10/2007
WO WO02007128121 11/2007
WO WO02007146319 12/2007
WO W02008006028 1/2008
WO W02008024105 2/2008
WO WO02008116468 2/2008
WO WO02008063369 5/2008
WO WO02008093982 8/2008
WO WO02008101160 8/2008
WO WO02008113185 9/2008
WO WO02008134544 11/2008
WO WO02008148545 12/2008
WO WO02009005793 1/2009
WO WO02009008727 1/2009
WO W02009023125 2/2009
WO WO02009039854 2/2009
WO WO02009031835 3/2009
WO WO02009031836 3/2009
WO WO02009032158 3/2009
WO WO02009038756 3/2009
WO WO02009146179 3/2009
WO WO0-2009048072 4/2009
WO W02009050453 4/2009
WO WO02009059379 5/2009
WO W02009059972 5/2009
WO WO02009061130 5/2009
WO WO02009061890 5/2009
WO WO02009132876 5/2009
WO W02009090651 7/2009
WO WO02009106715 9/2009
WO W02009108261 9/2009
WO WO02009112645 9/2009
WO WO02009139599 11/2009
WO W02009020101 12/2009
WO WO02010035504 1/2010
WO WO02010033736 3/2010
WO WO02010037395 4/2010
WO W02010000794 7/2010

OTHER PUBLICATIONS
Brage et al., “Different cysteine proteinases involved in bone resorp-
tion and osteoclast formation,” Calcif Tissue Int 76(6):439-447
(2005).
Brandenberger et al., “Transcriptome characterization elucidates sig-
naling networks that control human ES cell growth and differentia-
tion,” Nat Biotechnol 22(6):707-716 (2004).
Brummelkamp et al., “A system for stable expression of short inter-
fering RNAs in mammalian cells,” Science 296(5567):550-553
(2002).
Database Geneseq [Online] Derwent; May 3, 2007, “Human siglec
15, SEQ ID2” XP002531845, from JP-2007020403 (Nat. Inst. of
Adv. Ind. & Technol.).
deVERNEJOUL, “Dynamics of Bone Remodeling: Biochemical and
Pathophysiological Basis,” Eur J Clin Chem Clin Biochem 34:729-
734 (1996).
Elbashir et al,, “Duplexes of 21-nucleotide RNAs mediate RNA
interference in cultured mammalian cells,” Nature 411(6836):494-8
(2001).
Frost, “Dynamics of Bone Remodeling,” Borne Biodynamics, Little
and Brown, Boston, MA p. 315 (1964).
Gee et al., “Potential Therapeutic Usefulness of Intermolecular Tri-
plex DNA,” Molecular and Immunologic Approaches, Futura Pub-
lishing Co., Mt. Kisco, NY, pp. 163-177 (1994).
GenBank Acc. No. AK172835.1, G1:47077862, 2004.
GenBank Acc. No. AL357873, GI:16972902, 2008.
GenBank Acc. No. AL645465, GI:18476850, 2008.
GenBank Acc. No. NM__ 000067, GI:157952216, first referenced
1976, updated 2008.
GenBank Acc. No. NM__000099, GI:19882253, first referenced
1990, updated 2008.

GenBank Acc. No. NM__000887, GI:34452172, first referenced
1987, updated 2008.

GenBank Acc. No. NM__ 001014433, GI1:62526019, first referenced
2000, updated 2005.

GenBank Acc. No. NM__ 001102, GI:194097348, first referenced
1989, updated 2008.

GenBank Acc. No. NM__ 001690, GI:19913423, first referenced
1993, updated 2007.

GenBank Acc. No. NM__ 001935, GI:47078262, first referenced
1991, updated 2008.

GenBank Acc. No. NM__ 002994, GI:41872613, first referenced
1991, updated 2008.

GenBank Acc. No. NM__ 003341, GI:33359692, first referenced
1993, updated 2008.

GenBank Acc. No. NM__ 004414, GI:44680111, first referenced
1995, updated 2008.

GenBank Acc. No. NM__ 004763, GI:115527101, first referenced
1997, updated 2007.

GenBank Acc. No. NM__ 004794, GI:34485717, first referenced
1993, updated 2005.

GenBank Acc. No. NM__ 005410, GI:62530390, first referenced
1991, updated 2008.

GenBank Acc. No. NM__ 005765, GI:15011917, first referenced
1998, updated 2007.

GenBank Acc. No. NM__006357, GI:33359695, first referenced
1997, updated 2008.

GenBank Acc. No. NM__006555, GI:34304384, first referenced
1997, updated 2007.

GenBank Acc. No. NM__ 006660, GI:12597621, first referenced
1999, updated 2008.

GenBank Acc. No. NM__ 013322, GI:23111022, first referenced
2001, updated 2006.

GenBank Acc. No. NM__ 014358, GI:90577173, first referenced
1999, updated 2003.

GenBank Acc. No. NM_ 014656, GI1:7657258, 2006.

GenBank Acc. No. NM__ 015973, GI:88853582, first referenced
1990, updated 2008.

GenBank Acc. No. NM__ 018252, GI:149158718, 2006.

GenBank Acc. No. NM__ 018482, GI:46094080, first referenced
1998, updated 2008.

GenBank Acc. No. NM__ 021181, GI:19923571, first referenced
2001, updated 2008.

GenBank Acc. No. NM__ 030794, GI:13540575, first referenced
2000, updated 2008.

GenBank Acc. No. NM__032565; GI:141802977, first referenced
2003, updated 2007.

GenBank Acc. No. NM__032569; GI:190358483, first referenced
2005, updated 2006.

GenBank Acc. No. NM__032731; GI:153791420, first referenced
2004, updated 2008.

GenBank Acc. No. NM__054027; GI:170671715, first referenced
1995, updated 2008.

GenBank Acc. No. NM__138461; GI: 115511027, 2004.

GenBank Acc. No. NM__145280; GI: 188528683, 2004.

GenBank Acc. No. NM__178833; GI:196259823, first referenced
2007, updated 2008.

GenBank Acc. No. NM__182488; GI:209954829, first referenced
1998, updated 2004.

GenBank Acc. No. NM__213602; G1:47106068, 2007.

GenBank Acc. No. XM__ 884636, G1:149270200, 2007.

GenBank accession No. AAY40743, Angata T. etal., J. Glycobiology
17 (8), pp. 838-846 (2007).

GenBank accession No. AAY40744, Angata, T. etal., J. Glycobiology
17 (8), 838-846 (2007).

GenBank accession No. BAD18800, Kawabata A. et al., Direct Sub-
mission, submitted (Apr. 22, 2004), Institute of Medical Science.
GenBank accession No. BAF83089, Wakamatsu A. et al., Direct
submission, submitted (Oct. 9, 2007) Reverse Proteomics Researach
Institute.

GenBank accession No. BAF83091, Wakamatsu A. et al., Direct
submission, submitted (Oct. 9, 2007) Reverse Proteomics Researach
Institute.

Hannon, “RNA interference,” Nature 418(6894):244-251 (2002).



US 8,168,181 B2
Page 4

IPI No. IP100568858.3, Apr. 20, 2010.

IPI No. IP100647937.1, Sep. 4, 2005.

IPI No. IP100796217.1, Oct. 31, 2006.

Ishida et al, “Large Scale Gene Expression Analysis of
Osteoclastogenesis in Vitro and Elucidation of NFAT2 as a Key
Regulator,” J Bio Chem 277(43):41147-41156 (2002).

Ishida et al, “Large scale gene expression analysis of
osteoclastogenesis in vitro and elucidation of NFAT?2 as a key regu-
lator,” J. Biol. Chem. 277:41147-41156 (2002).

Janssen et al., “LAB: A new membrane-associated adaptor molecule
in B cell activation,” Nat Immunol 4(2):117-123 (2003).

Jilka et al., “Increased Osteoclast Development After Estrogen Loss:
Mediation by Interleukin-6,” Science 257:88-91 (1992).

Kawai et al., “Functional annotation of a full-length mouse ¢cDNA
collection,” Nature 409(6821):685-690 (2001).

Kawaida et al., “Jun Dimerization Protein 2 (JDP2), a Member of the
AP-1 Family of Transcription Factor, Mediates Osteoclast Differen-
tiation Induced by RANKL,”J Exp Med 197(8):1029-1035 (2003).
Malkin et al., “Association of ANKH gene polymorphisms with
radiographic hand bone size and geometry in a Chuvasha popula-
tion,” Bone 36(2):365-373 (2005).

McMahon et al., “Bone marrow transplantation corrects osteoporosis
in the carbonic anhydrase II deficiency syndrome,” Blood
97(7):1947-1950 (2001).

Morello et al., “cDNA cloning, characterization and chromosome
mapping of Crtap encoding the mouse Cartilage Associated Protein,”
Matrix Biol 18(3):319-324 (1999).

NCB! Reference sequence: XP__ 001056537, Apr. 2, 2010.

NCBI Reference sequence: NP__ 001094508, May 28, 2010.

NCBI Reference sequence: NP_998767, Angata T. et al., J.
Glycobiology 17 (8), pp. 838-846 (2007).

NCBI Reference sequence: XP__ 001089000, Jun. 1, 2010.

NCBI Reference sequence: XP_ 512109, Sep. 16, 2006.

NCBI Reference sequence: XP__ 574176, Apr. 2, 2010.

NCBI Reference sequence: XP_ 601064, Jun. 3, 2010.

NCBI Reference sequence: XP_ 855238, Aug. 30, 2005.
Netzel-Arnett et al., “Membrane anchored serine proteases: A rapidly
expanding group of cell surface proteolytic enzymes with potential
roles in cancer,” Cancer Metastasis Rev 22(2-3):237-258 (2003).
Nishi et al., “Expression and Function of the Mouse V-ATPase d
Subunit Isoforms,” J Biol Chem 278(47):46396-46402 (2003).
Nishi et al., “The Vacuolar (H")- ATPases—Nature’s Most Versatile
Protein Pumps,” Nat Rev Mol Cell Biol 3(2):94-103 (2002).

Poli et al., “Interleukin-6 deficient mice are protected from bone loss
caused by estrogen depletion,” EMBO J 13:1189-1196 (1994).
Rubinson et al., “A lentivirus-based system to functionally silence
genes in primary mammalian cells, stem cells and transgenic mice by
RNA interference,” Nat Genet 33(3)401-406 (2003).

Shan et al., “TSP50, A Possible Protease in Human Testes, Is Acti-
vated in Breast Cancer Epithelial Cells,” Cancer Res 62(1):290-294
(2002).

Smith et al., “Mutations in ATP6NIB, encoding a new kidney
vacuolar proton pump 116-kD subunit, cause recessive distal renal
tubular acidosis with preserved hearing,” Nat Genet 26(1)71-75
(2000).

Smith et al., “Vacuolar H*-ATPase d2 Subunit: Molecular Charac-
terization, Developmental Regulation, and Localization to Special-
ized Proton Pumps in Kidney and Bone,” J Am Soc Nephrol
16(5):1245-1256 (2005).

Srivastava et al., “Estrogen Blocks M-CSF Gene Expression and
Osteoclast Formation by Regulating Phosphorylation of Egr-1 and Its
Interaction with Sp-1,”.J Clin Invest 102:1850-1859 (1998).
Stehberger et al., “Localization and regulation of the ATP6V0A4 (a4)
Vacuolar H*-ATPase Subunit Defective in an Inherited Form of
Distal Renal Tubular Acidosis,” J Am Soc Nephrol 14(12):3027-3038
(2003).

Strausberg et al., “Generation and initial analysis of more than 15,000
full-length human and mouse cDNA sequences,” Proc Natl Acad Sci
USA4 99(26):16899-16903 (2002).

Supplementary European Search Report, EP07710624, date of mail-
ing Jul. 10, 2009.

Tonachini et al., “cDNA cloning, characterization and chromosome
mapping of the gene encoding human cartilage associated protein
(CRTAP),” Cytogenet Cell Genet 87(3-4):191-194 (1999).
UniProtKB/TrEMBL A7E1 W8__ Mouse, Sep. 11, 2007.

Yuan et al., “Isolation of a Novel Gene, TSP50, by a Hypomethylated
DNA Fragment in Human Breast Cancer,” Cancer Res 59(13):3215-
3221 (1999).

Ngo et al., 1994, The Protein Folding Problem and Tertiary Structure
Prediction, Merz et al., eds. Birkhauser, Boston, pp. 492-495.
Sordillo et al., (2003) RANK-Fc: A Therapeutic Antagonist for
RANK-L in Myeloma: Skeletal Complications of Malignancy, Can-
cer Supp. 97(3):802-812.

Stuible, M. et al., Sep. 2011, abstract of oral presentation No. 1187,
The American Society for Bone and Mineral Research.

Wells et al., 1990, Biochemistry 29:8509-8517.

GeneBank Acc. No. NM__00104433, first referenced 2000, updated
2009.

Angata, T. et al., (2007) “Siglec-15: An immune system Siglec con-
served throughout vertebrate evolution”, Glycobiology, vol.
17(8):838-846.

Hiruma, Y, et al., (2011) “Siglec-15, a member of the sialic acid-
binding lectin, is a novel regulator for osteoclst diffrerentiation”
Biochem Biophys Commun 409(3):424-429.

ENSEMBL Protein ID: ENSBTAP00000016659; Jul. 19, 2010.
ENSEMBL Protein ID: ENSBTAP00000022107; Jul. 19, 2010.
ENSEMBL Protein ID: ENSCAFP00000026052; Jul. 19, 2010.
ENSEMBL Protein ID: ENSDNOP00000011608; Jul. 19, 2010.
ENSEMBL Protein ID: ENSECAP00000015632; Jul. 19, 2010.
ENSEMBL Protein ID: ENSFCAP00000009910; Jul. 19, 2010.
ENSEMBL Protein ID: ENSMICP00000015938; Jul. 19, 2010.
ENSEMBL Protein ID: ENSMLUP00000004457; Jul. 19, 2010.
ENSEMBL Protein ID: ENSMMUP00000004742; Jul. 19, 2010.
ENSEMBL Protein ID: ENSMUSP00000112309; Jul. 19, 2010.
ENSEMBL Protein ID: ENSOPRP00000004369; Jul. 19, 2010.
ENSEMBL Protein ID: ENSPPYP00000010254; Jul. 19, 2010.
ENSEMBL Protein ID: ENSPTRP00000042370; Jul. 19, 2010.
ENSEMBL Protein ID: ENSPTRP00000049394; Jul. 19, 2010.
ENSEMBL Protein ID: ENSRNOP00000041280; Jul. 19, 2010.
ENSEMBL Protein ID: ENSSARP00000011800; Jul. 19, 2010.
ENSEMBL Protein ID: ENSSTOP00000002285; Jul. 19, 2010.
ENSEMBL Protein ID: ENSP00000374125; Jul. 6, 2010.

IPI No. IPI00663527 4, sequence update Sep. 10, 2007.

IPI No. IPI00711850.4; sequence update Jun. 9, 2010.
UniProtKB/Swiss-Prot ABK2Y5_ Human; last modified Jul. 13,
2010.

UniProtKB/TrEMBL A7E1W7__ Human,; last modified Mar. 2, 2010.
UniProtKB/Swiss-Prot Q6ZMC9 (SIG15__HUMAN); last modified
Jun. 15, 2010.

IPI No. IPI00716135.2, 2007.

Lee, J. et al. “Stable gene silencing in human monocytic cell lines
using lentiviral-delivered small interference RNA . ..~ (2004) J Biol
Chem 279(10): 9379-9388.

Sooknanan et al., (2004) “Identification of osteoclast-specific gene
using subtractive transcription amplification of mRNA (STAR)” J.
Bone Min. Res. 19:5415.

Tremblay et al., (2004) “Functional validation of osteoclast-specific
genes in RAW?264.7 cells by RNA interference” J. Bone Min. Res.
19:5414.

Bird RE et al., Single-Chain antigen binding proteins Science. 242
(4877):423-426, 1988.



US 8,168,181 B2

Sheet 1 of 11

May 1, 2012

U.S. Patent

SaNISUAU] [LUSES aaneay jo ydeo g Aenwonvyg
{sieuBis Josunoaug-anssil)  {SpRuBis Josmoaly 0}
EBNE5ELE URUENH SISEOOMST UBng
E

g4 5
o1
s0- g s a 1 afeiRg
oo LAY
go v ' T = £ SN
<39 B « @ m M %m -
o o
oz 5 o pdug - 7oy
sz

$0478-8280 & s e v 1T pempy

L9 ¢ v £ Z W
Y O .
F & &
& & &
& F & &
& $
& & %
& o

| 34NOId



US 8,168,181 B2

Sheet 2 of 11

May 1, 2012

U.S. Patent

YNUHUS 69208y

JRUINH

g

$]SB[0092)SO ety J

YNUUS 92808y

$]5€]000180 UBWING

A4

0 UONRNUAIIIIP
10] paxmbaz are oc0gV PUR 9750

¢ 3dNoOld



US 8,168,181 B2

Sheet 3 of 11

May 1, 2012

U.S. Patent

X001

X0

TOZEC-MYH

oy N

L UZEO-AVH

515819091850 MAVH

[OPOW L1797 MV YT =Y}

u (g¢

-

ON dI

»

OdS) 97£09V 10]

INBO[OTRIO SN0 A JO SISIUITOISB[I03ISO U0 SPOSJTS UMOPYOOU oY I

¢ 34NOIld



US 8,168,181 B2

Sheet 4 of 11

May 1, 2012

U.S. Patent

9ZE0aYY-2ZRd + Zpd +
Z'9Ze0-MVH 2 9ZE0-MVYH RO-MYH

-

SISQUOD 01SBJ003]s0

JO SIONQIYUT I0F USRS 0} S[[30 T°9TE0-M VY U (97£0dV)
[ "ON 'l "OdS 107 Aesse uonejuawa]dmos feuonouny v

¥ 34NOld



U.S. Patent May 1, 2012 Sheet 5 of 11 US 8,168,181 B2

Elutions

FIGURE 5



US 8,168,181 B2

Sheet 6 of 11

May 1, 2012

U.S. Patent

510

INi.o
210 | 0
S50 |
8510 |

d

v

9 34dN9Id



US 8,168,181 B2

Sheet 7 of 11

May 1, 2012

U.S. Patent

CREXILRLLRT T2
Seessatitess
seseevecsees
CXXXICLXXXLLAY
seerse v s ey
209960000000
XX XXLLXLRLLS
SRR

whnnaLLd

SABSSE OAIA U]
sAesse paseq-||eD

VA RE

S§i80
L Fx ‘Sayw £6Z 108jSUBS-0D
Aung

Sy SUsWIYD
payund jo ajeid |jom-96
FXEX LT T LIS
eavoves e es
e sessses

P

seesesevesse

EXREX XXX

ssssstsaine e eLaA

o's'e's's’s's'00lele S s s e N sss
XL LLLELXXLS
sevsevesosee
St

ugeys Wby

P ISSUOY

eddey

IMALLD

6L0Ad

2 24
SHO} 290

_

B
uieya £aeay

<

Apidwe Yod

uBis faesy

XXX EXS
X2

>

.

e
o
(X )
B3l
Ve

Lol
i
Sesss
2 >

L0090

oD

X,

/. 3dN9Oid



US 8,168,181 B2

Sheet 8 of 11

May 1, 2012

U.S. Patent

(lw/bu) [qyw ousuny)]

(jw/bu) [qe]

00€ 001 o€ oL € 00€ 00L o€ oL 5
0 0

T eo L 50

o @ o
2 by

Loo & o
=4 - 5L T

L 80 B a
5 5
«Q - ¢ @

S >
o o
Z - G2 »

- 2L & &
IS <

L L - €

9L G¢
63 WIYD i 93 WIYD it 8Q WIYD mipion 63 9B 93 B it 80 B ccipione
1O WIYD g 89 WIYD - 1D qed..s.. 89 qed
8 3dNSOid




US 8,168,181 B2

Sheet 9 of 11

May 1, 2012

U.S. Patent

6 3dNOId



US 8,168,181 B2

Sheet 10 of 11

May 1, 2012

U.S. Patent

0l 3dNoSOI4



US 8,168,181 B2

Sheet 11 of 11

May 1, 2012

U.S. Patent

0001

(Jw/bu) [qe4 8057l
00¢ 00l

o

T ¥ T 1 ¥ 1 T 1
© ¥ N - «©o © ¥
~ ~ o o o o o

G1-09I6ISU-04 g5~  9ZE0S1-03BISW-0 g

«
A and

(%5¥sqy) Buipuiq sAnejey

Ll 3dNOI1d



US 8,168,181 B2

1
METHODS OF IMPAIRING OSTEOCLAST
DIFFERENTIATION USING ANTIBODIES
THAT BIND SIGLEC-15

This application is a continuation-in-part of U.S. Ser. No. 3
12/279,054, filed Jan. 13, 2009, now U.S. Pat. No. 7,989,160,
which is a national stage application of PCT/CA2007/000210
filed on Feb. 13, 2007, the entire content of which is incor-
porated herein by reference, which application claims the
benefit of U.S. Provisional Application Ser. No. 60/772,585 10
filed on Feb. 13, 2006 and U.S. Provisional Application Ser.
No. 60/816,858 filed on Jun. 28, 2006 the entire content of
which is incorporated herein by reference. This application
claims the benefit of U.S. Provisional Application Ser. No.
61/248,960 filed Oct. 6, 2009.

In accordance with 37 CFR 1.52(e)(5), a Sequence Listing
in the form of a text file (entitled “Sequence listing.txt,”
created on Dec. 28, 2009, and 160 kilobytes) is incorporated
herein by reference in its entirety.

15

20
FIELD OF THE INVENTION

This invention relates, in part, to unique and newly identi-
fied genetic polynucleotides involved in the process of bone
remodeling; variants and derivatives of the polynucleotides 25
and corresponding polypeptides; uses of the polynucleotides,
polypeptides, variants and derivatives; methods and compo-
sitions for the amelioration of symptoms caused by bone
remodeling disorders, including but not limited to osteoporo-
sis, osteopenia, osteomalacia, hyperparathyroidism, 30
hypothyroidism, hyperthyroidism, hypogonadism, thyro-
toxicosis, systemic mastocytosis, adult hypophosphatasia,
hyperadrenocorticism, osteogenesis imperfecta, Paget’s dis-
ease, Cushing’s disease/syndrome, Turner syndrome, Gau-
cher disease, Ehlers-Danlos syndrome, Marfan’s syndrome, 35
Menkes’ syndrome, Fanconi’s syndrome, multiple myeloma,
hypercalcemia, hypocalcemia, arthritides, periodontal dis-
ease, rickets (including vitamin D dependent, type I and II,
and x-linked hypophosphatemic rickets), fibrogenesis imper-
fecta ossium, osteosclerotic disorders such as pycnodysosto- 40
sis and damage caused by macrophage-mediated inflamma-
tory processes.

In particular, this invention relates to antibodies and anti-
gen binding fragments, polynucleotide expression profiles of
active osteoclasts, the isolation and identification of poly-
nucleotides, polypeptides, variants and derivatives involved
in osteoclast activity, validation of the identified polynucle-
otides for their potential as therapeutic targets and use of the
polynucleotides, polypeptides, variants and derivatives for
the amelioration of disease states and research purposes, as
well as in diagnosis of disease states or in the predisposition
to develop same.

45

50

BACKGROUND OF THE INVENTION

55

Bone is a dynamic connective tissue comprised of func-
tionally distinct cell populations required to support the struc-
tural, mechanical and biochemical integrity of bone and the
human body’s mineral homeostasis. The principal cell types
involved include, osteoblasts responsible for bone formation
and maintaining bone mass, and osteoclasts responsible for
bone resorption. Osteoblasts and osteoclasts function in a
dynamic process termed bone remodeling. The development
and proliferation of these cells from their progenitors is gov-
erned by networks of growth factors and cytokines produced
in the bone microenvironment as well as by systemic hor-
mones. Bone remodeling is ongoing throughout the lifetime

60
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of the individual and is necessary for the maintenance of
healthy bone tissue and mineral homeostasis. The process
remains largely in equilibrium and is governed by a complex
interplay of systemic hormones, peptides and downstream
signalling pathway proteins, local transcription factors,
cytokines, growth factors and matrix remodeling genes.

Any interference or imbalance arising in the bone remod-
eling process can produce skeletal disease, with the most
common skeletal disorders characterized by a net decrease in
bone mass. A primary cause of this reduction in bone mass is
an increase in osteoclast number and/or activity. The most
common of such disease, and perhaps the best known, is
osteoporosis occurring particularly in women after the onset
of menopause. In fact osteoporosis is the most significant
underlying cause of skeletal fractures in late middle-aged and
elderly women. While estrogen deficiency has been strongly
implicated as a factor in postmenopausal osteoporosis, there
is longstanding evidence that remodeling is a locally con-
trolled process being that it takes place in discrete packets
throughout the skeleton as first described by Frost over forty
years ago (Frost H. M. 1964).

Since bone remodeling takes place in discrete packets,
locally produced hormones and enzymes may be more impor-
tant than systemic hormones for the initiation of bone resorp-
tion and the normal remodeling process. Such local control is
mediated by osteoblasts and osteoclasts in the microenviron-
ment in which they operate. For example, osteoclasts attach to
the bone matrix and form a separate compartment between
themselves and the bone surface delimited by a sealing zone
formed by a ring of actin surrounding the ruffled border.
Multiple small vesicles transport enzymes toward the bone
matrix and internalize partially digested bone matrix. The
microenvironment within the sealing zone is rich with the
presence of lysosomal enzymes and is highly acidic com-
pared to the normal physiological pH of the body. The ruffled
border membrane also expresses RANK, the receptor for
RANKI, and macrophage-colony stimulating factor
(M-CSF) receptor, both of which are responsible for osteo-
clast differentiation, as well as the calcitonin receptor capable
of rapidly inactivating the osteoclast (Baron, R. 2003).

In a complex pattern of inhibition and stimulation, growth
hormone, insulin-like growth factor-1, the sex steroids, thy-
roid hormone, calciotrophic hormones such as PTH and pros-
taglandin E2, various cytokines, such as interleukin-1 beta,
interleukin-6, and tumour necrosis factor-alpha, and 1,25-
dihydroxyvitamin D (calcitriol) act co-ordinately in the bone
remodeling process (Jilka etal. 1992; Poli et al. 1994; Srivas-
tava et al. 1998; de Vemejoul 1996).

Thus, it stands to reason that the unique local environments
created by these specialized cells is due to the expression of
either unique genetic sequences not expressed in other tissues
and/or splice variants of polynucleotides and polypeptides
expressed in other tissues. The isolation and identification of
polynucleotides, polypeptides and their variants and deriva-
tives specific to osteoclast activity will permit a clearer under-
standing of the remodeling process and offer tissue specific
therapeutic targets for the treatment of disease states related
to bone remodeling.

Many diseases linked to bone remodeling are poorly under-
stood, generally untreatable or treatable only to a limited
extent. For example, osteoarthritis is difficult to treat as there
is no cure and treatment focuses on relieving pain and pre-
venting the affected joint from becoming deformed. Non-
steroidal anti-inflammatory drugs (NSAIDs) are generally
used to relieve pain.

Another example is osteoporosis where the only current
medications approved by the FDA for use in the United States
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are the anti-resorptive agents that prevent bone breakdown.
Estrogen replacement therapy is one example of an anti-
resorptive agent. Others include alendronate (Fosamax—a
biphosphonate anti-resorptive), risedronate (Actonel—a bis-
phosphonate anti-resorptive), raloxifene (Evista—selective
estrogen receptor modulator (SERM)), calcitonin (Calci-
mar—a hormone), and parathyroid hormone/teriparatide
(Forteo—a synthetic version of the human hormone, parathy-
roid hormone, which helps to regulate calcium metabolism).

Bisphosphonates such as alendronate and risedronate bind
permanently to the surface of bone and interfere with osteo-
clast activity. This allows the osteoblasts to outpace the rate of
resorption. The most common side effects are nausea,
abdominal pain and loose bowel movements. However, alen-
dronate is reported to also cause irritation and inflammation
of'the esophagus, and in some cases, ulcers of the esophagus.
Risedronate is chemically different from alendronate and has
less likelihood of causing esophagus irritation. However, cer-
tain foods, calcium, iron supplements, vitamins and minerals,
orantacids containing calcium, magnesium, or aluminum can
reduce the absorption of risedronate, thereby resulting in loss
of effectiveness.

The most common side effect of Raloxifen and other
SERMS (such as Tamoxifen) are hot flashes. However, Ral-
oxifene and other hormone replacement therapies have been
shown to increase the risk of blood clots, including deep vein
thrombosis and pulmonary embolism, cardiovascular disease
and cancer.

Calcitonin is not as effective in increasing bone density and
strengthening bone as estrogen and the other anti-resorptive
agents. Common side effects of either injected or nasal spray
calcitonin are nausea and flushing. Patients can develop nasal
irritations, a runny nose, or nosebleeds. Injectable calcitonin
can cause local skin redness at the site of injection, skin rash,
and flushing.

A situation demonstrative of the link between several dis-
orders or disease states involving bone remodeling is that of
the use of etidronate (Didronel) first approved by the FDA to
treat Paget’s disease. Paget’s disease is a bone disease char-
acterized by a disorderly and accelerated remodeling of the
bone, leading to bone weakness and pain. Didronel has been
used ‘off-label” and in some studies shown to increase bone
density in postmenopausal women with established
osteoporosis. It has also been found effective in preventing
bone loss in patients requiring long-term steroid medications
(such as Prednisone or Cortisone). However, high dose or
continuous use of Didronel can cause another bone disease
called osteomalacia. Like osteoporosis, osteomalacia can
lead to weak bones with increased risk of fractures. Because
of osteomalacia concerns and lack of enough studies yet
regarding reduction in the rate of bone fractures, the United
States FDA has not approved Didronel for the treatment of
0steoporosis.

Osteoporosis therapy has been largely focused on antire-
sorptive drugs that reduce the rate of bone loss but emerging
therapies show promise in increasing bone mineral density
instead of merely maintaining it or slowing its deterioration.
The osteoporosis early stage pipeline consists largely of drug
candidates in new therapeutic classes, in particular cathepsin
K inhibitors, osteoprotegerin and calcilytics as well as novel
bisphosphonates. Some of these are examples where novel
drugs exploiting genomics programs are being developed
based on a deeper understanding of bone biology and have the
potential to change the face of treatment of bone disorders in
the long term.

There thus remains a need to better understand the bone
remodeling process and to provide new compositions that are

10

15

20

25

30

35

40

45

50

55

60

65

4

useful for the diagnosis, prognosis, treatment, prevention and
evaluation of therapies for bone remodeling and associated
disorders. A method for analysing polynucleotide expression
patterns has been developed and applied to identify poly-
nucleotides, polypeptides, variants and derivatives specifi-
cally involved in bone remodeling. Methods of identifying
compounds for modulating osteoclast differentiation were
developed and therapeutic antibodies and antigen binding
fragments against SIGLEC-15 (SEQ ID NO.:2) and against
SIGLEC-15 variants were obtained.

Sialic-acid-binding immunoglobulin-like lectins (Siglecs)
are members of the immunoglobulin (Ig) superfamily that
have the ability to interact with sialic acids (McMillan and
Crocker, 2008; Crocker et al., 2007). There are several Siglec
family members that all share specific structural features, in
particular, displaying an amino-terminal V-set g domain that
binds to sialic acid and a variable number of C2-set Ig
domains. These membrane receptors are generally expressed
in highly specific manners and many of the family members
are expressed in hematopoietic cells (McMillan and Crocker,
2008). These proteins are thought to promote cell-cell inter-
actions, mediate signaling, and regulate immune functions
through the recognition of glycans (Crocker et al., 2007).
Sialic acids are nine-carbon sugars typically located at the
ends of complex glycoconjugates on the surface of cells. They
can be attached to a wide variety of proteins and lipids (Mc-
Millan and Crocker, 2008).

Siglec-15 is one of the most recently described Siglec
family members that has a high homology to Siglec-14 (An-
gata et al., 2007). These authors reported that it preferentially
binds to sialyl Tn structure and that it interacts with DAP12
and DAP10. The functional significance of these interactions
is not known but it was proposed that Siglec-15 probably
harbors an activating function (Angata et al., 2007). A recent
publication showed that the presence of sialic acid at the end
of surface glycoconjugates was required for proper osteoclast
differentiation and were probably important for the fusion of
osteoclast precursor cells (Takahata et al., 2007). This last
observation creates a direct functional link between sialic
acid binding and the expression of Siglec-15 in differentiating
osteoclasts and strongly suggested that Siglec-15 plays a role
in the early differentiation program of osteoclast precursors.

Thus, the expression profile of Siglec-15, its strong induc-
ibility during osteoclast differentiation, its localization at the
surface of the membrane, and its structural features all con-
tribute to the feasibility of targeting this protein at the cell
surface with monoclonal antibodies. The only other example
of monoclonal antibody-based therapy that target osteoclasts
is denosumab, a human monoclonal antibody that is specific
for RANKL (Ellis et al. 2008). The present invention relates
to the use of anti-Siglec-15 antibodies or antigen binding
fragments as blockers of osteoclast differentiation and which
may be used for impairing bone loss or bone resorption in
bone-related diseases, such as cancer-induced severe bone
loss.

The present description refers to a number of documents,
the content of which is herein incorporated by reference in
their entirety.

SUMMARY OF THE INVENTION

The present invention relates in one aspect to a therapeutic
antibody and antigen binding fragments thereof which targets
SIGLEC-15 or SIGLEC-15 analogues. These antibodies or
antigen binding fragments may be advantageously recombi-
nantly expressed in a mammalian cell system.
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The present invention relates in another aspect thereof'to an
isolated antibody or antigen binding fragment capable of
binding to a polypeptide able to promote osteoclast differen-
tiation and of interfering with (e.g., inhibiting) an osteoclast
differentiation activity of the polypeptide. One such particu-
lar polypeptide may be, for example, SEQ ID NO.:2 or a
variant having at least 80% sequence identity with SEQ ID
NO.:2. The antibody or antigen binding fragment may par-
ticularly bind to the extracellular region of SEQ ID NO.:2 or
of'the SEQID NO.:2 variant. The antibody or antigen binding
fragment may thus modulate the differentiation of osteoclast
precursor cells into differentiated osteoclasts that occurs
through the SEQ ID NO.:2 or its variant.

Antibodies or antigen binding fragments that are encom-
passed by the present invention include, for example, those
that may interfere with (e.g., inhibit) the differentiation of a
human osteoclast precursor cell or more specifically, those
that may interfere with (e.g., inhibit) the differentiation of a
primary human osteoclast precursor cell.

Therefore, in accordance with the present invention, the
antibody or antigen binding fragment may be capable of
inhibiting differentiation of osteoclast precursor cells into
differentiated osteoclasts.

In an embodiment of the invention, the antibody may be,
for example, a polyclonal antibody. In another embodiment of
the invention, the antibody or antigen binding fragment may
be, for example, a monoclonal antibody or a fragment thereof.
In yet another embodiment, the antibody or antigen binding
fragment may be, for example, a chimeric antibody or a
fragment thereof. In a further embodiment, the antibody or
antigen binding fragment may be, for example, an isolated
human antibody or a fragment thereof.

The antibody or antigen binding fragment of the present
invention may be produced from an isolated mammalian cell
or by ahybridoma cell. Although hybridoma cells are encom-
passed by the present invention, the antibody or antigen bind-
ing fragment may preferably be produced in a cell other than
an hybridoma cell. The isolated mammalian cell may be, for
instance, a human cell.

An exemplary embodiment of an antibody or antigen bind-
ing fragment of the present invention is one that may com-
prise (amino acids of) a constant region of a human antibody
or a fragment thereof.

Another exemplary embodiment of an antibody or antigen
binding fragment of the present invention is one that may
comprise (amino acids of) a framework region of a human
antibody.

Antibodies or antigen binding fragments that are especially
encompassed by the present invention include those that com-
prises (amino acids of) a constant region of a human antibody
or a fragment thereof and/or those that comprises (amino
acids of) a framework region of a human antibody and that are
produced in mammalian cells, or more particularly in human
cells.

Yet other antibodies or antigen binding fragments that are
especially encompassed by the present invention include
monoclonal antibodies or those that comprises (amino acids
of) a constant region of a human antibody or a fragment
thereof and/or those that comprises (amino acids of) a frame-
work region of a human antibody and that may interfere with
(e.g., inhibit) the differentiation of human osteoclast precur-
sor cells into differentiated human osteoclast, or more par-
ticularly those that may interfere with (e.g., inhibit) the dif-
ferentiation of primary human osteoclast precursor cells into
differentiated human osteoclast.

Yet further antibodies or antigen binding fragments that are
especially encompassed by the present invention include
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monoclonal antibodies or those that comprises (amino acids
of) a constant region of a human antibody or a fragment
thereof and/or those that comprises (amino acids of) a frame-
work region of a human antibody and that may interfere with
(e.g., inhibit) the differentiation of human osteoclast precur-
sor cells into differentiated human osteoclast, or more par-
ticularly those that may interfere with (e.g., inhibit) the dif-
ferentiation of primary human osteoclast precursor cells into
differentiated human osteoclast and that are produced in
mammalian cells, or more particularly in human cells.

Exemplary embodiments of antigen binding fragments
include, for example, a FV (e.g., scFv), a Fab, a Fab' or a
(Fab'),.

In accordance with the present invention, the antibody or
antigen binding fragment may comprise (amino acids of)
constant region from an IgG1, IgG2, IgG3, or IgG4. More
particularly, the (amino acids of) the constant region may be
from an IgG2.

The present invention also provides in a further aspect, a
pharmaceutical composition which may comprise an anti-
body or antigen binding fragment of the present invention and
a pharmaceutically acceptable carrier.

More specifically, the present invention provides a phar-
maceutical composition which may comprise:

a. an isolated antibody or antigen binding fragment that
may be capable of binding to a polypeptide able to
promote osteoclast differentiation and of interfering
with (e.g., inhibiting, impairing) an osteoclast differen-
tiation activity of the polypeptide such as a polypeptide
which may be selected from the group consisting of SEQ
ID NO.:2 and a variant having at least 80% sequence
identity with SEQ ID NO.:2, and;

b. a pharmaceutically acceptable carrier.

The pharmaceutical composition may thus comprise an
antibody or antigen binding fragment that may impair (inter-
fere with) the differentiation of osteoclast precursor cells into
differentiated osteoclasts promoted by SEQ ID NO.:2 or its
variant.

Exemplary embodiments of antibodies or antigen binding
fragments that are encompassed by the present invention,
include for example, a polyclonal antibody, a monoclonal
antibody, a chimeric antibody, a human antibody or a frag-
ment thereof.

Exemplary embodiments of pharmaceutical compositions
are those which comprises an antibody or antigen binding
fragment that is produced from an isolated mammalian cell
such as a human cell.

Exemplary embodiments of pharmaceutical compositions
are those which comprises an antibody or antigen binding
fragment that may interfere with the differentiation of human
osteoclast precursor cells into differentiated osteoclasts.

Other exemplary embodiments of pharmaceutical compo-
sitions are those which comprises an antibody or antigen
binding fragment that may interfere with the differentiation
of primary human osteoclast precursor cells into differenti-
ated osteoclasts.

Yet other exemplary embodiments of pharmaceutical com-
positions are those which comprises an antibody or antigen
binding fragment that interfere with the differentiation of
human osteoclast precursor cells (e.g., primary human osteo-
clast precursors cells) into differentiated osteoclasts and that
are produced in mammalian cells (e.g., human cells).

In an additional aspect, the present invention provides an
isolated cell which may comprise (e.g., that has been injected
or transformed or else), that is capable of expressing or that
may express an antibody or antigen binding fragment of the
present invention. In accordance with the present invention,
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the isolated cell may be, for instance a mammalian cell. In a
more specific embodiment, the isolated cell may be, for
example, a human cell.

In yet an additional aspect, the present invention relates to
amethod of modulating (i.e., inhibiting, lowering, impairing)
osteoclast differentiation in a mammal in need, the method
may comprise administering the antibody or antigen binding
fragment of the present invention.

In an exemplary embodiment, the invention provides a
method of modulating (i.e., inhibiting, lowering, impairing)
osteoclast differentiation in a mammal in need, the method
may comprise administering an antibody or antigen binding
fragment that may be capable of modulating the differentia-
tion of an osteoclast precursor cell (e.g., human osteoclast
precursor cell, human primary osteoclast precursor cell) into
a differentiated osteoclast.

In another exemplary embodiment, the invention provides
amethod of modulating (i.e., inhibiting, lowering, impairing)
osteoclast differentiation in a mammal in need, the method
may comprise administering an antibody or antigen binding
fragment that may be capable of modulating the differentia-
tion of an osteoclast precursor cell (e.g., human osteoclast
precursor cell, human primary osteoclast precursor cell) into
a differentiated osteoclast and that is produced in mammalian
cells (e.g., human cell).

In yet another exemplary embodiment, the invention pro-
vides a method of modulating (i.e., inhibiting, lowering,
impairing) osteoclast differentiation in a mammal in need, the
method may comprise administering an antibody or antigen
binding fragment that is capable of modulating (i.e., inhibit-
ing, lowering, impairing) the differentiation of an osteoclast
precursor cell (e.g., human osteoclast precursor cell, human
primary osteoclast precursor cell) into a differentiated osteo-
clast, where the antibody or antigen binding fragment may
comprise, for example, a monoclonal antibody or a fragment
thereof or that may comprise (amino acids) of a human con-
stant region or a fragment thereof, and/or amino acids of a
framework region of a human antibody. Such antibodies or
antigen binding fragments include those that are produced in
mammalian cells (e.g., human cell).

The antibody or antigen binding fragment of the present
invention may thus be administered to a mammal (e.g.,
human) which may suffer from undesirable (e.g., excessive)
bone loss or bone resorption. The antibody or antigen binding
fragment may thus be particularly useful to treat bone loss or
bone resorption in patients suffering or susceptible of suffer-
ing from a condition selected from the group consisting of
osteoporosis, osteopenia, osteomalacia, hyperparathyroid-
ism, hyperthyroidism, hypogonadism, thyrotoxicosis, sys-
temic mastocytosis, adult hypophosphatasia, hyperadreno-
corticism, osteogenesis imperfecta, Paget’s disease,
Cushing’s disease/syndrome, Tumer syndrome, Gaucher dis-
ease, Ehlers-Danlos syndrome, Marfan’s syndrome, Menkes’
syndrome, Fanconi’s syndrome, multiple myeloma, hyper-
calcemia, hypocalcemia, arthritides, periodontal disease,
rickets (including vitamin D dependent, type I and II, and
x-linked hypophosphatemic rickets) or other form of vitamin
D deficiency such as vitamin D deficiency associated with
chronic kidney disease or kidney failure, fibrogenesis imper-
fecta ossium, osteosclerotic disorders such as pycnodysosto-
sis and damage caused by macrophage-mediated inflamma-
tory processes.

The present invention also provides in a further aspect, a
method of identifying an therapeutic antibody or antigen
binding fragment able to impair an osteoclast differentiation
activity of a polypeptide such as, for example, SEQ ID NO.:2
or a variant having at least 80% sequence identity with SEQ
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ID NO.:2. The method may comprise contacting the polypep-
tide or a cell expressing the polypeptide with a candidate
antibody or antigen binding fragment and measuring the
activity of the polypeptide. A reduction in the osteoclast dif-
ferentiation activity (in the presence of antibody or antibody
fragment in comparison with the absence of antibody or anti-
body fragment) may thus positively identify an inhibitory
antibody or antigen binding fragment.

The present invention also relates in a further aspect to an
antibody or antigen binding fragment which may be capable
of inhibiting differentiation of an osteoclast precursor cell
into an osteoclast and which may be obtained by the method
of providing an antibody or antigen binding fragment able to
bind to the polypeptide described herein (SEQ ID NO.:2 or to
a variant having at least 80% sequence identity with SEQ ID
NO.:2) to an osteoclast precursor cell and inducing differen-
tiation. A reduced osteoclast differentiation (in the presence
of antibody or antibody fragment in comparison with the
absence of antibody or antibody fragment) may thus posi-
tively identify an antibody or antigen binding fragment which
may be capable of inhibiting differentiation of an osteoclast
precursor cell into an osteoclast.

The present invention also relates to an isolated antibody or
antigen binding fragment which may be capable of specific
binding to SEQ ID NO.:2 or to a variant having at least 80%
sequence identity with SEQ ID NO.:2 and of inhibiting a
resorptive activity of an osteoclast.

The invention also provides a method of generating an
antibody or antigen binding fragment which may be capable
of inhibiting differentiation of an osteoclast precursor cell
(into an osteoclast) or of inhibiting a resorptive activity of an
osteoclast. The method may comprise administering SEQ ID
NO.:2, a variant having at least 80% identity with SEQ ID
NO.:2 or a fragment of at least 10 amino acids thereof;, to a
mammal (e.g., especially an animal) under conditions allow-
ing for the production of antibodies (under conditions which
induces humoral immunity). The method may also comprise
isolating or purifying the antibody or antigen binding frag-
ment from the mammal.

The invention additionally provides an antibody or antigen
binding fragment that comprises at least one CDRLI,
CDRL2, CDRL3, CDRHI1, CDRH2 and/or CDRH3
described herein. Identification of CDRs in a light chain or
heavy chain may be made in accordance with the Kabat or
Chotia method or by other methods known in the art

In an exemplary embodiment, the antibody or antigen
binding fragment may comprise any individual CDR or a
combination of CDR1, CDR2 and/or CDR3 of'the light chain
variable region. The CDR3 may more particularly be
selected. Combination may include for example, CDRL1 and
CDRL3; CDRL1 and CDRL2; CDRL2 and CDRL3 and,
CDRL1, CDRL2 and CDRL3.

In another exemplary embodiment, the antibody or antigen
binding fragment may comprise any individual CDR or a
combination of CDR1, CDR2 and/or CDR3 of the heavy
chain variable region. The CDR3 may more particularly be
selected. Combination may include for example, CDRH1 and
CDRH3; CDRHI and CDRH2; CDRH2 and CDRH3 and,
CDRH1, CDRH2 and CDRH3.

In accordance with the present invention, the antibody or
antigen binding fragment may comprise at least two CDRs of
a CDRL1, a CDRL2 or a CDRL3.

Also in accordance with the present invention, the antibody
or antigen binding fragment may comprise one CDRL1, one
CDRL2 and one CDRL3.
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In accordance with the present invention, the antibody or
antigen binding fragment may comprise at least two CDRs of
a CDRH1, a CDRH2 or a CDRH3.

Also in accordance with the present invention, the antibody
or antigen binding fragment may comprise one CDRHI, one
CDRH2 and one CDRH3.

Further in accordance with the present invention, the anti-
body or antigen binding fragment may comprise:

a. Atleasttwo CDRs ofaCDRL1, CDRL2 or CDRL3 and;

b. At least two CDRs of a CDRH1, one CDRH2 or one

CDRH3.

The antibody or antigen binding fragment may more pref-
erably comprise one CDRL1, one CDRL2 and one CDRL3.

The antibody or antigen binding fragment may also more
preferably comprise one CDRHI1, one CDRH2 and one
CDRH3.

The invention further provides antibody or antigen binding
fragment that comprises amino acids of the light chain vari-
able region and/or of the heavy chain variable region
described herein.

The present invention relates to polynucleotides compris-
ing sequences involved in the process of bone remodeling, the
open reading frame of such sequences, substantially identical
sequences (e.g., variants (e.g., allelic variant), non human
orthologs), substantially complementary sequences and frag-
ments of any one of the above thereof.

The present invention relates to polypeptide comprising
sequences involved in the process of bone remodeling includ-
ing biologically active analogs and biologically active frag-
ments thereof. The present invention also relates to compo-
sitions that are useful for the diagnosis, prognosis, treatment,
prevention and/or evaluation of therapies for bone remodel-
ing and associated disorders.

In addition, the present invention relates to a method for
analyzing polynucleotide expression patterns, and applied in
the identification of polynucleotides, polypeptides, variants
and derivatives specifically involved in bone remodeling.

The present invention relates to polynucleotide expression
profiles of osteoclasts, the isolation and identification of poly-
nucleotides, their corresponding polypeptides, variants and
derivatives involved in osteoclast activity, validation of these
identified elements for their potential as therapeutic targets
and use of said polynucleotides, polypeptides, variants and
derivatives for the amelioration of disease states.

Itis an object of the present invention to provide polynucle-
otides and/or related polypeptides that have been isolated and
identified. More specifically, the invention provides (isolated
or substantially purified) polynucleotides comprising or con-
sisting of any one of SEQ ID NO.:1, its coding sequence
(open reading frame) substantially identical sequence (e.g.,
variants, orthologs (e.g., SEQ ID NO.:3; SEQ ID NO.:107)),
substantially complementary sequences and related polypep-
tides comprising any one of SEQ ID NO.:2, SEQ ID NO.:4 or
SEQ ID NO.:108 which have been shown to be upregulated in
a highly specific fashion in osteoclasts.

NSEQ refers generally to polynucleotide sequences of the
present invention and includes for example, SEQ. ID. NO.:1,
SEQ ID NO.:3 and SEQ ID NO.:107 whereas PSEQ refers
generally to polypeptide sequences of the present invention
and includes, for example, SEQ ID NO.:2 or aSEQ ID NO.:2
variant (including SEQ ID NO.:4 and SEQ ID NO.:108). Of
course it will be understood that NSEQ also encompasses
polynucleotide sequences which are designed or derived from
SEQ. ID. NO.:1, SEQ ID NO.:3 or and SEQ ID NO.:107
including for example, their coding sequence, complemen-
tary sequences etc.
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As used herein the term “NSEQ” refers generally to poly-
nucleotides sequences comprising or consisting of any one of
SEQ.ID.NO.:1,SEQID NO.:3,0r SEQID NO.:107 (e.g., an
isolated form) or comprising or consisting of a fragment of
any one of SEQ. ID. NO.:1, SEQ ID NO.:3 or SEQ ID
NO.:107. The term “NSEQ” more particularly refers to a
polynucleotide sequence comprising or consisting of a tran-
scribed portion of any one of SEQ. ID. NO.:1, SEQ ID NO.:3
or SEQ ID NO.:107, which may be, for example, free of
untranslated or untranslatable portion(s) (i.e., a coding por-
tion of any one of SEQ ID No.:1, SEQ ID NO.:3 or SEQ ID
NO.:107). The term “NSEQ” additionally refers to a
sequence substantially identical to any one of the above and
more particularly substantially identical to polynucleotide
sequence comprising or consisting of a transcribed portion of
any one of SEQ. ID. Nos.: 1 or 3, which may be, for example,
free of untranslated or untranslatable portion(s). The term
“NSEQ” additionally refers to a polynucleotide sequence
region of any one of SEQ. ID. NO.:1, SEQ ID NO.:3 or SEQ
ID NO.:107 which encodes or is able to encode a polypeptide.
The term “NSEQ” also refers to a polynucleotide sequence
able of encoding any one of the polypeptides described herein
ora polypeptide fragment of any one of the above. Finally, the
term “NSEQ” also comprise a sequence substantially
complementary to any one of the above.

The term “inhibitory NSEQ” generally refers to a sequence
substantially complementary to any one of SEQ. ID. NO.:1,
SEQ ID NO.: 3 or SEQ ID NO.:107, substantially comple-
mentary to a fragment of any one of SEQ. ID. NO.:1, SEQ ID
NO.:3 or SEQ ID NO.:107, substantially complementary to a
sequence substantially identical to SEQ. ID. NO.:1, SEQ ID
NO.:3 or SEQ ID NO.:107 and more particularly, substan-
tially complementary to a transcribed portion of any one of
SEQ. ID. NO.:1, SEQ ID NO.:3 or SEQ ID NO.:107 (e.g.,
which may be free of unstranslated or untranslatable portion)
and which may have attenuating or even inhibitory action
against the transcription of a mRNA or against expression of
a polypeptide encoded by a corresponding SEQ ID NO.:1,
SEQ ID NO.:3 or SEQ ID NO.:107. Suitable “inhibitory
NSEQ” may have for example and without limitation from
about 10 to about 30 nucleotides, from about 10 to about 25
nucleotides or from about 15 to about 20 nucleotides. As used
herein the term “nucleotide” means deoxyribonucleotide or
ribonucleotide. In an exemplary embodiment, the use of
nucleotide analogues is also encompassed in the present
invention.

The present invention relates in one aspect thereof to an
isolated polynucleotide sequence having at least from about
80% to about 100% (e.g., 80%, 90%, 95%, etc.) sequence
identity to a polynucleotide sequence selected from the group
consisting of polynucleotides comprising (a) any one of a
SEQ. ID. NO.:1, SEQ ID NO.:3 or SEQ ID NO.:107; (b) an
open reading frame of (a); (¢) a full complement of (a) or (b),
and; (d) a fragment of any one of (a) to (¢).

As used herein the term “unstranscribable region” may
include for example, a promoter region (or portion thereof),
silencer region, enhancer region etc. of a polynucleotide
sequence.

As used herein the term “unstranslatable region” may
include for example, an initiator portion of a polynucleotide
sequence (upstream of an initiator codon, e.g., AUG), intronic
regions, stop codon and/or region downstream of a stop codon
(including polyA tail, etc.).

Complements of the isolated polynucleotide sequence
encompassed by the present invention may be those, for
example, which hybridize under high stringency conditions
to any of the nucleotide sequences in (a), or (b). The high
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stringency conditions may comprise, for example, a hybrid-
ization reaction at 65° C. in 5xSSC, 5xDenhardt’s solution,
1% SDS, and 100 pg/ml denatured salmon sperm DNA.

In accordance with the present invention, the polynucle-
otide sequence may be used, for example, in the treatment of
diseases or disorders involving bone remodeling.

Fragments of polynucleotides may be used, for example, as
probes for determining the presence of the isolated poly-
nucleotide (or its complement or fragments thereof) in a
sample, cell, tissue, etc. for experimental purposes or for the
purpose of diagnostic of a diseases or disorders involving
bone remodeling.

The present invention also relates to a combination com-
prising a plurality of polynucleotides (substantially purified
and/or isolated). The polynucleotides may be co-expressed
with one or more genes known to be involved in bone remod-
eling. Furthermore, the plurality of polynucleotides may be
selected, for example, from the group consisting of a poly-
nucleotide comprising (a) any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107; (b) an open reading frame of
(a); (c)apolynucleotide sequence comprising or consisting of
a transcribed portion of any one of SEQ. ID. NO.:1, SEQ ID
NO.:3 or SEQ ID NO.:107, which may be, for example, free
of'untranslated or untranslatable portion(s) (d) a complemen-
tary sequence of any one of (a) to (¢); (e) a sequence that
hybridizes under high stringency conditions to any one of the
nucleotide sequences of (a) to (d) and; (f) fragments of any
one of (a) to (e).

The present invention further relates to a polynucleotide
encoding any one of the polypeptides described herein. In
accordance with the present invention, the polynucleotide
(RNA, DNA, etc.) may encode a polypeptide which may be
selected from the group consisting of any one of SEQ ID
NO.:2 or a SEQ ID NO.:2 analogue such as, for example,
SEQ ID NO.:4 or SEQ ID NO.:108, or fragments thereof
(e.g., biologically active fragments, immunologically active
fragments, etc.).

The present invention also relates to an isolated nucleic
acid molecule comprising the polynucleotides of the present
invention, operatively linked to a nucleotide sequence encod-
ing a heterologous polypeptide thereby encoding a fusion
polypeptide.

The invention further relates to a polypeptide encoded by a
polynucleotide of SEQ. ID. NO.:1, SEQ ID NO.:3 or SEQ ID
NO.:107 or more particularly from the open reading frame of
any one of SEQ. ID. NO.:1, SEQ ID NO.:3 or SEQ ID
NO.:107, or a portion thereof. The invention also comprises
the product of a gene that is co-expressed with one or more
genes known to be involved in bone remodeling.

Isolated naturally occurring allelic variant are also encom-
passed by the present invention as well as synthetic variants
(e.g., made by recombinant DNA technology or by chemical
synthesis, etc.) such as biologically active variant which may
comprise one or more amino acid substitutions (compared to
a naturally occurring polypeptide), such as conservative or
non conservative amino acid substitution.

The present invention, further provides a vector (mamma-
lian, bacterial, viral, etc.) comprising the polynucleotides
described herein or fragments thereof, such as an expression
vector. The vector may further comprise a nucleic acid
sequence which may help in the regulation of expression of
the polynucleotide and/or a nucleotide sequence encoding a
tag (e.g., affinity tag; HA, GST, His etc.).

In accordance with the present invention, an expression
vector may comprise, for example, the following operatively
linked elements:
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a) a transcription promoter;

b) apolynucleotide segment (which may comprise an open
reading frame of any one of SEQ ID NO.:1, SEQ ID
NO.:3 or SEQ ID NO.:107); and

¢) a transcription terminator.

The invention also relates to an expression vector compris-
ing a polynucleotide described herein, a host cell transformed
with the expression vector and a method for producing a
polypeptide of the present invention.

The invention further relates to a vector comprising a poly-
nucleotide or polynucleotide fragment. Vectors which may
comprise a sequence substantially complementary to the
polynucleotides of the present invention (e.g., siRNA,
shRNA) are thus encompassed by the present invention. The
vector may comprise sequences enabling transcription of the
polynucleotide or polynucleotide fragment.

More particularly, the present invention therefore provides
a cell which may be genetically engineered to contain and/or
to express the polynucleotide (including complements and
fragments) and/or polypeptides of the present invention. The
cell may be, for example, a mammalian cell, an insect cell, a
bacteria cell, etc.

The present invention therefore provides a host cell which
may comprise a vector as described herein. The cell may be,
for example, a mammalian cell, an insect cell, a bacteria, etc.
The cell may be able to express or expresses a polypeptide
encoded by the polynucleotide described herein.

Methods of producing the polypeptides of the present
invention encompassed herewith includes for example, cul-
turing the cell in conditions allowing the transcription of a
gene or expression of the polypeptide. The polypeptide may
be recovered, for example, from cell lysate or from the cell
supernatant.

The invention relates to the use of at least one polynucle-
otide comprising any one of SEQ. ID. NO.:1, SEQ ID NO.:3
or SEQ ID NO.:107 their coding sequence, substantially
identical sequences, substantially complementary sequences
or fragments thereof on an array. The array may be used in a
method for diagnosing a bone remodeling disease or disorder
by hybridizing the array with a patient sample under condi-
tions to allow complex formation, detecting complex forma-
tion, and comparing the amount of complex formation in the
patient sample to that of standards for normal and diseased
tissues wherein the complex formation in the patient sample
indicates the presence of a bone remodeling disease or disor-
der. Of course, the use of a polynucleotide of the present
invention in a diagnosis method is not dependent exclusively
by way of a specific assay. The sequence or sequences may be
used in conventionally used diagnosis methods known in the
art.

The present invention also relates to a method of amelio-
rating bone remodeling disease or disorder symptoms, or for
inhibiting or delaying bone disease or disorder, the method
may comprise: contacting a compound capable of specifically
inhibiting activity or expression of a polynucleotide sequence
described herein or a polypeptide described herein, in osteo-
clasts so that symptoms of the bone remodeling disease or
disorder may be ameliorated, or the disease or disorder may
be prevented, delayed or lowered.

The present invention further relates to a method for ame-
liorating bone remodeling disease or disorder symptoms, or
for inhibiting or delaying bone disease or disorder, the
method may comprise: contacting a compound capable of
specifically promoting activity or expression of a polynucle-
otide sequence described herein or a polypeptide described
herein, in osteoclasts so that symptoms of the bone remodel-
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ing disease or disorder may be ameliorated, or the disease or
disorder may be prevented, delayed or lowered.

The present invention also relates to a method of treating a
condition in a mammal characterized by a deficiency in, or
need for, bone growth or replacement and/or an undesirable
level of bone resorption, which method may comprise admin-
istering to a mammalian subject in need of such treatment an
effective amount of a suitable compound described herein.

The present invention further relates to a method of using a
polynucleotide sequence described herein, a polypeptide
described herein on an array and for the use of the array in a
method for diagnosing a bone remodeling disease or disorder
by hybridizing the array with a patient sample under condi-
tions to allow complex formation, detecting complex forma-
tion, and comparing the amount of complex formation in the
patient sample to that of standards for normal and diseased
tissues wherein the complex formation in the patient sample
may indicate the presence of a bone remodeling disease or
disorder.

In accordance with the present invention, the polynucle-
otide sequence described herein may be used for somatic cell
gene therapy or for stem cell gene therapy.

The invention also relates to a pharmaceutical composition
comprising a polynucleotide described herein or a polypep-
tide encoded by the selected polynucleotide or portion thereof
and a suitable pharmaceutical carrier.

Additionally, the invention relates to products, composi-
tions, processes and methods that comprise a polynucleotide
described herein, a polypeptide encoded by the polynucle-
otides, a portion thereof, their variants or derivatives, for
research, biological, clinical and therapeutic purposes.

The NSEQs and PSEQs may be used in diagnosis, prog-
nosis, treatment, prevention, and selection and evaluation of
therapies for diseases and disorders involving bone remodel-
ing including, but not limited to, osteoporosis, osteopenia,
osteomalacia, hyperparathyroidism, hyperthyroidism, hyper-
thyroidism, hypogonadism, thyrotoxicosis, systemic masto-
cytosis, adult hypophosphatasia, hyperadrenocorticism,
osteogenesis imperfecta, Paget’s disease, Cushing’s disease/
syndrome, Tumer syndrome, Gaucher disease, Ehlers-Danlos
syndrome, Marfan’s syndrome, Menkes’ syndrome, Fanco-
ni’s syndrome, multiple myeloma, hypercalcemia, hypocal-
cemia, arthritides, periodontal disease, rickets (including
vitamin D dependent, type I and II, and x-linked hypophos-
phatemic rickets), fibrogenesis imperfecta ossium, osteoscle-
rotic disorders such as pycnodysostosis and damage caused
by macrophage-mediated inflammatory processes.

Use of NSEQ as a Screening Tool

The polynucleotides obtained by the present invention may
be used to detect and isolate expression products, for
example, mRNA, complementary DNAs (cDNAs) and pro-
teins derived from or homologous to the NSEQs. In one
embodiment, the expression of mRNAs homologous to the
NSEQs of the present invention may be detected, for
example, by hybridization analysis, reverse transcription and
in vitro nucleic acid amplification methods. Such procedures
permit detection of mRNAs in a variety of tissue types or at
different stages of development. The subject nucleic acids
which are expressed in a tissue-specific or a developmental-
stage-specific manner are useful as tissue-specific markers or
for defining the developmental stage of a sample of cells or
tissues that may define a particular disease state. One of skill
in the art may readily adapt the NSEQs for these purposes.

Those skilled in the art will also recognize that the NSEQs
and its expression products such as cDNA nucleic acids and
genomic DNA may be used to prepare short oligonucleotides
sequences. For example, oligonucleotides having ten to
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twelve nucleotides or more may be prepared which hybridize
specifically to the present NSEQs and ¢cDNAs and allow
detection, identification and isolation of unique nucleic
sequences by hybridization. Sequences of for example, at
least 15-20 nucleotides may be used and selected from
regions that lack homology to other known sequences.
Sequences of 20 or more nucleotides that lack suchhomology
show an increased specificity toward the target sequence.
Useful hybridization conditions for probes and primers are
readily determinable by those of skill in the art. Stringent
hybridization conditions encompassed herewith are those
that may allow hybridization of nucleic acids that are greater
than 90% homologous but which may prevent hybridization
of nucleic acids that are less than 70% homologous. The
specificity of a probe may be determined by whether it is
made from a unique region, a regulatory region, or from a
conserved motif. Both probe specificity and the stringency of
diagnostic hybridization or amplification (maximal, high,
intermediate, or low) reactions may be determined whether
the probe identifies exactly complementary sequences, allelic
variants, or related sequences. Probes designed to detect
related sequences may have at least 50% sequence identity to
any of the selected polynucleotides.

It is to be understood herein that the NSEQs (including
substantially identical sequences and fragments thereof) may
hybridize to a substantially complementary sequence found
in a test sample. Additionally, a sequence substantially
complementary to NSEQ may bind a NSEQ found in a test
sample.

Furthermore, a probe may be labelled by any procedure
known in the art, for example by incorporation of nucleotides
linked to a “reporter molecule”. A “reporter molecule”, as
used herein, may be a molecule that provides an analytically
identifiable signal allowing detection of a hybridized probe.
Detection may be either qualitative or quantitative. Com-
monly used reporter molecules include fluorophores,
enzymes, biotin, chemiluminescent molecules, biolumines-
cent molecules, digoxigenin, avidin, streptavidin or radioiso-
topes. Commonly used enzymes include horseradish peroxi-
dase, alkaline phosphatase, glucose oxidase and
[-galactosidase, among others. Enzymes may be conjugated
to avidin or streptavidin for use with a biotinylated probe.
Similarly, probes may be conjugated to avidin or streptavidin
for use with a biotinylated enzyme. Incorporation of a
reporter molecule into a DNA probe may be by any method
known to the skilled artisan, for example by nick translation,
primer extension, random oligo priming, by 3' or 5' end label-
ing or by other means. In addition, hybridization probes
include the cloning of nucleic acid sequences into vectors for
the production of mRNA probes. Such vectors are known in
the art, are commercially available, and may be used to syn-
thesize RNA probes in vitro. The labelled polynucleotide
sequences may be used in Southern or northern analysis, dot
blot, or other membrane-based technologies; in PCR tech-
nologies; and in micro arrays utilizing samples from subjects
to detect altered expression. Oligonucleotides useful as
probes for screening of samples by hybridization assays or as
primers for amplification may be packaged into kits. Such kits
may contain the probes or primers in a pre-measured or pre-
determined amount, as well as other suitably packaged
reagents and materials needed for the particular hybridization
or amplification protocol. In another embodiment, the inven-
tion entails a substantially purified polypeptide encoded by
the polynucleotides of NSEQs, polypeptide analogs or
polypeptide fragments thereof. The polypeptides whetherin a
premature, mature or fused form, may be isolated from lysed
cells, or from the culture medium, and purified to the extent
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needed for the intended use. One of skill in the art may readily
purity these proteins, polypeptides and peptides by any avail-
able procedure. For example, purification may be accom-
plished by salt fractionation, size exclusion chromatography,
ion exchange chromatography, reverse phase chromatogra-
phy, affinity chromatography and the like.

Use of NSEQ for Development of an Expression System

In order to express a biologically active polypeptide,
NSEQ, or derivatives thereof, may be inserted into an expres-
sion vector, i.e., a vector that contains the elements for tran-
scriptional and translational control of the inserted coding
sequence in a particular host. These elements may include
regulatory sequences, such as enhancers, constitutive and
inducible promoters, and 5' and 3' un-translated regions.
Methods that are well known to those skilled in the art may be
used to construct such expression vectors. These methods
include in vitro recombinant DNA techniques, synthetic tech-
niques, and in vivo genetic recombination.

A variety of expression vector/host cell systems known to
those of skill in the art may be utilized to express NSEQ.
These include, but are not limited to, microorganisms such as
bacteria transformed with recombinant bacteriophage, plas-
mid, or cosmid DNA expression vectors; yeast transformed
with yeast expression vectors; insect cell systems infected
with baculovirus vectors; plant cell systems transformed with
viral or bacterial expression vectors; or animal cell systems.
For long-term production of recombinant proteins in mam-
malian systems, stable expression in cell lines may be
effected. For example, NSEQ may be transformed into cell
lines using expression vectors that may contain viral origins
of replication and/or endogenous expression elements and a
selectable or visible marker gene on the same or on a separate
vector. The invention is not to be limited by the vector or host
cell employed.

In general, host cells that contain NSEQ and that express a
polypeptide encoded by the NSEQ, or a portion thereof, may
beidentified by a variety of procedures known to those of' skill
in the art. These procedures include, but are not limited to,
DNA-DNA or DNA-RNA hybridizations, PCR amplifica-
tion, and protein bioassay or immunoassay techniques that
include membrane, solution, or chip based technologies for
the detection and/or quantification of nucleic acid or amino
acid sequences. Immunological methods for detecting and
measuring the expression of polypeptides using either spe-
cific polyclonal or monoclonal antibodies are known in the
art. Examples of such techniques include enzyme-linked
immunosorbent assays (ELISAs), radioimmunoassays
(RIAs), and fluorescence activated cell sorting (FACS).
Those of skill in the art may readily adapt these methodolo-
gies to the present invention.

The present invention additionally relates to a bioassay for
evaluating compounds as potential antagonists of the
polypeptide described herein, the bioassay may comprise:

a) culturing test cells in culture medium containing
increasing concentrations of at least one compound
whose ability to inhibit the action of a polypeptide
described herein is sought to be determined, wherein the
test cells may contain a polynucleotide sequence
described herein (for example, in a form having
improved trans-activation transcription activity, relative
to wild-type polynucleotide, and comprising a response
element operatively linked to a reporter gene); and there-
after

b) monitoring in the cells the level of expression of the
product of the reporter gene as a function of the concen-
tration of the potential antagonist compound in the cul-
ture medium, thereby indicating the ability of the poten-
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tial antagonist compound to inhibit activation of the
polypeptide encoded by, the polynucleotide sequence
described herein.

The present invention further relates to a bioassay for
evaluating compounds as potential agonists for a polypeptide
encoded by the polynucleotide sequence described herein,
the bioassay may comprise:

a) culturing test cells in culture medium containing
increasing concentrations of at least one compound
whose ability to promote the action of the polypeptide
encoded by the polynucleotide sequence described
herein is sought to be determined, wherein the test cells
may contain a polynucleotide sequence described herein
(for example, in a form having improved trans-activa-
tion transcription activity, relative to wild-type poly-
nucleotide, and comprising a response element opera-
tively linked to a reporter gene); and thereafter

b) monitoring in the cells the level of expression of the
product of the reporter gene as a function of the concen-
tration of the potential agonist compound in the culture
medium, thereby indicating the ability of the potential
agonist compound to promote activation of a polypep-
tide encoded by the polynucleotide sequence described
herein.

Host cells transformed with NSEQ may be cultured under
conditions for the expression and recovery of the polypeptide
from cell culture. The polypeptide produced by a transgenic
cell may be secreted or retained intracellularly depending on
the sequence and/or the vector used. As will be understood by
those of skill in the art, expression vectors containing NSEQ
may be designed to contain signal sequences that direct secre-
tion of the polypeptide through a prokaryotic or eukaryotic
cell membrane. Due to the inherent degeneracy of the genetic
code, other DNA sequences that encode substantially the
same or a functionally equivalent amino acid sequence may
be produced and used to express the polypeptide encoded by
NSEQ. The nucleotide sequences of the present invention
may be engineered using methods generally known in the art
in order to alter the nucleotide sequences for a variety of
purposes including, but not limited to, modification of the
cloning, processing, and/or expression of the gene product.
DNA shuffling by random fragmentation and PCR reassem-
bly of gene fragments and synthetic oligonucleotides may be
used to engineer the nucleotide sequences. For example, oli-
gonucleotide-mediated site-directed mutagenesis may be
used to introduce mutations that create new restriction sites,
alter glycosylation patterns, change codon preference, pro-
duce splice variants, and so forth.

In addition, a host cell strain may be chosen for its ability to
modulate expression of the inserted sequences or to process
the expressed polypeptide in the desired fashion. Such modi-
fications of the polypeptide include, but are not limited to,
acetylation, carboxylation, glycosylation, phosphorylation,
lipidation, and acylation. Post-translational processing,
which cleaves a “prepro” form of the polypeptide, may also
be used to specify protein targeting, folding, and/or activity.
Different host cells that have specific cellular machinery and
characteristic mechanisms for post-translational activities
(e.g., CHO, Hel.a, MDCK, HEK293, and W138) are avail-
able commercially and from the American Type Culture Col-
lection (ATCC) and may be chosen to ensure the correct
modification and processing of the expressed polypeptide.

Those of skill in the art will readily appreciate that natural,
modified, or recombinant nucleic acid sequences may be
ligated to a heterologous sequence resulting in translation of
a fusion polypeptide containing heterologous polypeptide
moieties in any of the aforementioned host systems. Such
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heterologous polypeptide moieties may facilitate purification
of fusion polypeptides using commercially available affinity
matrices. Such moieties include, but are not limited to, glu-
tathione S-transferase (GST), maltose binding protein,
thioredoxin, calmodulin binding peptide, 6-His (His), FLAG,
c-myc, hemaglutinin (HA), and monoclonal antibody
epitopes.

In yet a further aspect, the present invention relates to an
isolated polynucleotide which may comprise a nucleotide
sequence encoding a fusion protein, the fusion protein may
comprise a fusion partner fused to a peptide fragment of a
protein encoded by, or a naturally occurring allelic variant
polypeptide encoded by, the polynucleotide sequence
described herein.

Those of skill in the art will also readily recognize that the
nucleic acid and polypeptide sequences may be synthesized,
in whole or in part, using chemical or enzymatic methods well
known in the art. For example, peptide synthesis may be
performed using various solid-phase techniques and
machines such as the ABI 431A Peptide synthesizer (PE
Biosystems) may be used to automate synthesis. If desired,
the amino acid sequence may be altered during synthesis
and/or combined with sequences from other proteins to pro-
duce a variant protein.

Use of NSEQ as a Diagnostic Screening Tool

The skilled artisan will readily recognize that NSEQ may
be used for diagnostic purposes to determine the absence,
presence, or altered expression (i.e. increased or decreased
compared to normal) of the gene. The polynucleotides may be
at least 10 nucleotides long or at least 12 nucleotides long or
at least 15 nucleotides long up to any desired length and may
comprise complementary RNA and DNA molecules,
branched nucleic acids, and/or peptide nucleic acids (PNAs).
In one alternative, the polynucleotides may be used to detect
and quantify gene expression in samples in which expression
of NSEQ is correlated with disease. In another alternative,
NSEQ may be used to detect genetic polymorphisms associ-
ated with a disease. These polymorphisms may be detected in
the transcript cDNA.

The invention provides for the use of at least one poly-
nucleotide comprising NSEQ (e.g., an open reading frame of
NSEQ, a substantially complementary sequence, a substan-
tially identical sequence, and fragments thereof) on an array
and for the use of that array in a method for diagnosing a bone
remodeling disease or disorder by hybridizing the array with
a patient sample under conditions to allow complex forma-
tion, detecting complex formation, and comparing the
amount of complex formation in the patient sample to that of
standards for normal and diseased tissues wherein the com-
plex formation in the patient sample indicates the presence of
a bone remodeling disease or disorder.

In another embodiment, the present invention provides one
or more compartmentalized kits for detection of bone resorp-
tion disease states. A first kit may have a receptacle containing
atleast one isolated probe. Such a probe may be a nucleic acid
fragment which is present/absent in the genomic DNA of
normal cells but which is absent/present in the genomic DNA
of affected cells. Such a probe may be specific for a DNA site
that is normally active/inactive but which may be inactive/
active in certain cell types. Similarly, such a probe may be
specific for a DNA site that may be abnormally expressed in
certain cell types. Finally, such a probe may identify a specific
DNA mutation. By specific for a DNA site is meant that the
probe may be capable of hybridizing to the DNA sequence
which is mutated, or may be capable of hybridizing to DNA
sequences adjacent to the mutated DNA sequences. The
probes provided in the present kits may have a covalently
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attached reporter molecule. Probes and reporter molecules
may be readily prepared as described above by those of skill
in the art.

Use of NSEQ as a Therapeutic

One of skill in the art will readily appreciate that the
expression systems and assays discussed above may also be
used to evaluate the efficacy of a particular therapeutic treat-
ment regimen, in animal studies, in clinical trials, or to moni-
tor the treatment of an individual subject. Once the presence
of disease is established and a treatment protocol is initiated,
hybridization or amplification assays may be repeated on a
regular basis to determine if the level of expression in the
patient begins to approximate the level observed in a healthy
subject. The results obtained from successive assays may be
used to show the efficacy of treatment over a period ranging
from several days to many years.

In yet another aspect of the invention, an NSEQ, a portion
thereof, or its complement, may be used therapeutically for
the purpose of expressing mRNA and polypeptide, or con-
versely to block transcription or translation of the mRNA.
Expression vectors may be constructed using elements from
retroviruses, adenoviruses, herpes or vaccinia viruses, or bac-
terial plasmids, and the like. These vectors may be used for
delivery of nucleotide sequences to a particular target organ,
tissue, or cell population. Methods well known to those
skilled in the art may be used to construct vectors to express
nucleic acid sequences or their complements.

Alternatively, NSEQ, a portion thereof, or its complement,
may be used for somatic cell or stem cell gene therapy. Vec-
tors may be introduced in vivo, in vitro, and ex vivo. For ex
vivo therapy, vectors are introduced into stem cells taken from
the subject, and the resulting transgenic cells are clonally
propagated for autologous transplant back into that same
subject. Delivery of NSEQ by transfection, liposome injec-
tions, or polycationic amino polymers may be achieved using
methods that are well known in the art. Additionally, endog-
enous NSEQ expression may be inactivated using homolo-
gous recombination methods that insert an inactive gene
sequence into the coding region or other targeted region of
NSEQ.

Depending on the specific goal to be achieved, vectors
containing NSEQ may be introduced into a cell or tissue to
express a missing polypeptide or to replace a non-functional
polypeptide. Of course, when one wishes to express PSEQ in
a cell or tissue, one may use a NSEQ able to encode such
PSEQ for that purpose or may directly administer PSEQ to
that cell or tissue.

On the other hand, when one wishes to attenuate or inhibit
the expression of PSEQ, one may use a NSEQ (e.g., an
inhibitory NSEQ) which is substantially complementary to at
least a portion of a NSEQ able to encode such PSEQ.

The expression of an inhibitory NSEQ may be done by
cloning the inhibitory NSEQ into a vector and introducing the
vector into a cell to down-regulate the expression of a
polypeptide encoded by the target NSEQ.

Vectors containing NSEQ (e.g., including inhibitory
NSEQ) may be transformed into a cell or tissue to express a
missing polypeptide or to replace a non-functional polypep-
tide. Similarly a vector constructed to express the comple-
ment of NSEQ may be transformed into a cell to down-
regulate the over-expression of a polypeptide encoded by the
polynucleotides of NSEQ), or a portion thereof. Complemen-
tary or anti-sense sequences may consist of an oligonucle-
otide derived from the transcription initiation site; nucle-
otides between about positions =10 and +10 from the ATG are
preferred. Similarly, inhibition may be achieved using triple
helix base-pairing methodology. Triple helix pairing is useful
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because it causes inhibition of the ability of the double helix
to open sufficiently for the binding of polymerases, transcrip-
tion factors, or regulatory molecules. Recent therapeutic
advances using triplex DNA have been described in the lit-
erature. (See, e.g., Gee et al. 1994)

Ribozymes, enzymatic RNA molecules, may also be used
to catalyze the cleavage of mRNA and decrease the levels of
particular mRNAs, such as those comprising the polynucle-
otide sequences of the invention. Ribozymes may cleave
mRNA at specific cleavage sites. Alternatively, ribozymes
may cleave mRNAs at locations dictated by flanking regions
that form complementary base pairs with the target mRNA.
The construction and production of ribozymes is well known
in the art.

RNA molecules may be modified to increase intracellular
stability and half-life. Possible modifications include, but are
not limited to, the addition of flanking sequences at the 5'
and/or 3' ends of'the molecule, or the use of phosphorothioate
or 2' O-methyl rather than phosphodiester linkages within the
backbone of the molecule. Alternatively, nontraditional bases
such as inosine, queosine, and wybutosine, as well as acetyl-,
methyl-, thio-, and similarly modified forms of adenine, cyti-
dine, guanine, thymine, and uridine which are not as easily
recognized by endogenous endonucleases, may be included.

In addition to the active ingredients, a pharmaceutical com-
position may contain pharmaceutically acceptable carriers
comprising excipients and auxiliaries that facilitate process-
ing of the active compounds into preparations that may be
used pharmaceutically.

For any compound, the therapeutically effective dose may
be estimated initially either in cell culture assays or in animal
models such as mice, rats, rabbits, dogs, or pigs. An animal
model may also be used to determine the concentration range
and route of administration. Such information may then be
used to determine useful doses and routes for administration
in humans. These techniques are well known to one skilled in
the art and a therapeutically effective dose refers to that
amount of active ingredient that ameliorates the symptoms or
condition. Therapeutic efficacy and toxicity may be deter-
mined by standard pharmaceutical procedures in cell cultures
or with experimental animals, such as by calculating and
contrasting the ED,, (the dose therapeutically effective in
50% of the population) and LD, (the dose lethal to 50% of
the population) statistics. Any of the therapeutic composi-
tions described above may be applied to any subject in need of
such therapy, including, but not limited to, mammals such as
dogs, cats, cows, horses, rabbits, monkeys, and most prefer-
ably, humans.

The pharmaceutical compositions utilized in this invention
may be administered by any number of routes including, but
not limited to, oral, intravenous, intramuscular, intra-arterial,
intramedullary, intrathecal, intraventricular, transdermal,
subcutaneous, intraperitoneal, intranasal, enteral, topical,
sublingual, or rectal means.

The term “treatment” for purposes of this disclosure refers
to both therapeutic treatment and prophylactic or preventative
measures, wherein the object is to prevent or slow down
(lessen) the targeted pathologic condition or disorder. Those
in need of treatment include those already with the disorder as
well as those prone to have the disorder or those in whom the
disorder is to be prevented.

Use of NSEQ in General Research

The invention finally provides products, compositions,
processes and methods that utilize an NSEQ, their open read-
ing frame, or a polypeptide encoded by the polynucleotides of
NSEQ or their open reading frame, or a portion thereof, their
variants, analogs, derivatives and fragments for research, bio-
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logical, clinical and therapeutic purposes. For example, to
identify splice variants, mutations, and polymorphisms

NSEQ may be extended utilizing a partial nucleotide
sequence and employing various PCR-based methods known
in the art to detect upstream sequences such as promoters and
other regulatory elements. Additionally, one may use an XI.-
PCR kit (PE Biosystems, Foster City Calif.), nested primers,
and commercially available cDNA libraries (Life Technolo-
gies, Rockville Md.) or genomic libraries (Clontech, Palo
Alto Calif.) to extend the sequence.

The polynucleotides may also be used as targets in a micro-
array. The micro-array may be used to monitor the expression
patterns of large numbers of genes simultaneously and to
identify splice variants, mutations, and polymorphisms.
Information derived from analyses of the expression patterns
may be used to determine gene function, to understand the
genetic basis of a disease, to diagnose a disease, and to
develop and monitor the activities of therapeutic agents used
to treat a disease. Microarrays may also be used to detect
genetic diversity, single nucleotide polymorphisms which
may characterize a particular population, at the genomic
level.

In yet another embodiment, polynucleotides may be used
to generate hybridization probes useful in mapping the natu-
rally occurring genomic sequence. Fluorescent in situ hybrid-
ization (FISH) may be correlated with other physical chro-
mosome mapping techniques and genetic map data.

The present invention more particularly relates in one
aspect thereof to a method of representatively identifying an
endogeneously differentially expressed sequence involved in
osteoclast differentiation. The sequence may be, for example,
differentially expressed in a differentiated osteoclast cell
compared to an undifferentiated osteoclast precursor cell.

The method of the present invention may comprise;

a) separately providing total messenger RNA from (mature
or intermediately) differentiated human osteoclast cell
and undifferentiated human osteoclast precursor cell,
the total messenger RNA may comprise, for example, at
least one endogeneously differentially expressed
sequence,

b) generating single-stranded cDNA from each messenger
RNA of differentiated human osteoclast cell and (e.g.,
randomly) tagging the 3'-end of the single-stranded
cDNA with a RNA polymerase promoter sequence and
a first sequence tag;

¢) generating single-stranded cDNA from each messenger
RNA of undifferentiated human osteoclast precursor
cell and (e.g., randomly) tagging the 3'-end of the single-
stranded ¢cDNA with a RNA polymerase promoter
sequence and a second sequence tag;

d) separately generating partially or completely double-
stranded 5'-tagged-DNA from each of b) and c), the
double-stranded 5'-tagged-DNA may thus comprise in a
5' to 3' direction, a double-stranded RNA polymerase
promoter, a first or second sequence tag and an endog-
enously expressed sequence,

e) separately linearly amplifying a first and second tagged
sense RNA from each of d) with a RNA polymerase
enzyme (which may be selected based on the promoter
used for tagging),

) generating single-stranded complementary first or sec-
ond tagged DNA from one of'e),

g) hybridizing the single-stranded complementary first or
second tagged DNA of

) with the other linearly amplified sense RNA of e),
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h) recovering unhybridized RNA with the help of the first
or second sequence tag (for example by PCR or hybrid-
ization), and;

1) identifying (determining) the nucleotide sequence of
unhybridized RNA.

Steps b) and/or ¢), may comprise generating a single copy

of a single-stranded cDNA.

The method may further comprise the step of compara-
tively determining the presence of the identified endoge-
neously and differentially expressed sequence in a differen-
tiated osteoclast cell relative to an undifferentiated osteoclast
precursor cell.

A sequence which is substantially absent (e.g., totally
absent or present in very low quantity) from one of differen-
tiated osteoclast cell or an undifferentiated osteoclast precur-
sor cell and present in the other of differentiated osteoclast
cell or an undifferentiated osteoclast precursor cell may there-
fore be selected.

The sequence thus selected may be a positive regulator of
osteoclast differentiation and therefore may represent an
attractive target which may advantageously be used to pro-
mote bone resorption or alternatively such target may be
inhibited to lower or prevent bone resorption.

Alternatively, the sequence selected using the above
method may be a negative regulator of osteoclast differentia-
tion and may therefore represent an attractive target which
may advantageously be induced (e.g., at the level of transcrip-
tion, translation, activity etc.) or provided to a cell to lower or
prevent bone resorption. Also such negative regulator may,
upon its inhibition, serve as a target to promote bone resorp-
tion.

Inaccordance with the present invention, the sequence may
be further selected based on a reduced or substantially absent
expression in other normal tissue, therefore representing a
candidate sequence specifically involved in osteoclast difter-
entiation and bone remodeling.

The method may also further comprise a step of determin-
ing the complete sequence of the nucleotide sequence and
may also comprise determining the coding sequence of the
nucleotide sequence.

The present invention also relates in a further aspect, to the
isolated endogeneously and differentially expressed
sequence (polynucleotide and polypeptide) identified by the
method of the present invention.

More particularly, the present invention encompasses a
polynucleotide which may comprise the identified polynucle-
otide sequence, a polynucleotide which may comprise the
open reading frame of the identified polynucleotide
sequence, a polynucleotide which may comprise a nucleotide
sequence substantially identical to the polynucleotide identi-
fied by the method of the present invention, a polynucleotide
which may comprise a nucleotide sequence substantially
complementary to the polynucleotide identified by the
method of the present invention, fragments and splice variant
thereof.

Inaccordance with the present invention, the isolated endo-
geneously and differentially expressed sequence of the
present invention may be a complete or partial RNA mol-
ecule.

Isolated DNA molecule able to be transcribed into the RNA
molecule of the present invention are also encompassed here-
with as well as vectors (including expression vectors) com-
prising the such DNA or RNA molecule.

The present invention also relates to libraries comprising at
least one isolated endogeneously and differentially expressed
sequence identified herein (e.g., partial or complete RNA or
DNA, substantially identical sequences or substantially
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complementary sequences (e.g., probes) and fragments
thereof (e.g., oligonucleotides)).

Inaccordance with the present invention, the isolated endo-
geneously and differentially expressed sequence may be
selected, for example, from the group consisting of a poly-
nucleotide which may consist in or comprise;

a) any one of SEQ ID NO.:1, SEQ ID NO.:3 or SEQ ID

NO.:107,

b) the open reading frame of any one of SEQ ID NO.:1,
SEQ ID NO.:3 or SEQ ID NO.:107,

¢) a polynucleotide which may comprise a nucleotide
sequence substantially identical to a) or b), and;

d) a polynucleotide which may comprise a nucleotide
sequence substantially complementary to any one of a)
to ¢),

e) fragments of any one of a) to d).

In a further aspect the present invention relates to a
polypeptide which may be encoded by the isolated endoge-
neously and differentially expressed sequence of the present
invention.

In yet a further aspect the present invention relates to a
polynucleotide able to encode a polypeptide of the present
invention. Dueto the degeneracy of the genetic code, itis to be
understood herein that a multiplicity of polynucleotide
sequence may encode the same polypeptide sequence and
thus are encompassed by the present invention.

Exemplary polypeptides may comprise a sequence
selected from the group consisting of any one of SEQ ID
NO.:2and a SEQ ID NO.:2 variant (e.g., SEQ ID NO.:4, SEQ
ID NO.:108).

The present invention also relates to an isolated non-human
ortholog polynucleotide sequence (involved in bone remod-
eling), the open reading frame of the non-human ortholog,
substantially identical sequences, substantially complemen-
tary sequences, fragments and splice variants thereof.

The present invention as well relates to an isolated
polypeptide encoded by the non-human ortholog polynucle-
otide as well as biologically active analogs and biologically
active fragments thereof.

Exemplary embodiments of non-human (e.g., mouse)
ortholog polynucleotides encompassed herewith include, for
example, SEQ ID NO.:3 or SEQ ID NO.:107.

Exemplary embodiments of isolated polypeptide encoded
by some non-human orthologs identified herein include for
example, a polypeptide such as SEQ ID NO.:4 or SEQ ID
NO.:108.

Exemplary embodiments of SEQ ID NO.:2 variant having
80% identity with SEQ ID NO.:2 include for example and
without limitation, SEQ ID NO.:4, SEQ ID NO.:108 as well
as other analogues that are published in databases under gene
bank accession numbers or NCBI reference sequence:
AAY40743.1, XP_512109.2, XP_001089000.1,
XP_ 601064 .4, NP_001094508.1, XP_ 8552381,
XP_574176.2 and EAX01462.1.

The present invention also more particularly relates, in an
additional aspect thereof, to an isolated polynucleotide which
may be differentially expressed in differentiated osteoclast
cell compared to undifferentiated human osteoclast precursor
cell.

The isolated polynucleotide may comprise a member
selected from the group consisting of;

a) a polynucleotide which may comprise any one of SEQ

ID NO.:1, SEQ ID NO.:3 or SEQ ID NO.:107,;

b) a polynucleotide which may comprise the open reading
frame of any one of SEQ ID NO.:1, SEQ ID NO.:3 or
SEQ ID NO.:107;
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¢) a polynucleotide which may comprise a transcribed or
transcribable portion of any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107, which may be, for
example, free of untranslated or untranslatable
portion(s);

d) a polynucleotide which may comprise a translated or
translatable portion of any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107 (e.g., coding portion),

e) a polynucleotide which may comprise a sequence sub-
stantially identical (e.g., from about 50 to 100%, or
about 60 to 100% or about 70 to 100% or about 80 to
100% or about 85, 90, 95 to 100% identical over the
entire sequence or portion of sequences)to a), b) ¢) or d),

1) a polynucleotide which may comprise a sequence sub-
stantially complementary (e.g., from about 50 to 100%,
or about 60 to 100% or about 70 to 100% or about 80 to
100% or about 85, 90, 95 to 100% complementarity over
the entire sequence or portion of sequences) to a), b), ¢)
or d) and;

g) a fragment of any one of a) to f)

h) including polynucleotides which consist in the above.

Exemplary polynucleotides fragments of those listed
above comprise polynucleotides of at least 10 nucleic acids
which may be substantially complementary to the nucleic
acid sequence of any one of SEQ ID NO.:1, SEQ ID NO.:3 or
SEQ ID NO.:107.

The present invention also relates to an isolated polynucle-
otide involved in osteoclast differentiation, the isolated poly-
nucleotide may be selected, for example, from the group
consisting of}

a) a polynucleotide comprising any one of SEQ ID NO.:1,

SEQ ID NO.:3 or SEQ ID NO.:107,

b) a polynucleotide comprising the open reading frame of
any one of SEQ ID NO.:1, SEQ ID NO.: 3 or SEQ ID
NO.:107,

¢) a polynucleotide which may comprise a transcribed or
transcribable portion of any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107, which may be, for
example, free of untranslated or untranslatable
portion(s);

d) a polynucleotide which may comprise a translated or
translatable portion of any one of SEQ. ID. NO.: SEQ ID
NO.:3 or SEQ ID NO.:107 (e.g., coding portion),

e) apolynucleotide substantially identical to a), b), ¢) or d);
and;

) a sequence of at least 10 nucleic acids which may be
substantially complementary to the nucleic acid
sequence of any one of SEQIDNO.:1, SEQIDNO.:3 or
SEQ ID NO.:107 or more particularly of a), b), ¢) or d).

In accordance with the present invention the isolated poly-
nucleotide may be able to promote osteoclast differentiation
(e.g., in a mammal or mammalian cell thereof), i.e, a positive
regulator of osteoclast differenciation.

Further in accordance with the present invention, the iso-
lated polynucleotide may be able to inhibit, prevent or lower
osteoclast differentiation (e.g., in a mammal or mammalian
cell thereof), i.e, a negative regulator of osteoclast differen-
ciation.

In yet a further aspect, the present invention relates to an
isolated polynucleotide which may be able to inhibit osteo-
clast differentiation (e.g., in a mammal or mammalian cell
thereof). The polynucleotide may be selected, for example,
from the group consisting of polynucleotides which may
comprise a sequence of at least 10 nucleic acids which is
complementary to the nucleic acid sequence of any one of
NSEQ described herein.
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Suitable polynucleotides may be those which may be able
to inhibit osteoclast differentiation which has been induced
by an inducer of osteoclast differentiation such as those listed
herein.

In accordance with the present invention, the polynucle-
otide may be, for example, a RNA molecule, a DNA mol-
ecule, including those which are partial or complete, single-
stranded or double-stranded, hybrids, etc.

The present invention also relates to a vector (e.g., an
expression vector) comprising the polynucleotide of the
present invention.

The present invention additionally relates in an aspect
thereof to a library of polynucleotide sequences which may
be differentially expressed in a differentiated osteoclast cell
compared to an undifferentiated osteoclast precursor cell.
The library may comprise, for example, at least one member
selected from the group consisting of

a) a polynucleotide which may comprise any one of SEQ
ID NO.:1, SEQ ID NO.: 3 or SEQ ID NO.:107,

b) a polynucleotide which may comprise the open reading
frame of any one of SEQ ID NO.:1, SEQ ID NO.:3 or
SEQ ID NO.:107,

¢) a polynucleotide which may comprise a transcribed or
transcribable portion of any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107, which may be, for
example, free of untranslated or untranslatable
portion(s);

d) a polynucleotide which may comprise a translated or
translatable portion of any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107 (e.g., coding portion),

e) a polynucleotide which may comprise a sequence sub-
stantially identical (e.g., from about 50 to 100%, or
about 60 to 100% or about 70 to 100% or about 80 to
100% or about 85, 90, 95 to 100% identical over the
entire sequence or portion of sequences) to a), b), ¢) or
d);

f) a polynucleotide which may comprise a sequence sub-
stantially complementary (e.g., from about 50 to 100%,
or about 60 to 100% or about 70 to 100% or about 80 to
100% or about 85, 90, 95 to 100% complementarity over
the entire sequence or portion of sequences) to a), b), ¢)
or d) and;

g) a fragment of any one of a) to d).

The present invention also relates to an expression library
which may comprise a library of polynucleotides described
herein. In accordance with the present invention, each of the
polynucleotide may be contained within an expression vector.

Arrays and kits comprising a library of polynucleotide
sequences (comprising at least one polynucleotide such as
complementary sequences) of the present invention are also
encompassed herewith.

The present invention also provides in an additional aspect,
apharmaceutical composition for inhibiting osteoclast difter-
entiation (bone resorption and bone resorption related dis-
eases or disorders), the pharmaceutical composition may
comprise, for example;

a) an isolated polynucleotide as defined herein (e.g., able to

inhibit osteoclast differentiation) and;

b) a pharmaceutically acceptable carrier.

The present invention also provides in yet an additional
aspect, amethod for inhibiting osteoclast differentiation (e.g.,
for inhibiting bone resorption or for ameliorating bone
resorption) in a mammal (individual) in need thereof (or in a
mammalian cell), the method may comprise administering an
isolated polynucleotide (e.g., able to inhibit osteoclast difter-
entiation) or a suitable pharmaceutical composition compris-
ing such suitable polynucleotide.
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In accordance with the present invention, the mammal in
need may suffer, for example and without limitation, from a
condition selected from the group consisting of osteoporosis,
osteopenia, osteomalacia, hyperparathyroidism, hyperthy-
roidism, hypogonadism, thyrotoxicosis, systemic mastocyto-
sis, adult hypophosphatasia, hyperadrenocorticism, osteo-
genesis imperfecta, Paget’s disease, Cushing’s disease/
syndrome, Turner syndrome, Gaucher disease, Ehlers-
Danlos syndrome, Marfan’s syndrome, Menkes’ syndrome,
Fanconi’s syndrome, multiple myeloma, hypercalcemia,
hypocalcemia, arthritides, periodontal disease, rickets (in-
cluding vitamin D dependent, type I and II, and x-linked
hypophosphatemic rickets), fibrogenesis imperfecta ossium,
osteosclerotic disorders such as pycnodysostosis and damage
caused by macrophage-mediated inflammatory processes,
etc.

In a further aspect, the present invention relates to the use
of an isolated polynucleotide (e.g., able to inhibit osteoclast
differentiation) for the preparation of a medicament for the
treatment of a bone resorption disease.

The present invention in another aspect thereof, provides a
pharmaceutical composition for promoting osteoclast differ-
entiation in a mammal in need thereof. The pharmaceutical
composition may comprise, for example;

a. an isolated polynucleotide (e.g., able to promote osteo-

clast differentiation) and;

b. a pharmaceutically acceptable carrier.

The present invention also further provides a method for
promoting osteoclast differentiation in a mammal in need
thereof (or in a mammalian cell), the method may comprise,
for example, administering an isolated polynucleotide (e.g.,
able to promote osteoclast differentiation) or a suitable phar-
maceutical composition as described above.

The present invention additionally relates to the use of an
isolated polynucleotide (e.g., able to promote osteoclast dif-
ferentiation) for the preparation of a medicament for the
treatment of a disease associated with insufficient bone
resorption (e.g., hyperostosis) or excessive bone growth.

The present invention also relates to the use of at least one
polynucleotide which may be selected from the group con-
sisting of;

a) a polynucleotide comprising any one of SEQ ID NO.:1,

SEQ ID NO.:3 or SEQ ID NO.:107,

b) a polynucleotide comprising the open reading frame of
any one of SEQ ID NO.:1, SEQ ID NO.:3 or SEQ ID
NO.:107,

¢) a polynucleotide which may comprise a transcribed or
transcribable portion of any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107, which may be, for
example, free of untranslated or untranslatable
portion(s);

d) a polynucleotide which may comprise a translated or
translatable portion of any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107 (e.g., coding portion),

e) a polynucleotide comprising a sequence substantially
identical (e.g., from about 50 to 100%, or about 60 to
100% or about 70 to 100% or about 80 to 100% or about
85, 90, 95 to 100% identical over the entire sequence or
portion of sequences) to a), b), ¢) or d);

f) a polynucleotide comprising a sequence substantially
complementary (e.g., from about 50 to 100%, or about
60 to 100% or about 70 to 100% or about 80 to 100% or
about 85, 90, 95 to 100% complementarity over the
entire sequence or portion of sequences) to a), b), ¢) or
d);

g) a fragment of any one of a) to f) and;

h) a library comprising any one of a) to g)
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in the diagnosis of a condition related to bone remodeling (a
bone disease).
Also encompassed by the present invention are kits for the
diagnosis of a condition related to bone remodeling. The kit
may comprise a polynucleotide as described herein.
The present invention also provides in an additional aspect,
an isolated polypeptide (polypeptide sequence) involved in
osteoclast differentiation (in a mammal or a mammalian cell
thereof). The polypeptide may comprise (or consist in) a
sequence selected from the group consisting of;
a) any one of SEQ ID NO.:2 or a SEQ ID NO.:2 variant
(e.g., SEQID NO.:4, SEQ ID NO.:108),

b) a polypeptide able to be encoded and/or encoded by any
one of SEQ ID NO.:1, SEQ ID NO.:3 or SEQ ID NO.:
107 (their coding portion)

¢) a biologically active fragment of any one of a) or b),

d) a biologically active analog of any one of a) or b).

In accordance with the present invention, the biologically
active analog may comprise, for example, at least one amino
acid substitution (conservative or non conservative) com-
pared to the original sequence. In accordance with the present
invention, the analog may comprise, for example, at least one
amino acid substitution, deletion or insertion in its amino acid
sequence.

The substitution may be conservative or non-conservative.
The polypeptide analog may be a biologically active analog
or an immunogenic analog which may comprise, for
example, at least one amino acid substitution (conservative or
non conservative), for example, 1t0 5, 1t0 10, 1 to 15, 110 20,
1 to 50 etc. (including any number there between) compared
to the original sequence. An immunogenic analog may com-
prise, for example, at least one amino acid substitution com-
pared to the original sequence and may still be bound by an
antibody specific for the original sequence.

In accordance with the present invention, a polypeptide
fragment may comprise, for example, at least 6 consecutive
amino acids, at least 8 consecutive amino acids or more of an
amino acid sequence described herein.

In yet a further aspect, the present invention provides a
pharmaceutical composition which may comprise, for
example a polypeptide as described herein and a pharmaceu-
tically acceptable carrier.

Methods for modulating osteoclast differentiation in a
mammal in need thereof (or in a mammalian cell) are also
provided by the present invention, which methods may com-
prise administering an isolated polypeptide (e.g., able to pro-
mote osteoclast differentiation) or suitable pharmaceutical
composition described herein.

In additional aspects, the present invention relates to the
use of an isolated polypeptide (e.g., able to promote osteo-
clast differentiation) for the preparation of a medicament for
the treatment of a disease associated with insufficient bone
resorption.

Methods for ameliorating bone resorption in an individual
in need thereof are also encompassed herewith, which
method may comprise, for example, administering an iso-
lated polypeptide (e.g., able to inhibit osteoclast differentia-
tion) or suitable pharmaceutical compositions which may
comprise such polypeptide.

In accordance with the present invention, the mammal may
suffer, for example, from a condition selected from the group
consisting of osteoporosis, osteopenia, osteomalacia, hyper-
parathyroidism, hyperthyroidism, hypogonadism, thyrotoxi-
cosis, systemic mastocytosis, adult hypophosphatasia,
hyperadrenocorticism, osteogenesis imperfecta, Paget’s dis-
ease, Cushing’s disease/syndrome, Turner syndrome, Gau-
cher disease, Ehlers-Danlos syndrome, Marfan’s syndrome,
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Menkes’ syndrome, Fanconi’s syndrome, multiple myeloma,
hypercalcemia, hypocalcemia, arthritides, periodontal dis-
ease, rickets (including vitamin D dependent, type I and II,
and x-linked hypophosphatemic rickets), fibrogenesis imper-
fecta ossium, osteosclerotic disorders such as pycnodysosto-
sis and damage caused by macrophage-mediated inflamma-
tory processes, etc.

In yet a further aspect, the present invention relates to the
use of a polypeptide able to inhibit osteoclast differentiation
in the preparation of a medicament for the treatment of a bone
resorption disease in an individual in need thereof.

The present invention also relates to a compound and the
use of a compound able to inhibit (e.g., in an osteoclast
precursor cell) the activity or expression of a polypeptide
which may be selected, for example, from the group consist-
ing of antibodies and antigen binding fragments thereof, in
the preparation of a medicament for the treatment of a bone
disease in an individual in need thereof.

In yet an additional aspect, the present invention relates to
a method of diagnosing a condition related to a bone resorp-
tion disorder or disease in an individual in need thereof. The
method may comprise, for example, quantifying a polynucle-
otide described herein, such as, for example, polynucleotide
selected from the group consisting of those comprising or
consisting of (a) SEQ ID NO.:1, SEQ ID NO.:3 or SEQ ID
NO.:107, (b) a polynucleotide which may comprise the open
reading frame of SEQ ID NO.:1, SEQ ID NO.:3 or SEQ ID
NO.:107, (c) a polynucleotide which may comprise a tran-
scribed or transcribable portion of any one of SEQ. ID. NO.:1,
SEQ ID NO.:3 or SEQ ID NO.:107; (d) a polynucleotide
which may comprise a translated or translatable portion of
any one of SEQ. ID. NO.:1, SEQ ID NO.:3 or SEQ ID
NO.:107; (e) substantially identical sequences of any one of
(a) to (d); (f) substantially complementary sequences of any
one of (a) to (e), or a polypeptide sequence which may be
selected, for example, from the group consisting of SEQ 1D
NO.:2 and a SEQ ID NO.:2 variant thereof in a sample from
the individual compared to a standard or normal value.

The present invention also relates to an assay and method
for identifying a gene and/or protein involved in bone remod-
eling. The assay and method may comprise silencing an
endogenous gene of an osteoclast cell and providing the cell
with a candidate gene (or protein). A candidate gene (or
protein) positively involved in bone remodeling may be iden-
tified by its ability to complement the silenced endogenous
gene. For example, a candidate gene involved in osteoclast
differentiation provided to a cell for which an endogenous
gene has been silenced, may enable the cell to differentiate in
the presence of an inducer such as, for example, RANKL.

The present invention further relates to a cell expressing an
exogenous form of any one of the polypeptide (including
variants, analogs etc.) or polynucleotide of the present inven-
tion (including substantially identical sequences, substan-
tially complementary sequences, fragments, variants,
orthologs, etc).

In accordance with the present invention, the cell may be
for example, a bone cell. Also in accordance with the present
invention, the cell may be an osteoclast (at any level of dif-
ferentiation).

As used herein the term “exogenous form” is to be under-
stood herein as a form which is not naturally expressed by the
cell in question.

Antibodies and Antigen Binding Fragments

The term “antibody” refers to intact antibody, monoclonal
or polyclonal antibodies. The term “antibody” also encom-
passes multispecific antibodies such as bispecific antibodies.
Human antibodies are usually made of two light chains and
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two heavy chains each comprising variable regions and con-
stant regions. The light chain variable region comprises 3
CDRs, identified herein as CDRL1, CDRL2 and CDRL3
flanked by framework regions. The heavy chain variable
region comprises 3 CDRs, identified herein as CDRHI,
CDRH2 and CDRH3 flanked by framework regions.

The term “antigen-binding fragment™, as used herein,
refers to one or more fragments of an antibody that retain the
ability to bind to an antigen (e.g., SEQ ID NO.:2 or variants
thereof). It has been shown that the antigen-binding function
of an antibody can be performed by fragments of an intact
antibody. Examples of binding fragments encompassed
within the term “antigen-binding fragment” of an antibody
include (i) a Fab fragment, a monovalent fragment consisting
of'the V;, V, C; and C,;, domains; (ii) a F(ab'), fragment, a
bivalent fragment comprising two Fab fragments linked by a
disulfide bridge at the hinge region; (iii) a Fd fragment con-
sisting of the V, and C,;, domains; (iv) a Fv fragment con-
sisting of the V, and V. domains of a single arm of an
antibody, (v) a dAb fragment (Ward et al., (1989) Nature
341:544-546), which consists of a V; domain; and (vi) an
isolated complementarity determining region (CDR), e.g.,
V,, CDR3. Furthermore, although the two domains of the Fv
fragment, V; and are coded for by separate genes, they can be
joined, using recombinant methods, by a synthetic linker that
enables them to be made as a single polypeptide chain in
which the V; and V, regions pair to form monovalent mol-
ecules (known as single chain Fv (scFv); see e.g., Bird et al.
(1988) Science 242:423-426; and Huston et al. (1988) Proc.
Natl. Acad. Sci. USA 85:5879-5883). Such single chain anti-
bodies are also intended to be encompassed within the term
“antigen-binding fragment” of an antibody. Furthermore, the
antigen-binding fragments include binding-domain immuno-
globulin fusion proteins comprising (i) a binding domain
polypeptide (such as a heavy chain variable region, a light
chain variable region, or a heavy chain variable region fused
to a light chain variable region via a linker peptide) that is
fused to an immunoglobulin hinge region polypeptide, (ii) an
immunoglobulin heavy chain CH2 constant region fused to
the hinge region, and (iii) an immunoglobulin heavy chain
CH3 constant region fused to the CH2 constant region. The
hinge region may be modified by replacing one or more
cysteine residues with serine residues so as to prevent dimer-
ization. Such binding-domain immunoglobulin fusion pro-
teins are further disclosed in US 2003/0118592 and US 2003/
0133939. These antibody fragments are obtained using
conventional techniques known to those with skill in the art,
and the fragments are screened for utility in the same manner
as are intact antibodies.

A typical antigen binding site is comprised of the variable
regions formed by the pairing of a light chain immunoglobu-
lin and a heavy chain immunoglobulin. The structure of the
antibody variable regions is very consistent and exhibits very
similar structures. These variable regions are typically com-
prised of relatively homologous framework regions (FR)
interspaced with three hypervariable regions termed Comple-
mentarity Determining Regions (CDRs). The overall binding
activity of the antigen binding fragment is often dictated by
the sequence of the CDRs. The FRs often play a role in the
proper positioning and alignment in three dimensions of the
CDRs for optimal antigen binding. Antibodies and/or antigen
binding fragments of the present invention may originate, for
example, from a mouse, a rat or any other mammal or from
other sources such as through recombinant DNA technolo-
gies.

In a further aspect, the present invention relates to an anti-
body (e.g., isolated antibody), or antigen-binding fragment
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thereof, that may specifically bind to a protein or polypeptide
described herein. The antibody may be, for example, a mono-
clonal antibody; a polyclonal antibody an antibody generated
using recombinant DNA technologies. The antibody may
originate for example, from a mouse, rat, rabbit or any other
mammal.

The antibody may also be a human antibody which may be
obtained, for example, from a transgenic non-human mam-
mal capable of expressing human Ig genes. The antibody may
also be a humanised antibody which may comprise, for
example, one or more complementarity determining regions
of non-human origin. It may also comprise a surface residue
of' a human antibody and/or framework regions of a human
antibody. The antibody may also be a chimeric antibody
which may comprise, for example, variable domains of a
non-human antibody and constant domains of a human anti-
body.

Suitable antibodies may also include, for example, an anti-
gen-binding fragment, an Fab fragment; an F(ab'), fragment,
and Fv fragment; or a single-chain antibody comprising an
antigen-binding fragment (e.g., a single chain Fv).

The antibody of the present invention may be mutated and
selected based on an increased affinity and/or specificity for
one of a polypeptide described herein and/or based on a
reduced immunogenicity in a desired host.

The antibody may further comprise a detectable label
attached thereto.

The present invention further relates to a method of pro-
ducing antibodies able to bind to one of a polypeptide,
polypeptide fragments, or polypeptide analogs described
herein, the method may comprise:

a) immunizing a mammal (e.g., mouse, a transgenic mam-
mal capable of producing human Ig, etc.) with a suitable
amount of a PSEQ described herein including, for
example, a polypeptide fragment comprising at least 6
consecutive amino acids of a PSEQ;

b) collecting the serum from the mammal; and

¢) isolating the polypeptide-specific antibodies from the
serum of the mammal.

The method may further comprise the step of administer-

ing a second dose to the animal.

The present invention also relates to a method of producing
a hybridoma which secretes an antibody that binds to a
polypeptide described herein, the method may comprise:

a) immunizing a mammal (e.g., mouse, a transgenic mam-
mal capable of producing human Ig, etc.) with a suitable
amount of a PSEQ thereof;

b) obtaining lymphoid cells from the immunized animal
obtained from (a);

¢) fusing the lymphoid cells with an immortalizing cell to
produce hybrid cells; and

d) selecting hybrid cells which produce antibody that spe-
cifically binds to a PSEQ thereof.

The present invention further relates to a method of pro-
ducing an antibody that binds to one of the polypeptide
described herein, the method may comprise:

a) synthesizing a library of antibodies (antigen binding

fragment) on phage or ribosomes;

b) panning the library against a sample by bringing the
phage or ribosomes into contact with a composition
comprising a polypeptide or polypeptide fragment
described herein;

¢) isolating phage which binds to the polypeptide or
polypeptide fragment, and;

d) obtaining an antibody from the phage or ribosomes.
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The antibody of the present invention may thus be
obtained, for example, from a library (e.g., bacteriophage
library) which may be prepared, for example, by

a) extracting cells which are responsible for production of

antibodies from a host mammal;

b) isolating RNA from the cells of (a);

¢) reverse transcribing mRNA to produce cDNA;

d) amplifying the ¢cDNA using a (antibody-specific)

primer; and

e) inserting the cDNA of (d) into a phage display vector or

ribosome display cassette such that antibodies are
expressed on the phage or ribosomes.

The host animal may be immunized with polypeptide and/
or a polypeptide fragment and/or analog described herein to
induce an immune response prior to extracting the cells which
are responsible for production of antibodies.

The present invention also relates to a kit for specifically
assaying a polypeptide described herein, the kit may com-
prise, for example, an antibody or antibody fragment capable
of binding specifically to the polypeptide described herein.

The present invention further contemplates antibodies that
may bind to PSEQ. Suitable antibodies may bind to unique
antigenic regions or epitopes in the polypeptides, or a portion
thereof. Epitopes and antigenic regions useful for generating
antibodies may be found within the proteins, polypeptides or
peptides by procedures available to one of skill in the art. For
example, short, unique peptide sequences may be identified
in the proteins and polypeptides that have little or no homol-
ogy to known amino acid sequences. Preferably the region of
a protein selected to act as a peptide epitope or antigen is not
entirely hydrophobic; hydrophilic regions are preferred
because those regions likely constitute surface epitopes rather
than internal regions of the proteins and polypeptides. These
surface epitopes are more readily detected in samples tested
for the presence of the proteins and polypeptides. Such anti-
bodies may include, but are not limited to, polyclonal, mono-
clonal, chimeric, and single chain antibodies, Fab fragments,
and fragments produced by a Fab expression library. The
production of antibodies is well known to one of skill in the
art.

Peptides may be made by any procedure known to one of
skill in the art, for example, by using in vitro translation or
chemical synthesis procedures. Short peptides which provide
an antigenic epitope but which by themselves are too small to
induce an immune response may be conjugated to a suitable
carrier. Suitable carriers and methods of linkage are well
known in the art. Suitable carriers are typically large macro-
molecules such as proteins, polysaccharides and polymeric
amino acids. Examples include serum albumins, keyhole lim-
pet hemocyanin, ovalbumin, polylysine and the like. One of
skill in the art may use available procedures and coupling
reagents to link the desired peptide epitope to such a carrier.
For example, coupling reagents may be used to form disulfide
linkages or thioether linkages from the carrier to the peptide
of interest. If the peptide lacks a disulfide group, one may be
provided by the addition of a cysteine residue. Alternatively,
coupling may be accomplished by activation of carboxyl
groups.

The minimum size of peptides useful for obtaining antigen
specific antibodies may vary widely. The minimum size must
be sufficient to provide an antigenic epitope that is specific to
the protein or polypeptide. The maximum size is not critical
unless it is desired to obtain antibodies to one particular
epitope. For example, a large polypeptide may comprise mul-
tiple epitopes, one epitope being particularly useful and a
second epitope being immunodominant. Typically, antigenic
peptides selected from the present proteins and polypeptides
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will range from 5 to about 100 amino acids in length. More
typically, however, such an antigenic peptide will be a maxi-
mum of about 50 amino acids in length, and preferably a
maximum of about 30 amino acids. It is usually desirable to
select a sequence of about 6, 8, 10, 12 or 15 amino acids, up
to about 20 or 25 amino acids.

Amino acid sequences comprising useful epitopes may be
identified in a number of ways. For example, preparing a
series of short peptides that taken together span the entire
protein sequence may be used to screen the entire protein
sequence. One of skill in the art may routinely test a few large
polypeptides for the presence of an epitope showing a desired
reactivity and also test progressively smaller and overlapping
fragments to identify a preferred epitope with the desired
specificity and reactivity.

Antigenic polypeptides and peptides are useful for the
production of monoclonal and polyclonal antibodies. Anti-
bodies to a polypeptide encoded by the polynucleotides of
NSEQ, polypeptide analogs or portions thereof, may be gen-
erated using methods that are well known in the art. Such
antibodies may include, but are not limited to, polyclonal,
monoclonal, chimeric, and single chain antibodies, Fab frag-
ments, and fragments produced by a Fab expression library.
Neutralizing antibodies, such as those that inhibit dimer for-
mation, are especially preferred for therapeutic use. Mono-
clonal antibodies may be prepared using any technique that
provides for the production of antibody molecules by con-
tinuous cell lines in culture. These include, but are not limited
to, the hybridoma, the human B-cell hybridoma, and the
EBV-hybridoma techniques. In addition, techniques devel-
oped for the production of chimeric antibodies may be used.
Alternatively, techniques described for the production of
single chain antibodies may be employed. Fabs that may
contain specific binding sites for a polypeptide encoded by
the polynucleotides of NSEQ, or a portion thereof, may also
be generated. Various immunoassays may be used to identify
antibodies having the desired specificity. Numerous proto-
cols for competitive binding or immunoradiometric assays
using either polyclonal or monoclonal antibodies with estab-
lished specificities are well known in the art.

Since hybridoma cells are hybrid mouse cells, they are
strictly used to produce murine antibodies. It is clear that the
glycosyl side chains of such murine antibodies might signifi-
cantly differ from the glycosylation pattern observed in
human cells. Differences in phosphorylation pattern between
human cells and hybridomas might also have animpact on the
activity of the antibody. Furthermore, administration of
murine antibodies to human usually induces an anti-antibody
immune response that could potentially neutralize any of the
biological activity that the murine antibody might have.

In order to minimize recognition of murine antibodies by
the human immune system or for improving the biological
activity of the antibodies in human, murine antibodies are
advantageously converted into partially (e.g., chimeric) or
fully humanized antibodies. Recombinant form of the light
chain and heavy chain of the (partially or fully) humanized
antibody may thus be introduced into a mammalian expres-
sion system other than hybridoma cells (such as 293 cells,
CHO or else). Mammalian expression system may procure
the advantage of having a resulting glycosylation pattern that
is closer to that of naturally occurring human form of the
antibodies.

For example, in the case of lytic IgG1 antibodies, the
proper glycosylation of the immunoglobulin chains is neces-
sary for effector functions. These biological functions of
1gG1 monoclonal antibodies include antibody-dependent cell
cytotoxicity (ADCC) and complement-dependent cytotoxic-
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ity (CDC), both of which will be greatly influenced by the
type of glycosyl side chains that are grafted to the amino acids
during expression in mammalian cells.

In addition, optimized mammalian cell expression systems
will often secrete significantly a greater amounts of antibod-
ies compared to hybridomas. Therefore, there is a practical
and probably economical reason for adopting human cells for
production.

To obtain polyclonal antibodies, a selected animal may be
immunized with a protein or polypeptide. Serum from the
animal may be collected and treated according to known
procedures. Polyclonal antibodies to the protein or polypep-
tide of interest may then be purified by affinity chromatogra-
phy. Techniques for producing polyclonal antisera are well
known in the art.

Monoclonal antibodies (MAbs) may be made by one of
several procedures available to one of skill in the art, for
example, by fusing antibody producing cells with immortal-
ized cells and thereby making a hybridoma. The general
methodology for fusion of antibody producing B cells to an
immortal cell line is well within the province of one skilled in
the art. Another example is the generation of MAbs from
mRNA extracted from bone marrow and spleen cells of
immunized animals using combinatorial antibody library
technology.

One drawback of MADbs derived from animals or from
derived cell lines is that although they may be administered to
apatient for diagnostic or therapeutic purposes, they are often
recognized as foreign antigens by the immune system and are
unsuitable for continued use. Antibodies that are not recog-
nized as foreign antigens by the human immune system have
greater potential for both diagnosis and treatment. Methods
for generating human and humanized antibodies are now well
known in the art.

Chimeric antibodies may be constructed in which regions
of' a non-human MADb are replaced by their human counter-
parts, e.g., constant region. A preferred chimeric antibody is
one that has amino acid sequences that comprise one or more
complementarity determining regions (CDRs) of a non-hu-
man Mab that binds to a polypeptide encoded by the poly-
nucleotides of NSEQ, or a portion thereof, grafted to human
framework (FW) regions. Methods for producing such anti-
bodies are well known in the art. Amino acid residues corre-
sponding to CDRs and FWs are known to one of average skill
in the art.

A variety of methods have been developed to preserve or to
enhance affinity for antigen of antibodies comprising grafted
CDRs. One way is to include in the chimeric antibody the
foreign framework residues that influence the conformation
of the CDR regions. A second way is to graft the foreign
CDRs onto human variable domains with the closest homol-
ogy to the foreign variable region. Thus, grafting of one or
more non-human CDRs onto a human antibody may also
involve the substitution of amino acid residues which are
adjacent to a particular CDR sequence or which are not con-
tiguous with the CDR sequence but which are packed against
the CDR in the overall antibody variable domain structure
and which affect the conformation of the CDR. Humanized
antibodies of the invention therefore include human antibod-
ies which comprise one or more non-human CDRs as well as
such antibodies in which additional substitutions or replace-
ments have been made to preserve or enhance binding char-
acteristics.

Chimeric antibodies of the invention also include antibod-
ies that have been humanized by replacing surface-exposed
residues to make the MAb appear human. Because the inter-
nal packing of amino acid residues in the vicinity of the
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antigen-binding site remains unchanged, affinity is pre-
served. Substitution of surface-exposed residues of a
polypeptide encoded by the polynucleotides of NSEQ (or a
portion thereof)-antibody according to the invention for the
purpose of humanization does not mean substitution of CDR
residues or adjacent residues that influence affinity for a
polypeptide encoded by the polynucleotides of NSEQ, or a
portion thereof.

Chimeric antibodies may also include antibodies where
some or all non-human constant domains have been replaced
with human counterparts. This approach has the advantage
that the antigen-binding site remains unaffected. However,
significant amounts of non-human sequences may be present
where variable domains are derived entirely from non-human
antibodies.

Antibodies of the invention include human antibodies
(e.g., humanized) that are antibodies consisting essentially of
human sequences. Human antibodies may be obtained from
phage display libraries wherein combinations of human
heavy and light chain variable domains are displayed on the
surface of filamentous phage. Combinations of variable
domains are typically displayed on filamentous phage in the
form of Fab's or scFvs. The library may be screened for phage
bearing combinations of variable domains having desired
antigen-binding characteristics. Preferred variable domain
combinations are characterized by high affinity for a polypep-
tide encoded by the polynucleotides of NSEQ, or a portion
thereof. Preferred variable domain combinations may also be
characterized by high specificity for a polypeptide encoded
by the polynucleotides of NSEQ, or a portion thereof, and
little cross-reactivity to other related antigens. By screening
from very large repertoires of antibody fragments, (2-10x
10'°) a good diversity of high affinity Mabs may be isolated,
with many expected to have sub-nanomolar affinities for a
polypeptide encoded by the polynucleotides of NSEQ, or a
portion thereof.

Alternatively, human antibodies may be obtained from
transgenic animals into which un-rearranged human Ig gene
segments have been introduced and in which the endogenous
mouse Ig genes have been inactivated. Preferred transgenic
animals contain very large contiguous Ig gene fragments that
are over 1 Mb in size but human polypeptide-specific Mabs of
moderate affinity may be raised from transgenic animals con-
taining smaller gene loci. Transgenic animals capable of
expressing only human Ig genes may also be used to raise
polyclonal antiserum comprising antibodies solely of human
origin.

Antibodies of the invention may include those for which
binding characteristics have been improved by direct muta-
tion or by methods of affinity maturation. Affinity and speci-
ficity may be modified or improved by mutating CDRs and
screening for antigen binding sites having the desired char-
acteristics. CDRs may be mutated in a variety of ways. One
way is to randomize individual residues or combinations of
residues so that in a population of otherwise identical antigen
binding sites, all twenty amino acids may be found at particu-
lar positions. Alternatively, mutations may be induced over a
range of CDR residues by error prone PCR methods. Phage
display vectors containing heavy and light chain variable
region gene may be propagated in mutator strains of E. coli.
These methods of mutagenesis are illustrative of the many
methods known to one of skill in the art.

Antibodies of the invention may include complete anti-
polypeptide antibodies as well as antibody fragments and
derivatives that comprise a binding site for a polypeptide
encoded by the polynucleotides of NSEQ, or a portion
thereof. Derivatives are macromolecules that comprise a
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binding site linked to a functional domain. Functional
domains may include, but are not limited to signalling
domains, toxins, enzymes and cytokines.

The antibodies obtained by the means described herein
may be useful for detecting proteins, variant and derivative
polypeptides in specific tissues or in body fluids. Moreover,
detection of aberrantly expressed proteins or protein frag-
ments is probative of a disease state. For example, expression
of'the present polypeptides encoded by the polynucleotides of
NSEQ, or a portion thereof, may indicate that the protein is
being expressed at an inappropriate rate or at an inappropriate
developmental stage. Hence, the present antibodies may be
useful for detecting diseases associated with protein expres-
sion from NSEQs disclosed herein.

A variety of protocols for measuring polypeptides, includ-
ing ELISAs, RIAs, and FACS, are well known in the art and
provide a basis for diagnosing altered or abnormal levels of
expression. Standard values for polypeptide expression are
established by combining samples taken from healthy sub-
jects, preferably human, with antibody to the polypeptide
under conditions for complex formation. The amount of com-
plex formation may be quantified by various methods, such as
photometric means. Quantities of polypeptide expressed in
disease samples may be compared with standard values.
Deviation between standard and subject values may establish
the parameters for diagnosing or monitoring disease.

Design of immunoassays is subject to a great deal of varia-
tion and a variety of these are known in the art. Immunoassays
may use a monoclonal or polyclonal antibody reagent that is
directed against one epitope of the antigen being assayed.
Alternatively, a combination of monoclonal or polyclonal
antibodies may be used which are directed against more than
one epitope. Protocols may be based, for example, upon com-
petition where one may use competitive drug screening
assays in which neutralizing antibodies capable of binding a
polypeptide encoded by the polynucleotides of NSEQ, or a
portion thereof, specifically compete with a test compound
for binding the polypeptide. Alternatively one may use, direct
antigen-antibody reactions or sandwich type assays and pro-
tocols may, for example, make use of solid supports or immu-
noprecipitation. Furthermore, antibodies may be labelled
with a reporter molecule for easy detection. Assays that
amplify the signal from a bound reagent are also known.
Examples include immunoassays that utilize avidin and
biotin, or which utilize enzyme-labelled antibody or antigen
conjugates, such as ELISA assays.

Kits suitable for immunodiagnosis and containing the
appropriate labelled reagents include antibodies directed
against the polypeptide protein epitopes or antigenic regions,
packaged appropriately with the remaining reagents and
materials required for the conduct of the assay, as well as a
suitable set of assay instructions.

The present invention therefore provides a kit for specifi-
cally assaying a polypeptide described herein, the kit may
comprise, for example, an antibody or antibody fragment
capable of binding specifically to the polypeptide described
herein.

In accordance with the present invention, the kit may be a
diagnostic kit, which may comprise:

a) one or more antibodies described herein; and

b) a detection reagent which may comprise a reporter

group.

In accordance with the present invention, the antibodies
may be immobilized on a solid support. The detection reagent
may comprise, for example, an anti-immunoglobulin, protein
G, protein A or lectin etc. The reporter group may be selected,
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without limitation, from the group consisting of radioiso-
topes, fluorescent groups, luminescent groups, enzymes,
biotin and dye particles.

In an additional aspect, the present invention provides a
method for identifying an inhibitory compound (inhibitor,
antagonist) which may be able to impair the function (activ-
ity) or expression of a polypeptide described herein, such as,
for example, those which may be selected from the group
consisting of SEQ ID NO.:2 or SEQ ID NO.:2 variant. The
method may comprise contacting the polypeptide or a cell
expressing the polypeptide with a candidate compound and
measuring the function (activity) or expression of the
polypeptide. A reduction in the function or activity of the
polypeptide (compared to the absence of the candidate com-
pound) may positively identify a suitable inhibitory com-
pound.

In accordance with the present invention, the impaired
function or activity may be associated with a reduced ability
of'the polypeptide to promote osteoclast differentiation, such
as osteoclast differentiation induced by an inducer described
herein or known in the art.

In accordance with the present invention the cell may not
naturally (endogenously) express (polypeptide may substan-
tially be unexpressed in a cell) the polypeptide or analog or
alternatively, the expression of a naturally expressed polypep-
tide analog may be repressed.

For example, suitable method of screening for an inhibitor
of SEQ ID NO.:1 may comprise repressing the expression of
the mouse ortholog in a mouse osteoclast cell and evaluating
differentiation of the osteoclast cell comprising SEQ ID
NO.:1 in the presence or absence of a candidate inhibitor and
for example, an inducer of osteoclast differentiation (e.g.,
RANKL).

The present invention also provides a method for identify-
ing an inhibitory compound (inhibitor, antagonist) able to
impair the function (activity) or expression of a polypeptide
such as, for example SEQ ID NO.:2 or a SEQ ID NO.:2
variant such as SEQ ID NO.:4 or SEQ ID NO.:108. The
method may comprise, for example, contacting the (isolated)
polypeptide or a cell expressing the polypeptide with a can-
didate compound and measuring the function (activity) or
expression of the polypeptide. A reduction in the function or
activity of the polypeptide (compared to the absence of the
candidate compound) may thus positively identify a suitable
inhibitory compound.

In accordance with the present invention, the impaired
function or activity may be associated, for example, with a
reduced ability of the polypeptide to inhibit or promote osteo-
clast differentiation.

The cell used to carry the screening test may not naturally
(endogenously) express the polypeptide or analogs, or alter-
natively the expression of a naturally expressed polypeptide
analog may be repressed.

The present invention also relates to a method of identify-
ing a positive or a negative regulator of osteoclast differen-
tiation. The method may comprise, for example, performing
a knockdown effect as described herein. The method may
more particularly comprise a) providing an osteoclast cell
with a compound (e.g., siRNA) able to specifically inhibit a
target sequence (e.g., a polynucleotide or polypeptide as
described herein), b) inducing differentiation (e.g., with an
inducer such as, for example, RANKL) and c¢) determining
the level of differentiation of the osteoclast cell (e.g., measur-
ing the number of differentiated cells, their rate of differen-
tiation, specific marker of differentiation etc).
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Upon inhibition of a positive regulator, the levels of osteo-
clast differentiation will appear lowered. Upon inhibition of a
negative regulator, the level of osteoclast differentiation will
appear increased.

Another method of identifying a positive or a negative
regulator of osteoclast differentiation is to a) provide a cell
with one of a target sequence described herein (polypeptide or
polynucleotide able to express a polypeptide) b) to induce
differentiation (e.g., with an inducer such as, for example,
RANKI) and ¢) to determine the level of differentiation of the
osteoclast cell (e.g., measuring the number of differentiated
cells, their rate of differentiation, specific marker of differen-
tiation etc).

A cell provided with a positive regulator of osteoclast
differentiation may have an increased level of differentiation.
A cell provided with a negative regulator of osteoclast differ-
entiation may have a decreased level of differentiation.

The present invention also provides a method of identify-
ing a compound capable of interfering with osteoclast difter-
entiation, the method may comprise contacting a cell includ-
ing therein a non-endogenous polynucleotide sequence
comprising any one of SEQ ID NO.:1, SEQ ID NO.:3 or SEQ
ID NO.:107 (a coding portion) and quantifying (e.g. the num-
ber of) differentiated osteoclasts. A reduction in osteoclast
differentiation in the presence of the compound in compari-
son to the absence of the compound may be indicative of an
antagonist of osteoclast differentiation, while an increase in
osteoclast differentiation in the presence of the compound in
comparison to the absence of the compound may be indica-
tive of an agonist of osteoclast differentiation.

In accordance with the present invention, the cell may also
comprise an endogenous form of a polynucleotide.

As used herein the term “endogenous” means a substance
that naturally originates from within an organism, tissue or
cell. The term “endogenous polynucleotide” refers to a chro-
mosomal form of a polynucleotide or RNA version (hnRNA,
mRNA) produced by the chromosal form of the polynucle-
otide. The term “endogenous polypeptide” refers to the form
of the protein encoded by an “endogenous polynucleotide”.

As used herein the term “non-endogenous” or “exog-
enous” is used in opposition to “endogenous” in that the
substance is provided from an external source although it may
be introduced within the cell. The term “non-endogenous
polynucleotide” refers to a synthetic polynucleotide intro-
duced within the cell and include for example and without
limitation, a vector comprising a sequence of interest, a syn-
thetic mRNA, an oligonucleotide comprising a NSEQ etc.
Theterm “non-endogenous polypeptide” refers to the form of
the protein encoded by a “non-endogenous polynucleotide”.

The present invention also relates to a method of identify-
ing a compound capable of interfering with osteoclast difter-
entiation, the method may comprise contacting a cell includ-
ing therein a non-endogenous polypeptide sequence
comprising any one of SEQ ID NO.:2 or SEQ ID NO.:2
variant with the compound and quantifying (e.g. the number
of) differentiated osteoclasts. A reduction in osteoclast dif-
ferentiation in the presence of the compound in comparison to
the absence of the compound may be indicative of an antago-
nist of osteoclast differentiation while an increase in osteo-
clast differentiation in the presence of the compound in com-
parison to the absence of the compound may be indicative of
an agonist of osteoclast differentiation.

As used herein the term “sequence identity” relates to
(consecutive) nucleotides of a nucleotide sequence which
with reference to an original nucleotide sequence. The iden-
tity may be compared over a region or over the total sequence
of'a nucleic acid sequence.
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Thus, “identity” may be compared, for example, over a
region of 3, 4, 5, 10, 19, 20 nucleotides or more (and any
number there between). It is to be understood herein that gaps
of non-identical nucleotides may be found between identical
nucleic acids. For example, a polynucleotide may have 100%
identity with another polynucleotide over a portion thereof.
However, when the entire sequence of both polynucleotides is
compared, the two polynucleotides may have 50% of their
overall (total) sequence identical to one another.

Polynucleotides of the present invention or portion thereof
having from about 50 to about 100%, or about 60 to about
100% or about 70 to about 100% or about 80 to about 100%
orabout 85%, about 90%, about 95% to about 100% sequence
identity with an original polynucleotide are encompassed
herewith. It is known by those of skill in the art, that a
polynucleotide having from about 50% to 100% identity may
function (e.g., anneal to a substantially complementary
sequence) in a manner similar to an original polynucleotide
and therefore may be used in replacement of an original
polynucleotide. For example a polynucleotide (a nucleic acid
sequence) may comprise or have from about 50% to 100%
identity with an original polynucleotide over a defined region
and may still work as efficiently or sufficiently to achieve the
present invention.

Percent identity may be determined, for example, with an
algorithm GAP, BESTFIT, or FASTA in the Wisconsin
Genetics Software Package Release 7.0, using default gap
weights.

As used herein the terms “sequence complementarity”
refers to (consecutive) nucleotides of a nucleotide sequence
which are complementary to a reference (original) nucleotide
sequence. The complementarity may be compared over a
region or over the total sequence of a nucleic acid sequence.

Polynucleotides of the present invention or portion thereof
having from about 50 to about 100%, or about 60 to about
100% or about 70 to about 100% or about 80 to about 100%
orabout 85%, about 90%, about 95% to about 100% sequence
complementarity with an original polynucleotide are thus
encompassed herewith. It is known by those of skill in the art,
that an polynucleotide having from about 50% to 100%
complementarity with an original sequence may anneal to
that sequence in a manner sufficient to carry out the present
invention (e.g., inhibit expression of the original polynucle-
otide).

An “analogue” is to be understood herein as a molecule
having a biological activity and chemical structure similar to
that of a polypeptide described herein. An “analogue” may
have sequence similarity with that of an original sequence or
a portion of an original sequence and may also have a modi-
fication of its structure as discussed herein. For example, an
“analogue” may have at least 90% sequence similarity with
an original sequence or a portion of an original sequence. An
“analogue” may also have, for example; at least 70% or even
50% sequence similarity (or less, i.e., at least 40%) with an
original sequence or a portion of an original sequence.

Also, an “analogue” with reference to a polypeptide may
have, for example, at least 50% sequence similarity to an
original sequence with a combination of one or more modi-
fication in a backbone or side-chain of an amino acid, or an
addition of a group or another molecule, etc.

“Polynucleotide” generally refers to any polyribonucle-
otide or polydeoxyribo-nucleotide, which may be unmodified
RNA or DNA, or modified RNA or DNA.

“Polynucleotides” include, without limitation single- and
double-stranded DNA, DNA that is a mixture of single- and
double-stranded regions, single- and double-stranded RNA,
and RNA that is a mixture of single- and double-stranded
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regions, hybrid molecules comprising DNA and RNA that
may be single-stranded or, more typically, double-stranded or
amixture of single- and double-stranded regions. In addition,
“polynucleotide” refers to triple-stranded regions comprising
RNA or DNA or both RNA and DNA. The term polynucle-
otide also includes DNAs or RNAs containing one or more
modified bases and DNAs or RNAs with backbones modified
for stability or for other reasons. “Modified” bases include,
for example, tritylated bases and unusual bases such as
inosine. A variety of modifications may be made to DNA and
RNA; thus “polynucleotide” embraces chemically, enzymati-
cally or metabolically modified forms of polynucleotides as
typically found in nature, as well as the chemical forms of
DNA and RNA characteristic of viruses and cells. “Poly-
nucleotide” includes but is not limited to linear and end-
closed molecules. “Polynucleotide” also embraces relatively
short polynucleotides, often referred to as oligonucleotides.

“Polypeptides” refers to any peptide or protein comprising
two or more amino acids joined to each other by peptide
bonds or modified peptide bonds (i.e., peptide isosteres).
“Polypeptide” refers to both short chains, commonly referred
as peptides, oligopeptides or oligomers, and to longer chains
generally referred to as proteins. As described above,
polypeptides may contain amino acids other than the 20 gene-
encoded amino acids.

As used herein the term “polypeptide analog” relates to
mutants, variants, chimeras, fusions, deletions, additions and
any other type of modifications made relative to a given
polypeptide.

As used herein the term “biologically active” refers to a
variant or fragment which retains some or all of the biological
activity of the natural polypeptide, i.e., to be able to promote
or inhibit osteoclast differentiation. Polypeptides or frag-
ments of the present invention may also include “immuno-
logically active” polypeptides or fragments. “Immunologi-
cally active polypeptides or fragments may be useful for
immunization purposes (e.g. in the generation of antibodies).

Thus, biologically active polypeptides in the form of the
original polypeptides, fragments (modified or not), analogues
(modified or not), derivatives (modified or not), homologues,
(modified or not) of the polypeptides described herein are
encompassed by the present invention.

Therefore, any polypeptide having a modification com-
pared to an original polypeptide which does not destroy sig-
nificantly a desired biological activity is encompassed herein.
It is well known in the art, that a number of modifications may
be made to the polypeptides of the present invention without
deleteriously affecting their biological activity. These modi-
fications may, on the other hand, keep or increase the biologi-
cal activity of the original polypeptide or may optimize one or
more ofthe particularity (e.g. stability, bioavailability, etc.) of
the polypeptides of the present invention which, in some
instance might be desirable. Polypeptides of the present
invention may comprise for example, those containing amino
acid sequences modified either by natural processes, such as
posttranslational processing, or by chemical modification
techniques which are known in the art. Modifications may
occur anywhere in a polypeptide including the polypeptide
backbone, the amino acid side-chains and the amino- or car-
boxy-terminus. It will be appreciated that the same type of
modification may be present in the same or varying degrees at
several sites in a given polypeptide. Also, a given polypeptide
may contain many types of modifications. It is to be under-
stood herein that more than one modification to the polypep-
tides described herein are encompassed by the present inven-
tion to the extent that the biological activity is similar to the
original (parent) polypeptide.
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As discussed above, polypeptide modification may com-
prise, for example, amino acid insertion (i.e., addition), dele-
tion and substitution (i.e., replacement), either conservative
or non-conservative (e.g., D-amino acids, desamino acids) in
the polypeptide sequence where such changes do not substan-
tially alter the overall biological activity of the polypeptide.

Example of substitutions may be those, which are conser-
vative (i.e., wherein a residue is replaced by another of the
same general type or group) or when wanted, non-conserva-
tive (i.e., wherein a residue is replaced by an amino acid of
another type). In addition, a non-naturally occurring amino
acid may substitute for a naturally occurring amino acid (i.e.,
non-naturally occurring conservative amino acid substitution
or a non-naturally occurring non-conservative amino acid
substitution).

As is understood, naturally occurring amino acids may be
sub-classified as acidic, basic, neutral and polar, or neutral
and non-polar. Furthermore, three of the encoded amino acids
are aromatic. It may be of use that encoded polypeptides
differing from the determined polypeptide of the present
invention contain substituted codons for amino acids, which
are from the same type or group as that of the amino acid to be
replaced. Thus, in some cases, the basic amino acids Lys, Arg
and H is may be interchangeable; the acidic amino acids Asp
and Glu may be interchangeable; the neutral polar amino
acids Ser, Thr, Cys, Gln, and Asn may be interchangeable; the
non-polar aliphatic amino acids Gly, Ala, Val, Ile, and Leu are
interchangeable but because of size Gly and Ala are more
closely related and Val, Ile and Leu are more closely related to
each other, and the aromatic amino acids Phe, Trp and Tyr
may be interchangeable.

It should be further noted that if the polypeptides are made
synthetically, substitutions by amino acids, which are not
naturally encoded by DNA (non-naturally occurring or
unnatural amino acid) may also be made.

A non-naturally occurring amino acid is to be understood
herein as an amino acid which is not naturally produced or
found in a mammal. A non-naturally occurring amino acid
comprises a D-amino acid, an amino acid having an acety-
laminomethyl group attached to a sulfur atom of a cysteine, a
pegylated amino acid, etc. The inclusion of a non-naturally
occurring amino acid in a defined polypeptide sequence will
therefore generate a derivative of the original polypeptide.
Non-naturally occurring amino acids (residues) include also
the omega amino acids of the formula NH,(CH,),COOH
wherein n is 2-6, neutral nonpolar amino acids, such as sar-
cosine, t-butyl alanine, t-butyl glycine, N-methyl isoleucine,
norleucine, etc. Phenylglycine may substitute for Trp, Tyr or
Phe; citrulline and methionine sulfoxide are neutral nonpolar,
cysteic acid is acidic, and ornithine is basic. Proline may be
substituted with hydroxyproline and retain the conformation
conferring properties.

It is known in the art that analogues may be generated by
substitutional mutagenesis and retain the biological activity
of'the polypeptides of the present invention. These analogues
have at least one amino acid residue in the protein molecule
removed and a different residue inserted in its place. For
example, one site of interest for substitutional mutagenesis
may include but are not restricted to sites identified as the
active site(s), or immunological site(s). Other sites of interest
may be those, for example, in which particular residues
obtained from various species are identical. These positions
may be important for biological activity. Examples of substi-
tutions identified as “conservative substitutions™ are shown in
Table A. If such substitutions result in a change not desired,
then other type of substitutions, denominated “exemplary
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substitutions” in Table A, or as further described herein in
reference to amino acid classes, are introduced and the prod-
ucts screened.

In some cases it may be of interest to modify the biological
activity of a polypeptide by amino acid substitution, inser-
tion, or deletion. For example, modification of a polypeptide
may result in an increase in the polypeptide’s biological activ-
ity, may modulate its toxicity, may result in changes in bio-
availability or in stability, or may modulate its immunological
activity or immunological identity. Substantial modifications
in function or immunological identity are accomplished by
selecting substitutions that differ significantly in their effect
on maintaining (a) the structure of the polypeptide backbone
in the area of the substitution, for example, as a sheet or
helical conformation. (b) the charge or hydrophobicity of the
molecule at the target site, or (c) the bulk of the side chain.
Naturally occurring residues are divided into groups based on
common side chain properties:

(1) hydrophobic: norleucine, methionine (Met), Alanine

(Ala), Valine (Val), Leucine (Leu), Isoleucine (Ile)

(2) neutral hydrophilic: Cysteine (Cys), Serine (Ser),
Threonine (Thr)

(3) acidic: Aspartic acid (Asp), Glutamic acid (Glu)

(4) basic: Asparagine (Asn), Glutamine (Gln), Histidine
(His), Lysine (Lys), Arginine (Arg)

(5) residues that influence chain orientation: Glycine
(Gly), Proline (Pro); and aromatic: Tryptophan (Trp),
Tyrosine (Tyr), Phenylalanine (Phe)

Non-conservative substitutions will entail exchanging a

member of one of these classes for another.

TABLE A

Examplary amino acid substitution

Conservative

Original residue Exemplary substitution substitution
Ala(A) Val, Leu, Ile Val
Arg (R) Lys, Gln, Asn Lys
Asn (N) Gln, His, Lys, Arg Gln
Asp (D) Glu Glu
Cys (C) Ser Ser
Gln (Q) Asn Asn
Glu (E) Asp Asp
Gly (G) Pro Pro
His (H) Asn, Gln, Lys, Arg Arg
Ile () Leu, Val, Met, Ala, Phe, Leu
norleucine
Leu (L) Norleucine, Ile, Val, Met, Ala, Ile
Phe

Lys (K) Arg, Gln, Asn Arg
Met (M) Leu, Phe, Ile Leu
Phe (F) Leu, Val, Ile, Ala Leu
Pro (P) Gly Gly
Ser (S) Thr Thr
Thr (T) Ser Ser
Trp (W) Tyr Tyr
Tyr (Y) Trp, Phe, Thr, Ser Phe
Val (V) Ile, Leu, Met, Phe, Ala, Leu

norleucine

Itis to be understood herein, that if a “range” or “group” of
substances (e.g. amino acids), substituents” or the like is
mentioned or if other types of a particular characteristic (e.g.
temperature, pressure, chemical structure, time, etc.) is men-
tioned, the present invention relates to and explicitly incor-
porates herein each and every specific member and combina-
tion of sub-ranges or sub-groups therein whatsoever. Thus,
any specified range or group is to be understood as a short-
hand way of referring to each and every member of a range or
group individually as well as each and every possible sub-
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ranges or sub-groups encompassed therein; and similarly
with respect to any sub-ranges or sub-groups therein. Thus,
for example, with respect to a percentage (%) of identity of
from about 80 to 100%, it is to be understood as specifically
incorporating herein each and every individual %, as well as
sub-range, such as for example 80%, 81%, 84.78%, 93%,
99% etc.; and similarly with respect to other parameters such
as, concentrations, elements, etc.

It is in particular to be understood herein that the methods
of the present invention each include each and every indi-
vidual steps described thereby as well as those defined as
positively including particular steps or excluding particular
steps or a combination thereof; for example an exclusionary
definition for a method of the present invention, may read as
follows: “provided that said polynucleotide does not com-
prise or consist in SEQ ID NO.:XX or the open reading frame
of SEQ ID NO.:XX” or “provided that said polypeptide does
not comprise or consistin SEQ ID NO.:XX” or “provided that
said polynucleotide fragment or said polypeptide fragment is
less than X unit (e.g., nucleotides or amino acids) long or
more than X unit (e.g., nucleotides or amino acids) long”.

Other objects, features, advantages, and aspects of the
present invention will become apparent to those skilled in the
art from the following description. It should be understood,
however, that the following description and the specific
examples, while indicating preferred embodiments of the
invention, are given by way of illustration only. Various
changes and modifications within the spirit and scope of the
disclosed invention will become readily apparent to those
skilled in the art from reading the following description and
from reading the other parts of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

In the appended drawings:

FIG. 1 is a picture of the macroarray hybridization results
and quantitation of the signal intensities showing the difter-
ential expression data for STAR selected osteoclast-specific
human SEQ. ID. NO.:1. The hybridization results obtained
confirms its upregulation in all of the human osteoclast
samples with generally higher expression in the more mature
osteoclasts (A-F 2-4) compared to the precursors (A-F1) and
little or no expression in all or most normal tissues (A-H 5-6
and A-G 7-8). In FIG. 1, macroarrays were prepared using
RAMP amplified RNA from human precursor cells (A-F1),
and differentiated intermediate (A-F 2-3) and mature osteo-
clasts for four human donors (A-F 4), and 30 diftferent normal
human tissues (adrenal (AS), liver (BS), lung (C5), ovary
(DS), skeletal muscle (E5), heart (F5), cervix (G5), thyroid
(HS), breast (A6), placenta (B6), adrenal cortex (C6), kidney
(D6), vena cava (E6), fallopian tube (F6), pancreas (G6),
testicle (H6), jejunum (A7), aorta (B7), esophagus (C7), pros-
tate (D7), stomach (E7), spleen (F7), ileum (G7), trachea
(A8), brain (BS8), colon (C8), thymus (DS8), small intestine
(E8), bladder (F8) and duodenum (G8)). The STAR dsDNA
clone representing the respective SEQ 1D NOs. was labeled
with 2P and hybridized to the macroarray. The probe labeling
reaction was also spiked with a dsDNA sequence for Arabi-
dopsis, which hybridizes to the same sequence spotted on the
macroarray (M) in order to serve as a control for the labeling
reaction. Quantitation of the hybridization signal at each spot
was performed using a STORM 820 phosphorimager and the
ImageQuant TL software (Amersham Biosciences, Piscat-
away, N.J.). A log, value representing the average of the
signals for the precursors (A-F1) was used as the baseline and
was subtracted from the log, value obtained for each of the
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remaining samples in order to determine their relative abun-
dancies compared to the precursors and plotted as a bar graph
(right panel).

FIG. 2 is a picture showing the knockdown effects on
osteoclastogenesis by attenuating the endogenous expression
of SEQ. ID. NO.:1 (AB0326). A significant decrease in the
number of multinucleated osteoclasts was observed from pre-
cursor cells infected with the AB0326 shRNA (FIG. 2A;
bottom panel) compared to those with the lacZ shRNA
(FIGS. 2A and B; top panels). These results clearly indicated
that expression of the gene encoding SEQ. ID. NO.:1
(ABO0326) is required for osteoclast differentiation;

FIG. 3 is a picture showing the knockdown effects on
osteoclastogenesis of the mouse orthologue for AB0326 in
the RAW 264.7 model using shRNA-0326.2 (SEQ. ID. NO.:
5). The RAW-0326.2 cell line produced significantly less
osteoclasts (FIG. 3; bottom panel) compared to the cell line
containing the scrambled shRNA (FIG. 3; top panel). This
result, coupled with that obtained in the human osteoclast
precursor cells using the lentiviral shRNA delivery system
demonstrate that in both human and mouse, AB0326 gene
product is clearly required for osteoclastogenesis;

FIG. 4 is a picture showing the results of a functional
complementation assay for SEQ. ID. NO.:1 (AB0326) in
RAW-0326.2 cells to screen for inhibitors of osteoclastogen-
esis. The RAW-0326.2 cells transfected with the empty pd2
vector are unable to form osteoclasts in the presence of
RANK ligand (center panel) indicating that the mouse
ABO0326 shRNA is still capable of silencing the AB0326 gene
expression in these cells. Conversely, the cells transfected
with the cDNA for the human AB0326 (pd2-hAB0326) are
rescued and thus, differentiate more efficiently into osteo-
clasts in response to RANK ligand (right panel). Wild-type
RAW 264.7 cells containing the empty vector (pd2) did not
adversely affect the formation of osteoclasts in the presence
of RANK ligand (left panel) ruling out an effect due to pd2.
Thus, this complementation assay can be used to screen for
inhibitors of the human AB0326 polypeptide;

FIG. 5 presents a Coomassie-stained polyacrylamide gel
containing a sample of the purified human recombinant
Siglec-15 that was expressed as a Fc fusion protein in 293-6E
cells. This preparation was used to generate the monoclonal
antibodies described herein

FIG. 6 shows the results of an Fc-Siglec-15 ELISA of the
individual monoclonal antibodies selected from the 96-well
plate from Omniclonal library #25 containing anti-Siglec-15
Fabs. The wells indicated by bold numbers contained the
exemplary monoclonals 25A1, 25B4, 25B8, 25C1, 25D8,
25E5, 25E6, and 25E9. Also shown is an ELISA on the same
plate using the Fc moiety alone to identify those monoclonals
that were specific for the Fc portion of the Fe-Siglec-15 fusion
protein.

FIG. 7 presents a scheme that illustrates the steps involved
to convert the mouse Fabs into Ig(G2 mouse-human chimeric
mAbs.

FIG. 8 shows drawings that compare the binding of the
mouse anti-Siglec-15 Fabs with the binding of the corre-
sponding IgG2 chimeric monoclonal antibodies for exem-
plary antibodies 25B4, 25B8, 25C1, 25D8, 25E6, and 25E9.
The results indicate that the relative binding of the Fab vari-
able regions was maintained when transferred to a full human
1gG2 scaffold.

FIG. 9 shows the inhibition of the differentiation of human
osteoclasts upon treatment with increasing concentrations of
anti-Siglec-15 IgG2 chimeric monoclonal antibodies 25B8,
25E6, and 25E9. After treatment, the osteoclasts were stained
for TRAP expression.
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FIG. 10 shows the inhibition of the differentiation of mouse
osteoclasts upon treatment with increasing concentrations of
anti-Siglec-15 1gG2 chimeric monoclonal antibodies 25B8,
25E6, and 25D8. After treatment, the osteoclasts were stained
for TRAP expression.

FIG. 11 shows the comparative binding of the human and
mouse Siglec-15 in the presence of the exemplary antibody
25C8. The result indicates that the binding of the antibodies
generated against the human Siglec-15 also interact with the
mouse Siglec-15.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The applicant employed a carefully planned strategy to
identify and isolate genetic sequences involved in osteoclas-
togenesis and bone remodeling. The process involved the
following steps: 1) preparation of highly representative
c¢DNA libraries using mRNA isolated from precursors and
differentiated intermediate and mature osteoclasts of human
origin; 2) isolation of sequences upregulated during osteo-
clastogenesis; 3) identification and characterization of
upregulated sequences; 4) selection of upregulated sequences
for tissue specificity; and 5) determination of knock-down
effects on osteoclastogenesis. The results discussed in this
disclosure demonstrate the advantage of targeting osteoclast
genes that are specific to this differentiated cell type and
provide a more efficient screening method when studying the
genetic basis of diseases and disorders. Genes that are known
to have a role in other areas of biology have been shown to
play a critical role in osteoclastogenesis and osteoclast func-
tion. Genes that are known but have not had a role assigned to
them until the present disclosure have also been isolated and
shown to have a critical role in osteoclastogenesis and osteo-
clast function. Finally, novel genes have been identified and
play a role, however, applicant reserves their disclosure until
further study has been completed.

The present invention is illustrated in further details below
in a non-limiting fashion.

Material and Methods

Commercially available reagents referred to in the present
disclosure were used according to supplier’s instructions
unless otherwise indicated. Throughout the present disclo-
sure certain starting materials were prepared as follows:

Example 1
Preparation of Osteoclast Differentiated Cells

The RAW 264.7 (RAW) osteoclast precursor cell line and
human precursor cells (peripheral blood mononuclear cells or
CD34+ progenitors) are well known in the art as murine and
human models of osteoclastogenesis. These murine and
human osteoclasts are therefore excellent sources of materi-
als for isolating and characterizing genes specialized for
osteoclast function.

Human primary osteoclasts were differentiated from
G-CSF-mobilized peripheral blood mononuclear cells (Cam-
brex, East Rutherford, N.J.) as described by the supplier in the
presence of 35 ng/ml M-CSF and 100 ng/ml RANK ligand.
Multinucleated TRAP-staining osteoclasts were visible by
11-14 days. Osteoclasts were also derived from human osteo-
clasts precursor cells (CD34+ progenitors) (Cambrex, East
Rutherford, N.J.) and cultured as described by the supplier. In
the latter case, osteoclasts were obtained after 7 days.

RAW cells were purchased from American Type Culture
Collection and maintained in high glucose DMEM contain-
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ing 10% fetal bovine serum and antibiotics. The cells were
sub-cultured bi-weekly to a maximum of 10-12 passages. For
osteoclast differentiation experiments, RAW cells were
seeded in 96-well plates at a density of 4x10> cells/well and
allowed to plate for 24 h. Differentiation was induced in high
glucose DMEM, 10% charcoal-treated foetal bovine serum
(Hyclone, Logan, Utah), 0.05% BSA, antibiotics, 10 ng/ml
macrophage colony stimulating factor (M-CSF), and 100
ng/ml receptor activator of NF-kB (RANK) ligand. The plates
were re-fed on day 3 and osteoclasts were clearly visible by
day 4. Typically, the cells were stained for tartrate-resistant
acid phosphatase (TRAP) on day 4 or 5 unless otherwise
indicated. For TRAP staining, the cells were washed with
PBS and fixed in 10% formaldehyde for 1 h. After two PBS
washes, the cells were rendered lightly permeable in 0.2%
Triton X-100 in PBS for 5 min before washing in PBS. Stain-
ing was conducted at 37° C. for 20-25 min in 0.01% Naphtol
AS-MX phosphate, 0.06% Fast Red Violet, 50 mM sodium
tartrate, 100 mM sodium acetate, pH 5.2. Cells were visual-
ized microscopically.

Example 2
Method of Isolating Differentially Expressed mRNA

Key to the discovery of differentially expressed sequences
unique to osteoclasts is the use of the applicant’s patented
STAR technology (Subtractive Transcription-based Amplifi-
cation of mRNA; U.S. Pat. No. 5,712,127 Malek et al., issued
on Jan. 27, 1998). In this procedure, mRNA isolated from
intermediate and mature osteoclasts is used to prepare “tester
RNA”, which is hybridized to complementary single-
stranded “driver DNA” prepared from osteoclast precursor
mRNA and only the un-hybridized “tester RNA” is recov-
ered, and used to create cloned cDNA libraries, termed “sub-
tracted libraries”. Thus, the “subtracted libraries” are
enriched for differentially expressed sequences inclusive of
rare and novel mRNAs often missed by micro-array hybrid-
ization analysis. These rare and novel mRNA are thought to
be representative of important gene targets for the develop-
ment of better diagnostic and therapeutic strategies.

The clones contained in the enriched “subtracted libraries”
are identified by DNA sequence analysis and their potential
function assessed by acquiring information available in pub-
lic databases (NCBI and GeneCard). The non-redundant
clones are then used to prepare DNA micro-arrays, which are
used to quantify their relative differential expression patterns
by hybridization to fluorescent cDNA probes. Two classes of
c¢DNA probes may be used, those which are generated from
either RNA transcripts prepared from the same subtracted
libraries (subtracted probes) or from mRNA isolated from
different osteoclast samples (standard probes). The use of
subtracted probes provides increased sensitivity for detecting
the low abundance mRNA sequences that are preserved and
enriched by STAR. Furthermore, the specificity of the differ-
entially expressed sequences to osteoclast is measured by
hybridizing radio-labeled probes prepared from each selected
sequence to macroarrays containing RNA from different
osteoclast samples and different normal human tissues. Addi-
tionally, Northern blot analysis is performed so as to confirm
the presence of one or more specific mRNA species in the
osteoclast samples. Following this, the full-length ¢cDNAs
representative of the mRNA species and/or spliced variants
are cloned in E. col/i DH10B.

A major challenge in gene expression profiling is the lim-
ited quantities of RNA available for molecular analysis. The
amount of RNA isolated from many osteoclast samples or
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human specimens (needle aspiration, laser capture micro-
dissection (LCM) samples and transfected cultured cells) is
often insufficient for preparing: 1) conventional tester and
driver materials for STAR; 2) standard ¢cDNA probes for
DNA micro-array analysis; 3) RNA macroarrays for testing
the specificity of expression; 4) Northern blots and; 5) full-
length ¢cDNA clones for further biological validation and
characterization etc. Thus, the applicant has developed a pro-
prietary technology called RAMP (RNA Amplification Pro-
cedure) (U.S. patent application Ser. No. 11/000,958 pub-
lished under No. US 2005/0153333A1 on Jul. 14, 2005 and
entitled “Selective Terminal Tagging of Nucleic Acids™),
which linearly amplifies the mRNA contained in total RNA
samples yielding microgram quantities of amplified RNA
sufficient for the various analytical applications. The RAMP
RNA produced is largely full-length mRNA-like sequences
as a result of the proprietary method for adding a terminal
sequence tag to the 3'-ends of single-stranded ¢cDNA mol-
ecules, for use in linear transcription amplification. Greater
than 99.5% of the sequences amplified in RAMP reactions
show <2-fold variability and thus, RAMP provides unbiased
RNA samples in quantities sufficient to enable the discovery
of the unique mRNA sequences involved in osteoclastogen-
esis.

Example 3

Preparation of Human Osteoclasts Subtracted
Library

Two human primary precursor cells from two different
donors (Cambrex, East Rutherford, N.J.), and the correspond-
ing intermediate (day 3 and day 7) and mature (days 11-14)
osteoclasts were prepared as described above. [solation of
cellular RNA followed by mRNA purification from each was
performed using standard methods (Qiagen, Mississauga,
ON). Following the teachings of Malek et al. (U.S. Pat. No.
5,712,127), 2 ug of poly A+ mRNA from each sample were
used to prepare highly representative (>2x10° CFU) cDNA
libraries in specialized plasmid vectors necessary for prepar-
ing tester and driver materials. In each case, first-strand
cDNA was synthesized using an oligo dT,; primer with 3'
locking nucleotides (e.g., A, G or C) and containing a Not |
recognition site. Next, second-strand cDNA synthesis was
performed according to the manufacturer’s procedure for
double-stranded cDNA synthesis (Invitrogen, Burlington,
ON) and the resulting double-stranded cDNA ligated to link-
ers containing an Asc [ recognition site (New England
Biolabs, Pickering, ON). The double-stranded cDNAs were
then digested with Asc I and Not I restriction enzymes (New
England Biolabs, Pickering, ON), purified from the excess
linkers using the cDNA fractionation column from Invitrogen
(Burlington, ON) as specified by the manufacturer and each
ligated into specialized plasmid vectors—pl4 (SEQ. ID.
NO.:6) and pl17+ (SEQ. ID. NO.:7) used for preparing tester
and driver materials respectively. Thereafter, the ligated
cDNAs were transformed into E. coli DH10B resulting in the
desired cDNA libraries (RAW 264.7-precursor-pl4, RAW
264.7-precursor-pl7+, RAW 264.7-osteoclasts-pl4 and
RAW 264.7-osteoclasts-p17+). The plasmid DNA pool for
each ¢cDNA library was purified and a 2-ug aliquot of each
linearized with Not I restriction enzyme. In vitro transcription
of'the Not I digested p14 and p17+ plasmid libraries was then
performed with T7 RNA polymerase and sp6 RNA poly-
merase respectively (Ambion, Austin, Tex.).

Next, in order to prepare 3'-represented tester and driver
libraries, a 10-ug aliquot of each of the in vitro synthesized
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RNA was converted to double-stranded cDNA by performing
first-strand cDNA synthesis as described above followed by
primer-directed (primer OGS 77 for pl4 (SEQ. ID. NO.:8)
and primer OGS 302 for pl17+ (SEQ. ID. NO.:9)) second-
strand DNA synthesis using Advantage-2 Taq polymerase
(BD Biosciences Clontech, Mississauga, ON). The
sequences corresponding to OGS 77 and OGS 302 were
introduced into the in vitro synthesized RNA by way of the
specialized vectors used for preparing the cDNA libraries.
Thereafter, 6x1-pg aliquots of each double-stranded cDNA
was digested individually with one of the following 4-base
recognition restriction enzymes Rsa I, Sau3Al, Mse I, Msp I,
MinPI I and Bsh 12361 (MBI Fermentas, Burlington, ON),
yielding up to six possible 3'-fragments for each RNA species
contained in the ¢cDNA library. Following digestion, the
restriction enzymes were inactivated with phenol and the set
of six reactions pooled. The restriction enzymes sites were
then blunted with T4 DNA polymerase and ligated to linkers
containing an Asc I recognition site. Each linker-adapted
pooled DNA sample was digested with Asc [ and Not I restric-
tion enzymes, desalted and ligated to specialized plasmid
vectors, pl4 and pl17 (p17 plasmid vector is similar to the
p17+ plasmid vector except for the sequence corresponding
to SEQ.ID.NO.:9), and transformed into . coli DH10B. The
plasmid DNA pool for each pl4 and pl7 3'-represented
library was purified (Qiagen, Mississauga, ON) and a 2-ug
aliquot of each digested with Not I restriction enzyme, and
transcribed in vitro with either T7 RNA polymerase or sp6
RNA polymerase (Ambion, Austin, Tex.). The resulting p14
3'-represented RNA was used directly as “tester RNA”
whereas, the p17 3'-represented RNA was used to synthesize
first-strand cDNA as described above, which then served as
“driver DNA”. Each “driver DNA” reaction was treated with
RNase A and RNase H to remove the RNA, phenol extracted
and desalted before use.

The following 3'-represented libraries were prepared:

Tester 1 (donor 1-day 3)—human intermediate osteoclast-
3'inpl4

Tester 2 (donor 1-day 7—human intermediate osteoclast)-
3'inpl4

Tester 3 (donor 1-day 11—human mature osteoclast)-3' in
pl4

Tester 4 (donor 2-day 3—human intermediate osteoclast)-
3'inpl4

Tester 5 (donor 2-day 7—human intermediate osteoclast)-
3'inpl4

Tester 6 (donor 2-day 13—human mature osteoclast)-3' in
pl4

Driver 1 (donor 1-day 3)—human precursor-3' in p17

Driver 2 (donor 2-day 3)—human precursor-3' in p17

The tester RNA samples were subtracted following the
teachings of U.S. Pat. No. 5,712,127 with the corresponding
driver DNA in a ratio of 1:100 for either 1- or 2-rounds
following the teachings of Malek et al. (U.S. Pat. No. 5,712,
127). Additionally, control reactions containing tester RNA
and no driver DNA, and tester RNA plus driver DNA but no
RNase H was prepared. The tester RNA remaining in each
reaction after subtraction was converted to double-stranded
DNA and a volume of 5% removed and amplified in a stan-
dard PCR reaction for 30-cycles for analytical purposes. The
remaining 95% of only the driver plus RNase H subtracted
samples were amplified for 4-cycles in PCR, digested with
Asc ] and Not [ restriction enzymes, and one half ligated into
the pPCATRMAN (SEQ. ID. NO.:10) plasmid vector and the
other half] into the p20 (SEQ. ID. NO.:11) plasmid vector.
The ligated materials were transformed into E. coli DH10B
and individual clones contained in the pPCATRMAN libraries
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were picked for further analysis (DNA sequencing and
hybridization) whereas, clones contained in each p20 library
were pooled for use as subtracted probes. Each 4-cycles
amplified cloned subtracted library contained between
25,000 and 40,000 colonies.

The following cloned subtracted libraries were prepared:
SL90-tester 1 (day 3 osteoclast) minus driver 1 (precursor)
(1-round) in pPCATRMAN;

SL91-tester 2 (day 7 osteoclast) minus driver 1 (precursor)
(1-round) in pPCATRMAN;

SL92-tester 3 (day 11 osteoclast) minus driver 1 (precursor)
(1-round) in pPCATRMAN;

SL.108-tester 1 (day 3 osteoclast) minus driver 1 (precursor)
(2-rounds) in pCATRMAN;

SL.109-tester 2 (day 7 osteoclast) minus driver 1 (precursor)
(2-rounds) in pCATRMAN;

SL110-tester 3 (day 11 osteoclast) minus driver 1 (precursor)
(2-rounds) in pCATRMAN;

SL93-tester 4 (day 3 osteoclast) minus driver 2 (precursor)
(1-round) in pPCATRMAN;

SL94-tester 5 (day 7 osteoclast) minus driver 2 (precursor)
(1-round) in pPCATRMAN;

SL95-tester 6 (day 13 osteoclast) minus driver 2 (precursor)
(1-round) in pPCATRMAN;

SL87-tester 4 (day 3 osteoclast) minus driver 2 (precursor)
(2-rounds) in pCATRMAN;

SL88-tester 5 (day 7 osteoclast) minus driver 2 (precursor)
(2-rounds) in pCATRMAN;

SL89-tester 6 (day 11 osteoclast) minus driver 2 (precursor)
(2-rounds) in pCATRMAN

A 5-4 aliquot of the 30-cycles PCR amplified subtracted
materials described above were visualized on a 1.5% agarose
gel containing ethidium bromide and then transferred to
Hybond N+ (Amersham Biosciences, Piscataway, N.J.)
nylon membrane for Southern blot analysis. Using radiola-
beled probes specific to the CTSK (cathepsin K;
NM__000396.2) gene, which is known to be upregulated in
osteoclasts, and GAPDH (glyceraldehyde-3-phosphate dehy-
drogenase; M32599.1), which is a non-differentially
expressed house-keeping gene, it was evident that there was
subtraction of GAPDH but not CTSK. Based on these results,
it was anticipated that the subtracted libraries would be
enriched for differentially expressed upregulated sequences.

Example 4

Sequence Identification and Annotation of Clones
Contained in the Subtracted Libraries

A total of 6,912 individual colonies contained in the
pCATRMAN subtracted libraries (SL.87-95 and S1.108-110)
described above were randomly picked using a Qbot (Genetix
Inc., Boston, Mass.) into 60 uL. of autoclaved water. Then, 42
ul of each was used in a 100-uL. standard PCR reaction
containing oligonucleotide primers, OGS 1 and OGS 142 and
amplified for 40-cycles (94° C. for 10 minutes, 40x (94° C.
for 40 seconds, 55° C. for 30 seconds and 72° C. for 2
minutes) followed by 72° C. for 7 minutes) in 96-wells
microtitre plates using HotStart™ Taq polymerase (Qiagen,
Mississauga, ON). The completed PCR reactions were
desalted using the 96-well filter plates (Corning) and the
amplicons recovered in 100 ul. 10 mM Tris (pH 8.0). A 5-4
aliquot of each PCR reaction was visualized on a 1.5% aga-
rose gel containing ethidium bromide and only those reac-
tions containing a single amplified product were selected for
DNA sequence analysis using standard DNA sequencing per-
formed on an ABI 3100 instrument (Applied Biosystems,
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Foster City, Calif.). Each DNA sequence obtained was given
a Sequence Identification Number and entered into a database
for subsequent tracking and annotation.

Each sequence was selected for BLAST analysis of public
databases (e.g. NCBI). Absent from these sequences were the
standard housekeeping genes (GAPDH, actin, most riboso-
mal proteins etc.), which was a good indication that the sub-
tracted library was depleted of at least the relatively abundant
non-differentially expressed sequences.

Once sequencing and annotation of the selected clones
were completed, the next step involved identifying those
sequences that were actually upregulated in osteoclasts com-
pared to precursors.

Example 5

Hybridization Analysis for Identifying Upregulated
Sequences

The PCR amplicons representing the annotated sequences
from the pCATRMAN libraries described above were used to
prepare DNA microarrays. The purified PCR amplicons con-
tained in 70 ulL of the PCR reactions prepared in the previous
section was lyophilized and each reconstituted in 20 pl, of
spotting solution comprising 3xSSC and 0.1% sarkosyl.
DNA micro-arrays of each amplicon in triplicate were then
prepared using CMT-GAP2 slides (Corning, Corning, N.Y.)
and the GMS 417 spotter (Affymetrix, Santa Clara, Calif.).

The DNA micro-arrays were then hybridized with either
standard or subtracted cy3 and cyS5 labelled cDNA probes as
recommended by the supplier (Amersham Biosciences, Pis-
cataway, N.J.). The standard cDNA probes were synthesized
using RAMP amplified RNA prepared from the different
human osteoclast samples and the corresponding precursors.
It is well known to the skilled artisan that standard cDNA
probes only provide limited sensitivity of detection and con-
sequently, low abundance sequences contained in the cDNA
probes are usually missed. Thus, the hybridization analysis
was also performed using cy3 and cy5 labelled subtracted
c¢DNA probes prepared from subtracted libraries representing
the different tester and driver materials. These subtracted
libraries may be enriched for low abundance sequences as a
result of following the teachings of Malek et al., and there-
fore, may provide increased detection sensitivity.

All hybridization reactions were performed using the dye-
swap procedure as recommended by the supplier (Amersham
Biosciences, Piscataway, N.J.) and approximately 500 puta-
tively differentially expressed upregulated (>2-fold)
sequences were selected for further analysis.

Example 6

Determining Osteoclast Specificity of the
Differentially Expressed Sequences Identified

The differentially expressed sequences identified in Sec-
tion F for the different human osteoclast subtracted libraries
were tested for osteoclast specificity by hybridization to
nylon membrane-based macroarrays. The macroarrays were
prepared using RAMP amplified RNA from human precur-
sors and osteoclasts (intermediate and mature) of six inde-
pendent experiments from 4 different donors (3 males and 1
female), and 30 normal human tissues (adrenal, liver, lung,
ovary, skeletal muscle, heart, cervix, thyroid, breast, placenta,
adrenal cortex, kidney, vena cava, fallopian tube, pancreas,
testicle, jejunum, aorta, esophagus, prostate, stomach, spleen,
ileum, trachea, brain, colon, thymus, small intestine, bladder
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and duodenum) purchased commercially (Ambion, Austin,
Tex.). Because of the limited quantities of mRNA available
for many of these samples, it was necessary to first amplify
the mRNA using the RAMP methodology. Each amplified
RNA sample was reconstituted to a final concentration of 250
ng/ul in 3xSSC and 0.1% sarkosyl in a 96-well microtitre
plate and 1 plL. spotted onto Hybond N+ nylon membranes
using the specialized MULTI-PRINT™ apparatus (VP Sci-
entific, San Diego, Calif.), air dried and UV-cross linked. A
total of 400 different sequences selected from S[.87-95 and
SL108-110 were individually radiolabeled with a-**P-dCTP
using the random priming procedure recommended by the
supplier (Amersham, Piscataway, N.J.) and used as probes on
the macroarrays. Hybridization and washing steps were per-
formed following standard procedures well known to those
skilled in the art.

Of the 500 sequences tested, approximately 85% were
found to be upregulated in all of the osteoclast RNA samples
that were used to prepare the macroarrays. However, many of
these sequences were also readily detected in a majority of the
different normal human tissues. Based on these results, those
sequences that appeared to be associated with experimental
variability and those that were detected in many of the other
human tissues at significantly elevated levels were elimi-
nated. Consequently, only 35 sequences, which appeared to
be upregulated and highly osteoclast-specific, were selected
for biological validation studies. Included in this set of 35
genes were 4 where there was a significant upregulation in
mature osteoclasts compared to most normal tissues but
because the expression of these genes were overall lower in
the precursor cells, they appeared to be elevated in the normal
tissues after quantitation. However, their expression in the
normal tissues was still relatively lower than that of the
mature osteoclasts. Thus, these genes may still be important
regulators in osteoclastogenesis and bone resorption and
were therefore selected for biological validation. This subset
of 35 sequences does not include genes also identified such
as, CTSK, TRAP, MMP9, CST3 and CKB amongst others
since these were previously reported in the literature to be
upregulated in osteoclasts. FIG. 1 shows the macroarray pat-
tern and quantitation of the hybridization signals of the osteo-
clasts and normal human tissues relative to precursor cells for
the sequence selected for biological validation. Amongst the
35 sequences studied were 24 genes with functional annota-
tion 9 genes with no functional annotation and 2 novel
sequences (genomic hits). The identification of gene products
involved in regulating osteoclast differentiation and function
has thus led to the discovery of novel targets for the develop-
ment of new and specific therapies of disease states charac-
terized by abnormal bone remodeling.

SEQ. ID. NO.:1:

SEQ. ID. NO.:1 corresponds to a previously identified
gene that encodes a hypothetical protein, LOC284266 with an
unknown function. We have demonstrated that this gene is
markedly upregulated in intermediate and mature osteoclast
compared to precursor cells and other normal human tissues
(FIG. 1), which have not been previously reported. Thus, it is
believed that this gene may be required for osteoclastogenesis
and/or bone remodeling.

NCBI ORF

Unigene Nucleotide
Nucleotide #/Gene Positions/
Sequence Symbol/Gene  Accession Polypeptide
No. D Number sequence No.  Function
SEQID Hs.287692/ NM_ 213602 150-1136 hypothetical
NO.: 1 CD33L3/ encoding SEQ  protein
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-continued
NCBI ORF
Unigene Nucleotide
Nucleotide #/Gene Positions/
Sequence Symbol/Gene  Accession Polypeptide
No. D Number sequence No.  Function
284266/ ID NO.: 2 LOC284266;
SIGLEC-15 membrane
associated
function
unknown
Example 7

Cloning of Full-Length cDNAs of Selected
Sequences from Osteoclast mRNA

It was necessary to obtain full-length cDNA sequences in
order to perform functional studies of the expressed proteins.
Spliced variants are increasingly being implicated in tissue
specific functions and as such, it is important to work with
c¢DNA clones from the system under study. Applicant also
recognizes that spliced variants may not always be involved.
Thus, the applicant’s approach has been to isolate the relevant
full-length ¢cDNA sequences directly from osteoclasts in
order to identify variants and their potential role with respect
to specificity.

Coding cDNA clones were isolated using both a 5'-RACE
strategy (Invitrogen, Burlington, ON) and a standard two-
primer gene specific approach in PCR. The 5'-RACE strategy
used cDNA prepared from cap-selected osteoclast RNA and/
or RAMP amplified osteoclast RNA. For amplification using
gene specific primers, either cDNA prepared from RAMP
RNA or total RNA was used. All cDNAs were synthesized
following standard reverse transcription procedures (Invitro-
gen, Burlington, ON). The cDNA sequences obtained were
cloned in E. coli DH10B and the nucleotide sequences for
multiple clones determined. Thereafter, the cDNA sequences
for each set were aligned and the open reading frame(s)
(ORF) identified using standard software (e.g. ORF Finder-
NCBI). The ¢cDNA clones for the coding region for SEQ. ID.
NO.:1 obtained from a human osteoclast sample, were iden-
tical to that of the published sequences corresponding to
Accession#NM_ 213602.

Example 8
RNA Interference Studies

RNA interference is a recently discovered gene regulation
mechanism that involves the sequence-specific decrease in a
gene’s expression by targeting the mRNA for degradation and
although originally described in plants, it has been discovered
across many animal kingdoms from protozoans and inverte-
brates to higher eukaryotes (reviewed in Agrawal et al.,
2003). In physiological settings, the mechanism of RNA
interference is triggered by the presence of double-stranded
RNA molecules that are cleaved by an RNAse I1I-like protein
active in cells, called Dicer, which releases the 21-23 bp
siRNAs. The siRNA, in a homology-driven manner, com-
plexes into a RNA-protein amalgamation termed RISC
(RNA-induced silencing complex) in the presence of mRNA
to cause degradation resulting in attenuation of that mRNA’s
expression (Agrawal et al., 2003).

Current approaches to studying the function of genes, such
as gene knockout mice and dominant negatives, are often
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inefficient, and generally expensive, and time-consuming.
RNA interference is proving to be a method of choice for the
analysis of a large number of genes in a quick and relatively
inexpensive manner. Although transfection of synthetic siR-
NAs is an efficient method, the effects are often transient at
best (Hannon G. J., 2002). Delivery of plasmids expressing
shorthairpin RNAs by stable transfection has been successful
in allowing for the analysis of RNA interference in longer-
term studies (Brummelkamp et al., 2002; Elbashir et al.,
2001). In addition, more recent advances have permitted the
expression of siRNA molecules, in the form of short hairpin
RNAs, in primary human cells using viral delivery methods
such as lentivirus (Lee et al., 2004; Rubinson et al., 2003).

Example 9

Determination of Knockdown Effects on
Osteoclastogenesis

In order to develop a screening method for the human
candidate genes, RNA interference was adapted to deliver
shRNAs into human osteoclast precursor cells so that the
expression of the candidate genes could be attenuated. This
approach would then allow osteoclast differentiation to be
carried out in cells containing decreased expression of these
genes to determine their requirement, if any, in this process.

To this end, a commercial lentiviral shRNA delivery sys-
tem (Invitrogen, Burlington, ON) was utilized to introduce
specific shRNAs into human osteoclast precursor cells. The
techniques used were as described by the manufacturer unless
otherwise stated. In this example, the results obtained for the
candidate gene, SEQ. ID.NO.:1 (AB0326) are presented. The
protein encoded by this gene has no known function. The
shRNA sequence used to specifically target SEQ. ID. NO.:1is
5'-CAGGCCCAGGAGTCCAATT-3"' (SEQ. ID. NO.:12).
Briefly, a template for the expression of the shRNA was
cloned into the lentiviral expression vector and co-transfected
in 293FT cells with expression vectors for the viral structural
proteins. After two days, supernatants containing the lentivi-
rus were collected and stored at —80° C. Human osteoclast
precursors purchased from Cambrex (East Rutherford, N.J.)
were seeded in 24-well plates and cultured in complete
medium containing macrophage-colony stimulating factor
and allowed to adhere for three days. After washing with PBS,
the cells were infected with 20 MOIs (multiplicity of infec-
tion) of either lentiviral particles containing a shRNA specific
for the bacterial lacZ gene as a control (lacZ shRNA) or SEQ.
ID. NO.:1 (AB0326 shRNA). After 24 h, the infected cells
were treated with same medium containing 100 ng/ml RANK
ligand for 5-8 days to allow for differentiation of osteoclast
from precursor cells. Mature osteoclasts were fixed with
formaldehyde and stained for TRAP expression as follows:
the cells were washed with PBS and fixed in 10% formalde-
hyde for 1 h. After two PBS washes, the cells were lightly
permeabilized in 0.2% Triton X-100 in PBS for 5 min before
washing in PBS. Staining was conducted at 37° C. for 20-25
min in 0.01% Naphtol AS-MX phosphate, 0.06% Fast Red
Violet, 50 mM sodium tartrate, 100 mM sodium acetate, pH
5.2. The stained cells were visualized by light microscopy and
photographed (magnification: 40x). A significant decrease in
the number of multinucleated osteoclasts was observed from
precursor cells infected with the AB0326 shRNA (FIG. 2A;
bottom panel) compared to those with the lacZ shRNA (FIG.
2A top panel). Therefore, the lentiviral shRNA perturbed
osteoclastogenesis. These results clearly indicated that
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expression of the gene encoding SEQ. ID.NO.:1 (AB0326) is
required for osteoclast differentiation.

Example 10

Biological Validation of the Mouse Orthologue (SEQ
ID NO.:4 or 108) for AB0326 (SEQ. ID. NO.: 2) in
Osteoclastogenesis Using the RAW 264.7 Model

As a means of developing a drug screening assay for the
discovery of therapeutic molecules capable of attenuating
human osteoclasts differentiation and activity using the tar-
gets identified, another osteoclast differentiation model was
used. The RAW 264.7 (RAW) osteoclast precursor cell line is
well known in the art as a murine model of osteoclastogen-
esis. However, due to the difficulty in transiently transfecting
RAW cells, stable transfection was used as an approach where
shRNA are expressed in the RAW cells constitutively. This
permitted long term studies such as osteoclast differentiation
to be carried out in the presence of specific shRNAs specific
to the mouse orthologues of the human targets identified.

RAW cells were purchased from American Type Culture
Collection (Manassass, Va.) and maintained in high glucose
DMEM containing 10% fetal bovine serum and antibiotics.
The cells were sub-cultured bi-weekly to a maximum of
10-12 passages. For osteoclast differentiation experiments,
RAW cells were seeded in 96-well plates at a density of 4x10°
cells/well and allowed to plate for 24 h. Differentiation was
induced in high glucose DMEM, 10% charcoal-treated foetal
bovine serum (obtained from Hyclone, Logan, Utah), 0.05%
BSA, antibiotics, 10 ng/ml macrophage colony stimulating
factor (M-CSF), and 100 ng/ml RANK ligand. The plates
were re-fed on day 3 and osteoclasts were clearly visible by
day 4. Typically, the cells were stained for TRAP on day 4 or
5 unless otherwise indicated.

To incorporate the shRNA-expression cassettes into the
RAW cell chromosomes, the pSilencer 2.0 plasmid (SEQ. ID.
NO.:15) was purchased from Ambion (Austin, Tex.) and
sequence-specific oligonucleotides were ligated as recom-
mended by the manufacturer. Two shRNA expression plas-
mids were designed and the sequences used for attenuating
the mouse ortholog of AB0326 (SEQ. ID. NO.:4 or 108) gene
expression were 5'-GCGCCGCGGATCGTCAACA-3'
(SEQ. ID. NO.:13) and 5'-ACACGTGCACGGCGGCCAA-
3' (SEQ. ID. NO.:14). A plasmid supplied by Ambion con-
taining a scrambled shRNA sequence with no known homol-
ogy to any mammalian gene was also included as a negative
control in these experiments. RAW cells were seeded in
6-well plates at a density of 5x10° cells/well and transfected
with 1 pg of each plasmid using Fugene6 (Roche, Laval, QC)
as described in the protocol. After selection of stable trans-
fectants in medium containing 2 pg/ml puromycin, the cell
lines were expanded and tested in the presence of RANK
ligand for osteoclastogenesis.

The stably transfected cell lines were designated RAW-
0326.1, RAW-0326.2 and RAW-ctl. In 96-well plates in trip-
licate, 4 000 cells/well were seeded and treated with 100
ng/ml RANK ligand. After 4 days, osteoclasts were stained
for TRAP expression and visualized by light microscopy
(magnification was 40x and 100x as depicted in the left and
right panels, respectively).

The representative results for the RAW-0326.2 line are
shown in FIG. 3. The RAW-0326.2 cell line produced signifi-
cantly less osteoclasts (FIG. 3; bottom panel) compared to the
cell line containing the scrambled shRNA (FIG. 3; top panel).
The RAW-0326.1 cell line also showed attenuation of the
mouse ortholog of AB0326 but not as pronounced (data not
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shown). Therefore, as observed for the human gene, siRNAs
to the mouse orthologue appear to phenotypically perturb
osteoclast differentiation in the mouse model as well. These
results, coupled with that obtained in the human osteoclast
precursor cells using the lentiviral shRNA delivery system
(section J), demonstrate that in both human and mouse,
ABO0326 gene product is clearly required for osteoclastogen-
esis.

Example 11

A Functional Complementation Assay for SEQ. ID.
NO.:1 (AB0326) in RAW 264.6 Cells to Screen for
Inhibitors of Osteoclastogenesis

To establish a screening assay based on SEQ. ID. NO.:1
and SEQ ID NO.:2 (AB0326) to find small molecules capable
of attenuating osteoclast differentiation, the cDNA encoding
human AB0326 was introduced into the RAW-0326.2 cell
line. Thus, if the human AB0326 plays an identical functional
role as the mouse orthologue in RAW 264.7 cells, it should
restore the osteoclastogenesis capabilities of the
RAW-0326.2 cell line.

To accomplish this task, the RAW-0326.2 cell line was
transfected with an eukaryotic expression vector encoding
the full length ¢cDNA for human ABO0326, termed pd2-
hABO0326. This expression vector pd2; (SEQ. ID. NO.:15)
was modified from a commercial vector, pd2-EGFP-N1
(Clontech, Mountain View, Calif.) where the EGFP gene was
replaced by the full length coding sequence of the human
ABO0326 cDNA. The AB0326 gene expression was driven by
a strong CMV promoter. Stable transfectants were selected
using the antibiotic, G418. This resulted in a RAW-0326.2
cell line that expressed the human AB0326 gene product in
which, the mouse orthologue of AB0326 was silenced. As a
control, RAW-0326.2 cells were transfected with the pd2
empty vector, which should not complement the AB0326
shRNA activity. Also, the pd2 empty vector was transfected
into RAW 264.7 cells to serve as a further control. After
selection of stable pools of cells, 4 000 cells/well were seeded
in 96-well plates and treated for 4 days with 100 ng/ml RANK
ligand. Following fixation with formaldehyde, the cells were
stained for TRAP, an osteoclast-specific marker gene. As
shown in FIG. 4, the RAW-0326.2 cells transfected with the
empty pd2 vector are still unable to form osteoclasts in the
presence of RANK ligand (center panel) indicating that the
mouse AB0326 shRNA is still capable of silencing the
ABO0326 gene expression in these cells. Conversely, the cells
transfected with human AB0326 (pd2-hAB0326) are rescued
and thus, differentiate into more osteoclasts in response to
RANK ligand (right panel). RAW 264.7 cells containing the
empty vector (pd2) did not adversely affect the formation of
osteoclasts in the presence of RANK ligand (left panel).
These results confirm that the mouse and human orthologues
of AB0326 are functionally conserved in osteoclast differen-
tiation.

This particular type of cell-based assay can now serve as
the basis for screening compounds capable of binding to and
inhibiting the function of human AB0326. A compound
library could be applied to this ‘rescued’ cell line in order to
identify molecules (small molecule drugs, peptides, or anti-
bodies) capable of inhibiting AB0326. Any reduction in
osteoclast differentiation measured by a reduction in the
expression of TRAP would be indicative of a decrease in
human AB0326 activity. This assay is applicable to any gene
required for proper osteoclast differentiation in RAW cells. A
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complementation assay can be developed for any human gene
and used as the basis for drug screening.

One of skill in the art will readily recognize that ortho-
logues for all mammals may be identified and verified using
well-established techniques in the art, and that this disclosure
is in no way limited to one mammal. The term “mammal(s)”
for purposes of this disclosure refers to any animal classified
as a mammal, including humans, domestic and farm animals,
and zoo, sports, or pet animals, such as dogs, cats, cattle,
horses, sheep, pigs, goats, rabbits, etc. Preferably, the mam-
mal is human.

The sequences in the experiments discussed above are
representative of the NSEQ being claimed and in no way limit
the scope of the invention. The disclosure of the roles of the
NSEQs in osteoclastogenesis and osteoclast function satisfies
a need in the art to better understand the bone remodeling
process, providing new compositions that are useful for the
diagnosis, prognosis, treatment, prevention and evaluation of
therapies for bone remodeling and associated disorders.

The art of genetic manipulation, molecular biology and
pharmaceutical target development have advanced consider-
ably in the last two decades. It will be readily apparent to
those skilled in the art that newly identified functions for
genetic sequences and corresponding protein sequences
allows those sequences, variants and derivatives to be used
directly or indirectly in real world applications for the devel-
opment of research tools, diagnostic tools, therapies and
treatments for disorders or disease states in which the genetic
sequences have been implicated.

Example 12

Antibodies and Antigen Binding Fragments Binding
to Siglec-15 to a Siglec-15 Analogue

This example provides details pertaining to the family of
monoclonal antibodies that bind to Siglec-15.

To generate monoclonal antibodies, recombinant human
Siglec-15 was produced in 293E cells using the large-scale
transient transfection technology (Durocher et al., 2002;
Durocher, 2004). A ¢cDNA encoding amino acids 20-259 of
SEQ ID NO.:2 (see SEQ ID NO.:16) was amplified by PCR
using a forward primer that incorporated a BamHI restriction
site (SEQ ID NO.:17) and a reverse primer that incorporated
a Notl restriction site (SEQ ID NO.:18). The resulting PCR
product was digested with BamHI and Notl and the fragment
was ligated into the expression vector pYD5 (SEQ ID NO.:
19) that was similarly digested with the same restriction
enzymes to create a vector called pYD5-0326. The pYDS5
expression plasmid contains the coding sequence for the
human Fc domain that allows fusion proteins to be generated
as well as the sequence encoding the IgG1 signal peptide to
allow the secretion of the fusion protein into the culture
medium. For each milliliter of cells, one microgram of the
expression vector, called pYD5-0326,, ,5,, was transfected
in 293E cells grown in suspension to a density of 1.5-2.0
million cells/ml. The transfection reagent used was polyeth-
ylenimine (PEI), (linear, MW 25,000, Cat#23966 Poly-
sciences, Inc., Warrington, Pa.) which was included at a
DNA:PEI ratio of 1:3. Growth of the cells was continued for
5 days after which the culture medium was harvested for
purification of the recombinant Fc-0326,,,_, 5, fusion protein.
The protein was purified using Protein-A agarose as
instructed by the manufacturer (Sigma-Aldrich Canada Ltd.,
Oakville, ON). A representative polyacrylamide gel showing
a sample of the purified Fc-0326,, 5, (indicated as Fc-Si-
glec-15,, ,50) is shown in FIG. 3.
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The antibodies that bind Siglec-15 were generated using
the Biosite phage display technology. A detailed description
of the technology and the methods for generating these anti-
bodies can be found in the U.S. Pat. No. 6,057,098. Briefly,
the technology utilizes stringent panning of phage libraries
that display the antigen binding fragments (Fabs). After a
several rounds of panning, a library, termed the Omniclonal,
was obtained that was enriched for recombinant Fabs con-
taining light and heavy chain variable regions that bound to
Siglec-15 with very high affinity and specificity. From this
library, more precisely designated Omniclonal ALL0025Z1,
96 individual recombinant monoclonal Fabs were prepared
from E. coli and tested for Siglec-15 binding.

To measure the relative binding of each individual mono-
clonal antibody, recombinant human Fc-Siglec-15,, 555 Was
produced in 293E cells using the large-scale transient trans-
fection technology (Durocher et al., 2002; Durocher, 2004).
The 96-well master plate of monoclonal preparations con-
tained different concentrations of purified anti-Siglec-15
Fabs in each well. A second stock master plate was prepared
by diluting the Fabs to a final concentration of 10 pg/ml from
which all subsequent dilutions were performed for ELISA
measurements. To carry out the binding of Fe-Siglec-15 to the
monoclonal preparations, the Fc-Siglec-15,, 55, Was biotiny-
lated with NHS-biotin (Pierce, Rockford, I11.) and 10 ng/well
was coated in a streptavidin 96-well plate. One nanogram of
each Fab monoclonal preparation was added to each well and
incubated at room temperature for 30 minutes. Bound anti-
body was detected with HRP-conjugated mouse anti-kappa
light chain antibody in the presence of TMB liquid substrate
(Sigma-Aldrich Canada Ltd., Oakville, ON) and readings
were conducted at 450 nm in microtiter plate reader. As
shown in FIG. 4A, a total of 53 (highlighted dark grey)
monoclonal antibodies displayed significant binding in this
assay (>0.2 arbitrary OD,s, units). The antibodies were pur-
posely diluted to 1 ng/well to accentuate the binding of those
antibodies with the most affinity for Siglec-15. Since the
antibodies were generated using a Fc fusion protein, the
monoclonals were also tested in an ELIS A using biotinylated
Fc domain only. As shown on FIG. 4B, 17 antibodies inter-
acted with the Fc moiety of the Fc-Siglec-15, 55, (high-
lighted light grey). The values presented in bold (see FIG. 4)
represent the exemplary antibodies 25A1, 25B4, 25B8, 25C1,
25D8, 25E5, 25E6, and 25E9. These data also revealed that
the binding of the antibodies varied from well to well indi-
cating that they exhibited different affinities for Siglec-15.

The applicant noted that the antibody or antigen binding
fragment of the present invention may bind efficiently to the
antigen, in fact it was found that 1 ng of antibody is capable of
binding to less than 500 ng of SEQ ID NO.:2.

The nucleic acid and amino acid sequence of selected
antibodies light chain or heavy chain is listed in Table 1. The
nucleic acid and amino acid sequence of selected antibodies
light chain variable region or heavy chain variable region is
listed in Table 2

TABLE 1

Complete sequences of light and heavy chain immunoglobulins that
bind to Siglec-15

Antibody Nucleotide sequence Amino acid sequence
designation  Chain type (SEQ ID NO.:) (SEQID NO.y)
25A1 Light (L) 20 21

25A1 Heavy (H) 22 23

25B4 Light 24 25

25B4 Heavy 26 27

40

45

50

55

60

65

56
TABLE 1-continued

Complete sequences of light and heavy chain immunoglobulins that
bind to Siglec-15

Antibody Nucleotide sequence Amino acid sequence
designation  Chain type (SEQ ID NO.:) (SEQID NO.:)
25B8 Light 28 29
25B8 Heavy 30 31
25C1 Light 32 33
25C1 Heavy 34 35
25D8 Light 36 37
25D8 Heavy 38 39
25E5 Light 40 41
25E5 Heavy 42 43
25E6 Light 44 45
25E6 Heavy 46 47
25E9 Light 48 49
25E9 Heavy 50 51
TABLE 2

Sequences of light and heavy chain variable regions that bind to Siglec-15
Antibody Nucleotide sequence Amino acid sequence
designation  Chain type (SEQ ID NO.:) (SEQID NO.:)
25A1 Light (L) 52 53
25A1 Heavy (H) 54 55
25B4 Light 56 57
25B4 Heavy 58 59
25B8 Light 60 61
25B8 Heavy 62 63
25C1 Light 64 65
25C1 Heavy 66 67
25D8 Light 68 69
25D8 Heavy 70 71
25E5 Light 72 73
25E5 Heavy 74 75
25E6 Light 76 77
25E6 Heavy 78 79
25E9 Light 80 81
25E9 Heavy 82 83

Example 13
Conversion of Fabs into Chimeric Antibodies
This example discloses the methods used to convert the

Fabs into full IgG2 chimeric monoclonal antibodies. A
scheme of the methodology is presented in FIG. 5.

In order to conduct in vitro and in vivo studies to validate
the biological function of the antigen the light and heavy
chain variable regions contained in the Fabs was transferred
to full antibody scaffolds, to generate mouse-human chimeric
1g(G2s. The expression vectors for both the light and heavy
immunoglobulin chains were constructed such that i) the
original bacterial signal peptide sequences upstream of the
Fab expression vectors were replaced by mammalian signal
peptides and ii) the light and heavy chain constant regions in
the mouse antibodies were replaced with human constant
regions. The methods to accomplish this transfer utilized
standard molecular biology techniques that are familiar to
those skilled in the art. A brief overview of the methodology
is described here (see FIG. 5).

Light chain expression vector—an existing mammalian
expression plasmid, called pTTVH8G (Durocher et al.,
2002), designed to be used in a 293E transient transfection
system was modified to accommodate the mouse light chain
variable region. The resulting mouse-human chimeric light
chain contained a mouse variable region followed by the
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human kappa constant domain. The cDNA sequence encod-
ing the human kappa constant domain was amplified by PCR
with primers OGS1773 and OGS1774 (SEQ ID NOS:84 and
85, respectively). The nucleotide sequence and the corre-
sponding amino acid sequence for the human kappa constant
region are shown in SEQ ID NOS:86 and 87, respectively.
The resulting 321 base pair PCR product was ligated into
pTTVH8G immediately downstream of the signal peptide
sequence of human VEGF A (NM_ 003376). This cloning
step also positioned unique restriction endonuclease sites that
permitted the precise positioning of the cDNAs encoding the
mouse light chain variable regions. The sequence of the final
expression plasmid, called pTTVKI, is shown in SEQ ID
NO.:88. Based on the sequences disclosed in Table 2, PCR
primers specific for the light chain variable regions of anti-
bodies 25A1, 25B4, 25B8, 25C1, 25D8, 25ES, 25E6, and
25E9 were designed that incorporated, at their 5'-end, a
sequence identical to the last 20 base pairs of the VEGF A
signal peptide. The sequences of these primers are shown in
SEQ ID NO.:89 for 25A1; SEQ ID NO.:90 for 25B4, 25BS,
25Cl1, 25D8, and 25E9; SEQ ID NO.:91 for 25E5, and SEQ
1D NO.:92 for 25E6, respectively. The same reverse primer
was used to amplify all four light chain variable regions since
the extreme 3'-ends were identical. This primer (SEQ ID
NO.:93) incorporated, at its 3'-end, a sequence identical to the
first 20 base pairs of the human kappa constant domain. Both
the PCR fragments and the digested pTTVK1 were treated
with the 3'-5' exonuclease activity of T4 DNA polymerase
resulting in complimentary ends that were joined by anneal-
ing. The annealing reactions were transformed into compe-
tent E. coli and the expression plasmids were verified by
sequencing to ensure that the mouse light chain variable
regions were properly inserted into the pTTVKI1 expression
vector. Those skilled in the art will readily recognize that the
method used for construction of the light chain expression
plasmids applies to all anti-Siglec-15 antibodies contained in
the original Fab library.

Heavy chain expression vector—the expression vector that
produced the heavy chain immunoglobulins was designed in
a similar manner to the pTTVK1 described above for produc-
tion of the light chain immunoglobulins. In the case of the
chimeric anti-Siglec-15 antibodies, IgG2 isotype was
required which is the preferred type for stable, blocking anti-
bodies. To this end, the constant regions (CH1, CH2, and
CH3) of the human IgG2 immunoglobulin were amplified
and ligated into a pre-existing [gG1 expression vector and the
detailed methods are described herein. Plasmid pYDI11
(Durocher et al., 2002), which contains the human IgGK
signal peptide sequence as well as the CH2 and CH3 regions
of'the human Fc domain of IgG1, was modified by ligating the
c¢DNA sequence encoding the human constant CH1 region.
PCR primers OGS1769 and OGS1770 (SEQ ID NOS:94 and
95), designed to contain unique restriction endonuclease
sites, were used to amplify the human IgGl CHI1 region
containing the nucleotide sequence and corresponding amino
acid sequence shown in SEQ ID NOS:96 and 97. Following
ligation of the 309 base pair fragment of human CH1 imme-
diately downstream of the IgGK signal peptide sequence, the
resulting plasmid was digested with the restriction enzymes
Apal and Nsil. These enzymes that digest both the constant
IgG1 and IgG2 cDNAs in exactly the same positions that
permits the IgG1 constant sequence to be replaced by the
human 1gG2 sequence in the expression vector. The cDNA
encoding the human IgG2 constant domains was obtained
from a commercially available source (Open Biosystems,
Huntsville, Ala.). The final plasmid used to express the IgG2
immunoglobulin heavy chain was designated pYD19 and the
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sequence is shown in SEQ ID NO.:98. When a selected heavy
chain variable region is ligated into this vector, the resulting
plasmid encodes a full IgG2 heavy chain immunoglobulin
with human constant regions. Based on the sequences dis-
closed in Table 2, PCR primers specific for the heavy chain
variable regions of antibodies 25A1, 25B4, 25B8, 25Cl1,
25D8, 25ES, 25E6, and were designed that incorporated, at
their 5'-end, a sequence identical to the last 20 base pairs of
the IgGK signal peptide. The sequences of these primers are
shown in SEQ ID NO.:99 for 25A1; SEQ ID NO.:100 for
24B4 and 25D8; SEQIDNO.:101 for25B8, 25C1, and 25E9;
SEQ ID NO.:102 for 25ES5; and SEQ ID NO.:103 for 25E6,
respectively. The same reverse primer was used to amplify all
four heavy chain variable regions since the extreme 3'-ends
were identical. This primer (SEQ ID NO.:104) incorporated,
at its 3'-end, a sequence identical to the first 20 base pairs of
the human CH1 constant domain. Both the PCR fragments
and the digested pYD19 were treated with the 3'-5' exonu-
clease activity of T4 DNA polymerase resulting in compli-
mentary ends that were joined by annealing. The annealing
reactions were transformed into competent E. coli and the
expression plasmids were verified by sequencing to ensure
that the mouse heavy chain variable regions were properly
inserted into the pYD19 expression vector. Those skilled in
the art will readily recognize that the method used for con-
struction of the heavy chain expression plasmids applies to all
anti-Siglec-15 antibodies contained in the original Fab
library.

Expression of human IgG2s in 293E cells—The expres-
sion vectors prepared above that encoded the light and heavy
chain immunoglobulins were expressed in 293E cells using
the transient transfection system (Durocher et al., 2002). By
virtue of the signal peptides incorporated at the amino-ter-
mini of both immunoglobulin chains, the mature IgG2 was
harvested from the serum-free culture medium of the cells.
The methods used for co-transfecting the light and heavy
chain expression vectors were described herein. For each
milliliter of cells, one microgram of'a combination of both the
light and heavy chain expression plasmids was transfected in
293E cells grown in suspension to a density of 1.5-2.0 million
cells/ml. The ratio of light to heavy chain plasmid was opti-
mized in order to achieve the most yield of antibody in the
tissue culture medium and it was found to be 9:1 (L:H). The
transfection reagent used was polyethylenimine (PEI), (lin-
ear, MW 25,000, Cat#23966 Polysciences, Inc., Warrington,
Pa.) which was included at a DNA:PEI ratio of 1:3. Growth of
the cells was continued for 5 days after which the culture
medium was harvested for purification of the 1gG2 chimeric
monoclonal antibodies. The protein was purified using Pro-
tein-A agarose as instructed by the manufacturer (Sigma-
Aldrich Canada Ltd., Oakville, ON).

To determine the relative binding affinity of selected mono-
clonals more accurately, increasing concentration of the Fabs
was incubated with biotinylated Fc-Siglec-15,, 5. Ten
nanograms of biotinylated Fc-Siglec-15,, .5, was coated in
streptavidin microtiter plates and increasing amounts of
either Fabs or the chimeric 1gGG2 monoclonals 25B4, 25B8,
25C1,25D8, 25E6, and 25E9 were added as indicated in FI1G.
6. As depicted in FIG. 6, the binding ofthe 25B4, 2588, 25C1,
25D8, 25E6, and 25E9 chimeric IgG2 monoclonal antibodies
was very similar to the Fabs. This result shows that the trans-
position of the variable domains from the mouse Fabs into a
human IgG2 backbone did not significantly affect the capac-
ity of the light and heavy chain variable regions to confer
Siglec-15 binding.
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Example 14

Inhibition of Siglec-15 Activity

This example describes the use of anti-Siglec-15 antibod-
ies for inhibiting the differentiation of osteoclasts.

Human PBMNCs (AllCells, Emoryville, Calif.) were
placed in the appropriate culture medium for 24 h at 37 C in
a 5% CO, atmosphere. The cells were seeded in 96-well
plates at a cell density of 100,000 cells/ml and treated with
increasing concentration (0.01 pg/ml-100 pg/ml) of anti-Si-
glec-15IgG2 chimeric monoclonal antibodies in the presence
of'35 ng/ml M-CSF and 30 ng/ml RANKI.. Undifferentiated
precursor cells were treated only with M-CSF, The control
wells were treated with a non-Siglec-15 binding 1gG2. The
cells were fixed, stained for TRAP, and multinucleated cells
counted and photographed (magnification 40x). As depicted
in FIG. 7, mAbs targeting Siglec-15 could efficiently inhibit
the differentiation of human osteoclasts in a dose-dependent
manner. Inhibition of osteoclast differentiation was observed
to varying extents with every exemplary Siglec-15 antibody
that was tested but the most active monoclonals were 25B8,
25E6, and 25E9. Cells treated with a control chimeric IgG2
were not inhibited (see lower right panels in FIG. 8, Control
1g(G2). This result is in complete agreement with the experi-
ments disclosed by Sooknanan (Sooknanan et al., 2007) that
showed that knockdown of Siglec-15 expression by RNA
interference caused inhibition of human osteoclast differen-
tiation.

In a parallel experiment, mouse PBMNCs were treated in a
similar manner. As depicted in FIG. 8, anti-Siglec-15 chi-
meric antibodies could inhibit the differentiation of mouse
osteoclasts as exemplified by the chimeric mAbs designated
25B8, 25E6, and 25D8. This result confirms that the mono-
clonal antibodies that were generated against the human
orthologue of Siglec-15 are cross-reactive against the mouse
Siglec-15 protein as well. This was experimentally verified
using an ELISA. A fragment of the mouse Siglec-15 cDNA
was amplified corresponding to amino acids 21-256 using
oligonucleotides containing the sequences shown in SEQ ID
NOS: 105 and 106. This PCR fragment was ligated into the
pYDS expression vector as was described for the human
Siglec-15 fragment for expression in 293-6E cells. The
recombinant Fc-mouseSiglec-15 was purified using Pro-
tein-A affinity chromatography.

An exemplary anti-Siglec-15 monoclonal Fab designated
25C8 was incubated with either Fc-human(h)Siglec-15,, 5o
orFc-mouse(m)Siglec-15,, ,5¢. The results (see FIG. 9) indi-
cate that the binding activity of the antibodies that were
generated against the human Siglec-15 also cross-react with
the mouse orthologue of Siglec-15.

The results described above clearly demonstrate the impor-
tance of Siglec-15 in osteoclastogenesis. Attenuation of
Siglec-15 expression in osteoclast precursor cells results in
cells that are highly impaired in their ability to form multi-
nucleated mature osteoclasts. Thus, targeting Siglec-15 with
an inhibitor, in particular a therapeutic monoclonal antibody,
would prove to be a very selective way to target those cells
that are directly responsible for bone degradation during
acute metastatic bone cancer or chronic osteoporosis.

Example 5
Inhibition of Siglec-15 Activity

This example evaluates the ability of anti-Siglec-15 anti-
bodies in inhibiting bone resorption activity.
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The OsteolLyse™ Assay (Human Collagen) made by
Lonza provides a 96-well OsteoLyse™ Cell Culture Plate
coated with fluorophore-derivatized human bone matrix (eu-
ropiumconjugated collagen) for use in assays of osteoclast
differentiation and function. The assay is a direct measure of
the release of matrix metalloproteinases into the resorption
lacuna of'the osteoclast1. Cells can be seeded onto the surface
of'the OsteoLyse™ Plate in a manner identical to that used in
traditional cell culture protocols. The resorptive activity of
the osteoclasts, as reflected by the release of Eu-labeled col-
lagen fragments, can be measured by simply sampling the cell
culture supernatant after an appropriate period of cell culture.
The cell culture supernatants are added to Fluorophore-Re-
leasing Reagent in a second 96-well assay plate and counted
using time-resolved fluorescence2.

Human PBMNCs (AllCells, Emoryville, Calif.) are placed
in the appropriate culture medium for 24 h at 37 C in a 5%
CO, atmosphere. The cells are seeded in a osteolysis assay
plate at a cell density of 100,000 cells/ml and treated with
increasing concentration (0.01 pg/ml-100 pg/ml) of anti-Si-
glec-15 IgG2 chimeric monoclonal antibodies in the presence
of 35 ng/ml M-CSF and 30 ng/ml RANKL and appropriate
culture medium.

After 3 days left in culture, 10 pL. of the culture supernatant
is removed, and treated with 200 pL. of the Fluorophore
Releasing Reagent. The quantity of free fluorescent collagen
fragments released in the culture supernatant is determined
by measuring the fluorescence intensity using a fluorescent
plate reader.

Although the present invention has been described herein-
above by way of preferred embodiments thereof, it may be
modified, without departing from the spirit and nature of the
subject invention as defined in the appended claims.
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