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osteoclasts originate from the fusion of mononuclear phagocytes and play
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are essential for both the development and the remodeling of bone, and
increases in the number and/or activity of osteoclasts lead to diseases
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iNTRdﬁm f@ usion with host cells (Hernandez et al, 1997). It has been
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macroghages Is, similar to that used by viruses to infect cells. In 1998, we

fusion Shoulfh Bl ithdesgisR SERHESH IRHRASTRIPE S Ihtficed transiently in
macrophages at the onset of fusion (Saginario, 1995). MFRISIRPu and its
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is now generally accepted that virus-cell fusion requires both an attachment mechanism and a fusion
peptide. An example of such fusion involves gp120 of the human mmmunodeficiency virus (HIV),
which binds to CD4 on T lymphocytes and macrophages (Dalgleish et al., 1984; Klatzmann et al.,
19&4), while the fusion molecule gp40, which is derived from the same precursor (gpl60) as gpl20, is
thought to trigger the actual fusion event. We postulated previously (Saginario et al, 1995} that the
fusion machinery employed by macrophages is similar to that used by viruses to infect cells. In 1998,
we reported that the expression of MFR/SIRPa 1s induced transiently in macrophages at the onset of
fusion (Saginario, 1995). MFR/SIRPw and its receptor, CD47, belong to the superfamily of
immunoglobulins (IgSF), as does CD4, and their interaction plays a role in the recognition of self and in
the fusion of macrophages (Han, 2000). To gain further insight into the mechanism mechanism of
macrophage fusion, we subjected fusing alveolar macrophages from rats to genome-wide
oligonucleotide microarray analysis, and we discovered the expression of CD200 de novo at the onset of

fusion.
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SUMM Aisgases associated with generalized bone loss.

In one aspect, there is provided a biotherapeutic composition comprising CD200 receptor
protein or fragments thereof which inhibits CD200 and its receptor interaction, ot an
antibody or antibody binding site which effectively binds CD200 protein or its receptor |
and inhibits differentiation of osteoclasts, for treating diseases associated with

generalized bone loss.

DESCRIPTION OF THE FIGURES

FIGURE 1 :Rat alveolar macrophages and mouse bone marrow-derived macrophages express
CD200 upon multinucleation. Freshly isolated rat alveolar macrophages were plated at
confluency over 50% of the surface of each well, to prorhote fusion and multinucleation. After
five days, they were subjected to immunohistochemical analysis. Note that mononucieated
macrophages were positive for MFR/SIRPa and CD44 but not for CD200 (bar = 1 mm). Also
note that multinucleate rat alveolar macrophages contained hundreds of nuclei that were stained
with DAPI (blue). Freshly isolated rat alveolar macrophages were plated as in A and subjected
to Western blotting analysis at the indicated times. Note that CD200 was not detected in
macrophages for the first 24 h. Mouse bone marrow-derived macrophages were cultured m the
presence of M-CSF (30 ng/ml} and RANKL (100 ng/m!) for the indicated times to mduce the
differentiation of multinucleate osteoclasts. Celis were analyzed by RT-PCR. Note that mouse

bone marrow-derived macrophages expressed transcripts for CD200 receptor | (CD200RI) but
2
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FIGURE 5: Toluidine blue-stained sections of proximal tibiae from two-month-old CD200-
deficient male and fermnale mice and wild-type mice (bar = 1 mm). Histomorphometric analysis
of proximal tibiae from two-month-old CD200-deficient male and female mice. Both male and
female CID200-deficient mice had an increased bone volume (BV/TV), and decreased

osteoclastic surface relative to bone surface (Oc.S/BS). Female CD200-deficient mice also had a
3
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and then stimulated with 50 n ﬁlml RANKL for the indicated times. Cells
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The activation, by phosphorylation, of IkB and JNK was less extensive in cells that lacked

CD200 than in wild-type cells. This experiment was repeated three times with similar results.
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FIGURE 8 :The CD200-CD200R axis is required for osteoclast
fusion/multinucleation. Bone marrow-derived macrophages from

waixavealenid wild-type mice were cultured in the presence ofpGEE(80s9708
ng/ml) and RANK_L (50 ng/ml) with or without the recombinant
extracellular domain of CD200 (rCD200e; 100 ng/ml). rCD200e allowed
the differentiation of osteoclasts in macrophages that lacked CD200 (SD;
n=3). Bone marrow macrophages isolated from CD200- deficient and
wild- t}{fpe mice were cultured in the presence of M-CSF (5 ng/m1) for
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Each of the three targeting retroviral constructs, namely shRNAIl,
shRNAI2 and shRNAI3, abolished the expression of CD200R1 and
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FIGURE 10 : Bone density increased in the absence of CD200. A, Distal femurs from six-month-old
male and female CD200-deficient mice exhibited an increased trabecular density. CD200-deficient
males also had greater subcortical contents than wild-type males (pQCT; n = &). B, The absence of
CD200 did not prevent bone loss in response to ovariectomy. Two-month-old female CD200-deficient
and wild-type mice were used as controls or they were subjected to sham operation or o ovariectomy (n

=&, 5D).

DETAILED DESCRIPTION OF THE INVENTION



() preventing the disease-state from occurring in a patient, in particular,
when such patient is genetically or otherwise predisposed to the
wdiseaseatate but has not yet been diagnosed as having it; (cHRibiting e
ameliorating the disease-state in a patient c arcs g or slowing its
development; or (iii) relieving the disease-state in a patient, i.e., causing
regression or cure of the disease-state. Putative compounds as referred to
The teREFSHINFUAELIRL SRMRISFOMPRLAGS DAt ALeRIadUCts of rational drug
design, natural products and compounds having partially defined signal
transduction regulatory properties. A putative compound can be a
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Sthe same building blocks; see for example, U.S. Pat, Nos. 5,010,175 and
5,266,684 of Rutter and Santi, which are incorporated herein by reference
(i) imbieitentirety} arbyosatiendbdrugstesign. fuseitabte, amsting of platativeits
|atary compound(s) suspended in culture medium is added to the
develoﬁﬁ%'ﬂ 1!
that is sufficient to regulate the activity of a CD200, CD200R protein
in a cell such that the regulation is detectable using a known detection
(i) pedthons (% frefersthiambuntofputativeardge mensdompound(s)the disease-state.
comprises between about 1 nM to about 10 mM of putative regulatory
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20081089022PCT/US2008/050708 The technologcH or producing
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the same building blocks; see for cxampic, U S. Pat, Nos. 5,010,175 cmd 5,266,684 of Rutter and

Santi, which are incorporated herein by reference in their entirety) or by rational drug design.

A suitabie amount of putative regulatory compound(s) suspended in culture medium is added to
the cells that is sufficient to regulate the activity of a CID200, CD200R protein in a cell such that
the regulation is detectable using a known detection methods. A preferred amount of putative
regulatory compound(s) comprises between about 1 nM to about 10 mM of putative regulatory
compound(s) per well of a 96-well plate. The cells are allowed to incubate for a suitable length
of time to allow the putative regulatory compound to enter a cell and interact with the target

protein. A preferred incubation time is between about 1 minute to about 48 hours.



Immunization may be accomplished using standard procedures. The unit

dose and immunization regimen depend on the species of mammal
witgnized; its immune status, the body weight of the mammgdetessososeros

Typically, the immunized mammals are bled and the serum from each

blood sample is assayed for particular antibodies using appropriate

screening assays. For example, antiintegrin antibodies may be identified
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ntegriyeXIiEasHItitRd ty AE tsksttétr byiser Eariirgthie. liriddmab a8 OR antibodics,
may al&VPSIAAANtS @ﬂ@a@%lﬁe@yb&iQQ@(}@&@J&H@@M&@:{@&H cedt 62000 dy-

CD200R antibodies may be screened by testing the hybridoma culture
expresin arHa i4AY ledekibial hithodeiReixeitg theraBins b Hild G 200R molecules.
The lyrf@ooaiRast G 200,cRAOR-ExIrE8sing &8k ipsicaQire isolated from
: 2088/()890, QP%T(USZO 8/050708 To produce a?tib dy hor_nolog%vhich 5
rmmuniged FHTHE CAB e SRR MUEHIE ST RRHG Yor AR Rt o ciBobP200:
CD200R booRiantibadyihdmalegsyghatarc intact immunoglobulins, hybridoma

cells that tested positive in such screening assays were cultured in a

nutrient medium under conditions and for a time sufficient to allow the
Typicallybitidormacslis-tdl $ecrete.thermonorl onkhllantibodies ddthdheticultime mammalian
SpCCiCS@&%gl!y Wm}'ﬁ&i}gcﬁ uﬂéﬁ%ﬁ%ﬁ '}Hﬁql%%lac%ﬂ ﬁé{gﬁla c?ﬁ%%%%"@gﬁaf%ﬂ lines that arc

_ hybridoma cells are well known. The conditioned hy ma culture
sensitivg geriatemnatybecssieste dudms thdgatiare Deeor CHRDORzdtisddids T

mcd1un‘?@t'?9315&@}[@9(@%”&%@&%’%8@%%59% flernatiyalye Menocytes using
desired antibody maé'?e produced éf@lnjectlng the hybridoma cells into

1500 mpjgepéritnedr ealig ot e shipptUREEd tHBUsEPRENyBRabRTasEIRS from the
fusion REOIHOIAENIDeMesitoneaheavity, SeRIelNG theantibady. Witk ctively fused

_accumulates as ascites fluid. The antibody may be harvested by
o H e BECREE A AT 8 PRI 40y WIS g formed).
Hybridbmily femammededietahabtibody: ierealousyagaiosh fah exapplenGRa00se

CD200R, are another preferred binding agent which lo tigens in,
supern{g e i 1 BN (RVSHEGTIR GREAOR GRS Wag ot ahis Gef vodics
may beusingnied lijreepiimele: ynéadosplenbaytespasdascitbecthy-Baetied ik akying the

s 9 Immunel. 147:86595, "Pr. tion of Antigen-specific Human
bl G P, b e enoc cor.

Alternatively, they may be prepared by repertoire cloning as described by

Persson et al., 1991, Proc. Nat. Acad. Sci. USA 88: 2432-2436,

"Generation of diverse high-affinity hpyman monoclonal antibodies by

repertoire cloning” and Huang and Stollar, 1991, J. Immunol. Methods

141: 227-236, "Construction of representative immunoglobulin variable

region CDNA Libraries from human peripheral blood Lymphocytes without

in vitro stimulation”. U.S. Pat. No. 5,798,230 (Aug. 25, 1998, "Process for

the preparation of human monoclonal antibodies and their use") describes

preparation of human monoclonal antibodies from human B cells.
Accordina to thie nrocece hitman antihodv-nrodiicina R calle are




WO 2008/089022PCT/US2008/050708 In yet another method for
producing fully human antibodies, U.S. Pat. No. 5,789,650 (Aug. 4, 1998,
wiltanggenie non-human animals for producing heterofogous @ntilpegies ko 7os
describes trausgenic non-human animals capable of producing
heterologous antibodies and transgenic nonhuman animals having
inactivated endogenous irrimunoglobutin genes. Endogenous
To proli¥BURAEIRRUIINQENES ARISHRRIGEEth DY ARLSENSE IROMNUEIGRtAES:¢ for

and/or by antiserum directed against endogenous immunoglobulins. _
Sxampiqeii| 95&%@8%%1%%%8%&)% ihthticalRBuRgensly bigins. hybridoma
cells thaormatystound: in theigsnemp ohibalsspecies oo humaR aniBal. P08 der
...0r more transgenes_containing sequences of unrearranged heterologous
conditiping fﬁf’rﬁ&%egf&%féﬁfﬁfﬁé%' A EE RO oS GH AR Ion!
antibodigirab therabyufoimyog:a. tiansgenicaninaheapsblel ehfunetionalyuitable for

. Jearranging transgenic immunoglobulin seqyences and producing a
hybridg S S R SPIBl T2 DAL SRE Y Aot e be
collectéch mudrtbglobilfigHENe £TRNOR hetéralogaysi butigfuantibpdief-drey well-known
meﬂkmce.roduced in B-cells which are thereafter immortalized, e.g., by fusing with
an immortalizing cell line such as a myeloma or by manipulating such
B-cells by other techniques to perpetuate a cell line capable of producing

Am%ga%%&%t@%{%&%ﬁﬁtﬂyp@&m% antinedy. m&l%ﬁéﬁ{séai%nﬁe& the

_ 0 de novo in macrophages at the onset of fusion To identity nove
peritonggfipghients i e mEeidarp e maerbphradgeniasidh, e isubinitabicusiigneal
cavity, BNEQIRL MRACHARRRGESHIAM A% 98N MEIBRICTRARR) ANANSIShe harvested

. Such macrophages provide an efficient and homogeneous model system
by withdrauiingide seeHaE ISHALER TS SR SRGH SAYTL 995 48981 erling, 1998;
Han, 2000; see Vignery, 2005 for a review) since they are "nave" and fuse
Byl hspontaneouslyi vitro, when plated confluently, without the addition of
ully hp{ekmesCBaPan ARY U SGH PRS LR S 2IB(a LIRS Sb i 300 7 85y another
preferrsuer diatestes iniftashlyisttateshmaerophagesthod dTeHevelsfon. In their intact
form (FaNsCripts were 0.6 +/- 1.4, 34.9 +/- 7.2 and 61,6 +/- 23.4 times | igc{wber 7
s thogs I HESAIY S Ated CalE TS BARERE TRF K andt PistHped by Boerner ot

ian those'in ‘resﬁly is
al., 19%edpéutivetyl(MEARGHS SDredac89nTd sdanfiem-thecdédFdurfacdexpodssion

Antibo@kER qh"\’/‘?\:{&?ﬂx‘%‘%&%éﬁh% aleg glyeolar macrophages with a

monoclonal antibody raise agaPnesi%?ﬁ extracellular domain of CD200. In

parallel, we subjected fusing alveolar macrophages to Western blotting

st ST W o U Sl o
Proc. Niesdste3didn et ihisJorbtei’is indiisae anthbdoriset biamatiophagean

monocHSIOMEPRAIBAHE r 429 Qu iBsulis SORUIPEH HREBUPNGAN] 98 (A4 Ovicthods
141: zzﬁéﬁress'on of CD200 as early as 24 h after plating (Figs. IA, B). However,

ik MIERISHRIN WK RiRfiessagyRIsbRsHucikath AseiopRaYRs, Libraries
from hiGRZQRNYASAPL BYAIBSSAL by BoneR el aaterpasrephages (FIg.HA)No. 5,798,230

(Aug. 25, 1998, "Process for the preparation of human monoclonal antibodies and their use")
describes preparation of human monoclonal antibodies from human B cells, According to this
process, human antibody-producing B cells are immortalized by infection with an Epstein-Barr
virus, or a derivative thereof, that expresses Epstein-Barr virus nuclear antigen 2 (EBNA2).
EBNAZ function, which is required for immortalization, is subsequently shut off, which results

in an increase in antibody production.



To investigate whether CD200 was also expressed in osteoclasts, we
cultured mouse bone marrow macrophages in the presence of M-CSF (30
wogfmgyoasid2RANKL (50 ng/ml) for five days to generate osteqelasts {hisaiso708
al., 2005). No transcripts encoding CD200 were detected in macrophages,
but strong expression of such transcripts was induced by RANKL as early
as day 2. Moreover, the induction of expression of CD200 was dependent

In yet 2{he eaeoFRANGLIbiaIChBkcantmstdie expression0f ER200R,,. 4,
1608 ,,gas clearly constitutive (Fig. ID). Moreover, while MFR/SIRPa, CD47 and

BRI prESER AT AOCRASt T Aty HieiP entre AEHAt, kesrethas
transgeafdhesehpraiging wete unatiestebby disruption @i dhe LXPIRSSI QA Dfransgenic non-

CD200 since osteoclasts from mice deficient in CD200 expressed similar
TN AoteL T HI U BN CRGRLLE 0 e Aedon of

levels of these protein

immuntigseufusignan ete cutesds cé dulatedchycgpatechdaisitcthaldisindependent directed

- of 0. To confirm that CD200 was expressed on the surface of , .
e L e B OB AR LR Runoutoburn
genes nedastedadhe fowaddiffére pertimesofvitiatamone ofbmal-Antiodyithak One or more
transgelREANIEEG e extAcelvar domain o1 GRARY and SURISHIS, NS K i 5
ian's'gcflovycytome}[grg:easnalysis. Thégresulgs)fé)sh%\%é%%@%%@%? con |Lr]§1O "eb%%]r%ﬁ%éwy
chains gisdrdeosicrd En-saraceexpressishtef D200 e onsetof estootiagtable of
functiofSPRIMHIHBMCIealianTOgRNET, AHET RIS IPdicals iNRb G220 Mg hE of

. apreviously unrecognized component of the macrophage fusion
antibodina GhiveKyUTIHeREISTS R HhaTUNERB AR BsfatishsPeDPe Watalogous

human affesé differenfiationafhosieealasts AN aBAHeRY hriRerdeMelORMERY; fising with
and/or the remodeling of bone. CD200-deficient mice had higher bone

an immGEALHIRE G R P ULtEd AIEE A PRAY AP R G Bisetiscpy other
technigtwotnentitaldenaalgiand tamale SR2Q0L ANdMildtyRe Mmige-iobiXAully human
antib daqlal%sif see "Material and Methods"). As we had predicted, both male
Ao NG fehi&le CD2004- mice had higher spinal bone densities than
corresponding wild-type mice (Fig. 3). Peripheral quantitative WO
2008/089022PCT/US2008/050708

Expression of CD200 de rove in macrophages at the onset of fusion

To identify novel components of the machinery of macrophage fusion, we subrmitted fusing
alveolar macrophages from rats to genome-wide microarray analysis. Such macrophages
provide an efficient and homogeneous model system for studies of macrophage fusion
(Saginario, 1995, 1998; Sterling, 1998; Han, 2000; see Vignery, 2005 for a review) since they
are “naive” and fuse spontaneously in vitro, when plated confluently, without the addition of
cytokines. Barely any transcripts encoding CD200 (accession # X01785) were detected in
freshly isolated macrophages, but the levels of transcripts were 0.6 +/- 1.4, 349 +/- 7.2 and 61.6
+/- 23.4 times higher than those in freshly isolated cells 1 h, 24 h and 120 h after plating,
respectively (mean +/- SD; n =3). To confirm the cell-surface expression of CD200, we reacted
multinucleated alveolar macrophages with a monocional antibody raised against the extraceliular
domain of CD200. In parallel, we subjected fusing alveolar macrophages to Western blotting

analysis at different times. We used antibodies directed against MFR/SIR P, as a control hecause

9



tomography (pQCT) analysis of the femurs from these mice revealed that
CD200 deficiency was associated with an increase in the total density of

wihesshragtimzboth males and females, and of the distal femur ipcfemelas, @870
compared to age- and sex-matched wild-type mice (Fig. 4). in
CD200-deficient female mice, there was an increase in the trabecular area
of the shaft and the distal part of the femur while in CD200-deficient mate

the exyﬂ%iﬁ%ﬂ*&%ﬁﬁig"&%éﬂﬂFﬁ%ﬁz%%d'&t“&?e%ﬂ&%‘f"ﬁ{a@f&%@éé@&s@ﬁ@J@%‘fa‘??b%).

as compared with the respective wild-type mice. D200-deficient male ~
Our resps e ihid i ifRFasel i irr o200 efiEibROfematelimed tepéicr plating
(Figs. WaR] decrease . Jrineriastealrireunierencexinboth the shaltapddhe: crophages,
. distal femur, as compared to corresponding wild-type mice. It appeared,
CD200 KAt X i eSO B HERLTTHE MAS RAaS hdCeAtidnced accumulation

of bone, with the shapes and size of bones being altered in a

To invgender-spaeficmarmenstosaralyzetiecelluamechanigms:bywhishéhe

____deletion OLCDZ 0 augments to 2L§ density, we sug' té%the djstal
o R D300 OB Aok 300 AR Sk Rl b B is e dovs
to genchistamosphem@tiictahalEls) Qus resutsipenfitnéa ¢Hab TD200dkficient in

Ao JICE, BOth males and females, had an increase. in trabeeular. e volume
macro e S T i (S e Ay A AR LA oo
2. Monetlativéhbomb:sipfactcargastivat sds bifupiedibycosteoolatits dosoathRudié L (Fig.

10). Bg%@Jﬁ%ﬁ'&@&gpe%s%{ig@bﬁ@iﬁgJgg eﬁaﬁgf%!%ﬁuﬂs%ﬁ?hﬁifCmgr% v'e”

_bone density in'CD200-deficient female mice, we found a decrease in't
while MER{E Burfabd ared bTdrnecamarassed e rsicby ostabblas ibqFidiByentiation,
the lovdlBisr iBsWli-sygaRsiRe:hald-was Hhdeed b %@9??5@% WEE®200 since

responsible for the higher bone volume in CD200-deficient mice. To ‘
osteoclitdiming imdthsictHdN reaSe i sstie vonilid pefsiatérimitieiging, Wes
observakRigcieddhendistal femersdrom helh £RZ00:sielicient:and Wil P8 mechanism

. .6-month-old mice to microCT analysis. Both male and female
that is Igglﬁﬁﬁjmg@%ﬁge had more trabecular bone than the corresponding
wild types (Fig. 5). This observation was supported by pQCT analysis of
To confhie seme hobesawhigheshalved ibat ifahectdar-density wos highebiméhe

, D200-deficient mice than in the carresponding wild types (data no
e S R G b b AR
antibodyubaiotofmstedbbastsiToddeierrivna ivhétibtieaabsebeeted GROO fright

L -affes ,tp .diffgrentiation of osteoblasts,,we cultured bone mayr wcglls }
extome e e o e e B B Fphsurface
expressiwoo? 008108 902RaFEHNIS 2808/0507B8 n/multinucleation.

Together, our results indicate that CD200 might be a previously unrecognized component of the
macrophage fusion machimery. Therefore, we postulated that the deletion of CD200 would
affect differentiation of osteoclasts, and as a result, the development and/or the remodeling of

bone.
CD200-deficient mice had higher bone density and fewer osteoclasts than wild-type mice

We subjected two-month-old male and female CD2007" and wild-type mice to DEXA analysis
(sce “Material and Methods”). As we had predicted, both male and female CD200™ mice had

higher spinal bone densities than corresponding wild-type mice (Fig. 3). Peripheral quantitative
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of ascorbic acid (50 fig/mi.) and 13-glycerophosphate (10 mM) and the we
compared their respective alkaline phosphatase activities and their
woabiitimsdo:form bone-like nodules. The absence of CD200 hadnoeifegisoros
on alkaline phosphatase activity and on the formation of nodules by
osteoblasts (Fig. 6). However, Western blotting analysis of osteoblasts
confirmed the relatively low-level expression of CD200 (Lee et at., 2006)

tomogramet ﬁ%@ﬁﬁeﬁﬁ?y@if Q%QQ&&QW@W@@MQ@@%@%&EW was

bone volume could not be attributed to osteobtasts. The decrease in the

assoclaffdaty BF Beten AR SEEA FEUNL #f G st de heibrnaties iifrpsksytnd of the

distal f&r@m@ri@ﬁmseslecm@mwn@eg@f@ﬁta@dﬁq&r@wmﬁe&l&%f(p@ 3. Tn
defect in gsteoclast formation. To examine these possibilities, we
CD200d3 e O? as?

PRARIPISOIAES Beﬁérﬁarrswederr@ralﬁB%%&ﬁréﬁfc%ﬁw@.gﬂd the
distal pleiﬁl ﬁgtsel ﬁaﬁermarléerﬁs @mpﬂeﬁ&eﬁhbmme{eﬁe@;qlaﬁi& (ak mstiekiiddackie
{rabccu h 9, i Tln et gl 2004). "'il'heC gn]t ge og recur r cells . :

o B0 R L R ST RAS T Bele S T 52005y I
CD200afudi G200 micetlfig.«@)s WerthemecomparéDih@rat@siofit female mice there
steoclastogenesis in vitre in CD20 20 4 m e cultured
was 1 e B By Bl g
to corr %ndn@r@@a’shdrgy@@mentrétrmaﬁ&&wﬁomrﬁm@@?@&d@wme&é% lead to the
cnhdncgd’g%gﬁ@& §mJ pgf %Qﬁ@%ﬁl?fh@%?»@srgﬁ&@ﬁg (l)r% Qoqgsc‘gcﬂ?goﬁ%qu% a gender-
decrease in the number of osteoclasts and in the surface ‘area covered by
specifiog@sidiasts (Fig. 6). These data strongly supported our hypothesis that the
increase in bone volume resulted from a defect in the formation of

To anaRoteRelagtpiSinRceRANK L WhictagtivrRiesdhe NokBoand MAR #na$6ne

signaling pathways that operate downstream of RANK, is essential for

density i ShisAdRR disahvimEs BeretiNANd et et ek nes RnEszonatiyh vild-
type mlata‘@s:l@m&l@mﬁwmu@e%@f @ﬁN&W@&iﬂM@&hﬁM@ﬁt@%@@ﬂﬁ nncc both
%Zo\gﬁcaeflment and wild-type mice in the presence of M-CSF (3
males dﬁé Tﬁm P! dRyBC TR, iarrér’%ramﬁ*@%efﬁr%rtw%eﬂearw%dﬁ%a‘rwﬂd types

(Fig. Stheve with RAN Kld45Qa3gimthepetariz hibons amﬂa,cﬁrma&yrmev&mcredsah@ﬂ
to Western blottin nal S sphorylated. form-speci nd. con tro
osteod R R A St Rk S SR> A R G erease
in boneafeastivatiéiDabikBdidecr&aseld shghtiyd/ﬁrthmﬁmelcaﬁwammrhew&wasrface area
bq h that.|la CD20 result
Ofb(me?elrglnea ed t%%%%h bgter%e%% O% atq?lenuateg ?rbﬁ%lg u%ﬁovdddf %ﬁ%er?dl fhe
osteocl giowhastreammespRANK Endisuggkstédithae i CDLIREBROCR Ihteiaction
might play a role in this signaling pathway and in the formation of

To dctc%‘iﬂe%éiﬁcr\{}{%%@%ﬁ?Q&?&%ﬂH%&QﬁéQ@WQ&Eﬂ %Q%QQ;&BEQ%lsmz

axis Is a nove com onent of the fusion mach inery Toa dress the putatlve

femurslf cEpooRGXd A IECrusIBR sl dratephagas Chenpdsgs. Both

ale an%ﬁﬁé%@ie‘@ﬁ!’t@@@%%%%‘i@ﬁg&%o% iskLWE RSB WRETHES £XPG90RNS e wild
CD200 could rescue the differentiation of osteoclasts in vitro in cells that

types (il OP000 MR GERB s S WP EBIRI &Y e nibinahtiratdht tasiReRidetrhich
showedhi.endiacell aeaorains of AeusekeRINN HCBRONe mWepmturesk eResponding
1 ¢ margw celliﬁeol ted from CD200-deficient and wild-type mice in the
wild typgs (IR BBFRPEBE (30 ng/ml), RANKL (50 ng/m1), and rCD200e (0.5
ug/ml). The addition of rCD200e rescued the differentiation of
The ab@DAOF ddiitisringsibed ahtsdifigr B)iMienekoaskadsadiathant of osteoblasts
rCD200e- induced fusron resulted from the activation of JNK and IkB

To detc%r%%’ea gf%et}ygp {ﬁ Ifls rom gﬁ;@g n th td?jsegrn & %éf eienglgﬁown% t(l#' léjsg%fidsts we

one marrow ce icien ype mice in

cultureppesemeeobMESE(E ﬁ@?ﬁﬂ%@rﬁww@la&@ vAletystanvitrgfith Erdafior itwibe presence

hours, we treated them for 30 minutgs with RANICL (50 ng/m1), in the

presence and in the absence of rCD200c (0.5 ug/n-11) and, finally, we

subjected them to Western blotting as described above. The addition of

rCD200c restored the activation of IkBa and JNK, supporting a role for

CD200 in the differentiation of osteoclasts via the CD200R-mediated

activation of 1kBa and JNK (Fig. 8). We postulated next that, if the

CD200-CD200R interaction plays a role in fusion, interference with this
iNntaraction chaniild block fiicinn \WWe anaineearead a enlithle moiice




Finally, to investigate the role of CD200R in fusion more directly, we
attempted to silence the expression of this receptor in fusing
wnaarophages by RNA interference (RNAI) with short WO  perigsaeosioseros
2008/089022PCT/U S2008/050708 hairpin RNA (shRNA). We generated
three retrovirus-based shRNA constructs that targeted CD200R1
(shRNAIl, 5hRNAi2 and shRNAI3), as well as a construct that encoded
of ascok@NAamy %%Hg%§5d£Mm@jJ&%m5{@@W o BANRMA QM pared their

macrophages isolated frorh wild-type mice with these constructs, as well
respectig RN YESBRIMIGR 1Y SEHEhtbrE O eSS beAsthisaoGHRN Alhe
absencSBRNATD ARLHSRRNAB L IRHRA AT The XS8R AL 209 A0 of nodules

prevented the fusion of osteoclasts (Fig. 9). By contrast, neither MigR |

by osteRBlaRigRIFdM: aHeBIRE Y eXpreSlioH bR DR aHeoiiastiferémistchcof

-re}ativfﬁu@r?cnas&s.eIgggémDﬁ@s@U@waﬁ&@mim;@gHﬂaﬂ;’}@g@m- mmﬁd boole. These
or the, CD200-CD200R axis in the fusion of macrophages and in

datn SRS R BB T D D000 BRI BB BRI B O SeRbSiand
central player in the fusion and/or multinucleation of macrophages, which

The detscreeuirdd: for:tiverdiffesentibtions efrostenelastS pand-thei cegu latiemofbore it

ss. While our resu nfirm that mononucleatc macrophages do not

2 T3SS: ults confirm that me lea ophages do not,
Fom LTS BSG00, FbUeal Tt Ihei I8on 5 ScLBSAnISa by SHong™

formatignd de novo X ressiors b CR200: Nbjonly fs:thtyexpressiomoh@DROCels o
ﬂowacﬁpﬁ%%{\}é Hﬁgi‘%?\gu[ J%\%ﬁ%@é %\Egr%l@r‘itgf’xr[pr%gQ%Q%Ernfgx%%tt%o%%qgs' DRS¢
ith a'su n and,

. OStggC astpgeness, ne sequentincreas one volum .
Kit' /Mpehce Adanifdeforii 9% vstebpletrdéis). Gl anatysisssfaherauntoerdisheive to

the totdMAHMBRGEARRRIRAIOSIAQCIASLRIBGHIRRF 58S aS AuReFLRINAge A dRE. 6). we

total number of bone marrow cells, which was similar in CD200-deficient
then cogdiRAl dhey P RRESS SO e fattHE ED206-BEPHOR G ITEs ruge. We
culturc EARIRERe diflerRtiationphREe:MORe YRS (FRUMa AR ef@h 9%l ereasing
Jimi et al, 2004 for facs analysis). This is in contrast with the numbers of
concenggiieie el S fte i HARPHASIRFASGIEREHS, WhicthsrecarlGldePhresulted
in & dosBigepthaktiack &RLO0 (Hosketalo P00 clids passiblectharirem-bont ered by
marrQw are less differentiated than those from | hoid organs, which
osteoclfs et TRR NSV Lt 9 N cH S e i Rciateva bome
volumenumniiedsinfihostéotiasisiin Gh2B0-deficienbahics.cannot be attributed to
decreases in numbers of precursor cells. Both CD200 and CD200R,

Since ﬂﬁiﬁ&b'{{?ﬁ&%ﬁ&g&{ Cﬁ@%@ﬁ“%ﬁﬁ%@%‘% g&‘t 1?}%ea§%ﬁ‘!?i/’a§9 8]5d ’(;[ hcerate
sperm-fusion proteiri, belong 1o IgSF, a resemblance suggests some
downstesmmobRalNKin stesméich ariostofdestdgsionisinvadditionkgénéstior a deficiency in

CD200 SRANHE BrOIRIAS BV RRan Hepilieh Ribe JRROmAR 0L 0ME: Rk M

all, members of families of double-stranded DNA viruses, suc
CD200-deficient and wiid-type mice in the presence of M-CSF (30 ng/ml) for two days, then,
after starving them for two hours, we treated them with RANKL (50 ng/ml) up to 2 hours and,
finally, we subjected them to Western blotting analysis with phosphorylated form-specific and
control antibodies directed against [kBa, p38, ERK1/2 and INK. While the extent of activation
of IkBo decreased slightly with time, activation of JNK was almost corapletely abolished in cells
that lacked CD200. These results revealed that the absence of CD200 attenuated the
transduction of signals downstream of RANK and suggested that the CD200-CD200R.

interaction might play a role in this signaling pathway and in the formation of osteoclasts.

12



WO 2008/089022PCT/US2008/050708 as Poxviruses, Herpesviruses,
and Adcnoviruses (Chung et al. 2002; Foster-Cuevas et al. 2004).
wivlorenyeiathe product of the 1(14 gene of Kaposi's sarcoma-associateslnseog
Herpesvirus is a ligand for CD200R (Chung, 2002; Foster-Cuevas, 2004).
Similarly, M141R is a cell-surface protein encoded by Myxoma virus with
significant homology at the amino acid level to CD200, and it is required
The CiRoNE fbpathoasnesis ol MpomaNibsdin e EraReRR APbIt
(Cameron et al. 2005). Most importantly, both CD200 and its viral
homologs activate the CD200R to down regulate basophiles (HHV-8;
To addespisr oAU BHOByURG o FIpHALE L AL AS Ml MIHIRE PBafErbawiag e used
sever. &lzﬁ%i&ﬂéﬁ@ﬁ?@ttﬁ%@@ﬂﬁgp%c%@&?m%%tﬁ@ﬂ&d@%ﬂ@@@@?d@ t&Rbscue the

which is homologous to protein coded cinia and Myxoma virus
A e B R b BRI TIE5 5 aiacﬁd%?éy@rn}gsm@ﬁte A
recombiGRRZOG-da:alltwt thennite évaderthe! mmunemespbmer(dmcf@lgﬁ:\mtth(&dee
fect cells. Wh| the CD a s.an |nh|b|to roJel the
CUETUTCd:nbr%ncnlgasll% efSsESIRh maé%?t@f%g{%ﬁé b%/%j Yor a?gvféw(jc P dppRErsnee of
M- C%H@ﬁlag/aﬁ)aﬁthlﬁﬁﬁg(ﬁﬁlegmmmépﬁﬁ)@@ﬁuéﬁbﬁt ginos t%abééﬂm of rCD200e

dow ast ce it
e e R SR g PO T Sl
rCD209erimdiiend &we’@@tétsﬂsfmns tbeesmtetmbfwéﬁé tnblaRes Wation telndiem
supprcs«%é%?‘tﬁ@ he.glifereniation @/ o8R0 sk Mice Nt lack BRfr G ARient and

ight provide a model to answer this question. In addition, we

wild- tyﬁéﬁ%t@k t@décm?é%dé"%ﬁ@ﬁﬁéﬁ]@b@b@@h@.@yecé‘ﬁt@r sancemthenoir two

hours, WIS AR aps Mg Reir ARRGRIERIRINAAQMAINS S ICE & fUsIng in the
partners are both macrophages. Indeed, it will be of interest to determine

absencqy e SR stred L INa MG differehitelitg Sy 4tety saters blojmatisderibed

above. fw&&ﬁ%@t@iif e et toabr defeetin Asi8 QA aaRARRESIKI N upporting a role for
f|C|ent mlc results from a defect in activation downstream of
CDZOOFQTA

s tipB SiBiiRs ol ik Be et K00 AAG RAIGR Wabo and

JNK (Fghayld note, however, that while the absence of CD200 slows down
osteoclastogenesis it does not prevent the expression of MFR/SIRPa and

)05%1?%&(1 %Q{I&Q} ’I% %ﬁlﬂ@lﬂ&}#% Eeggtg%{ tn?f th fUSI n mai% qur 115101 ftafﬁ‘%ance

ages. 1t remains rAmed & the a08encs’s
with thaftet;tsacthermtmlééetm}of@ﬁnswmgmmst‘soémﬂdnttyqutentdwembmant protein

that tnc‘ﬁ%@@ H{éeé}& A MRG0 8&%%% r?t]l@ %ﬁ(OQ) C c%ttYﬁ%H‘t‘ t}e%%gf?z)'w cells
at the age

Together, our results suggest achinery or macroph usion

from thﬂrtwesm@elttptbeaném@ww -eddurdarsy P el NWQ(50 ng/ml) in the
dbsencggt%tlrpt%%%&P&E/H$@W(7IQ)BITM ﬁgﬁﬁnc%xg %@Qe@%&%agm enesis

bone mass and the soluble recombinant extracellular domain of CD20

was bloghsckisd inaerspitaged ussAtRaAfs Phul cbdpoo éth@ﬁt%(t@éeﬁf@rlwgtﬁt as
CD200Re, nRveldargatsinaftts tmwt@m@mﬁtmmrc@aemwgm found

osteoblasts in culture express low levels of CD200 and the absence o

that mopys st aL R B AEREH ST EHETERERBhRFOftFE), %9&%8&’@@&9@%‘* (data not
shown)passible role G2 incthesrticolsi Be&’d:‘fﬁer@ leaneoeaﬂtlﬁs NPRADghgin

treatment of animal models with the s ant extracellula
une eafdﬁ;%‘ﬁ?ﬁ’egf 65?0%%9%‘?%%”8 ﬁﬂﬁ]}‘?ﬁ@%§ on y s to and activates CD200R 1

(Hatherley et al., 2005).

Finally, to investigate the role of CID200R in fusion more directly, we attempted to silence the

expression of this receptor in fusing macrophages by RNA interference (RNAi) with short
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EXPERIMENTAL SECTION Animals. CD200-/- mice were produced by
homologous recombination as described previously (Hoek et al, 2000).
wiflieaswess:screened by PCR using the CD2001 forward primgr-Bus2ess/050708
gtagaagatccctgcatccatcag-3' and reverse primer
5'-gcccagaaaacatggteacctac-3', which generate PCR products of 1000
bases for wild type and 7250 bases for CD200-deficient mice. Animals

hdupm\’m@x %{@ﬁﬁ?n@f d@ﬂé&i@ﬂ%@@ré@%s%@d Qﬁﬁ'ﬁA%ﬂ%‘frlﬁ;&rﬁ%ﬁ targeted

conditions reserved for immuno-deficient mice, which include autoclave

CD2008lgab B A Tbo RAY Vil BR ANy Srealyes irfenelaihlai cncoded random

sequenG@PingYrhange stationusingsterletaanigHES o MISE-ROBE-RERES WS ype
SUbéjngted to histomorphometric analysis received two i.p. injections of

mice witly Bagse PRGIYBOIY Wit I srRODAARSAGIEBRmERY P8R s hEAHA
consir@ibefpresacrifigenFhe aialshAnimal Gaserand mt{o}@mm&%x@l@pmmbm land

p ents. oner dio Iié(:lsed femurs ere subjected to_X-r
proven SRR TNIXL20 RESOI X oy 150 Ch AU BB, NPt S0 3 ffcte
the expsecondst &Dﬁ@(%mr@tﬁealnﬁﬁaﬁm&mﬂ@nwf E@s@na@@rf@@g@m cékngse results
contf PRSI 00 SRl AC D RS R
and in pniero@Tcgransier ( PD ED CT 40; Scanco, Bassersdorf, Switzerland) with

a 2,048 x 2,048 matrix and isotropic resolution of 9 um3 with 12 um voxeL

: O e o
The cﬁiﬁ%@?ﬁ@oﬂ'%&@éﬁ?d%} ”t%‘%?‘?“ﬁ%vel %ﬁ%“ﬁx’i@? tFa?j;%rtaé\e ﬁl‘ég@% 1?2%\6%?1“

spongiosa were m Irectly, as previously

mu fimskmé%ﬁ%i‘f@mwB@né’luéhsﬁtycws@dévertﬂmrdeﬁea@@es@ﬁ bédspresivisiynd the

rcgulatﬁﬁ?ﬂf%ﬁé AaskO901 Y RerehBral GHARHIALY S CRmRLELLOMAGFRRIY do not
T) with a Stratcc scanner model XCT 960M (Norland Medica
cxpleq%%%@lfg

SNEDFEAEIREAD A1 RS eamBratRshb AS Perforhdedrdedy pigssion of
CD2002 defingd slandatd thabaTeesh abruptly induced in fusing osteoclasts, but absence

of CD260 impairs osteoclastogenesis, with a subsequent increase in bone volume and, hence, a

mild form of osteopetrosis.

Our analysis of the number of bone marrow macrophages/osteoclast precursor cells as a
pereentage of the total number of bone marrow cells, which was similar in CD200-deficient and
wild-type mice, suggests that the CD200-CD200R axis does not control the differentiation of
pre-monocytes (Fumio Arat et al, 1999; Eijiro Jimi et al, 2004 for facs analysis). This is in
contrast with the numbers of splenic and mesenteric lymph node mdcrophages, which are
elevated in mice that lack CID200 (Hoek ct al. 2000). It is possible that from bone marrow are
less differentiated than those from lymphoid organs, which might express low levels of CD200.
Nevertheless, the decreases in the numbers of esteoclasts in CD200-deficient mice cannot be

attributed to decreases in numbers of precursor cells.

Both CD200 and CD200R, resembling CI24, the receptor for HIV, and [zumo (Inoue et al.,
2005), the sperm-fusion protein, belong to IgSF, a resemblance that suggests some commonality
in the mechanics of cell fusion. In addition, genes for CD200-like proteins have been identified

in the genomes of some, but not all, members of families of double-stranded DNA viruses, such
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WO 2008/089022PCT/US2008/050708 hydroxyapatite crystals
embedded in Lucite, provided by Norland Medical Systems. We scanned
wa-mmthiak slices located at a distance of 3 mm, proximally, fpemyihesckaildos

end of distal femoral metaphyses. The voxel size was set at 0.15 mm.

Scans were analyzed with a software program supplied by the

manufacturer (XMICE, version 5.1). Bone density and geometric
as PoxRAIANEIEFSMEIEESimated-hy Haon analysis hhedoy: ppddigh.density. 2004).

threshold settings were 1,300 and 2,000, respectively. Separation of soft
Moreoyigstis n%%&%%iiéﬁ@m%féﬁ@mg* %ﬁ%@éﬁlﬁﬁgm@%%%a?ﬁﬂ%% ligand
for C&oRical(high-bonerdensity)ang trgbacshit: (low, hone densiBa bORE W tein

separated to obtain trabecular data using peel mode 3. Cortical and .
@ﬂwdeﬁiﬁé\%mnﬁo%uwaﬂéé%af% BB BorhicAN AR titfy TortitAl B 1t s
requircll foistanialrphe eeiss biblaexremGR2R0 HFanshedn 206 T WRIE et al,

hydrated in a grade nol series and embedded witho
2005). JE A e Lty AT s TP RS A BB o
regulatebalo 982 ) HBNgHuHnaksectitlify wer enetiowitizen( Atigckitind ivictorafiester-

L with a tungsten ide blade (Jung, Reichert, Germany). Four-um-thick.
cueves O S e G Ty e & el e
homoldgiste aanphametricodedlysidahile 8d ir¥hiokisectionSiereomeuntetho5;
camerdinStaIneRolor dynanic istamoranemeti analysis Which s RELB ledune

at a constant distance from the growth plate (including trabecular bone),
responsgihdde irfgge Aralgsieys@h (OsteomeasurcTM; Osteometrics, Atlanta,
GA). The measured parameters included the bone volume relative to the

While dtiiyeldree-BYR M theyvale afibonsfosnatian BERIBVy which dakesas and

_.into account the mineral apposition rate; the number of osteoclasts per
Liversidagi i 08sBhlion erinib PRI BIDMY e RO OFgEREaNIaaES fion since

the abs@live foinmatianparimeiehNIRBHI: APH dheRaieeikyalME JeRENG 18hosed
hone volume (QV/BV). Reagents Recombinant mouse RANKL and M-CSF

that the B obtdiHed o AL Sy S tURRTBEpBISIVATN At G gatcoclasts, it is

possiblmbnatlesahaniikedydiracied againstdat @R20G@adrbmeneglenalsts. Mice
__antihodies dire ainst mouse CD200 and CD200R were.purchased.

e e e R A R e sty B A Bherida ron. v

cannot hxtrhmﬂelthkapmmf dfdﬁ/l@RBﬂ@.almjluliShEdtpra\smuw (Keanin2006ndRabbits via
their anﬁ%%ﬁ%%ﬁ%@@%%%ﬁ&%%%edf&«ﬁ%”%r@%?g Phas H?%L%teﬂa%éﬁ (ﬁ_cge'?’eg,) it will be

and mouse monoclonal antibodies directe
of intergg indtia1iiis; PARBan PriRawetergbtainedifforan@alySighalingin cis or in irans
in futurlBeYELY, MA). A monoclonal antibody directed against mouse CD44 was
obtained from BD Bioscience (Franklin Lakes, NJ). A mouse monoclonal
antibody directed against GAPDH was purchased from Novus Biologicals,

The faciibalRititétehinoSyorlrSEsh pdrExtbels feo pt grired Al Jodiredtdert in

activati@QaNSHIRDRK 8PA MauselaGweIe B chased fi-omagkSOnooR and RANK. We
ImmunoResearch (West Grove, PA). Rat anti-mouse monoclonal

should Bl ts i ot HWEABHRES AhEIIdEY HRtavaes epreeppsenesis. it does

not prevent the expression of MFR/SIRPe and CD44, which are candidate members of the fusion
machinery in macrophages. It remains fo be determined whether the absence of CD200 affects
the expression of DC-STAMP, the most recently identified component of macrophage fusion
machinery (Yagi, 2005; Vignery, 2005). Together, our results suggest that the machinery for

macrophage fusion involves multipie and, possibly, redundant molecules.
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WO 2008/089022PCT/11S2008/050708 conjugated to fluorescein
(Macl-FITC, M1/70 PharMingen, San Diego, CA), anti-c-fins conjugated to
wphyeeteythsin (c-fms-PE) and anti-c-Kit conjugated to allophygogy@Ris eseros

(c-kit-APC; eBiosciencc, San Diego, CA). Secondary antibody anti-rat
1gG2a conjugated to FITC was purchased from PharMingen. All supplies
and reagents for tissue culture were endotoxin-free. Some bone marrow

The abG&lIS WEFHBBRIGEWIRPQNIWXIR B gulfale fanes e@o&ﬂlﬂl\{ﬁﬂg é@@a@éﬁﬁﬁgﬁ‘ @b main of

the endotoxin pI’IOI’ to treatment. Bone marrow macrop ages and

CD2005shderdisd smmbsadieverénsfrom1dive (o Rvel eodéskeefrioDpebt bappyvel

{argets W%%mf@egwwmd inck0:68 dishesand cultwiaskio a-MEM(Ligess 1ow
Technologies, Grand Island, N Iementeﬁ with 10% FBS in the

levels qfre Ll Rhf‘ff%wescrf&/ﬁ@%@Qf@?searsd/ﬁf@emheiéH}ffsfql?difgmm vitro, we
cannot Maﬂnasl herantselsi w&rﬁdmgesm@e daulturegwith & S dR9 MeUthinthe

ir Cdimq-l_li dls% t the eﬁ@ g%%:%@é@%%fgc{éégtrﬁﬁg}i dit atliiﬁ%P CD200R wil
help clia@rategnesjstant amdphosphatasc positive (TRAP) macrophages were

used as osteoclast precursors (Li et al., 2005). To generate osteoclasts,

g pone marrow macrophages in the presence of RANKL, (50

ng m1) an _SF (30 ng/m1) or a 30% (v/v) dilution of the supernatant

from a culgure of L929 cells, in 96- well, 24-well or 60 mm dishes at a
Aﬂima@er@W@ﬁ"‘Oa‘ﬁiWﬁ@ﬁ@gt@nﬁ@dﬂgé@mbﬂ@&ﬂng@n@&@sﬂ@m kel iedocibits ywergously
Hoek é¥% ctly jo-non-denating FREA dulfer (160, st NaG, 00 1.1 s,
(Hoe pH (g)A) NP460 5 ?nM EDTA supplemtEreﬂed W%r aco%ktaai% Plprq(t:egse
gtaoaagﬁmﬁt@%tw@ﬁgiétwfab‘@fge Rieke Metecgar Brotepicats) Brighich generate
PCR pPhAsRRAASRIPILIRS COF AN 24SiamPySLL RS0 TBENIAIER WELS imals

sonicated, and the equivalent of 2X105 cells per sample was loaded onto

were h%‘i@%@éﬁﬁﬁﬁtﬁ@%ﬁ?% KR ttiAiTg e hiTamider et HR daA ORI L Y ThEoT

1mmun@f&)éﬁtﬁ§nW1@iﬁ€etr%%fﬁ FeduaBtaRitiecelvlpss menianesaNd Plaekedithcapcs
5% dry milk in T-PBS, and incubated with primary and secondary

in & oled SR KRR AT B RIS S T iSRG er iR IHRSPRih wwere subjected
to histosupersigeat { Bt RiefceiGhemicaljCtioNaw aéw&nh@ﬁggd)@gp%a@to
Merck, )b g\émgltla f, egﬁﬁ%’gn"&%it %%lc? %tgcl"rlgllggdcrl ice. Q'% ]%%I?lﬂr{]& | g.l\"/g and Use

COHH“ﬂltt{)C approved all experiments.

Bone radiography

Excised femurs were subjected to X-ray using a MX-20 (Faxitron X-ray Corporation, Wheeling, IL) at
30 kV for 3 seconds. X-rays were scanned using an Epson Perfection 4870.

Computed tomeography on a microscale (microCT)

The proximal tibiae from 6-month-old male CD2007 and CD200"" mice were scanned with a microCT
scarmer (0 C 0 OTCT 40; Scanco, Bassersdorf, Switzerland) with a 2,048 x 2,048 matrix and isotropic
resolution of 9 um® with 12 um voxel size, three-dimensional trabecular measurements in the sccondary
spongiosa were made directly, as previously described (Li et al, 2005).

Bone densitometry

Bone density was determined as described previously (Ballica et al, 1998) by peripheral quantitative
computed tomography (pQCT) with a Stratec scanner model XCT 960M (Norland Medical Systems,

Fort Atkinson, W1). Routine calibration was performed daily with a defined standard that contained
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Bone marrow cells from 6- to 8-wk-old CD200 ' and CD200- mice were

plated in 10 cm dishes and cultured in J.-MEM supplemented with 10%
wbB&dnibepresence of M-CSF (10 ng/m; 107 cells/10-cm disfy-farsanososeros

12-18h. Non-adherent cells were harvested and cultured with M-CSF (30

ng/ml) in 10 cm dishes, at the same density as before, for an additional 48

h. Floating cells were removed and attached cells were used as osteoclast

hydrox! %H'Eé@f}%@i@'@%&ﬂ%@@fﬁ@ﬁ&cﬁ%@?&éd *B(?%%{&% é@@glrglg; ages W%rbecanned [-mrm-
cultured in the presence of RANKL (25-100 ng/ml) and M-CSF (30 ng/ml)

thick siiges Bugbcdliveiyancon bite HapEraRIaficRbicalitduTRISHIOZY deteral metaphyses.
The volt PEvelhsZdr VO 2008/08992RETH %Q@g‘l{%@g@gﬁwﬁ”gq:f?f)(ﬁgrmr@pp[ied by the

dishes at a density of 4 x | 05 cells/cm2. TRAP-positive osteoclast-like
manufiifihcrated SERAi ImBRE A SN AT ey IStiBfRefes e cstimated by Loop
analysiRistomosphenaatiyh Qiiesklastalkadi @&@fg@&pa@t?%é&hﬁ’ ¥ ,@@%@Vﬁsp%tively. Separation
(Mikihiko Morinobu ct al, 2005) Bone marrow cells from 6- tg 8-w -0l )
of sof (A BSB L i EWA A B T ST PIRESYSLE L0 el (high bone
densityoelis/weligaand doltubeddd dnditbNMosepplemeptedadith QYRS S:bigima Lising peel
ascorbic acid, 10 mM B-glycerophosphate. Medium was changed every 3
o B e o g A R AR R o 1
Histonwithhessetld PBS and scraped into 10 mM Tris-HC1 containing 2 mM

Tibiac MG EH3PE-0-0276-HHEP- Xk %&Hg%hz -drca‘%é'd“{?ate?aé’!‘é%r%;{f%ﬁ' crics and embedded
sonicated on ice after two cycles of freezing and tHawing. Aliquots o

Wifh@ué@@éﬂﬂéi&ﬁi@ﬂ/\i@@@bﬁéﬁé@@%@ﬁ&@lwméaémmemﬁm Stal, 1082).
Lo-n.gitl!rﬁﬂiﬁ@MQ&%@%Q&Q@J%%@PMWTM 1%%%8%39% Bﬁ?é‘é‘v!ﬁ% carbide l}alieade {Jung,

concentration was determined according to Bradford. Mineralized no

Reicheft ftatig ds SEP{MIRIHIKE NrsHRBH Y & 4l 2005y iBond e dlueand frdiend subjected to

static hfstdtnSryisalehfe BRADA 2R OO IAnice mere Rlated iR-d4 Wi R8s, dynamic
(5 x 106 cells/well) and cultured in ,,,-MEM supplemented with 10% FBS,

histom e hamet Tl kB A oA RcE b SABYpALEE BiG HRtbibEesroplate
(inchuddimit-pesicillindae )1 Q0 gk stceptanyein soifate s MediinWaschangedics, Atianta,
. e e R S o v A e L v e
of bonewithratizarifB FERIES(Sighia Skéois, Mdpdaticentity sningrplized bene the number of
osteoct ROUHIES A 18, DUMRRL YL MRAHIE B e D MRS ESOrdRY oW SYIOME 1Y ective formation
perimeter (N.Ob/B.Pm); and the osteoid volume refative to bone volume (OV/BV).

Reagents

Recombinant mouse RANKL and M-CSF were obtained from R&D Systems (Minneapolis, MN), A
mouse monoclonal antibody directed against rat CD200 and rat monoclonal antibodies directed against
mouse CD200 and CD200R were purchased from Serotec (Raleigh, NC). A polyclonal antibody
dirccted against the intracellular domain of MFR was published previously (Han, 2000). Rabbit
polyclonal antibodies directed against p38, phosphorylated-p38 (P-p3R), ERK1/2, P-ERK /2, INK, and
mouse monoclonal antibodies directed against IkB, P-IkB and P-JNK were obtained from Cell Signaling
(Beverly, MA). A monoclonal antibody directed against mouse CI344 was obtained from BD
Bioscience (Franklin Lakes, NJ). A mouse monoclonal antibody directed against GAPDH was
purchased from Novus Biologicals, Inc. (Littleton, CO). Horseradish peroxidase-conjugated F{ab’);
directed against rabbit and mouse 1gG were purchased from Jackson ImmunoResearch (West Grove,

PA). Rat anti-mouse monoclonal antibodies used for flow cytometry included anti-Mac-1(CD-11b)
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Cells were stained with the first antibody, incubated for 30 min on ice, and
washed twice with washing buffer (5% FCS/PBS). The secondary
wantibedssiras added, and the cells were incubated for 30 minp@nrigexobdianros

incubation, cells were washed twice with washing buffer and suspended in

washing buffer for FACS analysis, which was performed using a FACS

Calibur (BD Bioscicnce, Franklin Lakes, NJ). WO
conjug#QQ34082022R M T2 200805010 ReVe RSt NN SHHASEPOIYMERRSE-fms conjugated to

chain reagtion éRT-PCR) Total RNA was extracted in Trizol (Invitrogen, =~
phycorgAB ey B B RBI R o RN AR RC PARLE. G it/ AR oscience, San
Diego, was syathasizedufingy pig-efithestotabiR ArndMoteaney Muiesed from PharMingen.

leukemia virus reverse transcriptase. Primer pairs for PCR reactions were
Al o A RO Tt Sl AR CEN TN CoA TR BB s were troated
with pdin@EEGTITACRACECAT CACKA:3{Tgarelfatingal sizgerprathiab afch88nt.
Bone bag,s,eS' TRAi_P éprv(\}/ard %gﬁﬁ@%‘l&gTCCTGGCTCAAAAG'; reverse,
Hone e CATRECEEREAL

-3', generating a size product of 218
Bone niyages:c0B 2007 forwarty SvAGIBIETIE ACCTAGGBINTIGARAS neverse, [Hated in 10 cm

( TG TAK 513, generati .Size p ct of 337 bases; .. :
s T Ko A TR EREEE TP S s s i
the pregr @ SFECEACCTTRGIFCACAGTATT 3iskelerbting b strenpréiguetiofelis were
harvestt3RBSEREPLSPRAPRE ’(t%\%glgk 30 LDRO0RA, e Usad cﬁ.gf?sfw NS Sfore, for an

_described by Voehringer et al 4). Amplification was performed'at .
additiopal %Iy Flaatinatia TReacranigs mdaiteshad whs seiiak o fgrtgestesistant acid-

phosphafbe iQ1s@0 8 ARA FAGRFSD S 3, 80-Wdeactiorpixiy ?e%@m{ﬂg&é.a 2005).
ul of each cDNA, 200 mM of each primer, 0.2 inM of dNTP, and | U Taq

To eenBRiA BB EFasES NG e SHEBRU MERP PR AMBIREBRC3Y BrEFKL (50 ng/ml)

and M-€8Ch Beagtion mixtaoewas subieried ta.elecitanharesisnta balanalyzeohon.lls, in 96-

7 .2% agarose gel, The bands were visu Ij»,zecéby ethidium bromide
well, 2%&5?&&5%&% ailiadt %8@1% %@T%e?‘al.abl:&e ¥ffi:quantitative PCR study,
Westerthdlitlttimnipnamtlyalsie of CD200 bands versus GAPDH internal controls was

asured by Kodak IDS software, Generatign, of-the solub racellular .
Col o BA00E) Ahe A DUO (L PBUR) PAL Sk bl T P 75
1% NP #drhanvbE D209 pmidnCDRI0R tvas ekiplifigth froeasspldnbityte (CDMAI by Tablets, Roche

ecu g | y i ‘ 4 I1' :C 1911 . SAtES Were
Molec %,{%%@g@?ﬁé%@?% C'ﬁé&%%%if@@@e%%%s%%ﬁg{ﬁ[% (% gfga, M% ,-E\%?Gl‘he lysates were

sonicat s GRTerCaTe SRACTCASCERNANTC 0TS @BO0RFomwardng or non-
dcnaturﬁi‘gg&ﬁﬁ*ﬁ&%-f%@ %ﬁ%?ﬁéﬁAﬁmﬁﬁ%M%% Witrocellulose

Reverse: 5'- CGGGATCCCG ‘ ) ]
membrgypep@ BAKTATAT GG FoaT AT A PPow PeRyHdNiEt Ry and sccondary
antibod&4Delonestinto. PSeAIRYHMEReMeEIOE I NYiIeaen wSarlshas S (HiINdkk Ipierce

. and BamH]I sites. The
Chemical Co., New York, NY) and exposed to x-ray film.

Generation of osteoclasts using non-adherent bone marrow cells

Bone marrow cells from 6- to 8-wk-old CD200™" and CD200™ mice were plated in 10 cm dishes
and cultured in »-MEM supplemented with 10% FBS in the presence of M-CSF (10 ng/m; 107
cells/10-cm dish} for 12-18 h. Non-adherent cells were harvested and cultured with M-CSF (30
ng/mi) in 10 cm dishes, at the same density as before, for an additional 48 h. Floating cells were
removed and attached cells were used as osteoclast precursor cefls. To generate ostcoclasts, bone
marrow macrophages were cultured in the presence of RANKL (25-100 ng/ml) and M-CSF (30

ng/ml) ora 30% (vol/vol) dilution of the supernatant from a culture of 1.929 cells, in 96-well, 24-
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WO 2008/089022PCT/US2008/050708 sequence of the recombinant DNA

was verified by sequencing. Soluble CD200 (sCD200e) and sCD200Re
weonstisiswvere transfected into 293T cells, and supernatantpw@siszoos/os6708

harvested 4 days after transfection. sCD200e and sCD200Re proteins

were purified by Ni-NTA agarose beads (Qiagen, Valencia, CA). The final

elution of sSCD200e and sCD200Re proteins was dialysed against Ix PBS

well, oM@ G Lysat(hictae) ang stanlized usinga,0.2% Hiysyringefilter.
Short hairpin RNA interference (shRNAi) We generated short hairpin

muttinygjqated sRINEI G WTEbE CHRDBREXFES STEIBF PRI BTRFRRpmetTy.

OsteobB1Z8R0INS RN YeGIorsing e fellowingPumerssuaivgrsabigrward
primer 5'- gaAGATCTtcGATTTAGGTGACACTATAG (underlin.e letters

Bone “aléwa’rec%fﬁﬁ}ésm&.&#ﬂé)f ReélErs&him&rdor gpife were plated in 24-well
plates (@ QAA"’E;EWA%AAMG@MEQA\ZEHM%%&;%&IMATG%@BEA@@@M

TGGT TAAT GATTGGTT . GT
escorbiC s L B E RIS A o A e TG 5 s AR the el
were cUlTGUAAAAATC . IG6 AT GEA dirdevwc CClh CRAGITEX. Ind 6chiped into 10 mM

. CA.ATCA GG G o/ o .
T ORI EEA AT 6 GBS HEr PG GRS ACRAT
sonicatgReversefprinver fpcISHE Beezing and thawing. Aliquots of supernatants were
sub;ectgaqTéA?}%?fdg%%é%r%%é?ﬂ%&éﬁ%@n%%%&Efdﬁ@%@&%ﬁ%ﬁ 5
nStrCHTNGIG ATRARCTACTGOT GTOBACE T GTTEET OBTRIGEACAA- 3
MinerdRHEYE SERIMEHIRIRY ARRIS CARIIOL P T 0HGGAMMAE 2005)

Bone marrow cells from 6- to 8-wk-old CD200 " and CD200™" mice were plated in 24-well
plates (5 x 10° cells/well) and cultured in «~MEM supplemented with 10% FBS, 50 pg/ml
ascorbic acid, 10 mM 8-glycerophosphate, and antibiotics (100 U/ml penicillin G, 100 pg/ml
streptomycin sulfate), Medium was changed every 3 days, and the cells were cultured for 11
days. At the end of the culture, cells were fixed with 10% formalin/saline and stained for
calcium with alizarin red S (Sigma, St Louis, MI) to identify mineralized bone nodules. The

number of nodules per well was recorded.

Flow Cytometry

Cells were stained with the first antibody, incubated for 30 min on ice, and washed twice with
washing buffer (5% FCS/PBS). The secondary antibody was added, and the cells were incubated
for 30 min on ice. After incubation, cells were washed twice with washing buffer and suspended
in washing buffer for FACS analysis, which was performed using a FACS Calibur (BD

Bioscience, Franklin Lakes, NJ).
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A G GCGICA CATCCITIGTCGTCGACGGTGTTTCGTCCTTTCCACAA-3'
(underline letters denote EcoRl restriction site for SW, SH2, 51-13 and

wecisunbie): P CR products were subcloned into MigRI-IRES-GRRketsedisdrog
vector, as previously described (Pear et al, 1998). Retroviruses were

generated by transfecting sh.R_NA constructs into GP0293 packaging ea.
line. Mouse bone-marrow derived macrophages were transduced with

ReversShRNAIO) SRR 2SaySALR Feplaing Renmdhprent cells. Infected

cells were then cultured in growth medium supplemented with 30 ng/ml
M-CSF overnight. Infection efficiency was about 45-50%, and was

Total ENdhitared bicskp dxradsivirgaae: Clphiht Cinlesroadbensoversuiae

instrucidth FOQM@ARL BANKI {053 days-andil RARRASIVS @5eQalasts Weishey
recorded. WO 20081(189022PCT/1JS2008/0507118 Statistical analysis

mUrineHERCAIN SR ANt BITETEHtEs BFHBHPRUPERMErAPYidUps hETas ollows:
GAPDEVRlvater bydhe acalysis efva@nanues(Zar, $1984)-Ehe significance of

nch @%r ined by an unpaire Stu% e%q two-tailed t-test,
GTGG A WA Y oCBq IS FLA ¢ OTDB REIar Kb B RO, -
CAGCVighefyTAGINETEA LA SiVergates AT - ANh SAGE MaNEASCTIBRC PEOGESSingrating a
.ofund ?{E’)fjeqb imens for ' h try.lnBone .
v SIS R PSIOE oione YOO K SO e
TACT£0s(CCRE PrédsA e BocarRation Fkize 3488uct of 337 bases; CD200R | forward,
5-AGGAGGATGAAATGCAGCCTTA-3 reverse, S“TGCCTCCACCTTAGTCACAGTATC-
3', generating a size product of 103 bases. For CID200R2, CD200R3 and CD200R4, we used the
primers described by Voehringer et al. (20:04).

Amplification was performed at 21-25 cycles within a linearrange. Each cycle was set at 94C
for 30 s; 55C for 30 s; and 72C for 40 s in a 50-pl reaction mixture containing 0.5 ul of each
cDNA, 200 mM of each primer, 0.2 mM of ANTP, and 1 U Taq DNA polymerase (Invitrogen,
Carlsbad, CA). After amplification, 30 il of each reaction mixture was subjected to
electrophoresis to be analyzed on 1.2% agarose gel. The bands were visualized by ethidium
bromide staining, and scanned by digital camera. For semi-quantitative PCR study, the
ifluminant value of CD200 bands versus GAPDH internal controls was measured by Kodak ID3

software.

Generation of the soluble extracellular domain of CD200 (sCD260e) and CD200R
(sCD208Re)

The extracellular domain of CD200 and CD200R was amplified from splenocyte ¢cDNA by RT-
PCR, using following primers: CD200 Forward, 5’-CCCAAGCTTGGG
CAAGTGGAAGTGGTGACCC-37; Reverse, 5~
COGGGATCCCGTGGAACTGAAAACCAAAATCCT-3", CD200R Forward: 5°-
CCCAAGCTTGGG ACTGATAAGAATCAAACAACACAGAAC-3; Reverse: 5'-
CGGGATCCCG GTATGGAATATATGGTCGTAATGATTG-3". PCR products were
subcloned into pSectag/Hygro vector (Invitrogen, Carlsbad, CA) HindIll and BamHI sites. The
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2aAGATCTtcGATTTAGGTGACACTATAG (underline letters denote Bglll restriction site),
Reverse primer for SH1 57~
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into MigRI-IRES-GFP retroviral vector, as previously described (Pear et al, 1998). Retroviruses
were generated by transfecting shRNA constructs into GPG293 packaging cell line, Mouse
bone-marrow derived macrophages were transduced with shRNA for 8 hours, 2 days after
replating non adherent cells. Infected cells were then cultured in growth medium supplemented
with 30 ng/ml M-CSF overnight. Infection efficiency was about 45-50%, and was monitored by
GFP expression under UV light. Infected cells were treated with 100 ng/m! RANKL for 3 days,

and TRAP-positive osteoclasts were recorded.
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reportendHobilciedlr. Jlragoakel sy HIVV[RIardendraetial b8y @Dt dog the attachment

and fusiRlopeyeveriact as:a \irakgeeptor in either of these two instances. MLR
is a type | transmembrane glycoprotein that belongs to the superfamily of

immunoglobulins (Ig) (Saginario et al., 1998). MFR contains three Ig

Of releymieaindhin frs anphernirabpest; Hridl ibksejveseifbléstchbumen 47immen so-
called ‘sigangfasMFRIGERRE SRS SREessRd ivYVaReiaahd Varflaattachment

.. viruses %?erkinson et al., 1995). Although A38L is not known as the actual
of poligyEis it bitkin: ke TISAPY ABBE 267BIT R AL REASMHED BEIL 64N by
mononfioteaingaxpore( SantiersRi eidine1996) Indesd, Opre larmatiomiss@ver, act as a
viral r7c!a§,sical tgctic yﬁle_d b%ﬁarasiteswto enter host cells (Kirby et at., 1998). Of
c%%]té),r tlﬁleelo\l/%rrgxpr%sfsio %{%Cﬁ%re forming P2Z/P2X7 receptor for ATP
leads to cell-cell fusion, but is followed by cell death. Likewise, the
MFR isovenexpressiomofr@D4TyvooAd8inldadbdmeell ideath (Mighiydmaret at.,

mmun Cgé]%gt)ﬂilb tﬁ%ﬂ%&%mﬁe{) gsﬁlblgsbégglae&/%%gc;&%%%m% El‘gn &%ﬁ& op HgSite

sarec pposed an molecules thay create a pore
extracethdantigigersdodbsclil fessiohlephidd this last possibility is highly speculative,
it opens an interesting avenue of research. WO

Ch47, %QQ%QQW%TS(%Q%%%QJ gﬁjressed vy Vaccinia and Variola viruses (Parkinson et al.,
1995). Although A38L is not known as the actual fusion protein, like CD47, A38L promotes Ca' entry
into cells possibly by forming a pore (Sanderson et al., 1996). Indeed, pore formation is a classical tactic
used by parasites to enter host cells (Kirby et al., 1998). Of note, the overexpression of the pore forming
P27Z/P2X; receptor for ATP leads to cell-cell fusion, but is followed by cell death. Likewise, the
overexpression of CD47 or A38L leads to cell death (Nishiyama et al., 1997). This raises the possibility
that once the membranes from opposite cells are closely apposed and stable, CD47 molecules may create a
pore that triggers cell-cell fusion. While this last possibility is highly speculative, it opens an interesting

avenue of research.
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CD200-like genes have been identified for some, but not all, members of
the double-stranded DNA virus families of poxviruses, herpesviruses, and
wadenovimses (Chung et al. 2002; Foster-Cuevas et al. 2004)pdtrig @we/050 708
known that Kaposi's sarcome-associated herpesvirus (KSHV/HFIV-8)-K14
gene product is a ligand for CD200R (chung, 2002; foster-cuevas, 2004).
Similarly, MI4 | R is a myxoma virus gene that encodes a cell surface
CD200PRRIER WA SIgpificantAMne Bed Siarins 1o e SRR 00, ARd B SANIED ded

. for the full pathogenesis of myxoma virus in the European rabbit Camron
DNA vaug fotdisy MeTHoDss Or OB E AL M epfisAerrTHes ftroauction: sedibr; oster-
CuevaDgtenciasts areiessantiad for datikthe sevalepment apd.thenemedsling of
ne, and increases in the number and/or activity of ostcoclasts lead to

.. bor
(KSHVEYE 4 aseturidsd Wt o St Al A HshBne s SPh ot s 2004).
Similatiferefarepravidesdian airethod ohirealingcapaliet it aokisease significant

. associated with ge ized bone loss, such as.qstegporosis, and others | .
smino B R R P ot St RO e e ) B SRRk A B vicus i
the Eurapchperidgdofitahdisease. X invention therefore provides for a method of

treating a patient with cancer with bone metastases. Breast and prostate
METHE@%?{? A the Leading causes of cancer death among women and men

second only to lung cancer. Early detection and treatment of these

cancers has increased the 5-year survival rate to 9% for breast cancer

As merffi 0%, [9h PEASIRIG GRNG 85,‘%@%8 c(?%ttg %E%%%EH%F%EJ i@gﬁh%%%%ﬁ%})pmem and the

However, the breast cancer survival drops to 26% for patients initia .
remodediiagnbieervitd distamtomardstased avhile prostetey cdimsesoslasif/ b hie discascs that are

associallPRS 3R MR HiRian NEtRSIRsEsi e SKRIGINN IS d-R1BIEIEHRIe JPheating a

. breast and prostate cancer metastasis. Many other common cancers,
PatientiyHiy Aifig R G HAa AN thssRS Hietdriommal hd ¥RliBpRE RIpEIS AR Bidgthers that are

associafifiaskithecekelatoprTetesars fQuRdnaabiatgalsdon thetansidigal disease.
intervention against bone metastases: (A) the tumor cells themselves, but

also (B) osteoclastic bone resorption; (C) the activity of osteoblasts; and
The inv@)ithelspefifichondamidioemetinine restinu pding themtuwnaecalis bone metastases.

Breast JSRENES Jargelng osicaciasts forms e basis,for approved AEAl oo sccond onl

reatments ot il turor ypesiﬂ%ﬁ Stack the SKeTston & WPE?ﬁﬁc?é]fi fmen seeond only

to lung reatone fts fod @stablishedibenesmetastasesare padliativea Jddayieffeetivelyvival rate to

95% fof SHIEE IFASIARER ANGIMRIAYG PANED! AHAIY LR, AL ISH PN, However, the
INcrease survival. € now also appreuate that most types Orf cancer

breast qppeghrantvaludiebond tUssr antidiatis thljo dirgdsichity ith patiertsiwitiases, while

prostat@@ﬂt%ép%ﬂq%ﬁétésdya ?ﬁ;‘%@% %I{H d\{ytgnt metastages. The skeleton 18 a preferred site for
2008/089022PCT/US2008/050708 Regulating fusion of macrophageé to

breast 4afbpEnt N IOPMaTIDRGIEantena ssoviarserhuhepretaseeding dssemihrenal tumors,

melanoma, and nuitiple myeloma also attack the skeleton.

There are four major targets for therapeutic intervention against bone metastases: (A) the tumor cells
themselves, but also (B) ostcoclastic bone resorption; (C) the activity of osteoblasts; and (D) the specific
bone microenvironment surrounding the tumor cells themselves. Targeting osteoclasts forms the basis
for approved clinical treatments of all tumor types that attack the skeleton. Current clinical treatments
for established bone metastases are palliative. They effectively reduce metastases and improve patient
quality of life, but they do not increase survival. We now also appreciate that most types of cancer
treatment cause bone loss, and that a major morbidity in patients with bone metastases is intractable pain
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Reference: John M. Chirgwin and Theresa A. Guise. Skeletal Metastases:
Decreasing Tumor Burden by Targeting the Bone Microenvironment.

waornalkedgellular Biochemistry 102:1333-1342 (2007) Foreigaibochi@iast-os
cell Multinucleated giant cells have long been regarded as hallmark
histological features of chronic inflammation arising from the persistent
presence of foreign microorganisms, materials, pathogens or otherwise
undefined etiological agents. They are formed from blood
monocytc-derived macrophage-macrophage fusion in the chronic

Regulajiys RO Sy 5 altrisenaridh tharas s S/canpeiaarusicpone metastases is

essentiphysiological reasons that are also uncertain. However, foreign body giant
cell formation on implanted biomaterials is associated with material
degradation and biomedical device failure and is therefore an undesirable

Refereg@nsequence of the chronic inflammatory response to biomedical

ers. Re atln n of es to p revent the Ieterl
John N A BT bt IO e A FEUREUSE Bt oden by
Targetisgnbingoor:dédlivetingmotectlesuis dssantiall KR eferdred sityrp K 1 MeNalls (2007)
James M. Anderson. Multinucleatcd giant cell formation exhibits features

of phagocytosis withparticipation of the endoplasmic reticulum.
ForeigiElpérignentadland Molecular Pathology 79:126- 135 (2005) The invention

Muitmga?crﬁg%rgl B{pc\!éﬂgﬁz[g L ﬁ)@%@ 8%8&%8@&'959%]%18%84"1%‘4{5% 81* ant& St MM hromic

inflammation arising from the persistent presence of foreign microorganisms, materials, pathogens or
otherwise undefined etiological agents. They are formed from blood monocyte-derived macrophage—
macrophage fusion in the chronic inflammatory setting by a mechanism that is as yet unclear and for
physiological reasons that are also uncertain. However, foreign body giant cell formation on implanted
biomaterials is associated with material degradation and biomedical device failure and is therefore an

undesirable consequence of the chronic inflammatory response to biomedical polymers.

Regulating fusion of macrophages to prevent the deleterious effects of giant cells on tmplanted

biomaterials and devices, whether sensing or delivering molecules, is essential.

Reference:
Amy K. McNally, James M. Anderson. Multinucleated giant cell formation exhibits features of
phagocytosis withparticipation of the endoplasmic reticulum. Experimental and Molecular Pathology

79:126 - 135 (2005)

The invention therefore provides for a method of treating a patient with giant cell tumor.

Giant cell tumor (GCT) of bone, also known as osteoclastoma, is a primary osteolytic bone neoplasm in
which monocytic macrophage/ostcoclast precursor cells and multinucleated osteoclast-like giant cells
infiltrate the tumor. GCT also occur in non osseous tissues, such as in the uterus, The origin of GCT is
unknown, but the tumor cells of GCT have been reported to produce chemoattractants that can attract
osteoclasts and their precursors. It has been speculated that GCT originate from the fusion of cells that

belong to the monocyte/macrophage lincage with themselves and with tumor cells,
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Giant cell tumor (GCT) of bone, also known as ostcoclastoma, is a

primary osteolytic bone neoplasm in which monocytic
wimacrepdvage/osteoclast precursor cells and multinucicated ostepgiasislilego7os

giant cells infiltrate the tumor. GCT also occur in non 0sseous tissues,

such as in the uterus. The origin of OCT is unknown, but the tumor cells of

OCT have been reported to produce chemoattractants that can attract

GCT 1OSIGRHARE ANEHBTPReCHERAES ! NRsReeRSRECHIBIBEINRLOGT e piphysis of long bones.

originate from the fusion of cells that belong to the monocyte/macrophage

Rarcly“ﬁ- %%ﬁﬁ%ﬁ’éfﬁé‘é%gaﬁﬁe%ﬁﬁﬁ?% &yiegﬁgas%@am GCT of bone are unusual, and often

behaveZ808/0R80A2 REeTALISRAQS0BO IR his:usually henignbut loeallnay exhibit a much
aggressive, and most commonly occurs in the epiphysis of long bones.
more aﬁ%%%é@?@@%“@%’ Briginate at extra osseous sites. Metastases from GCT
of bone are unusual, and often behave in an indolent manner that can be
managed by surgery. More rarel CJI may exhibit a mych more, )
et A Y e R Al R R b ugel Rt sopint
formation of giant cell tumors is essential. Reference: Skubitz KM, Man vel

Refcrcf?%‘ Giant cell tumor of the uterus: case report and response to
C émothe(apy. BMC Cancer 7:46. Review. (2007) A composition
Skubitabédrdilgiteihe. inventiotl] mapicontpriseaCB200/BDRO0R s agonist) anemotherapy.

BMC @Jﬂ@&%%%@e@@@.o(@; ed biothcrapeutic, an activating antibody or
fragment that promotes the activation of the pathway. For therapeutic use,

the compositions may be administered in any conventional dosage form in

A comfENRANNRBHANAkMBABRE! . RBUIeS.9f AdipIRiSUaL9RNEBa80RUL SR A0k antagonist, a
imited to, intravenously, intramuscularly, subcutaneously, intrasynovially,

, y, |
CD2000RA L RIBHEARSHHGUANS A Sty Y sl 2tofic I BFAsyiem AhatisH Y ation of the
pathwa¥ NeopigfespedinagesHef aampinisisation are emhandRi aY@APUSnventional dosage form in

any conventional manner. Routes of administration include, but are not limited to, intravenously,
intramuscularly, subcutaneousty, intrasynovially, by infusion, sublingually, transdermally, orally,
topically or by inhalation. The preferred modes of administration are oral and intravenous.

The compositions may be administered alone or in combination with adjuvants that enhance stability of
the inhibitors, facilitate administration of pharmaceutic compositions containing them in certain
embodiments, provide increased dissolution or dispersion, increase inhibitory activity, provide adjunct
therapy, and the like, including other active ingredients. Advantageously, such combination therapies
utilize Jower dosages of the conventional therapeutics, thus avoiding possible toxicity and adverse side
effects incurred when those agents are used as monotherapies. The above described compositions may
be physically combined with the conventional therapeutics or other adjuvants into a single
pharmaceutical composition. Advantageously, the compositions may then be administered together in a
single dosage form. In some embodiments, the pharmaceutical compositions comprising such
combinations of compositions contain at least about 3%, but more preferably at least about 20%, of a
composition (w/w) or a combination thereof. The optimum percentage (w/w) of a composition of the
invention may vary and is within the purview of those skilled in the art. Alternatively, the compositions
may be administered separately (cither seriaily or in parallel). Separate dosing allows for greater

flexibility in the dosing regime.
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The compositions may be administered alone or in combination with
adjuvants that enhance stability of the inhibitors, facilitate administration of
wphamaertic compositions containing them in certain embogimentssos/ose708

provide increased dissolution or dispersion, increase inhibitory activity,
provide adjunct therapy, and the like, including other active ingredients.
Advantageously, such combination therapies utilize lower dosages of the

As meiRNRNIIRNA| HRBEAPEMICS TINS QYRIINGROSRIRIETOXIRING ARG ARNSIR S maceutical ly
side effects incurred when those agents are used as monotheragﬁ?s The

B0CCPa, G RS AIH IS BOSHIGHS iR 15e bR RNy Ebtb g drivithis cariers and
ad;uvaﬂ@rwana@n@kmﬁapﬁuttﬁsgaﬁmng&@ouqmtﬁ intenensinglePhaImanemMtisalum proteins,

buffer f%%%ggégg%agg\é e ga@t% thg chnqﬂ%?ltlonﬁ mﬁéﬁ%ﬁ%}?&%sad}g?é?ﬁt&{ %gsagc forms

mcludeplﬂﬂiimacauﬂdlalc@@mtpﬁﬁtjldnmm isingstich, eatnbinafiagles, sy*{up reconstltutabie
compa itions con tain a Ieas aboLI|t5 rp de referabl at Ieg

P A L0 o GBS G SF TP BRI s orms ar

known }ﬁﬁr@ecnta?get(ww}bf ammmlﬁbﬁﬁdhevmhehhmmaytmimﬂgsﬁmhmnd Drug

fho | lternatively, the Ositions ma

Dehvmg)%g}jmﬁ?lgégre sggaé(é{%kjdc : %erﬁs@e II%S?C} ep%{\rfgﬁe 1((ﬂ})Sre%lzill}rlae gs?hgwc

recognighews or agteatemfiekibilifpdredie desingfretimey W in the art from available methods

and teci?f%%&%%ﬂggﬁﬂ/éﬁﬁ%@&ﬁ/ 029408 A% mentionsd Ahove, 8'9@&»%%%@%9& from about

the compositions described herein include pharmaceutically acceptable
1-1000 gagfrarss datirat] heardRiowioroeec slosedipiadysrifiperfa fiticThaweo 5 doses per day

may be ﬂﬂéﬁfw%ﬁﬂﬂé\é@m% RS ﬁ%/@&%&%d?&}ﬁﬁ%ha@&%% almiNA isan will
aluminum stearate IeC|th|n serum protelns buffer su stances water,

apprecigigrd iRt RieREdsRERI B S RLIPRIReR B BIRtSH B Qs diy instance, specific
dosagcf@rmscmi@ﬁiﬁegabi@ib @apw@elﬁa&h&udtawguapusttﬁs pSHSRENSIABsal health profile, the
seveiity %ﬂlsmn, Ioigges syru nst itutable, po der, granule, suppository

AU tFRHSEC F;S’&Hﬁ’m“ iyt ?}EFPd%%\ﬁ@ f3fHEyet the treating
physiciknown (see, for example, H C Ansel and N.G. Popovish, Pharmaceutical
Dosage Forms and Drug Delivery Systems, 5th ed., Lea and Febiger
(1990)). Dosage levels and requirements are well-recognized in the art
and may be selected by those of ordinary skill in the art from available
methods and techniques suitable for a particular patient. In some
embodiments, dosage levels range from about 1-1000 mg/dose for a 70
kg patient. Although one dose per day may be sufficient, up to 5 doses per
day may be given. For oral doses, up to 2000 mg/day may be required. As
the skilled artisan will appreciate, lower or higher doses may be required
depending on particular factors. For instance, specific dosage and
treatment regimens will depend on factors such as the patient's general
health profile, the severity and course of the patient's disorder or
disposition thereto, and the judgment of the treating physician. CLAIMS
1. A biotherapeutic composition comprising CD200 receptor protein or
fragments thereof which inhibits CD200 and its receptor interaction, or an
antibody or antibody binding site which effectively binds CD200 protein or
its receptor and inhibits differentiation of osteoclasts, for treating diseases
associated with generalized bone loss.
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2. A biotherapeutic composition or antibody according to claim 1 for
treating a disease chosen from osteoporosis, rheumatoid arthritis,
periodontal disease, Paget's diseases, metastatic cancers wherein the
skeleton is a preferred site for metastasis, diseases or conditions wherein
multinucleated giant cells have a negative effect, giant cell tumor, and
chronic inflammatory response to implantation.

CLAIMS

1. A biotherapeutic composition comprising CD200 receptor protein or fragments thereof which inhibits
CD200 and its receptor interaction, or an antibody or antibody binding site which effectively binds
CD200 protein or its receptor and inhibits differentiation of osteoclasts, for treating diseases associated

with generalized bone loss.

2. A biotherapeutic composition or antibody according to claim 1 for treating a disease chosen from
osteoporosis, rheumatoid arthritis, periodontal disease, Paget’s diseases, metastatic cancers wherein the
skeleton is a preferred site for metastasis, diseases or conditions wherein multinucleated giant cells have

a negative effect, giant cell tumor, and chronic inflammatory response to implantation,



