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I nvention [0002] The invention relates to human
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substituted indazoles that are useful for treating
~ obesity, to pharmaceutical conpositions conprising
Applicaticed®tc onpounds, and to nmethods for the treatnment of

his an§RERPhEpiT B i (PSRl oG Poto ) Poruliypogfied samuary

11,200the multitude of co-norbidities associated with
~ obesity such as diabetes, dyslipidema, coronary heart
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therapies for the treatnent of obesity have |imted
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is known to stinmulate feeding when injected into the
differentigtien af osiengtasisce detafedundsrstandingid theRNalctwlar MiSHhaingsm of macrophage

. requl ated in.the ot hal anus, of .genetically obese
fusion sBREHELTI B e T R AS B-ERHTvle 1880 0b1 ob ani ma <.
In addition, animals treated with MCH show i ncreases
in glucose, insulin and leptin |evels, mmcking human
The adhesiogebcels te e pegther toyrneqedesxusion pppgas ©orinyalyon sgfof prgpins similar to

those e@i@%@%y&@ﬁ{%%@ gl’[kl%\ggsl %%glés (::ﬁg@é%nﬁéz R}gﬂld%?Zj ne Ihas been postulated,

moreovhy e hagics uamnged gharfusivi-proteia headmdrynedabiadit trgeatdls (Vignery, 2000). Tt
) wher eas ani mal s qver-expr.essi ng gai n excess i ght )
is now gERICHly HCeIPAIHLAR Y B ﬁ%%oq RAUeshadh jpitac n@ﬂb@@ﬂ“@ﬂ%l and a fusion

e S B0 S LA A i 1)
which b@odsae 6D Tdyrkrlrargtes afid mhtophages (Dalgleish et al., 1984; Klatzmann et al.,
1984), while the fusion molecule gp40, which is derived from the same precursor (gp160) as gp120, 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 is induced transiently in macrophages at the onset of
fusion (Saginario, 1995). MFR/SIRPa 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.



tasking fromthe hypot hal anus Drug News Perspect
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Di sruption of the binding between MCH and the MCH
receptor, i.e. MCH antagonism may thus be used to
counteract the effects of MCH (McBriar, M D. Recent
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and hurf@Veell (s MARSanPONEkidgBr 200k, fRaGEViIRY) A & mbi® osteoblasts (Lee ct al.,

I nvention [ 0005] There is provided, in accordance with
2000), laﬁneh@omlm@phag@s Bh@ontnasert ¢ teagpter @oﬁﬁ@i@ﬁdc@m%) mmn@ resembling

CD2OO,S%?8gat1nstt WO eIgSanmﬁmts,ols §XIF{ST58d {egﬂ%lna\é\llﬂg iy mazela?}(géeélg @Hd bﬁ’cludes an

intracel@iflar HonRiroMat@ddibiRatowhstrdam & rﬂﬂhng eBﬁhcel CD@@O&[‘EDO@‘R & pattern of
each |ndependen%hésselected %

expressigmysjintlarpo jtiat oM 8By Cxy din gygf, QQ@QQ yhkee@IM)& ysawmbyexpressed while
CD2OOIQr1 dléewgﬁ?fﬂﬁw;}efssgkgrg%ieeg P, Eil‘rﬁ% C}ﬁ tlsletg%tr}ie]long to the myeloid lineage.

Therefwubﬁd pdstileed alakitle, CHDIOOGCD)ZO(FH. a®ig (th@i.’t plzt}O@ﬁildﬂ&f thaffiision of macrophages

and tha@rnmg%agt omdg (}lgﬂo%é gaa‘éqj% %fgft?}%lté%%%}?% agh o a irqsrﬁlgresult in both

osteoclési/éfffé?@n\f‘ﬁh&ha&%dn‘ér}@rhwelﬁl ntains 1 or 2 heter oatons in
dition to the N atomshown, or (iii) NRLR2, taken

together with CR3R4 and, if present, the CH2 betmeen

NI and CR3R a 10-menhered o n
We fouBGGE 1 G RO HORC S PR 1ES PO S pErGH AR TDBE T dRAIaRsetof fusion, and
that ost&SMsa d¥gicibnPih CDIRY IRIIQAIFER it Hlff%?éi’l'tlﬁﬁ&ﬂaﬂ&nts@a%@&&%stream of
shown; X is selected from-O, -NH, -Nalk ,

RANK, V@HQh is qsze%mtlgl foe peteecdebtdacoenis Wn@lspdmd téiaik@ 20(bdeﬁcl@mdmce had a

higher l;fornggﬁele%t%lt Q\g%:rorﬂ,gn:ﬂ%]e% roﬁy%?%cgegrsotgaﬁn gﬁg'_type ml“iﬁh elllpg?tilerBour observations
indicatd thatfe @muaiamzdmdm@@lap@m céttrabroddat the fibRInesfany@dhages and the
and R7, R8 and RO are each independently selected from

formatie of gytgoclagsa| kyl , -al kyl, halo, -S(O)-alkyl, -SO

2-al kyl, [MDSI] - CF3, -CN and phenyl. [0006] In

accordance with some enbodi ments of the i nvention, R
DESCRIPTHEN OFTHE HFGWRESgr oup consi sting of

pyrrolidin-1-yl, piperidin-1-yl, norpholin-4-yl,

4- et hyl - pi perazin- 1-yl, 2-nethylpiperidin-I-yl,
FIGURYE. | FRIQRARYIE AlabfipRades ihd nfulBhone AaRAR-deBYAT @¥%tbphages express

CD200 upon multinucleation. Freshly isolated rat alveolar macrophages were plated at
confluency over 50% of the surface of each well, to promote fusion and multinucleation. After
five days, they were subjected to immunohistochemical analysis. Note that mononucleated
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 in the
presence of M-CSF (30 ng/ml) and RANKL (100 ng/ml) for the indicated times to induce the
differentiation of multinucleate osteoclasts. Cells were analyzed by RT-PCR. Note that mouse

bone marrow-derived macrophages expressed transcripts for CD200 receptor I (CD200RI) but
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di i sopropyl am no, 3, 3-difluoropiperidin-I-yl, (2R
6S) - 2, 6-di net hyl pi peridin-1-yl, (2,Sr
W@203/09082 di met hyl nor phol - 4-yl, pi perazi n- 1- yl PCT/US2008/050708
3, 5-di net hyl nor phol i n-4-yl, 4- acetyl pi perazin-1-yl,
4, 4-difluoropiperidin-|-yl, piperazin-2-one-4-yl,
(2R, 5R) - 2, 5- dinethylpyrrolidin-l-yl, | sobut yl am no,

not for GPA0RH I pRERert S GA00 RS sialst b RThgF AP P in fesgguse to M-
CSF (3(?{1%’/%@) ad ﬁéﬁbdlgg/ gbRk 3r ﬂANIéIl Rept&Brrdn¥d (bars represent s‘?andard

| uor opi peridin-1I-yl, -3-fluoropyrrolidin-I-y
deviatias 3 =di) f Mms@b@nermamwﬂeuqu mactoplyagenyytsi quétricdiin the-yrbsence of

M-CSF X%Q ﬁ /%nlﬂ%q%%%@% Q%b él%lﬁnl) {Olytké 1r§d %ateéi times to induce the differentiation

of multmOydate6yeyE1aas. | déln-wdre ¥hib edted to2Western blotting analysis using antibodies
hydr ox nethylp rrolidin- 1-yl,
dlrected(a@}nsgfsl/lﬁ tighpyrrolidin- 1-yl, and
cyclopentylan1no In some enbodi nents, Ris NR 1R2
whi ch, taken together with CR3R4 and, if present, the
FIGUR®BH2: Elewvmnnéﬂﬂc hﬁ%ﬂyaam (:ln @RBI34sscirs- aatl't‘fmécbctdl soetke GIALLR) of the
hal i n- %@ i ?)- yrrolldln 2-y ot
expresspngrin CFR’Zf oIIess n@marrgwcqie;syve WME’%S rvy_ﬂrq: Heltesl. fwm CD200
and CD%0&" ﬁhfk‘y F BB Q%Q hre%eﬁ’de of @\/I %)S'P5(3§ né/n?l? 2h &R '(ﬂ]d ng/ml) and
-pyrrolo 2-e]imdazol - 2-
subjectavetb Hiow- 4yt5mdtri'wxﬂ1ab'sism,t thermcﬂa':zt@dl tighey withandntibody directed against

4. 4-di neth o-1i7-1imdazo] - 2- 00071 In. )
CD200 3t Sl et B GodY HaSTa e ginv o ybplackS Prprip bincreasing
amount§ FPOBLOBNith. ik ih tRe pRsehce of M-EQFRING MKEE%fch pRamé@ dusion,

R4 are both HIn sone enbodi nents, R3 and R4 are bot h

multinugigetign and estepglestogentysdi ment s, one of R3 and R4 is H and
the other of R3 and R4 is hydroxyl. [0008] In sone
enbodi ments of the invention, R6 is H [In other

FIGUmm»omermi@&@e OR@DE()'lﬁMféise@b&ﬁ}é‘J dehbitys OTRo-eiddeitlo e4ls anfREemale
. In some enbodi nents of the invention, X is
CD200®eﬁﬁe%tdﬁ@e bt a i ghensngnal poperaingigldenpipntha wild-txpe mige

nts of the invention, Xis Nalkyl. In
athﬂﬁgﬁ% eﬁbod? nts, Xis CH2. In sone enbodi nents, X and
R6 are taken together to form-CH=CH .[0009J In sone

FIGURT T B0 G Raeslehg b bRESR #1ihiesh Sefiboli rahpgnonhpld CD200-
deficient ‘ﬁh@ Ghad ﬁé R N‘dt@ﬁﬁ%(ﬁl@ %mo%%rﬁ)ogth HY1E IR0 ?é?ﬁzﬁ@ @D200-

cycl opropyl, adamant- 1-yl, and cyclopentyl. In ot
deficierd mpoglhaveintsased tothkbamvdensityp mhily only femakdnip200- deﬁcent rmce had

decreasgcggﬁtqugﬁr arleFI Egﬁalsgaﬁ{;ea < IL?%I]L]Z())O%ETP n%lgji fg%&ﬁ?@ﬁjgﬁ cqent mice

had incRY§ddadbat Bone! denFIwf. | @ly Bordra¥l, tiRNFhLBARIM dieand the b&l&@m
enbodi nents, R7,” R8 and RO are selected from

circumfeEngd myrease.d 13|CI@200 -ddigicnt malgrad deaaspddn Qlﬂ;?@pfdeﬁpwnt female as
Cmnpmggpewﬁgg% jments, B, R7, R8 and R9 taken

FIGURE 5: Toluidine blue-stained sections of proximal tibiae from two-month-old CD200-
deficient male and female 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 CD200-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
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together are selected from phenyl,
4-trifluoronet hyl phenyl, 4-chlorophenyl, 3-

W@ kdosoggorenyl , 2-chl orophenyl, 3, 4-difl uor ophePg1/1S2008/050708
4- met hoxyphenyl , naphthyl, 4- fl uorophenyl [ MDS2i ,
pyridin-2-yl, 5-chloropyridin-2-yl, 4-cyanophenyl,
pyridin-3-yl, bphenyl-4-yl, and 3, 5- difiuorophenyl

decreasg:q? O.%%]Péls%gs 0 r{gﬁc@hgirﬁ\fcgo{?'g glyépé 1115% FegHH? grorn 51x-rnonth-

old mal®Rhd M1 Elﬁgb%ﬁ&ﬂéﬁtefﬂlc@y NéR: the itdid 864 ﬂ@sﬁ% 8t @eculaB inside the
sone enbodinents, R5 is nethyl. In sonme enbodi nents,

distal fermuriof CI08- c[eﬁtcmnt myleland demele emboel epmmtagedotb wikietypes. The widest

aiamercs O FRPoRCpec oS resPorsamyo T BbRFURS bihmont & of the

|nvent|on the conpound is selected from CD200 and its
tor, CD200R, nodul ate bone mass via the
FIGURaE 6f stephlpst doroterpisss EHRPAR erd pgificr eseotigstorarprerRptgoclasts are

s G S BT0EL BT, RERFL Sy OHL I s gp oz

deficier? @0 willhyse mizckyaraplasiddp antvesjl Ibg/tei Lﬁrbd$06foleb$hNEh)3ari‘ell ddltured for 9

to 11 da}%’ﬁ ] 5nMal\é étl@]@g%ré%wgé @%Coabw @?lﬁ&%‘éug/ﬁ&}ﬂ% ghygsioghosphate (10

i) RSB ARGAAEHS G, L L TR0 NIt

activityane pedge con@htritoon (56, n <t e Qemblapeeat camdinet éor alkaline
r enod , nd i ncreases in_.the. nunber
phosph ST St babr sOFam BEh AR £l seEsIQK Ahn R Mine
numberd®¥%08H184 1%% WéIE (3 %ﬂ@; atémsserb Mg cdtes iy w%@t@ﬁl ‘tﬂ§ttln analysis with
ost eopor oSl s, an ers that are associ at ed %

antibodjcs dirk¢tee agdims endues § D280 HD AR it FAPBIHH Bmermanrw daﬁded
macropgaeée:s er(rjognﬂt al eel(fﬁ)?cg§52g? ?13!1‘[{"21%5%1%@&)? nﬁg We}eeé%ltured n ?he

presencd BEBI-E1SA f(Q‘D AG/nd fdrwo @By LEidras beveiesid s fw-opeieptaglysis
fusion should help us to develop strategies to prevent

with anfipggliey %@@tedﬁa@n&w@%s, dacof andeftkdt, %S%f@ée Hedirer Nets dhat the
absenceg(}'fﬁflﬁar O%Lé%@ec?%g@ IQf%s@yo%la%ﬁ%@c&E&grc%p g&ﬂh&ﬁé‘aﬁm =SD;n

0S€ ex Y VI
=5). Bhosmanewlderivtie maamqihzgeetfroai six3A@K)ald CD2A0asIchieilent mice were

ul at ed, r vjruses usurped the
cultured e F%Hr%me of Wb eg)%ﬂ ﬁr&lmnewawg fofrgaratiaas PERANKL for 5
days to (nduBD &l FFAQRE ondF obBo 12N, IBERY Bhrrdw %‘E%ﬁ?@ stth@llacked CD200

virus-cell fusion requires both an attach
formed fieedranicoolasts thaa Wildstypa cpléytrigtiepanah besanpDen sf5)such
fusion invol ves gpl 20 of the human i munodefi ci ency

virus (H'V), which binds to CD4 on T | ynphocytes and

FIGUR]@? k QB%ﬁﬁﬁaitP@éfgﬂlﬁit%Cﬂmm the at88iontdf @fgﬁﬁl%{gqm&ec@l%s ,
while the fusion molecul e gp40, which

downstr@élrm Qf@eANKomum@ss%eBwé@m% ma@m@hm l%péatg%frem CIp300-deficient
and wild-type mice were cultured in the presence of M-CSF (5 ng/ml) for 12-18 h. Non-

adherent cells were further cultured for two days in 24-well dishes, starved for 2 h, and then
stimulated with 50 ng/ml RANKL for the indicated times. Cells were lysed in Laemmli’s sample
buffer for SDS-PAGE analysis, supplemented with inhibitors of proteases and phosphatases’ and
subjected to Western blotting analysis with antibodies directed against the indicated antigens.
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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thought to trigger the actual fusion event. W
postul ated previously (Saginario et al, 1995) that the
w0 e@sosvornchi nery enpl oyed by macrophages i s sP@i/s2008/¢50708

that used by viruses to infect cells. In 1998, we

reported that the expression of MFR/ SI RPai s induced

transiently in macrophages at the onset of fusion

(Sagi nari o, 1995). MFR/ SIRPaand its receptor, CD47,

bel ong to the superfam |y of immunoglobulins (1gSF),
FIGURASS ¢PRSCORY0-CrdoR hikishis tddufE@driodRoBb @) dsién/mltfucRatile Bone

recognition of self and in the fusion of nmacrophages
marrowfd4giyed g@@@phag@g Tepan ﬁXfWﬁeﬂ(HJéd wl]dstlygmmlqerw@e chlgured in the presence of

ha of ophage f S|on ubj e
m-csFTEE RN E MR AR B Rl mTRGUCENERL 1 Bl ol SRR ELER:
domain@f ICQ)ZO)QC&@DZ(D%G 100 ﬁg/ﬁﬂf @D 2a0a kNG & tha ﬂ@ffé’l@ntdlltlﬁﬁ @Y 6§te6tlasts in
t he expression of CD200 de novo at the onset of

macrophigsp gt EokerbCRP® Y2 Iha?)t Ren¢ geroggatiaghageshplated from CD200-
i
deﬁmen%%(g g)llﬁstg}){]m‘ic% were Icflltﬁr? d Tt ﬁ%g&ae%g 1\{ ﬁgel:?(gsh&yﬁ{ﬁ ?éroge 18 h.
Non-adﬁﬂ’éntﬂ:eﬂ@WeﬁB@ultﬂfﬁdl fona ﬁﬁtlfeet\mtimhh ﬂﬁ:tlﬁres(ehe@oféM @$F (30 ng/ml),
006), hut not on macrophage contrast t he
starved %@c?e%taé‘g thegrireefssopith &éﬁﬂa? mhrvith BB G DEpRR; S ug/md)
nt I
B T e
antlbodtds againgdkBe esd dSkrat tiegnpisispimad iateg. fotden cBye addition of rCD200e

00- 00 S ern of expression simlar to
resmre‘ﬁ%ﬁc%‘%zﬁ/ﬁﬁ? ﬁ%@aéﬁlﬁé% that CD200, |ike CD47, is
wi del y expressed while CD200R, |ike MFR/ SIRPa, is

expressed predom nantly in cells that belong to the '
FIGUR@& Bong mimesglerivaharepphages lempostigklrobtiwildrdypetrhige were cultured in the

presenccgﬁ%g%%gg /ﬁ (y] %‘%‘ﬁ‘gm @é é}tg/ri(ﬂgl\xgltha%i%@o\%%he de%og(l\aoénant extracellular

domain@€EkROCDROV FREFtonRaD0iRS) @0DRVORe Bidcked @S Blsion dfim&@éphages (SD; n = 5).
osteocl ast differentiation and bone renodeling. W
Bone mpgaworivad mapeopbagss &081 gx-voickaip ool dvigRe BqcorgF gultured in the presence of
f
v OEHEH) 0 PRSRBPEORS) by RSBl AR B0 i, whic
encodedliok het, elndrt erpimnRN)Pds denigatd)afdrithgCDAMORT cBAA. oA cBANNIIct encoding random
ich is essenti for osteoc

(rdm) owg lepfdgs W& A%t NegaLNE CoRt St O%? %lfe tﬁf: bbﬁ%q. ta%ﬁgg retroviral constructs,

narnely gﬁﬁﬁAtﬂ/ sARE 82 Iaﬁ’cYVﬁ{RI@M{@b %olﬁﬁe@&%%?ﬂe@ﬁ&@of GBPOOR | and prevented the
d-type mce. Together, our observations indicate

ﬁnnwnomaimmhmmﬂBQGOMszamR axis plays a central role in the
fusi on of nmacrophages and the formation of
osteocl asts. DESCRI PTION OF THE FI GURES FI GURE 1 : Rat

FIGURH Y®OBg#ec &@@ft@ﬁﬁ?&@&i ANk ARUSE JTTTR0MRIA, %Q?fe’rﬁ{ﬁﬁfmm six-month-old
macr ophages express CD200 upon mul tinucl eati on.

male anﬁrfe@hlle;ﬁlbm @@t webnt griccadxheuicdan m¢8@p¢1§glee§umé d@nsgtb/at(élamo -deficient
males a?sto h%g nrea#J &cho% &l conQ t§) Iha}l Ay é %C%F?%?%?r e !a)ll?'g The absence of

SR and nu nuclea

CD200 tdtn&yotwsentsbd@ne e6dsaal rdspomsmw oediicstoah eMve-atondtinaldysimale CD200-deficient

Not e t hat nononucl eat ed
and wild-type mice were used as controls or they were subjected to sham operation or to ovariectomy (n

=8, SD).

DETAILED DESCRIPTION OF THE INVENTION



macr ophages were positive for MFR/ SI RPaand CD44 but
not for CD200 (bar = 1nmm. Al so note that

worehosiospeet eat e rat al veol ar nacr ophages cont ai PEHUS2008/050708
hundreds of nuclei that were stained with DAPI (blue).
Freshly isol ated rat al veol ar macrophages were pl ated
as in A and subjected to Western blotting anal ysis at

the indicated times. Note that CD200 s not detected
The tern Sl o R BEES DB oA pd PO USRS bone

mar r ow- deri ved nmacrophages were cultured in the
8 » gf ¢ 1
e e e s s e R g i parants BP4 Bhtesh 3hd
includemul ti nucl eate osteoclasts. Cells were anal yzed by
RT-PCR. Note that nouse bone marrow derived
] macr ophages. expressed transcripts for CD200 receptor | .
D prerprmthe giepsstaoionneonTing i AMiMGHR fartsplasypisy such patient
is genet[@?glﬁr?g ?%@gvl/lgﬁ Iﬁlﬁ@{i%% stipghge%zéggéss% b&iﬁﬁ%ﬁ{&\?\zg’t 1tf%elmﬁégnosed as
having det ermi ned (bars represent standard deviations; n =
3). Mouse bone marrow derived macrophages were
y cultured in the presence of MCSF (30 ng/m) and RANKL
(i)  rhgotipgpigmelosatingibe disensestaseiingg Rrisnk be MBS Phalowing its
developgiljlefn@eorrenti ation of multinucleate osteoclasts. Cells
wer € subjected to Western blotting anal ysis using
anti bodi es directed against the indicated antigens.
(iii)  FNGURE tRs dikdaowstaret i@ aBiatict, 8d)AdayiSing rédréssidn or cure of the discase-state.
fluorescent-activated cell sorter, FACS) of the
expressi on of CD200. Muse bone marrow derived
Putativergnpindg asrefgsred t detet iadlufle.dar CpRdss/comapendsixg@re products of
. 1ce, cultur L0, the pr nce of .M CSE (3 . nd
ratona e AN ittt G ERERGRY M Pl o e
transduétival ¢ giilstody plopertichldi pateek ¢dnmsimichinban pasiinibasd compound, a
directed agai nst CD200 and a control jsotype antibody.

carbohydsgier basedcoirgrnd. wdpidrhescd spageunde g prelsisegid-brsed sampeyind, a
: S ATHCTOPH: T
s ST BB SRR R Lt 0840 5 B BRI b g nioy

and/or casdl gicdnaibd dyg @n éspments tifddRE. 3 pufdtiec adpsdnoes hpehdEan be obtained,
I ncr eas bone .density. Two-nonth-old. mal e and. fenal e

for exargpisof 9@3%?&?6@&{ DRTUER Oh SR NG CORBP UG e SR R el or

combin%t?%%l‘é%ﬁfzﬁ&%%ﬂibﬁﬁ%y oM andFhi dTEe/ HEE ienke fSiBQize but that have

anal ysis of distal fernurs and fenoral
the sams fpafldisg tashs;tsao fareramplel U.SCB20WNosde 1 &1 Enandand66,684 of Rutter and

. wi.ld-type mce,. Note that the fenoral shaft fro oth, .
sant, g MRS oo, Ber BT HE A AR el Sb R desien
total bone density, while only femal e CD200-defi cent

A suitallk %ﬁlohﬁiﬁofqa%%%@%‘g%l%tgﬁ;bl%gfﬂg%%g{ %e enlB@ i3t m&%igﬂfﬁ added to

fromboth ml e and I Ci

Icient mce
the cell$ thet wasdtidnb taateghloteshe ectsiityyof aBYD2AWN CDROOR prétein in a cell such that
erence

TR EC N ——
regulatdplP20Rpe@id(9l BRiprk&BRed@Sabout 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.



conpared to wild types. FIGURE 5: Tol uidine
bl ue- st ai ned sections of proxinmal tibiae from
wo ws/8902h- ol d CD200- deficient nmale and femal BCHUS®08/050708

and wild-type mce (bar = 1 mm. Hi stonorphonetric

anal ysis of proximal tibiae fromtwo-nonth-old

CD200-def cient male and female mce. Both nal e and

emal e. CD200- defi ci e ad. an ncrea ed bone

The teclyifToeror Baroe e cibel B Beti oo s i ats BT Serirdhc mmortal cel
line (tyﬁl@z!tlﬂl I'nyﬁofnﬁ c@l‘l’sﬁ@s ﬁidéd W?mg)%ey%ﬁ%}plca ?@Bﬂeﬁo%@@mﬁﬁi mammal

cient imce also had adecreaséd osteobl astic “surface
immunig@hwgh B@ple odlls cui@Fssiired g@pls agfigedi ¢ £alCDREMAER29GRorand the culture

supernafygi e SEARL S BB B (SRR ER Bl G B L aelleS g antigen. Se.

general B, Kodler bearynons, I\Q@ﬁ@Q6§ie195C4WnVC6mirﬁoaﬁduﬁﬁﬁﬁbEF use€ €ells
orrparedto wildty The wi dest dianeter of the

Secretlflﬁoﬁ%tlwwfé’ﬁf‘éieﬁéﬂ@Bf‘ﬁﬁpmwappr oxi matel y about 3 nm
FI GURE 6 : Osteobl asts do not express CD200R and
nei t her ost eobl asts nor pre-osteoclasts are affected
Immuniaytidrh@a@bs etvoenpdibhddDROY, stdBelarl pracodovescthd snif deymaad ¥nmunization
. to eight-week- oId CD200- . deficient .and wild type m ce,
regimert, dineng P {HSchPFFicDAL BERmal 1@1‘11%%“%‘2 ity IppRng éﬁat%/%éﬂeﬁpsly yfitght of the
mammad} %t& B’fo@cat@ the ll’h&uﬁ'&?@ AVshnhdls Q‘e MEM a?fdgﬁ(lf] STBRLRAN ?ﬁcthl"blood

ascorbic atid m) and gl ycer ophosphat e
sample m\ssayed M@larmtlb@ch%tsh@empmmmm yepenin@eishayb yidateggmple, anti-

1nteg1rmpap]8,g(é(?l Esa 16%}11 Eg H{epgﬁ?ca)ﬁ?ltrlg%em rem 1|)?aa%1106l égg}f ]lgg ltgé{ ﬁgrgrsates from

1ntegr1neé§@%s§1%§ by, Agkikadib§enddasp hateas@pRCAtNIAD208NE DIVOR RBAbodics,
for caldiumwith alizarin red Sto allow quantltatlon

may alsgfbetidrntifigabe flovf cyterdeine s-godry medsbripgfuongsant st@ajngef antibody-

expressmigtceg chggac[%cf Wltht%é%fz%ogfl’yn%se 1|e€ﬁtgibtl 2 6%5%%%%@9"‘@&589‘% molecules.
The lynsphBB¥ies BRden FRIProducdeh by Bﬁariﬂ%ﬁfa&jéﬂ@@?’icaﬂl&@f’@ isolated from
si x-week-ol d CD200-deficient and wld-type mce were
immuniged mgpals whesgescrsrhaye ﬁk@adafteqwmlt{‘@cf%éﬁ iFosergsrofiapg- CD200,
do flowcytonmetric analysis
CDzOOl\%%%{ﬁba %qrbsn{(%osu@ﬁ ?er%eﬁét%%g gai nst c-fnms, Mac-1 and
Ckit, as surface markers. Note that t he absence of

{
Typical 00 a1 d a@ gft:ql Elfl egé té%gﬁlgglgbog 1glfe 1%%‘1:;1@4 org)the HGHemammalian

species E@fﬂeqw}l Rad Ye%dPﬂ%fegQHml ECPMSIa¥e WG Ry doma cell lings that are
0O-deficient mce were cultured 1n the presence of
sensvathm(r@ﬁledgmmO)ntammg ihypexeagiing aoomeperin atd tbylmldmme ("HAT
at i on of

d the diff nt i
mediunfigy Bigefl, BATERlif PRGN Tt PEa el Lae ket % boResnigaogpes using
1500 mBI%E@IEﬂw&%H@IBol?&IE)ﬁQEé @%oﬂ (“FEU}‘ 13\00”2 Hwﬁﬁioﬁﬁﬂ defls fdshBik from the

anel ; bars = In osteocl asts
fusion ad@fhenuseln@ted HSiCDRT nmﬁ@ma@thlq}nalglil@nn@ﬁedsqngina]prngctwely fused

S BRANK |
rnyelorna ceﬁg Kllln?r%scerggé\ﬂe éf?e%nal f‘ft? savefr ny%ﬁ)%élﬁg‘ gY are élr??transéormed)
Hybrldamdtmb&nengm d@u\e& aetisodytads édedted byrscrgnigethe @y briddvh S ture
$5n/rr1) for 12-18 h. Non ) o
supernatants. For example, hybridomas prepared to produce anti- CD200, CD200R antibodies
may be screened by testing the hybridoma culture supernatant for secreted antibodies having the

ability to bind to a recombinant CD200, CD200R -expressing cell line.



adherent cells were further cultured for two days in

24-wel | dishes, starved for 2 h, and then stinul ated
wowRaoR/0802ng/ M RANKL for the indicated tinmes. EB&/US2008/050708

were lysed in Laenmi's sanple buffer for SDS-PAGE

anal ysi s, supplenented with inhibitors of proteases

and phosphatases' and subjected to Western blotting

To proqaugg %%tﬁ%oéa@gﬁg}%gg@?%g %Véﬁllllll{ C{sggﬂ?aoqgllg’engltve&tpo%, including for

cxampl®RAGPOONYH AL HOTOR Qﬁtib'ohg hefdlopNKhi@ase (@RS ifrb 8RN ink Mybridoma
cells that |acked CD200 thanin wld-type cells. This

cells thaggréed prsitveuasudheigeeaniog astayewctd erdigragiinla neitrink gyedium under

condi MR LTy SR ONTHRRIR SIS Aot

antibod B fiite \Wh &l fuveeie dB6Y. TRSaOaHtuld RN xes\Wae lku®hrd nvddidsifitibie for
mce were cultured in the presence of M CSF (30 ng/n)

hybridogisceernngerwqlBlnayygy. by copditionsd hybrifeme cullige sercamsiH Ay be
el l.u OF R - , /
collete i AL KRT20R TR0 pp EIRERR onfi AR R4 B dvclnovn
methodsmacr ophages that | acked CD200 (SD; n=3). Bone marrow
macr ophages isol ated from CD200- deficient and
wi |l d-type mce were cultured in the presence of M CSF
Alternafivel p9h8Hesidc@antio bRy ERfectR) the hYEfioma cells into th
emaéu ?urgg Sflc?r ag fud},taﬂges; %ﬁg daygﬁiqnfetcﬁgé pre eﬁcgl%%e > o e
peritonddll C8Rty(B@nmgimin)inized swoused The hy@idomaaeedls pheiferateaatledperitoneal

.. with RANKL (50 ngl with or withoyt. r 0 0.5
cavity, {RgIng ¢ gy MR oo b dheuey Hha f%?fg@f)éﬂ g be harvested
by withMRig the k@t it RORINSp&it¥hdalcdis windh GatiRd.
v antilggodi es agai nst IkBaband JNK‘{ﬁd theig}fm%g
phosphoryl ated forns. The addition of rCD200e restored
t he activation..of. JNK and of. | kBa. Fl :
Fully igify BGhorFH ey PERRTS Bt pan R ex ity SRR pyg another
preferrddi B RdiMe hgen€ Wihidhragy biock heidehehahe tetfod M @RFnt&ionginthir intact
and RANKL (100 ng/m ) with or without the reconbj nant
form theserrpaycleq prapaied BeRaIYiBP-PEeddpPoeg splaepitey a§ AcprboiRe) Boerner et
b > t i : C ; =
oL 199 o L B Ay B Ao Rl
Antibodigd fdlerh\ip &/ ino-Peinwertéuraad Spleedyter”.t he presence of M CSF
(30 ng/mM) for two days prior to being transduced with
the retroviral vector MgR, which encoded, or not,
AlternafiiQy [ thBAIaP1LE pFRNARd Eﬁé%&)% gl IR GHRAMF P el et 4, 1991,
elmcongt rgsgt gncgdi ng (ri)zﬁf om (redn)n o% isgorslucl eofi oices \Ng.S
Proc. Nats édacdsSca Uiby 881 24826231361 'Ghienciioh ob flivietse high-aféinity human

targetring retroviral constr S, ha S [
monocly kAR RIS, oSBT LA PR &P laEd 00l jmmunol. Methods
141: 228228 0Ro a3 et RO &8 ntahi€c IRMIBEJIOBUIRIvaflblirfkieh ERINA libraries
osteoclasts. FIGURE 10 : Bone density increased in the

from hugpwarseiphetl dppd ymphocyics withodtanyiten stinpratain - ddnPht- dlods,798,230

amng f | e, CD200-defigi ent m ce.exhi hi.ted an - "
(e 2B B PP AL P TR R B i wse®
describ@ [gopdratbngsfeabtn nseHdchhl Maibodion fremt tinidhd® collsl Actotpidrg to this
mal es (pQCT; n =8). B, The absence of CD200 did not )
process phuanintipedePrasssing B ¢dls gemisemerirligod by ddediop, with an Epstein-Barr

virus, of YRe TR B ’d%lrgoff ﬁ%x%re%%’s%ﬁ-Bﬁﬁ%%s nuclear antigen 2 (EBNA2).

EBNAZ2 function, which is required for immortalization, is subsequently shut off, which results

in an increase in antibody production.



and wi |l d-type mce were used as controls or they were
subj ected to sham operation or to ovariectony (n = 8;
W(SD)OS/OMBAI LED DESCRI PTI ON OF THE | NVENTI ONTheP€ED#2008/050708
"patient” includes both human and non- human manmmal s.
The terns "treating" or "treatnment” nean the treatnent
of a disease-state in a patient, and include: (i)

In yet aﬁ(gfg%:/rgtﬁ%:tlhgﬁg ifptrg)z(?(f I Seafiﬁ_ ta ﬁalgtﬂza? ﬁﬂé pr ?\{Dol g 7%9 650 (Aug. 4,
1998, "9RA§ dnfA dnYhRharCdnhgs 1 &%r@&&% ]E&&%ﬂ)gbﬁ’s dMBodics™) describes
di sease-state but has not een diagnosed as having

transgemt: n0(11h|uynan rhinils ¢apgblgrof a pmgénptendogm@ agiibahgseandttenegenic non-
resti.

muman el B3R bacslo B e PG oe R b SBisbeBudosenon

immun@Béh@itgents e suppresstdBy LRBERRSIoPMullcotiddsein@for b @ntiserum directed
| sease-state. Putative conpounds_ as referred to

against gefagepoysipmie globlinse kistaselegoussipbefiersare Kagodas &y immunoglobulin
r. r :
genes nB{ I?Oqu% l f nd 1ﬁ“tﬂe %: 1ing ;f'gﬂagg éfC%E eog ﬂgﬁ H{n%{a ?Iﬁlg%g g%lriet (ﬁgﬁore
transgem@g;bhatmmg/sqqnapxes of a&earﬁmgacﬂ hétmoéogwsrmmmd imanndgolbulin heavy
pr ot ei n-based conpound, .a c r bohydr at e- based conpoynd,
chains e tdhesBr RUhETHanIRahherchy dorung BASAnE SRS rapable of
i [ Bl :

B e e e e R S
antibod'wabﬁlvgmo'us 1gutypcs @dqued byﬂluagnmlnnﬁmbgieblduf genAs.pﬂmbhhbt‘emlogous

homan 0GR G rP SRR Hrcelh OB 1B RSB 7ot - by Riing with

an 1mm9ﬁ5ﬁzu@g1&e@1rm{ersgeh e fye RimaQr bRk ?ﬂm{ @lch IB-&NR Wy @%her
(i l'ibraries of compounds that dif i n sequence

techmq@ﬁrs tg perpchiate Mhhm&aeahlh ef pradecingp lrrmnnglomlé)@t@golog@é fully human
mumod or € anple U S Pat. Nos. 5,010,175 and 5, 266, 684 of

RIPY8°%and santi, which are i ncor porated herein by

reference in thelr entirety) or by rational drug

design. A suitable anpbunt of putative regulatory

conpound(s) suspended in culture nediumis added to

the cells that is sufficient to regulate the activity
Expressibn af CDR200,de @020 @Rnacoiphiages af the oabdt of diadiont hat t he

regul ation is detectable using a known detection

nmet hods. A preferred anpunt of putative regul ato

To idenifnpRyigheqranoneaing itesnaghirsis ehmasgnbage fHipe, dN%\%’ml%?L‘beSing

R R i T
providesictfadibet alné lhgtrhgeﬁeous; medticysteindor sthéiepof mbérophage fusion

(Saginafigoliod, 2ak: SRTRGE 1908 o bife: 36 FrengBndpdlef hagvipd) Sifce they

are “naiRt WREMs@QRIMtando B 8 1-b OwRBOMbted BokRIch Ay, Wihout the addition of
t echnol ogy for produ0|ng nonocl onal antl%odles is well

cytokinks ddarelylany dransarils enandmﬁﬁmOQI(a@@mon # XO178Y) p’vec@ti¢tycted in
ed, ta

freshly g%ﬁléeﬁigr‘ég/{rgé%a%%sr E)Hj% tge i%vﬁ‘}‘?aq tra%gg%lp?sc\xere% éEr/y R ﬁf: % 9y+/- 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 monoclonal antibody raised against the extracellular
domain of CD200. In parallel, we subjected fusing alveolar macrophages to Western blotting

analysis at different times. We used antibodies directed against MFR/SIRPa as a control because

9



i mmuni zed with whole cells expressing a given antigen,
e.g., CD200, CD200R, and the cul ture supernatants of

w0 b@sogweld ti ng hybridoma cells are screened f oPCT/US2008/050708
ant i bodi es agai nst the antigen. See, generally, Kohler
et at., 1975, Nature 265: 295-497, "Continuous
Cultures of Fused Cells Secreting Antibody of

Pr edef | d fi "o t
the cxpRsRGRpL PerRaeor ARt s BT BB e o (§eginggiacl 995).

Our res@RFcdnTRMBd 2RtskiRg LRYIORS AKPRAGLR B ENR 06 REEArBSasdM h after plating
manmmal i muni zed, its i mune status, the body wei ght

(Figs. lésf Br) hélommunhl@tMFR?ﬁlBPaawhgeh i ¢reorésnerinimernpelamta neacrophages,

CD200 §a essed i at acogmaeq ﬂ anplel_s
é{vsé,&ye%i‘pféﬁ dp&rf{l?%“fl%? NS ‘appropri ate
screeni ng assays. For exanpl e, antllntegrln ant i bodi es

To mvew%at@e«hétﬂ@MDQa)mapmsé BYP+BQBRA afddRidcBlisORe @filtured mouse bone
| abeled cell lysates fromintegrin-expressing

marrowcfeadrsphagﬁﬁt insbelprssgnck o€ Mr@Sﬁgw og/nd)(armRéNI@nﬁO-nainiZ(f@r five days

b d
to gene ey (B o7 2y 2B A G PRLE @k Aigeiss in
macropﬂ&%eb Qﬁiﬂ‘m@dﬂg EP8dsBign G blch thdh s iMdbbedy RANKIOSearly as day

ieved to recogni ze CD200, OOR nol ecul es. The

2. Morpwpﬁb%yndé%thyls@cfxmsstlﬁ@ofb@l@a%Wa@ﬁenﬁpdﬁy@mt@%we@éWKL (Fig.
L
101 BLUBLRRLIE G5 L3P LPLRRONR UL RIS ] BRgover

while I\/H?R/SIRREDZDM7 z(m‘ﬂ apic d3pehisesl it Dkiegclsiic ljrur&tgr thein Id[f&rentiation,

jcally e immortal cell line (e.qg.
the leve%ﬂfa gﬁ’?ﬁ pé%tmns werf*et}n% gcf&é rbw\ﬂésauﬁtmrﬁftﬂpﬁee@awéwﬁ%ﬁmoa fince
osteoclacs%et%rﬁ?m@@ ddM8erlt Yﬂ@b@@y Te?ﬁ‘re?sg{i §1fnﬁfaﬁr els'Hf R ds@brdt@hd. This
' nes are nouse nyel ona cel I nes are sensitive
observation sugdests ¢hatrgiei axpressing af thestgfubyopomﬁmdheme regulated by a mechanism
arnin d thym dine ("HAT nediunt). Typically,
ﬂwtmlﬁ%?eg P{¢§3&ﬁouse myel oma cells are fused to nouse
spl enocytes using 1500 nol ecul ar wei ght polyethylene
T fat cp? B kedcl:
0 oY a6t hen Sl Lt Sty b A RBcl vy ol
macropkagek 8s desctbatiprandusippradert thexedt yiffersedinmselidnamoebélenal

antibody HE, FEPEniREH B Paira O ey e byt RS0 st R o Tlow-

cytomeﬁlf%sdnﬁg/glsa%b BdMs, ah&whl et BehRD, RYn ek ﬁl%mraﬂg Mhede novo cell-surface
hybr i cul ture supernatants For exanpl e

expressippmfi(ddHixt treepaeted ossoglags dussen/suitinucCBRQO, ' CD200R

anti bodi es may be screened by testing the hybridona

TogethG L SR b LB o S e e AR S eSSt b of the
macroph'@g&%ﬁ§§ hghiasl THeRGorEOwPHhedHRR daRAt RGN othABH (Y200 would
which are withi'n the scope of the invention, includin

affect diffarengiesiop bBosteaviasts, ODPO: regDR BORIcYtophsdarddrdhotpsiodeling of
that are intact inmmnogl obulins, hybridoma cells that
tested positive in such screening assays were cul tured

in a nutrient medi umunder conditions and for a tine

CDZGG%EE%EE) ﬁgée hA1 RicheMbéieddisiy lafd@Tew&estdoclRtsS@ah SHiR1-fypR mice

bone.

We subjected two-month-old male and female CD200” and wild-type mice to DEXA analysis
(see “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

10



anti bodies into the culture medium Tissue culture

techni ques and culture nedia suitable for hybridoma
w@ei0Bss®eze wel | known. The conditioned hybri doP@&r/US2008/050708

cul ture supernatant may be collected and the anti -

CD200, CD200R anti bodies optionally further purified

by wel | - known nethods Alternatively t he desired

comoer Gy B8F) Sk pERR TSGR MR Rl R SR cincy was

associal¥B %88 aniNErceRf kBRI 8&1sit$ oP iRl shhRiPb&h inthidshd females, and of the
peritoneal cavity, secreting the antibody which

distal fenmu unrfidnatles aasorals%trﬁd osaget @nctbexrh@tclmdtw%mpermlye Hag. 4). In
CD200 gjgf: ?IFI&)t fggllapegrg ive tﬂer\%ﬂvi/aﬁ g ut%{]}rEaSﬁ étéjtheg bF%}lLII?H‘ Area ocyﬁle ghaft and the
distal p&06PGk G&rahr Whild 1‘@@20036@10@@@ nRgainite! thefeOlaseman@ksse in the
CD200, CD200R, are anot her preferred bi ndi ng agent
trabeculgh pigh ofili disteldRmaneRlyerscomparadeviththe geppgetiverld-type mice. In
(0]
CD200- d@ﬁ 1@{11! Iﬁcrﬂe nilge {hgtee Wad dd?hlﬁ&‘eale 5{861%1&?51?)68 10?6% g&%ﬁ@%ﬁ% there
was a dbgtezﬁe,emr]xehoﬁéalaircumﬂeﬁ)&]be, ik botH ﬁhimslhlaﬂ andlthd d&ﬁa—l $mur, as compared
"Productjon of Antjgen- c Humg

eci nogl.onal
to correapRTOEEY U SGHCF n VPP el ar%m%ﬁ%gg éﬁfgeﬁcasha.s lead to the
enhanceAd dhmakti¥eby boﬁeh%'th'mé’shggeﬂn%%?{eecq bBYed %&1&%{%&1 a gender-

cl oning as descri bed by Persson et a
specificagnneAcad. Sci. USA 88: 2432-2436, GEneration of
di verse hi gh- affinity human nonocl onal anti bodi es by
t I H d Sto 1991,
To analy R 6F14 N FRGR s b by b3 36 e B PP DL kRS (ol bone
density f\_ﬁg Elﬁﬁé‘c@éo%b YR td] TR $loRPE D200 \ﬂ@ﬁ 1@1*&' a‘fqdr gr%' £ @%tched wild-
libraries fromhuman peri pher al hocyt es
type miog toriusibmrotphmntetrm gtalysisl Ahirgesuts @nﬁm&hthat GDZO@dé’ﬁ@‘eﬂ&ﬁice, both

Aug. 998, "Process for, the pre i on of  hupan.
males ey i G Bhi 500 B R TR VR kot © HEwid ypes
(Fig. 5)IO W@ ers@?ddhﬂ aQfcct BN tRORPAIVE BBhe SlFtdcD arth @Bat W9 Bt QUpI@I by
II's. According to this process, human
osteocl@tﬂ in ﬂsa@dymphea@jd c¢mgje QD;Z@m@ﬁmegt infago rioaduir Z@QI‘IEW despite the increase
Virus, or a.

inbonc QTG ROt ERTE BETh Sl PPl p e Frtuce area

of boneaﬂétlv@ﬁ Ro¥erCEBNOSEobI BNAZe fIYN Q"hisQBsulmg%&tdd&hétﬁﬂWhi ,@flleed, the
immortalization, is subsequently shut off, whic

fo
osteoclquéﬂxar wereirpsneRsipledpe s dighsr hwtq Ydupe Br 6Baedeticien ngné@
anot her nethod for producing fully hunan antlbodles
Trans eni c

To deteﬁ%ﬁéhﬁﬁg}e E}Oe 1&&1?%586%8 Sorﬂﬁ, %)OC}B%I ar‘shsgeigd vlylzf)lr %%18% J subJ ected the distal

femurs &0k Bkl CER0D-ddasiend HRISvild 8PS GaRbEh RUNMIETB MidkdiOTedmdlysis. Both
capabl e of produci ng heterol ogous anti bodi es and

male andfgmalg&riP200nditsinminicardraiose Hakachigr berecthan theggrresponding wild
types (ﬁmnogﬁ@u%mo\%so& bl@e(g%nﬁ(gsse glgfgﬁ APHR same bones, which

i n genes sense
showedﬂbét)tﬂlbéét&ﬂtdedﬁ@ winddigherhy thentD360- dlefﬁcﬁid:nt ﬂﬁte‘:‘tﬂlaﬁ gaihesbrresponding
) Zggenou i mmunogl obul i ns. Het er ol ogous anti bodi es
Wﬂdtﬂ&? 8%8Y i munogl obul i n

The absence of CD200 impaired the differentiation of osteoclasts but not of osteoblasts

To determine whether the absence of CD00 might affect the differentiation of osteoblasts, we

cultured bone marrow cells from CD200-deficient and wild-type mice for 9 days in the presence
11



genes not normally found in the genone of that species

of non-human aninmal. One or nore transgenes contai ni ng
waeemaeswes of unrearranged heterol ogous human PCT/US2008/050708

i mmunogl obul i n heavy chains are introduced into a

non- human ani mal thereby formng a transgeni c ani nal

capabl e of functionally rearranging transgenic

i, mun obul i.n guences, and ducj.n repertoire of
of ascorpfh o 0aee o R PR el eBh afe By Wkt s
respectivEAAREAY PRISphAIaBRBESiticMthBiehBiliAbLGIYEn BUARNKe nodules. The
anti bodies are produced in B-cells which are

absencet ¢fer1a2(10 lead riomftsict enl alkelthe phogphatdsy agtingfyregdwintthe gmation of nodules

i rtalizi cell «hipe such as | o or. b
by osteqfRL it o n R Wl B0 R OE oRRR e Bpgirncd he
relativeBelbpelcvdtcRpssih bf CDDEO daRakbhie, 106 paitHe kh@née of CD200R. These
nonocl onal het er ol ogous, fully hunman anti body honol og.
data sugpepfed st 81¢ ingreap2oborRevVHBNe CPHd patboPHHYE tatostepplasts.
onset of fusion To identify novel conponents of the

The decgi?a%g ﬁ%%@?ﬂ%ﬁ%ﬁe{é@% S S%ffzng/EVOtim%gszR@%&”\tﬂeeggrfnlflcsel rnn%ht result

from a d9cEsaO@I tAY namBENST i oStcod & hrEtaeod PEIRAR Frddh @\dbfE6t idMsteoclast
efficient and honbgeneous nodel system for studies of
formatiemc o pragjac flese pessdoaisnue pebj cctabBeshipbglatedibeng pagrow cells to
i : . | AGe
I e e
Kit"/Mqall &Y ettrac etrdl | US9E: Ui ool 008t Tiee mdetintdgenf pfecamsbotdlResative to
arely any transcripts encodi ng CD200 (accession # X
the totagm‘se)r 0?\@%6 @élff%\t‘ftcéﬁs Vs HPEaninCh20) aed GRad0o grisg £4e. 6). We

then coﬁ’i}iﬁreﬁ% HaR %k%st@(ﬁcl&s’i@%ﬁ@srig PL3H 98] €D80® nd Ap%00"3hic. We
+/- 7.2 and 61.6 +/- 23.4 t h

i mes higher than those In
cultured messu honk swiratveshacephaped irhthe 2desbnarod M-XEM(38fnigénl) and increasing

| atin ctive nmean +/- SD; n = 3 To c j
concenyyins 8 RN G dsyeborrrabroebe. 1° Pbbrel 200 Fesuted
in a dos@lchéritdt! RRAtQG Bl tHERhADrHGERBAAES SndNntthe urfRBALa®B¥red by

antlboq% rai sed agai nst the extracellular domai n of
n

osteoclazm (0g. G)n Thascadatestrongly spbpriest eut hiypethays diat/delirgrease in bone
macr ophages to Vestern hl ottdn nal ysis at different
volume PR RGEE Al et i Sl o dp @AM e nst. VR St RPaas
a control becausethe expression of this proteinis

Since R[lAlg}giksll)E,Gthi@h atRtQNRENFAB SRCVAINAERfHsaBRy paBEhNAhhQperate
g 0

. Qur results confirmed the strong and de nhov ' '
downstrsgmrad SANK. pfesEbpaloongsteantdsjoggrespy we ngkt askepivhtthaga deficiency in

cp200 yfipfttenyieiling NG Fiam ARARK, NE Bl i potiogavdsps from

CD200eAtesSEd Will-po Hlbeinedt frod@t 0P NAgSF (B6ing/mlh Ar-twd@ays, then,
i nvestigate whet her CD200 was al so expressed in

after staggipg dhanaarswoeusuIe tedlgd Msswith SeNKb(PORe/mit v Shabeys and,
. R RUBREP GV R R00L i AU ERNEy (it

control ahtibodZ8 e cteiagdinansBd, (38SERKGE @indg NBD20/hileelicextent of activation
det ect ed jgﬂnacrophages,-but strong expressi

n of_ such
of IkBoy degreaeqd shelthvaathithify iy agn RANIK v ?qtyoag?e&‘éy 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.
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2. Moreover, the induction of expression of CD200 was
dependent on the dose of RANKL (Fig. 1C). By contrast,

W@ b@sesyperessi on of CD200R was cl early consti t uPCT/ES2008/050708
(Fig. ID). Mreover, while MFR/ SI RPa, CD47 and CD44
were expressed in osteoclasts during their
differentiation, the levels of these proteins were

one ML B3AE 5 31 BTG B 2

expr essed simlar levels of these proteins. This
T } 964 Db {P1EHE FRorPéf th
0 P B D D I B PLARE SRRt iR hages, we used
several condpleerdany stoftegBiR Fhrst, e asked whethtihatogGloRe CDRE® could rescue the

differerf ot Rae s sbaL " BES eeadhE P Bud e el eap e m
recombfanGhrbfe@! @At inbluiB$ thMckFa@ | IIRRA6MANAIT n@dﬂsb Q@@OOW@MOOG) We

recogni zed the extracellul ar domai n of CD20
culturedojeanareav célbsmsalated E@m(]D@ﬁ@{dpﬁ@e@mdy@ld@typa'hece in the presence of

e S0 bl OGKT ool BB FORSAY et g @Biorfzo0e

rescucd@Bbé 8Bt@sihitibist ODLOMLEfidIeteloeRbiIads (FIROH! WeE nex@Ubked whether
results indicate that CD200 m ght be a ﬁc evi ously

rCD20Q9ﬂﬂéwgﬁu%@ﬁreé@1m9oﬁﬁ@ﬁttheoefctw@wfcwish% Braoféw@tﬁpn which is

e BBy UG08 8, 5L Mo 0500509 B n

wild-typguthic@dn eher @sdthte oft Mecsﬂé(/fehgfpﬂ)em t\acmdaiysr Afbee staevingl elehfpr two
of bone. 00-defcient, mce d hi g ne density
hours, %Heaft%cw&?%f QB With %Mﬂ 2Q pgal Ibgle\lﬂées%‘kﬁ apdiip the
bsencd HRTTRODET RS o /MR Sn P Bidafi £ R &1t QQhé ey h{ibﬂ'obfﬂl described
Ansene n(ﬁ:}e DfEXA %\n # scﬁs as?ge eri al r]gmd I\?bteho ds’ %as eoerbe
above. \%e laé«ﬁtlpn et @D 2ie rbsjd)lhdmfn‘:l &EtlaatcblfafrihBe a@DPOK, éupp_ortmg a role for
CD200\}& ﬁ]ﬂ detg%eﬁtm%glg% p§taocrfa§§)tsd\%g gﬁzp(ﬁ;{] rnedla e({ ac%legt?oqll or?fg[kB(x and
]NK(F%U@)“ itativetonography (pQCT) analysis of the fenurs
romthese mce reveal ed that CD200 defici ency was
associated with an increase in the total density of
We postlﬁlzﬁed; hexdt thatnf ﬂmt@DZﬁO €PD2a0R irftenaeti@splaypradrodd intfnsionl iﬁteeﬂerence
enur |nfe ared to age- .and sex- mat

with thwr}tgrai:%]eshﬁp ?cﬁﬁ 1815102) G HEERSSEE. st uble BIQEsS ighun nant protein

that 1nc[ﬂd6@thete|%%€ell‘&%? dBfhal NG ERERR @CD'Q@ORé)a bgs uhlﬁrre@f)&@b Brrow cells
he shaft and the distal part of the femur while in

from W@DZS@@ -nigé in i @msemml of Mri(Sd] (30 mgrmal) wad RANKRh ¢y bagml) in the

absence a&ﬁdélrﬂgegﬁg\i%%lﬁer K é@&g é? (F \}%IO L aI l;)ygg réﬁii(lgcggé/téci ﬁ)steoclastogenesm

was bloClk0A-tkkepresdice bf rABLE®RE (6. Dhemeaddabnad GDIOORASICe kaddith as
in CD200-def cient female mce there was a decr ease

CD200R b, 1pise icwrieeset D9 PR HR300R @nd iGDAMORA (Wreghs mislt, 2800)- e found
that rnogé cgs@éoc[agﬂ%hlga&é dﬁ%?&{%@a{ ?r oﬁtg thcd %%a%gg?&ﬁ%w%?g%gﬁé‘ (data not

shown)hab da&aadlethncttimﬁs efithascalditamalittodmods g0DADORDITES antl R4) remain
t he shape nd size of bones being altered |(P a
uncleargléﬁW%Yegﬁé E@sﬁ?e@n demonstrated that CD200 only binds to and activates CD200R 1

(Hatherley et al., 2005).

Finally, to investigate the role of CD200R in fusion more directly, we attempted to silence the

expression of this receptor in fusing macrophages by RNA interference (RNA1) with short
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manner. To anal yze the cellul ar nechani sns by which

the del etion of CD200 augnments total bone density, we
waapesterl t he di stal femurs from CD200-def  cPERUS2NEI050708

age- and sex-matched wildtype mce to

hi st onor phonetric anal ysis. Qur resuts confirnmed that

CD200-def cient mce, both males and femal es, had an

v ROK ARG AL SRR By RORG LTS MR SRR 1.0

CD200R NeshRN A1 | YRNPANSINAURRRAG3 Rh &Rl Afh c¥RSrueCHMRIn88dddrandom
osteoclasts in both male and femal e CD200-def ci ent

sequenqge CigRigdimhr V\qumsdlmd bages piatrewtthecropiegesiselaied frieomeild-type

mice wiEHRAE dors SRR Sl n Rl P EREUiRIT S Fasforle 4ie: e

constru€t® (ﬁRMAlbYSIﬂ@U&Qbina%hRN(Aﬂ Wintedfered Wit the @S pilet siSMGHEBLEIR and
that it was, indeed, the osteoclast that were

preventp@ 1S GHYPH P%OS{*%}ClatSﬁéF’r& JheBy peest apighas MigREmpodlighirdm affected
[ t
the exprce ?%11& o%%%(s)ogtgn%ﬁlvteﬁ{lﬁé@&%ﬁﬁ ot?ggte&ggsté nfc&%?%? tg&e k?gﬁﬂﬁs
conﬁrm‘eé merprof)mmcbmm réIE)Z@th €D2004(HMOOijmWnI tie fusf@ of macrophages
6-nmont h-old mce to mcroCT analysis. Both mal e and
and in qsEEREIROETISHS- def cientmice had nmore trabecul ar bone
than the corresponding wild types (Fig. 5). This

e BRSO TR B DT e
multinucRatidreo {Gh2&0pdets, wdiienis required tthiathe 'titffdrehﬁlaﬁom bEGsm@ndhsfsgand the

wld types (data not shown), The absence of CD200

regulaﬂpﬂﬁglow@dﬂ%%e Vgl ef@Fé?ﬁuﬂtéf?rg‘ﬁﬂbtﬁlab@w%i@gnm?p%?s Qﬁnot
bR tsychPhdeh el § RRGH f
s 25 AP cPUTRYEf P, KL DSt 39, 081584 B PR
CD200 c ot umlgds tho repmredicovf CEROG aljmptlhy ©oRed-id eﬁﬁsmg esma:ocwstk but absence
ild-type mce for 9 d i.n the esenC or bi

of C2Yf 5o gL e oV G § SUPapGL FRERS: L9 ARy fad: hence,
mild fofR8f ¥ReRIBASed their respective al kaline phosphatase

activities and their abilities to form bone-Iike

nodul es. The absence of CD200 had no effect on
Our anaéjldiﬂd)ﬁ the nminb@pjfdmas saaotvi madryplagds/ostedchst procuradr ceis af a

percent%ge(ﬁ tﬁq]'@t%ﬁapé; o %éas'@&g?eé]gz @h%ﬁ%g{%@rﬂméﬁaﬁ&deﬁcient and
wild- tyISZeelln?Je' gysté ot ﬂh@‘@iz(ﬁ)x@lb@@@i 4s @besTdR Bbhtkdt @R @Fferthtiation of
and the absence of CD200R These data suggest ed
pre- momdﬁatGSt(ﬁermOnftslraea@é I%9bBhigo \}lcmwtr@l 2o @r fass apadysis). This is in
eobl asts. The rez%%e in th

b
contrast \f/ltlég}em e 35& SB% CAICY efse%teflﬁ ly é}i;a}c(gqpélﬁges W éC% are

clevatedrindhifce tigs ok FDZOD @odR ef £23600) N1t BoRHIOBAt #Hm bone marrow are
ost eocl ast gr ecursor cells or froma defect in

less diffgeanaiater dsan theserfiam banphpid aseans. vdi¢hhaight pyyessdpyilgyedssof CD200.
Nevert e(_s)%t&?é ?ecctréed esf 151@]??@}11%?1115&9 Bf‘(t)s%&cpagﬁq? @Hzro@l’&eg‘é ehtsrn{c% cannot be

ric anal ysis using surface markers
attributﬁi(tpk&@ﬁ:&@bsbyn@rhber@%fpﬁehtasﬁ &llgc- Fns+/ c- Kit+/ Macl | ow,
Arai et al., 1999; Jim et al., 2004). The percentage
recursor cells relative to

of
Both CD20($ and CD200R, resembling CD4, the receptor for HIV, and Izumo (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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the total nunmber of bone marrow cells was simlar in
CD200+/ + and CD200 / mce (Fig. 6). We then conpared

w0 b@sostoes of osteocl astogenesis in vitro in GB20D0S72088/050708
and CD200 m ce. W cul tured nouse bone marrow
macr ophages in the presence of MCSF (30 ng/m ) and
i ncreasi ng concentrations of RANKL for five days to

nerat e osteocl asts. The ab ce of Ited
as Pox TS B e A s TGS fit PO D obEr LBt et & 2004).
Moreov@f Qhé_rgtoﬁﬁ‘& oF wicf REE€o&HRA I@a‘%ﬁrsesqrc*éﬁlaoa%ﬁ&‘?ﬁk@ﬂ%ﬁ)e@: Ff3-is a ligand
ese data strongly supported our hypothesis that

for CDZQQ@ (Ghongale?] Epstmfiélevm, 36ed)r Ssmilardd M IR & adwstlevtfagaprotein

or mat i.on ost.e sts
encoded B MRPIR R i FRERA! FSioealEC o R ria [P G, anc i
required f&&h@ﬂlﬂr@t@ggmsdfﬂ\@ﬁmnﬁ viRANKthd Burep&nthbial ((Fa@deron et al.
ost eocl ast ogeneS| S, xt asked whet her a deficienc

2005). Mpstmprsataiiy motlaﬁpéet) agql gﬁ airgligmedegs gt epiherCIRR0OR t
f t
1regulateWI 1544 éﬂlg‘eg éﬁ?nf\]/g%@{nra? %@bg :aerlrﬁiglgépr%g%é%ﬁi\é g‘ and W{ﬁ} Foster-

Cuevas] 3004d@ysieronh2005) ﬁiﬁoﬁbn S Hancld Igmﬁgiﬁ ise tlar cakevbor i@ﬂlﬁﬂs Wh‘ﬁﬂn is

treated themw th RANKL(SO up hours an
homologpysfp|pyoteifis caepdre by ddceinBmng waewﬁwt(i’erﬁwﬁ@ call 190
Camerod@hy SZ&)?)SWv‘ix‘[lsé&%%H! R ¥% SR (@5 IH0SH § bW Hife P RFAGAR ‘éHeQInmune

anti bodi es directéed agai nst 1kBa, p38, ERK1/2 and J
respons@aind & fusewektaedinfoft cadd.i vati on of | kBa decr eased

slightly with tine, activation of JNK was al nost

abol i.shed in IIs that | acked CD200. These

. co et el
While th%gﬁﬁng Crfi%})@& 2P plAyy ant IRk gﬁg’éﬁ@énéllfe CHPBE SYSicBHet Minas and
e f:
Liversiddte 280 RAUEL R, 1PhnR 38 pRy AABH 0 R in FALKOHARG fusion since
the absance of €D2A0 sloiws deivgribd difgrqpaibhovayf @tabclastst Renck mtrhmtbleﬂnproposed

e N L L TN N MR

possibl b BthbdawoUx8s Q/Brﬁ iQafddRDR-CRZOAR AKtRniiftidn T okiestiagls. Mice
of macrophages, we used several conplenentary

that lack bﬁ@t@@%@d EDPed might prosidak medelHe eneyas dlis questiomp oaddition, we

camor GRAYE FEBEARLY o B0 P E BRI s v
their anti@6- @M@ AbmPIO! @ide thdAlsingnateedrd high exatropbelds Ulliddeed, it will be
domai n of nouse CD200 (rCDZOOe) We cul tured bone
of interer ¢ Guieadng whetben davartiess meompinis differentially agfigpted in cis or in rans
ype mce in the presence of MCSF (30 ng/m),
mfut“rgitlk‘l?ig(so ng/m), and rCD200e (0.5 ug/m). The
addi ti on of rCD200e rescued the differentiation of

The facB20HJ et i b@t@bd@@&d@@@dl@ﬁi GDLG0-Ge fichdnt nMEe RENlts ﬁ’@ﬂi%diefect in
whet her r CD200e-i n ed fusion resulted fromthe

activatigi dowyagticam oRANK suggestsumsybleicessitell betrfica i RZ00R and RANK. We

should I?&Q F}{o%%g Ha@ %»ﬁnﬂg ﬂ%g%g%lccg ?EE@B@ %%ngﬁm%gﬁet&%%gto%%gls, it does

mar’r ow cer I'cient an
not prevent tﬂeexpﬂ'e&ﬁ@ﬂﬁﬁM@R/ $.IIKB8F&n(153M mthichf are canslddad@pnsmbéifstofthe fusion
hi starving themfor two urs ed them for_ 30
machinggy {p MRSTARNEEFS RANRIMA{S do @ﬂﬁ@)mmiﬂiwgﬁt@erpﬁh@ abisaee of{dDZOp affects

the expﬁe@ﬁon 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 multiple and, possibly, redundant molecules.
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absence of rCD200e (0.5 ug/m) and, finally, we

subjected themto Western blotting as descri bed above.
wab@sasiwer i on of r CD200e restored the activatiRCI/082008/050708

| kBa and JNK, supporting a role for CD200 in the

differentiation of osteoclasts via the CD200R- nedi at ed

activati on of 1kBa and JNK (Fig. 8). W postul at ed

i f the CD200- CD200R interacti.on
The absageo QI PR A0BE PSR o HD o st St e uler domain of
CD200R hseked Blaephidestu§Bn id6#8NAihNE ITSEN(ParRiQlsUBE PtdFak Et be novel
reconmbi nant protein that included the extracellu

targets aoavoirts t@pre@mtd@Re lascDR0RRE)T, cWad theghinstedblastyén malmrewpress low

ves 3 AT IR P o BB e

cannot @{cﬁ&eraqﬁ)sﬁblerraa&%@ezoaar theQORI1IBG! Wl9.. FdigherBluidfel matoedng the
ost eocl ast ogenesi s was bl ocked in the presence. o
treatmepipZOo T qrr? il theysplubirdicepphingdf catsperdirlar aip@émmfd%WOOR will
, m ce express CD200R2, CD200R3 and CD200R4
help Cla?@vwﬁlg et al, 2003). W found that nobuse osteocl asts
only expressed transcripts that encoded CD200R1 and

EXPERIMBSRAL dECATON shown). To date, the functions of
these additional receptors (CD200R2, R3 and R4) remain

uncl ear. However, it has been denpnstrated that CD200
Animalgn|GP290ndeice o canprodetci\bathesoltneos Rroatabien Iaesiesetlbed previously

(Hoek 6 2000F MIRe térebefody B FEPCRd 85 T8, P horRRE Rt -

gtagaag@%@&t@@e&m&agﬁ i r%vér@@ efrs'lg@céakgsaaagatg@cead@ﬂﬂaaga»shlbly enerate
NA I nterference (R wi th shorthairpin RNA (ShRNA).
QX%QA dedigt

PCR prv@cgﬁec?felr()ﬁf) dasop rf@re\éﬂqi B 04 A 450 bassetor 90 piges Animals
were ho;uggcf V\%I}dleﬁrg(? Ilte[ge % ﬁé} EI%WI IE:YO gﬁw &qldﬁmﬁl\w%s@ved for

as a constr at en mse uen

immund-t QR itank e, Wdich inghusld latﬁt@dlabémﬁagﬁﬁﬁrlcbﬂioﬁmsrv@eﬂh@gmangmg of cages
isolated fromw ld-ty evmththesecnstructs as
in a cleggspir C%l%nfttﬁéare%p*eyov@émgrste{ﬁﬂ (RIiqugsa dice HBOg bange were subjected

to hist ANSIdal Gl sSTeE AN @%?3 2o /%)o d t;

o Oﬁﬁﬁg&r% red v%/ltL eée exproelsps?ﬁ %DZOCOR % rg\)e 1§3

Merck, Dhemftadt Garnodnyd et dayd baids6 béforp sabnificdBifhe dhater asimal Care and Use
neit her Rl nor MgR rdm affected the expression of

Commifee dpEoved A RFBEGYPEHEr ent i at i on of ost eocl ast s.

Bone r;l'(ﬁgglta @y, these results confirnmed the proposed central
role for the CD200- CD200R axis in the fusion of '
Excisednfigonopiiergesbiastdd imXasy sgog a@ﬂXg?@r@gmﬁon %@y Corporation, Wheeling, IL) at

30 kv (575 Sekomne erayde SRR b ab EpdhulirBsu s e ¥

Compdiﬁpfdi?ﬂf‘gﬁf@Fﬁy oA fiferosealeqeiitdo€)f or the differentiation
of osteoclasts, and the regul ation of bone mass. Wile
The progijpalythaag fram Sgnenthnld mate GRAYR L#IEEPR00maPisp Mggresagerd with a microCT

scannerrt%tD SXRIEP 30 %9(? ), Eialé]see}(sd /88 tzerﬁ%hg({vﬂﬁl p) 64%3)1 ? 64$ thatrix and isotropic

acconpani e by strong and de novo e pressron
resolution of 9 um® with 12 um voxel size, three-dimensional trabecular measurements in the secondary

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, WI). Routine calibration was performed daily with a defined standard that contained
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CD200. Not only is the expression of CD200 abruptly
i nduced in fusing osteoclasts, but absence of CD200
WO pai08®2nst eocl ast ogenesi s, with a subsequent PCTIUR®a%ES0708

i n bone volunme and, hence, a ml|d form of

osteopetrosis. Qur analysis of the nunber of bone

mar r ow macr ophages/ ost eocl ast precursor cells as a

per cent a of . the to al nunber of bgne rrow cells,
hydrox Rn i AP RO MEr B MR EHICC sy We scanned 1-mim-
thick sli¥cERcated gOLEEAnEIGH3 e %ﬁgﬂm{:ﬁe@f&tﬁ Haes dﬁ@dl femoral metaphyses.

control the dlfferentlatpl on of” pre-nonocytes (Fum o
The voxgl size as agt,at 99 gnmaSpmsozverﬁ mlalezedamth a ZIWEfr@ prcfgam supplied by the

manufaét%?eé%i@ﬁ?%d l-?#élé)glr?slg fi é)nFa y &8 e?]%%t}rl(g FS)F]uraér%:)egers V\ﬁre ehstlrnated by Loop
analysi@I'Ehe8lb®Vv aﬁ(ﬁﬁhghnddﬂsﬁ? tHr&bld Retk gCRZA01 660 ek EOO@HeSpectlvely Separation
2000 is possible that frombone marrow are

of soft tifispg %!P’élrfbﬁ? autericdasph bpRoYas achigve ypR sPaoBT Pads |- tht;chl (high bone
g;p% ver
densﬁyf%englmeaggégﬁ : @&V h&){\é Jieﬁlbﬁ#)soo fL. T Qegafag&;ttg Oﬁi)pd%{ &E@e’cufap §ata using peel
mode 3C020ati edd calentlanb@e wansgiardied @tdbtaib ubmdalt datdeingeasdsal mode 1.
in nunbers of precursor cells. Both CD200 and CD200R,
Histomopphmetig cD4, the receptor for H'V, and |zumo (I noue
Tibiac ﬁ%m@D%O@ 0 915() CD@U@ - %Hﬁé FefURh Ok afRE G4 ﬁgfbde@ %{h‘aﬂ? s%ﬁes and embedded
F, a resenblance that suggests song€ commonalit
w1thouttd@ealmé"1chmn insnahyloetHacfylse,cn .wd desamlzhdtprcmous@eﬁhﬂoﬁ clral 1982).

. O-1.i ke prot hav identifi.ed in the .
Longitigipbetott Birrut VHhen Ao | MIAEHBEE BT RERYFT subigh blade (ung
Reicherfl GlhRAn oY mﬂ%ﬂl ARVA 96biohs Sore SHMRANVIRAYNIdiHS Bt épH 3.7) and subjected to

Her pesviruses, and Adenovi r uses (Chung et al.

static hlSt@@tOéph@unévaenaéysmalwhllwem thllvb ﬁ@ﬁl@eﬁ? wetermmprt@tﬂ wostaied, for dynamic

0Si sar
hlstomqgéﬁ}ogrée;ﬁ\r} grlljagyﬁls whi %fga fa&ﬁglﬁ{ancez%@? the growth plate
(including $itaBéculdt & aS), w&ﬁQﬂ)lma@ zﬁia'l}%[ﬁ s}ysteﬁﬂ(@k%ohﬁea@re Osteornetrlcs Atlanta,
cell-surface protein encoded by Myxoma virus Wi t

GA). Tép grﬁawr%a%ramm ipghpded the rb@n%ﬁ?lﬁ@ea@haavq evibe toty etmm(BV/TV) the rate
of bone%gna{tfon (EFL{%‘%}J W Qked 1E JCU%\&% RAQEN %gﬁgogsltg%lo%@ﬂﬁumber of

rus 1nt ropean ra meron et
osteocld‘s{tssper actp@rr'empﬂiqn pdomicherCBRO 6 Baihd); itticsnumealof bﬂn@jlmper active formation

ClLi t OORt dovvn r ul at e basophi
peﬂmetefrffh{/&g WS @SDE? ostenfs 9%&6 ¥ @p%é@? NBg
Reagemdl 41R, Foster- Cuevas, 2004; Cameron, 2005) function.

Hence, as m ght be the case for CD47, which is
RecomMDaIUInmgm@BAﬂ‘H%mdM €§Fezvm'odbkauhyl fivier BiSi) Sysierds Whxoorzpolis, MN). A

mouse {pfiflerb iy Aot Beea it oM R g T eRa L g ales direted agains

EMAOE at NEDLITRIRRrd AFBIRRSE idMdSdrétet eGeiph tNCRNA ffhhl antibod
motse cel | sa Wi | e therC%OO CD200R aXFSHEI ?:113\%431 anﬁl nr%):ogfct ory ety

directed agagnst thetihigaceHwranéonsais pé MF(R;.@/@s M echnr@VLouwlm(Ha@Lg?&OO) Rabbit

polyclona(a a%tlbon(ﬁ%sa @?eg?ﬁ%i a%v@n]st LPS3ItSOﬁ?Pc%§ la{tehd e[%a%@ et?%é aﬁ[%k@zgggq{KlQ JNK, and

mouse ﬁbﬂdﬁorﬁmﬁm’tlﬁdﬁ&s dirtéted epdihatlkBP-IfB ot BONKast:$.ob&imeerom Cell Signaling
(Bevelrlly,t M%)IS Abglgrrllocrl)orn% gl?tlbdody directed against mouse CD44 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 IgG 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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that the MFR/ Sl RPa- CD47 axi s plays an activating role
in the formation of osteoclasts, it is possible that

WO b@gestan axes work in tandemto secure the PCT/US2008/050708
differentiation of osteoclasts. Mce that |ack both
CD47 and CD200 m ght provide a nodel to answer this
guestion. In addition, we cannot exclude the

: ossibility that ' LIs,receptor_associate both :
conjug i Bitosssetin fBF Lol G T s PherMiFEEE BB RSk C drftinG s conjugated to
phycord e cLAR-FINSINA GnRas-Kiedoh @b d RO LI P66 YRRRAIEXit-APC; eBioscience, San

' I'ndeed, it will be of interest to deferm ne whether '
Diego, déuwn8eqondmysinghedsi angi-ias IadiZafconpmgeiedité FITHe wiy peigbiased from PharMingen.
Ao o e 3 e S A BB AP g oot wers s
with poly@syit B sulfeinfar Zeh &cdvoidithd Gfle¥ of et cAauidsin R mt®irc A

suggests possible cross-tal k between CD200R and RANK

Bone magreyn iAcEopitnges apdpeteeslasts hat whil e the absence of

0 I I- ' .
pons PRI iy 4010 1050 SSCL P PEPAATL I e e g 10 m
dishes andreditai@t én oviBRT @ ifef Tdcheolbgiss, GrandhbiindeNY ) isapplemented with 10% FBS in
macr ophages, |t I ns be determ ned whet her the
the prosgReoHad-toT! C) g?ﬁ@c@%ﬁf W@ﬂ@ﬂﬁbé@@%ﬁgaf Nog-agay. cells were
hawest%d]&dr@ﬁﬁhrerdﬁﬁﬁ{]m-ﬁ?ligg(?]ﬁé/ﬁﬂlfﬂ DU ARG atg%l(e) gﬁ)ﬁﬁé @Qﬁﬁg 8s before, for an

usi on machi nery 2005; Vignery,
additionbbg&hhétqatiog celteserk remsuglgadiattattat] cehe whadhwverertyrtthigrresistant acid-

cropha ion i nvolves nultiple and, possibly,.
phosph R AR (R B PN s Betimhsed B Ssdatist MR Rasts Ui et al., 2005).
To gendH0RsiEBASstAREE SR rRIUIAL nRurfoReMIRLPRPes BXthE FEBEAJY ARANKL (50 ng/ml)
domai n of CD200R bl ocked macr ophage fusion in vitro.

and M-GhE§30 apadorantd % (€' vy ddioner the gpernpenhigomla quifpegeafd 924 cells, in 96-
fforts.to prevent bone | . ver, even though
“@H’%gg?@8bﬁ%sI%BPﬁa%ﬁﬁf%?% é%gfié%ngﬁkﬁ%%els of CD200 and

Westerhoinganahsisf CD200 does not affect their
differentiation in vitro, we cannot exclude a possible

Cultured gelds wefe hepd drestly inHwaedcariuriag RAP 4 ibyfer @ap opdNagelyff md Tris, pH 7.5,
. ; . ' ; R ;
5 AT PO RLEIL ULl RS Tk, Rt
Molecubur [Hiodhehicatd) and pirodphatasd iakibeorskeElkEbil RERIbALa, SECTUiONMI). The lysates were
. imals. CD200 m ce were produced by honol ogous .
sonicatidh B SAHT GRS e £F rﬁ%r@memﬁ%de&g@t@ fo{0% denaturing or non-
denatur%%oag}yla&ﬂd% SRl $5eLPad Th¥ g%{'ankl VeROtrd MRt rfddz 'r']'llaiﬁocellulose

rwdrd prinmer 5' - gtagaagatccctgcatccatcag-3' a
membraney endblopkddmeith 5% dyg coblgadaBBat ggt ioadetcalov @ primhiycind secondary

I T T ST
ChemicdAPUS eNeaNfoR! K ) ahd EXRsIRlosk-ARifitel. Care facility,

under sterile cpnditlons reserved for immuno-def cient
Generatiopof ostepelasts ysingdwnzaghsrentihone majeewells f ood, as wel |

Bone m%frofvhc%ﬁg i é)-fto ?nge-ﬁld ¢D§?1(5}h%%(r11 @Wa%li%g %vte{reclggt%g?n 10 cm dishes
statlion using sterilie tecnni ques. ce ose pones

and culti@sdein SUMIESL @slemented with 10% FBS in the presence of M-CSF (10 ng/m; 10’

cells/10-cm dish) for 12-18 h. 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 precursor cells. To generate osteoclasts, 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 L929 cells, in 96-well, 24-
18



to hi stonorphonetric analysis received two i.p.

i njections of calcein (3 ug/g body weight; Merck,
w@aooa®s®elt , Germany) on days 1 and 6 before sar€T/Ub2968/050708

The Yale Aninmal Care and Use Committee approved al

experiments. Bone radi ography Excised fenmurs were

subjected to X-ray using a MX-20 (Faxitron X-ray

well, org R Blies at s detieal B gtelf eepo aif M PPYEYS Srcorpblike
multinueRARH ek W&I@Qﬁ%ﬁ QM IﬁlC[@lP\Kl&‘F gﬁﬂ)ﬁctém&ﬁlﬁ’t@ﬁﬂorﬂfﬁ%mtry

proxi mal tibiae from 6-nonth
Osteoblappaixaline ph@ﬁ@h\mse (AtBnhassdy Wikihkonilera®n ot ehANGY)

Bone s 508y R aT PPy CRRE AL S e oo PR Pl et

plates (S t10° dels Bl @x@bulfiré®in - Mm-ﬁpmsmemhmtm%opml 5 pg/ml
neasurenents in the secondary spongl osa wer e

ascorbigjpqigckQ M %glmf:@ph@w@my i peg changedeveqy 3 dm)@}ld the cells
were culfgi fgﬁg gﬁ% c%ll?%%égﬁﬁé bbi¥e WaR 196%1 3@ g?@gdgd %Cc'raped into 10 mM

escr | f evi ous i ca et
Tns-H(ﬂ&bhiﬁhﬁﬂi@I mOM MGl atid ©.65%0ngituh &G 1000 pbios. 2p Ayl (p&Xesd were briefly
trat ec scannper .nodel XCT 960M ( Nor.l and Medi ca
sonicat léFrﬁ terptyiorcypler PhEgs7InaAnd thawing; qecatﬁ b ?%P@Fﬁ%were
f
i B NE Gt Ry RSt 3 X O oy
mstructmnowncﬂladtduycdmmtwmbnwm|d©wlrmﬁmpdtae¢mdm‘g\¢o Bcalfordd

MinerafF DATE S5 1965 L o SagtngbCaf & 2(50536ma|

met aphyses. The voxel size was set at 0.15 nm Scans

Bone m‘éﬁb@z ANgkyhes t&"'St\Dk elds@b&w Gnd @b@m &%g%érsgla*?éﬁ g'ﬁ-well
manuf act ur er CE, version 5.1 Bone density an

plates () adﬁ%tallsdwq:iaraadeularrsd vxe«r-é/IEMtSIupplbaﬂntbgi withol?a FBBy $0 sg/ml

ascorbiq iR e 0 0P PR BEet 1Ny IO MDY B PRACLEE £ 100 ngim

treptorhy &S Y@ ft&)0 M EIEm QkHs RhaRRAQ 3b MRATHAENIS8VRE ciBirBPfor 11
Srepoc%ntour &Dde . Cbrtlgﬁ%g(ﬁggh %ﬁﬁe denS|t;) ana o

days. Atilbensiofdhe Qultwv: lsehewdiesrsict yyithoidie fqmraén/gelp@ra@ﬂédmed for

trab ar d Si e tica

calciun PRl og S hBiner & EulfS PO B RRR BT BetiieaPhorsbaya e
numberdFinBGuleOpdrivedl wid@eorlied.H st onor phonetry Ti bi ae from

CD200+/ + and CD200 m ce were dehydrated in a graded

et hanol series and enbedded w t hout decalcification in

met hyl met hacryl ate, as we descri bed previously (Baron

et al, 1982). Longitudinal sections were cut with an

Autocut (tm) mcrotone with a tungsten carbi de bl ade

(Jung, Reichert, Germany). Four-umthick sections were

stained with toluidine blue (pH 3.7) and subjected to

static histonorphonetric analysis; while 8-umthick
Flow C Fct%ons wer e nmount ed, unstai ned, for dynam c

N §?%ﬁ%rphonetr|c anaIyS|s mhlch was performed at a
constant distance fromthe gromh plate

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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(i ncluding trabecul ar bone), with an i mage anal ysis

system (Ost eoneasure(tm; Osteonetries, Atlanta, GA).
wab@semsur ed paraneters included the bone vol BEEUS2008/050708

relative to the total volume (BV/TV); the rate of bone

formati on (BFR/ BV), which takes into account the

m neral apposition rate; the nunber of osteoclasts per

Reverssglia@\é(gﬂllétggg{, %i,,%g%@%'@{{]fe%%m 0 %%gg;ﬁht et he nunber of

(N.Qo/B.Pm); and the osteoid volune relative to bone

rout RAPLAGCLENLEN BRI, FRE DA TS EAN o e

instructN) .Fidt-sromsde Divh oab Sﬁﬂhesw&ﬁlubmg)l 1 ofabt edaldRPeAnsd Mcdbney
%ﬁ 0.and rat nonocl onal nt| bodi egog ected agai fll

murine [ouRemia BSOS t@ﬂ%&ﬁ-@% ST PRRRDE f8?ﬁt§é‘ﬁ éecas oliows:

GAPDH RawatdBi-ANAccéareiaat gnefrrentd Bodyydid ect ed agai nst

he intracellular domain of MFR was publ i shed
GTGGBT@AC@@QQAT%EA&GO@HGYM tizppiogedton P8 hases; VAR Sorward, 5'-

CAGe B A B e AT LB R S KO R NGty gorine o

size produasteﬁ‘tze@ b@@@ 0BL00, KBsward,| X B GIaGPGNEC 0 GE A0bG AN dreverse, 5'-
m Cel | inal i ng (Beverl y,. MA). A nonocl onal
TACT%G@@J@MGE@ A&d?ag%neh%tngmwr@bm o’ brseni(AROR dayward,

-AGG%QE@%W?@C @Ky %@m“%bc&é@&é%@@%&ngﬁﬂmmc-

ed agai nst was pur chas
3', geneNaings theqim@lot af $03 baszes. KdriGD2RANCDCOYR 3 blod €E280R $ hwe used the

) ro se-conjugated F(ab') directed agai nst rabbit
prlmerszﬂ%cr%gi) RSt ?)]uﬁ%ﬂﬁ?é%ed from Jackson
ImTunoResearch (West Grove, PA). Rat anti- m)use

Ampliﬁggt?oﬁf\k//ggg@érao?%gi P%?i Sﬁcﬁgsdw]tﬂ?h fl n%%ﬁ rg%é fl)éyélg %Jatsl ggddt 94C

for 30 s( m EorBD‘ECandWZG’ @ir 4Bhan MSﬂgﬁlﬁeaoﬁaﬁ nﬁkﬁg@conﬁﬁmg 0.5 ul of each
i -c-fms conjugat ed todglﬁ)core thrin ﬁc fns- E) nd
o

DNA, S OkFichgBipight 88Mod Rolpmerapgdnvitrogen,
Carlsbafl E@R? CAﬁ@Fﬁn&lﬁ%&tl& %ggxtl gd@é“%ch I@Q&Bﬂ%&b{n@%ﬁ Rﬂ)g%’:ted to

I -rat a conjug o FI'TC was purc from
electropﬁbeaSthge Hlnalﬁeld ogupifhiagsrosmgelr agbands Vf?e:lfe visuglsagd by ethidium

cul ture re endot x1 -free. _Sone .bone.mar
bromideppiaine, gid A"y ) . BORT AN GV HLC R S SR the
1llum1né9d«f Qhlcrephd eehs V%frsufs ltea B HQh ¥l ctioW whPmbd@AdB Kedak ID5
Bone marrow macr ophages and osteocl asts Bone marrow

softwaregel | s from six- to twel ve-week-ol d CD200 and CD200+/ +
mce were pl ated in 10 cmdishes and cultured in a-NVEM

GenersfopipT {isaraaie carppaedimed Gha Wb Db Bi0r ;

(sCD200Re) s/ 10cm d| sh) for 12-18 h. Non-adherent ceI l's were
harvested and cultured with MCSF (30 ng/m) in 10 cm
The exticetear, damain heCHIAL anié FHIZOQR aens ifigd fifoor sphgnocyte cDNA by RT-

per. o kit mite’ GRPBR RS R Co SRAGCETRER, ™™

CAAGBGGANGBQEIGSECOTS] Riweese( IRAP+) macr 0phages vere used
as ost eocl ast grecursors (L| et al 2005 To

CGGGYEREFATTC6 AABACGRAM TG ED HoP200Rak prosvard: 5°-
cCCAABETIRRAYRT PAATRR A RPOAGA CAARNKLGAAE BIR Arse: 5°-

CGGGATCCCG GTATGGAATATATGGTCGTAATGATTG-3’. PCR products were
subcloned into pSectag/Hygro vector (Invitrogen, Carlsbad, CA) HindIIl and BamHI sites. The
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and MCSF (30 ng/m) or a 30% (v/v) dilution of the

supernatant froma culture of L929 cells, in 96- well,
WQ2e08@849020r 60 nmm di shes at a density of 0.5 xPQD6S2008/050708

cells/m. Western blotting analysis Cultured cells

were |ysed directly in non-denaturing Rl PA buffer (150

nmM NaCl, 20 mM Tris, pH 7. 5 1%NP4O 5 m\/IEDTA)

seauen B0 SRt b2 B ST R copone and

sCD20(OSRBRIAS & chethinBict @H $nt6 2081 3kllls, énd RipdRtanBlvab-RMvSsted 4 days
e |l ysates were sonicated, and the equival ent of

after tramgw&bm eld200ennd a@@?@&mote@me ontifedbyl DGNTA agarose beads

(Qlagenl%gl eﬁlléllrall_ﬁg) Ibenfo naﬁ eﬂl\?é? 8% g@gg@¢gapgmgﬁge p?oqgmsr Wis dla[ysed
against Mk IPBSQ%iﬂngIQ&EATHSf@&f @nese)2did sidrligk@dsing b 10.22%msls d%ﬂ'gdﬂ‘{ter
ar

in T-PBS, and incubated with primary and secon

Short haippin BN A inteeferanep (ShRNAD Fi nal | y, menbranes were
We gengg?&bs%eﬁ%%%ﬁklrkw ?srhﬁll\g@)?th Sﬁgl { %(OOR%X%?@%%OQB?@C%&mphfymg

U6-ZeoCarghRN Aiorectol usiag elmﬂoaSngtmnms nmmveasiam érentd Ibmmer 5’-
rrow cells Bon rro eII rom6- to 8-wk
gaAG I %@C&%@Tﬁ dinder @meake%fs dRnote Bgh aqsgrw@gn site);
Reverseal?}gm d-in "-MEM suppl emented with 10% FBS in the
sence of MCSF (10 ng/m 107 cells/ 10-cmdish) for
gGAAEZEc%BAAAAW@MPCehTT serirg” @&ﬁ"ﬁTt&dﬁﬁ%@dGMTATf GAATATA

on G PR R AR Pt o s R i

for SHF$0ating cells were renoved and attached cells were
used as osteoclast precursor cells. To generate

gGAATIG b AdtIS : bbhe Usair 6w Atk ophbagés! vier e ACANT e 4 A CTHTG
aren R TR g B B PR PRI GE A R e

for SH¥%'om a cul ture of L929 cel |l s in 96-well, 24-well, or
60 mm di shes at a density 4 x 105 ceI ls/cm 2
EGAA RGP A VEC 651 Botl AdtT AT GO MG S AT TATTATCC

ATGT Q(VT ﬁ“ﬂ ARDY, @Té@?rﬂGﬁ%t GOE@ StW(ETﬁéqJTWAR -3’: Reverse primer

i st om)rp onetry al'I'ne phosphatase
for scramldR)onares &y (M ki hi ko Morinobu et al, 2005) Bone

marrow, ¢ells from 6- Lo 8-wk-0l d CD200 and %3200+/+
g—TpEifeA%g\éGAA HHatéd Fn 245 Pl Ates (B X 106 CAAALTUAGALTAS
cogebhel/veld ) vand et G NCEGTET T?CNEWC@N@M%” (‘Ml&é}hne letters

“10% FBS, 50 rTg/ m ascorbic acid,
denote Ec@l}rcﬂnctpimsstprfalt S 1 NBdR, B Ivars! wl"mtg@)d R§WReprpdgetel ayess subcloned

. . | | t d. f nIh .
imo MiERRULES i o SpEet eSp Vs R iR 4p S % it by Rifoviruses
were geﬁéﬂaﬁe‘dw traQRCAMNEHIN R BMtMafS! igtoamRG R PRk dgihd 6811 Ml Mouse

2. Cell lysates were briefly sonicated on ice
bone- mafr@@rdetlmi mgePplages werceleanisdiered mdth AN A for 8rdugu dtdaypafter

replatln%élgg ?@e&%ﬁic%l(l%elrn?ec%e%é{eﬁg%v%ge O AIIPEII@(F I | %Io e 1%16d1urn supplemented

accor

with 30muf WICCSF et ¢righn Ihfeutidr @ﬂﬁimeaa;dwag ot 15-60%; end wat moRitored by
was determ ned according to Bradford.
GFP expression under U.V light. Infected cells were treated with 100 ng/ml RANKL for 3 days,

and TRAP-positive osteoclasts were recorded.
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M neralized nodule formati on assay (M ki hi ko Mori nobu
et al, 2005) Bone marrow cells from6- to 8-wk-old
w@DReosmerl CD200+/ + mice were plated in 24-wel PCHUS06$050708
(5 x 106 cells/well) and cultured in -MEM suppl enent ed
with 10% FBS, 50 ng/m ascorbic acid, 10 nM
b- gl ycerophosphate, and antibiotics (100 UWm
...penicillin G 100 ng/m streptomycin sulfate). Medium
Statm‘é@?“& dRged every 3 days, and the cells were cul tured
Statlstld‘aﬁgr % ﬂtﬁﬁﬁdlfﬁtenéé%%n‘?di% RberdifigntelUrbisSyers %Mlﬁat&‘@f)f the analysis of
fixed wwth 10% formalin/saline and stained for cal cium
varianced ar, ell98é)arTh¢ sigrdfi@ncspfymaan Srangesuias detdrininad tiyceninphiged Student’s two-
tailed -0 Fan msfd oene nrgdul es he n 8‘6 r of nodul es per
wak| § SRR, " H= @”fgﬁé)try II's were stained
wth the first antibody, incubated for 30 mn on ice,
and washed twi ce with washing buffer (5% FCS/ PBS). The
Referengesondary anti body was added, and the cells were
n N i ge. uRat;i
maron, KSHBRL £ 630, S0 A0 S SHEE MPRLREIORD, gLy
of unduasloifivd tout fescirhars meamabmsmommmz chin\Baac per f or ned
using a FACS Calibur (BD Bi oscience, Franklin La

Hlstowsphﬂgx?gws?éethmw HERBYPYmBREekeh diM F.r%%&frse FRC
press(fL: BRI RJGh AL Mgas extracted in Tri zol
I nvitrogen, Carlsbad, CA) according to manufacturer
|nstruct| on. First-strand cDNA was synt hesi zed using 1

t ot nd Mol oney nurine |.eukem a virus
vignery &, Shadrefirtsabd eiogt B MRS IR P HRGE Np Bl SGhs
2000. \Aﬁl&ej 8p Mk PVE:293A8tH for ward,
- AAA TCACCATCTTCCA -3'; reverse, 5'-
GTGGTTCACACCCATCACAA 3 gener ating a size pr oduct of

vignerd 30 USSR S B e A R B TR BT A

2005.91 Egp. et aop: 3¥7-2408 bases; CD200 forvvard
5' - AGTGGTGACCCAGGATGAA-S'; reverse, 5'-
TACTATGGGECTGTACATAG 3', generating a size product of

Vlgnery?’ £Y A@@%%W &%d cancer gells ep0551ble partners? 2005. Trends

Cell Bldﬂ 1T CECTRCACCTTAGTCACAGTATCG- 3", generating a size
product of 103 bases. For CD200R2, CD200R3 and
CD200R4, we used the primers described by Voehringer
Hernan&dz, ﬁlD , {18804, L AMPlvbifsat o6 Was wRtd ?erﬁﬁ cgﬂlatgtfscell cell
cycles’wthin a Il near range.” Each cycle was set at
fusion. 9290. Amnu 3Res CeBIRVE Brol3R:677-amid Regwf or 40 s in a
50-m reaction mxture containing 0.5 nl of each cDNA,
200 nM of each priner, 0.2 mM of dNTP, and 1U Taq DNA
DalgleifiR|AVGE BRS e, |PnV¢lhfSI%@'B Ganksag,, delaves AL, @hd Weiss, R. The CD4

arrpl ification, 30 m of each reaction mxture was
(T4) antjgdy) isen @sjsetl‘@al component of the receptor for the AIDS retrovirus. 1984. Nature

(London) 312:763-767.

Klatzmann, D., Champagne, E., Chamaret, S., Grust, J., Guetard, D., Hercent, T., Gluckmann,
J.C., and Montagnier, L. T-lymphocyte T4 molecule behaves as the receptor for human

retrovirus LAV. 1984, Nature (London). 312:767-768.
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el ectrophoresis to be anal yzed on 1.2% agar ose gel.
The bands were visualized by ethidium brom de

wWee@BM089922 and scanned by digital camera. For PCT/US2008/050708
sem -quantitative PCR study, the illum nant val ue of
CD200 bands versus GAPDH internal controls was
nmeasured by Kodak | D5 software. Ceneration of the

Saginarg 0N SEDBOORE) HHE cit FEEEAUPRA (o PR BT gD olccule

spec1ﬁ&8 @us@%@l@&o}ﬁﬁa?ge@ Mpdgf irede. INRIM &l SBIOCKIAY G DDA (Y2214
CR using following primers: CD200 Forward,

CCOA\AGCTTGGG CAAGTGGAAGTIGGTGACCC- 3' ; Reverse, 5

o SISO ORI .

V1gner§RAV EVIBR; a putati@FLabdtoldediating the fusion of macrophages. 1998. Mol.
ATGGAATATATGGTCGTAATGATTG S' . PCR products were

Cell Bl%lub%l@ﬂuééz?-%t o pSectag/ Hygro vector (Invitrogen,
Carlsbad, CA) H ndlll and BanmH sites. Thesequence of
t he recorrbi nant DNA was verified by sequenci ng.
Han, XSSteulhligemDm YsGaz2hagy, @nBreaDI0 0 REraiensW, UCtisndiesre F. P., and
cted into 293T cel]s, and supe nt was

t
Vignery, %\? 3@95&9 ligand jar MFRe parfiFipaics ébmaﬁﬁph%g%@gb%u%%&on 2000. J.

Biol. CMR@@@O}@@@S were purified by N -NTA agarose
ds (Q agen, Valencia, CA). The final elution of

sCDZOOe and sCD200Re proteins was di al ysed agai nst [|x

Minas, E:gmgijl{};%lgéé, Sﬁ &Qh%ﬁ@r()kp%ﬁ ?:iﬁpé(?rr}g‘ieﬁe}cgl ln{o%ee glarlil?llls?gmyeloid
cell inhibMo8y §igh2Nne60d SIYRNALY. IMgngenekatigdzphort hai rpin RNAs
(shRNA) to silence CD200R expression by PCR anplifying

U6- Zeoci n- shRNAI vector using the follow ng priners:

Sterling, B SHeBRi0 T AL RO pansyt Rraentsape Sysion of

macropB&Ret ®IBAJ. IdclIrBist 4383 PR4Bi te); Reverse prinmer for SH
5~

gGAATTCc AAAAAAACCAATCATTACGACCATATATTCCATACCAATATGGAAT

A T : >
. IR LD b TP Gl S T
domain. 0@0D44@arﬁ’ﬁ6@s @hd fuXioh ¥f mAcfophiged 00d. XXoxd L TCAPI-GLE] C

LC COTG G CAGH G GGAGEC CX

AGTCGACGGTGITTCGTCCTTTCCACAA-S' ; Reverse priner for
SH3 5' - gGAATTCcAAAAAALG CAGTA TFLAI X ACA FGGL AA

Arai, F. FW%@‘AE:]'O%H&Q b. IIﬁ‘!L(B', T., Sudo, T., Brasel, K., Miyata, T., Anderson D.M.,

and Suda T. Commitment and differentiation of osteoclast precursor cells by the sequential

expression of c-Fms and receptor activator of nuclear factor kappaB (RANK) receptors. 1999.

J. Exp. Med. 190:1741-1754.

Jimi E., Aoki, K., Saito, H., D'Acquisto, F., May, M.J., Nakamura, 1., Sudo, T., Kojima, T.,
Okamoto, F., Fukushima, H., Okabe, K., Ohya, K., and Ghosh, S. Selective inhibition of NF-
kappa B blocks osteoclastogenesis and prevents inflammatory bone destruction in vivo. 2004.

Nat. Med. 10:617-624.
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ATGTGATTAATACTGCCTTGTCGACGGTGITTCGTCCTTTCCACAA- S'

Reverse prinmer for scranble control 5'- gGAATTCcAAAAAN
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While osteoclasts and giant cells have long been recognized, the molecular mechanism by which their

mononucleated precursors adhere and fuse with each other, a key step in their differentiation, remains
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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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79:126 makanmyps) and nultiple nyel oma also attack the
skel eton. There are four major targets for therapeutic

i ntervention agai nst bone netastases: (A) the tunor

The 1nv%1§ft10n th%:re?orrg %{08 R grua% m éh%S 0%? Z:?tgls ;ate pg Lgﬁtg fttl(f gl%g{] %ell tbsnor

resor the activrty o
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tunor cells thensel ves. Targeting osteoclasts fo
which repocitie macmophags(ssicegiest rEpquAtE s¢1ls andapwhtinpelcased atpoclast-like giant colls

1nﬁltrattE ?@Pﬂﬁ%ﬁ?@@f?&t ocdhi Aot 08k ﬁLs%%@, RucHRYih 8H utblus Nirfi@ Brlgln 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 lineage with themselves and with tumor cells.
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for established bone netastases are palliative. They

effectively reduce netastases and i nprove patient
waeeaBigy2ndf |ife, but they do not increase surRCT/HE2008/50708

now al so appreciate that nost types of cancer

treatment cause bone loss, and that a major norbidity

in patients with bone netastases is intractable

G i e e e B S B P RS  ohysis of o bones
Rarely, SCE B SHigindeheH@ARcod Bifes MM GhNtd BYBnPGAT b8 &S & Anusual, and often
CQui se. Skel etal Metastases: Decreasing Tunor Burden by

behave ﬁaang@ﬂolﬁgt mpyeneBrae e leg memaged by vengery. Marerratelyo fGCT may exhibit a much
numeaCElk%J % tochemstry 102: 1333-1342 (2007) Foreign

3§§§y SP R8T 1 Ml ti nucl eat ed gi ant cells have |ong

been regarded as hal |l mark histol ogi cal features of

chronic inflammation arising fromthe persistent
Regulatijieslyisinn of graciophegeyio picypidheypnmatien ofgipmtcicl tymnors is essential.

pat hogens or ot herw se undefined etiol ogi cal agents.

They are fornmed from bl ood nonocyt e-deri ved
Referengacr ophagemacr ophage fusion in the chronic

by a _nmechanismthat is as

i.nf | ammat etti
Skubitz s S i § ‘i/lg'Fué‘i‘QSQlf i OB SO TP A RaP NG o chemotherapy.
Bkﬂjcgﬂ&gﬁuﬁ;§£Vl W@K@W) foreign body giant cell formation
on i nplanted bronmaterials is associated with nateri al
degradatlon and bi onedi cal device failure and is

A cornHO lslrpgﬁgcgﬁ?@?lg (#J E@Slg\laél gllil gn%fo&igﬁ?sggf&a%(}‘(&/{%ﬁﬁg&g ragomst an antagonist, a

CD200Bagid AbthBApé Rl Ma@fvaliRELAMRAISS frhSnBHieNA ﬁbﬁrorh&@s the activation of the
deleterlous effects of giant cells on inplanted

pathwaij@pfrﬂteéq:pegtl@ usen thedeviposisionsymay he gd@émsﬁ:m@ ipgny conventional dosage form in

ay co AR OTORSTAL e FSGH l FELPLE TP s enousy
intramub Q11478 ls@Ebu@)thuﬂil}t Snt?&?ﬁd;kﬁﬁ@ ol ihageYibashRlly, transdermally, orally,
wi t hparticipation of the endgplasmc reticul um

toplcall}zfabby inhelutian. ke pwbirecduneges P&ﬁ%}%ﬁsﬂtw anexgal angggfravenous.
The corﬁﬁ&@t@nsﬂi‘a B RTh s R J‘(ﬁ{eecerﬁ @0185191\!1 ?fﬁ?ﬂtﬁ %HJu@aﬁE tiP8hnance stability of

treati g a patient mnth I ant
the inhibdds, facihitite édﬁ’fiﬁ)stﬂaflorboﬁlﬁwrmhmtlk nmw&posaﬁomsfoeﬁM1%ﬂmnﬁn certain
IS a prijary ost Iytlc bone neopl asmin whi.ch
cmbodiFsR§CRROY e iR 5p § BT ISTSIOE dRivase inheRifqry agthty, provide adjunct

thelrapy”yddt th@ Hed ‘ﬁ‘&lﬁ‘ﬂn%%%h%@ cdeRRlingrbiiendl ARLafiSdoisly Nuch 1'cf)l‘ﬁt)f?latlon therapies

the tunor | so occur Tn non osseous tissues, such
utilize lawelr dosties afittler mveﬁ]thmabthp]gpcutws tB@Tavosding [Qmsvhiue tobu;nty and adverse side

b d, t ..
effects fo et TR B8 fe i Used 3t PP AR ER e ThE Phe R R Compositions may

be phystdafly coRbREH MG the coriveiBdnd) BRPpRRESWriiRY alifdeintSHalo a single
originate fromthe fusion of cells that belong to the

phaﬂnamalquQMm@phd\‘ga@tagpw&g éhaganpasihions alay skendrecadpinistered together in a
single dogag%}% efgrgx"? l/ ) so mbod?r%grﬁl ltMe Fl? Og%el}l?ggll co %ﬁSlthnS c%ngl%n51ng such
combin@fiors @f @orhpb@ﬁ@nsl%ahahyat 164T atsorun 590, bat rﬁ@ﬂe@r&brablgt dtdeast about 20%, of a

osseous_sites. Metastases from GCT of bone are
composifHiisH4Y) Oh gorglplfl@tllpn 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 (either serially or in parallel). Separate dosing allows for greater

flexibility in the dosing regime.
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behave in an indol ent manner that can be managed by

surgery. More rarely, GCT may exhibit a nuch nore
w@oyses®eye phenotype. Regul ating fusion of nERCOPRAGEES0708

to prevent the formation of giant cell tunors is

essential. Reference: Skubitz KM Mnivel JC @G ant

cell tunor of the uterus: case report and response to
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t herapeutic use, the conpositipns e.adm ni st ered
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powdersgrpue aneperiop andfranadgrrigl paiph yMefipds frrpsersping such dosage forms are

I bV oy BT Vi | i call

koo PSRRI L BFSITH TR R4 g G003 P an D
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nd o0 SHIR 28 Al GHASTRER keSS RS 0 g o s
1-1000 diggdost dieri 20T log padiesp et Bhagh onndpease dayhalpibe enfficient, up to 5 doses per day

activit rovi de adj.uonct therapy, and the |ike. . .
may be Bciy ot grebien. Wb EO0 il Bh et atpe S arisan wil
apprecite Clowe PHRi PRdrid8estB) Bicqirdl ddpbBding BMBEtEERABRRrOS For instance, specific

t he conventional therapeutics, thus avoiding possible
dosage prgkiredtmgntaagineey ilé deprind endadterstsych arcthe pateenivk generd disath profile, the
severity?%lﬁgctgi{s? irog F]hgesp%‘g)ell?t% éﬁrsg)géetg :gg rgl[asslgseltz%n nté?rﬁeéog %8 eCJi {e@énrlénk% eog the treating
physici@@nventi onal therapeutics or other adjuvants into a

si ngl e pharmaceuti cal conposition. Advantageously, the

conpositions may then be adm ni stered together in a

singl e dosage form In sone enbodi nents, the

phar maceuti cal conpositions conprising such

conmbi nations of conpositions contain at |east about

5% but nore preferably at |east about 20% of a

conmposition (ww or a conbination thereof. The

opti mum percentage (ww) of a conposition of the

invention may vary and is within the purview of those

skilled in the art. Alternatively, the conpositions

may be administered separately (either serially or in

paral l el ). Separate dosing allows for greater

flexibility in the dosing reginme.As nenti oned above,

dosage forns of the conpositions described herein

i ncl ude pharmaceutically acceptable carriers and

adj uvants known to those of ordinary skill in the art.

These carriers and adjuvants include, for exanple, ion

exchangers, alum na, alum num stearate, |ecithin,

serum proteins, buffer substances, water, salts or

el ectrol ytes and cel | ul ose-based substances. Preferred

dosage forns
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i nclude, tablet, capsule, caplet, liquid, solution,
suspensi on, emul sion, | ozenges, syrup, reconstitutable
wW@odes902yr anul e, suppository and transder nal PEE/TR2008/050708

Met hods for preparing such dosage forns are known

(see, for exanple, H C. Ansel and N. G Popovish

Phar maceuti cal Dosage Fornms and Drug Delivery Systens,

th ed., Lea and Febiger (1990)). Dosage |evels and

equi rements are wellrecognized in the art and may be

sel ected by those of ordinary skill in the art from

avai | abl e net hods and techni ques suitable for a
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whereir, A A ATHEC Boad i Ga e Bt CPRfPrRRRATS 5
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/day may be required. As the skilled artisan wil|
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adminiigHngse AyaHEH th@ragqmléal\]m@f&ﬁ:tlﬁ@ Appeuiiy @iefhcapeutic composition according
to clain] EHARHAL aRG dn\fﬁto?%ljﬂ@@ agg)?tgpeo@@fﬁpma tbn dP aﬁ%hagéjdyoerccording to claim 3.

treating disease or condition chosen From

ost eoporosi s, Paget's di sease, netastatic cancers

5. The rﬁ%ﬁé@ %102@} gg qugléiggggvhlsfeilgglﬁaﬂeg%dc\ﬂﬁﬁigp 1f:‘ll(l)orsen from osteoporosis, Paget’s
discase Btkdst BMLL REREOERRL:, ARl SmbBARY Rndl RYAL h}é@qn%ﬁfaeﬁlhltﬁﬁ@myeloma and

giant cell tunor the ne#hod conprising adm ni stering
chronictioflanpatorersspenst hemapanittiowl | y ef f ecti ve anount of a

bi ot herapeutic conposition according to claimlwhich

is an agoni st of CD200 and its receptor interaction or

6. A me@lﬁbda(ﬁttfe*aﬁﬂ%’ dRE4E¢ ssbdatk® withdieHrrdliz&l bohB@osIBhB @fthod comprising
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to clain{:rre l{)vgl?crh’ inPb{is Fﬁ&gp é’hacliq it fegﬁ%tgg %aatrccﬁ}%ﬁlso’r ah %ﬁ@ﬁ)og%%‘é’%ﬁiﬁlg to claim 2.

noma, mu nye rontc i
response to inplantations. 6. A nethod of treating

di seases associ ated with generalized bone |oss, the )
7. The methpd accostipg foas¢lpign 6 wherein the diseases are chosen from osteoporosis, theumatoid

arthritis and periodontal disease.
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adm nistering to a patient a therapeutically effective

anount of a biotherapeutic conposition according to
w@b@ssdhi ch i nhi bits CD200 and its receptor PCT/US2008/050708

interaction or an anti body according to claim2. 7.

The met hod according to claim®6 wherein the di seases

are chosen from osteoporosis, rheumatoid arthritis and

er nt di sease, A nmethod to i | fy a.co ound
8. A i TR ¢ SoRRo BRBi WOBr epBoB g 110 S SRR i @ ol
compnﬁn%?h confRARE b M Yith(alputfRREEGN4BS @nfRuhd, VWﬁe!?elﬁ the cell includes a
ative regul atory conpound, wherein the ce
CD200 |am1: ityresptar BORGG 2ad d2) Etssessmg ¢ipt drilifyrogthei putatmdegtﬂatory compound to

. ... ASSEsSsin s he putative regul atory
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