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I nvention 5 The present invention relates to pol ypeptides

whi ch are involved in osteoclast differentiation. Mre particul arly,
the invention relates to osteoprotegerin bi ndi ng proteins, nucleic

aci ds encodi ng the proteins, expression vectors and host cells for
production of the 1OSHESMRROTEGERIN. (B INDING RRAIVEINEoAIDSRECBRATOAAd net hods
for the treatnment of bone di seases, such as ost eoporosi s, bone | oss
fromarthritis, Paget's di sease, and hypercal cem a, are al so descri bed.
The invention also relates to receptors for 15 osteoprotegerin binding

proteins and mghods §Adehe 1§9BRESLLI Ons for the treatnent of bone
di seases u5|ng the recepiors. Background of the Invention 20
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bone | eads ragduceds bope, fress gggesgﬁgg Es i gargased risk of
fractures, and ow or 1nconplete repalr 1 bones.
osteopor051s, bone loss from arthritis, Paget’s

disease, and hypercalcemia, are also described.
The invention also relates to receptors for
15 osteoprotegerin binding proteins and methods and
compositions for the treatment of bone diseases using

the receptors.

Background of the Invention
20 Living bone tissue exhibits a dynamic

equilibrium between deposition and resorption of bone.
These processes are mediated primarily by two cell
types: osteoblasts, which secrete molecules that
comprise the organic matrix of bone; and osteoclasts,

25 which promote dissolution of the bone matrix and
solubilization of bone salts. In young individuals
with growing bone, the rate of bone deposition exceeds
the rate of bone resorption, while in older individuals
the rate of resorption can exceed deposition. 1In the

30 latter situation, the increased breakdown of bone leads
to reduced bone mass and strength, increased risk of
fractures, and slow or incomplete repair of broken
bones.
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-2- Ost eocl asts are | arge phagocytic mut i nucl eat ed
cel I's whi chwar #s/46t81med from hemat opoi eti c precursor cel |l ectoségn@sgyone
marrow. Al t hough the grow h and formation of mature functional
osteoclasts 5 is not well understood, it is thought that osteoclasts
mature al ong the nonocyte/ macrophage cell |ineage in response to
exposure to various growth-pronoting factors. Early devel opnent of
bone marrow precursor Os@bbglatst;sreasié(axiqastmlaq@cmd: eved to nedi at ed

by 10 sol ubl e fagtEfsy, YEQ @i N%E[?' Qzﬁ‘irc%s' ee:tﬁ’_g}rgﬂ eff_clm h?r‘\itgn{é\{figglc

tunor necrosis factor-[err
i nterl euki n-4 (IlEr%?urFﬁFeFP 4R ANG té'llel_b@)ﬂe awrrow. |Alikeodahiwiebitory

factor (LIF). ESWEHT 8nd formB&@%%I%Qch@ﬂdié”fhﬁé¥iBK%1rbéi@b&i%?@gce of
added 15 m rop age col OE% sti_nual ting factor 5!\4 . ese actors

act primarily int2altPy ¥BpsuBAesstend adt is £ OHeLP MRS Vement
of pol ypeptide fmstwers abong ther ﬁbﬂ@by&b&gﬁ%r@pr&&}@%mtliﬂi@élm has

par at hyr of d hor eSSt Tt F &L SEbERETRO H e iR ST oW SERAARGERS
ost eocl asts and ﬁatratonalmEanﬂy Hasellbpment ofpasirie nﬁﬁm ,pﬁédﬂ'&ﬁk&t@h to a
| esser extent. |, epjide t.er med
ost eopr ot egerl n (CPG t%agrggﬁgggg_%%%egﬁe %ﬁ %gleonegatnlfev %%éf}f at ed
formation ofOostekebbestantersr such agndumervines riesdes cfc&cmmedz and

gg/ %gdbzg s f| I eda@ept #ﬁ %Qgégég 7§§828L§/3 ﬁ&?nﬁ? E%Ee%eégﬁ%gr

20, 1996, hereby 1%t¥))rpo%%t—é§1§ykmféréiﬁbe‘l)andnﬁermkulmﬂ i Cii6n Nmd
W06/ 26271) .  ORGultan®y | Eﬁﬂull‘dltory' ESE%B?GQL&@"? bo'i%h%l%dﬁ/ in transgenic

m ce expressing the CPGg ége pti de and reduced e extent’ of bone
| oss when admi niRtEITL PO JVEF | BERoAPEREIr ARsthe pPrasencs wf adstedopc

activity inlbn ndcwopisigectasbndSstinuantiag FaveaedM-air)OPGrdeas not
interfere m‘thtéh torsg%ék prlmar9i§f?56252?§'%@e%k n%n nggc égémhage
development. The involvement of polypeptide factors in
terminal stages of osteoclast formation has not been
extensively reported. It has been reported, however,
20 that parathyroid hormone stimulates the formation and
activity of osteoclasts and that calcitonin has the
opposite effect, although to a lesser extent.
Recently, a new polypeptide factor, termed
osteoprotegerin (OPG), has been described which
25 negatively regulated formation of osteoclasts in vitro
and in vivo (see co-owned and co-pending U.S. Serial
Nos. 08/577,788 filed December 22, 1995, 08/706,945
filed September 3, 1996, and 08/771,777, filed December
20, 1996, hereby incorporated by reference; and PCT
30 Application No. W096/26271). OPG dramatically
increased the bone density in transgenic mice
expressing the OPG polypeptide and reduced the extent
of bone loss when administered to ovariectomized rats.
An analysis of OPG activity in in vitro osteoclast
35 formation revealed that OPG does not interfere with the

growth and differentiation of monocyte/macrophage



- 3- precursors, but nore likely blocks the differentiation of
ost eocl ast s WP(?M‘W@hocyt e/ macr ophage precursors. Thus OPGGKHEA8/035840
have specificity in regulating the extent of osteoclast formation. 5
OPG conprises two pol ypeptide domains having 5 . different structural and
functional properties. The am no-term nal domai n spanni ng about

d 22-194 of th -1 th, ti Nt I
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TNFR- 2, throu er stelne [ omal’ns C cteri
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negative 20 reguhéhtl(hb-(ﬁex@@itr%)ﬁ&é‘fﬁaiz@ré@éﬁﬂﬂng'ébbﬁtPQ%EliB%%%dzz 194! R
OPG may bind to a pt.i de factor i nvol ved 1n ost eocl ast
differentiation &R& tfﬁlgﬁe Sheeptide (HpeeNt EpEMARRLsTEsSic8ddieng

to formation of asmﬂeﬂmgnated(rﬁsiﬂﬁésl) Bows homology'toi@th@Qrefore an
obj ect of tqQ)ln |dent|f i des _whi ch_i nt eract mnth

m%l Qn, t l$/<[F)ol ﬁepél
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| nvent i on eind {IVE oRIBL Ol e LUNDE: BeGEORYl B0hOY .

fam |y has been |dent| expr esse
cel | s screened uBPRY§ex sr-ecdhs mawrboxy CRMinal L@@Oﬁlpr spahniag aﬁesaﬁfuem ty

probe. The new 339polypepiasde.d %ﬁﬁifﬁm&h‘&?l%’@ anghi}gkﬂ{:%e' n

which is pr g cted to be 316 am no acids in |ength,
4 sequences. Unlike a number of other TNFR family

members, OPG appears to be exclusively a secreted
protein and does not appear to be synthesized as a
membrane associated form.

Based upon its activity as a negative

20 regulator of osteoclast formation, it is postulated
that OPG may bind to a polypeptide factor involved in
osteoclast differentiation and thereby block one or
more terminal steps leading to formation of a mature
osteoclast.

25 It is therefore an object of the invention to
identify polypeptides which interact with OPG. Said
polypeptides may play a role in osteoclast maturation
and may be useful in the treatment of bone diseases.

30 Summaryv of the Invention
A novel member of the tumor necrosis factor

family has been identified from a murine cDNA library
expressed in COS cells screened using a recombinant
OPG-Fc fusion protein as an affinity probe. The new

35 polypeptide is a transmembrane OPG binding protein
which is predicted to be 316 amino acids in length, and
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hasfan am no term nal cytoplasm c domain, a transnmenbr ane doman, and a
carjboxy tewo9sad6751 extracel lular domain. OPG bi ndi ng prot PCTAISef0758w
i nyention may be nenbrane-associated or may be in 5 soluble form
The invention provides for nucleic acids encodi ng an OPG bi ndi ng
protein, vectors and host cells expre55|%g t he pol ypeptide, and net hod
for producing reconbi nant OPG bi ndi ng protein. Antibodies or 10
fragnent s t her eb&swAncAmipecitieradinal IsyProRGm adlemain, drotein are al so
provi ded. transmembgggemdaméﬂllﬂﬂﬁ‘%’ﬁ%fﬁﬁk e d8Rn 4N assays to
gquantitate OPG | evels 1 n biological les, 1dentify - cells and tissues
‘that displ ay CP@XBF%EPhéuéﬁétéPWakﬁnd Glhkﬂﬂ%ﬁ@'?ﬁﬁ@%$%§aﬂﬁ P8 bi ndi ng
protein famly inveflEWBAr fiayMpleha@smHarelerdddi a18e & 0P otad sbahi gh
i nt eract mnth OPG, bj ndi rotein are al so provided. Such conpounds
i ncl ude nuclei cS8tPRLe gg R ‘des, proteins, carbohydrates, |ipids or
smal | nol ecul ar 20 melghWhergmmenﬂﬁdﬁupﬂduidﬁujfmw metlelthecids agonists

o otoi e hre  nhetEns, A’ BEP RIS Hrdtddh, vartors At RS T ol B °
osteoclast expressyngnther @om)melpaimte,bcami mesoipd | Hor PPGEIREingi nd| ng
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changes in10 %m@mﬁéwﬁbﬁéﬁofsu@més spREidpctast ¥, PR ePRal pipting
bone | oss due tgrggghhlgkg g@%@sb@aﬁidéammblIlzatlon 30 or periodontal

di sease, Paget's di sease, 0steqpetrosis, nsqlpros etic | gosening and the
| i ke. Pharmaceuti cal OBfpBPGings RESRS PE$F Ny pFBERY s Eand
OPG bi ndi nggpant etAtagopGslevand a_rmt agwdj,fcﬂr es@hpSDes, ieesdppassed

also boon [WShERrPRE FERUSSTRIANe AT B o nery (RFagel, "HE

-5- f 16m bbdennhafyonewebPS deﬂ@Hmlhindlngfpnmnexmeﬁamlly
members. Methods of identifying compounds which
interact with OPG binding protein are also provided.
Such compounds include nucleic acids, peptides,
proteins, carbohydrates, lipids or small molecular

20 weight organic molecules and may act either as agonists
or antagonists of OPG binding protein activity.

OPG binding proteins are involved in
osteoclast differentiation and the level of osteoclast
activity in turn modulates bone resorption. OPG

25 Dbinding protein agonists and antagonists modulate
osteoclast formation and bone resorption and may be
used to treat bone diseases characterized by changes in
bone resorption, such as osteoporosis, hypercalcemia,
bone loss due to arthritis metastasis, immobilization

30 or periodontal disease, Paget’s disease, osteopetrosis,
prosthetic loosening and the like. Pharmaceutical
compositions comprising OPG binding proteins and OPG
binding protein agonists and antagonists are also
encompassed by the invention.

35 Receptors for OPG binding proteins have also
been identified from a marine cDNA library constructed



| abel OPG _bi ndi ng protein. The receptors may be used tif

agoni sts W é‘ﬁ{’sggoni sts of OPG bi ndi ng protein int eraclPF% '%gﬁ"i ts
receptor which may be 5 used to treat bone di sease. Description of
t he Figures Figure 1. Structuse.and sequence of the

32D-F3 insert encoding OoPG binding protein. Predicted 10 transnenbrane
domain and sit p i he- e r at e

under | i ned. Promobogg fta %9I9w cel %aﬂé}xo%aidpé)hygr%t%&ggégéggéi on in
COS-7 cel |'s trhmisékcOB@ hnnﬁlpgowqm}rﬁs T} Imcwm'eon_s maypbeeused with
PCDNA/ 32D- F3 %w&%ﬁti‘ §a¥i Brfi%ts and'd ?@ 1% & t@ﬁoﬁ@ﬁhﬁ&&hghu”&n

| gGL al kal i ne phosp ata e conjugate secondary al one) human

OPG 22- 201] - FCPBPEE1BeiBAEARE LIORG FHLh ditsh KaRGRE9E WhiCATARY be
extracel | usar ¢osai poFerbHEi BonR AHi@idasSATAR-Fc). 20 ATAR is a new nenber

of the TNFR superfamly, and the SATAR- Fc fusion protein serves as a
control for both human |1 gGL Fc domai n bi ndi ng, and generic TNFR

rel eat ed pm@éerﬂptbbﬁdbmgth@ &m@uﬁé surface nolecules

Figure 3. Expression of CPG bi protein un@getigsgﬁg Nor t her n
bl ot analysis of human *~*9HESs e Wﬁﬁ%ﬁﬁ(ﬁﬂﬂ i%ﬁ% Adi ot abel ed

32D F3 der3 2R dFBybnsdir caenaodingb ®PARE iatd ey ot @tced mr nﬁssdlcteds

ndicatedy gt theabehbnbiakll 0ARIPALS Lt A0 Arpamlendonsiaht of de

i ndi cat es the m gr at roximately 2. anscript etected
in | ynph node CarbﬂhmﬁIaAevéhﬁlnﬁiﬂIQxﬂﬂﬁQﬁlkﬂﬁﬂsane mass is al so

detected in fetal liver. 35 Figure 4. Structure and sequence
of the ch»Mv hu OPGop 1.1 insert encoding the human OPG
-6- Figure 2. OPG binding protein expression in

COS-7 cells transfected with pcDNA/32D-F3. Cells were
15 lipofected with pcDNA/32D-F3 DNA, the assayed for
binding to either goat anti-human IgGl alkaline
phosphatase conjugate (secondary alone), human
OPG[22-201]) -Fc plus secondary (OPG-Fc), or a chimeric
ATAR extracellular domain-Fc¢ fusion protein (sATAR-Fc).
20 ATAR is a new member of the TNFR superfamily, and the
sATAR-Fc fusion protein serves as a control for both
human IgGl Fc domain binding, and generic TNFR releated
protein, binding to 32D cell surface molecules.

25 Figure 3. Expression of OPG binding protein
in human tissues. Northern blot analysis of human
tissue mRNA (Clontech) using a radioclabeled 32D-F3
derived hybridization probe. Relative molecular mass
is indicated at the left in kilobase pairs (kb).

30 Arrowhead on right side indicates the migration of an
approximately 2.5 kb transcript detected in lymph node
mRNA. A very faint band of the same mass is also

detected in fetal liver.

35 Figure 4. Structure and sequence of the
pPcDNA/ hu OPGbp 1.1 insert encoding the human OPG



bi ndi ng protein. The predicted transmenbrane domain and site for

aspar agi ne- ?@g@g-@har bohydrate chains are under | i ned. BCT/US98/07584

Fi glre 5. t1 mul ati on of osteocl ast devel opnent in vitro from bone
mar.’r ow macr ophage and ST2 cell cocultures treated with reconbi nant

nuri ne OPG bi ndi ng protein [158-316]. Cul®ufes were treated with
varying concentrations of nurine OPG binding protein 10 ranging from1.6
to 500 ng/m. AbiediBgldrdaysn. Tmlgmdaixwm et TymemenandnFRAPMAEN| vi ty

was neasured by A, églt__\%t lfor{, ass |.n agl%d.mé)&ldc oﬁy&{.g{:gsc}yg&gs are

si mul t aneously t

reconbi nant rnuri nadeRPGip2gt. 401] Fc prot ein. 15 I\/Url ne CPG b| nd| ng protein
i nduces a dose-dependent stinmulation in osteocl ast formation, whereas
oPG [ 22- 401]-Fc inhibits osteoclast formatio Figure
6. Stinmulation of osteocl aftiqye cfe«/el%ifﬂ’slﬂtaﬂ% ‘B%n%sﬁﬁi’%?vsﬁr ecursors in

vitro in the deveienserd M %&%\%Mlﬁ&%ﬁ@dlmcﬁbph&gﬁ phE8-
316]. Mouse bone marrow was harvested, and é:ult red in he gk %n%egg
250, 500, 1000, &F¢ 263G GaAulrunecgreate nge eBrpinehs: rhrg G

bi nding protein Li%%H b pradtdin rmmdr om auﬁtmneso@eng/ kir eawede widded
to t hese sane cul.tures. Osteoclast deyel o t St.i~q:Ba edihy TRAP
sol ution assay. VaIYing concentritjpns é/ lg](lj)% s?e é?fi\#e{g ?'F'L(E))m bone 30
marrow cel | sidn tramgimes efveen df . ot EM(I:SFgAmIi OPELter B Adi AgYProt ein

158- 316 b { d
M CSE. GG bi ndi AL Cr o M L) Ao hPactors A ERor e pera ol aed

onto bone slices amlldulqmr%s&wéﬂ s, Irarmd@met?eow | 99BE €BLl8B8TredeVELSp into
mat ure ost eocl asts%mul%é&?éw'&geatedwiéyrﬁs ver e1bbensgoai agd oo

Tol urdine Bl ue Ung/ml of recombinant murine OPG [22-401]-Fc %roteln
15 Murine OPG binding protein induces a dose-dependent
stimulation in osteoclast formation, whereas OPG [22-
401] -Fc inhibits osteoclast formation.

Figure 6. Stimulation of osteoclast

20 development from bone marrow precursors in vitro in the
presence of M-CSF and murine OPG binding protein [158-
316). Mouse bone marrow was harvested, and cultured in
the presence 250, 500, 1000, and 2000 U/ml of M-CSF.
Varying concentrations of OPG binding protein [158-

25 3161, ranging from 1.6 to 500 ng/ml, were added to
these same cultures. Osteoclast development was

measured by TRAP solution assay.

Figure 7. Osteoclasts derived from bone
30 marrow cells in the presence of both M-CSF and OPG
binding protein [158-316] resorb bone in vitro. Bone
marrow cells treated with either M-CSF, OPG binding
protein, or with both factors combined, were plated
onto bone slices in culture wells, and were allowed to
35 develop into mature osteoclasts. The resulting
cultures were then stained with Toluidine Blue (left



colum), or histochemcally to detect TRAP enzyne activit /& sgt)h%%
col um) . | WOS§46TH es recei ving both factors, mature oste%%T ok
formed that were capabl e of eroding bone as judged by the presence of
5 blue stained pits on the bone surface. Thizs .correl ated wth the
presence of nulti pI e large, multinucleated, TRAP positive cells.

Figure 8. G aph omﬁng th whol e bl ood i | evel s
frommce inj ect? IW h or'h %ﬁ“‘%{af‘ﬁal%}’&el o §%thg{§{(ris ar%qzjﬁ he first
i nj ection, andaativicey alsighiecediimyg) confor ceatu@RE recedgring f1atdt i on.

CPC pinding. pr ¢utldh, OUILCADILYL 8801 5o cIq8EedRERIEN K d RRIRASE | Ca

| evel s. OPG 15 conple the 1 ncrease 1n 1Ca at
a dose of OPG manﬂhkf;ﬂﬁn@ﬁ¢d@@q5bgnaa§s andopdr bvalthye presgnsse&f t he

increase atsa ¢nsg @ta@r@c@'ﬁ‘i’ié‘%ﬁr ehé' Bone s@kféeed/ d%ls(*c)orz@lfef@é&nt
to vehicle treated control (p 05). . (#), CPGtreated i Ca | evel

significantly 2thn?3%wﬁﬁﬁSQ%F?99%lmPﬁtHPéé Legapryi AYltARNdSaE St orG

bi ndi ng protei mrlpHLPvd. H5)1s. Figure 9. Radi ographs of
the left fermur and tibiain mce treated with 0, 5, 25 or 100[err]g/day

of OPG 25 binding protein for 3.5 days. There is a dose dependent
decrease in bone density EWjueat8 moséraprashywingt ke whoireobilmaid ti bi al

oL aphyS! 167 2556 dH W61 &l [l S1eyer 8! PEBNIARL 3,88 & i on

100[ err] g/ day. sequence and
protei n sequen&®PG Kuicidsing m@temueﬁtehoﬁrshef’ezrltlhb firs¢DNA clone is

Shoun, 200 1 anstAdOrne! dile S251881 ieo reckdqngeBrsadclg (UAIE |

i ndi cat ed abov 1 C SlI epti
35 hydr ophobi @@W% se‘é]ﬁ%n]@én tBgj EE@§GM}45294)1flcant1Y and

- 8- dose dependently increased iCa levels. OPG

15 (lmg/kg/day) completely blocked the increase in iCa at
a dose of OPG binding protein of 5ug/day, and partially
blocked the increase at a dose of OPG binding protein
of 25ug/day. (*), different to vehicle treated control
{p < 0.05). (#), OPG treated iCa level significantly

20 different to level in mice receiving that dose of OPG
binding protein alone (p < 0.05).

Figure 9. Radiographs of the left femur and

tibia in mice treated with 0, 5, 25 or 100ug/day of OPG

25 Dbinding protein for 3.5 days. There is a dose dependent
decrease in bone density evident most clearly in the

proximal tibial metaphysis of these mice, and that is

profound at a dose of 100ug/day.

30 Figure 10. Murine ODAR cDNA sequence and
protein sequence. Nucleic acid sequence of the ~2.1 kb
¢DNA clone is shown, and translation of the 625 residue
long open reading frame indicated above. The
hydrophobic signal peptide is underlined, and the

35 hydrophobic transmembrane sequence (residues 214-234)
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is in bold. Cysteine residues that conprise the cysteine-rich repeat
motifs in W& Placel | ul ar donmin are in bold. 5 PCT/US98/07884gur e
11. I munof | uorescent stai ni ng of ODAR- Fc bi nding to OPG bi ndi ng
protein transfected cells. COS-7 cells H{ansfected w th OPG bi ndi ng
protein expression plasmd were incubated with human 1gG Fc (top
panel ), ODAR-Fc (mdd] e_panel) or OPG Fc 10 (bottom panel). A

FI TG | abel ed go&f &Rt PORGranCrgtefne resigupfodpakasqeed S5 4% econdary

anti body. PosittygteinebirfidhngepehlkSmneresexamthed it re@f1acala M ddmstopy -
Figure 12 . Effects,of AR- Fc on the 15 generation of osteoclasts from
mouse bone marr80fi AR POt ro. Mirine bone marrow cultures were
established as in Exanple 8 and exposed to OPG binding protein (5

ng/ m) and F-1 (30 ng/ , ri,ous centrati f . - Ec. rangi ng
from 1500 ng$n1 to 65 ng?%%g&g?ehgddeggﬂﬂgO%&gféggﬁggf F§FH%¥$%%<§%S
assessed by TRAPDARtBchbihding to ORGdbihdimBAPre¢leain draasfactdd er 5 days
in culture. -7Fk Whesah dpsidihdithgn ce

after treatnentc?%%sfou$03ays %F?ﬁ %%ﬁﬁEEEEE%HVa%y%hg 25 ldogééplwlce

recei ved ODAR- FETByC#Ri P¥PEBEELPANRSASMId WeRRedDCHRALS WEIHES Silan
buffered sal i neryehrel @top palkd®r abpafNeLt Ymi@e1depanE1Ined f Iorp fanes

fixed in 7Q0% ETOH at the proxinal tibjal t aphysis ,m.ce b

peri pher al anﬂPPEFPWePEBEEbtedAtgﬁgﬁféﬁh?1?52@??tB@nt&ﬁm§5%QQQ«F?and
Medi cal Syst ensanEfibAki waenus¥l) as a sévonfarymaneibssysectiois iofe bone,
1.5 mand 2.0 ym. ... fr the proximal_end, of the tihia.were analyzed
G e 52, Blhetipa E8TLs tRb S Fs RupBRnp Yo chBE aF o Rd SepaRhY -
density in the metaphysis. A soft tissue separation 35 threshold of 1500
vas used to define the bopadgry 95 . erEBEcIPHLEPBYARAIPCORRC LR Fo

produced a significant )
15 generation of osteoclasts from mouse bone marrow in

vitro. Murine bone marrow cultures were established as
in Example 8 and exposed to OPG binding protein (5
ng/ml) and CSF-1 (30 ng/ml). Various concentrations of
ODAR-Fc ranging from 1500 ng/ml to 65 ng/ml were added.
20 Osteoclast formation was assessed by TRAP cytochemistry
and the TRAP solution assay after 5 days in culture.

Figure 13. Bone mineral density in mice
after treatment for four days with ODAR-Fc at varying

25 doses. Mice received ODAR-Fc by daily subcutaneous
injection in a phosphate buffered saline vehicle.
Mineral density was determined from bones fixed in 70%
ETOH at the proximal tibial metaphysis mice by
peripheral guantitative computed tomography (pQCT)

30 (XCT-960M, Norland Medical Systems, Ft Atkinson, WI).
Two 0.5 mm cross-sections of bone, 1.5 mm and 2.0 mm
from the proximal end of the tibia were analyzed (XMICE
5.2, Stratec, Germany) to determine total bone mineral
density in the metaphysis. A soft tissue separation

35 threshold of 1500 was used to define the boundary of
the metaphyseal bone. ODAR-Fc produced a significant



increase in bone mneral density in the proximal tibial met aphysis in a
dose depenh$¥4¢dHner. Group n = 4. Det ai | ed Descri pt i BRI/YPIYG7E84

I nvention 5 The invention provides for a polypeptide

referred to as an OPG binding protein, whichhy . specficially binds OPG and
is involved in osteocl ast differentiation. A cDNA clone encoding the
murine form of the poly tide was.identified fr a_ lihrary 10 .

pr epar ed frontd”HBE%%SﬁyéPoﬁﬂﬁSoVﬁP@rééigepﬁﬁéysiqDQ%%jpr X%W%ﬁw éhﬁ%%
into COS cel | s.mdtapisfetsabhsandvee depetdeanetahaert.heiGraaip 10ty 40 bi nd
to an OP(H 22-201] - Fc fusi on polypeptide (Exanple 1). The nucleic acid
sequence reveal ed that CPG blndlng protein is a novel 15 nenber of the TNF
famly and is S PG i dnt of th RV E mo| ypept i de preV|oust

described i@ co- owned ) d. . el 236& 2, filed
June IE}’1996 (A pol y%fe}%tl ggeﬂg i %a#‘édeieg %J Ng)Ol% esi gnat ed
TRAIL is descrlb@ﬁerne@vt@yaétaalOPGnhgnd@pgzorogelgvsyﬁezﬂx1995)) OPG

bi ndi ng protei nghscPihEL§dpindst BPREaB !l YBE 1hhrol RIS rt%ﬁ‘@isaer&dtréy,@l n
havi ng a cytopl ansi ¢, dorai n at t he am no term nys, transrrerrbr ane

domai n, and a c&kbbkyeREiAtAgr- A SRNPacdPrRsl Epc&éﬁﬁgnt@’lﬁ qre g tore
anino ternnal @5 tE¥t pplapapeidenwal spentidbedt fred @Uasblkadds the
transnenbrﬁ e donmain s&ags about residuei 49- 69 nd th 1 ext q%;%&é
domai n Spafy abeHEPTEST dhEST7- BPH SEs MY e oBRBRAYI Crichirte YGRS

The nmenbr ameansfecasdotnabedopr ekeils. sp@arahlscfelclty.tnMSnd&r@DG (Figure

).
2). 30 Thus CP g o] a sh r n ti of
a receptor-1i gandp%%lqérzg F?% Eﬁ Qr legf%; %sgilgﬁe%f)hgtn o%ﬁ?fﬁt eidls] #e
naturally- occurfmﬁgomep@bmeptlde f(@lxa@@ebllﬂldl nGher oneileiexiagtid

A DNA cl one_encadign BUTRay RS RekRI0ER bPLﬁﬁtlﬁlg p%scéﬁo'l%t gl ddm

| ynph node cDNA brary. human sequence gure honol ogous to
t he 15 me mber Oof the TNF family and ig most closely related to

AGP-1, a polypeptide previously described in co-owned
and co-pending U.S. Serial No. 08/660,562, filed June
7, 1996. (A polypeptide identical to AGP-1 and
designated TRAIL is described in Wiley et al. Immunity
20 3, 673-682 (1995)). OPG binding protein is predicted
to be a type II transmembrane protein having a
cytoplamsic domain at the amino terminus, a
transmembrane domain, and a carboxy terminal
extracellular domain (Figure 1). The amino terminal
25 cytoplasmic domain spans about residues 1-48, the
transmembrane domain spans about residues 49-69 and the
extracellular domain spans about residues 70-316 as
shown in Figure 1 (SEQ ID NO:___ ). The membrane-
associated protein specifically binds OPG (Figure 2).
30 Thus OPG binding protein and OPG share many
characteristics of a receptor-ligand pair although it
is possible that other naturally-occurring receptors
for OPG binding protein exist.
A DNA clone encoding human OPG binding
35 protein was isolated from a lymph node cDNA library.
The human sequence (Figure 4) is homologous to the



f
muri ne sequence. Purified soluble murine OPG binding protein stinulated
ost eocl ast WO MAEYHN in vitro and i nduced hypercal cem a RET/PIPRAO7584
resorption in vivo. OPG binding protein refers to a
pol ypeptide 5 having an am no acid sequence 8f-nannalian OPG bi ndi ng
protein, or a fragnent, analog, or derivative t her eof and havi ng at
| east the activity of binding OPG In preferred enbodinents, QPG
bi ndi ng prot ei n RErdRepfipARence. oPupihfasdosPduRl el AUZAGEHOF G M ifsht
OPG binding 10 preteid keiAusakell BsPeBLERBLhAVIKAG L iR QARE ViHB =814
i sol ated extracell yl ar _domain siparate frog1cytop|asn1c‘ . and
transmenbrane dorRPNSSIABEPEF RALREMPpRoRBANCPES TeSPEPSIPEY 4 Y9 ocl ast
differentiation and in theopgtBindingngrexeent refekeneor aspolyip@pt iatel was
found to 15 5stiﬂulate gsteoclast tgrnation and stgnulgtg b% bindi
resorption. XL PR AUFHS acid sequence of mMARTALIAT, gﬁ%V| S5 %1
i sol ated nucl ei cp20Otedni dereacbtaggedPG bhadpog prodeirniyatise Jdet dadtein,
the term nucleic i rpse e ol : I p ially
synthetic DNA, a%gﬁFgﬁfggﬁehg §?§E§ﬁgpg gg?%glo. ?ﬁebﬁﬁ?gﬁﬁ{gﬁgéreggglected
fromthe gr obpeEenspdt pRgogiments, OPG bindiay pEetsddl disc ofcimyy e
shown in Figure dr humbRESriBiNO 1n) afBEnEFIBRBoAIMEER,! BPNObinding
b) nucleic acids which hXbrI ize to the ) pepti de codlngwésglons of

pol y
the nucl ei c Jci dBTSRBWA 15 2j AOEPPLRePIOLSED PBVARI /) 18nQ1E JiF& 4 3TSEQ | D
30 NO ) agpli_sena'tadhght'rdbéeduuart a@m)awﬁl g}e@g@@it@_sdfro\xl\nh _wyi@h plkisgtic
stringency conditigns;_an ._C i.c .aci ds ich are
degenerate to th%n8 gfﬁ88W8P8r38Fd§°8Fl?5) oaggbg}ndlng protein 1§,c|eijc
acid hybridi zati bngolypdcahl gstevolast38iféershtiastiep pndcess thenpats ng a
first ybridizatig excefit®Bs! Boh8" FLBUELE:EnaChHadWBS BRI @D Sinal €
st rands . - - ol'l owed by a
second hybrildi zasF&nutaep eacrepedastt formapnpgar andr € tdmulagentodendi ti ons

to selectively retgbfption.

Nucleic Acids

The invention provides for isolated nucleic
20 acids encoding OPG binding proteins. As used herein,
the term nucleic acid comprises cDNA, genomic DNA,
wholly or partially synthetic DNA, and RNA. The
nucleic acids of the invention are selected from the
group consisting of:
25 a) the nucleic acids as shown in Figure 1
(SEQ ID NO: ___) and Figure 4 (SEQ ID NO:___);
b) nucleic acids which hybridize to the
polypeptide coding regions of the nucleic acids shown
in Figure 1 (SEQ ID NO:___ ) and Figure 4 (SEQ ID
300 NO:___}; and remain hybridized to the nucleic acids
under high stringency conditions; and
c¢) nucleic acids which are degenerate to the
nucleic acids of (a}) or (b).
Nucleic acid hybridizations typically involve
35 a multi-step process comprising a first hybridization
step to form nucleic acid duplexes from single strands



nucl ei ¢ acid dupl exes having the desired honol ogy. The congj .1 {7
the first hyﬂwpapgﬁFfon step are 5 generally not crucial, prog#%@%giﬂg 4

are not of higher stringency than the second hybridi zation step.
General ly, the second hybridization is carri-edjou under conditions of
hi gh stringency, wherein "high stringency conditions refers to

conditions of 10 E%H@%%%&Pgﬁr per nggpﬁig a@P@Htségngéffﬁkg ggkom/the

mel ting tenperature
conpl ement ary st r anderc oronss o nq#nt)cond¥t§@m% qo(%EIFCFEVeiE7retP1§nd

Figure 4 (SEQ 1D nyciNQe ) a%@ tﬁégaleﬂféagﬁaﬁwio 9. The
conditions refer tgcbon |f¥€ns about 65 err]C not nnreéthan

about 1M Na+. |t icongiddano®f thhe st hYb%kﬁk%%?%%Pl6Eeptéﬁﬁerature
and/or length of ijaedsat1i18n not dmhlbﬁv S dEd ethderatBenbtr st aighegond

hybri di zati on steps such that one btai ns t I di zi ng_nucleic acid
mol ecul es accor di RFEGIIREY th |§ﬁF°Q£ﬁW§??b%%Z?B? ﬂygFﬁalzatlon of

guclelg . aC|gggwﬂfnaﬂnﬁﬂiﬁhﬁﬂﬁhﬁﬂnd}?ihﬂ1@ﬂziei®namsdchybnedsout ?re
escribed in Sanbrook et al.. Nblecular onj ry ua
Col d Spring HarboPnﬁﬁﬁbréFg?ﬁnﬁFgés i%“ﬂ%mfW%%%Q?EB%QL%Q8£QER h%@ﬂ Th
nucl ei ¢ aci ds of mmeungﬁnuyﬁncqngatlonmybwfdraetQocgadttb©nalDfof t he
pol ypepti de in g o) agss g 1
(SE0 1D o 1Y) "RerRersii SRl ST LRSS bl 28 22010 DEIDNONHE
truncations or exﬂ@&ﬁhﬂﬁsQﬁmRQQ?turenUBhﬁl%faélﬁﬁééaﬁénéﬁgréﬁoﬂﬁ PﬁEﬁePﬁ
T ted t t
runcat ed or ﬁle%%eiﬂwﬁo?dﬂéﬁ%ﬁéarope &?%é?@g?%aﬁ8§ngp¥8” I on

provi ded that they retain at I n one
embodi nent, the n@@qynﬁe%ntﬁmﬁlIIQESMQCOde_b.@@@yﬁ@@@¥€e4oﬁs @ [Past about

10 ami no aC'd$ NO: ). In one embodlment ”hlgh stri@gency" I'n
anot her enbodi ment, THe nucleic acid w encode a gg tlds of at
| east about ZﬁsanFRQQ%ﬁ%ﬁ9slﬁ?%ﬁﬁ to C%RQ&?%Q“%H%%d??%HF h | BPE acid

wi |l encode a medley RgRin do it alM Ieast abouis 56n@et 8006di gRat Thalts
hybri di zi ng nUC|e%%ﬂ%gn ra 966“5¥%A£E¥é%§%QQQ%89 glength of incubation
may be varied in either the first or second
hybridization steps such that one obtains the
20 hybridizing nucleic acid molecules according to the
invention. Conditions for hybridization of nucleic

acids and calculations of Ty for nucleic acid hybrids

are described in Sambrook et al. Molecular Cloning: A

Laboratory Manual Cold Spring Harbor Laboratory Press,
25 New York (1989).

The nucleic acids of the invention may

hybridize to part or all of the polypeptide coding

regions of OPG binding protein as shown in Figure 1

{SEQ ID NO: and Figure 4 (SEQ ID NO:___); and
30 therefore may be truncations or extensions of the

—)

nucleic acid sequences shown therein. Truncated or
extended nucleic acids are encompassed by the invention
provided that they retain at least the property of
binding OPG. In one embodiment, the nucleic acid will
35 encode a polypeptide of at least about 10 amino acids.



sequences located 5 and/or 3' to the OPG binding protein coding

regi ons. Nowmoosgl4svgl sequences i ncl ude regul atory regi ons povaisesarssn
expression of OPG bi ndi ng protein, such as pronoters, enhancer regions,
10 translational initiation sites, transcription term nation sites and
the like. In preferred enbodi fént’s, the nucleic acids of
the i nvention encode nouse or hunman OPG bi ndi ng protein. Nucleic acids
may encode a nefbr amethement®dioentof ORG hicid iy 3¢od evhlbrererdsl @ forns
R K e r BOIYREAW df AN I ANE JR01 A0 arfio HUELAS! S01n ver

transnenbrane r or mur1 ne g protein -1 ncludes am no acid

resi dues 49-69 aﬁ@lt@ﬁrvém&@dsﬂw thﬁrp ¥e acismill mnfese 3. The

predicted 20 trang e ety ié&s@m% ki rich 10 91 @4 €1 NThe
i ncl udes resi dues 9 as shown jn Flgur

Substitutions whY E’ﬁ'lrdéﬁl IR Sich 7 £9% rﬁ‘ar% T Mﬂlq%%l%%g%ﬁihnghl s
region with neursbajue@lrces 1duetieapli 1 in@bnas acidsl 1esi ore s ivoditg be
expected to 25 d| Sr rane_ associ atl n ancij result in solu J:fugPG

u
bi ndi g pr ot e NP RISATRE FABLThe JIOHTLls SrFuetod? ) th
t ransmenbr ane reglgmuiammiw mdgsmrtm inqpeElctet] i expregaituceo5oPBBI e forns of

OPG bi ndi ng pro ) i 70- 316

as shown in 30 #’gr&dngu%%%q D%}g agw%b&fger agner@r%@%edf:%% g‘g‘zs'

t her eof , erﬁdbnp&ggnﬁlamlcmwermmwrpr%t@ms transcription Nucleic

aci ds encodi ng ttl’e%ﬁq.lte&q(.]‘rprsrﬁég and @kp% upd16 human OPG bi ndi ng proteins
nc

are al so included. Sol uble fornse i ude resi dues 69-317 as shown in 35

Figure 4 (SEQ ID NO ) EhPrefiscerd arbedigranis, the nUCHREC e¥BbEF nent |

N-term na: tr un@gt ithf'éS Jgﬂﬂﬁft%.téﬁl enc7<%)de3:er%ous7e:L 03I:'L human OI;G binding - 13
- pol ypepti des from resi dues an
forth. In anot h@FC meC L T 135 145 d1adis Ié?ﬂk"hrb 3’%

conpri si ng Iesi doem @F- SJJPTG aichNrierpeotedin or tseindsl e ofisrindewrdéh u.‘pack)

SDaGs)Iron glgﬁuggp %ruf& %I'Etﬁr o@dnﬁ al n ’E%D%)rpeglcocf3 fég%%%r%%e%% bi ndi ng
protei n was dept¥ansthephnane region for murine OPG blndlng protein
includes amino acid residues 49-69 inclusive as shown
in Figure 1 (SEQ. ID. NO: __ ). The predicted
20 transmembrane region for human OPG binding protein
includes residues 49-69 as shown in Figure 4 (SEQ ID
NO:
acid residues in this region with neutral or

)

Substitutions which replace hydrophobic amino

hydrophilic amino acid residues would be expected to

25 disrupt membrane association and result in soluble OPG
binding protein. In addition, deletions of part or all
the transmembrane region would also be expected to
produce soluble forms of OPG binding protein. Nucleic
acids encoding amino acid residues 70-316 as shown in

30 Figure 1 (SEQ ID NO:__ ), or fragments and analogs
thereof, encompass soluble OPG binding proteins.

Nucleic acids encoding truncated forms of

soluble human OPG binding proteins are also included.
Soluble forms include residues 69-317 as shown in

35 Figure 4 (SEQ ID NO: _ ) and truncations thereof. 1In

one embodiment, N-terminal truncations generate



the Aneri can T e Culture Collection, Rockville, M on June 13, 1997.

10 WO BBl ei ¢ aci d sequences of the invention nmay  PCHES§42%4f or
t he detection of sequences encodi ng OPG bi ndi ng protein in biol ogical
sanples. In particular, the sequences ngy be used to screen cDNA and
genom ¢ i braries for related OPG binding protein sequences

especially those fron10 eci es The nugl e Iso usefu
for nodul ating PPIVESPT (§%§Wuﬁ?ﬁf uesxncé $ﬁ7 J7gn§|17$:e2 3gchﬁ8ﬂogy
or in vivo genso famdpreﬁm(anoﬂhnmﬂembmﬂﬂmeﬁttrnnegemccaamdsabacode

oot e g B0 RS dord 4106141 - d AL GO L 320 200l HlEminal
Vect ors and Hosrugeitdons thereof up'Nﬂa@Rﬁbwlélé&raé7bf ohe i nventi on

wi |1 be 254 | nked ol SONASEGHENGE O A 10 ¥PT PSS bi 0l ogical |y

active OPG binding protein” Sequences required expression are known

to those skilled in the &liasiHd@ Phquﬁhnukabrb%n@erg—éhdséﬁﬁaﬁcBﬁlo

sequences for keRAkcbddhigohuman @pd?%ﬂirfa/ﬂwe@fcsteiﬂaﬁésraeﬁbgmtbarWhlaﬁtI on
sites, 30 rlbo%gne bi ndi ng sites for the initiatjon of agro tein

synthe5|s and *PEadBFTd AEEE O S &bt 1on seRaetEes L8 r MPt PRg
expressi on andJseer aBi,o0r196f7.0PG bi ndi ng protein nmay be honol ogous,

i.e., the guences tic Iar o, t hose sequences_in the
35 genonéﬁfnvolved in Cﬁg%b &Pﬁfﬁmwﬁeque%e é 5hE ah Vengl?@c?@?ion, or
they may be heber vsegdodsr Aheadedtectdfon of sequences encoding OPG

- 14 - Pl BSHKY n¥e PR i %rﬁ\ﬂd]]%bjl%élorﬁ\iﬁ%ﬁf S| ng%cg icu yPLRpding

protein in host_ cells (see, exa ogy v. 185,
Goeddel, D.V. EBe sequeRcidemey heeélee(dlggn)%crm @&%&se@@doﬁenﬂmMmml i an

5 host cells, 1@b@é@f1ersr edreraditEntorcs Wmsifd PRI S MLequendgscribed in
PCT Appllqﬁglo ﬁg/ 4%2% Far Xxpression in bacterial host cells,
preferred gﬁBSSF s é@ué&ﬂ&zﬂ§EQE;§RQQRﬁ§ng ThHe PekipiendEeéds

are also useful for modulating levels of OPG binding

protein by anti-sense technology or in vivo gene

expression. Development of transgenic animals

expressing OPG binding protein is useful for production

20 of the polypeptide and for the study of in_vivo
biological activity.

Vectors and Host Cells
The nucleic acids of the invention will be

25 linked with DNA sequences so as to express biologically
active OPG binding protein. Sequences required for
expression are known to those skilled in the art and
include promoters and enhancer sequences for initiation
of RNA synthesis, transcription termination sites,

30 ribosome binding sites for the initiation of protein
synthesis, and leader sequences for secretion.
Sequences directing expression and secretion of OPG
binding protein may be homologous, i.e., the sequences
are identical or similar to those sequences in the

35 genome involved in OPG binding protein expression and
secretion, or they may be heterologous. A variety of



(see co-owned and co-pending U. S. Serial No. 10 08/577,778, filed Decenber

22, 1995) wo gs/48tRli t i on, vectors are available for the tpPeBwWeIsz|Ied fiC
expression of OPG binding protein in transgenic animals. Retroviral and
adenovi rus- based gene transfer vectors_nay al so be used for the
expression of OPG 15 binding protein in “héftari cells for in vivo t her apy
(see PCT Application No. 86/00922). Procaryotic and
eucaryotic hosplashid vectexpr egs myadRGMiendiary grrneshing ORFso provi ded
by the 'nd? a2hg F‘?%tteq?z” Hbgﬂjqeeﬁ@t@.{ééil 1f6’193éiamppi@nt 20

i nsect or Ian_Ce In rotein may - al so_be produced in

transgenic am%‘f—%ogﬁchnagnﬁﬁfé@l&gy v. d@a’i's Gq:ﬁdésﬁﬂl dP ahd S&ctors

contai ning theyda@bmie PresadCi(ds @) t.ne Ay eiid Uk Hich | T nedeLri ant o
appropri ate host cells usi n% transfectl on or transformation 25

t echni ques 2kndPS ¥ oCBhESsk Pl PEGLIET Tace eodingitt ieiRlasmid RRSRent ain DNA

sequences enCOd’é@@riB@dbhﬁdPGg‘ Wp@leildatlon o Sy 436 F) gLFcer 1or a
portion thereof, such | .ul ar. . domai n%f(s) % cytoplasm c

extracel
donai n. Nu%’F%’rﬂﬁsﬁ?:PBs anE&&ltr? %(ﬂ‘%d iG55 5t ot be 30 nodified
by substituti oem}mtbdn:melnns \Mmcalmd@ lpdw sirdrds hardpinired Eheriassimromoter gi ven

host. At | east 8% OYHedt Iagdc%%orb seqt?gnce aﬁ%}ﬁdl H\Ec?f erence codons

whi ch do am no aci are freguently f ound
in genes #Rat %1$é5'h79ﬁl7§.e>fpr1@§sél$celﬂfdnmé’r2, 19930 . i sSTruratddst borl t hat

codon al ter ati gase bPs0RELThYE 1 1abIX RIS R A lsgsstsisted to the

i ntroducti on of pref erence
codons. Exanpl ¥&PHeSHiePePfe@PFamiddiny Proypidt Jéblq%aﬁstﬁem bi ndi ng

protein expr es&mmu@cl udetrovirut adee dﬁndﬂﬂﬂd@-daéié@%n&ﬁ’ans?@ﬁ and

3T3 cells. refer red act | al %0%[ 36‘ is Escherichi cg‘]%]l .
Pol ypept i des véeELELhEY A SO prBR L BE Bi ndfi g
protein ag5t h&m@rﬂgtpnbtpnncany(bﬂmamrcammim‘ vivexpreasgwn(see an

exogenous DNA segu ng protein is reconbi nant OPG
bi ndi ng protein. ﬁaﬁﬁxgbgggf}s? Js%ég?@%«gs i ncl ude cDNA, genom c DNA and

Procaryotlc and eucaryotic host cells
expressing OPG binding protein are also provided by the
invention. Host cells include bacterial, yeast, plant,

20 insect or mammalian cells. OPG binding protein may
also be produced in transgenic animals such as mice or
goats. Plasmids and vectors containing the nucleic
acids of the invention are introduced into appropriate
host cells using transfection or transformation

25 techniques known to one skilled in the art. Host cells
may contain DNA sequences encoding OPG binding protein
as shown in Figure 1 or a portion thereof, such as the
extracellular domain or the cytoplasmic domain.
Nucleic acids encoding OPG binding proteins may be

30 modified by substitution of codons which allow for
optimal expression in a given host. At least some of
the codons may be so-called preference codons which do
not alter the amino acid sequence and are frequently
found in genes that are highly expressed. However, it

35 1s understood that codon alterations to optimize
expression are not restricted to the introduction of



synt hetic DNA se qluences. OPG bi nding protein may be t he product of
bacterial , WR8¥#675h| ant, insect or mamal i an cel | s expresPs(fT(ﬂ“S”/(S’?ssl“rom

cell-free 15 transl ation systems. OPG binding protein produced in
bacterial cells will have an N-term nal nethigonine residue. The
invention also provides for a process of produci ng OPG bi nding protein

conpri sing grow rocaryotic otd ¢ _host I rmed or
20 transfected %%%eﬂ%f&‘g%l E°3§F‘ﬁs e%&{ ﬁf (g tgjreofsenceeCE rﬁaxﬂxﬂ?ﬂé?%ﬂand
i sol ating pol ypepdt d@eb}apr Eosi OBpraah@mns; protefin t&}{pﬁtﬁﬁ%l@natnqbude,
Pol ypept | des Whieh 218 JRETLLATLERCH MISIO croa B 0464 Ind! 38 CcLT AgTENt S,

anal ogs or deriv ereof are encdnpassed b he I nvention. In a
preferred errbod‘k rmmfeth%d@@biaﬁdlarlghms(\;t aled ] slﬂ"lm&m—%ﬁlhﬁr ng

pr ot ei n. ragment of OPG binding protein refers to a pol ypeptide

havi ng a de etion of one_or nore am no acids such that the resulting
pol ypepti de 30 PrEvReprtidgs t he property of binding OPG Said fragnments

wi |l have del etions originagi mﬁthQmohh%lso p&lﬁﬂ(ﬁé§YMG16H>1m£hgthe
carboxy term nal end, and rnal regi ons of the %ﬁe tide.

Fragnents of O:Q%”Otel%lﬁﬁll HﬁepPBP MrtaPE B QSRTNC Ho WP Gci ds, at
35 | east about &tpressmbonacofisanoexayeneast DAldoedrame nai.e., a@P@s in

I th. | f t

e M e PR EER, Ta. Pecop i, ong Binding, protein
fromthe transn@mzmmw eBNans égrencesciithalesied @M9-genomBby BNA s@dn in
Figure 1), or, ﬁi?}'ié‘@{bvﬁkx g@&ﬁeﬁ Wc;ebﬁrﬂdl%cfﬁ%f’étéiﬂ%web

ami no-t er m nus and/ or I ncludi'ng the transnenbrane region e(:amno
aci d residues the lpﬂgdlagtsﬁﬁv\hapﬁeﬂ‘l@drreY?)aStIrn Eé‘r?é’t%er”é?%‘éil%nt OPG

bi ndi ng prot ei ﬂnér&n@lﬁ’ﬂxuééflﬁr ekg&@s@qwl YMErdmPrcell - ExSaP! e am no
aci d residues 69-316, or erm nal or C}terﬂﬂ& %runcated

forms therésf, V%ﬁ%%iiﬁl?%t§YﬁtEPé blﬁﬁch&¥%9ﬁqﬁt OKBE R rdtein is
al so a human sdbabterpadt eeblaswihawhaivie Rngw- eteékmlnalzmmrhmmgneesi dues

69- 317 as_shoun g, £19u" erfledilybneon L350 Wodialeass { aBcLberse’
producing OPG binding protein comprising growing
procaryotic or eucaryotic host cells transformed or

20 transfected with nucleic acids encoding OPG binding
protein and isolating polypeptide expression products
of the nucleic acids.

Polypeptides which are mamalian OPG binding
proteins or are fragments, analogs or derivatives

25 thereof are encompassed by the invention. In a
preferred embodiment, the OPG binding protein is human
OPG binding protein. A fragment of OPG binding protein
refers to a polypeptide having a deletion of one or
more amino acids such that the resulting polypeptide

30 has at least the property of binding OPG. Said
fragments will have deletions originating from the
amino terminal end, the carboxy terminal end, and
internal regions of the polypeptide. Fragments of OPG
binding protein are at least about ten amino acids, at

35 least about 20 amino acids, or at least about 50 amino
acids in length. In preferred embodiments, OPG binding



71-317, 72-317 and so forth. In a preferred 15 enbodi nent, the soluble
human OPG Wigydis@gsipr ot ei n conprising residues 69-317 andpdrAusssna7ssyl
truncation t hereof up to OPCGbp [158-317], or alternatively up to

OPG [ 166-317] . An anal og of an OPG binding protein refers to
20 a pol ypeptide having a substitution or-al®ition of one or nore am no
aci ds such that the resulting pol ypeptide has at |east the property of
bi ndi ng OPG. Sainbtomial ogbll hawel & davetsohstift ohieons owraddintimnactdany

pl ace al ong t he .nol v, tide . Preferr n i : fa 25
ot bl o OPG bi EHANy Wi o et nr EegfoR3pfiRd B IEhRReL ufd
occurring, suchSsa gudwpejn i degpreditt or, af temnaltisgly v&Tamr or a
MRNA splice varyj : : c U LS '

avai lable to orﬁf‘eﬂg a’g‘%“% Ih%ydlclisn %ﬁgﬁ(a?tﬁef gfrﬁ}r%%ni%%u é?%ﬁg%grlggg;anﬁ@ zi ng
30 nucl ei ¢ Aci dciudings| e ptraRsSTaRDT3ReNERIAGR HaPd igh acid Fffiglues
term nal nethionifie 4£ssWin in Figure 1).A 38 bASLHEd dribddigndiyerdpoen
are derivatives, of OPG bjnding proteln which are rpol.y epti des that
have under gone %‘d’é‘fl-lw FEPERIBNEF 355ROUPEPCREPSRL T £GP leﬁ)“dh’i Tof
N-1inked or O laxdseslie, ambidohytiiatesclaeBssIpBAGesmM 0f3M6 t esxm nal or

- 17 - C-term nal ds),.attachnent of chenm.cal I et . I.he
am no acid bac 'o%eezr,mjcrhaé i 2 Ic'rréﬁpf‘?‘{ﬁ?i Bﬁgn&a%@d %ﬁ-ljlﬁ?sln%eﬂfe%erg% I“l'rh]kée}g
car bohydr ate chagtresin ORG doliiiding activitmgn NOPEr bilmadlingetgrateite ¥esi due
as a result of ele-TQVIo SSi ! i ar,
chemcally rmdiafllsse%p‘?([:le_rl V%/.I'([Pi %/‘g%‘q%?écﬁ%%?%ﬁ?% %I'rh%?%ll nlnn Fﬁqj’\;ﬁ]ﬂl&ch& provi de
addi ti onal advafeRessighresidweseb8edl’ assshpihi iy Hishga LidtdiMting

time, or decreas®hinal | fFPUNOYEEE CELYmar enheeBbeNPlaled. 7&- spart it sry use
is 10 nodificatjion wth water soluble Bglhyrrer , such _as pol yet hyl ene

h S
gl ycol and deridatives thet bbrapdesor b eX8nfl 8T8LETT8G ent No.
4,179, 337) 15 Theemheldeerk t, thaDselubtefl humdar DGt blaldiow mepteeirsel ect ed

ot e LB R AL 5,840 50 7OLAES BRI B Lyl e 19
pol yvi nyl al cotdleewf up to OPGbp [158-317], or alternatively up to
OPG [166-317].
An analog of an OPG binding protein refers to
20 a polypeptide having a substitution or addition of one
or more amino acids such that the resulting polypeptide
has at least the property of binding OPG. Said analogs
will have substitutions or additions at any place along
the polypeptide. Preferred analogs include those of
25 soluble OPG binding proteins. Fragments or analogs may
be naturally occurring, such as a polypeptide product
of an allelic variant or a mRNA splice variant, or they
may be constructed using techniques available to one
skilled in the art for manipulating and synthesizing
30 nucleic acids. The polypeptides may or may not have an
amino terminal methionine residue
Also included in the invention are
derivatives of OPG binding protein which are
polypeptides that have undergone post-translational
35 nmodifications (e.g., addition of N-linked or O-linked
carbohydrate chains, processing of N-terminal or



the like. The polypeptides may be nodified at random positions within

t he nol eClYY‘é?s’ngét pr edet er m ned positions within the RITASIBETHAd may
i nclude one, two, 20 three or nore attached chem cal noieties.

Pol ypept i des may al so be nodified at _pre-determ ned positions in the
pol ypeptide, such as at the anmino termnus, or at a sel ected |ysine or

araLnine Les! e MR 0y DEae)., BUHRSRIAIC o QL eI ol ool LBl tons
fl uorescent, |stOpmmnoraaﬁﬂ|mmpkuowbeldh@mﬂdaﬂmﬂmmlflcadebastoﬁn and
i sol ati on of tﬁ%?ﬁﬂ&&' Oz +ipked, carbo (?JP Hlad'cr}QaPﬁé’teéHdCQgHEEi‘En

conprising part I"ng protein an no Ssequence 30
fused to a het@foa@gHut,emiln@lamedthg@qmefeﬂnei\msaos a resgeltded. The

het er ol 0gods SgAYEAEGORRY HBsRN¥ell @GSN O %A%c&bgrresult' ng
fusion protein to retain the at least the activity of _binding OPG In a

preferred enboﬂ?ﬁ%h?al%ﬁemegﬂﬁéﬁﬁ ferdvadives QR HindbrIdBRaLALIBf OPG

bi ndi ng proteiwhishfpseditie addidibeiar @d@;&@it%g?@sqw aSUChceegy8aCeS
i ncl ude het er. ol ogous

cytopl asmi ¢ doBRRLL{R¥e éPPGﬁFfGﬂrculﬁﬁHﬂﬁwﬁﬂﬂgma9?n4%&% #8€9r signalling
events, sequennaﬁunogemmcibypaa&otenmbmgaﬁ&@daﬂIGHIpﬁt&hé@léheuEé Legi on

of g e nces ich (Rrovide | ab or the ol ypepti de,
and seque%@esqﬁ%&%ﬁfgggyPaewé$$ v SOqﬁ*%ﬁé%’%§ﬁ% R BS
anti gen- ant|bddglyetbgheneoglycol and derlvaﬂuyqxﬂqhmxﬂmﬁeSseé foe

i nvention are IFI]%ﬁglgtgd gggeﬂgrﬁgleq Hﬁgnlghgsuesgﬁgl g* i nes whi ch

express OPG blhﬁl rotein, either extractéd fro es or from
condi ti oned gﬂ@%kﬁthéﬁlﬁﬁf éﬁglVﬁﬁﬁﬂatlomraﬁ@Tém&mﬁﬁ}ﬁ%ﬁe@efrgmeW®t@§5|ng

OPG bi ndi ng predehBle pol @rE' B8R 2R %‘i‘y’ét‘i@ie@f‘e Qﬁtfécﬂfid &£1991 BHEI ne
nyelonnnoiétlc cell_line ATCC accession no. 11346 Human

D (
OPG bi ndi pr&tEsal /BFOHMQFEFCgQXFﬁé fgpoéﬁaﬁﬁﬁng same, may be isol at ed
from human | ynpdrivedemethylcel ghabski, vaextirasye pdisatiatyed LRhbnding

protein is  cAdepikLom FRECEhAbeBc YL PR AR e d ek O fiSon  Co!!

positions within the molecule, or at predetermined
positions within the molecule and may include one, two,

20 three or more attached chemical moieties. Polypeptides
may also be modified at pre-determined positions in the
polypeptide, such as at the amino terminus, or at a
selected lysine or arginine residue within the
polypeptide. Other chemical modificaitons provided

25 include a detectable label, such as an enzymatic,
fluorescent, isotopic or affinity label to allow for
detection and isolation of the protein.

OPG binding protein chimeras comprising part

or all of an OPG binding protein amino acid sequence

30 fused to a heterologous amino acid sequence are also
included. The heterologous seqguence may be any
sequence which allows the resulting fusion protein to
retain the at least the activity of binding OPG. 1In a
preferred embodiment, the carboxy terminal

35 extracellular domain of OPG binding protein is fused to
a heterologous sequence. Such sequences include



A nmethod for the purification of OPG binding 20 protein from natural

sour ces (ewd ogidessaues and cel | | i nes which normal |y expressuShs7ssandi ng
protein) and fromtransfected host cells is al so enconpassed by the
invention. The purification process may enpl oy one or nore standard
protein purification steps in an 25 approp??ate order to obtain purified
protein. The chromat ography steps can include i on exchange, gel
filtration, hydiephoblegousecutopdbasmievdoseipsagdat allsw dimat of ocusi ng,
affinity chro - r A4t & body
or biotin- rngf %P$£%%§€E£§¥#?%F?Tula ?9§ %g 4§I%U%§L§)(§éﬁ Ant 1 bodi es
Ant i bodi es spedﬂﬁi@bJPyOMDhﬁl991GQmerlza§@DVp§MMhﬂﬁﬁ(ﬁhqrﬂﬁlﬂﬁ&#ﬁmcmﬁare
al so enconpassep%@y §§zYﬁe\Besé&M€HEéQnwhlzhep%'&kﬂﬂa@'aﬁﬁém by priagiced by

|nnun|zat|on with full- binding protein
- 19 - >sol sép%?»héeofa@ﬁessgﬁanﬁsspwaﬂﬁhnpr&ﬁ”éi%raafgﬁ%éfﬁ

thereof. The ansidiogls sseént e hAventigenmanti®ody dedou ianiadn or
nonocl onal , or i i i .such .as chineric

b t .anti bad ,
anti bodi es wher rer?x tﬁergc ?’: ﬁ%rf%ﬁ?f:é%?’slr 8Si I&E’f SMFYMCRRTF heavy chai ns

are repl ace'nlsdnyahemiraanéeguemféed ﬁn:oﬁDIRigrsafetse@mhtadiddllasnes wlwtmln ein
only the conple e
Ant i bodi es of t |nven ?%nB%%EHHg %ggkgggé g%&ﬁré%%qygg

repared for
exanpl e, by010 1lysaeds zari 6nomf condatgened amowdhs mesiam e é@fcf pFxRfuci ng

human anti bodi e@réﬁ@@orﬂﬁ@& ﬁéégpl:éllgclxﬁﬁé@' 5Galy ObG bird¥indVHUdLLL7) -

The anti bodies are useful fo detecting. OPG™bi nding protein in
bi ol ogi cal sanf?®s, blndl?ﬁePE%yeéPIEﬂVnBetﬁétﬁé@ﬁﬁ1ﬁQ9ﬂ|WH¥%ﬁecelIs or

L! Szues c1)53c; \thr@femr@&u@@ytb@ @é@}[engne' A 2addi(arew, a@ﬁesimdjreﬁlo b(_:miild{ ch
Ind to I rotein an ock _i.nteractign ot er ndi ng
conpounds nay EthQQﬁera %ﬂ??cgﬁg binding RE@&eAfi n§Todt Hst8c ids

di fferenti aéi oremrod biomesame, reagr pei abolated from human lymph node or
fetal liver tissue. Isolated OPG binding protein is
free from association with human proteins and other
cell constituents.

A method for the purification of OPG binding

20 protein from natural sources (e.g. tissues and cell
lines which normally express OPG binding protein) and
from transfected host cells is also encompassed by the
invention. The purification process may employ one or
more standard protein purification steps in an

25 appropriate order to obtain purified protein. The
chromatography steps can include ion exchange, gel
filtration, hydrophobic interaction, reverse phase,
chromatofocusing, affinity chromatography employing an
anti-OPG binding protein antibody or biotin-

30 streptavidin affinity complex and the like.

Antibodies
Antibodies specifically binding the
polypeptides of the invention are also encompassed by
35 the invention. The antibodies may be produced by
immunization with full-length OPG binding protein,



20 Anti bodies to the OPG binding protein may be useful in
treat ment WO I®é6781 di seases such as, ost eopor osi s and Pad’@tmés%@@ése
Ant i bodi es can be tested for binding to the OPG binding protein in the
absence or presence of OPG and exami ned forgtheir 25 ability to inhibit

| i gand (OPG bi ndi ng protein) medi at ed OSt eocl ast ogenesi s and/ or bone
resorption. It is also anticipated that the tldes t enBer S may

act as an ant agehnBleoforne PEgQRE: PREiEr PER T3HB R hni bi t

| i gand- medi at egh@st88¢| a@h@@lﬁﬁ%&b&dl%@d 030 ch@eﬁtnmscmn treey QRS bi ndi ng
protein wll be ex | ore for this_purpose. a nposi tions

The invention BP%B pPBBLJBE PERosse nﬁﬁarﬁﬁb&ﬁ?’iﬁ?]g%ﬁ%05|?|0§2 conpri si ng
a t her apeuaheabbﬁlefsf eglictie agnetimeafi ot raezt@%@esnwigereln the

- 20 - rotein o inventi.aon S age h vy P pReeytLeal ly
accept abl e i I’E}Eﬁ?necﬁf’ﬁsg?nt Tead6i§hid gL| tzle rPi a}fl er” &?éeser vative
and/ or adjuvanreplaceahbylhmmanls@qmencqmwmmnﬂﬁpﬁtgr¢ﬂﬁ#@3%@ﬁtb@éPeSS

composi L1 oS CONBLLSLNGn! BELAREUL)CAIE 2] SRl diininind TBUGLORS 88eCPC

bi ndi ng protein agonist o nta erm "t herapeuti cal | i
effective amoupf"musane gmigin. anﬁ@rﬁlhﬂﬁl@ﬁ |@rf0\ﬁl't%slrhv%li’1"e+%’beﬂﬂ’ca fPect

for a Spechhl ﬁqmssanqhtm%d%@ R rld , admi i stdmpioN. byhe 10
conposition may be in a liquid or Iyophlllzed forn1a

di luent (B0 s, l&E‘EP&FétéPnpﬁésﬁﬁétn@genloo@fnf %@l%a?foangoﬁﬁc\}gﬁues
and ionic str eﬁﬁhaﬁ, antibodliesi | (szey, Fuah cxampieen PCT Popysbchaten carriers

such as hu I nln gel L1, Dreserva S 15 as
t hi mer osal or 8nz§§ gyhgﬁg$ ﬁ%&q? %ﬁﬁl&éggg% gégroblc acid or
sodi um net abi sdbtet:elnSeb@Gt bmmdlfng prce:edar turctbml@@mp@bl saoplesl| depend

upon a number of . o f3G5Q nHUAdING 318 Landid 100 Leing éfeéiggue%he
rout e of adnlnlstrapyon angapﬁ; gharnaco |net|C 20 paraneters _desired. A
nor e extedgivewbgphepr@ﬁuce the protein 1In addition, antibodies
which bind to OPG binding protein and block interaction
with other binding compounds may have therapeutic use
in modulating osteoclast differentiation and bone
resorption.

20 Antibodies to the OPG binding protein may be
useful in treatment of bone diseases such as,
osteoporosis and Paget’s disease. Antibodies can be
tested for binding to the OPG binding protein in the
absence or presence of OPG and examined for their

25 ability to inhibit ligand (OPG binding protein)
mediated osteoclastogenesis and/or bone resorption. It
is also anticipated that the peptides themselves may
act as an antagonist of the ligand:receptor interaction
and inhibit ligand-mediated osteoclastogenesis, and

30 peptides of the OPG binding protein will be explored

for this purpose as well.

Compositions
The invention also provides for
35 pharmaceutical compositions comprising a
therapeutically effective amount of the OPG binding
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conmponent suitable for pharnmaceutical conpositions is found in
Rem ngt on' swBlsaMérsteut i cal Sci ences, 18th ed. A R GennaPE€T/us48/0M8¢ K ,
Easton, PA (1980). In a preferred enbodi nent, conpositions 25
conpri sing soluble OPG binding proteins are _al so provi ded. Al so
enconpassed are conpositions conprising 2Dolubl e OPG bi ndi ng protein
nodi fied wth water sol uble polymers to increase solubility, stability,
pl asma hal f Pricteian@ibitday dinvasitiiany taamposy twbHs #my al so 30 conpri se

I ncor poration Oghaehla@;le%t@c%ﬁw%&ﬁacﬂfé Milueh ] océfppéﬁrres
m croenul sions, mcelles or vesicles tor controlled deli verB/Fover an

ext ended perlodSSﬁublllﬁﬁ%é Q@MQﬂﬂﬁ%Qﬁ%3Hﬁ%ﬁﬁ?KFEﬁ%@e?%d U $EIR¥RREL at ed

into mcropartighes 1§xk&|eh%b.|o@1 faQrscplﬂfoiﬂ@ié’s %ﬁctmmﬁaé@mw@al
- 21 - i tions ,of thelnventlon

adai i ster o by CPHPEE IR L i inkareu oYy ot seisi v

I ntranmuscul ar, aemchyntoodl annars blndinqnﬁnnnﬁmn/agomesta¢radmtagsnnatLon

The route of  StadTULLAl natlon-etsnally chasen gl | ndeRendhungs gy

nunber of factors an ascertai ne one
The invention akBouptovihded movideqowartﬁmnmdaic cofbest tfensaconpri si ng

R L0 o her apeut beadut 16l eaidie P uila Afol e S Bl Bl fecion. Of Thie

i nvention together with a pharnmaceuti cal accept uvant. Nucl eic
aci d conpostqi oRSTMRPEH tHen maysfiq di & florauid %Il@@lﬁzﬁgrfoﬁﬂ ang of

the coding E:@ﬁb@'is@fs QP@ﬂzlu@itng(mﬁqi Lldraf Orof | glids Pa t€9i ons 15 to
cells and tissu ers?r%av1 an ant, -sense thera

Vot hods of Use REPEAT NG P RIS S 3R B TR et TRt Y i ety
20 of assays febldbnecitzlemgsaaﬁ al’sﬂ'Imhﬁ’IﬁQheFBdJIYEQeratéﬂt@aﬁﬁiéﬁﬂSs\Abhh

CPG | gener al -t RS bR MR GR n or 'L B A48 085 PLOLST "

15 as thimerosal or benzyl alcohol, and antioxidants such
as ascrobic acid or sodium metabisulfite. Selection of
a particular composition will depend upon a number of
factors, including the condition being treated, the
route of administration and the pharmacokinetic

20 parameters desired. A more extensive survey of
component suitable for pharmaceutical compositions is
found in Remington's Pharmaceutical Sciences, 18th ed.
A.R. Gennaro, ed. Mack, Easton, PA (1980).

In a preferred embodiment, compositions

25 comprising soluble OPG binding proteins are also
provided. Also encompassed are compositions comprising
soluble OPG binding protein modified with water soluble
polymers to increase solubility, stability, plasma
half-life and bioavailability. Compositions may also

30 comprise incorporation of soluble OPG binding protein
into liposomes, microemulsions, micelles or vesicles
for controlled delivery over an extended period of
time. Soluble OPG binding protein may be formulated
into microparticles suitable for pulmonary

35 administration.



cont ai ni ng OPG under conditions which permt binding to OPG to OPG
bi ndi ng p™@&¥4675land nmeasuring the extent of 25 binding. PBPGUSHS/ 07584

purified or present in m xtures, such as in body fluids or culture
medi um Assays nay be devel oped which %1 e qualitative or quantitative,
with the latter being useful for determ ni {; t he bi ndi ng paraneters

(affinity constants and kinetics) of 30 OPG to OPG binding protein and for
quantitating |evels ePMBPELbaPREI Py sBei daveRGiion Maxn es. Assays may

al so be used t@iRved seéee8hBybingeREigh, BGther suddA@RMys, anal ogs and
derivatives of, OPG bi ndi ng rotein and to identi fy new OPG and OPG

bi ndi ng prot e|er%%av?la?r’il?yoﬁeﬁﬁg?fémuscular' or by oral, nasal, -
22 - pulmon&ﬁdbﬁgrétt@eaamlﬁl?@tbb.lﬁﬁlbﬂg pmteeiﬁww dre

carried out i fmat s i ng, cell-ba ndi n assays
nenbr ane brjndl 9 ass EE""Q%%PU?“’SHE Egg ghOSSBs%@i r‘?(?qerﬂd.lﬁiﬁgg .
general , t racemllréw@r s0f)ff5ctabel edd(ﬁﬁi«abe ancelrabaded Hy G?fe tn}ndln@d
protein f%)aspemfled period of tine foll owed by

measur enent of ound filtration, el ectrochem | um nescent (ECL,

ORI GEN system by | GEN), The Eevenbigrdabeoi proMédesafor Honogeneous assay

10 technol Og:gﬁafx@acé@tjiéﬁﬁbé!xhﬁé!si@?éhs%ﬁﬁ?%gln%n‘l time resol ved
fl uoresen@§ Pac ar%i can_also b I nmpl enented. Binding is

det ect ed l¥neffechive- apanrpht PhodRawniis iedd cacitdse

i sot opes (125|ofaase 1nver3tﬂonft@@ée§§£n¢uaues bﬁb&ﬁb@%@%‘l@alﬂyﬁmt hani de
(Eu3+) 15 che‘_jllcac'g(_:(‘as‘%]ace}F tat es, 2\19 %{v)rldyl-r t heni um,

conpl exes. %o 'l%%? t he"tHdFte ‘3?1 comppgH, I1€J1 Moo ¢ |
depend upon tmmkebelmsyhee@ellvemedf Iédareroat a\'zel yb,f Ehe mmd ey
nodi fi ed W|th B! ( | pt i des
Hs[err], Iaébl na%f(jrth %P?gpﬁéoﬁe?%g%su%%gé reB rﬁglé)ﬁﬁ
pepti de oF5 antt'fQ rﬂ%]tjefi nal'a@t‘i-bfb‘é!#%% ahiRdrhavt an antdesenﬁ&bltélelraiw as
descri bed abow&gimen. In an alternative method, OPG binding
protein

Methods of Use
OPG binding proteins may be used in a variety
20 of assays for detecting OPG and characterizing
interactions with OPG. 1In general, the assay comprises
incubating OPG binding protein with a biological sample
containing OPG under conditions which permit binding to
OPG to OPG binding protein, and measuring the extent of
25 binding. OPG may be purified or present in mixtures,
such as in body fluids or culture medium. Assays may
be developed which are qualitative or quantitative,
with the latter being useful for determining the
binding parameters (affinity constants and kinetics) of
30 OPG to OPG binding protein and for quantitating levels
of biologically active OPG in mixtures. Assays may
also be used to evaluate the binding of OPG to
fragments, analogs and derivatives of OPG binding
protein and to identify new OPG and OPG binding protein
35 family members.
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may ‘be assayed directly using polyclonal or nonoclonal 25 antibodies to
OPG bi ndi ng wH0k/4786 I n an i munoassay. Addi ti onal forns BET/ORM/TSMI ng
proteins containing epi tope tags as descri bed above may be used in
sol ution and i rmunoassays. Met hods for indentifying
conmpounds which 30 interact with OPG binding2protein are al so enconpassed
by the invention. The nethod conprises incubating OPG bi ndi ng protein
with a compound under condlEtmm"mgv\/mfcmPG tpeBE tbindthagpodtehe Baypband
to OPG bi ndi ng protei.n

il Xt 0-pdbea
conpound nmay 35 GETEd5S SRS q1 Y puri r\Eg) s?es%%lﬁlﬁ %Pe
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i ntracel | ular pr AESSTE SRATH Qi Oﬁf"' RY tH 172 32! asni ¢ domain by a

yeast two-hybrid elect&&j’cﬂﬁi’m:rlgmplrrfaﬁfalt ASEG, eoaamﬂne shybemdog oR€ENUCt S

conpri sing DNA enc t N-ternlnal 50 am OPG bi ndi ng
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protein fused to% i A nay be used as a
two- hybrid babt Jt&cmicslsmzcbs ﬂznsmadn@axitonest}erré‘ﬂlgﬁmghmbﬁh@mb abflebiPAg

may be charact erlzad, ydd Moy dd AR | kil 620KLAG) canPaob6ipe. This
e|UCI é%

i nformati on may h i ntracel gnal i ng nmechani sm

associated with @MPlemenﬁqﬁhruﬁkﬂiﬁ&grﬂ%uﬁ?%ﬁ@ﬂ@@ébYn%?%%%%?ﬁlQPGtQFgéps

for 20 new drugsdihatop® U @lso BPNE H18SEPidSPeive isotopes (12FG, bBedi ng
protein may be used to_ treat conditions characteri a?,ﬁg%ﬂ}écezﬁugg)bone

density. The ¥Dst CORMRPHIHi WY | SLURTLSTRIP bsi
genetic defegh remdliscdd @&Qj@;ﬁtﬁhm,e FEsBpRntdy 5- 2bthesiran| yREA#Al in
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labeled probe will depend upon the detection system
used. Alternatively, OPG may be modified with an
unlabled epitope tag (e.g., biotin, peptides, His,,

20 myc) and bound to proteins such as streptavidin, anti-
peptide or anti-protein antibodies which have a
detectable label as described above.

In an alternative method, OPG binding protein
may be assayed directly using polyclonal or monoclonal

25 antibodies to OPG binding proteins in an immunoassay.
Additional forms of OPG binding proteins containing
epitope tags as described above may be used in solution
and immunoassays.

Methods for indentifying compounds which

30 interact with OPG binding protein are also encompassed
by the invention. The method comprises incubating OPG
binding protein with a compound under conditions which
permit binding of the compound to OPG binding protein,
and measuring the extent of binding. The compound may

35 be substantially purified or present in a crude



The invention al so enconpasses nodul ators (agoni sts and anta n| sts) of

OPG bi ndi n}QWB#6BIn and 30 the nethods for obtaining them #*ndi ng
protein nodul at or may either increase or decrease at Ieast one
activity associated with OPG binding proteiqy such as ability to bind
OPG or sone other interacting nol ecul e or to regul ate osteocl ast

mat uration. Typi caIIy an_35_. agoni st or _ant agoni st .be_a.cq-factor,
such as a FHEHITE - pIPYENT CCrBRAVERL BRY | PBi Hugigémafl?l ¥,
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domai n of %gG 51 %(gf%g?el n. Wﬁiﬁ? g%\/\/&e% g&l%ég’ gtneégPG bltl’?all ng

protein expressieﬂﬁltrg}'m%awlll?ther theyuaet nag| ancagerdstwRrcRtar e
conpl ement ary t&éébé‘r&'fé@' c acids encodi ng OPG bi nding protein and which
act as anti-sense regulators of expression,

i ndi ng
protein is involved in OPERIRIINFnBTPERIREI BRe PR Hisggglgt g&rl asts, the
primary cell tyj®entpficatesnist bDﬂEraeélD]mlLaanrAneiﬁsi whiehsdntenaws r at e

bone di sor 407 & YEh CONF oY Toet SPAF PPRAT Pobhe Lok BB SoR RS VARd Y nel ude

bone di sor eopeni as, I ncl ude
ost eoporosi s, Mm@g{mgtpmcég@er cabkcami axampﬂ.eophlyrbald Coblrsm}‘gmtson by

surgery or ster(%xﬁ% g%ﬂ{;dﬁlﬁﬁt dJZ_IQgP@ﬂgt tgﬁgggg 5@SLRQRECRSid bone

| oss due to art erlo one | oss,
i nmobi | i zati on Oﬁarmtﬁ%lblm@mg ngrahdlbsfb&??t te a veastaSfddi-PNA

Conversely, a %&fﬁ& aamabﬁ ﬂ&é&ebef uB8BCas a ERSORPLI9E gant ead to

ost eopetrosis, a condition by excessive hone densi t's:)t[r Agoni st s
and anfl&gorP k3 Emid - CPEP%%HHV%QCE)PB?@ ARRBELPY: ET6T & eening

formation and iy bise agdhaphst et edeiofpathant SOSuﬁéﬁltulﬁg 1ntefrramnilm;1e
di sorders. Agonists and an&‘ﬁlgonlstfs oftCPG le n9.,RGY g__l naused for the
treat ment of osREVpeHPas s ilniormation may

intracellular signaling mechanism associated with OPG
binding protein and provide intracellular targets for
20 new drugs that modulate bone resorption.
OPG binding protein may be used to treat
conditions characterized by excessive bone density.
The most common condition is osteopetrosis in which a
genetic defect results in elevated bone mass and is
25 usually fatal in the first few years of life.
Osteopetrosis is preferably treated by administration
of soluble OPG binding protein.
The invention also encompasses modulators
(agonists and antagonists) of OPG binding protein and
30 the methods for obtaining them. An OPG binding protein
modulator may either increase or decrease at least one
activity associated with OPG binding protein, such as
ability to bind OPG or some other interacting molecule
or to regulate osteoclast maturation. Typically, an
35 agonist or antagonist may be a co-factor, such as a
protein, peptide, carbohydrate, lipid or small



30 may be adm ni stered alone or in conmbination wth a t herapeutically
ef fecti ve woosmMe7sof a bone growt h pronoti ng agent i ncl u8CRJISBRenRS84

nor phogeni ¢ factors designated BWP-1 to BMP-12, transform ng growh
factory-[err] and TG-[err] famly msn‘ner_s2 fibroblast growmh 35 factors
FGF-1 to FG--10, interleukin-1 inhibitors, tNFa i nhi bi tors par at hyroi d
hor none, E series

prost agl andi nsMoBiesyAaIpMeighds Mmadedydive- érhmi'mlﬁgteractrﬁ ri’ér%{fllsog%ch as
fluoride and cgligldyfy PHAWIN oS rgulat ORE DiAdiRG BF Ot epHSeiBYabe

particularly useful i'n the treatnment of osteopenia. 5 Receptors for
Ost eopr ot eger | ROBYREP G 38 gngiagonists include apidROAASR i Wi ER sEeFbvi des

for recleptf)rs Wﬁthwﬁéllctmlerrntseﬂaﬁﬂwdmfngaﬁrmmlmwﬁ@émf%hﬁeof OPG
particul ar e J.nventi prov s _for .an osteoc erentiation
and acti vat oni’rlggé pfoP golu bjresf;’ r%*ﬁe%‘rlg%’e"%bﬁ‘ Ypepti de
whi ch shows hi giresein whiex}pr emmp‘rﬂmr@azgy dro M (£ aahidNFextecapeébiuiam |y

menber. The nu I [ | _O%,%q oD ed
pol ypepti de |s&s g%m |%fd Igur ef}%nﬂrﬁ% eggln 1 ]horm eosg O %ri ne CODAR may
be readily isolrgosdalyye OPG Myimdidir gricoreisc resgrress iofn &yl EONA or

genom ¢ I %@rﬂld‘@ Exrlf]hctﬁé%d" QI WA, %%f&l%b?@]cgmé:ﬂtgé&ff

Procedures for cloning human are simlar ose described in
Exanpl e 5 %¥&r 6P6r%|er3r§ @rneoélﬁm R 2 b i nskdteinie te ha i i Fdnol og of
t he pol ypepti dﬁc%hﬁ\éfnantl-lsrén@eglﬂe%u:h@tm Qiﬂ)@{;%s!s’b.o%der son et al.
(Nature 390, 175-179 %19 .and |s referred to t %iej n as RANK.
RANK i s characterized as %d'é‘dl et™h havi ng honol ogy

to TNF recept Oboha:ll‘ioll)limrﬂimﬁorﬁl’dﬁ mﬂu‘x\a)loeaﬁboﬂactemi,ritﬂhe ceII

function. ce . r th int.eraction of
bi ndi ng protei R rusnaéc O\fﬁ%':inq%rxg’ lffa dn q %Onef orreniﬁ}OI%:%Aﬁ?I%l (CDAR— Fc
f usi on prdt®ei ningreasst s'no@!@omaa‘@t of qu mt%stqrmtqun viaver (Fhauref 12) and

i ncreases boney3dfe ¢eR%alhd) RANlId &8 E\‘/faf[ﬁ @%ﬁ@%a@t@c“ on
(Figure 13). The_results are consistent wt bi nding protein

i nteracting wi CR1AREtAVELVatieiGTaBAR U as OStEOPenlasr and 1nclude
osteoporosis, osteomyelitis, hypercalcemia, osteopenia

brought on by surgery or steroid administration,

20 Paget's disease, osteonecrosis, bone loss due to
rheumatoid arthritis, periodontal bone loss,
immobilization, prosthetic loosing and osteolytic
metastasis. Conversely, a decrease in the rate of bone
resorption can lead to osteopetrosis, a condition

25 marked by excessive bone density. Agonists and
antagonists of OPG binding protein modulate osteoclast
formation and may be administered to patients suffering
from bone disorders. Agonists and antagonists of OPG
binding protein used for the treatment of osteopenias

30 may be administered alone or in combination with a
therapeutically effective amount of a bone growth
promoting agent including bone morphogenic factors
designated BMP-1 to BMP-12, transforming growth
factor-p and TGF-f family members, fibroblast growth

35 factors FGF-1 to FGF-10, interleukin-1 inhibitors, TNFa
inhibitors, parathyroid hormone, E series



pronDte osteocl ast maturation. Ost eocl ast devel t he
rate and 35VO8¥#®Al of bone resorption are regul ated by the P%QHﬁﬁ@gﬁﬁgtlon
of *OPG bi ndi ng protein and ODAR Conpounds

- 26 - whi ch decrease or block the intgyaction of OPG bi nding

protein and ODAR are potential antagonists of OPG bi nding protein

activity and na dlsru teoclast dev t d creased
bone resor pti on! r9§,ﬁ 1ﬁqé;9§uﬂg} QﬁﬁﬁﬁQﬁﬁﬁtwﬁ %ﬁgl%éﬁgaégﬁ?EEIH teraction
of OPG bi ndi ng prigleial sanchddDARs af tugoi datand eybmivns AntagRnégtsr &fot e
ost eocl ast devel j 1 in the A
vari ety of assa§§Qﬁ§§Igﬁﬂﬁéggnﬁﬂgneasure %% ?i€§?%?£%gﬂ¥igﬁegF OPG bi ndi ng
protein and ODARrieatmentyiQf oskerRepikified proteins. These assays may be
used to screen conpounds for their ability to increase or decrease the
rate or extent of blndlng to ODAR by CPG blndlno prot-in. In one type
of assay, ODAR Regentions Lon Geteoprote 55 €485t he bott om

of the wells of a microti e plabent Rodi ol abebedy OBEs forbiadepgopsot ein

(for exanple, io |n ted OPG bi ndj in)_an S %onpound(s)
can then be add %ﬁ??ﬁﬁc%ﬁﬁlgg QPE| ﬁ%n%?ﬂge?fﬂg 3§d ? 5
sinultaneouslyjpaﬂﬁmnwmﬂisy Aﬁmerlmmembabnoprovhées fomeansosgﬁogéawgshed
deternine tHe eifeheatiat Ehhamng et BRkeRy CRebBrhar ToPARY ol AR (e
presence (ﬁ itshea ttesdn soemonane ﬁvbypaptydetﬁblcbnﬁb9W§ ghegé 25
tested over a range of SPNESRALIALYORS: cBRY, % SBRECEebbptor EaRUNG! wells

| acki ng one or nore el enments o assays can be used
accuracy in evalmemiemn. ofTh%eHUC1e¥@s®¢%§ spEuaneer Akt WELIRE PP#§ ﬁéFhod

invol ves r ev{ S A t &1y Pest 188nss Showheinr pLglpe, 10..e. Thd0human
i mmobi i zing_OPG binding protejn to the mctrotit . ié%g lls,
i ncubating #thh QWP%%%togdW%Bh%% GRaR mayraa|6Fa§éF¥d1€% BEeghgY
determ ning the reyyeidipdt BRRscreehingi 8¢ 4skhemahocDNRanpl genohdet er 18 of
Qurrent Proto qggr&”w%@hecﬂéaﬁuc 8|QQXC1 uﬁgaﬁgnﬁg 8%'Fi%%§e’10.
Procedures for cloning human ODAR are similar to those
described in Example 5 for cloning human OPG binding
20 proteins. The human homolog of the polypeptide shown
in Figure 10 has appeared in Anderson et al. (Nature
390, 175-179 (1997)) and is referred to therein as
RANK. RANK is characterized as a type I transmembrane
protein having homology to TNF receptor family members
25 and is involved in dendritic cell function.
Evidence for the interaction of ODAR and OPG

binding protein is shown in Example 13. A soluble form
of ODAR (ODAR-Fc fusion protein) prevents osteoclast
maturation in vitro (Figure 12) and increases bone

30 density in normal mice after subcutaneous injection
(Figure 13). The results are consistent with OPG
binding protein interacting with and activating ODAR to

promote osteoclast maturation.
Osteoclast development and the rate and
35 extent of bone resorption are regulated by the
interaction of OPG binding protein and ODAR. Compounds



35 John Wley & Sons, New York, NY [1995]).

- 27 - WO 98/46751 As an alternative to radiol abel ling, Ge3usesobssadi ng
protein or ODAR nay be conjugated to biotin and t he presence of

bi oti nyl ated protein can then be det eczgg using streptavidin linked to
an enzyme, such 5 as horse radi sh peroxi e [HRP] or alkaline

phosphat ase [ AP], that can be detected coloronetrically, or by
fluorescent tad@iifh glecrease repthipaknthaninherbedyoni pécOR¢ i ndREBy

bi ndi ng Pr@@iteth AAAPoHMRLatE 58PEHEREEIahRaBbALIRsMRYE dpt0 10 be
used and can be detected after incubation wth _“enzyne-|inke
streptavidin i R REPpipctivity and mayopEskurgi R§teestaist and ODAR

may also be  devemdprémed dydahdacbneakrbesagapese beadsprachylic
beads or otger ADRES of.\;e;lch inert su strgt eg. . The 15 sugstr_at e-protein
conpl ex can be ‘hi aedtf ¥o| TRTRAURAS ¥BLER APAGCPRE EBRpLEMSKRS-On
protein and t hefi @G bindiompouioitehht andi ODANRabraenpotbatheadagoan she
precipitated by ceitr] %gﬁ' o) Ri ndi.ng _bet ween OPG
bi ndi ng protei 3#1—21;‘&3{ &?A caén (gset%g%léggs@%gggéPﬁénFhgnﬁ‘efaﬁlgagc&e cHied
above. A t EFALREIGN - t he substrate-protein conpl ex can be _
| mmobi 1 zed [ n a_col U and g e esde ML ELYL ndDdpe usEATPLERALALY Protein
a co I'n

passed over the_col umm. Forndti on o npl ex between i ng

protein ant® 25 {BSARERT dHePh e i RRG detndiiragoraledn and OBARniAues

set forth aboveutire.usirafliplaiel éddprentiRody Bhadendssays REyt Be |ike.
Anot her type ofusi rarvtitro assay t hat ig gfseful ., for_identifying a
conpound whi ch 35§t €45 & THCHSFERLRAZE 95 WRR 1 Bn@BE L ARY OERRIPPESBERI ng
protei n conpl exrn slexrease e tp asroax t @sonafcieinei ggt 6 opsRemysuch as
t he Bi acor ; maci a, Piscata N T Bi acre
system nay be ?ﬁ?@é%ﬁ& %‘%‘iﬁe i Olm{:a:?m g‘é‘f’\l’ﬁgraisé}’()t Q@%F‘ Thi s assay
essenti al |35 35 PrRkGivesagoksg emmalh il 2gf dfy ed t bachiORE btadthg bootein

or CDAR to a dext il GrANR s i SR i GlhdSe.  Radiolabeled opG

binding protein (for example, iodinated OPG binding

protein) and the test compound(s) can then be added
either one at a time (in either order) or

20 simultaneously to the wells. After incubation, the
wells can be washed and counted using a scintillation
counter for radicactivity to determine the extent of
binding to ODAR by OPG binding protein in the presence
of the test compound. Typically, the compound will be

25 tested over a range of concentrations, and a series of
control wells lacking one or more elements of the test
assays can be used for accuracy in evaluation of the
results. An alternative to this method involves
reversing the "positions" of the proteins, i.e.,

30 immobilizing OPG binding protein to the mictrotiter
plate wells, incubating with the test compound and
radiolabeled ODAR, and determining the extent of ODAR
binding (see, for example, chapter 18 of Current
Protocols in Molecular Biology, Ausubel et al., eds.,

35 John Wiley & Sons, New York, NY [1995]).



- 28 - | ocated in a detector. The test conpound and the other

conpl enent WO 9BM158i n can then be injected into the chamF&TeIRO0%8Ai ng

t he sensor chip either si mul t aneously or sequentially and the anmount of
5 conplenentary protein that binds can be asggssed based on t he change
in nol ecul ar mass which is physically associated with the

dextran-coated side of the of_the sensor , chip..the, change i | ecul ar
mass can be measur ed yst%% @%F%E?%glgﬁngnfggbogabeell%g’ ?ﬁngne
cases, it may beidesinalpeotein orevbARanaytbe oongogetedstocbipsimdsing
together for usgyn pres%ﬂ]&é e(?ﬁ')?goein EQESES#)thEQEnEBhOQh%}'\ HRAR OPG

bi ndi ng protein conplex. ese tases, the assays set forth above
can be readily @sdifdtefl bys b ayreptaviadint { bplpd150t ast eRENPEUNSUSh

ei ther sinuldangQusior di thagOin erék‘?éggﬁe@ﬁkﬁter Bheaflihgt test
conmpound. The remai nder of steps 1 n the assay are _as set forth above.

In vitro assays PheEPhatasesbABbscEhdbdcapobe detegh@dpe used
advantageously1dbgaygmghffgggﬂy,I@fg%%2@lﬁgﬁ§g&§ngftgggﬂﬁgngs for effects
on conpl ex formation . by ODAR and G_bi ndi n groteln. Tge ssays may be
aut omated to scrd&f s gemeRRELRCTY ghﬁﬁgt d t8i OBFa }ngﬁﬁﬁhetic
pepti de and ChemnﬁﬁeﬁnﬁﬁTGSmER t?atibsaﬁbﬂ§?g35edbtodbiotinCmﬁpouﬂdﬁamhich
i ncrease or, decrease, c X o] tipn.o G binding.protein and ODAR
my o s betd *CHEMESERIS Car P IO ErECRS: G REAR ERP AR C RS and

cell lines. Cel lennzame cCelnkéd nesrepyabiddbt dinkddf tonAP oraHRPmanmal , but
preferably will be from hyjgn r j , i odent
sources. ODAR contai ni ng ég{?gigﬁc%ggggéggg%glgggg ﬁ§¥ %gsénggched from
ot her cel | tiypmedipyizgd byt 3t eacneRbgraphgatssagbpabbi chgrylic

avai | abl e procegiyem M tachientypls BE Biadl DFert sAHBERRReEY OPAR bearing

cells is evaluated in the 35 presence or absence of test conpounds.and the
extent of 12 biSWRAMTF IS B RARr APFREEDYCAR oPeeRARBFE, 1P| gysSolution

containing. the complementary protein and the test
compound; after incubation, the beads can be
precipitated by centrifugation, and the amount of
binding between OPG binding protein and ODAR can be

20 assessed using the methods described above.
Alternatively, the substrate-protein complex can be
immobilized in a column and the test molecule and
complementary protein passed over the column.
Formation of a complex between OPG binding protein and

25 ODAR can then be assessed using any of the techniques
set forth above, i.e., radiolabeling, antibody binding,
or the 1like.

Another type of in vitro assay that is useful

for identifying a compound which increases or decreases

30 formation of an ODAR/OPG binding protein complex is a
surface plasmon resonance detector system such as the
Biacore assay system (Pharmacia, Piscataway, NJ). The
Biacre system may be carried out using the
manufacturer's protocol. This assay essentially

35 involves covalent binding of either OPG binding protein
or ODAR to a dextran-coated sensor chip which is



- 29 - cytonetry using a biotinylated anti body to OPG bi ndi ng

protein. Awewngradrsivel y, a nouse or hunman osteocl ast cul t pee/uses/ 01364
establ i shed as described in Exanple 8 and test compounds may be
evaluated for their ability 5 to block osteoclast maturation stinmulated by
addi tion of CSF-1 and OPG binding protei4® Tell culture assays may
be used advantageously to further eval uate conpounds that score
positive in protiscateddimep adsegstor. dEkertbetl aboweuntio and the other

Conpounds whi Ch)&llgi'r%leé?ﬁeﬁit?a[rgeﬁ%gééfntgg ah?hnf)gr 3041 oof 1%3:% Q'llj'x%d' ng

protein with OD e éeval n"vivo acti
adn1n|strat|on(ﬁhambeﬁrﬂpm@m%QUh@sthg ﬁenéofophémeélﬁﬁeﬁbasurenents of

bone densit kllﬂrﬁil%x%\?sﬂ?a@i" DEqHENEL L 9Bt BY A0k ndd ambaditography .
Procedures for neasuring bone density are described in PCT publication

W0O7/ 23614 and iGPMBdARREary ppotein that binds C?ﬁebuen@éﬁﬁséﬁdpubé\ﬁed’e

for conpounds wirchrd cwtmcj@a:s;e 061 86QTKrt RgsknivBAagt iign p(hﬁls@aﬁllllyndl ng
protein and ODAR and ar

e sts of _ost eocl for
conpounds gener 98P 4 e ‘?n“t”o dexthapsce éﬁsdgﬁééﬁ el Elc? & %’see
conpounds whi ch am&sor cluligy § vﬂdefcnam@&blmdlegumam gias sorcanhbeh i nteract

wth 25 OPG m:ﬁgéygggéz ggég ﬁggg descri bed above. A

second group in ose conpoun derived from CDAR or
which interd@t with ODAR In scammpaessof1bommuhasd@ﬁn¢ﬁbéﬁetmat agoni sts

of CDAR indéﬁﬁid&%@E%WbEE%CﬁorgrQégtnéomBSﬂhnggogéQheQa@Qghﬁg%ﬁﬁf§

| ipids or small nol ecul ar wei ght organic onpou
Ant agoni sts of GIOARSRRATSE TorfRtHeas Wy chormathpRdoit OBARIEEE bA8ddndnore

bi ndi ng sites f@frcﬁ_%cirbnzdnﬁblex t hen R ext5 368! | whar a«a@a@rlsns@rﬁdfd)%hease

" letely bl ock r hose_r.egi on h
greSangFCEdefﬁi%ﬁﬁﬁfc C D%??%égﬁ%}eg by adding” suc addifional ™

15 test compound(s) either simultaneously with, or
subsequently to, the first test compound. The
remainder of steps in the assay are as set forth above.

In vitro assays such as those described above
may be used advantageously to screen rapidly large

20 numbers of compounds for effects on complex formation
by ODAR and OPG binding protein. The assays may be
automated to screen compounds generated in phage
display, synthetic peptide and chemical synthesis
libraries.

25 Compounds which increase or decrease complex
formation of OPG binding protein and ODAR may also be
screened in cell culture using ODAR-bearing cells and
cell lines. Cells and cell lines may be obtained from
any mammal, but preferably will be from human or other

30 primate, canine, or rodent sources. ODAR containing
cells such as osteoclasts may be enriched from other
cell types by affinity chromatography using publicly
available procedures. Attachment of OPG binding
protein to ODAR-bearing cells is evaluated in the

35 presence or absence of test compounds and the extent of
binding may be determined by, for example, flow



- 30 - bi nding protein may be identified by anal ogy wth the
struct ur e WO 9BM&5honol ogous TNF[ err]/ TNF- R55 conpl ex whi ch PCT/HSA8/0R84

described in Banner et al. (Cell 73, 431-445 (1993)). For exanple, the
structure of the TNF[err]/TNF- 5 R55 conplex may be used to identify
regi ons of OPG bi nding protein and ODAR that are involved in conpl ex

formati on. Conpounds may then be desjgne i.ch_ . refer jal.ly..hind to
the regi ons in\?é’llé\Pé‘lftﬁch%xa blo’ﬁg?ﬁg??%ﬂ an§ike yastoaﬁ}{btadgg)rﬁ%qlsn.g I'n
one approach setrcdeirf.or tAil terkxabpéeylla pepsederahnmgeanssieosldedi gned
for use in raisi i-bodj . bi ndi;ng .proteai n t t as
ant agoni st s. Tﬁélg'etﬁlﬁetgi%i%% %géaﬁég%)gg gdggodegcgﬁ?}ﬁg {151 %@%lﬁdﬁg
protein and bl eckd degd ecoriprweds onay bewevhloBARA Eora tdiekd &bidpdroach,

peptide antd gepg ﬁo&@%é&?@f‘a%@ﬁﬁ%?éﬁﬁwﬁesﬁ%u@%t%?e%yt QdBISSANt | -

ODAR anti bodi es that act as antagoni sts. . natogi ni sts of ODAR
may al so bind ©F Q3R latand OPQRin@iBIdPEPERER - f r ERLLhEWitNdieh R SHAYS )

for OPG bp R ey G £ #RG L8131 yChangas t he rORAR 1RRINgept i de 20

that result in decreased qQr non roductlye‘congl ex Jormatj.on with OPG
bi ndi ng pr ot ei F@MPounds that score pgpatikfodPnRRPeAR &59%9' %
sol ubl e f ogeseir idAR disveke Ng a functional transnmenbrane donain. 25

Sol ubl e forr‘(e of ODAR may, have addel etign.of one or m)reeag'h 0 acids in
the trans rane domai n (AWAPAS WALFRs1B55S338 9T SRGRTESS geure 10) .
Sol ubl e ODAR intpotaqieipin deS ORY bawéipar pbroteahl wottht BD2R meac &lllad ar
domai n and ar e, gapanl iadin i pding: pL,ot.el i SO I

sol ubl e ODAR né)(\e be [}glra?éeo(? %mﬂ_ﬁ;ﬁéﬁ ngg?&?gi %9 %hdglﬁglllns part?rz%lr %ﬁ | of
the extracel |l ul compiBirds o9 WOAR feliawed by mensuEediedtsuLfakaR® aci d

sequence. |In opephediyBity Bdee h§&§f19hﬁgoaén§ﬂ8ﬂetry @% d sequence is an
Fc region from human dul at ors ,(agoni sts. and

I 3
ant agoni sts) ofra@/ﬂgra%%%y RePtRANTE® pPEVBRESBE 1fFeRONGs CEN5ativa are
i ncl udi ng described in PCT publication W097/23614 and in Example

13.

The invention provides for compounds which

20 decrease or block the interaction of OPG binding
protein and ODAR and are antagonists of osteoclast
formation. Such compounds generally fall into two
groups. One group includes those compounds which are
derived from OPG binding protein or which interact with

25 OPG binding protein. These have been described above.
A second group includes those compounds which are
derived from ODAR or which interact with ODAR.
Examples of compounds which are anatagonists of ODAR
include nucleic acids, proteins, peptides,

30 carbohydrates, lipids or small molecular weight organic
compounds .

Antagonists of ODAR may be compounds which
bind at or near one or more binding sites for OPG bp in
the ODAR extracellular domain and decrease or

35 completely block complex formation. Those regions on
ODAR that are involved in complex formation with OPG



- 31 - ost eoporosi s, osteonyelitis, hypercal cem a of mal i gnancy,

ost eopeni aywhy qxkghdy on by surgery or steroid adm ni str at p@FyssiAFsds S

di sease, osteonecrosis, bone | oss due to rheumatoid arthritis,

peri odontal bone 5 loss, immbilization, prosthetic |oosing and osteolytic
nmet astasi s. Agoni sts and ant agoni sts of OBPAROused for the treatnent of
ost eopeni as may be adm ni stered al one or in conbination with a

_thelrag_eut i gal I y?gﬁa@ﬁt;ihp@oteinf AERU Be 3fde§11tﬁQﬁQa@WW5hd)IWB th‘i:iighaﬂﬁét

i ncl udi ng bone nmor phogeni c_f act or esi gn -1 40 -12, . .

t ransf or ni ng gr%ﬁchFEEFoPE[ &R ?’RH‘G’i?@@p[SelmﬁFiggﬁ}gloﬁséerﬁ%?%l,eX which
fibrobl ast growhhsfheenr deECGFibetio inGBahher et alnt efdesikih3 1l 4dhtddbors,
TNFa i nhi bitors, hyr Qi d ar e, ser, pros I | .
bi sphosphonat es,(lggg?zétrgﬁgns‘?,xagggﬁﬁma%%& ﬁ%ﬁg-%%%zencéﬁgéﬁngn@gééﬁ%ch as
fluori de an® caREbuaompheaguaysbe ofse@DAR ddentify peagiens avf yORGeful in
t he treat nent . St eapen| ; fs | aDhEse2r €
offered to nnrgﬁigaégﬁlggF?F&gthFéo ﬁg F#@gh}?%hfgﬁthggg'ﬁgt co s?%ued
as limting thefeE®ptiPRer efpMmpounds may then be designed wik@hple 1

ldentification gfeBeshtihlNg BIHECRS @he?Regions involved inafoffFiex
bi ndi ng protein ) Ost eoprotegerin (OPG negati vel regulates
ost eocl ast ogeneSPERR1OP: RBYaAGti ASvARS 29SS SopG s one ap chefgted

protein, ifti0is EbkehyihoEkamhplach 1w Peptide ENtiIm ededaniéyigmaefonhi | e
mediating its elflfectg. . .Wthﬁgng gxcepttl 0@ Galbl known rrenti__)ers o]f% %he TNF
superfam |y aret§pal| F2EPARENBREARRE IS otE KEC P2 LR ot t hd2tel |
surface. To ideattfgsaanbagonists. Taes@PGntiibtidigeprateiexpeccadbtoant
OPG Fc fusion 3p; pROLE! BBeBL Rt B9 p3% LTI AR 29831 LAY EEP £9EndEHn
with ODAR. In a similar approach, peptide antigens
15 based upon ODAR structure may be used to raise anti-
ODAR antibodies that act as antagonists.
Anatoginists of ODAR may also bind to ODAR at
locations distinct from the binding site(s) for OPG bp
and induce conformational changes in ODAR polypeptide
20 that result in decreased or nonproductive complex

formation with OPG binding proteins.

In one embodiment, an antagonist is a soluble

form of ODAR lacking a functional transmembrane domain.

25 Soluble forms of ODAR may have a deletion of one or
more amino acids in the transmembrane domain (amino
acids 214-234 as shown in Figure 10). Soluble ODAR
polypeptides may have part or all of the extracellular
domain and are capable of binding OPG binding protein.

30 Optionally, soluble ODAR may be part of a chimeric
protein, wherein part or all of the extracellular
domain of ODAR is fused to a heterologous amino acid
sequence. In one embodiment, the heterologous amino
acid sequence is an Fc region from human IgG.

35 Modulators (agonists and antagonists) of ODAR
may be used to prevent or treat osteopenia, including



- 32 - i ndi proteins |ocated on the surface of various cell
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| i nes and mat opoi etic cells. Cel | | i nEsT/UR{07884e\y
as adherent cultures in vitro were treated using the follow ng nethods:
Cells 5 were plated into 24 well tissue cultyye plates (Fal con), then
allowed to grow to approxiantely 80% confluency. The growt h nmedi a was

then renoved, a .adherent cultures re washed wi th _phosphate

buf f er ed sapgﬁ%%%5§§f1 Glﬁé%e?ﬂ%ﬁ%$ﬁﬁ%gmg%E?EFQECSEFP £&rum 10 (FCS)
Reconbi nant nouselde8anzy-, 1 4 taapaih HunmnglOPGn by[ 88rgetly- Be Biwsirand
proteins (see U . Ser W, 45 file ' L3, wer e
i ndi vidually @ |1?3'th attg%gl 'ugP/a | nsog%%%%%_ ai %?§§8§§/c)g2§§l§f h(ia)%%added
to the cul turesl888 &Meowed theunatitiat e rtdhr U6l s npariedondpér bpBe The

OPG Fc fusion pnekgi,n isglominanaasdl seadaderic 1§§Qiheeaﬁe' bg tWeh§ 4rshed

in PBS-FCS solution as . described above. The cultures were then éxposed

to phycoeyr PRERFIESAGuat &F PPt (@ )ankrIomiFhs PECEPDAR yseghdery

?‘“:i bggé I(: ggut hgh? Bt@h&m}? gy oéecsmﬂeﬁi%sst %Qayﬁ?éba&mz?gét?%bddhll@:rl@

into - : - . mi.n.ncuhation at. r e.sol ution

was di scarded, 8%d§5 %O%%én&?lltoﬁ]r é‘?‘r]ikbrae %Elﬁ‘%ﬁYi BLieghdvE. The

cells wer e ahepngnealfysedhome igrawtdf Ipromstciany agenostnpyulidng botet ect

cell lines yhic : I f 0di ng_pratein.

Suspensi on 1\(/36; I E\gg '?’tEJ) Eélﬁe%‘]éﬁiﬁs%g” H%%gezé lg';}‘g};;ln‘lil g? ér@%ngg’w th the

fol | owi ng nodi f FEaRBERTMINGe growtdi Ifgerttorarfd anas ITARHE efancions insdrstsené ,

cal cium and _¢igReReauT LosR plasahAle Ayl Ipred saking containing 1% 30
: ,

FCS. Cells were, harvested fromexponentially = “Teplicating cultures in
growt h nedi a, palFerégubyn-1 iaddbditiorgat T« timdrihiesusperproa thytoXd

10[ err] cell s/ nhokione, & 86rwRlsl oA @@gﬂéﬁdfﬂésQ§i§ﬂﬂéé§ﬁbB£@E§,(Fa!Con)
Cells were quga#iall exposed to recombi nant OPG Fc 35 fUusion grotelns,
y

then secondar FB88YSas SHEYS, 2p&y Pone -gahancigiy RiRre k2l $ sSweReafashed
by centrifugatifhuoride and calcium. Antagonists of ODAR 3@re

particularly useful in the treatment of osteopenia.

The following examples are offered to more
20 fully illustrate the invention, but are not construed
as limiting the scope thereof.

Example 1
Identification of a cell line source for

25 an OPG binding protein

Osteoprotegerin (OPG) negatively regulates

Osteoclastogenesis in vitro and in wvivo. Since OPG is
a TNFR-related protein, it is likely to interact with a

30 TNF-related family member while mediating its effects.
With one exception, all known members of the TNF
superfamily are type II transmembrane proteins
expressed on the cell surface. To identify a source of
an OPG binding protein, recombinant OPG-Fc fusion

35 proteins were used as immunoprobes to screen for O0OPG




bet ween each step. The cells were then anal ysed by fl uorescence

activated ‘Q,ﬁlghmg;,g{ti ng (FACS) using a Bect on Di cki nson p&CAases07584
Usi ng this approach, the nmurine 5 nyelononocytic cell |ine 32D (ATCC
accession no. CRL- 11346) was found to express a surface nol ecul e which
coul d be detected with both the nouse OPF 232 194] - Fc and the hunman

OP({d 22-201] - Fc fusion proteins. Secondary anti body al one did not bind

to the surface Wfndih g%@@iﬂ@ Dekadid pnritheéeduhfaer bfGraEdouisndieddt i ng
t hat bindi ng of_the & Fc fusionh roEei ns g/as du§ Lo t he OPG nvi ety.
This bindi ng ctARPHARIMEIRAY n gma SPQHEEIGebERAENt. manner by t he
addi ti on of reconbi nant celbulinesothAtngne@P&s22dheIpnpr sbditikrephds t he
OPG 15 region required for it [ |.C agthyj S l.e f

speci fical ly biYarry Yo% Eotpfiefl §E38LCEReoEbL YbiknbonERRBRE  co1dls
Exanple 2 26 wdxerebated thooi ¢ weld hiussne CRGLBIrRdPAGLESot ein

A cDNA lib g aet!
c i brary 1@6§P?[§fge£r8f%§%gzg%{ow £8Ndpbir8at aften’o sohe

manmal i an expressi on vec ) (I'nvitrogen, San 'ggp, gﬁg.
Exponential |y 2songlesnay- 32Bheetrevihi RediAcapnthRE prES¥REe G0d T
reconbi nant i ntgqh&pkh f- Suvehfelakuest GHsnandwi@haphosphatkl bREAcresl
purified by acid guanidiniumthiocyanate- hgnggi%glor f.orm_extraction

! R
(Chontzynski an®REEReh{ PBS) (GL5Fo) BreRRairiRg21 %1 93t foSA™ The poly
(A+) 30 nRYA fracsj on rResombiahanedmbueem bhe t{oRall9IRNAFC angr dwaweat iQRE by
adsorption to, % é I gn Iéro. E)émabe ds OIUi 0 %g é\]lgynal Cor p)
usi ng the nga fg fLFEF' u?Sanﬁﬁﬂ anﬁrgESSU égf g %%gq i onal
ol i go-dT primedogDNA6 | bbb af yleds Sppepabed dsi A§9bhewsse dmddvdehiagtl ¥l asni d
System (G bco aﬁkluggﬁt98r§ba&9ml in Mk U8HRY:1hREgMBRUFRS! URelerS added
reconmended procedures. ) - 34 -
to the cultures and allowed to incubate for 45 min at
15 0°C. The OPG-Fc fusion protein solution was discarded,
and the cells were washed in PBS-FCS solution as
described above. The cultures were then exposed to
phycoeyrthrin-conguated goat F(ab’) anti-human IgG
secondary antibody (Southern Biotechnology Associates
20 Cat. # 2043-09) diluted into PBS-FCS. After a 30-45
min incubation at 0°C, the solution was discarded, and
the cultures were washed as described above. The cells
were then analysed by immunofluorescent microscopy to

detect cell lines which express a cell surface OPG

25 binding protein.

Suspension cell cultures were analysed in a
similar manner with the following modifications: The
diluent and wash buffer consisted of calcium- and
magnesium-free phosphate buffered saline containing 1%

30 FCS. Cells were harvested from exponentially
replicating cultures in growth media, pelleted by
centrifugation, then resuspended at 1 X 10’ cells/ml in
a 96 well microtiter tissue culture plate (Falcon).
Cells were sequentially exposed to recombinant OPG-Fc

35 fusion proteins, then secondary antibody as described
above, and the cells were washed by centrifugation



The resultin “gthNA was digested to conpletion with Sal | and Not
restriction WPU§RY ease, then fractionated by size excl UE?UHS%WS“
chromat ogr aphy. The hi ghest nol ecul ar wei ght fractions were sel ected,
and then 5 ligated into the polyliker regiogzof the plasm d vector
pcDNA3. 1(+) (Invitrogen, San Diego, CA). This vector cont ai ns the CW
pronotor upstreamof nmultiple clonin i,ite, and rects IeveI
expression in eﬁ?%?V%?Pceagh EgﬁPs. %ﬁ? Fﬁgﬂgr %ﬁﬁséﬁnﬁ1eﬁa S TohoT4ht ed
into 10 conpet enfléorestentkl ectiokxdDidEAB, s@x‘m:mg NWACSndusingtatered on
LB agar contai ng I}QQ H% ?gpll %.IAUI The library was then arrayed
i nto segregated pools ai'ni ng apprOX|nater 1000 cl ones/ pool, and
1.0 m cul tures of eaCHSpOGItheﬁea@PGWﬁCborth?&HPHWHQu 37[err]C 15

Pllasm d DNA fromnﬁfﬁemsﬂbwc@cw@mr qa%eéz%s'md&eacces&@fg%qc@m@tl 96
Utra Plasmd Kit” (catal og”#16191) | owi ng manufacturer's recommended

procedur es. 46) WasAﬁP&?@dt&o@ﬁ§r@ﬁS32Dﬁﬂ9@§§§qﬁQ%ﬁﬁ¥%PIV%%%Fy
wer e indivi dual |Mohlaoﬁécﬁé€eblﬂba G987 petht whes mduen Gt pssayed] fpe the

acquisition of a cell face din ratein. To do this, CGOS-7
celql s were plat e?in8 thﬁ Hmaﬁnggﬁzgf 2?) i f@? It%ﬂ PePIRALEIY] x-wel | tissue

culture pl ates (Sestadaryt laanlbuldtyuaedn@vdam ghit ibind to DVEM xbHzog of

t % F | mat h !
vas. dilut o Tont o €osChE a1 OF 8af Burfubihlh R PSR ERG" Poo
centrifugation thatthindghgaOG theOernfSplfrmoncblth(J@tﬁstvaas due to

Simul tancousl v, 4f[ 86E] ho9b el PoRRGLABHAR: LY Loura naeslinalog os, Cat

18324-012) was added to a Separate taining O serun}free
DVEM The DNA an@ose dﬁpﬁaﬂéetamaﬁ@%oﬂwut@ﬁs aferid ifrk f ZerPebPIiRnARE to

incubate at RT fghr3fRenbe. hﬁmanC@ﬁG7[296w01t}Ubtﬁért%in TR ecdespaashed
with serumfree DVEM and t pof ect.am_ne COQFIexes were e osed

to the cul t dres 389t6R EeguHFeEPA§7[éFF]élOAPHéFaﬁhﬁfﬁﬁaﬁ%%i1??&9
- 35 - of specifically binding to a 32D-derived surface
molecule.
Example 2
20 Expression cloning of a murine OPG binding protein

A cDNA library was prepared from 32D mRNA,
and ligated into the mammalian expression vector
pcDNA3.1 (+) (Invitrogen, San Diego, CA). Exponentially

25 growing 32D cells maintained in the presence of
recombinant interleukin-3 were harvested, and total
cell RNA was purified by acid guanidinium thiocyanate-
phenol-chloroform extraction (Chomczynski and Sacchi.
Anal. Biochem. 162, 156-159, (1987)). The poly (A+)

30 mRNA fraction was obtained from the total RNA
preparation by adsorption to, and elution from,
Dynabeads Oligo (dT)25 (Dynal Corp) using the
manufacturer’s recommended procedures. A directional,
oligo-dT primed cDNA library was prepared using the

35 Superscript Plasmid System (Gibco BRL, Gaithersburg,
Md) using the manufacturer’s recommended procedures.



removed, and replaced with DMVEM cont ai ni ng 10%CS. The cells were then

cul tured fogyod84drsr at 37[err] C To detect cult peresésnasss
express an OPG bi nding protein, the growh nmedia was renoved, and the 5
cells were washed with PBS-FCS solution. A 1.0 n vol une of PBS-FCS
containing 5 [err]g/m of human OPE 22- - 3%01]-Fc fusion protein was
added to each well and i ncubated at RT for 1 hr. The cells were washed
t hree ti mes Thid rel2RS-HHOS SONA ives digkdthed fo xeohnphe PBS 1WitlcoBadi ni ng
2% par af or mal de yde 0..2% gl.ut.ar.al deh B ] The
cultures were fcqﬂ%cte 12 Ioé]sv&]{% - If}(l,néfjor%lhcelnéalnsr\%’uts)ta e%Rgrég{l %?%?d
65[err] C while by siirmee resed U sl RBYECS woing tagraphte. cuTherkisohes e

al l owed to cool . tl & Q%%&ﬁ_s ﬁ‘iﬁi% %%%e?@@éé@t egng %']l;ugncul tures

wer e then |ncubate ne- phosphat ase conj ugat e oat
anti - human 193G (1p@ated de@ fihg RV BT (ROIN PPhdike B wgsdmeawm

for 30 mn, gdmawashed (iHwee:td Va4 gt TeA lemﬁp#l tdr6),
and 137 mV Nadl . | mmyne ﬂggnpﬁ exes th%%forne ZO&M { )S‘?}t ese gi;ﬁsrwere

detected by ass&ANGHG the G DTRO Lo HPSETRAN £F i T {1 REF ngl PRL East

Red TR/ AS- X tSybsindatd tedt  PiBfic el ekel . eﬁbﬁé@@ﬂc)anhl@mk@gycbhec
manuf acturer's reﬁggmren%g_}d r.Qcedur es thlé approach a
&y

total of approxi %’I%p&%ﬂ?l%&g% tE:(lg',%
screened, 10 repmgsdrngd By Q0 t (Binsd eoddik (210l 6B of GO0, clmohesand each.

A single well £ I i d the
abi : i '?y to be spemeg%?alc{ chﬁarc]aac‘ll' at e@ﬂ&%ﬂl&f ié%@@wlﬁﬂ?%gﬁ%%‘?m n. This
pool was subdi vilded lg.@uragw m&h&l’alaﬁm Pite| $23eeerEednPOo9bs | ding a
single plasnd eoel&%l%a@rgr%ﬂp%&wneaéély HKRET s fool, &N yas hben

transfected into whi ch were i nrunostal ned with egther
FI TC- conj ugat ed Ygdares %fnﬁaq%hrfﬁ?Pll Je LR B yE et Dot BY ok, 3hutan 35
OP(F 22- 201]1FCc frusisaiPpoueifirdn Wadecaidalne s Witdpared using the

- 36 - ATA%E%_e&)g?.on rot.‘3e€)1(lr_1f (LATA aal}ssn(\)l&r}gvp ?catafl\é #Mlg@pt gonery

et al. Cell 87,
following manufacturer s recommended procedures.

Arrayed pools of 32D cDNA expression library
were individually lipofected into COS-7 cultures, then
20 assayed for the acquisition of a cell surface OPG
binding protein. To do this, COS-7 cells were plated
at a density of 1 X 10° per ml in six-well tissue
culture plates (Costar), then cultured overnight in

DMEM (Gibco) containing 10% FCS. Approximately 2 ug of
25 plasmid DNA from each pool was diluted into 0.5 ml of
serum-free DMEM, then sterilized by centrifugation

through a 0.2 pum Spin-X column (Costar).

Simultaneously, 10 pl of Lipofectamine (Life
Technologies Cat # 18324-012) was added to a separate
30 tube containing 0.5ml of serum-free DMEM. The DNA and
Lipofectamine solutions were mixed, and allowed to
incubate at RT for 30 min. The COS-7 cell cultures
were then washed with serum-free DMEM, and the DNA-
lipofectamine complexes were exposed to the cultures
35 for 2-5 hr at 37°C. After this period, the media was



The secondary antibody alone did not bind to COs-7/32D-F b pr
Aﬁglﬂﬁ"fﬁ%l on protein. 5 Only the OPG Fc fusion pro?C&ﬁ}%@o

did the AT el n boun

the COS-7/32D F3 cells, indicating that 32D F3 encoded an OPG blndlng
protein displayed on the surface of expressizmg -cells.

Exanple 3 10 OPG Bi nding Protein Sequence

The 32D-F3 cl one isol at ed QU152 t ai éﬁ@gpgi t eh¥rdg3 khnheDNA
insert (Figure ff q%ﬁ% 5T sgﬂﬁéﬁ%ed D%ot |re8$?ons on an Applied

Bi osystens 15 aéaAsamemmtté'@rDmlstemashc@r LA‘S& M ¥ nef2@riven Taq
dye-term nator reactions gl%o te%glaﬁyé;ﬁégs)tﬁ@ilwﬁgss ant bec
proce

manuf acturer's recomende ures resul ting nucl eoti

sequence obt ai ndd NEEAY PFESEEA + Fhe IR IONpediR JERT T ?EEQSeaBg 8% he

FASTA progr agn ( @e®1 L Yeddinsiied Woiodh WS orss ngolwbilonanal a(SEdOf ol the
presence of long open reading frames (LORF' s) using the "Si v[y%

open reading fraedumepeifi RS -FCY mamesinimre HI/myeh RRERY BPG
Wsconsin). A LE%E.Ofc3¥%§¥§#“§§§§éan waééﬁﬁdéﬁstguéécﬁeﬁémm'aﬁdat

net hi oni ne was cted ropriate orientation, %
preceded by a 51ncubaumdr a@tsIRE by egll@ﬁ of TR otR 1l 150Wepe ‘Fﬁé Sd three

untransl ated regiy tﬂ’l N8k A d Nsd 1@ Fors] 04h& 0geén flxéas‘iheezmsof t he
predicted start codon. I

s I ndicates that th t of .t.h D F3
plasnid is é@ns@ﬁﬂﬁﬁlqﬂﬁg\ﬁithﬁ%i%%W¢1@%hY@PLﬁ?$ § 5% TE%@ }8&%?
region to disrp LY e8| By Of Misl6 ﬂaeg@am:et@feduwtarenwaaml oarce
cells. , The predi ¢cted OPG bindin t eguenc
then conpared t &iHe B84 s];(DCF%g 'rc}?ﬁrébh%%ukb?t%‘#u %ﬁp g ﬁﬁr%?’elgﬁ geg’uences usi ng
a nodi fied versiidmenfsdd el FASIY FCS gpoDbgrbon ( PeEhsooplisrhs Rexrenol . 183,

63-98 (1990)). F 13t9dn-was Ihe amino
aci d sequence wa ]‘Pﬁ%iéﬁéﬁ¥£%h'f%ﬁthPe PBSpr%%e%%euo? ecific notifs

conserved i h5al lasriovated. dﬁnbe¢@lUﬁreﬁewgnﬁnthﬁ@cFB§P§a g6t ¥ tOhTRE)
superfam |y alkaline-phosphatase conjugated goat anti-human IgG (Fc

specific) antibody (SIGMA Product # A-9544) at Rt for
30 min, then washed three-times with 20 mM Tris-Cl (pH
7.6), and 137 mM NaCl. Immune complexes that formed

20 during these steps were detected by assaying for
alkaline phosphatase activity using the Fast Red TR/AS-
MX Substrate Kit (Pierce, Cat. # 34034) following the
manufacturer’s recommended procedures.

Using this approach, a total of approximately

25 300,000 independent 32D cDNA clones were screeneg,
represented by 300 transfected pools of 1000 clones
each. A single well was identifed that contained cells
which acquired the ability to be specifically decorated
by the OPG-Fc fusion protein. This pool was subdivided

30 Dby sequential rounds of sib selection, yeilding a
single plasmid clone 32D-F3 (Figure 1). 32D-F3 plasmid
DNA was then transfected into COS-7 cells, which were
immunostained with either FITC-conjugated goat
anti-human IgG secondary antibody alone, human

35 OPG[22-201]-Fc fusion protein plus secondary, or with



usi ng the sequence profile nethod of (Gibskov et al. 5 Proc. Natl. Acad.
Sci . USA 8o 9bs6614359 (1987)), as nodi fi ed by Luet hy etPCIVUSIBIO®IBEI n
Sci. 3, 139-146 (1994)). There appeared to be significant honol ogy

t hroughout the OPG binding protein to several nenbers of the TNF
superfam |ly. The nouse OPG bi nding protein 16 "appear to be nost closely
related to the nouse and human honol ogs of both TRAIL and CD40 |i gand.
Furt her anahyaRsFof fubhéoOPBrbitedinng ATAS @ilisos &qeemc & s wiEkt ed a
strong match t u m Wigtsh i_ghlegy hog | score
SLrong, match toybhegdhErgIRer LA L sﬁprnggl ARy (1996919 stgq&ﬁ'uengceﬂ
contains a probabeeSﬁ9§népﬁwba@tﬂbéﬁyhéﬁﬁmﬁn@l@oﬁﬁﬁ1blnd-ﬁﬁht begins at a

MA9 and extendscg. #@92DB§§eéeQ&sthh%r didCeMe G- lmn i terdte dhe
met hi oni ne start codon, G bi ndi ng pr?)t ei pr.edi ctsed7}302§)e a

type I1 20 5traP@EnbR&nEPHr BFeffHSl\ﬁnt RISy th fEpe Co

intracel lul ar dpgate)i1andiadieagengCthernmsnd-F3 en@dde?ﬁ:edri WG hdiomdd mg
(Figure 4). This wou

t 1.k TNE J ith
t he exception oPf OteleHfJﬁE}h&k’@ i e(()ﬁgﬁéc‘taé:ng s"{e nry%crlfégr?gesmy

25 1449-1456 (1995)). Exarrpl e 4

Expressi on of human OPG bi ndi ng protei e 330 Mul tipl e human
ti ssue northern blots (dontech, Palo CA) were probed with a
[err] P-dCTRO | abel | ed 32D-GRGrRBiRAiRgi Bﬁotﬁh@nﬁﬁﬂu%céet ect the size

of the human transcript and to determ ne patterns of expressi on.

Nort hern blots were prehybridi zed in 5X 35, SSPE, 50% f ormam de, 5
Denhardt's sol ution, O. 5%?998 D-F3 clone isolated above contained an _ 38

- and 100 jg tbg&ﬁihtde;yatzuseqtbsainmn isRero OY¥A dure 2L)4 Whiadh was

0,
sater1 & The bl ver Voo ybidized 1o S S hesi00a miod UL 0o 2

15 373A automated DNA sequencer using primer-driven Taqg
dye-terminator reactions (Applied Biosystems) following
the manufacturer’s recommended procedures. The
resulting nucleotide sequence obtained was compared to
the DNA sequence database using the FASTA program (GCG,

20 Univeristy of Wisconsin), and analysed for the presence
of long open reading frames (LORF’s) using the *“Six-way
open reading frame” application (Frames) (GCG,
Univeristy of Wisconsin). A LORF of 316 amino acid
(aa) residues beginning at methionine was detected in

25 the appropriate orientation, and was preceded by a 5’
untranslated region of about 150 bp. The 5
untranslated region contained an in-frame stop codon
upstream of the predicted start codon. This indicates
that the structure of the 32D-F3 plasmid is consistent

30 with its ability to utilize the CMV promotor region to
direct expression of a 316 aa gene product in mammalian
cells.

The predicted OPG binding protein sequence
was then compared to the existing database of known

35 protein sequences using a modified version of the FASTA
program (Pearson, Meth. Enzymol. 183, 63-98 (1990)).



denatured sal non sperm DNA, and 5 ng/m | abelled probe 5 for 18-24 hr at
42[err]C. TWE B @152 were then washed in 2X SSC for 10 mi KAV ssc
for 10 mn at 50[err]C, then in 0.5X SSC for 10-15 mn.

Using a probe derived fromthe nouse cDNA ang, . hybridization under
stringent conditions, a predoninant 10 nmRNA species with a relative

nol ecul ar mass ﬁ%}abo was det ect

h Fi 3
orarnt Y e A g arfa i FhE iie' FapPRla R che 9ure 9
mass in fetalI|ansaﬂEWAoﬂ«sﬁi&iﬁn¢mm®glpso¢emaervedtnanséﬂlbmgwwere
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is very closg togdde Si‘llazt‘?l ofadde. n&ti Yeysa sﬁra@§§5t@§sgsqqgest)')nga%2D F3
is a full length clone.
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approxi mately 2. eri pheral

nodes and,i s
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hybdi zat i on agforuhid i TNS . sy e DIy Ng TiveatotPe bPGdbhgdpnat @rvtiesin

bt ai ned b ' h od
Fecori nant - actEHage HaqUESt o058 Fy Rk br e BoD BPeP RSB ey

hybri di zi ati on retteodshomol ¢Bandf coktlet TRAIL Moh@cOP4P CThgandg: Auraberat ory
Manual ol d %%M?% he' GBS o DAL AQ uérééggﬁ)?segggntz@ in lca]ttfébel o

phage or plasnlf I brary are screene I oactive
probes derived f& ¢giR%IRg mat¢le to the TNF superfamily, with a hig ly- 39 -

OPG bi ndi ng pr otsqgrhﬂ%fgwsﬁ%rgr@f pi ®bgs . are used to screen
nltrocellulg e filter lift fron1§E§dat ed i brar These filters are
i a5

prehybri di zéd and then 5% 1R9 BT 2 bAUTt PBAROSBELPT FEFUER SBanpl e
4, 5 ultinmatel arbdirgs rda Serdsalples | iy &tdoshoibes otahbRefbiane dom@R@

bi ndi ng prOte'néﬂg%Abééhﬁgték(ﬂnﬁﬂ§] nérext Xs to L69. Based on this

configuration relative to the methionine start codon,
the OPG binding protein is predicted to be a type II

20 transmembrane protein, with a short N-terminal
intracellular domain, and a longer C-terminal
extracellular domain (Figure 4). This would be similar
to all known TNF family members, with the exception of
lymphotoxin alpha (Nagata and Golstein, Science 267,

25 1449-1456 (1995)).

Example 4 -
Expression of human OPG binding protein mRNA

30 Multiple human tissue northern blots
(Clontech, Palo Alto, CA) were probed with a *P-d4CTP
labelled 32D-F3 restriction fragment to detect the size
of the human transcript and to determine patterns of
expression. Northern blots were prehybridized in 5X

35 SSPE, 50% formamide, 5X Denhardt’s solution, 0.5% SDS,



human OPG bi nding protein clones woul d be sequenced and anal ysed as
descri bed wo el e 3. A human | ynph node pol pcPesdsidassd
(Contech, 10 Inc., Palo Alto, CA) was analysed for the presence of

OPG bp transcripts as previously in U S. Serial No. 08/ 577,788, filed
Decenber 22, 1995. A northern bl ot of "t Ris "RNA sanpl e probed under
stringent condi tions with a 32P-1 abel ed nouse OPG bp probe indicated

the 15 presencgn@f 100MaG /@RCIdeRAthARSCdallinon S¥e9h ITNR Klor 2 -4 pit n@d cDNA
| ibrary was then synthesized fromthe | ynph node_ mMRNA usi ? thg0

Super Scri pt ki t4?G"~'BCOTﬂ’1|ef ®lots pasitdiiRf PR sherdy
described in ex? Smlde, Ttbeer{h%ﬁé |é1%é:1 ¥as §I12£ ,eci@@i,pétmlt he
ar fra 3.1 (+)

hi gh 20 nol ecu ction I'asm d Vect or
(I'nvitrogen, Sadeﬁa@gmedcghlnﬁlmcapmo@@t.emni 5 nq/r(cbllalmil_l)e@ @BU®E| i fe

Technol ogi e, CaLENSESBA o MY 4z0c Weritd WANST.ONELL A luded o04  2x

arrpl cillin resistant ormants were screened col on

hybri di zati on 28SCugi#g 1;9 (BQIDL lagbdTod 1o dE ﬁ%dﬂ#fg ?ﬁo‘i%‘l}/% pFlo®R.

A plasm d cl oneigf opgkatsls‘te gy -GRGhindi ng protei n cDNA was
i sol ated, phuOPGohp-1.1, and .cont ai ne ert. The re uIt|

a 2.3
nucl eoti de sequence of Usdfg &h -dfrll‘f?%e‘ir(fo% 2IRESE el % 85%
30 honol ogous hgb&hdim&i@naﬁ(ﬁdﬁm(ﬁmw&tteidbﬁﬁ%ons saacmem:@nmant

T | ati [ t. DNA . . di.cat of I
open roadi g 1 rEREA B85 R SHEETE ey S MR AT o AR Be e gure )
Conpari son of tReSmibswasndetevaredRE bymudl ypedes desi @ore shiows Ahﬁalmhey
are ~87% i denti galy, oh N,catihng, 1Alecteq WY 1Y Y Hd félzh‘.ﬂmz Yn&PASEL Y £

during evol ution 40 -
The human OPG bmﬁéﬁngnplf@tt@lln 10NR ramR NSy ot i OPG  Iyigrflierd €2r @leg ¥ not

present in Genbemsns%&qptt@e%x\@erfetectézp HPPH O PUsh 55T Seauences. As with
the nurine honol og,_ "t he_hunman bi nd |ng protein shows strong 5

sequence silm | a??‘ta?‘l{“&dal I Tllﬂr?rrt%‘rté‘ cﬁqur?egtT t exRuRRt oMy F

cyt oki nes. binding protein mRNA was extremely restricted in human
tissues. The data also indicate that the cDNA clone
isolated is very close to the size of the native
transcript, suggesting 32D-F3 is a full length clone.
20

Example 5
Molecular cloning of the human OPG binding protein

The human homolog of the OPG binding protein
25 is expressed as an approximately 2.5 kb mRNA in human
peripheral lymph nodes and is detected by hybridization
with a mouse cDNA probe under stringent hybdization
conditions. DNA encoding human OPG binding protein is
obtained by screening a human lymph node cDNA library
30 Dby either recombinant bacteriphage plaque, or
transformed bacterial colony, hybridiziation methods
(Ssambrook et al. Molecular Cloning: A Laboratory Manual
Cold Spring Harbor Press, New York (1989)). To this
the phage or plasmid ¢DNA library are screened using

35 radiocactively-labeled probes derived from the murine



Exérrpl e 6 ?”(?a?sﬁgﬂﬁi ng and Bacterial Expression of OPG bindi nggp@gészi_lg%ég

PCR ampl i f enpl oying the priner pairs and tenpl at

bel ow are used to generate various forms of nurine OPG binding
proteins. One primer of each pair introggces a TAA stop codon and a 15
uni que Xhol or Sacll site follow ng the carboxy term nus of the gene.

The other prinesp@f,2aaingablorein! B16AAUSES -&3UN! @42 Mol lfre ised

N-term nal nethionine, ) i mzed codons for thé amno term na
portion of thesgepen PERragelidderscilited ild f5ad Fufm R IRted

standard reconbj Naps-PNA fREBEAEL 99¥rs Zhe BeBnRiRduWGied andrehaurified,
restriction dlqgsted and inserted into t he unlgye Ndel and ol or

Sacl| sites of ®¥R¥dpized PAMRY 1 CPRREE1IRBS §PRGH LG ddu F35 t%ansf or med
into the proleinepblyg Eiveabi r382 eb PoYEfiQdherl sl WI1kd hused E.
xpr coaron. - af 1QHC b S8+ B PERLST FRRAS * TsREE s, P AN &7 3% 0 Da
i s isolated ancthtrhen OPGskiudnng pirotlkee nOeGohiesdmomg gt diccisequesered i and
confirmed. 30 ana 1ég/umagggg§gdb§§d'§%gﬁ%ﬁg %i.n [ 75- 316]

Thi s construct was engi neere e 2 acids in length and have
the followi ng N-terninal AnBuman lgmplr rcdgl PEdy ddefNA (Clontech,

NH2- Met (75) pASPr % 0; ABR1 87 81t Ca) #as ThA19%Rd A S e (Xt odhe
tenpl ate to be used for , , _ _ - 41 -
PCR was pcDNA/ 32%$ F3P aRhH2BFFEoRGE| 86t PHEY19¥S3Y- #7 dhdf - Seryalbdio76 were

ghelgrSilm;rz_ pai rog pspe, used to1eBRCBeaBfiber 22G| @Biomg t K HgenNRBONSIstICt .
5' - GTTCTCCTCAT A G AR B+ CRERREACRRERETEAEFESPR 3 conditions (gpq | p

NO ) with a 32P-labeled mouse OPG-bp probe indicated the

15 presence of human OPG-bp transcripts. B2An oligo dT-
primed cDNA library was then synthesized from the lymph
node mRNA using the SuperScript kit (GIBCO 1life
Technologies, Gaithersberg, MD) as described in example
2. The resulting cDNA was size selected, and the high

20 molecular fraction ligated to plasmid vector pcDNA 3.1
(+) (Invitrogen, San Diego, CA). Electrocompetent E.
coli DH10 (GIBCO life Technologies, Gaithersberg, MD)
were transformed, and 1 X 10° ampicillin resistant

transformants were screened by colony hybridization

25 using a 32P-labeled mouse OPG binding protein probe.

A plasmid clone of putative human OPG binding
protein cDNA was isolated, phuOPGbp-1.1, and contained
a 2.3 kp insert. The resulting nucleotide sequence of
the phuOPGbp-1.1 insert was approximately 80-85%

30 homologous to the mouse OPG binding protein cDNA
sequence. Translation of the insert DNA sequence
indicated the presence of a long open reading frame
predicted to encode a 317 aa polypeptide (Figure 4).
Comparison of the mouse and human OPG-bp polypeptides

35 shows that they are ~87% identical, indicating that
this protein is highly conserved during evolution.



1581- 76: 5' - TACGCACTCCGCGGITAGTCTATGTCCTGAACTTTGA- 3" 10 (SEQ ID
NO )  woosAési21l- Muri ne OPG bi nding protein [95-316] PCT/US98/07584

Thi s construct was engineered to be 223 am no acids in length and have
the followng NNterminal and 15 C-term nal residues, NH err]-Met-H s(95)
-AQu-Asn-Ala-dy--- -~-Gn4€pHeﬁé&3w)-dxH The tenpl ate used
for PCR was pcDNA/ 32D- F3 and ol i gonucl eoti des #1591-90 and )
#1591- 95 were the primer Pher hused OPC PCRNG ErsHigigy DNA anf PrRRin

construct. 20 - 90: - X d th
5 - ATTTGATTUA@%@%@%T&&&T%&R{MC&%A%&F&AG%Q ere e lseo 1o
NO ) 15310 gsomokogus5ESTAFEUBERGAFCCT BEAWHHAGTERA TEICERAACTTTGAA- 3'

%EFS l:(?nglto'r uct \A%?Ole%%'neer e?jmgr{ﬁhio@%ll Ry g%dﬁﬁmimdek h : d h
| ol € Q De am no ac I ngt an ave
the foll owi Ry NEEGRARAEEI saﬂa1arlth-tt°erar411néHe“}b€s‘?%&és?§mF%“b§‘1?

N@t-Ser(lO?)-(]guﬁggfghgiye@f-cytokineg;CJn-Asp-IIe-Asp(SlG) -COOH. The

tenpl ate used for PCR was pcDNA/ 32D- F3 and ol i gonucl eoti des #1591-93
and #1591-95 were the primer pair used for PCR and cloning 35 this
gene construct. Example 6 - 42 -

1591-93:

Cloning and Bacterial Expression of OPG binding protein
10
PCR amplification employing the primer pairs
and templates described below are used to generate
various forms of murine OPG binding proteins. One
primer of each pair introduces a TAA stop codon and a
15 unique XhoI or SacII site following the carboxy
terminus of the gene. The other primer of each pair
introduces a unique Ndel site, a N-terminal methionine,
and optimized codons for the amino terminal portion of
the gene. PCR and thermocycling is performed using
20 standard recombinant DNA methodology. The PCR products
are purified, restriction digested, and inserted into
the unique Ndel and Xhol or SacII sites of vector
pAMG21 (ATCC accession no. 98113) and transformed into
the prototrophic E. coli 393 or 2596. Other commonly
25 used E. coli expression vectors and host cells are also

suitable for expression. After transformation, the
clones are selected, plasmid DNA is isolated and the
sequence of the OPG binding protein insert is
confirmed.

30
AMG21-Murine OPG bindin rotein [75-316

This construct was engineered to be 242 amino

acids in length and have the following N-terminal and

C-terminal residues, mg-Met(?S)—Asp-Pro-Asn-Arg -------

35 Gln-Asp-Ile-Asp(316)-cooH. The template to be used for



5' - ATTTGATTCTAGAAGGAGGAATAACATATGTCTGAAGACACT CTGCCGGACTCC- 3! ( SEQ

| D NO WO 584675k 91 _ g5 PCT/US98/07584

5' - TATCCGCGGATCCTCGAGTI TAGTCTATGTCCTGAACTTTGAA- 3 (SEQ I D NG )
10 DAMX1-Mirine OPG binding protein [1182316] Thi s
construct was engineered to be 199 am no aci ds in length and have the

followng N-terpginal an C. term reS|d er 18

-Lys- @ n- Al a- PR @d’ﬂs pCDNABZP-'FB- @lnﬁin,&s.j'plglqnél t'3]1%% Cﬁiﬁ/f '%'% %gnpl ate
used for 15 PERS8ms7pcihife32heFpramekroldagonued dud iukesd #GO1PCR and

#1591- 95 were éfgn%éggb&galgr n‘és‘?:%rfs‘?:rru%@ and cl oni ng this gene

construct.

5' ATTTGATTCTAGAAGGAGGAATAACATATGAAACAAGCTTTTCAGGEG: 3! (SEQ I D
___) 5 1591495:

5' 'TATCIIXX}BNT CE%%%%E@E% SR GAAGT, P NG )

25 pAM=21- Miri ne ﬁl-g% pr ot el nrﬁg@'@ gﬁ%z}CAGCACTCACQ‘&EIQ g Thi s

construct was engl %-be)190 am no acids in length and have the

fol | owi ng I\I—te1r5r1i*i1né’115 and C-term nal residues,

NH err] - Met - Lys(sl28;\ccﬁAuTd:wc@rmdaﬁcs*mc'rcaﬁcmczrwek-@’n- Asp-11e-Asp(316)

-COOH.  The tenpl atgggispdndOr PCR was pcDNA/ 32D F3 and

ol i gonucl eoti des #1591-91 and #1591-95 were the primer pair used for

PCR and cl oni ng
5' - ATTTGATTCT AGAAE : R (SEQ I D
NO ___ ) This construct was engineered to be 223 amino

t hi s.gene construct 35 1591-91:

acids in length and have the following N-terminal and
15 C-terminal residues, NH,-Met-His(95)-Glu-Asn-Ala-Gly---

----Gln-Asp-Ile-Asp(316) -cooH. The template used for
PCR was pcDNA/32D-F3 and oligonucleotides #1591-90 and
#1591-95 were the primer pair used for PCR and cloning
this gene construct.
20
1591-90:
5’ - ATTTGATTCTAGAAGGAGGAATAACATATGCATGAAAACGCAGGTCTGCAG-3
(SEQ ID NO:___)
1591-95:
25 5’ - TATCCGCGGATCCTCGAGTTAGTCTATGTCCTGAACTTTGAA- 3’
(SEQ ID NO:__ )

AMG21 -Murine OPG bindin rotein [107-316
This construct was engineered to be 211 amino
30 acids in length and have the following N-terminal and

C-terminal residues, wNH,-Met-Ser(107)-Glu-Asp-Thr-Leu--
----- Gln-Asp-Ile-Asp(316) -cooH. The template used for
PCR was pcDNA/32D-F3 and oligonucleotides #1591-93 and

#1591-95 were the primer pair used for PCR and cloning
35 this gene construct.



- 43 - 1591- 95: 5' - TATCCGCGGATCCTCGAGI TAGTCTATGTCCTGAACTTTGAA- 3
(SEQ I D NOwgogids7s1 © PAME21- Murine OPG bindi ng protein [137pg#Akog/07584

Thi s construct. was engi neered to be 181 am no acids in length and
have the following N-term nal and C-term nal residues,

NH[ err]-Met-A n(137) -Arg-Phe-Ser-@y-- - 42 -----An-Asp-11e-Asp(316)
-COCH. The tenplate used for 10 PCR was pcDNA/ 32D- F3 and ol i gonucl eot i des
#1591-92 and #1591-95 were the primer pair used for PCR and cl oni ng
this gene construct. 1591-92: 15

5' - ATTTGATTCTAGANGEAGGAAT AACATATGCAGCGT TTCTCTGGTGCTCCA- 3 (SEQ I D
NO ) 1591-AFETGATTCTAGAAGGAGGAATAACATATGTCTGAAGACACTCTGCCGGACTCC -3

5' - TATCCGCGGATCCT CGAGT TAGRCTATGTCCTGAACTTTGAA- 3' (SEQ I D NG )
20 PAMR1- Myg1i3& . OPG bi ndi ng protein [146-316] Thi s

followng Ntermn -termnal residues, NH2- Met (146)

construct is enggn-exﬁ‘i‘gﬁcdéd&ﬂ@c E%G%GQQTATGTCE‘P&Q%T&"PGAAQQgth and have the
-Gu%]wSm-ﬂpui@QWﬁmﬁ=Gn4$pHe4mm3my COOH. The tenplate to

be used for PCRis pAM21-nurine OPG binding protein [75-316]

descri bed above and ol i gonucl eoti des #1600-98 and #1581-76 will be the
primer pai{0 ng.ihtiggeggéionstruct. 30
1600- 98: 5 -3

This construct was engineered to be 199 amino
acids in length and have the following N-terminal and

C-terminal residues, mg-Met(llS)-Lys-Gln-Ala-Phe-Gln--

----- Gln-Asp-Ile-Asp(316) -cooH. The template used for

15 PCR was pcDNA/32D-F3 and oligonucleotides #1591-94 and
#1591-95 were the primer pair used for PCR and cloning
this gene construct.

1591-94:
20 5’ - ATTTGATTCTAGAAGGAGGAATAACATATGAAACAAGCTTTTCAGGGG- 3’
(SEQ ID NO: )
1591-95:
5¢ - TATCCGCGGATCCTCGAGTTAGTCTATGTCCTGAACTTTGAA -3’
(SEQ ID NO: )
25
AMG21-Murine OPG bindin rotein [128-316
This construct was engineered to be 190 amino

acids in length and have the following N-terminal and

C-terminal residues, NH,-Met-Lys(128) -Glu-Leu-Gln-His- -
30 ----- Gln-Asp-Ile-Asp(316) -cooH. The template used for

PCR was pcDNA/32D-F3 and oligonucleotides #1591-91 and

#1591-95 were the primer pair used for PCR and cloning

this gene construct.

35 1591-91:
5’ -ATTTGATTCTAGAAGGAGGAATAACATATGAAAGAACTGCAGCACATTGTG -3/
{SEQ ID NO: )



(SEQ I D NO 1581-76: 35

5' - TACGCA TAGTCTATGTCCTGAACTTTGA- 3' ( SEQ | BRS98/07584

- 44 - PAM=21- Muri ne OPG bi nding protein [ 156-3161]

This construct is engineered to be 162 aming . acids in |length and have
the followng N-termnal and C-term nal residues,

NH2- Met - Arg(1593 y;Lys-Pro------ 5 --G n Asp-11e-Asp(316)- COOH The
tenplate to be us i ne OPG bi nding protein
[158-316] bel omwcswwﬁawﬁpa% T A eI EA 58176 wi || be
the primer pair to(BeR #PelCfor)PCR and cloning this gene construct. 10
1619- 86: 5' - GITCTCCTCATATGCGTGGTAAACCTGAAGCTCAACCATTTCGCA- 3

(SEQ I D NGO G21-M83intbopS binding protein [137-316

5' - TACGCACT I D NO )
pAMG21- Miri ne OPG blndlnahﬁﬁoﬁﬁqﬁq?ﬂﬂ§dyﬁﬁ engineered to benl8lcaRINOyCct
was engi neer eda&9dabeih6Q ealitho a2l MRFiddHd # SNOHigddy hasemiAa1f ahldowi ng
N-term nal and C-term nal residues, NH2-Met-Lys(158)

-Pro-d u- Al a- -C-terminal. rgsqdngs-| N, Adpt 3GER{1 HATgTREe-&f¥ &l 1o be

used for PCR was,pcC D-E3 i onuc 1 81 73 and

#1581-76 were fhé‘bé?ﬁé?sﬁéiﬁﬁ'@sﬁgﬁéd‘%&*P ?5 eH‘R§ SomSTs % gene

construct 10 PCR158&- PBDNA/32D-F3 and oligonucleotides #1591 92 and
#1591-95 were the primer pair used for PCR and cloning
this gene construct.

1591-92:
15 5’ - ATTTGATTCTAGAAGGAGGAATAACATATGCAGCGTTTCTCTGGTGCTCCA-3
(SEQ ID NO:___)
1591-95:
5’ - TATCCGCGGATCCTCGAGTTAGTCTATGTCCTGAACTTTGAA -3’
(SEQ ID NO:__ )
20
AMG21-Murine OPG bindin rotein [146-316
This construct is engineered to be 171 amino
acids in length and have the following N-terminal and
C-terminal residues, NH,-Met (146) -Glu-Gly-Ser-Trp------
25 --Gln-Asp-Ile-Asp(316) - cooH. The template to be used
for PCR is pAMG2l-murine OPG binding protein [75-316]
described above and oligonucleotides #1600-98 and
#1581-76 will be the primer pair to be used for PCR and
cloning this gene construct.
30
1600-98:
5’- GTTCTCCTCATATGGAAGGTTCTTGGTTGGATGTGGCCCA-3
(SEQ ID NO:___)
1581-76:
35 5’ -TACGCACTCCGCGGTTAGTCTATGTCCTGAACTTTGA-3

{SEQ ID NO: )



5' - GTTCTCCTCATATGAAACCT GAAGCTCAACCATTTGCACACCTCACCATCAAT- 3' ( SEQ
I D NO M&&mgﬁl76 5' - TACGCACTCCGCGGT TAGT CTATGT Codt65868l0h584A- 3'
(SEQ I D NO PAMR21- Muri ne OPG binding protein [166-316] 35
This construct |s engi neered to be 152 am no acids in length and have
the following N-term nal and C-term na#4resi dues,

NH err]-Met-H s(166)-Leu-Thr-1le------

- 45 - - -gAMG AS b+ en 8SPP818) naEREHprotea nt et dlo be used

for PCR is pcDNA/ 32D F3 d,oli onucle i,des #1581-75 rﬁ% 1581 76
Wil be the priner pair tohbe GUBACFBFCPER SMOINESTel G Mf t

construct. 5 acid$8in7bength a&hd have the follow1ng N-terminal and

- GTTCTCCTCATATGCATTTAACTATTAACGCTGCATCTATCCCA
CGGGTTCCCATAAAmmBna%SE@smuw@r _ NHy-Met - 3‘1158&157%) Gpv-Lys-Pro------

DANEQSGSﬁfrne .%é q%§%§ pro F%gTqéfgﬁ Qﬁﬁégéé&ﬁfggé H%l%ec%%%?ruct

i s engi neer ed t%p%qugolénPhUGzl myziite PRG bAgdd nehdaahadin hel %135/ ng
N-term nal and pdfow Caﬁéfal%@m{lesﬁb@lﬂ@aes'\"#%s"ibt-*a@fa(rﬂeﬁ@l581 -76 will

-lle-Asn-Ala------ Iate to be
used for PER $RepRPNRES2PRES Eﬁdbﬁl P&Sﬁuéloéotpccfesa%%llo thigpg
#1581-76 W || bgeddecepristBicpair to be used for PCR and cIonlng. 20
1581- 74.

5'- GTTCTCC%EATATGACTATTAACECTGCATCTATCCCATCEEETTCCCATAAAGTCACT 3
(SEQ I D NO )619-86:
5¢- GTTCTCCTCATATGCGTGGTAAACCTGAAGCTCAACCATTTGCA-3’

(SEQ ID NO:___ )
1581-76:
15 5’ - TACGCACTCCGCGGTTAGTCTATGTCCTGAACTTTGA -3’
{SEQ ID NO:_ )

AMG221 -Murine OPG bindin rotein [158-316
This construct was engineered to be 160 amino
20 acids in length and have the following N-terminal and

C-terminal residues, NH,-Met-Lys (158} -Pro-Glu-Ala------

--Gln-Asp-Ile-Asp(316)- cooH. The template to be used

for PCR was pcDNA/32D-F3 and oligonucleotides #1581-73

and #1581-76 were the primer pair to be used for PCR
25 and cloning this gene construct.

1581-73:
5 -GTTCTCCTCATATGAAACCTGAAGCTCAACCATTTGCACACCTCACCATCAAT -3
{SEQ ID NO:___)
30 1581-76:
5’ - TACGCACTCCGCGGTTAGTCTATGTCCTGAACTTTGA-3
(SEQ ID NO:__ )

PAMG21 -Murine OPG binding protein [166-316]

35 This construct is engineered to be 152 amino
acids in length and have the following N-terminal and

C-terminal residues, NH,-Met-His (166) -Leu-Thr-Ile------



1581-76: 25 5'-TACGCACTCCGCGGTTAGICTATGICCTGAACTTTGA-3" (SEQ_I D NO )
It is under¥P3®d6™hat the above constructs are exanpl es I GHEOWE | ed

inthe art may readily obtain other forms of OPG bi ndi ng protein using
the general 30 nethodol ogy presented her. 4g . Reconbi nant
bacterial constructs pAMx21- muri ne OPG bi nding protein [75-316],

95-316], [107- 316 118- , [128-3 , 1 137-316 d_ [158-316
Lave be]en E:I oneU:G%ﬂlﬁg%éhE%%é%SBg%?hﬁe ,OHandJr?J@Veﬁ[eénpo]Ta%%]t?ekggn%lgﬁ nt ]
gene product exfuesBCRNi$optDMAYig2DAEBCcRNANOL igohas leedn deoerk el - 76 |
construct's prodyced, | ¥el 5600111 HECERIPLAIAL,IBRT P MU E SR PR

readily visible

fol | ow ng SDS putdackyhamg dehyel gehectpophoresi-s and coonmssi e

stai ning of ccrude |ysates. G owth of transfornmed E. coli 393 or 2596,

i nduction of OPG bi ndi ng protein expression and isolation of inclusion
5 bodi es cont ai IMA§’PG bi nding protein is done according to

procedur es descy'i-BEECTCRTRTARTADRTITAZGTIALTAACGCTGRPYTGTATEBEATON of OPG bi ndi ng
proteins fromincl ustamerrcccaThaxtiTescr-aqui (559 solndailiyati on and renaturing

of OPG bi ndjgRg;grotei n using procedures available to one 10 skilled in
the art. Regomai,n ] Indi ei.n [ - was, found to
be pr oducegﬁnong% I SHEG&E%SOG%ﬁ&%%#%%%“&é&%%s fé%ﬁéd%l}ﬁ\]ot'her‘)sol ubl e
fraction. Reconbinant protein was purified fromthe sol uble fraction as

descri bed bel ovy#ehi 1 9uPiRaCHPEI byné§n$><§%a@% [168-316]

Exanple 7 Purification of .recomhi nant nurine .

OPG bi ndi ng protein [158-845 ggnstruct ispppgdresreleticaPelld 3 Bori ng
expressed nurinecids PG &hdithngngr hheenthd58o316winer & -tdeweichamdand

15 C-terminal residues, m&-Met—Thr(lGS)-Ile-Asn-Ala ------
--Gln-Asp-Ile-Asp(316)- cooH. The template to be used
for PCR is pcDNA/32D-F3 and oligonucleotides #1581-74
and #1581-76 will be the primer pair to be used for PCR

and cloning.

20
1581-74:
5’ -GPTCTCCTCATATGACTATTAACGCTGCATCTATCCCATCGGGTTCCCATAAAGTCACT -3
(SEQ ID NO:___)
1581-76:
25 57 - TACGCACTCCGCGGTTAGTCTATGTCCTGAACTTTGA-3 ' (SEQ ID NO:___ )

It is understood that the above constructs are examples
and one skilled in the art may readily obtain other
forms of OPG binding protein using the general
30 methodology presented her.
Recombinant bacterial constructs pAMG21-
murine OPG binding protein [75-316], [95-316], [107-
316], [118-316], ([128-316], [137-316], and [158-316]
have been cloned, DNA sequence confirmed, and levels of
35 recombinant gene product expression following induction
has been examined. All constructs produced levels of
recombinant gene product which was readily visible



resuspended in 20mMtris-HO pH 7.0, 10mM EDTA. The cell suspension
(209 v) wamo bdieisthonogeni zed by three 25 passes through a nperokssaresszer .
The |ysed cell suspensi on was centrifuged in a JAl4 rotor at 10,000
rpmfor 45 m nutes. SDS-PAGE anal ysis showed a band of approxi mat el y
18kd nol ecul ar wei ght present in both - i%%l usi on bodies and the
supernatant. The soluble 30 fraction was then applied to a Pharmacia SP
Sephar ose 4f¢] ok iman &Iqﬂipbbyateﬁlaﬁnlheleéwl NESc}nh:Io@h@re'Efi@ @a

bi ndi ng protein e v e of 0-0.4M
NaCl in MES H%g%i? %%%t?%#sﬁyng %gngg}lﬁl ngy%ﬁg&”% “ndi ﬁg p?lotogn were then
applied to an J5r B Waked bbndcebi udh3 equi REBF at ddduictho20m KIES pH 6. 0.
OPG bi ndi ng grQEfﬁ&h Sp§$HéPH &%épeésiéﬁwlg&ag Tﬁt bn of inclusion

- 47 - |na pro uct was over 95%
hormogeneous by rshl g8 @n‘F@%’é%Wn%PGs}éq%@hEGnBrg‘éﬁén is gpaef gacerdHgg

sequence: Met- LthS ;Pf@béawréé aa&Arhea in P@hewéba/bh%l\ahl ch was identified

to that predict a poly tide_ startin residue 158 (with an
initiator net h|% Jréj)caﬁ':h%nr ‘5?‘5@%@%@”%?0 F@ﬁt from agpclysigmgt ein

durin? SDS—PAGEMﬂ@EEBrméqmﬁm&ﬂgesupmmll1zatfdmcénﬁgrenalﬁrngbFf OPG

Exanpl e 8 ciivity of reconbin sol ubl e

OPG bi ndin pro?lndlrw ﬁ’f&{é’lﬁ) &)&ﬁ R% gﬁ%ﬁglﬁﬁﬁ? %S?gggl fCh8ES previ ously
been 15 shé@n t¥kbllrk ia tEre rnD3. deeeonleinanstvociast OPG bﬁmdtmtgl on from
bone marrow an say as
described in UCbSLSOQAS%"rEIPaPIE%:u:;f@].r %#5%%%8118;& ék%ag % gfot ein

bi nds to OPRSUHP 1% PHoaPowenbeh mstf@uWFlflaﬁhEySQflub@el i gands, it
is a potential frd@etornf @P&&mamn;s]yotem ﬁ§§0ﬁ9k99%d5@|r6m %hQPG

bi ndi ng pr ot ei n, ( resentjng e. mnimal core TNFa-|
domai n, ]é’g?%eedlf%ﬁc‘?lt%n a%%)l‘?ﬁ/mfjob%&ﬁh?‘é 6§@e6€§a§f1°aCt1V1tY

15 examined.

Example 7
Purification of recombinant murine

OPG binding protein [158-316]
20
Frozen bacterial cells harboring expressed murine

OPG binding protein (158-316) were thawed and
resuspended in 20mM tris-HCl pH 7.0, 10mM EDTA. The
cell suspension (20%w/v) was then homogenized by three

25 passes through a microfluidizer. The lysed cell
suspension was centrifuged in a JAl4 rotor at 10,000
rpm for 45 minutes. SDS-PAGE analysis showed a band of
approximately 18kd molecular weight present in both
inclusion bodies and the supernatant. The soluble

30 fraction was then applied to a Pharmacia SP Sepharose
4FF column equilibrated with 10mM MES pH 6.0. The OPG
binding protein was eluted with a 20 column volume
gradient of 0-0.4M NaCl in MES pH 6.0. Fractions
containing OPG binding protein were then applied to an

35 ABX Bakerbond column equilibrated with 20mM MES pH 6.0.
OPG binding protein was eluted with a 15CV gradient of



differentiation fromosteoclast precursors. Bone 25 narrom1ce|*ﬁ§&§&§84

i sol ated f M8 nouse fenurs, and treated with M CSFYC
non- adherent fraction was co- cultured with ST2 cells in the presence
and absence of both vitami n D3 and dexafret hasone. As previously

shown, osteoclasts develop only fromco-cultures 30 containing stronal

cells (ST2), vijagm d. ex t hasone, I o]

bi ndi ng protdrﬁéﬂ?g%éégéxd%% %?gvgﬁgghg'coﬁggnfﬁgggghgg?gﬁ}E%%%?E%? .16
to 500 ng/nl arfbosieuedeseonst by aSDSNPAGE . d¥t ceninabdl sedwenTRARY HVR | on
assay and by vi I [ i 35 hLndi hg. tehn _shrargly. std ul at ed
ost eocl ast S s SRS YA, ?gqu&ﬁg%: ﬁé? FQQ 9584%&3 ghad?gf%fzﬁiiation
and maturati on Bhre Abpsiigependenvas idephhéiedwtohthalts prgdiliediederfacts in

the 1-2 ng/ gl a_pd]_%&g@pt§&@g§_§£i“99n%h§€ tbsdghs @ssanwhehenh i nducer of
ost eocl astogenesi's In vitro (Figure 5). The effect of 5 OP b|ndLng rotein

i s bl ocked by ridtiomdtRhtmePgioninel; gufaepyelative moleculay, et her
OPG bi nding prdeitheoptdtein depiagesbhepatEogBeantdoadeaddnglee uPads,
cultures were establ i shed using M CSF at varying concentrations to 10
pronote the grcﬁﬁqP%ﬁl%%teoclast precursors and vari ous anounts of OPG
bi ndi ng protein were al so added. As shown in Figure 6, OPG binding

protein do dependent |y stinultat ctivity, and the magnitude
of the fgtinulation was dependent oﬁg%%gﬁgegel of added M CSF 15

suggesting that theselnvmnitnetbisacbiel hgrofir ceppmbiapnt soflagwlsst eocl ast

devel opnent. To confirmthe biologb%abi d-néebgggggg of this |ast
observation, cultures were esta Ilsﬂeé on bovine cortical bone slices

and the effects of MCSF and OPG binding protein either alone 20 or
together were tested. As pdeuibiRaftJUP€ ProtBtn hasbbhévigupnet ¢derd n the
presence oiSM- F stlnubgted¥the i fo$n§t|on of large T?AP positive

ost eocl ast $°t hatROWR &9 ALK ned BIRLN D7 1 deREPEERFt PRGSPALAPEs. Thus, OPG
bi ndi ng pr ot ei rEcantisst sn afirastleoné arhogenesnd 2pleshi preaursgrs in an

(difterentiati e Laciole eIhhng!g885)Sas acblPLoERCR! 8243 GRhAN ast

devel opnent by se ering
No. 08/577,788. Since OPG binding protein binds to

OPG, and is a novel member of the TNF family of

20 ligands, it is a potential target of OPG bioactivity.
Recombinant soluble OPG binding protein (158-316),
representing the minimal core TNFa-like domain, was
tested for its ability to modulate osteoclast
differentiation from osteoclast precursors. Bone

25 marrow cells were isolated from adult mouse femurs, and
treated with M-CSF. The non-adherent fraction was co-
cultured with ST2 cells in the presence and absence of
both vitamin D3 and dexamethasone. As previously
shown, osteoclasts develop only from co-cultures

30 containing stromal cells (ST2), vitamin D3 and
dexamethasone. Recombinant soluble OPG binding protein
was added at varying concentrations ranging from 0.16
to 500 ng/ml and osteoclast maturation was determined
by TRAP solution assay and by visual observation. OPG

35 binding protein strongly stimulated osteoclast



OPG bi ndi ng protein. Exanple 9 30

I n vivo actweiotyersf reconbi nant sol ubl e OPECBiUSSH/07§84
Protein Based on in vitro studies, reconbinant murine

OPG bi nding protein [158-316] produced in E.coli is a 35 potent inducer of
ost eocl ast devel opment from nyel oi d pr‘eéﬁr sors. To determine its
effects in vivo, male - 49 - BDF1

m ce aged 4-5 Wﬂelﬁe(r@knarilaets'dﬁ agud mtmlrra!ttdrdresi)n a dozzclerendemeut aneous
i njections of di e 0ay, f0 7k hree days
ORGnihd QJ% t gﬂrmt X gra gg’egzlté W e 2 /

and on the norning 0, 1, 2; and 3). Five groups
of 5 mce (n=4) rﬁ@@@w@dlg(gﬁsrtrléhq &ihdrte ltor?iClts RS Z; gotent 1U€)"E‘é‘F‘FTg?’ of of

OPG bi ndi ng protgicRdciadt3endials day vi thiy (Flélﬁéttﬂpna|Tl5e 9& PESSE Ob£ M Ce

(n=4) received the above doses Q carrr er or of br ndr n gr otein
[158-316] 3 lerrq S ALEdd Ve HArke L
1ny/ Kg/ day (appr(@mgrm&teelsy 20 [err] g/ day) by si ngI e dal I y subcut aneous

i njection. Wil e blood ionjz al was, ernlned rlor
treatnent on day O and 3- g:l.‘ﬁsct %e%g’]retre Ptqre”frﬁjsrfg o%’f? ‘%r on of of
OPG bi ndi ng repdieien thEb&t3thla amdaykield <t ermidis, ﬁmquEené after

were taken o eStaBlidHeq dAGIMERSMLE wany Nl (CIcth S 1 200"
produced a 59 gnipfrioperte itder @a‘whm dfl ewd-aasriasdd precwwﬁrrﬁ@@t‘éﬁlriﬂbsdays

of treament at %%%n%f il ‘?ﬁfd %@@irgppz@c%lm Ghste (L Wreadda. Ake

severity of the ypercal cem a 1 ndi cates a potent induction of
ost eocl ast act i WOy dSuIRING & fomQBR B hatotein rdawp (Heppndently

Concurrent CPG admiiyiaid amals mdwadricy, hferont oRiw aidslosestne CPG
Lerr] ofday. - TheSaTikad o uas AAPSIERE Gkt Ut 194 hdt moU ARy 1 oo F
determ ne if5 sudglyerse iwey etrmty tifef g ttsvoo If duooeer 91 ey et hebe resr ¢ ypirvetél e
for osteoclast development. To confirm the biological
relevance of this last observation, cultures were
established on bovine cortical bone slices and the
effects of M-CSF and OPG binding protein either alone
20 or together were tested. As shown in Figure 7, OPG
binding protein in the presence of M-CSF stimulated the
formation of large TRAP positive osteoclasts that
eroded the bone surface resulting in pits. Thus, OPG
binding protein acts as an osteoclastogenesis
25 stimulating (differentiation) factor. This suggests
that OPG blocks osteoclast development by sequestering
OPG binding protein.

Example 9
30 In vivo activity of recombinant

soluble OPG Binding Protein

Based on in vitro studies, recombinant murine
OPG binding protein ([158-316] produced in E.coli is a
35 potent inducer of osteoclast development from myeloid
precursors. To determine its effects in vivo, male



by X-ray (Figure 9). Reconbi nant of OPG bi ndi ng protein -
inj ected fWO%48H}s decreased bone 30 density in the proxi W§9g{b2483f

mce in a dose- dependent manner. The reduction in bone density was
particularly evident in mce receiving 1Q04gerr]g/d confirm ng that the
prof ound hypercal cema in these ani mal s was produced fromincreased

bone resorption_a t he

nd , - -,
resul ting rel eBRE Lo iCs GIRF 4 omMaRk S kEETHES Rlvellf"leléaeb%%goxé =Nl y
indi cate that ebcoRedd mdivtm tiimdi injedtlinh3kE GRE soimdimgoprotpionote
bone resorptio | eadi ng. t o sys 1.C erc i Lngpt OPG
5 abbrogates tﬁaégéflfsgct &1%63 2 Cya}} 0 TR dﬂfg’gﬁd @fgxd%%%fﬁggggﬁa
Cl oni ng and Expfesdieorf cofr tdolday e(daREG Bl .nding Prast@id) . Five groups of

i n ”a”“a'i%? ¢ EE%.%%=4) received cadifidildid ;ﬂ&kcipnglojsnyfine and
human OPG indi ng protein can be expressed in manmalian cells as

previ ously desaoioped iof BfaqHE indrtempattiade] y(13he316] p®NAdaY onedncan
be nodified to code secreted fornms. of, 15  the protejin e sed in
mamal i an cel | §%ré1 &od‘(?el 5 4IPS (9 ’?fa‘i%r%ﬂ‘@' reen%leio © hgﬂ%Dﬁﬁégécodi ng
t he i nti at idosexodd,caand extendhPrpirinditg ayotdinugh58-316he first

69 am no acid of the prot.ei.n. i d t I [ spanni ng

regi on, could t%’dr é‘ﬁll e‘iicée)&dletven‘q%rh f;é%gl‘p% gha anpercE i(g#eérgg%)e?@g]equence. For
exanpl e, DNA 1mgyeuuenses(apiaask ivga tdley i20 tligtdayn) dogosimgle sdgndy

pepti de of a known gene can be spliced to the OPG . _bindin [ Qtein CDNA
sequence begi niURg $ Hpiggtion. tw}'éO]reegqjo‘?lo ntdUt 15 aﬁgﬁ RG4S
resi due 68. Thé&eXzrntiesid tpmighr ewm i aratiercd asresday €0 paredi ¢t €dhoorpr oduce

inder go post T PG 5ha - ToE NHOH ¥ | EH T DA SO YRS PSR i n the
C-term nal pexitresice| |18 &3 Honedm dfYOPG B nddind pr ot BeWr B@eksSas
15 after the last injection on day 3 the mice were
sacrificed and radiographs were taken.
Recombinant of OPG binding protein [158-316]

produced a significant increase in blood ionized
calcium after two days of treament at dose of 5 pg/day
20 and higher (Figure 8). The severity of the
hypercalcemia indicates a potent induction of
osteoclast activity resulting from increased bone
resorption. Concurrent OPG administration limited
hypercalcemia at doses of OPG binding protein [158-316]
25 of 5 and 25 pg/day, but not at 100 pg/day. These same
animal were analysed by radiaography to determine 1f
there were any effects on bone mineral density visible
by X-ray (Figure 9). Recombinant of OPG binding
protein [158-316] injected for 3 days decreased bone
30 density in the proximal tibia of mice in a dose-
dependent manner. The reduction in bone density was

particularly evident in mice receiving 100 pg/d

confirming that the profound hypercalcemia in these

animals was produced from increased bone resorption angd



30 glycoslyation. Using this strategy, a secreted form of OPG bi ndi ng
protei n wagygeMsbsiuct ed which has at its & end the nurimwer/gE¥erosssanal
peptide, and at its 3' end the human 1gGl Fc domain. The plasnm d vector
pCEP4/ mnuOP({ 22- 401] -Fc as described in U S. Serial No. 35 08/577, 788,
filed Decenber 22, 1995, was digested with50 - Notl to cleave between the
3" end of OPG and the Fc - 51 -

gene. The |ineajig etk e tdesaparst atdyciligested the wkeheXonl to

cl eave only between residu 23. and 24 of OoPG. | i .hlu The
restriction di élﬁ%tsse 3% CleIhgh R h%%‘b%o???%t‘gﬁ §m9¥hﬂ%f‘§1§ﬁdg%ﬁggg&t or
portion 5 of tHi58 diEktadismcimdvigoresipuesotie2Bone CRSoaptibD) was

gel purified. . ry Lhdi ng ot.gj e n
encodi ng am no laeca}%lr%qei%% e%gtg%?quh%?g étﬁ%f i ??édggbenﬁgﬁﬁg% 5%
Pol yner ase bSt rahlkpoatesarhebegpffeaysfrom 10 the plasnmd tenpl ate using

primers the follow ng ol i gonucl eot i des: 1602-61: CCT CTA G&C CTG
TAC TTT CGA GCG CAG ATG 1602-59:_ CCT CTG CGG CCG CGTI CTA TGT CCT GAA
CTT TG 15 The 1602-61 ol | g&&e&Pd&ilde anplifies the 5 end
of the gene and crsisidSadd Bxpréssieh 8P Sduhble 09Gt BindhaglE@2tednpri mer
anplifies the 3 end of the gene and cantians .an artifical Notl site.
The resul ting PCR product obt d&"h&F Hyé&Stef with Notl 20 and Stul
then gel puoified. The purified PCR product was |igated with vector,

then used to transform el o} ent E | B_cal T
resul ting cl one was §§aﬁeﬁ§%% ggﬂggéf?i%$%hégiﬁ gﬁ%gi?égobapﬁg B@G
anplified sequénelingl pesteinttan bétexpuessednin BEMIMignpradAisd akas
then used to transfeGls (WMBs2PPved j '§§%®§?§t§z aﬁ@t&?ﬁa@?@é@bodkﬁg

protein-Fc fusion protern was coll ect rmculture nedia as
previ ously P ¢ reRe s ncan e Jpedaf 1@, togenyedegsecrered bezEshef

22, 1995. 38 the proteiffiWiSeR &kPréatedt iRtiRGHmadNafXPEESSILONTO do
this, the natural 5‘end of the c¢DNA encoding the
intiation codon, and extending approximately through
the first 69 amino acid of the protein, inluding the
transmembrane spanning region, could be replaced with a

20 signal peptide leader sequence. For example, DNA
sequences encoding the initiation codon and signal
peptide of a known gene can be spliced to the OPG
binding protein c¢DNA sequence beginning anywhere after
the region encoding amino acid residue 68. The

25 resulting recombinant clones are predicted to produce
secreted forms of OPB binding protein in mammalian
cells, and should undergo post translational
modifications which normally occur in the C-terminal
extracellular domain of OPG binding protein, such as

30 glycoslyation. Using this strategy, a secreted form of
OPG binding protein was constructed which has at its 5¢
end the murine OPG signal peptide, and at its 3’ end
the human IgGl Fc domain. The plasmid vector
PCEP4/muOPG[22-401] -Fc as described in U.S. Serial No.

35 08/577,788, filed December 22, 1995, was digested with
NotI to cleave between the 3’ end of OPG and the Fc



vector was designed that is capable of expressing a N

term nal
truncati on W IEY to the human 1gGL Fc domai n. This coR&TM$e§/07584
consists of the nmurine OPG signal peptide (aa residue 1-21), fused in
frame to 35 murine OPG binding protein resigues 158-316, followed by

an inframe fusion to human 1gGlL Fc domain. To do

- 52 - this, the plasmd vectar P4/ rine OPG_[,22-401 (U.S.
Serial No. 08/5%51988, Tﬁ?l anBéEéﬁﬁgr D§§,E W?égg;"'?n Par\}bééléyge"g%de‘?ﬂﬁ‘? h

Hi ndl || and Notwitld Xmenbveot bkeanti bely be®WEeneadisiguisas. aigd i2de PG

bi ndi ng protei esidues_158- 316 re WA Si

pl asm d tenpl a?%chi)ﬁéyf’,g?} ﬁ3gggﬁ%ge\f’\lﬁé fggfgo?mg%&%lC%qgﬁ réé%sg:gt%nvsé}gﬁ& 44:
CCT CTC TCG AGRIBSA @AphesSchAGRlAGEACTEEAGSIP an@CChaGReCAPIT RO T iign

1602- 59: g-cr; gﬁd%s%%ggg @IﬁcTE’ElQSTrQéédGZI 5623 of OPG and Fltg’)16' 44

amplifies ern startirng at residue 158 as well as
cont ai ni ng resivW@sgel pugifiedt the nmuOPG signal peptide with an

artificial Xhol site. 7hB80An29naBbLf beadine Broeed nofcrne we®OHS and
adds an in-frane Not| site, The,K PCR, prqduct V\ﬁi di %e%‘t:ed VX:I , tl
and Xhol and thERCYEIPPuRPER@gacid reisudes 6ITRLOR¥ELG Ff &%%@rﬁ ry
primers were usiwgenfedrbbynaehskhestiratbgefransadaptiegcsnardi Mydme

muri ne OPG 6ignq$ pegtide agd ng%k sequence. 20 s%£%z ndi-ng .t he

transl ati ofi ni TPatPoRSEFPelemplate, upgng ) DL ARET $1 e CAA GTG GCT
GIG CTG CGC o NToIF1EEi@EF: CCT GGA CAT CA 25 1616-42: TCG ATG ATG

o0 AC5 ACE AC 6% o] (K EAR ooc ER6 BRE HE CER Gl Che @e A

These priners were anneal éd, “generating

1602-59: CCT CTG CGG CCG CGT CTA TGT CCT GAA CTT TG

15 The 1602-61 oligonucleotide amplifies the 5
end of the gene and contains an artificial an Stul
site. The 1602-59 primer amplifies the 3*’ end of the
gene and contians an artifical NotI site. The
resulting PCR product obtained was digested with NotI

20 and Stul, then gel purified. The purified PCR product
was ligated with vector, then used to transform
electrocompetent E. coli DH10B cells. The resulting
clone was sequenced to confirm the intergrity of the
amplified sequence and restriction site junctions.

25 This plasmid was then used to transfect human 293
fibroblasts, and the OPG binding protein-Fc fusion
protein was collected form culture media as previously
described in U.S. Serial No. 08/577,788, filed December
22, 1995.

30 Using a similar strategy, an expression
vector was designed that is capable of expressing a N-
terminal truncation of fused to the human IgGl Fc
domain. This construct consists of the murine OPG
signal peptide (aa residue 1-21), fused in frame to

35 nmurine OPG binding protein residues 158-316, followed
by an inframe fusion to human IgGl Fc domain. To do



over hangs conpatible with Hndlll on the 5 end and 30 Xhol on the 3' end.
The di gestygd oyRg7sPr obti aned above, the anneal ed ol i gospcanu$9s/onss4

di gested PCR fragnent were |igated together and el ectroporated into
DH10B cells. The resulting clone was sequenced to confirm aut hentic
reconstruction of the junction 35 between Xhe signal peptide, OPG binding
protein fragnment encodi ng residues 158-316, and the 1gGlL Fc

- 93 - dormiis, Ere nEcomidnteqtaspCERGS murifieedPG [22t 48hsT ect ed
into human 293 fj hyok] asts, ,and ; . Li-oned [

product as desc(ﬁil‘?éd@fﬁd\?; NG, 5(%})!5”)&?5?2518 %ﬁdaﬁggﬂb%r?%e gggsztﬁman
cDNAs wer e walso gy e st tvmictlp CERA BKprand i Bat ¥ ek oF ePPHei ERBgBRLITE  San

b ego, CA) thendd QIstAGPd IO, CURliRS GhoMiRBing p28Bethbr obl asts as

described in Exanple ultures were sel ectgd Wi tg hygr onyci n
as describell 1Cesiciesnid&eilmvere RORdEPbhbiededfindas Blepifed.

The condi ti oneq,nagia SIS esbha 23 89 B OIng thenNTBDLbWIAG
r econbi nant CP% andl she form;elgcf rm{ai ne and human reconbi nant OPG bp

were affinity RFEINS%SE N-term nal sequence analysis of the purified
sol ubl e 15 OPGig1wling: ot edms Todi set esGh haaat beCnBGANBGHr OT6I AGG s

preferentially cleaved phenyl al ani ne 139, and the human protein
is preferenti alqcf ?}%Ca\):&g{ gfef%r% t he honol ogous resi due, isoleucine

140. In addoti arsahes9: CUIECTGrotei OCEsCarsoThpr B68r €ATI GRRy CElTeded
before 20 gl ycine 145. Thig guggests,|pabenabyrBihyineopEbiadn — sol uble
forns of human OPG bindi ng protein have am no term nal residuyes at
ei ther isol eucistaztimpsAtioesidge 1580rsghgtlnasafOps3tPLEA f@§}due§5
Exanpl e 11 1&%'&@%—[9& thi pé?P@i&hQﬁlﬁgpewéewmtananpa@parfauiau of
pol ycl onal and nonocl onal antibodies to the protein
Xhol site. 1602-59 amplifies the 3’ end of the gene
15 and adds an in-frame NotI site. The PCR product was
digested with NotI and XhoI and then gel purified.
The Follwing complimentary primers were
annealed to eachother to form an adapter encoding the
murine OPG signal peptide and Kozak sequence

20 surrounding the translation initiation site:

1616-41: AGC TTC CAC CAT GAA CAA GTG GCT GTG CTG CGC
ACT CCT GGT GCT CCT GGA CAT CA

25 1616-42: TCG ATG ATG TCC AGG AGC ACC AGG AGT GCG CAG
CAC AGC CAC TTG TTC ATG GTG GA

These primers were annealed, generating 5’

overhangs compatible with HindIII on the 5’ end and

30 XhoI on the 3’ end. The digested vector cbtianed
above, the annealed oligos, and the digested PCR
fragment were ligated together and electroporated into
DH10B cells. The resulting clone was sequenced to
confirm authentic reconstruction of the junction

35 between the signal peptide, OPG binding protein
fragment encoding residues 158-316, and the IgGl Fc



Antibodies to ecific regions of the OPG 30 binding protein

obt ai ned bprr?ﬁEFﬁi*_at ion Wth pepti des from OPG bi ndi ng ﬁ’rq;%’/‘é?%"’ﬁpﬂese
pepti des may be used al one, or conjugated fornms of the peptide may

be used for immunization. Th rystal structure of mature
TNF[ err] has been 35 described [E. Y. Jones, D.l1. Stuart, and N. P. C. Wal ker
- 54 - (1990) J. Cell Sci. Igap 13, 11 18] and t noner

forms an anti pac@Madn | eri}e prece g‘?i%e‘t’l%%fﬁﬂ%w SwPEh ie jellyroll

t opol ogy. Ten anrtrapafaldtadd [Ritd -nimamnds 3r Libroblabser veddi explniesseldystal
structure and form.a beta 5 sandw c ne, beta.she n ing of
Strands © B BRECLAPIR TR L hFel it e raRpegingaaLaYL O
ibid.] Two | oops of nmature TNF[err] have been i nplicated from

nut agenesi s studies to maksg, %&é r&u Wléh ﬁ‘gﬁq\oop %ﬂggewgebng t he

| oops forned between 10 beta str etween beta
strands E &CRINER indsh, tie PCERA, e&mﬁeﬁss@n Poeeepr( 150Y) tPPgesin

Engi neering 4, 3% Milgo e kT ystsl teaﬁyf:éeeedoinﬁeeculturegnakehuﬁ%ned
between TNF[err] and the ‘ext racei I ul ar domai n of _the 55 d TNF recept or

(TNF- R55) has bedd fHRIARIGS Bhd$ héeseebpedrini Bxamrtsnt act $PRaF8Been

descri bed [D. W dBanngfes Averdd Pg@yect\./&dmﬁels hfyréeptin as dbsdribeloenfel d,
C. Broger, Lo tscher and W laéauer 993) , Cel | 73t 431- 45] In
agr eenment h ovﬁtaébderfeesq‘gnsqﬁ%ﬁe‘éo $t1oped B6dvR YesrPreBatet-al ., 20

I bid.] the corr @heorcimiy 4 icopsd Btd bandwdd ekpdbed| tgaadcolumnTHE[ err] wer e
found to meke tq%d@@f¥ﬂéé6‘¥eé§%ﬁf§%§t“&ﬁé, and shed forms of murine
and human recombinant OPG bp were affinity purified.
N-terminal sequence analysis of the purified soluble
15 OPG binding proteins indicates that the murine protein
is preferentially cleaved before phenylalanine 139, and
the human protein is preferentially cleaved before the
homologous residue, isoleucine 140. 1In addition the
human protein is also preferentially cleaved before
20 glycine 145. This suggests that naturally occurring
soluble forms of human OPG binding protein have amino
terminal residues at either isoleucine at position 140

or glycine at position 145.

25 Example 11
Peptides of the OPG binding protein and preparation of

polyclonal and monoclonal antibodies to the protein

Antibodies to specific regions of the OPG

30 Dbinding protein may be obtained by immunization with
peptides from OPG binding protein. These peptides may
be used alone, or conjugated forms of the peptide may

be used for immunization.
The crystal structure of mature TNFa has been
35 described [E.Y. Jones, D.I. Stuart, and N.P.C. Walker



the receptor in the resolved crystal structure of the TNFb: TNF- R55

conpl ex. T\gsggm.;gp aci d sequence of muri ne OPG bi ndi ng picaing=sso158s
conpared to the amno 25 acid sequences of TNFa and TNF[err]. The

regi ons of nurine OPG binding protein corresponding to the BB and EF
| oops were predicted based on this conparisoh and pepti des have been
desi gned and are described bel ow A. Antigen(s): Reconbi nant

murine OPG 30 bingimg progein §468- §ipp1hassbeen-usedaas aheamangerer

(ag) for immuni zation of animals as descri bed bel ow, ar(lz(g]hser mw || be
exani ned usi ng fapproachesnidiparabedl B-pleered. shesti 88 En& Lt & i ve
BB' and EF | oops of . ) -1 DD s

muri ne OPG bi ndi%ig- Fret ki FORAYRIBeen 8P ntRESPIERL 4SS B-strangs %ereused f or
immgi thGison; tdieser-pedt i deehdkeerystal sBBhlcll:Q@e peldt ifdem a b

- NAASI P HKVTL SSWYHDRGMAKI S- -Cfg}i 5 _BB 00p- eptd : :

- NAAS| PSGSHRVTLSERHHEROMKEgcone beta ghegt Congégﬁié‘%p%tﬁle%?ﬁrc#eﬂ:& NH2-

- VYWKTSI Kl PSSHMB4DG Gl the oERekoof- Eysapdpt CAEHEFNHE. Y. Jones et

- VYVVKTSI KI PSSHNLMC- -COOH 10 _Peptides with a boxy-termnal cysteine
residue have 2al.pebhldskd THP &895598& 8‘?{%5&5@&)%& Sdescribed in

section B bel ownand-heyg besn wedgbaksh BNeRLEAEsOo make contacts B
Keyhol e Li npet Henobcyani n or Bovi he i

, Ser,.um Al bum n. Conj tion: Sel ected
peptides or profEih A8CePEREneRPESRalebEICERPUISPES té’rlgb%%gi%etvrélgrppet
hemocyani n1oKLH)et& tdehdtB &nereand thei loop betmewydmis tstiandsiBal s.
Al so, bovine sef bum (BSA) conj ugated. pepti lg POt ;
fragnents may b%ulm %u il p?Bd |Cn§t' hé‘OEI’ Alagl%o%‘d%dl %%Itrlnﬁ%gr(s:t%glole)i nlle%cge‘c%lon
Activated KLH oEn@SheéPingcé, CA8hA-@all] Conffary crystapodfgrctuyg \of sthe

or protein - ok CORPEIaPELHRrR TP ADGo h e BT P ThE i xed

domain of the 55kd TNF receptor (TNF-R55) has been

15 solved and the receptor-ligand contacts have been
described [D.W. Banner, A. D’Arcy, W. Janes, R. Gentz,
H-J. Schoenfeld, C. Broger, H. Loetscher, and W.
Lesslauer (1993) Cell 73, 431-445]. 1In agreement with
mutagenesis studies described above [C.R. Goh et al.,

20 ibid.] the corresponding loops BB’ and EF of the ligand
TNFB were found to make the majority of contacts with
the receptor in the resolved crystal structure of the
TNFb:TNF -R55 complex. The amino acid sequence of
murine OPG binding protein was compared to the amino

25 acid sequences of TNFa and TNFf. The regions of murine
OPG binding protein corresponding to the BB’ and EF
loops were predicted based on this comparison and
peptides have been designed and are described below

A. Antigen(s): Recombinant murine OPG

30 Dbinding protein [158-316] has been used as an antigen
(ag) for immunization of animals as described below,
and serum will be examined using approaches described
below. Peptides to the putative BB’ and EF loops of



wi th an equival ent mass (g/g) of KLH or BSA. The 25 conjugation is allowed
to react f¥¥O%W463% s at room tenperature (rt) wth gent| BCESUSPHPMEBA The

solution is t hen passed over a desalting colum or dialyzed agai nst
PBS overni ght. The peptide conjugate is stogsﬁ at - 20[err] C until used
in imunizations or in ElIAs. 30 | muni zation: Balb/c mce,

(Charl es Ri vers Laboratories, WImngton, MA) Lou rats, or New

Zeal and White rabbipe QFGIbBédéHHc@F§ﬁ@6GSP@WQuhﬁﬁﬁufynth?%ﬁjﬁdvﬁ@% ag (50
[err]g, 150 [erwimn BedudBl Eekr feamuespattions! Whese paipdisdds efirén Conpl ete
Freund's Adjuvant (CFA, 50% 35 vol/vol; Difco Laboratories, Detroit, M).
Rabbits are t hen boosted two or three tines at 2 week intervals

- 56 - W HHE aodp geptidepar eNH2 - NAXS I REGEHEVThASWHHDRCGWARILSt ecooH
Freund' s Adiuvant, (LCEF GO Lahorat ce and
rats are bo%ste a%pro@?n&?é1ﬁdev§% iﬁﬁégfpséE%kG%é%§gHHBRBQAFgPkéﬁjng t he
second boost, t¥$H 5 bleeds are perforned and serum antibody titers

glet e(rjm' nfed OV\?neﬁ dobp t;QEth@e? develmpedeWKMmSSHNIEM-va\zAﬁhl y IO(rdeUCti on
eeds of 5 re taken far ce and rats are
sel ected for %'?ﬁ?%fP50W§“ﬁFSdu@W?oﬁﬁﬁaégﬁy%%¥§%¥ﬁﬁ'ﬁ?fé?mﬁevels; 10

animals with half-maximal titers greater than 5000 are used.

Adj ust nent g4t 0 ﬁé}&&&%&t%% ga)éaggo%&ﬁltle§gﬁgl 1 c st%rl%es@éé ecﬂl% gbaf\bee art;

for exanple, various ators aré now aval e and
may be |ndtﬁ?€|‘:i@)rla$%@ fﬂrocpnnggpﬁgp@calsln%approaches dgscribed in
Enzyme- |'nked|é@@%ﬁ@ﬂrﬁeﬁélé§sa¥n@Ehé%e be :?dﬂ ﬂﬁhﬁﬁﬁgégﬂﬁg to
determ ne serum anti body res o IVI ani mals, and | ater
for the screeni ng of pot--- e § BOVRIIH .S

. e . GBS p 0
bi ndi ng, 96- V\B|A1kﬁﬁxﬁi1@tcbﬁ§{1gQ815hA/ Rbélalc@te@s (e@QSitd%rs ey ;ﬁthQﬁrrﬁt' on,
Canbri dge, ) ull L coat ed pith R nant1Prote|n or
protein frﬁgﬁ ﬁy g ?Bﬁt?agn eaﬁ? atgs Fngfgiﬁ
car bonat e- bi carlemmatwanin WKLEEr inpbirfle? 6. Qh&er&ﬂeﬂhdﬁKIerr] 0.035 M
NarOcLer 1) mFURbEL; CEBGTER! SR e caibuoatad e AP ASIUES
(BSa) conjugated peptides or proteln fragments may be
utilized in the EIA protocol. Imject Maleimide
20 Activated KLH or BSA (Pierce Chemical Company,
Rockford, IL) is reconstituted in dH,0 to a final
concentration of 10 mg/ml. Peptide or protein
fragments are dissolved in phosphate buffer then mixed
with an equivalent mass (g/g) of KLH or BSA. The
25 conjugation is allowed to react for 2 hours at room
temperature (rt) with gentle stirring. The solution is
then passed over a desalting column or dialyzed against
PBS overnight. The peptide conjugate is stored at -
20°C until used in immunizations or in EIAs.
30 C. Immunization: Balb/c mice, (Charles
Rivers Laboratories, Wilmington, MA) Lou rats, or New
Zealand White rabbits will be subcutaneously injected
(SQI) with ag (50 ug, 150 ng, and 100 ug respectively)
emulsified in Complete Freund’s Adjuvant (CFA, 50%
35 wvol/vol; Difco Laboratories, Detroit, MI). Rabbits are
then boosted two or three times at 2 week intervals



added to each well. Plates will then be covered with acetate film (ICN

Bi onedi calwp 98m6e751 Costa Mesa, CA) and incubated at roorpdeHRRHRdsY! €
(rt) on a rocking platformfor 2 hours or over-night at 4[err]C Plates

will 30 be blocked for 30 minutes at rt with 250 [err]| per well 5%

BSA sol ution prepared by mixing 1 part BSA56 -diluent/blocking solution
concentrate (Kirkegaard and Perry Laboratories, Inc., Gaithersburg, M)
with 1 part  widd mmegbwven:ﬁépa(f&iﬂem]Qmﬁéﬁckaaal@ﬁl W Qi ddgp1Ra Heen

3 arscarded el Iy ST FokR] DIELY IBS LS, petloqio"

12, 800) or hybr| ma t1ss
- 57 - supdnnat it wnd et sckiesl hooseed mpbtoxSaalumlgh leverty 4 IS

1% BSA (10% BS l.uent, o] nt diluted 1:10 in
Dul becco' s Pho?e%?;tse s/ew ed %ﬁ%‘gﬁ?}%’%% Q%S héf_) te &5§ Y sl and,
NY)) 5 whid F?gﬁﬁd@or?ﬂfeslﬂﬁe?fr%m angd eseeslnedntmboﬂut edterkn t he case

of hybri doma saée@rmag»edone Wil astlf@éf'tﬁééleﬁﬁiev%ar 8421 H0RLYERLEE control,

and a second vvel k"f‘L ositive b contro es are again i'ncubat ed
at rt, rocking¥ f”o PIPRGHL O RAreds Rl 20 thhesatsi haX8en| £opr éparat i on
10 of wash sobuhsenuzﬁwa:mmratMc(é(ldﬂf&gﬁ@tEﬁ ézlf*é Eeik¥ted for

Laboratori es, i_t herspur dH err Hor ser adi sh
per oxi dase conj f"dga %bé‘ﬁ}%z?d‘ as?%d%pr i e ml\/ﬁ?‘lﬁﬁél hEBROEReni cal s,
| ndi anapollils, am)tmals dultmrt éach i i kLA iRGA |tmttém gfl@albafedhaﬂ saob wekl for

30 15 m nutesygefl at g@aen?m\g&%@edcoazt%&& gftrﬁgydlﬁ% ? ed bABTS

per oxi dase single cog strat
Laboratori es, PRE. Sk&dilehedsbihg avd); ifor examtdkaei Msnobantgpes oéad at

405 nm f or eaClﬂmW@hbmodulH%'o'}Q; ard H&P'a’ﬂl}affi B0 L8896y (BLo- ! ek

| nstrument s, Inc., Wnogski, titr serum
antibody is caF‘EEPﬁP@HaﬁﬁdpllBttﬂ ﬁ@%é’q%ﬁ{@lr] of the serum dil uti on

versus thesoptical densiby atEné e-leked I@ridSROMSEA N0 hegPRY4 poi nt
of the maxi mal ?Rtl ca b ? %ﬁ\ %g ai ned 5 that serum ER]% donaes are
25 selected ag posit &e °f p&ﬁl e éﬁslq‘“’;}: %‘T’Te%’?e"fmtlb"dy (ab)

titres of individual animals, and later for the
screening of potential hybridomas. Flat bottom, high-
binding, 96-well microtitration EIA/RIA plates (Costar
20 Corporation, Cambridge, MA) will be coated with
purified recombinant protein or protein fragment
(antigen, ag) at 5 ug per ml in carbonate-bicarbonate
buffer, pH 9.2 (0.015 M Na,CO,, 0.035 M NaHCO,).
Protein fragments may be conjugated to bovine serum
25 albumin (BSA) if necessary. Fifty nl of ag will be
added to each well. Plates will then be covered with
acetate film (ICN Biomedicals, Inc., Costa Mesa, CA)
and incubated at room temperature (rt) on a rocking
platform for 2 hours or over-night at 4°C. Plates will
30 be blocked for 30 minutes at rt with 250 ul per well 5%
BSA solution prepared by mixing 1 part BSA
diluent/blocking solution concentrate (Kirkegaard and
Perry Laboratories, Inc., Gaithersburg, MD) with 1 part
deionized water (dH,0). Blocking solution having been
35 discarded, 50 ul of serum 2-fold dilutions {(1:100
through 1: 12,800) or hybridoma tissue culture



than 5-fold above background. Adjustnents to this pr ot ocol may' be

applied; in exanple, conjugated secondary anti body nmay be chosen for
speci fi ci W 9846751 non-cross -reactivity. 30 E. PCTAIS98/67584 On:
The ani mal selected for hybri doma production is intravenously injected
wi th 50 to 100 [err]g of ag in PBS. Four days later, the animal is
sacrificed by carbon dioxide and its sple col l ected under sterile
conditions into 35 mM Dul beccos' Modified®35 Eagle's Medi um contai ni ng 200
Um Penicillin G 200 [err]g/m Streptonycin Sulfate, and_4 nmM

gl ut ami ne (2Xsupernatants will be added to each well. %grum diluenyg/ G

DVEM . The spligensl |dA | mmpl 031N Qi(fﬁ%tfﬁéifd’cklnq té&l&i&oﬁ hen rinsed
t hrough 4 di shes of clean P/ SI G 'S, nggyﬁ transferred to a

sterile stomaSRECENtIaLg ‘?}ﬂéktr?tﬂ 1@%&%%@“@—‘3 TOMARRHFL 10 1 of 2x 5
P/ S/ G DVEM angudiferéd ehlimes, m@sﬁldlmml @ramd Msland hen® pnacher

Lab Bl end L t d As |1

a?e reF2a§ d ng‘ievﬁyq}%e Ogé)araeso q-[ﬂrétﬁ o e (r)ré;(glqg'idjﬁheyg%r)e %%m)\(i:d >
fromthe bag ahe tcasesfef rl'acbnxﬂcgnats;rm@frﬁgmommeﬂall 19 namtaifede tube
(Becton, O cki 3308, Uh RYMAD Yo A0! hnd o Rdonder Frsty Bl fed seadded

to the bag and the ocess 1S contli nued unti|l the entire t ent
of t he spladesonsnad] caftkhtemheske sahbaRApPaed s iy Fockirgnes by

centrifugationgt 12%‘&3& 9 fr¥n k&héﬂéwt@%uﬂe% using a 1x &%&&Eé@mﬁy, | og
phase cul tures of el oma cell FZ/O Agl4 or Y3- Agl 3 fo%rmrrguse or

r at sh? enSly @ s sﬁq}ﬁ’stlc?rés?d@&t? a %
Col | ecti on; RQ&'b\ﬁﬂalt@rM gI[rOWn lcsamrﬂm}s‘mﬁ-g, Mm)edlirmc(}QNEM 10%

i nactivated f aI QV. seru a on- essenti al
am no acids, dl’ssgﬁ %/]P Uvat ecoré]nlggatl‘-tﬁén deop%qsg%m%g G bco
Labor at ori es, (@oarddqalanthnnhelmr%lamerbalrs,S|1ndmnapollf%5hllﬂ)h The

20ai . The ot g e ot Ehats YEP Thoung (5 o AR v PropTSe

pol yet hyl Ehe @iypagles. Plates are washed as before, blotted dry, and
ABTS peroxidase single component substrate (Kirkegaard
and Perry Laboratories, Inc., Gaithersburg, MD) is
added. Absorbance is read at 405 nm for each well
using a Microplate EL310 reader (Bio-tek Instruments,

20 Inc., Winooski, VT). Half-maximal titre of serum
antibody is calculated by plotting the log,, of the
serum dilution versus the optical density at 405, then
extrapolating at the 50% point of the maximal optical
density obtained by that serum. Hybridomas are

25 selected as positive if optical density scores greater
than 5-fold above background. Adjustments to this
protocol may be applied; in example, conjugated
secondary antibody may be chosen for specificity or
non-cross-reactivity.

30 E. Cell fusion: The animal selected for
hybridoma production is intravenously injected with 50
to 100 ng of ag in PBS. Four days later, the animal is
sacrificed by carbon dioxide and its spleen collected
under sterile conditions into 35 ml Dulbeccos’ Modified

35 Eagle'’'s Medium containing 200 U/ml Penicillin G, 200
ug/ml Streptomycin Sulfate, and 4 mM glutamine (2x

e



1500 (PEG 1500; Boehringer Mannhei m Bi ochem cal s, | ndi anapolis, IN) is
gently mxed into the cells over the course of 1 mnute. Thereafter, an
equal vol une of 2x PPISIGDVEMis slowy added. The cells are allowed 30
to fuse at wWélegkéds1 C for 2 mnutes, then an additional 6 nm PCTAHISRISEP/ S/ G
DMEM i s added.  The cells are again set at 37[err]C for 3 m nutes. "
Finally, 35 ml of 2x PFSIG DVEM i s added_to the cell suspension, and
the cells pelleted by centrifugation. MetRais aspirated fromthe
pellet and 35 the cells gently resuspended in conplete nmedium_ The
cells are distribisAs DNEM) 96- Mokl shbleenbdst bmimneduef excess fatty

-59 - cult at L K] nyaL T ol M Pafke/s/G
NJ) by single dr%’%sisn?%,Om@l’;exéBfﬂfﬁ%?%&ﬁgbﬂéﬁa{legg‘g’;ﬁ%% Olf',%?(re}'gubate /s/
overni ght in hurPMEM; edIeohgi Reshstaengfpsreficto a stegglEosdamac next

galy, ?_n equal vq%weé@ékxﬁgfgcgiﬁaiﬂéaewi t@lﬁbiéoﬁ@daﬁlih@ a@clnmeiﬂ 2x o
and L6 x 5 TO{BA%IDWRI i O AEUPREGoRAI BLETHEIC. HERAIS O o ebs
are igcgbat ed HL ghalslemaénéfgmaﬂ hyeadehaeggsseward Laﬂu@ﬁmmrumg t he
next ays,; sel ectj on.nedi ym u ter c | m

Ti ssue culture HouS%Up%?ﬂg?ghtgng;én%gkenig %&&gdg§%'%ﬁ%§é%%£ ast fluid
ch?_ngedf rom e?_cht_:liwbspg_eemnCapailhE wekb Ehe g\esiti@d g%e_y irgolrﬁrf?@%pﬁj;f iC
anti body reactiv S ot NGO n iddia atedii son
and Hay, "Practi %% mlg é|%n%ﬁ§?yfa§8£8ngégd?ﬁ S‘mg, Bllackwel I Sct,:i entjfic
Publicati ond0 centrifuge tube ({Becton Dicgkaﬁﬁpeagﬁ Company, Lkﬁ%ﬁimg of

an OPG Bi ndi ng Ppotgi nnRpceptpesBOmedia is EXRE@sTRM toik Heptapdittde C
Precursor cells , . Bial ogicgall ¥1 active rec [ nan(__tenrrturépe oPG
bi ndi ng prot ei n Pi%8e3%6}SwaSnEdRPEFatiBlothe entire cell con

the spleen is released. These splenocytes are washed 3
times by centrifugation at 225 x g for 10 minutes.

15 Concurrently, log phase cultures of myeloma
cells, Sp2/0-Agl4 or Y3-Agl.2.3 for mouse or rat
splenocyte fusions, respectively, (American Type
Culture Collection; Rockville, MD) grown in complete
medium (DMEM, 10% inactivated fetal bovine serum, 2 mM

20 glutamine, 0.1 mM non-essential amino acids, 1 mM
sodium pyruvate, and 10 mM hepes buffer; Gibco
Laboratories, Grand Island, NY) are washed in similar
fashion. The splenocytes are combined with the myeloma
cells and pelleted once again. The media is aspirated

25 from the cell pellet and 2 ml of polyethylene glycol
1500 (PEG 1500; Boehringer Mannheim Biochemicals,
Indianapolis, IN) is gently mixed into the cells over
the course of 1 minute. Thereafter, an equal volume of
2x P/S/G DMEM is slowly added. The cells are allowed

30 to fuse at 37° C for 2 minutes, then an additional 6 ml
of 2x P/S/G DMEM is added. The cells are again set at
37°C for 3 minutes. Finally, 35 ml of 2x P/S/G DMEM is
added to the cell suspension, and the cells pelleted by
centrifugation. Media is aspirated from the pellet and

35 the cells gently resuspended in complete medium. The

cells are distributed over 96-well flat-bottom tissue



fl uorescei n-i sot hyocyanate (FITC) to generate a 25 fluorescent probe.
Fl uorescent | abeling was perforned by i ncubation of reconbinant nurin
OPG binding protein [ 158-316] with 6-fluorescein-5-(and 6) carboxyam
hexanoi ¢ ¥ WA4§IRdci ni mi dyl ester (Ml ecul ar Probes, EugrCeyssdyrsat a
1:6 nolar ratio for 12 hrs. at 4[err]C. 30 FITC | abel ed OPG bi ndi ng
protein [158-316] was further purified lay gel filtration

chromat ogr aphy. Mouse bone marrow cel’l 2wére isol ated and i ncubated in
culture in t he presence of CSF-1 and OPG bi nding protein [158-316]

as descri bed iﬁuE‘k‘égﬁl plagespdies toon & irdvimser dabvase ; viekrcelint Bach,

overni ght in Q§F} 1b93glng/1@ Hrapd ERem a ﬁlﬂdlmé}g@ ei np] 468 34@; (20
ng/ m). Non-adhere Q v
cells were ren’b{}%}ﬂ fEPSt OXRFNIEbte d o hurdd ified H'é’ndltl?%“f'reﬁ'hl:hb G@dher ent

cells were renb%e@opy iTioelméxngday, ain ébuael{rodumeoclfatslemecltlibher (Sigma
Chem cal s, i ooI d._wi adherent. opul ation, 5
and t hen stal ne% lum QE %éd@G 51 17 C% [?rl ‘el %ee&se 1on ace%r(\ﬁlr%% ove.
After washing @nd Mshyp@mm@lm PBSx 107" wiM lenOLIBIHRSAN £ m';nctells WRr e

exposed to FI TGh@RG ¢h @aaﬁ'enqn%%&ngrl@te%%th S ULV TS, The

popul ation of cells that were postive stainin

bi ndi ng pr ot ei ¥ fasREBPREEEedOind FRMA K@d lowed |b§bl?atcé'tﬁ%eﬁjés%r| bed in

Exanpl e 2. Thnsecnrﬁm duringr epar ateb&n 3\A@%ylésemt10 sral@c@i&{)%dhhﬁ aiy
foll ow ng res describ i n Exanpl e

ed
library prlgducle%e r% thi §a§ ufE&e‘lilSCh\ﬂngeuseglfscﬁuer SYIdHESST sequence
anal ysi s as pr@wpenlsayants descriaked 3ntBCE Hallsi eattiean die MIOY/2B614 and

in Si nonet I 997). g hod, an
~2.1 kb cDNA V\c/algé% tecte Eﬁgﬁ hﬁ’ éé ngl%alnﬁb\cr’el e}ﬁIFIQ r‘ielstaetsetue‘gekb‘fel n.
The | ong open FRadfey spectEimeantibhdynureand i@DAR .c DA ien qooteso@o Pr ot ei n

of 625 an Ks ase&nr a ai:ns al Lz eat of
TNFR-r el aig}d pr ot ei ns: ﬁé&@g@éd B |gﬁgft lﬂ Hruﬁgolﬁ IEBH%&; E;‘Lraﬁl\ilé’lle(?‘?%nl ni,

four tand CYEFE¥?@;?9¥h ggggag Edltlon” B ackwell Sc1ent1f1c

Publications.

Example 12
Cloning of an OPG Binding Protein Receptor

20 Expressed on Hematopoietic Precursor cells

Biologically active recombinant murine OPG
binding protein [158-316] was conjugated to
fluorescein-isothyocyanate (FITC) to generate a

25 fluorescent probe. Fluorescent labeling was performed
by incubation of recombinant murine OPG binding protein
[158-316] with 6-fluorescein-5- (and 6) carboxyamido
hexanoic acid succinimidyl ester (Molecular Probes,
Eugene, OR) at a 1:6 molar ratio for 12 hrs. at 4°cC.

30 FITC-labeled OPG binding protein ([158-316] was further
purified by gel filtration chromatography. Mouse bone
marrow cells were isolated and incubated in culture in
the presence of CSF-1 and OPG binding protein [158-316]
as described in Example 10. Mouse bone marrow cells

35 were cultured overnight in CSF-1 (30 ng/ml) and OPG
binding protein [158-316] (20 ng/ml). Non-adherent



sequences, a hydrophobi c transnenbrane domain, and a 25 cytopl asrn'é
signalling domain. The honol ogy of this protein with other nenbers of
the TNF receptor famly and its expression in bone nmarrow cells that

bi nd FITCG wooeslsgfag!l | ed OPG bi ndi ng protein suggest that it PQC'ﬁU

potential receptor for the TNF-related OPG binding 30 protein sPﬁzmsu
protein is designated ODAR, or osteocl ast differentiation and
activation receptor. The nucleic acid seguence and predicted am no acid
sequence of nurine CDAR is shown in Figure 10. ~ Recent

aE;u ysis of sequasicles wer®ubbhevyd3biravahhabkeodatabasesd &@f&%}% t hat
this protein is

muri ne honol og 0 %g&a%ﬁﬁﬁﬁlﬁ?&???%?a?%hlﬁrBFEFanWBMﬁdaQY lncﬁﬁﬁwl(ﬁhderson

et al., Nature 39Gh KLU 7R {40073y ion buffer (Slgma Chemicals, St.Exanple

égl ;Ss Product ILQﬂan ?& 1%@%%?#@%2 ir 3fﬂ¥§5ﬁ§|tnpf)8¥&5ttlc9n' t he

Fc region of >hurfdd IgGreryaimed mbmcEBTQSOE@ bondpngcpdotednf as t he

constructi on aneddy Fc o] n Is
described in V\097 361?51&d %cgi\% | nAfSti:err%gééQHlﬂg fth §egﬁsg%ﬁ\él%#$ )ﬁt PBS
sol ubl e ODAR tQﬂQ1|3§4ﬁﬂﬁﬁﬁ|%§ﬂ%%lW%recﬁﬁppéﬁ@oﬁpnﬁlgﬁrﬂﬁﬁblIular

domai n of nurln@ﬂﬁﬂ%ﬂd}yﬁduéfﬁu(ﬁhéﬂé@11&h@@555¥%%é5byaﬁﬂbbf'e@H@tr‘the

foll owi ng set o e%l |1%q_d.ucr{ eoft ell rimers: CT CCA ACC TTG. TGA
CTC TCC AGG TCA © S ( Koz 3! POSt}"?ofOS steingpe Hakheos

CGT AAG CCT! GGGtBET FEAT -THE @E@cﬁing protein W&EQGODLIBEted ahd mRNA was
isolated as described in Example 2. This mRNA
preparation was used to make a cDNA library following

procedures described in Example 2.
The cDNA library produced from this source

15 was used for random EST sequence analysis as previously
described in PCT Publication No. W097/23614 and in
Simonet et al. (Cell 89, 309-319 (1997)). Using this
method, an ~2.1 kb cDNA was detected that encoded a
novel TNFR-related protein. The long open reading

20 frame of the murine ODAR c¢DNA encodes a protein of 625
amino acid residues and contains the hallmark features
of TNFR-related proteins: a hydrophobic signal peptide
at its N-termini, four tandem cysteine-rich repeat
sequences, a hydrophobic transmembrane domain, and a

25 cytoplasmic signalling domain. The homology of this
protein with other members of the TNF receptor family
and its expression in bone marrow cells that bind FITC-
labelled OPG binding protein suggest that it is a
potential receptor for the TNF-related OPG binding

30 protein. This protein is designated ODAR, or
Oosteoclast differentiation and activation receptor.
The nucleic acid sequence and predicted amino acid
sequence of murine ODAR is shown in Figure 10.

Recent analysis of sequences in publicly
35 available databases indicate that this protein is the



PCR reactions were carried in a volume of 50 [err]l with 1 unit of
vent DNA polynerase (New Engl and 25 Biolabs) in 20 nM Tris-HCO pH 8.8, 1
mv KC , 10 (NH err])[err]SdJerr], 0.1% Triton-X100Q, 10 err]Nlof
each dl\l‘l’lwoff/é‘WP]M of each prinmer and 10 ng of ODAR CIGUAUSPBM78at e.
React i ons were perforned in 94C for 30 s, 55C for 30 s, and 72C .

for 1 mn, for a total of 16 cycles. The. PgR tragnent 30 was isolated by
el ectrophoresis. The PCR fragnent creates a Hnd Il restriction S|te

t 5 end and a Not trict I-Not
G gest ol POR AR PSBRL PR oRE sHoERBAB: TREA R peten protdll s
pCEP4- Fc vect ®RANK {xmdersdnt be hinmanNagGrieed9l, 355 Héﬁhy(kﬂﬂﬂhﬂ~sequence

as described previously in - 62 -
W97/ 23614 and in Sinonet et al. supra). A linker was i ntroduced whi ch
encodes two irrel evant amino acids Exapah@ikd the junction between the
CDAR extragel | ul gFoguct §6fRLE ﬁ@@ohﬂ&nh&@ obaredir¥tein in Mammalidhe
construct was then digested with I and Hind Il and the follow ng
anneal ed ol i gonucl eoti de pair encodFﬁﬁl@PG signal peptide (amno acid
1-21) was inserted in-frane: 10 5' CTA GCA CCA TGA ACA AGTI G&C TGT

D N ) 5 ASTTbYEORRY ererak A TR TS e A

AGG AGT GCG CAG AR AGS) TAC FTChIHEnATGCGT@R ' prSiared using
10 procedures for the construction and expression of Fc
fusion proteins as previously described in W097/23614
and in Simonet et al., supra. To generate soluble ODAR
protein in mammalian cells, c¢DNA encoding extracellular
domain of murine ODAR (amino acids 27-211) was PCR
15 amplified with the following set of oligonucleotide

primers:

5' TCT CCA AGC TTG TGA CTC TCC AGG TCA CTC C-3’
(SEQ ID NO:__)
20 5/ TCT CCG CGG CCG CGT AAG CCT GGG CCT CAT TGG GTG-3’
(SEQ ID NO:__)

PCR reactions were carried in a volume of 50

ul with 1 unit of vent DNA polymerase (New England

25 Biolabs) in 20 mM Tris-HCl1 pH 8.8, 10 mM KCl, 10 mM
(NH,),S0,, 0.1% Triton-X100, 10 puM of each ANTP, 1uM of
each primer and 10 ng of ODAR cDNA template. Reactions
were performed in 94°C for 30 s, 55°C for 30 s, and 72°C
for 1 min, for a total of 16 cycles. The PCR fragment

30 was isolated by electrophoresis. The PCR fragment
creates a Hind ITI restriction site at 5’ end and a Not
I restriction site at 3’ end. The Hind III-Not I
digested PCR fragment was then subcloned in-frame into
a modified pCEP4-Fc vector in front of the human IgG-yl

35 heavy chain sequence as described previously in

T
”



15 NO ) A linker which encodes two irrelevant am no acids was
i ntroduced between OPG signal peptide and ODAR sequences. The fi nal
engi neered construct (ODAR- 20 Fc/pCEP4) encodes a fusion protein

containingg{,'b%méﬁj.{g)l am no termnus to carboxy term nus: OPG $cgnEdesprsssi de
I

(am no aci _ i nker (LysLeu)-CDAR (am no acids 27-211)-1i nker

(Al aAl a) - human 1 gG Fc. 25 The construct was transfected into
293- EBNA- 1 cell's by cal ci um phosphat e -méhod as descri bed (Ausubel

et al., CQurr. Prot. Mol. Biol. 1, 9.1.1-9.1.3, (1994). The transfected
cells were thenw@9b¢933g4ianaOQn[@ﬁhbybﬁ et alhy gnoswa) n (EibtnBEt)wasd t he
resul ting drug- reS|séant 30 SsS culs%2 vere Db ooI 5 85 %@
confluence. ThiRErodpgpAswhdc “EB§' te and-then cuftured in

serum free nedi sphnnig hhe Fhectdedi Hemebnmedia QRER extratediuéar The
ODAR- Fc fusion n detected by western bl ot
analysis with aﬁ?ﬁé h anB Eg§3§%%Lc antf%oé§

- 63 - 5 TheTFie cosistrustotwd sh then plk9esed pyith NBeofein- A
col umm chr omat Ogﬁapﬁxnﬁpﬂﬁc%di%'h@ fd18 owin a5t e e sgbREENEBRdE
procedur es. nol es of the purifie ‘%ﬂﬁ&ﬂ“n was eg_iggjected to
N-terminal 5 §éﬁﬁeﬁ6§°§ﬁ&9y93§ 5y i o rRARS Hegrasati on was
essentially desghgbedely iMBFSagRi:ra et al (J. Biol. Chem 262, 10-35
(1987)). The follow ng am no acid sequence was read after 10 cycl es:
NHerr] - KLVTLQVT P-C®2H 10 The binding activity of

ODAR- Fc wi t1l0 OP&' CTA BCAdiCag MGAt @A BT eSGIi TEH YT i @RGnGACUBEEsTeft
TGC TCC TGG ACA TCA TTG AAT GGA CAA CCC AGA-3’ (SEQ ID
NO:__ )
5/AGC TTC TGG GTT GTC CAT TCA ATG ATG TCC AGG AGC ACC
AGG AGT GCG CAG CAC AGC CAC TTG TTC ATG GTG-3' (SEQ ID
15 NO:_ )

A linker which encodes two irrelevant amino acids was
introduced between OPG signal peptide and ODAR
sequences. The final engineered construct (ODAR-

20 Fc/pCEP4) encodes a fusion protein containing from
amino terminus to carboxy terminus: OPG signal peptide
(amino acids 1-21)-linker (LysLeu)-ODAR (amino acids
27-211) -1linker (AlaAla) -human IgG Fc.

25 The construct was transfected into 293-EBNA-1
cells by calcium phosphate method as described (Ausubel
et al., Curr. Prot. Mol. Biol. 1, 9.1.1-9.1.3, (1994).
The transfected cells were then selected in 200 ug/ml
hygromycin (GibcoBRL) and the resulting drug-resistant

30 mass cultures were pooled and grown to confluence. The
cells were washed in PBS once and then cultured in
serum-free media for 72 hr. The conditioned media was
collected. The ODAR-Fc fusion protein in the media was
detected by western blot analysis with anti-human IgG

35 Fc antibody.



staining of transfected COS-7 cell cultures as described in Exanple 2!
COS-7 cells were lipofected 15 wth I[err]g of an expression vector

containingv encodi ng murine OPG binding protein. After 48 hr

i ncubat i orYWO8¥#4781 were then incubated in PBS- FBS sol ut i KST/E¥8(034i ng
10 ng/[err]l of human 1gG Fc, ODAR-Fc, or OPG Fc protein at 4[err]C
for 1 hr. Cells were then 20 washed withBS tw ce and then incubated in
PBS- FBS sol ution containing 20 [err]g/mM FITC- | abel ed goat anti -

human 1 gG ( Sout hern Bi ot aies) fo n r ter washi ng
with PBS, cells were exa eﬁﬁscbgiC on %c%?‘){egnm%?o thl?g\ , Utim, -
| nsi ght Bi onedbrakefimadi m@lumh dhmena kenaghy MPiereg hu€EAR-F@eand OPG Fc

y
bind to CP gg;é&%#éﬂ ( 3
Exanpl e 14 &%nﬁﬁaeﬁgggﬁﬁgz | 'ogi ca é%%?v§%8aé %%%o Fﬁﬁﬁ? §§°&es oﬁ) %
ODAR the purjfdeshmnateigt WIHRReN| ﬁ%bb@?tgfiu kel Nt termdpal :

ost eocl ast orga&;ueﬁcEya@!a@ﬂlew aﬁit%rﬁéfb&\/aﬁdman asgeagedibn asnouse
bone marrow culture i.n H e fresence %? ,ﬁ g 53099/n1%Jang C€G bi ndi ng
protein (5ng/n§§sent1a1 Y escr1 ed atsudailr

Procedures forchém.ug620f IrioBse (a7 )mar r ovheutdliesihg aminst adyd

ost eocl ast natgégﬁ ggear%'d%ﬁgl b%g:ln y@ %43%@&4 and in Exanpl e 8.
otern

ODAR- Fc fusi on FSduceE des e€d’ in Exanple 12 was added to
concentrations of NHZ- KLVTLQVTPCOH
10

The binding activity of ODAR-Fc with OPG
binding protein was examined by immunofluorescent
staining of transfected COS-7 cell cultures as
described in Example 2. COS-7 cells were lipofected

15 with 1pg of an expression vector containing DNA
encoding murine OPG binding protein. After 48 hr

incubation, cells were then incubated in PBS-FBS

solution containing 10 mg/pl of human IgG Fc, ODAR-Fc,

or OPG-Fc protein at 4°C for 1 hr. Cells were then

20 washed with PBS twice and then incubated in PBS-FBS
solution containing 20 pg/ml FITC-labeled goat anti-
human IgG (Southern Biotech Associates) for another hr.
After washing with PBS, cells were examined by confocal
microscopy (ACAS, Ultima, Insight Biomedical Imaging,

25 Inc., Okemos, MI). Both ODAR-Fc and OPG-Fc bind to
OPGL transfected C0S-7 cells (Figure 11}.

Example 14
In vitro biological activity of recombinant soluble

30 ODAR

The ability of ODAR tc inhibit stimulation of
osteoclast formation by OPG binding protein was
assessed in a mouse bone marrow culture in the presence

35 of CSF-1 (30ng/ml) and OPG binding protein (5ng/ml).



5 65 to 1500ng/ mM . Osteoclast formati on was assessed by tartrate

resi stant al kali ne phosphot ase ( TRAP) cytochem stry and the TRAP
solution assay after five days in culture. A dose
dependent wawohdsistsion of osteoclast 10 fornmati on by ODAR- Fc PUBASYS/07aS4
observed both by cytochem stry and by TRAP activity (Figure 12). ODAR-
Fc fusion protein inhibited osteoclast formation with an EDjerr] of
about 10-50ng/m . 15 - 64 -Exanple 15 In vivo

bi ol ogi cal activity of reconbi nant sol ubl e ODAR : Young

rapi dly grow nradedBoFd fdorethgeuss- 4f mouseekboneegeinvew \eudtiumesioses of
CDAR-Fc fusion fnpgei @:9 ¥s 8l RgLe g@&l}&%ﬁ.‘@ﬁﬁ%@@%d G0 dé’f‘/ji‘slz;

carrier (PBS/ 0."1% BSA or four € mce were x-raye
5. Doses of ODARGCLE BF¥YPOPRoB €] nODéBdFﬂelfé‘SGOQ protegry namﬁla?@d k?lg?day

For each treat mHoriddedtie Bkafple 12NwhBahade@UR ARGHdRHE GBS Qb gr oup
t hat received PBS % SA were X- raéed on a single film The

proxi nmal tiBial hQ%% Pegi onSHEecd ﬁﬁaﬁ@&“@éﬂﬁ%eﬁas aspfsedby
control and treﬁimtaué)lﬁésﬁ@daﬁﬁoaeﬁaaina 'i)h'bsphotlafsd heramat ed tibia was

denser’ by v1sul, GaSERRIBIL, ana DRD HASSCQRALEL L L0 s scerse Show

bel ow. An 30 p05| i Ve©
result. (Dose ida¥s g/ &yl days. (n=4). After sacrifice the
the right tibiavas —— I2784ed 408h8a60 3BhIRL a0e e hansdensity In
t he proxi mal tibial nmetaphysis was measured by peri pheral

quantitati¥® cHRFRFEriFRePY aﬁﬁyfFEEEﬁ)WPStpéﬁééve bQEhwﬁﬁw). Two 0.5

mnGEross-sectl@}&dﬁh@@r@nrﬂ-énmsmﬂmp activity (Figure 12). ODAR-
) i Fc fusion protein inhibited osteoclast formation with

an ED,, of about 10-50ng/ml.

15 Example 15
In vivo biological activity of recombinant soluble ODAR

Young rapidly growing male BDFl mice aged 3-4

weeks received varying doses of ODAR-Fc fusion protein

20 Dby single daily subcutaneous injection in carrier
(PBS/0.1% BSA) for four days. The mice were x-rayed on
day 5. Doses of ODAR-Fc fusion protein used were 0.5,
1.5 and 5mg/kg/day. For each treatment, all the mice
in that group and in the control group that received

25 PBS/0.1% BSA were x-rayed on a single film. The
proximal tibial metaphyseal region was compared between
pairs of control and treated tibias and scored as a "+
if the treated tibia was denser by visual assessment
than the control giving the 8 scores shown below. An

30 arbitrary score of 5/8 was required for a "positive"
result. (Dose is in mg/Kg/day). (n=4).

After sacrifice the the right tibia was
removed from each animal and the bone density in the
proximal tibial metaphysis was measured by peripheral

35 quantitative computerized tomography (pQCT) (Stratec,

Germany). Two 0.5 mm cross-sections of bone, 1.5 mm and
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Measurement of the

bone density by pQCT in samples from the second

experiment in a similar region of the tibia confirmed

the dose dependent increased in bone density in these

nmice

(Figure 13).

Table 1
Inhibition of bone resorption by ODAR-Fc fusion protein

Experiment #1

Factor Dos Resgult

ODAR-Fc 5.0 + + Positive 8/8
ODAR-Fc 1.5 Positive 6/8
ODAR-Fc 0.5 Negative 0/8
ODAR-Fc 0.1 Negative 0/8

Experiment #2

Factex Dos. 1 2 4 5 [ g Result

ODAR-Fc 5.0 + + + + + + + Positive 8/8
ODAR-Fc 1.5 + + + + Positive 8/8
ODAR-Fc 0.5 - + - - Negative 1/8

ng gt &B-FC




ODAR-FC 1.5 + + + + + + + + Positive 8/8 ODAR- Fc
0.5 - - -+ Negative 1/8

- 66 - Wil e the present invention has been 5 descri bed
in terns ofwébgsgsef erred enbodi nents, it is under st ood POTUSIRO7TS84 | ONS
and nodifications will occur to those skilled in the art. Therefore, it
i's intended that the appended clains cover all such equival ent

vari ations which conme within the scope of tH invention 10 as cl ai med.

- 67 - VWHAT IS CLAI MED I S: 1. An isolated nucleic
acid encodi ng an osteoprotegerin binding protein selected fromthe
group 5 consisting of: « @) fhe nycleic acid sequence as in
Figure 1 (SEQIDNO ) and Figure 4 (SEQ I D NO- );

b) nucleic acids which hybridize to the pol ypepti de codi ng regions as

shown in Figure 1 (SEQ I Dyhile the present invention has been
5 described in terms of the preferred embodiments, it is
understood that variations and modifications will occur
to those skilled in the art. Therefore, it is intended
that the appended claims cover all such equivalent
variations which come within the scope of the invention

10 as claimed.



10 NO ) and Figure 4 (SEQ I D NG ) and renmain

d-un
hi gh stringency conditions; and c) nucleic acids which are
degener at nucl eic acids of (a) or (b). 15 2. The
nucl ei ¢ ag&d&g%;% aim31 which is cDNA, genom ¢ DNA, syRERUBIROTEMA or
RNA. 3. A polypeptide encoded by the nucleic acid of
Caim1l. 20 4. The nucleic ggid of Aaim1 including one

or nore codons preferred for Escherichia coli expr ' l Hlﬂ"”
5. The nucl ei guaGh f lHR1lrRaving a det ect abl e m 11]
t her et 0. ©E Cﬂgﬁg% F\E(’:I eic acid encoding a j i s
conprising the am no acid sequence of residues 1-316 30 and residues

70-316 as shown in Figure 1afSEQLERMR nucleic acid encodifg Ad'UC! € ¢ acid
encodi ng a polége I SI.ng am no acig sequence of” resi dues 1-317

tide conpri si .
and 35 resid -réﬁe%%rélhggfhniihngi pypEean sedecpedofrom the group
- 68 - 5 consisting &F:A nucleic acid encoding a sol uble

ost eoprotegerin bindin rot.ein.
P 9 9 Q) the nucleic acid sequence as in Figure 1

(SEQ ID NO:__) and Figure 4 (SEQ ID NO:__ );
b) nucleic acids which hybridize to the
polypeptide coding regions as shown in Figure 1 (SEQ ID
10 NO:__) and Figure 4 (SEQ ID NO:___) and remain
hybridized under high stringency conditions; and
c¢) nucleic acids which are degenerate to the

nucleic acids of (a) or (b).

15 2. The nucleic acid of Claim 1 which is cDNA,
genomic DNA, synthetic DNA or RNA.

3. A polypeptide encoded by the nucleic acid

of Claim 1.
20
4. The nucleic acid of Claim 1 including one
or more codons preferred for Escherichia coli
expression.
25 5. The nucleic acid of Claim 1 having a

detectable label attached thereto.

6. A nucleic acid encoding a polypeptide
comprising the amino acid sequence of residues 1-316
30 and residues 70-316 as shown in Figure 1 (SEQ ID NO:

)

7. A nucleic acid encoding a polypeptide
comprising amino acid sequence of residues 1-317 and
35 residues 69-317 as shown in Figure 4 (SEQ ID NO: ) ;



5 9. The nucleic acid of Caim3$8 encoding a pol ypepti de
conprising residues 69-317 as shown in gure 4 (SEQ I D NO ) and

the 10  nuche st of Claims 1 and 911’||||ﬂi|l|ﬂ’iﬂ|ﬁ’ﬁ|i| S Feermsmposmac or

vector of Claim 10 wherein the nuclei'c &ci'd donprides the

pol ypepti de- encodi ng region as shown in Figure 1 (SEQ I D NO ) and
Figure 4 15 (SEQ ID NO ); - 68712 A host cell transformed
or transfected with the expression vector of C aim10. 20

13. The host cell of Caim1l12 which is a eucaryotic or procaryotic

cell. 14. gheAhﬂﬁElﬁgbla%ﬁdckﬂb%Hi%gwﬁi%%ﬂd%le

Escherichia coli. 25 A process for the production of an
ost eopr ot egeri n BF HAPPECHPBEELR Eéﬁﬁﬁpgiﬁﬁpteln gr ow ng
under suitable nutrient conditions host ceIIs transforned or
transfected with 30 the ng c aC| of Ca

i sol ati ng th& pol ypepti de FHE aciq ?% gg?ﬁgh 8PN Pei ¢
aci d. polypep6idd pomypepunderpsdduesdGbyBﬂWeaﬁr@m@mm défn 35

daim15. Figure 4 (SEQ ID NO: ) and truncations thereof;

10. An expression vector comprising the
10 nucleic acid of Claims 1 and 9.

11. The expression vector of Claim 10 wherein
the nucleic acid comprises the polypeptide-encoding
region as shown in Figure 1 (SEQ ID NOQ__) and Figure 4

15 (SEQ ID NO: __);

12. A host cell transformed or transfected

with the expression vector of Claim 10.

20 13. The host cell of Claim 12 which is a

eucaryotic or procaryotic cell.

14. The host cell of Claim 13 which is
Escherichia coli.
25
15. A process for the production of an
osteoprotegerin binding protein comprising:
growing under suitable nutrient
conditions host cells transformed or transfected with
30 the nucleic acid of Claim 1; and
isolating the polypeptide product of the

expression of the nucleic acid.

16. A polypeptide produced by the process of
35 (Claim 15.



- 69-

17. A purified and isol ated osteoprotegerin

binding protein, or fragment, analog, or derivative t her eof .
18. The protein of Claim 17 which is a human ost eopr ot
19. The B’Po‘is fPlof Caim 17 havi ng the amno 10 acid seqﬁ‘%’?@%@"@?ﬁom [

Figure 1 (SEQ I D NG gure 4 (SEQ I D NO
20. The protein ofng:l imw‘“m beegg . covalently m)dlfled with a
21. The protein of .Claim20 wherei
22. The protein of

wat er - sol ubl e pol
t he polynmer is poI yet hyI ene gI ycol .

Claim17 which is a 20 sol uble osteoprotegerin binding protein.
23. The protein of C]alﬁi22Acpuplfsedgande1sola&ﬁﬁn@sé@p@r§éégéﬁé@ from

resi dues 70 %y%d

fragnment,

protein of Cltéilem
69-317 ingl usive as

t her eof .

ar fra
specifical ly binds an o%?eo%%t@ﬁ@F?ﬁanﬁdpﬁélﬁ‘r t'el ﬁ?lc 35 @ HnER

25. An anti bod er.eof |ch

The anti body st dpar&Perdmch is a monocl onal anti body.

10

15

20

30

35

19. The protein of Claim 17 having the amino

acid sequence as shown in Figure 1 {(SEQ ID NO:__) and
Figure 4 (SEQ ID NO:__ ).

20. The protein of Claim 17 which has been
covalently modified with a water-soluble polymer.

21. The protein of Claim 20 wherein the
polymer is polyethylene glycol.

22. The protein of Claim 17 which is a
soluble osteoprotegerin binding protein.

23. The protein of Claim 22 comprising the
amino acid sequence from residues 70-316 inclusive as
shown in Figure 1 (SEQ ID NO: __ ), or a fragment,
analog, or derivative thereof.

24. The protein of Claim 22 comprising the
amino acid sequence from residues 69-317 inclusive as
shown in Figure 4 (SEQ ID NO:__) and truncations
thereof.

25. An antibody or fragment thereof which

specifically binds an osteoprotegerin binding protein.

26. The antibody of Claim 25 which is a
monoclonal antibody.

Fi 1 E ), or
B¢ a;jg;q USide s or BROMAGHE FLOHIBg! 6SEQRMRIye ).
conprising the am no aci d sequence fromresidues

a

shown in Figure 4 (SEQ ID NO ) and truncations 30

26.



70 27. A nethod for detecting the presence of an
osteoprotegerin binding protein in a biological sanple conprising: 5
i ncubating the sanple with the antig ﬂ ﬂ“ igm 25 under conditions

t hat al | owvo pglagasn of t he antib mmg I”VI““cl aml ot eger i PCDUSSH/OTE84
protein; and - det ecting' t e bouhd &nti body. 10

28. A nethod for detecting the presence of osteoprotegerin in a

bi ol ogi cal sanpl e conpri si ng: ) 70i'ncubating the sanple with an
ost eoprotegerin bi ndi ng protein under conditions that all ow binding of
the protein to osteoprotegerin; and 15 measuring the bound
osteoprotegerin binding »7 PRORELAod for detecting. tn@OprAsERdIGA Gn
assess the ability of a candi date conpoung to bind to an

ost eopr ot eger i rPYPEOBTAEEHGT bRoPeNAiRENPEPSEAR: in a biological iS3d& i ng

t he osteopr ot egesmpr P& ey g protein with the candi date conpound under
condi tions t hat aIIomeinding; and , neasgnkn%tth% bound
conpound. 28 incypatipg kBensamstediith 5§5nABEAPRhE

conpound i s an GpEihsS25oundsr asbagaptishsothan alloesbéafddiategdr ithebi ndi ng

I n. . , f | e] ' I h
i of ¢ aci ds AVEHRRY | hoPie 855 oPhebrRHSRE “r TRk aBR PR oRET ok 0

NO 3) in the manufacturedeteatiedi cheebbuod antibpldarnmaceuti ca
conposition thereof for regulating expression of an osteoprotegerin

bi nding protein in an aninmal. 35
10 28. A method for detecting the presence of

osteoprotegerin in a biological sample comprising:
incubating the sample with an osteoprotegerin
binding protein under conditions that allow binding of
the protein to osteoprotegerin; and
15 measuring the bound osteoprotegerin binding
protein.

29. A method to assess the ability of a
candidate compound to bind to an osteoprotegerin
20 Dbinding protein comprising:
incubating the osteoprotegerin binding
protein with the candidate compound under conditions
that allow binding; and
measuring the bound compound.
25
30. The method of Claim 29 wherein the
compound is an agonist or an antagonist of an

osteoprotegerin binding protein.

30 31. A method of regulating expression of an
osteoprotegerin binding protein in an animal comprising
administering to the animal a nucleic acid
complementary to the nucleic acids as shown in Figure 1
(SEQ ID NO:__ ) and Figure 4 (SEQ ID NO: ____ ).

35
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71 32. A pharnaceutical conposition conprising a

therapeutically effectivy, an osteoprotegerin binding protein in
a pharmaceuti cal | acce (ITH Fm:l"r adj uvant, sol ubilj

st abi | i zerW 5’r?3’/“675¥5 ant'i Hm””" 33. The ?&f{g‘%sé’f"ﬁ%ﬁ of
Claim 32 wherein the osteoprotegerln bi nding protein is a human ‘

ost eoprot egerin binding protein. - 71 - 34. Use of a
t herapeutically effective anount of a nDduIator of an osteoprotegerin

o P e eor " 72, "B BhAchRud TR o6 RiBITIOEY 162

conp05|t|on t her eof at’ bone disease In
marmal . therapeutlca35y mﬁéesr@evas amoatme@fl ﬁ%l%lhﬁc@afqmee’iw t he

modul ator %ﬁ%ﬂ%ep%a&ah flﬂnaoih%%ra%fe%&%arn@» Adice@taplaprotein. 20

36. The use as armed 1.n claim35 wherein the nodulator, i s an

anti body, or fGREFERE . tﬁ@ﬁBﬁﬁntwhﬁ@ﬁu§ﬁééPﬁFbaFW¢blllz@Fh&?@%?

ost eopr ot eger ign i ngkDgaREQt ei n. 37. The protein of Caim
22 conprising the 25 am no acid sequence fromresi dues 140-316 incl usive
as shown in Figure 4 (SEQ ID NO. 4) or a fragnent, anal og or
derivative thereof. The compo38.tibne ofr cfleiim G2 @henei2e téwnpri sing

the 30 am noég%%%ﬁ%es%mr BIRIRLIUeE LAk 3104 kgl ve as shown

in Figure 4 ( or derivative
t her eof . osteoprotegerin blndlng protein.

10
34. A method of preventing or treating bone
disease in a mammal comprising administering a
therapeutically effective amount of a modulator of an
osteoprotegerin binding protein.
15
35. The method of Claim 34 wherein the
modulator is a soluble form of an osteoprotegerin

binding protein.

20 36. The method of Claim 35 wherein the
modulator is an antibody, or fragment thereof, which
specifically binds an osteoprotegerin binding protein.

37. The protein of Claim 22 comprising the
25 amino acid sequence from residues 140-316 inclusive as
shown in Figure 4 (SEQ ID NO. __) or a fragment, analog
or derivative thereof.

38. The protein of Claim 22 comprising the
30 amino acid sequence from residues 145-316 inclusive as
shown in Figure 4 (SEQ ID NO. __) or a fragment,

analog or derivative thereof.

39. A method of preventing or treating bone

35 disease in a mammal comprising administering a
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39. Use of a therapeutically effective amount of a 35 nodulator of an
osteocl ast differentiation and acti t|on receptor in the manufacture -
of a medi canment or pharnaceuti cal z

-72 - WOIBpB%s1t | on t hereof for !’w m,!gmm Mlatl ng bdI/E898EEBE i n a
manmal . 40. The use as clai méd i*n ¢l'aim 39 wherein the 5
nmodul ator is a soluble formof an osteoclast differentiati on and '
activation receptor. 417 7#hé use as clainmed in claim 39
wherein the modul ator is an antibody or fragnent thereof,

which 10 spedifemapigtidahtls effactivetamehastof di RpdprdatPat Pénan and

activation factyenclast differe 4@106‘%ﬁ&h99t39a€§885§ebﬁgt6Q|||ty of a
t est conmpound to Tncrease or AELTELSe inding of 15 osteoprotegerin

bi ndi ng protein to ODAR conpri si ng: i ncubati ng

ost eoprot egerin bi ndi ng ppot ena, metho@%li and iaptEionaldneitheeiest conpound
under condi tions t hat, al | ow i

nﬂlng of o teopro%eg iln bi ndi ng protein
to ODAR amrd Zdnodulator is" 338 ‘rﬂP ) ﬂEmb? dPRgC8F e85 885r ot egeri n
bi ndi ng protei MiPEdARtiatide ahdeaceiaatdipneseneptol. the test
conmpound. 25
41. The method of Claim 39 wherein the
modulator is an antibody, or fragment thereof, which
10 specifically binds an osteoclast differentiation and

actaivation factor.

42. A method to assess the ability of a test
compound to increase or decrease binding of
15 osteoprotegerin binding protein to ODAR comprising:
incubating osteoprotegerin binding protein,
ODAR and optionally the test compound under conditions
that allow binding of osteoprotegerin binding protein
to ODAR; and
20 measuring the binding of osteoprotegerin
binding protein to ODAR in the absence and presence of
the test compound.
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