WO 03/ 002713 PCT/ US02/ 20181 ANTI BODI ES TO OPG [001] This application
clainms priority to U S. Provisional Application Serial No. 60/301, 172,
filed Jurw0o2B/002001, which is incorporated herein by ref@canseztasl any
pur pose. FIELD OF THE | NVENTI ON [ 002] The present invention relates to

anti bodi es that bind osteopro Eﬁ% ' &) . Conpositions and
nmet hods for the treatnent of %‘ne‘gmg‘ggg‘g?bé’ch as osteoporosis, bone

loss fromarthritis, Paget's disease, and osteopenia, are al so descri bed.

BACKGROUND OF [figk] | NVENTTRE dgilidhtiGipolirhé pRUAtyIOQY.ISIFogiHRpAIt for the body
and includes mneral (including calciumand phosphorous), a matrix of

col | ageno gLolgT el F d | Strickal i\ s i ssue
exhibits gﬁ%@dﬁg%“c eqllj\llqa'i ri ummggﬁm'g%ga?%??a??gl# @Plcbo'%é, \Rﬁ%ﬁeq s called
depositio d]pvvn of bone, which is called resorption. Three

b k-
types of E@Pﬁ%fﬁ%ﬁeqcﬁ Ko FEY pu&%?%%cyt es, osteoblasts and osteoclasts, are

involved in this equilibrium Osteoblasts pronote formati on of bone tissue
whereas osteoclasts are associated with resorption. Resorption, or the

di ssolution of bone matrix and mneral, is a fast and efficient process
conpar ed FELBOOE THENNVMEMNTEIN can rel ease | arge anounts of mineral from
bone. Osteoclasts are involved in the regulation of the normal renodeling

of skeletal tifgege and iTheesesantivenitio terges to/hilsddieHa bial/ US02/ 20181
by hornones. For i1nstance, resorption is stinulated by the secretion of
osteoprotegerin ligand (OPGL). Compositions and methods for the freatment of
bone diseases, such as osteoporosis, bone loss from arthritis, Paget's disease,

and osteopenia, are also described.

BACKGROUND OF THE INVENTION

[003] Bone tissue provides support for the body and includes
mineral (including calcium and phosphorous), a matrix of collagenous and
noncollagenous proteins, and cells. Living bone tissue exhibits a dynamic
equilibrium between formation of bone, which is called deposition, and break-
down of bone, which is called resorption. Three types of cells found in bone,
osteocytes, osteoblasts and osteoclasts, are involved in this equilibrium.
Osteoblasts promote formation of bone tissue whereas osteoclasts are
associated with resorption. Resorption, or the dissolution of bone matrix and
mineral, is a fast and efficient process compared to bone formation and can
release large amounts of mineral from bone. Osteoclasts are involved in the

regulation of the normal remodeling of skeletal tissue and in resorption induced



par at hyroi d hornone in response to decreasing concentrations of calciumion
in extracellular fluids. In contrast, inhibition of resorption is a

functi on wbosabiz onin. I n addition, metabolites of vitamwmCca/uSoatdier the
responsi veness of bone to parathyroid hornone and cal citonin. [004]

Ost eoprotegerin ligand (OPGE), which is a nenber of the TNF famly of
bgppawale%ss Per ﬁ?&ﬁfb)ﬁ 5SQBtD & stsrlaten by %%9{@1%0{0 t he

cyt oki nesPYy
receptor activator of NF-KB (RANK, also called osteoclast differentiation
and act i pamathyroiddieprane ingespopsy to drereasing cogeentiatiarsayf cajgiurhiondaher
hand, inhibits the formation of osteoclasts by sequestering OPG and

pr event i ngxtidllularsisins. aini contmist,inkibABN ofresorptibe isiadundticrf ofdRitamis.oci at ed
with ODAR correlates with the equilibrium between bone deposition and

resorpti oy aengcﬁf?éﬁ, lﬁ\fafa?foliféléeéﬁiit%lmim o érltt}ﬁe ré%ﬁ‘or?éﬁéﬂgsscﬁf ol N the

i
skeleton r ects the bal ance (or inbalance) of bone formati on and bone
resorptio . urs. after skeletal maturity prior to the
fourth de@%@gﬁﬁéﬁﬁéﬁoﬁéad?%%ﬁpﬁmand fifth decades, the equilibrium
shifts and bong resorptign dom pates.. The i tabl e decrease i.n bone nass
wi th advanci ngﬁ{pé rs staﬁsge(&[PFqgg,ﬂnih,ganQZQE@:), Ich s E‘?"i?ﬁf quhe
distinctly accel erated after nmenopause in some females (principally those
of Caucasil B family &ficyirkiness @enotespipematien ebpsigoglasts threaah binditg taethgt i ng
generally to any decrease in bone mass to below normal |evels. Such a

condi t i onrewptaradcigafor @hNF-kBgRANIS calsm chller] osieeclakt diffecestiationesrids or an
increase in the rate of bone destruction or both. A common form of

ost eopeni gefiviatiBhir8BEYtoP SSraOPARDS I GstedpfegerifQBRGH L the Hikér kigRd/ 20181

referred To as poéstnenopausal and senil e osteoporosis. This form of
inhibits the formation of osteoclasts by sequestering OPGL and preventing OPGL
association with ODAR. Thus, the amount of OPGL associated with ODAR
correlates with the equilibrium between bone deposition and resorption.

[005] After skeletal maturity, the amount of bone in the skeleton
reflects the balance (or imbalance) of bone formation and bone resorption. Peak
bone mass occurs after skeletal maturity prior to the fourth decade. Between the
fourth and fifth decades, the equilibrium shifts and bone resorption dominates.
The inevitable decrease in bone mass with advancing years starts earlier in
females than males and is distinctly accelerated after menopause in some
females (principally those of Caucasian and Asian descent).

[006] Osteopenia is a condition relating generally to any decrease
in bone mass to below normal levels. Such a condition may arise from a

decrease in the rate of bone synthesis or an increase in the rate of bone

destruction or both. A common form of osteopenia is primary osteoporosis, also



osteoporosis is a consequence of the universal |oss of bone with age and is
often a result of increase in bone resorption with a normal rate of bone
formati orwo odamyisvhite femal es in the United States devel epTaisapeasat i c
osteoporosis. A direct relationship exists between osteoporosis and the

i nci dence hi f enor.al neck and inter-trochanteric.fracture in wonen
45 years (,lﬁfar.radggrgs ﬁ%&ﬁﬁgpﬁﬁ%ﬁs&m ”W!!&Q%F%%org?!ﬁpﬁr&%{qr@ 8’steoporosi S

bet ween the ages of 50 and 70. Osteoporosis may, in certain instances,
resul t fr ORI9OROreSS dyacepseauancesefthgiunjvassal legapf boanqiwithjage@nd is afterusef ul
to have nol ecul es that can regulate the activity of OPG in

ost eocl asaaggeult of incré@Eyin Bmecesbritimn witls ahwrmabeate of beneifbimedtiomi ch nay
contribute to postnenopausal and senile osteoporosis. They include

al ter at i oMdrly WhiteBehalesan e Unftea sty diveisp SEmpRatitesaogddsialeci um
consunption attributed to decreased intestinal absorption of calcium and

other m n@fr@icﬁrel&f?dﬁsﬁ&?‘eiiét%@éi‘ﬁ@éﬁ oshé%gﬁ)rb ¢ lahdGHe R AEE mﬁg?%g{ﬁlq y

dietary supplenents in an attenpt to retar t he process.

eceptor ek FREEP SRR Tt S HPRBR BT a0l G iR M o

of reduced bone mass. Thus, be useful to conmbine those treatnents

it ma
with nol eBiaYedeyeiap sympioraglin 9?"@0{)9@03&%F’PW9%F‘ e agegofia0 ape4Ping certain
ost eopeni ¢ di sorders. 3 WO 03/002713 PCT/US02/ 20181 SUMVARY OF THE
| NVENTI ONQstegporosisgaay dhcedativiistances, rasu from dmreased layeisdersadtivity af
anti body, conprising a heavy chain and a |ight chain, wherein the heavy
chain coQRrGEeShus, #vould beiudefidqodave msleseles ittt dan regtkile the betivigy or a

f ragnment
of OPGL in osteoclastogenesis.

[007] Several factors have been identified which may contribute to
postmenopausal and senile osteoporosis. They include alteration in hormone
levels accompanying aging and inadequate calcium consumption attributed to
decreased intestinal absorption of calcium and other minerals. Certain treatments
have included hormone therapy or dietary supplements in an attempt to retard
the process. More recently, anti-resorptive agents such as bisphosphonates and
selective estrogen receptor modifiers (SERMs) have emerged for the prevention
and treatment of reduced bone mass. Thus, it may be useful to combine those

treatments with molecules that can regulate the activity of OPGL in treating

certain osteopenic disorders.



thereof, and the light chain conprises an ami no acid sequence as set forth
in SEQID NO 4 or a fragnent thereof. [009] In certain enbodinents, the
i nvent i orwprig®izies for an anti body, conprising a heavy cirairrosanebisa | i ght
chain, wherein the heavy chain conprises a variable region conprising an

am no aci d| ARUUENE ORTHESINVEXTOUN SEQ ID NO 13 or a fragnent thereof,
and wherein the [ight chain conprises a variable region conprising an

am no acid seq| e as s N ’ . Ofr fr t her eof .
[010] In certaln enbodi Q@Péﬂé%h%@ﬁ%‘ﬁgﬁﬁgﬁg’%ﬁj"@g@ R@Y'ds‘%%ﬁ%i body
conprising a heavy chaiin and a |ight chain erein the heavy chai.n

conpri sesgﬁ&%&’ RO ISNG 8 Mé’hg@ afight %@'H’ Y @‘?'Bﬂkﬁ)ﬁeé‘%gh%inf r agnent
thereof. [011] In certain enbodinents, the invention provides for an

ant i body comprises g amineaacid seguencmas set fogiht indFRAD NRe2gra fragmestvy
chain conprises a variable region conprising an am no acid sequence as set

forth in tHefrébl, BnGhe lighothainfooagprizet drnaméraf acilEGEguehoe @srsetiforth in
enbodi ments, the invention provides for an antibody conprising a heavy

chai n_andsd iINOSHB} B fradHEMi hefdby, | | ght chain 4 WD 03/002713
PCT/ US02/ 20181 conprises an am no acid sequence as set forth in SEQ I D NO

£ o0 " TTel00d " 1 1 B, GBS, G oS pru T o
e e A oEidhng SHIRLA S8 and R EndiBoh PR SRTRE hehiioAlin?™ "0
comprises a variable region comprising an amino acid sequence as set forth in
SEQ ID NO: 13 or a fragment thereof, and wherein the light chain comprises a
variable region comprising an amino acid sequence as set forth in SEQ 1D NO:
14 or a fragment thereof.
[010] In certain embodiments, the invention provides for an
antibody comprising a heavy chain and a light chain, wherein the heavy chain
comprises an amino acid sequence as set forth in SEQ [D NO: 2 or a fragment
thereof.
[011] In certain embodiments, the invention provides for an
antibody comprising a heavy chain and a light chain, wherein the heavy chain
comprises a variable region comprising an amino acid sequence as set forth in
SEQ ID NO: 13 or a fragment thereof.

[012] In certain embodiments, the invention provides for an

antibody comprising a heavy chain and a light chain, wherein the light chain



SEQ ID NO 14 or a fragnent thereof. [014] In certain enbodi nents, the

I nvention provides for an antibody, conprising a heavy chain and a |ight
chain, (awowb®owih the heavy chain conprises a first varipablusor/agson, and
wherein the first variable region conprises a sequence that has at | east

90% identity to the anmino aci d seguence et .f' i EO I D y 13, and
0 wher bompHies A8 AERAGH BeATIeas SetBah i Saa b NPT Bremant

wherein the second vari abl e region conprises a sequence that has at |east
90% i dent thefeelo t he anmi no acid sequence set forth in SEQ 1D NO 14, and
(c) wherein the antibody interacts with an osteoprotegerin |ligand (OPQ).
[015] In certal013nbodi mimtertainfembodiatentsy thainventiegiprovidesior aes a
sequence that, has at |least 95% identity to the am no acid sequence set

forth in a8fiSddybd¥ebridiRg sAfshlyéniR aPacth Nt ichBIre WiRBERtheqiIPt tR&R 2
sequence that Has at |éast 95%identity to the am no acid sequence set

forth in . i i | i | abl e
regi on co%ﬁfjbgesé\lgvaéégbée%gg rf Egrfn%ﬁgfsn%a%h ?@gﬁé%&gﬁgghpgﬁé %e?i‘cgr}gl‘gfn'am no
acid sequ forth in SEQJD NO 13, and the second variabl e region
conpri sesggﬁgﬁgﬁcﬁ‘{?ﬁatfrqgg%en?éberleé’ st 99% i dentity to the am no- acid
sequence set forth in SEQ 1D NGO 14. 5 WD 03/002713 PCT/ US02/20181 [017]
In certain enbBHiddents, imeeitaipeainbedimantsitae investion pievides demam,
conprising an am no acid sequence as set forth in SEQID NO 2 or a
fragment ahtibayf, comprising aiheawyichdinmand 8 lighhehadiny@) wharejr thei lbswyf or a
heavy chain conprising a variable region and a constant region, wherein
the vari agh&in dobgprivesCoflist vagsbleregivn) and witbrepanerfest varicitd rdgiohh i n SEQ

ID NO 13 or a fragnment thereof.
comprises a sequence that has at least 90% identity to the amino acid sequence
set forth in SEQ ID NO: 13, and (b) wherein the light chain comprises a second
variable region, and wherein the second variable region comprises a sequence
that has at least 90% identity to the amino acid sequence set forth in SEQ ID NO:
14, and (c) wherein the antibody interacts with an osteoprotegerin ligand (OPGL).
[015] In certain embodiments, the first variable region comprises a
sequence that has at least 95% identity to the amino acid sequence set forth in
SEQ ID NO: 13, and the second variable region comprises a sequence that has
at least 95% identity to the amino acid sequence set forth in SEQ ID NO: 14.
[016] In certain embodiments, the first variable region comprises a
sequence that has at least 99% identity to the amino acid sequence set forth in

SEQ ID NO: 13, and the second variable region comprises a sequence that has

at least 99% identity to the amino acid sequence set forth in SEQ ID NO: 14.



[018] In certain enbodinents, the invention provides for a light chain,
conprising an am no acid sequence as set forth in SEQID NO 4 or a

fragnent wbasea713 1 n certain enbodi nents, the invention proTiutes2fier a

| i ght chain conprising an am no acid sequence as set forth in SEQ ID NO 14

or a fragnent r eof . I Lilkhe i on,
single chain Ldnl?)ﬁbodl es'h %,9 rﬁlgé%ﬁ\ ‘nS éﬁﬁg%l%ﬂ% se%\%

i nvention, single chain Fv antl odies are rowqh Ln certain enbodi nents
of the i nGRADi BAMPESINIAR AMINA 3 HGBP%\??'&@@IfOTT INQEQILhNE® Sfignent s of
the invention, Fab' antibodies are provided. In certain enbodi nents of the
i nvent i onfragnnent Jieraat.i hoetirtain embodimentsdéak inveation provides fira kedydi ment s,

a pharmaceutical conposition conprising an antibody of the invention is

provi ded. chainaen@rising ahvadiablienvegioreang basomtittregioh, wherein itlie varigislapri si ng
a therapeutically effective anmount of an antibody to OPG. is provided.

[021] In fgyidicBrpiieesisitithimo a@en@aéqwas sél fFPTRSEQ IBINQS ﬁrefr'asgsmgn

antibody to OPG. and at | east one therapeutic agent selected from

03/ 002713fr§ ra81181 a bone norphogenic factor, transform ng growth
factor-(err err)), an interleukin- 1 (IL 1) i nhibitor, IL-Ira,

anti - TNFA ant Tﬁfii}' b S B e Bo5 i L Pl s
anal og of a parathyroid hor none, a parat hyr oi d hor none related protein, an
anal og of claalpaﬁemwseg@memmmwdéieﬂueacenétset forthinopoek iy Nerdion a a
bi sphosphonate, an al endronate, fluoride, calcium a non-steroidal anti
fragment thereof. In certain embodiments, the invention provides for a light chain
comprising an amino acid sequence as set forth in SEQ ID NO: 14 or a fragment
thereof.
[019] In certain embodiments of the invention, single chain
antibodies are provided. In certain embodiments of the invention, single chain Fv
antibodies are provided. In certain embodiments of the invention, Fab antibodies
are proVided. In certain embodiments of the invention, Fab’ antibodies are
provided. In certain embodiments of the invention, (Fab’)2 antibodies are
provided.
[020] In certain embodiments, a pharmaceutical composition
comprising an antibody of the invention is provided. In certain embodiments, a
pharmaceutical composition comprising a therapeutically effective amount of an
antibody to OPGL is provided.

[021] In certain embodiments, a pharmaceutical composition

comprises an antibody to OPGL and at least one therapeutic agent selected from



inflanmatory drug (NSAID), a COX-2 inhibitor, Celebrex(err), Vioxx(err); an
| mmunosuppressant, nethotrexate, |eflunom de, a serine protease inhibitor,
a secretwoysoeatkdbcyte protease inhibitor (SLPI), an |L-6PcCRhiSb2/2@s] an
antibody to IL- 6, an IL-8 inhibitor, an antibody to IL-8, an IL-18
inhibitor, an 1L-18 binding protein, .an [L-18 antibody. an Interleukin-1
converti ng Reng moTphegsnisdeciphtmnsigming sroyhdastonfollGr ficaninteniayiyn- an
FGF nodul ator, a PAF antagonist, a keratinocyte growh factor (KGF), a
KGF- r el at éd(lbdl) énhibigor, H -AGF Kinegt &t e TNBa imksibitory arssdaible diioy edoepiar, ( MVP)
nodul ator, a nitric oxide synthase (NOS) nodul ator, a nodul ator of

gl ucocor t iEbrdl ™ egR Rinti+TNFa atbbay, Reraicagdkb U anBRE7 drstibeidyos pafathpebid at or  of
| i popol ysaccharide (LPS) levels, a noradrenaline, a noradrenaline mnetic,

and a nor gyeRAb a a{g@@ﬂr afgrparétﬂg@d hbﬂn&r?é,?@b%riag%&m&weofelﬁgg

i nvention, a netho eating n ost eopeni c 'S provi
conpri sing._adm ni st er, a a ceutically ffectiyve anmount of .an
oot body. ArAEEbATARERHRS RuARTRSE Harfis eieted BEYENS <ot h .
di sorder conprising admnisteri n%g pharmaceutical conposjition is
provi ded. PrSRROspBPhate; o 19565, Jtiegde. ¢ajoiim, shnerstepidababldi nents, a
met hod of treating an inflammtory condition with attendant bone loss in a
pati ent cdnfameiatery diuei(NSAIB).i g QxX-ghahikiiek GialelriextoMiwed™, iann i s provi ded.
[024] In certain enbodinents, a nethod of treating an autoi mune condition
wi t h at t enhamindsaperéssant,i methgbeeixate, leflumopiids; agerind proteaselinhigitar, a
pharmaceutical composition is provided. [025] In certain embodinents, a
met hod of delcf@bhyIgukbEERr8ictse inhibitor (SLPI), an IL-6 inhibitor, an antibody to IL-

6, an IL-8 inhibitor, an antibody to IL-8, an IL-18 inhibitor, an IL-18 binding

protein, an 1L-18 antibody, an Interleukin-1 converting enzyme (ICE) modulator, a

fibroblast growth factor (FGF), an FGF modulator, a PAF antagonist, a

keratinocyte grbwth factor (KGF), a KGF-related molecule, a KGF modulator; a

matrix metalloproteinase (MMP) modulator, a nitric oxide synthase (NOS)

modulator, a modulator of glucocorticoid receptor, a modulator of glutamate

receptor, a modulator of lipopolysaccharide (LPS) levels, a noradrenaline, a

noradrenaline mimetic, and a noradrenaline modulator.

[022] In certain embodiments of the invention, a method of treating
an osteopenic disorder is provided, comprising administering a pharmaceutically
effective amount of an antibody. In certain embodiments, a method of treating an

osteopenic disorder comprising administering a pharmaceutical composition is

provided.



arthritis in a patient, conprising adm nistering a pharnaceuti cal
conposition of the invention is provided. [026] In certain enbodi nents of
t he i nverwoe/oo2a13ret hod of detecting the |Ievel of OPG i mCa/usoviwgi cal
sanple is provided, conprising contacting the sanple with an anti body.

BRI EF DESCRI PT} AN O: THE o cDNA sequence

encodi ng the a -1 anlfl%d%ﬁh‘éa égﬁ‘ﬁg#%%%géq%?%aatﬂg a"f028] Figure 2
shows t he, ?Im no acid s uen(; f t err)OPGA-1 antibody heavy chain (SEQ
ID NO 2)in FUE@?"QEYQEP tlan i OBE (RSB RAY i GONRIRNGOPGL - 1

anti body light chain (SEQ ID NO 3) [030] Figure 4 shows the amino acid
sequence afiministefiagry CrpMaceutinali ¢ardpositiomis priesided( SEQ ID NO 4). 8 WO

03/ 002713 PCT/ US02/20181 [031] Figure 5 shows a schematic diagram of the
(err)OPGL-1 kafumd]l i ght Rheéntaimxpniesdiiments|asetitbcaéPGeating<appa/ pDSRal9.
[032] Figure 6 shows a schematic diagramof the aOPA.-1 1g& heavy chain

expr essi oguRJiAR{lS ctfditid with %%BQ%&% Ids83¢h (72 tigth %oﬁ.ﬁ%@i@s

dose- dependent bi nding of aOPGE.-1 t OPG.-coated EIA p . [034] Figure
8 shows s ound OPG.. [035] Figure 9
shows in h?gﬁw%{ﬁ”ﬁ? %M%ﬂgﬁﬁ%mb(g&@ﬁg &%@lde%.

[025] In certain embodiments, a method of treating rheumatoid

arthritis in a patient, comprising administering a pharmaceutical composition of
the invention is provided.

[026] In certain embodiments of the invention, a method of
detecting the level of OPGL in a biological sample is provided, comprising

contacting the sample with an antibody.

BRIEF DESCRIPTION OF THE FIGURES

[027] Figure 1 shows a cDNA sequence encoding the aOPGL-1
antibody heavy chain (SEQ ID NO: 1).

[028] Figure 2 shows the amino acid sequence of the aOPGL-1
antibody heavy chain (SEQ ID NO: 2).

[029] Figure 3 shows a cDNA sequence encoding the aOPGL-1
antibody light chain (SEQ ID NO: 3).

[030] Figure 4 shows the amino acid sequence of the aOPGL-1

antibody light chain (SEQ ID NO: 4).



coated ElIA plates by soluble OPG. [036] Figure 10 shows specific binding
of aOPG.-1 to OPG.- coated EIA plates. [037] Figure 11 shows dose-dependent
i nhi bi ti owmoaB/oeyteocl ast fornmation by aOPG.-1. [038] Fi gece/usa2/st8ns

dose- dependent inhibition of OPG binding to ODAR by aOPG.-1. [039] Figure
13 shows the ngan,.serumgoncentration tine profiles after m pistering a
singl e dose of M'AOPGL- 1 t?@ﬁ%ﬁ‘ﬂt&aﬁb’hﬁé’éﬁc G ﬁiﬁﬁﬁr‘éoé%%ﬂbﬂgpf‘he
mean percent change in serum N-Tx __concentration after adm nistering a

si ngl e dolighighaimpapression piRpmibrGRELnfeRaPDSRAB%3/ 002713

PCT/ US02/ 20181 [041] Figure 15 shows the nean percent change in urine N Tx
concentration &32r adni migurerG shpws aischematicstagramadiBe-dOPGLEY hgBGal gus
Monkeys. [042] Figure 16 shows anti body positive and negative serum
concent r ahkay thaih eXrésdies prishtid, GQOPGL-$11§G2NeD8RaN gl e dose of aOPG.-1 to
Cynonol gus Monkeys. [043] Figure 17 shows the am no acid sequence of the

OPGE.-1 tib h Al ' | i . 44] Fi

16 shows the Al aci d SO et SRBRdq R Uling SodaLA 2] 7 9
i abl j 14). [045] Fi 19 sh |1 | t

b ocess { P GRBRART pifplaes ) - 045 Froure 19 shove @ cell culture

[034] Figure 8 shows specific binding of aOPGL-1 to membrane-
bound OPGL.
[035] Figure 9 shows inhibition of aOPGL-1 binding to OPGL-

coated EIA plates by soluble OPGL.

[036] Figure 10 shows specific binding of aOPGL-1 to OPGL-
coated EIA plates.

[037] Figure 11 shows dose-dependent inhibition of osteoclast
formation by aOPGL-1.

[038] Figure 12 shows dose-dependent inhibition of OPGL binding
to ODAR by aOPGL-1.

[039] Figure 13 shows the mean serum concentration time profiles
after administering a single dose of aOPGL-1 to Cynomolgus Monkeys.

[040] Figure 14 shows the mean percent change in serum N-Tx
concentration after administering a single dose of aOPGL-1 to Cynomolgus

Monkeys.



aOPG.-1. [046] Figure 20 shows the serum cal ci um percent change after

adm ni stering a single dose of aOPGE.-1 to Cynonol gus nonkeys. [047] Figure
21 shows wbasmeam ser um Al kal i ne Phosphat ase percent chamge/tsh2/ar181

adm nistering a single dose of aOPA.-1 to Cynonol gus nonkeys. DETAILED
DESCRI PTI ON OF Al N PREFERRED ENVBCODI MENTS [ 048] , The sect.ion headi ngs
used herein ar {eog'fﬁél]:){rr orga%%ﬂ?ﬁgnﬁﬁ“f'%leﬂagag v&kﬁéaﬂ&“aﬁéﬁ HHFG?\{S?Be
construed as limting the subject matter described. Al references cited
in this appneenitation asminisiening a single dpse 8faRy Gl-ditereynamelgbsi n for any
purpose. 10 WD 03/002713 PCT/ US02/20181 Definitions [049] Standard

t echni queMankgybe used for reconbi nant DNA, oligonucl eotide synthesis, and
tissue culture and transformation (e.g., electroporation, |ipofection).
Enzymatic reacfoqes and Piguréi16eéhows Asiidtalyopssitiveayd hé?awééér_mﬁd according
to manufacturer's specifications or as commonly acconplished in the art or
as descri i N4 i bl : be
general | yegg?%]ﬁfaﬁr%)g tg@%?rrcf)ﬁ%g%,‘[P(SF'%gh@@%&hgﬂ%%ﬂé%&%s&%wp@nm in the
art and ag descrlil‘i)segI ig vari ous general and nore specific references that
are cited ANEMHELE/LLE e¥‘<f1roughout the present specification. See e.g.,
Sanbr ook et al, | ecul ar_, d oni_ng: A lLaboratory Manual (2d ed., Cold

Spring Har bor [_Qﬁlﬁratory i s!7 %\’ﬂ"&? ?'HE)‘W%%B@PQUR[‘@@ of hesdPPClafhi ch i s
i ncorporated herein by reference for any purpose. Unless specific

defi ni t i oastibedy heavy chain variable region (SEQ ID NO: 13).

[044] Figure 18 shows the amino acid sequence of the aOPGL-1

antibody light chain variable region (SEQ ID NO: 14).

[045] Figure 19 shows a cell culture process for production of
aOPGL-A1.
[046] Figure 20 shows the serum calcium percent change after

administering a single dose of aOPGL-1 to Cynomolgus monkeys.
[047] Figure 21 shows the mean serum Alkaline Phosphatase
percent change after administering a single dose of aOPGL-1 to Cynomolgus

monkeys.

DETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS

[048] The section headings used herein are for organizational
purposes only and are not to be construed as limiting the subject matter
described. All references cited in this application are expressly incorporated by

reference herein for any purpose.
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provi ded, the nonenclatures utilized in connection with, and the | aboratory
procedures and techni ques of, analytical chem stry, synthetic organic
chem st rywo oanek7medi ci nal and pharnaceuti cal chem stry de®cmiused2tierei n are

t hose wel | knovvn and commonly used in the art. Standard techni ques may be
used for al syntheses, chem cal analyses, pharmaceutical
preparati B)r? H¥ul ati on, and delivery, and treatnent of patients. [050]

As utilized i n accordance with the present disclosure, the follow ng
terms, unless 64w se ﬁt@ﬂdﬂiﬂé@ch@ﬁuﬁsnwbma&e@qucrecmbmré QN,
foll ow ng neani ngs: [051] The term "isol ated pol ynucl eoti de" as used herein

shal | nealigenyaégtile sydhésle, arfd tissuenculture RINY, tramsfoymdtioet {ecg.ori gi n or sone
11 WO 03/002713 PCT/ US02/ 20181 conbination thereof, which by virtue of its

origin thelectropoatish, mpbﬁe@ﬂ@ﬂ\)e@mﬂﬁnaﬁclbeac'tlén@@hdWlﬂééﬁéﬂbdﬁhﬁdhé%‘ I or a

portion of a polynucleotlde in which t i solated polynucleotide” is

found in Wé’ Pef'%gmgé acbSRT foom%nﬂféléﬁ'ﬁ’é%%?)%bﬁi@aﬂ@'\sc&r ééf: ﬁ@i(?ﬁlg el | nked

to I n nat oes not “occur 1 n nature as pa quence.

052 h d
encoded b %%?R"'f?"c’cﬁwﬁﬁﬁﬁﬁ ' Fales b it | TR FisPAng: ebUBe 38l nat i on

t her eof , V\/m ch (1) is free of at |east sone proteins with which it would
normal |y BEOGESIHHES May)be se%%@ahppafprrpeﬁl Besoingtheenyandicephgethasta wakk sane
source, e.g., fromthe sane species, (3) is expressed by a cell froma
di fferent knewedn ¢ agrandsgs desssibedtin vacious igenel ane., mpa5Spedie term
"pol ypeptide" is used herein as a generic termto refer to native
pr ot ei ns, referevrmpsehataret died dravdisdesssd thrsuglasidithe presen _peeiication.
See e.g., Sambrook et al. Molecular Cloning: A Laboratory Manual (2d ed., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1989)), which is
incorporated herein by reference for any purpose. Unless specific definitions are
provided, the nomenclatures utilized in connection with, and the laboratory
procedures and techniques of, analytical chemistry, synthetic organic chemistry,
and medicinal and pharmaceutical chemistry described herein are those well
known and commonly used in the art. Standard techniques may be used for
chemical syntheses, chemical analyses, pharmaceutical preparation, formulation,
and delivery, and treatment of patients.
[050] As utilized in accordance with the present disclosure, the
following terms, unless otherwise indicated, shall be understood to have the
following meanings:

[051] ~ The term "isolated polynucleotide" as used herein shall

mean a polynucleotide of genomic, cDNA, or synthetic origin or some

11



substitutions of one or nore am no acids of the native sequence. The term
"pol ypepti de" al so enconpasses (err)OPG.-1 (as described below, SEQ ID NOC
2 and SBRolo@odM3 4), or sequences that have del etions, aaddirtisonsnisand/ or
substitutions of one or nore amno acid of aOPG.-1. According to certain

enbodi nen AL 10 the h h ulin
nol ecul e %égﬁaﬁs%nt edc Y P'Ihu"r”e” f@ ES' Pf)”l\%q:a{; %ﬂgﬁeﬁﬂ% Cmqm%ﬁt chai n
|nnunoglobulln nol ecul e .represented b ure 4

fr agment oI& gt afDeRi eﬂﬂﬂ,ﬂrﬂ[)?rape@wp ‘Qf‘r?epg'é!PH‘F'eHé&%%WE&PNgBE Heolled as used
herein as agllled to an object refers to the fact that an object can be
found in RAvhreleotide Lsxf@h'ﬁﬂén naturgof2) relinkegetod pplynyigiestide whigh i égjnehce
that is present in an organism (including 12 WO 03/002713 PCT/US02/ 20181

vi ruses) tihked toain feduies arg8pdoés nat ecosoin nature asgiart ef atatgehsedudmnee. not
been intentionally nodified by man in the |aboratory or otherw se is

nat ural | y- occu[052]9. [0551heTtBﬂ'nt"%bl§te@E%tém"Yeférfé@@) h&einigednderein refers
to conponents that are in a relationship permtting themto function in

e o BRAER orBRRR by EONCXEdRNEnat RO ro%yﬁﬁ\gﬁ%? in BPESAB! Y |1 nked”

to a- codi sequence IS n such a ressron of the

223LEﬁcZiggﬁﬁaﬁf’%ﬁ@‘é‘f{é@%@&n‘]@?& fré’%‘?ﬁﬂaﬁ a6l ahles with Wi o

pol ynucl eoti de sequences whjch fect the expressi on and processi ng of
codi ng seWQUKLRRMBRIVPE fpunchdg) @r%%srentﬁllyefaee ehathespreteins fr %'ﬂdRe &8Me ol
sequences nmay differ dependi ng upon the host organism According to certain
enbodi menssyrceoatd. olroreijessares speciepr Gk i gxpressedhyiancgliiiemm different,
species, or (4) does not occdr in nature.
[053] The term "polypeptide" is used herein as a generic term to
refer {o native proteins, or sequences that have deletions, additions, and/or
substitutions of one or more amino acids of the native sequence. The term
“polypeptide” also encompasses aOPGL-1 (as described below, SEQ ID NO: 2
and SEQ ID NO: 4), or sequences that have deletions, additions, and/or
substitutions of one or more amino acid of aOPGL-1. According to certain
embodiments, the invention comprises the human heavy chain immunoglobulin
molecule represented by Figure 2 (SEQ ID NO: 2) and the human light chain
immunoglobulin molecule represented by Figure 4 (SEQ ID NO: 4), or fragments
or analogs thereof.
[054] The term “naturally-occurring” as used herein as applied to

an object refers to the fact that an object can be found in nature. For example, a

polypeptide or polynucleotide sequence that is present in an organism (including
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ri bosomal binding site, and transcription term nation sequence. According
to certain enbodi nents, control sequences for eukaryotes may incl ude

pr onot er swoandoz7nanscri pti on term nati on sequence. |n cerParriSenpuadi nent s,
"control sequences"” can include | eader sequences and/or fusion partner

sequences.;f Qady mheat 8L T oI BRIMPNE! £5/, u?'irigﬁg@gfa%ﬁrvﬂpé%&%ﬁ{oﬂb egcans a

: I
polyneric\?orn1o? nucl eot1 des  of af?geas ses’in ertain
enbodi ments, t.he bases... be ri.bonucleotides or deoxyribonucl eotides or a
modi f i ed f"&ﬁeﬂi'Bf‘aI& PRdifiedhyman in dos Ehoraiory %%thPMﬁPi'%eﬁﬁﬂaﬁv-gP%ﬂBgand
doubl e stranded forms of DNA. [058] The term "oligonucleotide" referred to
her ei n i ncl uded05%lat ur al redesnr"ppatably ke disf ised hereirerafersddo | i nked
together by naturally 13 WO 03/002713 PCT/ US02/20181 occurring, and/or

non- nat ur @omparentds thatgrein goelatibrship permittikgdesn to indgionun ltesit iresded e a
pol ynucl eoti de subset generally conprising a |l ength of 200 bases or fewer.

In certai fﬂn@rﬁﬁé}diF@@x&mpﬁ’é,iQ@Gh%l%ﬁdt@ﬁée%ﬁer%@%ﬂﬁk@@"t&’éscﬁ)‘éiiﬂg“ length. In

certain enbodi nents, oligonucleotides are 12, 13, 14, 15, 16, ~ 17, 18, 19,
20 t - . e : r

doubl e ot 1S900ee i et Tt chor VARG ERblceCRn B IS Bodgh B hpETE = "

ai | eoti des, of . the invent | b i
ol i gonucl EbleEs FdstepndfiRy spmbtEe Wi GE BEui sSyeRtEr ot | des” 1 nol udes

deoxyri bonucl egfides and_ribonucl| eotides. The term "nodified nucl eotides”

i ncl udes nucl ed®?®es wi t Hhed8rmi eantspl sapencelee ysed fereigrefass tand t he
like. The term"oligonucleotide |inkages" includes oligonucl eotides

| i nkages Potinugieotidresghencehivbinhemayredtash treoekirassiah endpprosessing o enoat e,

coding sequences to which they are ligated. The nature of such control
sequences may differ depending upon the host organism. According to certain
embodiments, control sequences for prokaryotes may include promoter,
ribosomal binding site, and transcription termination sequence. According to
certain embodiments, control sequences for eukaryotes may include promoters
and transcription termination sequence. In certain embodiments, "control
sequences" can include leader sequences and/or fusion partner sequences.

[057] The term "polynucleotide" as referred to herein means a
polymeric form of nucleotides of at least 10 bases in length. In certain
embodiments, the bases may be ribonucleotides or deoxyribonucleotides or a
modified form of either type of nucleotide. The term includes single and double
stranded forms of DNA.

[058] The term "oligonucleotide” referred to herein includes

naturally occurring, and modified nucleotides linked together by naturally
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phosphor odi sel enoat e, phosphor oani | ot hi oate, phoshorani | adat e,

phosphoroam date, and the |like. See, e.g., LaPlanche et al. Nucl. Acids
Res. 14:9W08Y0(2r98B6); Stec et al. J. Am Chem Soc. 106: 6@CT/(SL®BMBT Stein
et al. Nucl. Acids Res. 16:3209 (1988); Zon et al. Anti-Cancer Drug Design
6: 539 (1991); . Zon et al. d.igpnucl eati des and Anal pgues: A Practi cal

Appr oach, OGMITIBg. AREO[ ﬁ?n-f@@v{gﬁwﬁ?wﬂmPﬁ@ﬁ%‘r"aﬁ'ﬂfﬁ? gﬁﬁe{"y Press, Oxford
Engl and (1991)); Stec et al. U.S. Pat. No. 5,151,510; Uhl mann and Peyman
Cheni cal Qligorueleoiidesarg a polypucieptide gubsetaanasalibeomprising & lengly efhy

I ncorporated by reference for any purpose. An oligonucl eotide can include
a | abel f200 dates br fewel. OB0jertaiteembodinaentss oligdrardectides arel18ttedland

pol ypeptides can be readily cal culated by known net hods. Such net hods

| ncl ude, E‘égesaih%ﬁ?ﬂm | InMBelrRth efbodPhORE08RIORIRSIEECR6 20183, 14,015, tB)se
described 1 n Conputational Ml ecular Biology, Lesk, AM, ed., Oxford

Uni versity-P 0 N B0 | NG laf i ‘ me
Proj ect s, G G S eap DA lengihg QbR VTR i ERttaliad

Anal ysi s of Sequence Data, Part 1 AN A M, and Giffin, H G, eds.,
Humana P?'é@%‘,‘aﬁlewaﬁéile ef-& i@f%‘?'%&é&&ﬁé@“i\t}%ﬂ 057 9eNd Wﬁgtul ar Bi ol ogy,
von Heinje, G, Academ c Press (1987); Sequence Analysis Priner, Gibskov,
M and Deligeeucectides gtithe inkgntionJBRY Hie S8NSe0r ARiFeRs? Rligarilsotidasy cari | | o
et al., SIAM J. Applied Math., 48:1073 (1988). [061] Preferred nmethods to
det erni ne i denfd&9] are ddsiedera "naturallycocaundng nugestidesitia¢iuges ween t he
sequences tested. Methods to determne identity are described in publicly
avai | abl eqeexidoRuckictidesEhd yoplielgotides. o MhettermPnmagiifisd nutlboiited"o

determne identity between two sequences include, but are
includes nucleotides with modified or substituted sugar groups and the like. The
term "oligonucleotide linkages" includes oligonucleotides linkages such as
phosphorothioate, phosphorodithioate, phosphoroselenoate,
phosphorodiselenoate, phosphoroanilothioate, phoshoraniladate,
phosphoroamidate, and the like. See, e.g., LaPlanche et al. Nucl. Acids Res.
14:9081 (1986); Stec et al. J. Am. Chem. Soc. 106:6077 (1984); Stein et al. Nucl.
Acids Res. 16:3209 (1988); Zon et al. Anti-Cancer Drug Design 6:539 (1991),
Zon et al. Oligonucieotides and Analogues: A Practical Approach, pp. 87-108 (F.
Eckstein, Ed., Oxford University Press, Oxford England (1991)); Stec et al. U.S.
Pat. No. 5,151,510; Uhimann and Peyman Chemical Reviews 90:543 (1990), the
disclosures of which are hereby incorporated by reference for any purpose. An
oligonucleotide can include a label for detection.

[060] Identity and similarity of related and polypeptides can be

readily calculated by known methods. Such methods include, but are not limited
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not limted to, the GCG program package, including GAP (Devereux et al.,
Nucl. Acid. Res., 12:387 (1984); GCenetics Conputer G oup, University of
W sconsi rwo osmob7sdn, W, BLASTP, BLASTN, and FASTA (Al t scirait/uso2/ai18y J.
Mol . Biol., 215:403-410 (1990)). The BLASTX programis publicly avail able

sour ces. (B ALFE Trsst Rt TG hniRbre e ey HRpRP ok Al ERbuSoa:
sour ces nua

Al tschul et al wel | -known Smith Wat erpan al gorlthm
may al so WeivgEsity ﬁ?@ssd@?é’% ?é“pﬁg)i%'?%f)m?@m "tnéF'ﬁS anddseRaie schemes
for aligning two am no acid sequences may result in the matching of only a
short regPmmeds, Smitht WoWV. sedu dcademiaResshNevsYatk (1893 @odmpetsron may have

very high sequence identity 15 WO 03/002713 PCT/ US02/ 20181 even though

there |Is AnalysigrfiSezprinceddathi Pashi, Grffib Wedm, bhe Gniinf HIG:, le@B9Humana
sequences. Accordingly, in certain enbodinents, the selected alignnment

met hod (%SPN%W%&eW(’iégcf)eS!ébhehéb ARafsisSATsect tBulelqgsvofﬁHéﬁ t 50

contiguous amno acids of t'he target polypeptide. r exanpl €, using

h f

W scons) nc-1 &%'b‘ﬂ?}?ﬁfgfi%%%‘aéﬁ%e%@Fﬁ%r'ﬁﬁ., SBrioafvo Bl 2 yfieﬂuence
d be,d ' t
Y R S e T S B
algorithm. In certain enbodi nents, a gap opem ng penalty (Whl ch is

cal cul at ed Apled Math. 411848 @988onal ; the "average diagonal " is the

average of the diagonal of the conparison matrix being used; the

"di agonal " i s [06d4] scor e Breferradiveethads itgdetbrinine alentipeafeedésignedto gived

mat ch by the particul ar conpari son
the largest match between the sequences tested. Methods to determine identity
are described in publicly available computer programs. Preferred computer
program methods to determine identity between two sequences include, but are
not limited to, the GCG program package, including GAP (Devereux et al., Nucl.
Acid. Res., 12:387 (1984); Genetics Computer Group, University of Wisconsin,
Madison, WI, BLASTP, BLASTN, and FASTA (Altschul et al., J. Mol. Biol.,
215:403-410 (1990)). The BLASTX program is publicly available from the
National Center for Biotechnology Information (NCBI) and other sources (BLAST
Manual, Altschul et al. NCB/NLM/NIH Bethesda, MD 20894; Altschul et al., supra
(1990)). The weli-known Smith Waterman algorithm may also be used to
determine identity.

[062] Certain alignment schemes for aligning two amino acid

sequences may resuit in the matching of only a short region of the two

sequences, and this small aligned region may have very high sequence identity
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matri x) and a gap extension penalty (which is usually 1/10 tinmes the gap
opening penalty), as well as a conparison matrix such as PAM 250 or BLOSUM
62 are uwed3jo7¢dNj unction with the algorithm In certai rCarasozizarents, a
standard conparison matrix (see Dayhoff et al., Atlas of Protein Sequence
and Structure, 5(3)(1978) for fhe PAM 250 conparison matrix. Henikoff et

al ., Proc SVRENOUAR LieTe ispp sighiiicay relgiiogshipPriwean g1 twefulk-lkaglL osum 62
conparison matrix) is also wused by the algorithm [064] In certain

enbodi nents€queneepafgredingly,fin cesdagoemppegimends, thepatanted aligpeent method | ude
the followng: Algorithm Needleman et al., J. M. Biol., 48:443-453

(1970); QAR pregramatill resultBh @Alightnénitahat-spansadtileast 50 contiguous (1992) ;
Gap Penalty: 12 Gap Length Penalty: 4 16 WO 03/002713 PCT/ US02/ 20181

Threshol d phindl dBidbf the takydt PoRbepiBe GAP program may be useful with the
above paraneters. |In certain enbodinents, the aforenenti oned paraneters

are the default r amet I | rj I ' no
penalty for eno[ogggs) ugfcﬁgé X%h]ea %A‘éaﬁ%']ééjg?’ﬁ‘%ﬁpﬁq@é@ﬁ%ﬁg‘( %&&ﬁ%ﬁ%’c’l& t he
twenty convention am no. aci.ds t heir ahbreyjations foll qw
conventio magg?gg?[mg@e PHELR Iggws-cﬂng%f\@?%“1WBnH"%HP[YP§H',"dE‘$ fas  col ub
and D. R Geen, Eds., Sinauer Associates, Sunderland, Mass. (1991)), which
i s i ncor pavhicldhepergent Bgauenics idgplityfis to amydaieinpoed are slighed farcepdingal( e. g. |
D-ami no acids) of the twenty conventional am no acids,
matching of their respective amino acids (the “matched span”, as determined by
the algorithm). In certain embodiments, a gap opening penalty (which is
calculated as 3X the average diagonal; the “average diagonal” is the average of
the diagonal of the comparison matrix being used; the “diagonal” is the score or
number assigned to each perfect amino acid match by the particular comparison
matrix) and a gap extension penalty (which is usually 1/10 times the gap opening
penalty), as well as a comparison matrix such as PAM 250 or BLOSUM 62 are
used in conjunction with the algorithm. In certain embodiments, a standard
comparison matrix (see Dayhoff ef al., Atlas of Protein Sequence and Structure,
5(3)(1978) for the PAM 250 comparison matrix; Henikoff et al., Proc. Natl. Acad.
Sci USA, 89:10915-10919 (1992) for the BLOSUM 62 comparison matrix) is also
used by the algorithm.
[064] In certain embodiments, the parameters for a polypeptide
sequence comparison include the following:
Algorithm: Needleman ef al., J. Mol. Biol., 48:443-453 (1970);
Comparison matrix: BLOSUM 62 from Henikoff ef al., supra (1992);

Gap Penalty: 12
Gap Length Penalty: 4
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unnatural am no acids such as a-, a-disubstituted am no acids, N alkyl

am no acids, lactic acid, and other unconventional am no acids nay al so be
sui t abl e womap@Tent s for pol ypepti des of the present i nvemrCirarso2/eanpl es of
unconventional am no acids include: 4-hydreoxyproline, y-carboxyglutamate,

s- N, N, N-trimethyh,ysl o LYA | ysi ne, O phosphoseri ne,
N-acetyl seri ne, N-h-H%l‘%érHr‘r’)’?}iI ﬁgf’%%ér:{?ﬁed, 3-net hyl hi stidi ne, 5-hydroxylysine,

N et hvl ¢ e :  d dim 7 d
(o6 byt ol085D ey e, GRS Brogkadfudy e DSl e Bioyerhataisione
| eft-hand direction,is.the agino termpal direction and the right-hand
di rect i on N SSFRIN ebRIUIyERts, {H%%fpr%F?%@W%Pa'iarﬁr‘etﬁtsc@'i%@ﬁc@fwlt h standard

usage and convention. [067] Simlarly, unless specified otherw se, the

| ef t - hand PardIMeters dphpplypepiids aenppasgma(Eieng with reeperaltydsr esd gaesp' end;
the left-hand direction of double-stranded pol ynucl eoti de sequences is
referred tusingstheh®AY aldorighmti on. The 17 WO 03/002713 PCT/ US02/ 20181
direction of 5° to 3 addition of nascent RNA transcripts is referred to as

the ‘transcripyoes] di reciiolsed A AReTtFRAG SORRNLBRa IR i ahgVi o the

sanme sequence as the RNA and which are 5

L anser | P SoofdhAIdrR ol B T R A R T R EA S g O

the DNA stran avin e same Sequence to the
3" end of ,th . ript ar eferr to_as "downstream sequences"”.

[ 068] Cong'?%%'gn@hgéoawgc?@ﬁs%i a%ﬂﬁ%is-nﬁwa&%%ﬁag@t%ﬁ'unﬁaﬂan@; |y
occurring am ng acid residues, which are_tgpi cally incorporated by

cheni cal Mass: 892 Yhtwhishds meorreratasahensin By refeserice fon apy glusepssal ~ syst ens.

These include peptidonmi netics and other reversed or inverted forns of
am no aci &tereoisomers (e.g., D-amino acids) of the twenty conventional amino acids,

unnatural amino acids such as o-, a-disubstituted amino acids, N-alkyl amino
acids, lactic acid, and other unconventional amino acids may also be suitable
components for polypeptides of the present invention. Examples of
unconventional amino acids inciude: 4-hydroxyproline, y-carboxyglutamate, &-
N,N,N-trimethyllysine, e-N-acetyllysine, O-phosphoserine, N-acetylserine, N-
formylmethionine, 3-methylhistidine, 5-hydroxylysine, c-N-methylarginine, and
other similar amino acids and imino acids (e.g., 4-hydroxyproline). In the
polypeptide notation used herein, the left-hand direction is the amino terminal
direction and the right-hand direction is the carboxy-terminal direction, in
accordance with standard usage and convention.

[067] Similarly, unless specified otherwise, the left-hand end of
single-stranded polynucleotide sequences is the 5' end; the left-hand direction of

double-stranded polynucleotide sequences is referred to as the 5' direction. The
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noieties. [069] Naturally occurring residues may be divided into cl asses
based on common side chain properties: 1) hydrophobic: norleucine, Mt,

Al a, Val ,wbhag/00ad7hie; 2) neutral hydrophilic: Cys, Ser, ThPCTASN/20@8N; 3)
acidic: Asp, GQu; 4) basic: H's, Lys, Arg; 5) residues that influence chain

orientati gf. Bra; 3 Phe 0l E exanpl e,
non-conse%?% t}gub%‘tqlt Aitig E‘)scfé%%%htﬁr%"%ﬁ“%&c %n%éé‘gfo és F‘Fgrber of one
of these cl asses, for, a marrber from anot her  cl substituted

resi dues EWSSEPF'CHI Hisecios SEANeN¢R ERAIeRS o t '%%@'S%J% (ﬁH?w@s& CSEMi& are
honol ogous wi th non-human antibodies, or into the non-honol ogous regions
of the nolsequence ag thipRdE and miscipare GiSotheGlend of tr RNAtrangtring asech

changes, according to certain enbodi nents, the hydropathic index of am no

aci ds nay réfereohoi ahe'w@treamkecmémsa@sd;ubase rdifiens aathgBNAathaydr opat hi c
I ndex on the basis of its hydrophobicity and charge characteristics. They

are: isol aagifethe’shnm seé{@érhééeaé e RNA bﬁdlwwﬂ#\ ér’e38 8d the Bhéﬁ% bﬁt@RNﬁ

(+2.8); cystelne/cystlne (+2.5); nmethionine (+1.9); alanine

gl ycine ( |%{|§§ lpttgfreerg éo%s Qowﬁﬁfﬁéﬁség%@\g grtryptophan (- 0 9)

tyrosi ne pro glutamate (-3.5);

o ﬁ{‘%Ee(ff’si%@S?S?r SNSRI R
" naturally occurring amino acid residues, which are typically incorporated by
chemical peptide synthesis rather than by synthesis in biological systems. These
include peptidomimetics and other reversed or inverted forms of amino acid
moieties.
[069] Naturally occurring residues may be divided into classes

based on common side chain properties:

1) hydrophobic: norleucine, Met, Ala, Val, Leu, lle;

2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;

3) acidic: Asp, Glu;

4) basic: His, Lys, Arg;

5) residues that influence chain orientation: Gly, Pro; and

6) aromatic: Trp, Tyr, Phe.

[070] For example, non-conservative substitutions may involve the
exchange of a member of one of these classes for a member from another class.
Such substituted residues may be introduced into regions of the human antibody
that are homologous with nhon-human antibodiés, or into the non-homologous

regions of the molecule.
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conferring interactive biological function on a protein is understood in
the art. Kyte et al., J. M. Biol., 157:105-131 (1982). It is known that
certai n awbDrg/oearizls may be substituted for other am no aecagshzawigg a
simlar hydropathic index or score and still retain a simlar biological

Zﬁ%%é! L%'m's” ﬁf“gﬂgi???ut.oﬂﬁ et ety it e ﬁ%%u'ﬁ"ﬁﬁfééi' ar e
2 1
el uded, -hRRREEH indpGtaang er@s‘) ”ﬁ&ce@nsﬁﬁ 3. GaghaoRd4haa. [ 073

It is also understood in the art that the substitution of |ike amno acids
can be nabecB@Essianeda hydiepatic wexprotheagisphits hydrophobigity apdicharge wher e
the biologically functional protein or peptide thereby created is intended
for use charactensticegiltwly srebistiemines (+45);ivalihe¢+p.2Edentineds8.8)] n certain
enbodi nents, the greatest |ocal average hydrophilicity of a protein, as

gover ned éﬂe%%ﬁn@?—@@ B?gtfewﬁ%fs%%?(h E})}’nrfe‘f!‘ﬁoi%‘:@r(q"ﬁ’*?J)I él%ahin\é (+Glf8)| ts

adj acent am no acids, correlates with i mmunogenicity and antigénicity,
Y 7 |
hydr oph| I Qeﬁn@@ Q%e@ %@éé)g%rf yggé?%ﬁ%d@f g&ﬁ{oﬁggéqa(ﬁ%) -m'ggln ( \g?’dues
+ t 3.0 1 t te (+
2;?: Rlen((a+ a(éijﬁ?ﬂg n? Qg)?é)gﬁ'g?ar %fﬁg(grlgtaﬂl}]é&iéu@gggﬁgs (gfﬁeom ne
(-0.4); prollne - ; alanine (-0.5); histidine (-0.5); cysteine (-

1.0); net ﬁﬁl@?faﬂ@q( 3. 59) inl&'&l(rC*n@) (a"ﬂ Fgining(dMNe (-1.8): isol eucine (-1.8):
tyrosine (- 2.3); phenylalanine (-2.5) and tryptophan (-3.4). In nmaking
changes based LQiﬁi si nmi [The impdrtapbe lof the hydrmipathic aming aciddindexibodi nent s,
the substitution of am no acids whose hydrophilicity values are within 2
i s i ncl udednferiing #itéRictive biological function on a protein is understood in the art.

Kyte et al., J. Mol. Biol., 157:105-131 (1982). It is known that certain amino acids

may be substituted for other amino acids having a similar hydropathic index or

score and still retain a similar biological activity. In making changes based upon

the hydropathic index, in certain embodiments, the substitution of amino acids

whose hydropathic indices are within 12 is included. In certain embodiments,

those which are within £1 are included, and in certain embodiments, those within

+0.5 are included.

[073] It is also understood in the art that the substitution of like
amino acids can be made effectively on the basis of hydrophilicity, particularly
where the biologically functional protein or peptide theréby created is intended for

use in immunological embodiments, as in the present case. In certain

embodiments, the greatest local average hydrophilicity of a protein, as governed
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enbodi nent s,
enbodi nent s,

regi ons
am no aci

those which are within 1 are included, and in certain
those within 0.5 are included. One nay al so identify epitopes
from pri meioy3amnd aci d sequences on t he basis of hydrophi‘Pk?iTaiSDgllzols'hese

are also referred to as
re set f

Substi t ut g‘éﬁgsb%}‘{"éphifgp%? [ip PRIAFEPt 8

Substituti ons

Al a Val,

Leu,

Il e Val

"epitopic core regions

rt h in
Phiing Bcit8 edirelates b
Arg

Lys,

[075

EPi t ut

G n, Asn Lys As

] Exenpl ary

1: Amno Acid

i ons
n @Gn Gn

Asp G u dmmuaggenisity apd anggenicty.n.easwittharbiolopicahppopesty ofthe pretein. Al a Al a

H s Asn, dn,

Il e Leu,

Val ,

Lys, Arg

Arg

Met ,

Al a, Leu Phe,

Nor | euci ne 20

WO 03/ 002713 POVAPS02/ 20TRé& follmungkbtyblmptiilhﬁy vIaIuEs hawe bedn ad&ignedta, Phe
1,4 DDam no- Arg butyric Acid, Gn,

these amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 £ 1);

Lys Arg,

Asn

glutamate (+3.0 £ 1), serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine

(0); threonine (-0.4); proline (-0.5 + 1); alanine (-0.5); histidine (-0.5); cysteine (-

1.0); methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine (-1.8); tyrosine (-

2.3); phenylalanine (-2.5) and tryptophan (-3.4). In making changes based upon

similar hydrophilicity values, in certain embodiments, the substitution of amino

acids whose hydrophilicity values are within £2 is included, in certain

embodiments, those which are within 1 are included, and in certain

embodiments, those within £0.5 are included. One may also identify epitopes

from primary amino acid sequences on the basis of hydrophilicity. These regions

are also referred to as "epitopic core regions."

[075] Exemplary amino acid substitutions are set forth in Table 1.
Table 1: Amino Acid Substitutions
Original Exemplary Preferred
Residues Substitutions Substitutions
Ala Val, Leu, lle Val
Arg Lys, Gin, Asn Lys
Asn Gln GIn
Asp Glu Glu
Cys Ser, Ala Ser
Gin Asn Asn
Glu Asp Asp
Gly Pro, Ala Ala
His Asn, Gin, Lys, Arg Arg
le Leu, Val, Met, Ala, Leu
Phe, Norleucine
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Met Leu, Phe, Ile Leu Phe Leu, Val, Ile, Ala, Leu Tyr Pro Ala Ay Ser
Thr, Ala, Cys Thr Thr Ser Ser Trp Tyr, Phe Tyr Tyr Tr p, Phe, Thr, Ser
Phe Val wbDe3/odas13 Leu, Phe, Leu Ala, Norleucine [076] APpsHiuSomzbisrti san

will be able to determ ne suitable variants of the polypeptide as set
forth heregin-using well-known techniques. |n certain enbodinent one

skilled in the art w8 idenftify sulNpEBU@NGrd&s pf the nol deule that may be
changed wi|t hout destroyinglactiviY8l, MettAlegBhieng regi ons not bel jeved to
be i mportant for actliysity. [l n cerfgy,n éidaclinents, one caArgdent|fy
residues |and portions of thebowtieAdi¢sGihhAsnar e conserved anong| sim | ar

pol ypeptides. Tn cejidtai n énbodi ment&, muENear €pS that nayghe T nportant for
bi ol ogi cal[actTVviTyppg O SUTUCEH[,E/ARYlePRISUPI €CT 1O CpggET vat i ve am no
"biol

aci d substjitutions w thout | destroyihg pe bgi cal actrvity of w thout
adver sel y ratHeettngghe—polypeptde—strueture—f0+4 Aéditli enraH y, one
skilled i rMMQM_mMFW ng

resi dues iln_sinilar S8l ypeptides t hHAN, A& G¥nortant for  ABEivity or
structure. I n view dfirsuch|a conparisoerone cah predict See inportance of

ami no acid residuesTrp a protein thafTycdPhespond to am noTgcid fesidues
whi ch are |i nportant Ther activity Pip, PheUTherSerd p simlar pretei ng. One

Val lle, Met, Leu, Phe, Leu
Ala, Norleucine

[076] A skilled artisan will be able to determine suitable variants of
the polypeptide as set forth herein using well-known techniques. In certain
embodiments, one skilled in the art may identify suitable areas of the molecule
that may be changed without destroying activity by targeting regions not believed
to be important for activity. In certain embodiments, one can identify residues
and portions of the molecules that are conserved among similar polypeptides.' In
certain embodiments, even areas that may be important for biological activity or
for structure may be subject to conservative amino acid substitutions without
destroying the biological activity or without adversely affecting the polypeptide
structure.

[077] Additionally, one skilled in the art can review structure-
function studies identifying residues in similar polypeptides that are important for
activity or structure. In view of such a comparison, one can predict the
importance of amino acid residues in a protein that correspond to amino acid

residues which are important for activity or structure in similar proteins. One
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21 WD 03/002713 PCT/US02/20181 skilled in the art may opt for chemcally

simlar amno acid substitutions for such predicted inportant am no acid

resi dues.wp®3@927the skilled in the art can al so anal yze t IR€T/US02/20181

t hree-di nensional structure and am no acid sequence in relation to that
of .such. informtion, one

structure | i.m, | ar ol tides.. In view ]
skilled i r?!‘?'ﬁ‘g i the ﬁﬁ‘y’gﬁ}’ﬁfg’% Ct'ﬁ@“'c%!ﬁ'i %jfﬁﬁéh?”‘t&’fo gridrRytbgEiutiona doieiah of an

anti body with respect to its three _dinensional structure. In certain
enbodi nentsedigies igrartasy amine gsidaiesidues. choose not to make radi cal changes
to amno acid residues predicted to be on the surface of the protein,
since such resi[di@s nay b@né skilked édttenart cpnrdlsmanalypé ereathreetdmshsionat her
nol ecul es. Moreover, one skilled in the art nay generate test variants

cont ai ni ngtracRir8 ¢rl ARirtPadidisdqaemsd in relatRih R thapshudard mesinAgl no  acid
resi due. The variants can then be screened using activity assays known to

those ski Loghdriable 12y NiRfdrtiRnCBHE LiiEa 13 B Lt ria) BRlaikhe! Mat! on

about su vari ants. For exanp I f "one di'scovere ge to a
particul ar,. amn cid residue. resul.ted in destroyed, desj.rably reduced,
of unsui + 2lipBMenE of origo SgireSilies o e bty WHLIGSReREY tice: ded. | n

ot her words, based on information gathered from such routine experinents,

one ski | | dimeRsipRal sifuctieg Incesigin gmbedirnanise ongeskilledra the adgnaneheosear t her
substitutions should be avoided either alone or in conbination wth other
mut at i ons nof Gyoiaka nadidad chafigesciosarinfa acig ubsiduas poedictedvte Hecemtldevot ed to
the prediction of secondary structure. See Muult J., Curr. Op. in

Bi ot ech. , sii(fAre 42 2he pHroteln] SREE, suchaesiduesmay Be aIENEd I ihpokBnt) : 222- 245

(1974); Chou et al., Biochemstry, 113(2):211-222 (1974); Chou et al.,

Adv.  Enzyjfbradigh8twit\6®@F molecules. Moreover, one skilled in the art may generate
test variants containing a single ami.no‘ acid substitution at each desired amino
acid residue. The variants can then be screened using activity assays known to
those skilled in the art. Such variants could be uéed to gather information about
suitable variants. For example, if one discovered that a change to a particular
amino acid residue resulted in destroyed, undesirably reduced, or unsuitable
activity, variants with such a change may be avoided. In other words, based on
information gathered from such routine experiments, one skilled in the art can
readily determine the amino acids where further substitutions should be avoided
either alone or in combination with other mutations.

[079] A number of scientific publications have been devoted to the

prediction of secondary structure. See Moult J., Curr. Op. in Biotech., 7(4):422-
427 (1996), Chou et al., Biochemistry, 13(2):222-245 (1974); Chou et al.,

Biochemistry, 113(2):211-222 (1974); Chou et al., Adv. Enzymol. Relat. Areas
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22 WD 03/ 002713 PCT/ US02/ 20181 Mo!. BiolL, 47:45-148 (1978); Chou eta!.,
Ann. Re . Biochem, 47:251-276 and Chou et al, Biophys. J., 26:367-384
(1979). Myp®eMe2713 conput er progranms are currently avail alpiCe/uso2/z288i st with
predi cting secondary structure. One nethod of predicting secondary

Structure i1s B rRon B3HOY SOV HIRASI AN ont Ko KGRy 41 R DRI/RGR! 1 des

or proteins which have a sequénce 1dent7ty of greater

simlarity.greajer than 40% of Y Lmlar structural topol ogies. The
recent grq‘ﬁ?LﬁeE)‘?"r’t BPE¥ Bt %'&g?tﬁaﬁg%g‘awgﬁ%%‘@r(%)’u §r§gr@ SRE
enhanced predictability of secondary structure, including the potenti al
nunber of Guiremdlywiveiiable ta assisy pithtpradicting segerdasy streiciireu dne metiseskotiol m
etal., Nucl. Acid. Res., 27(1):244-247 (1999). It has been suggested
(Brenner giredicting Sacondapy stidicturetis ba8&dLipon hod)olBHR nddelicd O Fo) exaimple,t her e
are a limted nunber of folds in a given polypeptide or protein and that

once a critioqadlypsptiaes ovfpretainivhichshdvavesdqashce igeRlity gréater fai 3%
prediction wqﬂybecone drparrat ically nore accurate. [Ong] gAddi tional r?’ét hods

of predictd 3 (= WareM S, r.
Opi b 5t r rAmERRY SheEter e BbiL ST al Ciiieh BUERRIRopEBREE TR recaHf
4(1):15-19 (1996 "profile anal ysis" Le etal. . Science,, 253:164- 170
(1991); Grqré\é'ﬁb@)%‘F %Bie,'n ﬁbf‘ﬁﬁ'r%‘n@ﬁﬁ?sé@%ﬁaé‘i8&%‘1‘%@85‘66‘@%%s kov etal.,
Proc. Nat. Acad. .Sci., 84(13):4355-4358 (1987)), and "evol utionary |inkage"
(See Hol mredighibdity phgegonday stivehtiar Includmathemiential nupshsr af doldswitim
enbodi nents, antibody variants include glycosylation variants wherein the
nunber and? pelypgptiiers ogpyateiys siricinrei See Holm eftade Nuwl.tAsiddResppared to the
am no aci d sequences of the parent polypeptide. In certain enbodinents,
protei n va@T7(#n244-247108e). alt haedeen suggasieds@rennexdicdl., Curr. Op. Struct.

Biol., 7(3):369-376 (1997)) that there are a limited number of folds in a given

polypeptide or protein and that once a critical number of structures have been

resolved, structural prediction will become dramatically more accurate.

[080] Additional methods of predicting secondary structure include

"threading" (Jones, D., Curr. Opin. Struct. Biol., 7(3):377-87 (1997); Sippl et al.,

Structure, 4(1):15-19 (1996)), "profile analysis" (Bowie ef al., Science, 253:164-

170 (1991); Gribskov et al., Meth. Enzym., 183:146-159 (1990); Gribskov et al.,

Proc. Nat. Acad. Sci., 84(13):4355-4358 (1987)), and "evolutionary linkage" (See

Holm, supra (1999), and Brenner, supra (1997)).

[081] In certain embodiments, antibody variants include
glycosylation variants wherein the number and/or type of glycosylation site has

been altered compared to the amino acid sequences of the parent polypeptide.

In certain embodiments, protein variants comprise a greater or a lesser number
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23 WD 03/002713 PCT/US02/20181 1 do sites 1 li ati of N-1inked

gl ycosylation sites than the native protien. An N-linked glycosylation site
I s characwermmpexiiby t he sequence: Asn-X-Ser or Asn-X-Thr, Pamarse?/znighe

am no acid residue designated as X may be any am no acid residue except

proline. The,substifutiqn.of ampo agid residues tgQ_ te,this seguence
provi des ”é?\ﬁﬁ?%?ﬂ Sgi'l'"“ﬁgﬂ;‘%ri' ffg"? ﬁ\"“ﬁ'}@ Pé?é'dFtH'BﬁH“‘bf’g"a\g\"ﬁpall‘?qﬂ 80‘(33;?@%T’1ydr ate
chain. Alternatively, substitutions which elimnate this sequence w |l
renpve an SHRi I8 CNARCIRIZa e BIENGS: ABB- R8T AT ARG ThF.ovhersin the
rearrangenent of N-linked carbohydrate chains wherein one or nore N-1inked
gl ycosyl atarimosadi@ segidypdesighated damXemanbe anyeaminolacid rgsidue excéply) ar e
elimnated and one or nore new N-linked sites are created. Additional

pref er r ed pRfind 0Whe \CbsRtioN o SMIAE aeibietidis\Ma orédtb IhisVdeRfuRinBe PrevidEes NOr e
cysteine residues are deleted fromor substituted for another am no acid

(e.g.., sery S%)enﬁél ﬁ@ﬂ@ﬁé?& the écﬂﬁti 6Fah hﬁﬁﬁl{)&é‘! %ng@%@&‘&ﬁ&ﬁ: Qystel ne

variants may be useful when anti bodi es mnust Into a
bi ol ogi cal actiwv oLt i an h. ter the i Lon of insoluble
"ncl uai on ARty SRRHRESHS T hduRle Bibenlisiod ALAEMAR &h By dues
than the natjv rotein, and, typjcally have an even nunber to mnimze
i nteracti d: nk?&ﬁfh%&@?&ﬁﬁﬁhpg‘spewggd@aé? ﬁé@?rrﬁﬁ@%’reﬁEE{)Ndlr}K&dt o certain
enbodi nents, am no acid substitutions are those which: (1) reduce
suscept i bidarbghydrate chains whiesein(ane eraace Nslinkedglyasisylatipn sitesdiipiealiyon, ( 3)
alter binding affinity for form ng protein conplexes, (4) alter binding
af fi ni ti eshosathatraréhatwraly eccaringpdid gliminated phy dhearahers nalv NHinked
functional properties on such polypeptides. According to certain
embodi MentghtesHArBErEatel. Additional preferred antibody variants include cysteine variants

wherein one or more cysteine residues are deleted from or substituted for

another amino acid (e.g., serine) as compared to the parent amino acid

sequence. Cysteine variants may be useful when antibodies must be refolded

into a biologically active conformation such as after the isolation of insoluble

inciusion bodies. Cysteine variants generally have fewer cysteine residues than

the native protein, and typically have an even number to minimize interactions

resulting from unpaired cysteines.

[082] According to certain embodiments, amino acid substitutions

are those which: (1) reduce susceptibility to proteolysis, (2) reduce susceptibility

to oxidation, (3) alter binding affinity for forming protein complexes, (4) alter

binding affinities, and/or (4) confer or modify other physiocochemical or functional

properties on such polypeptides. According to certain embodiments, single or

multiple amino acid substitutions (in certain embodiments, conservative amino
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multiple amno acid substitutions (in certain enbodi nents, conservative

am no 24 WO 03/002713 PCT/ US02/ 20181 acid substitutions) nay be made iii

t he nat uraiblogaoeesrri ng sequence (in certain enbodi nent sPCTrusbizo1porti on
of the pol ypeptide outside the domain(s) formng internolecular contacts).
I n certai Qﬂeyb%Lqentyg a ‘cggser /atiye anming acid  substitution typically
may not s@5Et SPSIAHISNS) ARy e MRdein g MAtWRlK-Rer g seauense §n carian par ent
sequence (e.g., a replacenent am no acid should not tend to break a helix
that occueshodimestydndie podipneidhe pelypepide utside dre domein(sx fosminshdar y
structure that characterizes the parent sequence). Exanples of

ar t - r ecoginteadolguolarpeptacts). Secendar gmbodinhents| arcpnsénvativelaagnaaeiddescr i bed
in Proteins, Structures and Ml ecular Principles (Creighton, Ed., W H.

Freeman argdbs{fiemibatypicABmE9 Hot 648Stahlially SRR S ' i ure
(C. Branden gnd J.y@rlgoze, st., Gar | al.?l Publ’i shi ng, &@@P&\S{%rﬁ?ﬁé&ﬁ%&é’&

(1991)); %ﬁ'@pépé}{t%te%@eﬁﬁe ®o, réc\lgpﬁgc%gg%‘}ﬁgﬁo(él&? %ho&ﬂm{o(f tﬂergfe ! 65k a

i ncorporated herein by re term "pol'ypepti ragnent” as
used herein.refers to a ,polypeptide that has gn.am no-tegrm nal K and/or

car boxy-t«lé'Pm(ﬁl?ﬁ UPEUER |rb1ill‘l.% q%gnﬁ%qq%nﬁee% 'ﬁflfwcgrﬂté?r Wp%ﬂéﬁ?%m‘cﬂaéy at | east
5 to 467 amino acids long. It will be appreciated that in certain

embodi mensyuctrgdneteharaelerizes thesparest sgquence)o Examples of aggecqanizado, 150,
200, 250, 300, 350, 400, or 450 am no acids long. [084] Peptide anal ogs are
commonl y pelpeptidetsecphdarysareliteirtiary stiuctinss aye desaibredig®iotknglr ugs wit h
properties analogous to those of the tenplate peptide. These types of

non- pept i GtruptiiesErd Rotedutarithcipie (CasgtoREEUGIN. B Frédaanh afldm neti cs” .
Fauchere, J. Adv. Drug Res. 15:29 (1986); Veber and Freidinger TINS p.392
(1985); amsbrhyany, dwdork {1988 Infrd&iRtiot o Prtein SR Oture (C. Branden and

J. Tooze, eds., Garland Publishing, New York, N.Y. (1991)); and Thornton et at.

Nature 354:105 (1991), which are each incorporated herein by reference.

[083] The term "polypeptide fragment" as used herein refers to a
polypeptide that has an amino-terminal and/or carboxy-terminal deletion. In
certain embodiments, fragments are at least 5 to 467 amino acids long. It will be
appreciated that in certain embodiments, fragments are at least 5, 6, 8, 10, 14,
20, 50, 70, 100, 150, 200, 250, 300, 350, 400, or 450 amino acids long.

[084] Peptide analogs are commonly used in the pharmaceutical
industry as non-peptide drugs with properties analogous to those of the template
peptide. These types of non-peptide compound are termed "peptide mimetics" or
"peptidomimetics”. Fauchere, J. Adv. Drug Res. 15:29 (1986); Veber and
Freidinger TINS p.392 (1985); and Evans et al. J. Med. Chem. 30:1229 (1987),

which are incorporated herein by reference for any purpose. Such compounds
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whi ch are incorporated herein by reference for any purpose. Such conpounds
25 WD 03/002713 PCT/ US02/20181 are often devel oped with the aid of

conput er iwed3nw7exul ar nodel ing. Peptide mnetics that areTdaiSouatigral |y
simlar to therapeutically useful peptides may be wused to produce a

simlar therapeut] 0 actic.effect.. Generall ept.i dom netics are
structuralty c@fe;h ‘Ill‘%\{'e%%&g"h'ﬁgﬁgai%‘&%?’?ﬁg%{’?gg n&q}!'eggltgr QPO‘%@'P%?&%%Q@ t hat
has a bi ochem cal property or 'Dhar macol ogi cal 'aCtiViQtfij) such as human
anti body, Bliipeticsibabate sirustrallysamilagte thempseytisalbpuseiibpegtidesynayde by a

| i nkage selected from --CH2 NH-, --CH2 S--, --CH2 -CH2 --, --CH=CH-(cis
and tr ansysed toqmoHace a, similaH{t@rp @t on) prophylactic efféd2 Generalipy net hods
well known in the art. Systematic substitution of one or nore am no acids

of a consgsepthionsierties @ee sirubturally similaptas pdradiginhsolpsemtide/fe. (£ 9- .
D-lysine in place of L- lysine) may be used inc ertaln enbodi nents to

b
generate e{ﬁ%%ﬁt%@ RaPRRS 'addﬁéchehfbagﬂmspﬁglg{bé r?ﬁégrfl%ﬁl:ogg%l ?ggfi{yg €Such as

conprisin nsensus sequence or ‘onsensus

& orascn AbnanztbgR, HE RORTE.S b pOR X istss ichalidfeinbey BV 8° °
: ; Bys o TEgHpbr w e rare gy
st duos. dikagP S k- He NSk S it 1ot br GHESHGRAW cycl | ze

the peptide. [085] "Antibody" or "antibody peptide(s)" refer to an intact
ant i body, (NS, bORE - r-&4HEI)QHher ca1d Bk SGrpbY Giethods wellknowtrsict

anti body for specific binding. In certain enbodi nents, binding fragnents
are produdhd ary Systenaticrsabstifdidntafane sruasre aminkeatids of andordenens s,

bi ndi ng fragnents are produced by enzymatic or chem cal cl eavage of intact
ant i bodi essedfdiehde Mth a D-amino acid of the same type (e.g., D-lysine in place of L-
lysine) may be used inc ertain embodiments to generate more stable peptides.
In addition, constrained peptides comprising a consensus sequence or a
substantially identical consensus sequence variation may be generated by
methods known in the art (Rizo and Gierasch Ann. Rev. Biochem. 61:387 (1992),
incorporated herein by refefence for any purpose); for example, by adding
internal cysteine residues capable of forming intramolecular disulfide bridges
which cyclize the peptide.
[085] "Antibody" or "antibody peptide(s)" refer to an intact
antibody, or a binding fragment thereof that competes with the intact antibody for
specific binding. In certain embodiments, binding fragments are produced by

recombinant DNA techniques. In certain embodiments, binding fragments are

produced by enzymatic or chemical cleavage of intact antibodies. Binding
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26 WO 03/002713 PCT/ US02/20181 fragnents include, but are not limted to,
Fab, Fab', F(ab')2, Fv, and single-chain antibodies. [086] The term "heavy
chai n" i rwbwdes27ahy pol ypeptide having sufficient vari ablPeTrisgt/zmssequence
to confer specificity for an OPA. The term "light chain" includes any

pol ypepti de havi.n ufficient variagble regiaqn- s C to, confer, .

speci fi ci ??gr%%-“-taﬁ“" ,_bq&a(%pp?[i@%ag EG’ %3{' %aﬁl’e @ngcﬁgb@ﬁ ﬁnglﬁ'%ﬂﬂ’e

regi on dormai n, VH, and three constant region domains, CO CH2, and CH3. The
VH domai n @ngbadieshe ani no-term nus of the pol ypeptide, and the CH3 domain
Is at the carbody-termi nus. The term "heavy chain", as used herein,

enconpasses a [086] - | engtThelteawy‘hehay ohaind ifcludpseaniyspdippestife hdvihg! | -1 engt h
| ight chain includes a variable region donmain, VL, and a constant region

domai n, Clgyffldids®t VaRbeRion §éidhcettBeorén S ofidit) 96i0ah el N Tek feha | i ght

chain is at the amno-term nus of the pol ypeptide. The term"light chain",

as used heg gl G Ll s ' ' .

Chereof . AGLSTARIERASE 8y Boleptige SRdlio o fbntvalbiERenich BREERRG: ) |
and variabl e regi ons..of one h chaipn. The heavy, chain of a Fab nol ecul e
cannot f o??TPQn%qﬁﬁ’Pﬂﬁ&gy g‘Urﬂi‘ éﬁﬁ#'aﬁgFE'ﬁnaéé\??%ﬁg?'ﬂ InGIYAEs & variaRie
fragnent contains one |ight chain and one heavy chain that contains nore
of the cofiegigRtdaraaineM. #rd eq constapbregian damaivsvebnis Cidi@nd Chdt The

i nterchain disulfide bond can be fornmed between two heavy chains to forma
F(ab') 2 mdMedarain istad tihe amegp-termdoup of thespolppeptidd, aibddhe €2 ddembimis diot h
the heavy and |ight chains, but |acks the constant regions. Single-chain

ant i bodi esh@earfodyierBiHilse STHe e ‘tealehbipdVvas asst he@, sidinipassdsad! e

regions have been connected by a flexible linker to forma single

pol ypept i ¢gi-fhjth heBUE Bhain and fragments thereof. A full-length light chain includes a
variable region domain, V|, and a constant region domain, C,. Like the heavy
chain, the variable region domain of the light chain is at the amino-terminus of (
the polypeptide. The term “light chain”, as used herein, encompasses a full-
length light chain and fragments thereof. A Fab fragment is comprised of one
light chain and the Cy1 and variable regions of one heavy chain. The heavy
chain of a Fab molecule cannot form a disulfide bond with another heavy chain
molecule. A Fab’ fragment contains one light chain and one heavy chain that
contains more of the constant region, between the Cy1 and Cx2 domains, such
that an interchain disulfide bond can be formed between two heavy chains to
form a F(ab’)2 molecule. The Fv region comprises the variable regions from both
the heavy and light chains, but lacks the constant regions. Single-chain

antibodies are Fv molecules in which the heavy and light chain variable regions

have been connected by a flexible linker to form a single polypeptide chain which
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27 WO 03/002713 PCT/ US02/20181 forms an antigen-binding region. Single
chain anti bodies are discussed in detail in W 88/01649 and U.S. Patent
Nos. 4, 9M8p03802amxl 5, 260, 203. [087] A bival ent anti body ork@rusthiznsa

"mul tispecific" or "nultifunctional" antibody, in certain enbodi nents,
typically, s understood.to. _have eagh of its_binding sites identical, [088]
a1 bod9Tas B AR Y naHEGonS SIRMEShBH BRISYIPg arRi0EGUSSSd Btelabr  when
an excess of antibody reduces the quantity of receptor bound to

count er r ed@¥YQr88Q1649 Bédslﬂ-sal!?@t@nt%@%- 449)%/@ 768andgn26089% or nore (as

measured in an in vitro conpetitive binding assay). [089] The term
"epi tope" incl 0@8] any pohppeenidmtidedeotherdnan ac'apdti peaific"speci fi ¢ bi ndi ng
to an i munogl obulin or T-cell receptor. In certain enbodinments, epitope

det er m nampfiltif0RLtisiaICARIB SR, iy cétdih\enisotifnfes, aySisalydsunderstdBl ¢§ul es such
as am no acids, sugar side chains, phosphoryl, or sulfonyl, and, in

certain emggiég%ﬂtéf,- rmxdm V, %H&&iﬁfdaﬁ: t hree di nensi onal structural
and}sor spgcsﬁ%el j

characteristrcs, c charge characteristics. An epitope is a
region of an jgen th I s,.bound b n.anti.body. In certain enbodi nents,
an anti body i STSé%]I dto N ?‘ipsnyﬁ?'ﬁ@”éldnlgfﬁ% égheﬁﬁgrpfiqahg&né’ftgr%nt ially
recogni zes its target antigen in a conplex mxture of proteins and/or
macr onol edefteRfor whepan axeessofirtibrdy reduceas tharquasiily pkresgpterbgund to
specifically bind an anti gen when the dissociation constant is 51 M in
certai n eroudtareevepioniheat ichet dbouidfi%t4@h, 60UNnB0MNL85%, er a®de (A8 and i n
certain enbodi nents, when the dissociation constant is (err)10 nM 28

measured in an in vifro competitive binding assay).

[089] The term "epitope" includes any polypeptide determinant

capable of specific binding to an immunoglobulin or T-cell receptor. In certain

embodiments, epitope determinants include chemically active surface groupings

of molecules such as amino acids, sugar side chains, phosphoryl, or sulfonyl,

and, in certain embodiments, may have specific three dimensional structural

characteristics, and/or specific charge characteristics. An epitope is a region of

an antigen that is bound by an antibody. In certain embodiments, an antibody is

said to specifically bind an antigen when it preferentially recognizes its target

antigen in a complex mixture of proteins and/or macromolecules. In certain

embodiments, an antibody is said to specifically bind an antigen when the

dissociation constant is £1 uM, in certain embodiments, when the dissociation

constant is £100 nM, and in certain embodiments, when the dissociation constant

is <10 nM.
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WO 03/002713 PCT/ US02/20181 [090] The term "agent"” is used herein to
denote a chem cal conpound, a m xture of chem cal conpounds, a bi ol ogi cal
macr onol ew0l08/002713 an extract made from bi ol ogi cal nateri 2CcF/UsppWP1 As used
herein, the terns "l abel" or Iabeled refers to incorporation of a

detectabl e mark e.g., cq, t.i adi ol abel e amno acid or
attachnent to aspt)} ypept f%é ﬂ" b glhgé"' P'eE‘Q % 881'%t ed by
mar ked avidin (e. st rept avi d| n cont ai n| ng a fI uor escent marker or
enzymatic coamqundg @ Mixdire i ehemierlicanipelnsls, atielegicabmagerroplests, jof an

met hods). In certain enbodi nents, the |abel or marker can al so be

t her apeut iextraghmiagesrorathimdgicaf makterizds.i ng pol ypepti des and gl ycopr ot ei ns
are known in the art and nay be used. Exanples of |abels for polypeptides

i nclude, but a?@Q‘f’Pt i mﬁtse@séd)hefé"ﬁ* theltb@né Nabel" bRURBERRN PERTs &S
radlonuclldes e.g., 3 H 14 C 15|\'| 35 S 90 Y, 99 Tc, 111 In, 1251,

131 1), lwgﬁf%&%% Of3PE t%c(a%léga"larﬁé-rg' ase %tnbﬁ%‘f'&%‘cjﬁ’oﬁatﬁ’é@éphors)

enzymatic e.g., horsera per galact osi dase

| uci ferase, . al kaline hat ase escen i n

or edet e mEES 51 §h AR RGP pRyPREEd O igoiaties Bk e e Rt
(e.g., leucine Z|doper pair se uences bi ndi ng sites for secondary

ant i bodi ey matks "#.la.(ﬁ@ JHreRtAvdin @?N%MQ dlysyescent BWK%"W%'WWU%M s,

| abel s are attached by spacer arns of various |lengths to reduce potentlal
steric hi rativity that[cad e détecteslby Opiical ogicokirinsatrip methods). usezkriain ei n,

I ncludes, but is not limted to, any quantity of a substance froma |iving
thing or fephtsddiments, \thetabel br Atark&tiein bisd g tHdrap@istid. Neansles meitiody 6f not

limted to, humans, m ce, nonkeys, rats, rabbits, and other animls. Such

subst a”Ce?abélﬁg”ﬁcﬁypéﬁﬂde@ra?\d‘@ycéﬁﬂéiﬁg at@knd@n in the art and may be used.
Examples of labels for polypeptides include, but are not limited to, the following:
radioisotopes or radionuclides (e.g., 3H, 14 C, 15N, 35 S, 90 Y, 99 Tc, 111 In,
1251, 131 1), fluorescent labels (e.g., FITC, rhodamine, lanthanide phosphors),
enzymatic labels (e.g., horseradish peroxidase, B-galactosidase, luciferase,
alkaline phosphatase), chemiluminescent, biotinyl groups, predetermined
polypeptide epitopes recognized by a secondary reporter (e.g., leucine zipper
pair sequences, binding sites for secondary antibodies, metal binding domains,
epitope tags). In certain embodiments, labels are attached by spacer arms of
various lengths to reduce potential steric hindrance.

[092] The term “biological sample”, as used herein, includes, but is

not limited to, any quantity of a substance from a living thing or formerly living

thing. Such living things include, but are not limited to, humans, mice, monkeys,

rats, rabbits, and other animals. Such substances include, but are not limited to,
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WO 03/ 002713 PCT/ US02/ 20181 bl ood, serum urine, cells, organs, tissues,
bone, bone marrow, |ynph nodes, and skin. [093] The term "osteopenic

di sorder "wprglooxfes, but is not limted to, osteoporosis, POTIUSOpENBA,
Paget's di sease, |lytic bone netastases, periodontitis, rheumatoid

arthritis to | b|||z tion, In _addition these bone
di sordersb' adgft %?lﬁ%cgiﬂ%é’r‘gé@r 8“455‘ SHES RRPERY S I, AP é@f"d\?r”ty and

i nduce bone resorption, such as breast, prostate, and multiple nyel ona.
These caﬁé‘é’rsj("?are now known to pr oduce factors that result in the
over-expression of OPG in the bone, and |l ead to increased osteocl ast
nunbers and act®93ky. [O9We teme “Osteopepicdisersdest inchideagluttis mot imitgtl tas used
herein refers to a chem cal conpound or comnposition capable of inducing a

desired obtroprusiscostebpehiayPagets diseaby, Igtkrbone nestastases paridaniitis, [ 095]
The term "nodul ator,"” as used herein, is a conmpound that changes or alters

the acti vméfurﬂétd.&l%mrmg &hd Boﬁ@ic%%‘ﬁd% toFﬁ{msmf&ﬁcm R addHibH & PlesBBY cause

an increase or decrease in the magmtu of a certaln act|V|ty or function

observed PAERSHREEE ey Fﬁ%ﬂ‘%%%h% KGR o 3PNiedos, olenbiedh prblffnd”

nodul at or "5f i nhi bi tO{ clg reases the ni ude of at | east one
activity ngu & Brrapuen, rﬁS‘IC A5 reagk progtate. apggndiplepyeioma. e dhase

functions of a nolecule include, but are not limted to, binding affinity,
enzymat i c CABERRS ATE, n%hnowngmmdu@wf@@mrﬁ it result imthe evesraxpsessiompf bi t or s
I ncl ude, but are not |limted to, proteins, peptides,. antibodies,
pept i bodi &R GLan biehhdnet asd dB'acbhmﬁhd:reasgdrmisteodadtemmhtHs aRdpdtivitgli es are
described, e.g., in W01/83525. 30
[094] The term "pharmaceutical agent or drug" as used herein
refers to a chemical compound or-composition capable of inducing a desired
therapeutic effect when properly administered to a patient.
[095] The term “modulator,” as used herein, is a compound that
changes or alters the activity or function of a molecule. For example, a
modulator may cause an increase or decrease in the magnitude of a certain
activity or function of a molecule compared to the magnitude of the activity or
function observed in the absence of the modulator. In certain embodiments, a
modulator is an inhibitor, which decreases the magnitude of at least one activity
or function of a molecule. Certain exemplary activities and functions of a
. molecule include, but are not limited to, binding affinity, enzymatic activity, and
signal transduction. Certain exemplary inhibitors include, but are not limited to,

proteins, peptides, antibodies, peptibodies, carbohydrates or small organic

molecules. Peptibodies are described, e.g., in W001/83525.
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WO 03/ 002713 PCT/ US02/ 20181 [096] As used herein, "substantially pure”
means an obj ect species is the predom nant species present (i.e., on a

nol ar baswe 08#00317¢3 nore abundant than any ot her indivi dualPC3pso2/z88i n t he
conposition). In certain enbodinents, a substantially purified fractionis

a conposition ein the, QR LG ere |.eas out 50
percent (on a holAr basi 5y © I'f'cﬁ]?ra%i’ g.n‘g, B’%&”&é%'@gg I n
certain enbodi nen a substanti al u 03| tion wll corrprl se nore

t han aboufP886§ '%&‘%p@é%mw sp&cm:%%%sg:p (étlal’ ﬁ%%b%'sétﬁ%én@§ present
in the conposition. In certain enbodi nents, the object species is purified
to essent PRUNA@MGhanany\otheondiidualspesisadn the eempesitiops tecastaied i n t he
conposi tion by conventional detection nethods) wherein the conposition
consi sts estunlimahisy acfubstasitiadly euritied fraotiec id acospesition whé&@ thEhebjeer m
pati ent includes human and ani mal subjects. [098] In this appli catlon t he
use of thegp ébl@g%bﬁf rasegIawtea%trabaupsurp@kcedwd)ﬁé%é@%béls%kbn Stat ed.

ot herw se. I nthis appl i cation, the use o nmeans unl ess
d |
SLated, o BRIcH B IREIR FesblE 3y u%*@oﬁ%gﬁtso?“%dﬁ%ﬁ?ﬂﬁgv PiiRo,

terms such_as " . ent nt
conponent QOWRBE'PQWH CBHE)r'&ﬁimng% aawggﬁyp%%éo%‘gmgﬁﬁqr@;/a@g%“ se
nore than one subunit unless specifically stated otherw se. [099
Cst eopr ot EWREPMOlAr gREaISSEPERsNt i the #RBIPOSItionh dniaeRain embedisertss Het or (TN
F) famly of cytokines, is involved in the formation of osteoclasts.
| ncr easedobjsckepeciss isapmriiﬁﬂ'cttp esantibbhewogenditya(contdrainant spetiesganhct 31 WO
03/ 002713 PCT/ US02/ 20181
be detected in the composition by conventional detection methods) wherein the
composition consists essentially of a single macromolecular species.:

[097] The term patient includes human and animal subjects.

[098] In this application, the use of the singular includes the piural
unless specifically stated otherwise. In this application, the use of "or" means
"and/or" unless stated otherwise. Furthermore, the use of the term "including",
as well as other forms, such as "includes" and "included", is not limiting. Also,

-terms such as "element" or "component" encompass both elements and
components comprising one unit and elements and components that comprise
more than one subunit unless specificaily stated otherwise.

[099] Osteoprotegerin Ligand (OPGL), a member of the tumor
necrosis factor (TNF) family of cytokines, is involved in the formation of

osteoclasts. Increased osteoclast activity correlates with a number of osteopenic
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di sorders, including post-nenopausal osteoporosis, Paget's disease, lytic
bone netastases, and rheumatoid arthritis. Therefore, a reduction in OPCG
activity wowg/0esult in a decrease in osteoclast activitypraemdseriseduce
the severity of osteopenic disorders. According to certain enbodi ments of
the inventj on,,,man,;n,bglgyes directed to treat %}eogenl c

di sorders, '%q{t‘ﬂf‘dl"h‘d“ RSt fﬂ%“ﬁv?&aa’t&‘?(gp"%?é%neﬁ‘EFﬁ%gﬁeé‘B%v’é“v 8%80] In

certain embodi nents of the present invention, there provided a fully
hunan rmnmtaﬁéase&nﬁn%h@wag&%@fthﬁtma?ﬁh@@f@@padﬁég@tmmln PP&inactiMipaL) . "I n
certain enbodi nents, nucleotide sequences encoding, and am no acid
sequences reaypesu ingp] deeraage imdsteoglast atthiity andwmay gediee the sewarity of es,
particul arly sequences corresponding to the variable regions are provided.

I n cert ai psesBsHitaMoPderse PeeBidifg ¢® teRSPTHbOGinehts 6MeCiimahion t Y
determ ning regions (CDR s), specificall y from CDRL t hrough CDR3, are

provi ded ﬁ{%}%

expr essi ngﬁﬁggéﬁsﬁéﬁ%ﬁ%g}?ﬂu [ ecu gagﬁ%;%%%@@l@;s Hésr‘lt"?cgﬁ%' is al so
prOV|ded adi ri fied human nonocl onal antlbody

agai nst h tﬁ@&e{ﬂ f}’sﬁﬁs&’i‘"gﬁﬁ‘.ﬁ%%ﬂe ‘The ability to clone and
reconstruct negabase-sized human locji in yeast artificial chronbsones

(YACs) and to ilHiP8Huce tIR&RIAR embrdimeniso! the prasent inyeslipacbess isippr oach
to elucidating the functional conponents of very |arge or crudely mapped
| oci as wglrbvidedgehdly dvimean mevbalonabaltizodyf againgirhumae asteopFotegidnnor e, t he
utilization of such technology for substitution of nouse loci with their
human equiligahd 0P Glou! I gertaiti ebodinerts| naclgbtide satuerides etcodd)AH 02713

PCT/ US02/ 20181
amino acid sequences comprising, heavy and light chain immunoglobulin
molecules, particularly sequences corresponding to the variable regions are
provided. In certain embodiments, sequences corresponding to complementarity
determining regions (CDR's), specifically from CDR1 through CDR3, are
provided. According to certain embodiments, a hybridoma cell line expressing
such an immunoglobulin molecule and monoclonal antibody is also provided. In
certain embodiments, purified human monocional antibody against human OPGL
is provided.

[0101] The ability to clone and reconstruct megabase-sized human
loci in yeast artificial chromosomes (YACs) and to introduce them into the mouse
germline provides an approach to elucidating the functional components of very
large or crudely mapped loci as well as generating useful models of human

disease. Furthermore, the utilization of such technology for substitution of mouse

loci with their human equivalents could provide unigue insights into the
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expression and regul ati on of human gene products during devel opnent, their
communi cation with other systens, and their involvenent in disease

i nduct i orwoangoidgr essi on. [0102] An inportant practical pappisSoratiBon of
such a strategy is the "humani zation" of the nouse hunoral immune system

I ntroduction of. human i nogl obulin (I ,ogi jnto mce in whjch the
endogenou?xW@Sa@ﬁb%ncﬂa?ﬁé‘%'h *iiif&ﬁi‘ﬁ@%?g)tii’%ii&éﬂwmé%s e gl o st udy
the mechani snms underlying programed expression and assenbly of antibodies
as wel | aSORMHCRINEWItH atheresystergs\andiheirinvolrament imdisease inghictiost r at egy
could provide a source for production of fully human nonocl onal anti bodi es
(MAbs) . | andgrogiiessioanbodi nents, fully human anti bodi es are expected to

m nimze the i munogenic and allergic responses intrinsic to nouse or

mouse- deri vati geyabs, apdinigyitant prattiear AgplitaBoh A isiBR bSstrdtagy RaRe the
efficacy and safety of the adm nistered antibodies. In certain

B T T T Ry T

chronic and recurring hurman as oste

aut oi nmuni t and.cancer., whi.ch may invgl ye repeated anti bod

adni ni st rﬁP%BHQQ%[b@i}Bg%) O TRIQ MigH g W cﬁ%”ﬁgg @?PPE%@M? b&®Mmouse
anti body  production with large fragnents of the human Ig loci in

ant i ci pat I"Getivaied offers th@rP@BO&}éﬁ'hﬁtop‘itB@!i&e meshAnishts Yoderd4ng n' t he absence
of nouse anti bodies. Large human I g fragnments nay preserve the |arge

vari abl e gegsanimed skpressionwid assamblyof gntipedieseapaavell Bs theif raain Beobll
production and expression. By exploiting the nouse nmachinery for antibody
di versi fi davélopmantl Fatthetrnore, 306h ahetrdtegk cofildFFoViBeBEO6EE ¥or

PCT/ US02/ 20181
production of fully human monoclonal antibodies (MAbs). In certain
embodiments, fully human antibodies are expected to minimize the immunogenic
and allergic responses intrinsic to mouse or mouse-derivatized Mabs, and thus,
in certain embodiments, increase the efficacy and safety of the administered
antibodies. In certain embodiments, fully human antibodies may be used in the
treatment of chronic and recurring human diseases, such as osteoporosis,
inflammation, autoimmunity, and cancer, which may involve repeated antibody
administrations.

[0103] One can engineer mouse strains deficient in mouse antibody
production with large fragments of the human lg loci in anticipation that such
mice would produce human antibodies in the absence of mouse antibodies.
Large human Ig fragments may preserve the large variable gene diversity as well

as the proper regulation of antibody production and expression. By exploiting the

mouse machinery for antibody diversification and selection and the lack of
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I mmunol ogi cal tolerance to human proteins, the reproduced human anti body
repertoire in these nouse strains may yield high affinity antibodies

agai nst awg 03am7iyzien of interest, including human anti gen®CTUSONZ18he

hybri doma technol ogy, antigen-specific human MAbs with the desired
specifici.té‘émma{xI b;@f\[o?duced and sel ect_ed.+h[0104] In certain enbodi ments,
one may USEMLBROBL gnsRdo husan RisteingstheraRrOduUesd hvimam aatieedy wit h t he
human variable region(s). Naturally Occurring Antibody Structure [0105]

Nat ur al | yrepetigireiin heas: mboag strainscmay alield highsaffinity eatibydies @gpirist any
tetramer. Each such tetramer typically is conposed of two identical pairs
of pol ypepitign otintenrest, priltiing huntavamiperre Udind theRgbridormagdéhndibgy,cer t ai n

enbodi ments, about 25 kDa) and one full-length "heavy" chain (in certain

enbod! e nirftigetRQucifftOnuiak RiAbs ith RE'Rirb8STeERLip Ay B8 pPlatiraddal n

typically includes a variable region of abo nore am no
acids th % ically is responsible for antigen recognition. The
car boxy-terninal portion of each chain typically defines a constant region

that may be re ible for effector fupction. Human |ight chains are
typically cl as@ﬁﬁlﬂid as IRGRstRIn M 9‘&??685 Ppﬁﬁ?a%Hﬁ?HQPS%éﬁﬁ%'@ﬂﬁfrﬁg\ are

typically classified as nu, delta, gamma, alpha, or epsilon, and define

t he anti beRgeies pther flian Bimpagnlong with the hurgx) variable regionf®specti vel y. 1gG
has several subclasses, including, but not limted to, 1gG, Ig&, 1gG3,
and 1g&4. 1 gM has subcl asses including, but not limted to, IgML and | gM.
lgA is simlarly subdivided into subclasses including, but not limted to,

34 WO 03/ Qaiifaffy Bedirtng Zrbbdly streddreand 1 gA2. Wthin full-length Iight and

heavy chains, typically, the variable
[0105] Naturally occurring antibody structural units typically

comprise a tetramer. Each such tetramer typically is composed of two identical
pairs of polypeptide chains, each pair having one full-length "light" (in certain
embodiments, about 25 kDa) and one full-length "heavy" chain (in certain
embodiments, about 50-70 kDa). The amino-terminal portion of each chain
typically includes a variable region of about 100 to 110 or more amino acids that
typically is responsible for antigen recognition. The carboxy-terminal portion of
each chain typically defines a constant region that may be responsible for
effector function. Human light chains are typically classified as kappa and
lambda light chains. Heavy chains are typically classified as mu, delta, gamma,
alpha, or epsilon, and define the antibody's isotype as IgM; IgD, IgG, IgA, and
IgE, respectively. 1gG has several subclasses, including, but not limited to, IgG1,
19G2, IgG3, and 1gG4. IgM has subclasses including, but not limited to, IgM1

and IgM2. IgA is similarly subdivided into subclasses including, but not limited to,
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and constant regions are joined by a "J" region of about 12 or nore am no
acids, wth the heavy chain also including a "D' region of about 10 nore
am no aciwe.03/0®Ie3 e.g., Fundanental |nmunol ogy Ch. 7 (Pa®CI/O8h2261, 2nd
ed. Raven Press, N Y. (1989)) (incorporated by reference in its entirety
for all purposes). The variable regions of each |ight/heavy chain pair
typi cal | yighdr and h@A2nVVign ful-leaptiylishiiand heaosiaing dyrisglivadite variakitons
typically exhibit the same general structure of relatively conserved

f r amewor kane goastant FR)iopsarepingd byadd" hggien of abouith? er mage @mino alcids, cal | ed
conplenentarity determ ning regions or CDRs. The CDRs fromthe two chains

of each pgjth the PiedV Ichai fs@indiiffg By D"heglorrerasuut 10mgiedaminoatids. may
enabl e binding to a specific epitope. FromNtermnal to G termnal, both

coR, FroS bk R Bt Enu G 700R, L BOTPRURR R B cfch

domain is_typj.cal .in accordance with the definitions of Kab Sequences
of Protei hls‘yoef@%@%%qocgap@gqﬁjs%{%freégqce( 'Nef% %ﬁgﬁ& ftl%fa[prf%ossegﬁ z;i’ehgal t h,

Bet hesda, M. (1987 and 1991')%1 or Chothia & Lesk %{; |. Biol. .

196: 901- ovarighlegegionsiateach light/agavinghain aidypigaly @%?%F?“Q'@%@Sific or
Bi functional Antibodies [0107] A bispecific or bifunctional antibody
typical lysits. an artificial hybrid antibody having two different
heavy/light chain pairs and two different binding sites. Bispecific

ant i bodi es may [(rFDG]r oduc qthelpariableardgidns tybioatly xtibit tAE sUMEFERaAT 13

PCT/ US02/ 20181 including, but not limted to, fusion of hybridomas or

l'i nking o%gg@ﬁ%g&i{%ggg?&@ed ErinewSKN@giofs (FR) Joihad byaAfeeThyper EXp.

| mmunol .

variable regions, also called complementarity determining regions or CDRs. The
CDRs from the two chains of each pair typically are aligned by the framework
regions, which may enable binding to a specific epitope. From N-terminal to C-
terminal, both light and heavy chain variable regions typically comprise the
domains FR1, CDR1, FR2, CDR2, FR3, CDR3 and FR4. The assignment of
amino acids to ee;ch domain is typically in accordance with the definitions of
Kabat Sequences of Proteins of Immunological Interest (National Institutes of
Health, Bethesda, Md. (1987 and 1991)), or Chothia & Lesk J. Mol. Biol.

196:901-917 (1987); Chothia et al. Nature 342:878-883 (1989).

Bispecific or Bifunctional Antibodies
[0107] A bispecific or bifunctional antibody typically is an artificial
hybrid antibody having two different heavy/light chain pairs and two different

binding sites. Bispecific antibodies may be produced by a variety of methods
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Kostelny et al. J. Inmunol. 148:1547-1553 (1992). Preparation of Antibodies
[0108] According to certain enbodi nents, certain anti bodies specifically
bi ndi ng twWOOB@GL278% € enconpassed by the invention. |In cert&cm/uSenpusi nents,

t he anti bodi es may be produced by imunization with full-length OPQ,

sol uble for a fra rrent ereof. In.certai odi ments, the
oo bodi e dhadinh s TSR ton JEN gohylIdRas BF i of BAG, TSGMaISy ey be

reconbi nant antibodies. In certain enbodi ments, antibodies of the invention
are humaPesnidhodpegsipiaifalaghmaon Ginakpp elmMmpynelnf@h828t323n(1880),r ansgeni c
animal s capabl e of producing hunman anti bodi es (see, for exanple, PCT

Publ i shed Ko&tgihy etiil. dn ImimundD OB 124727553 [ID)] I n certain enbodi nents, the
conplenmentarity determning regions (CDRs) of the |ight and heavy chain
vari able regions of (err)OPG.-1 nay be grafted to franmework regi ons (FRs)
fromthe sanme, or another, species. In certain enbodi nents, the CDRs of

the Iight riable regions of aOPA.-1 nay be grafted to
P?‘Qﬁla%ﬁﬁﬁibf%bgd\’e% . |

consensus create consensus human FRs, in certain

mbodi ts, I d
Cequences ar o W1WHea t o AGRRINGO AoRoRAmEDamER %cegé‘*aan‘é@%’é@a?? T

certain enbodi nents, the FRs of the aOPG.-1 heavy chain or light chain are
repl aced wPeRficaly MRging tenPRG AERIMARSERY mrrmennwnthrghlm R, In 36 WO

03/002713 PCT/ US02/ 20181 certain enbodinents, rare amno acids in the FRs
of the heambalimehisglihe ahﬁbodiesasﬁa;ab?é’@todbmddmhumuaiﬂaﬁoedvithﬁuiHlmgthe r est
of the FR am no acids are replaced. Rare am no acids are specific amno
aci ds t hatopGE, sdlubksforhensg OPGIMbES flamenttifereof. In certain embodiments,

the antibodies of the invention may be polyclonal or monoclonal, and/or may be

recombinant antibodies. In certain embodiments, antibodies of the invention are

human antibodies prepared, for example, by immunization of transgenic animals

capable of producing human antibodies (see, for example, PCT Published

Application No. W0 93/12227).

[0109] In certain embodiments, the complementarity determining

regions (CDRs) of the light and heavy chain variable regions of aOPGL-1 may be

grafted to framework regions (FRs) from the same, or another, species. In

certain embodiments, the CDRs of the light and heavy chain variable regions of

aOPGL-1 may be grafted to consensus human FRs. To create consensus

human FRs, in certain embodiments, FRs from several human heavy chain or

light chain amino acid sequences are aligned to identify a consensus amino acid

sequence. In certain embodiments, the FRs of the aOPGL-1 heavy chain or light

chain are replaced with the FRs from a different heavy chain or light chain. In
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not usually found in FRs. In certain enbodi ments, the grafted variable

regions fromaOPG.-1 may be used with a constant region that is different
fromthe woomam®oams regi on of aOPG.-1. I n certain enbodi merCT/usvhizoigr af t ed
variable regions are part of a single chain Fv anti body. CDR grafting is

5. 535, 0aoce il ambSyrsit. 50 i P Agidsdy éﬁ@Fﬁﬁ@é#@%BéS&é By ﬂg_efér?@ﬁ@éhf or
vent | onoLA B ArEdet PGSR MBI NG ELet R O SEIbe ARSSHPISRIATSE. { hat
has a substantial portion of the human antibody produci ng genone inserted

but that Rere asrigeessdseispiesiiic aminorasigs tadate mrpaditiensiogehichdheyrare ne,
anti bodies. Such mce, then, are capable of producing human inmunogl obulin

nol ecul esnadnulsu@uytfbbndllreERsndn geeaifeémbodinments, thegyrafted vatiable regidghs | ne
i mmunogl obul in nol ecul es and anti bodi es. Technologles utilized for

achi evi ngfrb éO'P@L‘iH Imay Be L@b@%l%ﬁ%ohﬁtatn'??egﬁéﬁ BtSs dﬁf&éhf’ﬁét‘n"tﬂé and

ref erences disclosed in the specification erein. In certaln enbodi nents,

ngl P?gt ?%% W?&%@g’? Lajmllré%%ft? éerr?ﬁé m&%%&%&%l"%ﬁg% ig Sgce for
W ch 1 5 IR SISRaR BbASIe B LF LPEHERTH o DR greri BelescrBsdyibanboz 713

PCT/ US02/ 20181 [0111] According to certain enbodi nents, fully human
monocl onal-S afetend ioss 6488c3 70, &,693, 76RCH, 688« 635 5chft:882.5anhhI53Rs101,

Transgeni ¢ m ce containing human i mmunogl obul in genes are i nmuni zed with
t he ant i gehiabf arei mtreby gtcorponapdthby cefeetnce fos aok paspdsecel | s) fromthe mce
t hat express anti bodi es
[0110] According to certain embodiments, antibodies of the
invention are prepared through the utilization of a transgenic mouse that has a
subétantial portion of the human antibody producing genome inserted but that is
rendered deficient in the production of endogenous, murine, antibodies. Such
mice, then, are capable of producing human immunoglobulin molecules and
antibodies and are deficient in the production of murine immunoglobulin
molecules and antibodies. Technologies utilized for achieving this result are
disclosed in the patents, applications, and references disclosed in the
specification, herein. In certain embodiments, one may employ methods such as
those disclosed in PCT Published Application No. WO 98/24893, which is hereby
incorporated by reference for any purpose. See also Mendez et al. Nature

Genetics 15:146-156 (1997), which is hereby incorporated by reference for any

purpose.
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are obtained. Such recovered cells are fused wth a nyeloid-type cell Iine
to prepare imortal hybridoma cell lines, and such hybridonma cell Iines
are screwpadoeTd3 sel ected to identify hybridoma cell |in@sTtusat2q@@sonduce
anti bodies specific to the antigen of interest. In certain enbodi nents,

Lo OPaL 15 provPadl [ f3TnEa careME bR Rnia e iy noRidhREnERoPRE” ' ©

i nventi on ar, roduc i doma_|ine AMG 6.4, .AMG 6.5, AMG
7.1, and @9@%09 € SReY Pf&%%)@ﬁﬁ%&r a%ﬁ"ﬂﬁd TERNSGeNiG Mice i ent i on ar e
produced by hybrldoma lines AMS 6.1, ANG 6.4, and AMG 6.5. In certaln
enbodi mentC®NtAIREY Bymansameogiobulie denesrare sRminized witlotiee agtigen of

di ssoci ati on constant (Kd) of between approximtely 0.23 and 0.29 nM 1In
certain enhiedestentysnpfaticleells i(snamas Brcellsh roanthehmitiedthaberpress apfBbdigst h a
Kd of less than 0.23 nM [0113] In certain enbodi nents, the anti bodi es of

the i nvemdré'bb@élﬁedOdech&eb@\@ed%@Hy@@efdébdc\ﬁi’tﬁ alrm{éaam(yf bERRAISingftot he
i nvention, the antibodies conprise a human kappa 1ight "chain and a human

lg&2 heav}br%one thBrt&RyRidBmE AP B Ahg: chh%e/%ﬁPb%%ldééIPhrﬁs 4ige invention

hﬁgedbeen (o} or expression I n fnénna an ¢ n CF a|nd
t t t
constant PO pEReed R kBpRtr s et 8 tes FBBese " 35 wo
03/ 002713 PCT[ USO ﬁZOlg L}g114 In certain enbodi nents, conservative
modi i cat iSOFSTEIOtRe aREgEY Chteeshhin %WEIH@WOC&I@S@_& 1he prRAUCEioNfbndi ng

nodi fications to the encoding nucleotides) will produce antibodies to OPG
havi ng f umybridasaia egidlinecthetrpraducerandibodicssipesificdo @P@L is provided. of
aOPG.-1. In contrast, substantial

[0112] In certain embodiments, antibodies of the invention are
produced by hybridoma lines AMG 6.1, AMG 6.4, AMG 6.5, AMG 7.1, and AMG
7.2. In certain embodiments, antibodies of the invention are produced by
hybridoma lines AMG 6.1, AMG 6.4, and AMG 6.5. In certain embodiments, the
antibodies of the invention bind to OPGL with a dissociation constant (Kd) of
between approximately 0.23 and 0.29 nM. In certain embodiments of the
invention, the antibodies bind to OPGL with a Kd of less than 0.23 nM.

[0113] Invcertain embodiments, the antibodies of the invention are
of the IgG2 isotype. In certain embodiments of the invention, the antibodies
comprise a human kappa light chain and a human IgG2 heavy chain. In certain
embodiments, the antibodies of the invention have been cloned for expression in
mammalian cells. In certain embodiments, the variable regions of the antibodies

are ligated to a constant region other than the constant region for the igG2

isotype.
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nodi fications in the functional and/or chem cal characteristics of aOPG-1
may be acconplished by selecting substitutions in the am no acid sequence
of the hwawg/oertd3 | i ght chains that differ significantly iPaTtuse2/z018f f ect on
mai nt ai ni ng (a) the structure of the nol ecul ar backbone in the area of t he
substitution, gxanpl sheet or helical .confor

charge or hydrb‘p Abl ci ty?%Pngﬂ'" °%T§%‘lﬁn+“’é)t°n§ﬁreve{n¥?éré? Igaq lef"S&P(*F%) t he
bul k of the side (ﬁhal n. [0115] For exanp "conservative am no acid

subst i t ut NeAYY ABY thﬂ?"(‘ﬂ‘()% of oSN fiSal- 1t(aﬂd @ﬁrr@spanwagum@dlﬁﬁaﬂmsdeuther esi due

with a nonnative residue such that there is little or no effect on the
pol arity encading geictsfotidee) wili prodacs dntibedies te ORGL havingdantticmal and
Furthernore, any native residue in the polypeptide may also be substituted

wi th al antiemicas charmadieaiic rsayilars liNoske 8EGOPEGL-H Orin ‘cahash substeAnal g
rrut agenesis."” [0116] Desired am no acid substitutions (whet her conservative

non- Cﬁmgdé@:bhg?ﬁtrﬁ@fhr#%ﬁoﬂéltaq{ Jﬁfemmata%c ngoshg sfa@pkém%éyat.the

tII’T'e such substitutions are desire n certaln e I ment's, am no’ aci d

PRI o T IR e e T R

descri bed herein. [0117] In certain enbodi nents, antibodies of the present

i nvent i onNe@@hang “atlb?'é%g%wqtrﬁj‘f&flSi'gﬂ'f'?%!,ﬂ)’df‘ﬁa?"teﬁéﬁtWB?Q'@F@PP&"@&@)I" Bi nes.
In certain 39 WO 03/002713 PCT/ US02/ 20181 enbodi nents, sequences encodi ng

parti cul astragftire otithesmolaculay hassbonein ther aest ofrthatsubstitotion, fouiexabiple,
manmal i an host cell. According to certain enbodinents, transformation can

be by anya&ashester hneticélaonfoimatidns (B)che phlaygel of hwﬂo@hebicny of thehost cel |,
i ncludi ng, for exanple packaging the
molecule at the target site, or (c) the bulk of the side chain.

[0115] For example, a "conservative amino acid substitution" may
involve a substitution of a native amino acid residue with a nonnative residue
such that there is little or no effect on the polarity or charge of the amino acid
residue at that position. Furthermore, ény native residue in the polypeptide may
also be substituted with alanine, as has been previously described for "alanine
scanning mutagenesis."

[0116] Desired amino acid substitutions (whether conservative or
non-conservative) can be determined by those skilled in the art at the time such
substitutions are desired. In certain embodiments, amino acid substitutions can
be used to identify important residues of aOPGL-1, or to increase or decrease
the affinity of the antibodies to OPGL described herein.

[0117] In certain embodiments, antibodies of the present invention

can be expressed in cell lines other than hybridoma cell lines. In certain
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pol ynucl eotide in a virus (or into a viral vector) and transduci ng a host
cell with the virus (or vector) or by transfection procedures known in the
art, as weeapdi7iz ed by U. S. Pat. Nos. 4,399, 216, 4,912, 020T/uspy408U61, and
4,959,455 (which patents are hereby incorporated herein by reference for

any purpose),.  |.n ertain enbodi nents, the transformation procedure used
may depen&nﬁfbooddmteﬁgs’ S’% e 8506%&5%5}? F‘Wg?d.aﬁgpﬁbe&scq’"o!?e iuﬁ?gg?fuct i on of
het er ol ogous pol ynucl eotides into mammalian cells are well known in the
art and i ﬁr@nﬁgé’,m%'ﬁﬂ of Eesiitsble mar@aliag hostiesdt rAsCordingdoertaiminst ect i on,

cal ci um phosphate precipitation, polybrene nediated transfection,

pr ot opl asenihadivents treasfapation can be by apy Wnahinanetifod foe intpaducing:| eot i de( s)
in |liposones, and direct mcroinjection of the DNA into nuclei. [0118]

Manmal i an peinuclgotieies avaid hbdtecells inehrding ffor egarnprsgadkagiigthenel | known in
the art and include, but are not limted to, many imortalized cell [|ines

avai | abl e giﬁmctéb%dérmrai\ﬁﬂ@ (EYHﬁo%iFdzgﬁ% Cégﬁffsr?ﬂg%{cgﬂggqosgteglw\ﬁﬂhng but

not |imt to Chinese hanster ovary aby hanst er
A e e T
certain enbodi nents, el] lines b el ected through determ ning which
el | 11 neSXAAITRR Bif U-S5 B ey ats, it 2dilide L4 adBT vaem ds9ag 4
constitutive OPG binding properties. 40 WO 03/002713 PCT/US02/20181 [011
g] Accor dilwhichppadentsara heiglky ineenperatethhenesuby sefefenaesfor mnymuirpesedr dnusef ul

for detecting OPG in biological sanples. In certain enbodinents, this
al | ows t heertdenémbodiaendts, the teatdfernsatidn procedumshusdd prayddepseridheporpthet ei n.

In certain enbodi nents, antibodies which bind to OPGL and bl ock
host to be transformed. Methods for introduction of heterologous polynucleotides
into mammalian cells are well known in the art and include, but are not limited to,
dextran-mediated transfection, calcium phosphate precipitation, polybrene
mediated transfection, protoplast fusion, electroporation, encapsulation of the
polynucleotide(s) in liposomes, and direct microinjection of the DNA into nuclei.

[0118] Mammalian cell lines available as hosts for expression are

well known in the art and include, but are not limited to, many immortalized cell
lines available from the American Type Culture Collection (ATCC), including but
not limited to Chinese hamster ovary (CHO) cells, Hela cells, baby hamster
kidney (BHK) cells, monkey kidney cells (COS), human hepatocellular carcinoma
cells (e.g., Hep G2), and a number of other cell lines. In certain embodiments,
cell lines may be selected through determining which cell lines have high

expression levels and produce antibodies with constitutive OPGL binding

properties.
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I nteraction with other binding conpounds nmay have therapeutic use in

nodul ati ng osteocl ast differentiation and bone resorption. In certain
enbodi nerwe,03am7ibodi es to OPG may bl ock OPGL bi ndi ng t o PODARp2/MIBCh may
result in a block in the signal transduction cascade and | oss of NF-kB

nedi at ed transqmpél on acg - u rredl at ed
transcription acti \ﬂ1at i on udsc:ér?]&g!bg% Aﬁg@? gﬁ%@% %’ﬁ@%ﬂe&" Egay are
known to .those skille rt rtal odi nents, nethods
are provi 4o P”t?}r&aﬂﬁeﬁ@ fgr é%&ﬁ@“@@%?éé’? t%?ﬂi? §aﬁb°r?%§i heet@iRi ng a
therapeutlcalcln% effective anount of an antibody to OPGA. In certain
enbodi neneMbadimesis this allows\ihaiderificatienof aglisor tisswes dvhich geoduceniei si ng

adm nistering a therapeutically effective anount of an antibody to OPCGL

and anot herotefrer hpeertain engmdimehts, aatibadlieswhibh eireoidi OPGLsand blaekaddi t i onal
therapeutic agent is admnistered in a therapeutically effective anount.

In certai mtemwnrw.m éthetr*bﬂw&hﬁ@@oﬁip%%%rméyﬁhévéjth%i’éﬁéjtl&uhé’é fcterized by a

net bone | oss, including but not Iimted ost eopeni a and osteolysis. In

certain eg?&ﬂlgﬁﬁg sed to suppress
the rate of bone ég’to% Emﬁere@&%&@%h%eﬁorbﬁogﬁ %érﬁ%ﬁ t r eat nent
may be use u bone (o) ere re orption
rate i s abt\ 3%000 g?alant'hpglte(?%?g?fgéb "B%qu% éé{i‘-ﬂ?ﬂﬂgmg tBQ'S‘&R | evel s
in order to 41 WD .03/002713 PCT/ US02/ 20181 conpensate for bel ow nor nal

| evel s of Mpheesudrina blgak in thesignalitransipstiomeaseade and lasshfdF-kBn be t est ed

for binding to OPG in the absence or presence of OPG and exam ned for

their abi mediated tramsdsiptioDRGtivatet. afsshyssioe olemsutigg NFSkB-raediated  bone

resoret OEc]r-anscrip’tion activation using, e.g., a luciferase reporter assay, are known to
those skilled in the art.

[0120] In certain embodiments, methods are provided of freating a

bone disorder comprising administering a therapeutically effective amount of an
antibody to OPGL. In certain embodiments, methods ar eprovided of treating a
bone disorder comprising administering a therapeutically effective amount of an
antibody to OPGL and another therapeutic agent. In certain such embodiments,
the additional therapeutic agent is administered in a therapeutically effective
amount. In certain embodiments, the bone disorder is a disorder characterized
by a net bone loss, including but not limited to, osteopenia and osteolysis. In
certain embodiments, treatment with an antibody to OPGL is used to suppress
the rate of bone resorption. Therefore, in certain embodiments, treatment may

be used to reduce the rate of bone resorption where the resorption rate is above

normal, or to reduce bone resorption to below normal levels in order to

41



[0121] Conditions which may be treated according to certain enbodinents
include, but are not limted to, the follow ng: Gsteoporosis, including,
but not I|WwoimB@EER7ID, prinmary osteoporosis, endocrine oste®@pwruse?/s0181
(including, but not limted to, hyperthyroidism hyperparathyroidism

Cushing's ~and; ac I eredi i an ital.for of
ost eopor ogﬁas%%?'%%%uf I %{j I” bbp Hﬁgf‘eﬁ!ﬁi"? g’gﬁggéﬁﬁ%tis{f éo@e‘geg‘gﬁqrg%ﬁﬁ?&'mgg{%,
honocysti nuri a,. Menkes' syndrone, R ley-Day. syndrone), and osteoporaosis
due to i nﬁBﬁ'P‘P‘i"?%F?B%eotPSééff%ﬁﬂq'%,%0 é&’@t inth e gppresmee FLPRG i s
deformans) in adults and juveniles; Osteonyelitis, i.e., an infectious

| esi on i napdexamivedferghel abiity to inbihit ORHemediatediastedlastbgenesis abdiornot
limted to, hypercalcemia resulting fromsolid tunors (including, but not

i mted tbonereswpfiohung and ki dney) and hemat ol ogi ¢ mal i gnaci es
(including, but not limted to, nmultiple nyelom, |ynphoma and | eukem a),

i di opat hi ¢ hypmmgcen’i a CoHitionRWRINER MALPE FredfsPSEaramhg ot dertain
hypert hyroi dism and renal function disorders; 42 WO 03/002713

PCT! USO2] Q0 lim ERIsSRRERLoul A% HElI b, IR chiided 10, oSt eopeni a

fol I owi ng surgery, osteopénia in _ ni stration, osteopenia
RSsoci at od it chr REORRBaE BoURES HERcLIEEET s PriReae SRS e,
bone cell deat D, 1o e catagporoais (meluding. bitnot Timited to, hyperthyroidism.
hyperparathyroidism, Cushing's syndrome, and acromegaly), hereditary
and congenital forms of osteoporosis (including, but not limited to,
osteogenesis imperfecta, homocystinuria, Menkes' syndrome, Riley-Day
syndrome), and osteoporosis due to immobilization of extremities;
Paget's disease of bone (osteitis deformans) in adults and
juveniles;
Osteomyelitis, i.e., an infectious lesion in bone, leading to bone
loss;
Hypercalcemia, including, but not limited to, hypercalcemia
resulting from solid tumors (including, but not limited to, breast, lung and
kidney) and hematologic malignacies (including, but not limited to, muitiple
myeloma, lymphoma and leukemia), idiopathic hypercalcemia, and

hypercalcemia associated with hyperthyroidism and renal function

disorders;
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osteonecrosis associated with traumatic injury, osteonecrosis associ ated
with Gaucher's di sease, osteonecrosis associated with sickle cell anem a,
ost eonecrwoitg/oeysdci ated with system ¢ | upus eryt hemat oSuPCTASIBUNGLT 0Si S
associated with rheumatoid arthritis, osteonecr osi S associated with

peri odontal disease, cr a teol ic. netastasis,
and osteonecrosis as%%%égé}gg ﬁ‘ﬁﬁr& ﬁgfﬁ%tg Fe[ nosteg &% {°'°W+"9cart| | age
and joint erosion associated with rheumatoid  arthritis. [0122] In certain
enbodi ment's, afUERNY RRIGORIRdYUGRE b, aterid administatigp, O#tEAPERIA| east one
addi ti onal therapeut| c agents for the treatnent of bone disorders. In
certai n enbodi msaoeiateshwignhdisoodisrstad tiopemaillsangslatpe intesiine, aotiasteopednia a
therapeutically effective anmount of an additional therapeutic agent.

Exenpl ary t her aigsotintedagientirdnichepatc hed seimaltiisdageed Wi th an antibody to
OPG include, but are not limted to, the bone norphogenic factors

designated BWMP-1 t 1 I {. (3) and
TG--[3 fam | y nenbtg\gggﬁ(?ggmeﬁil Rbﬂ@%feﬂ_d%aﬂ?rgﬁl 9 Baﬁﬁﬁg rﬁ]}(tjéldngg: but not

I ted t TN ibit

| ncl udi ng, " but SRR EE st B%%@%@ﬁ‘@%fé#%%%f@@%e e
TNF t Enbr e ti- TNF(. b d

and DoV | ant| HO GEUCHRSIRgAss, GSHRRTRES S AT AIESGUNE REKESFSI BBy T o) d
related protein and anal ogs thereof; E series pr ostagl andi ns;

bi sphosphonat e$s{eanaeress agseaiaiedwithe systemie h@u§)erytb@ﬁ@1@$wmncu ng minerals

such as fluoride and calcium non-steroidal anti-inflanmatory drugs
(NSAI Ds), i ncl wdteunechesdis assodiatedtwith theumatoid arthritis, osteonecrosis

associated with periodontal disease, osteonecrosis associated with

osteolytic metastasis, and osteonecrosis associated with other condition;

and

Loss of cartilage and joint erosion associated with rheumatoid
arthritis.
[0122] In certain embodiments, an antibody to OPGL may be used

alone or with at least one additional therapeutic agents for the treatment of bone
disorders. In certain embodiments, an antibody to OPGL is used in conjunction
with a therapeutically effective amount of an additional therapeutic agent.
Exemplary therapeutic agents that may be administered with an antibody to
OPGL include, but are not limited to, the bone morphogenic factors designated
BMP-1 through BMP-12; transforming growth factor-B (TGF-B) and TGF-B family
members; interleukin-1 (IL-1) inhibitors, including, but not limited to, IL-1ra and

derivatives thereof and Kineret™; TNFa inhibitors, including, but not limited to,
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COX-2 inhibitors, such as Celebrex(err) and Vioxx(err); inmunosuppressants,
such as nethotrexate or |eflunom de; serine protease inhibitors,

i ncl udi ngwowawoated | imted to, secretory |eukocyte protezeg/tisotizdast or
(SLPI'); IL 6 inhibitors (including, but not limted to, antibodies to

IL-6), IL- hiQi-t or Jncludin, - mted to t L,baodi

ey 1 oubRrNERERePef Eihirey, S '@t&antf%oe%sd RegmicRge 1§ dﬁ@?
protein and_|L-18 antibodies); Inter]eukin-1 converting enzyne (

modul at or antibadies; parathyreidfrmong ansk anategs !Lhetrsoi:earqtbym r@@ﬁ%ﬁf@tﬁﬂat ors;
PAF antagoni sts; keratinocyte growmh factor (KGF), KG-rel ated nol ecul es,
and KGF almdiahatagssthemfr E>satﬁesao|r¢siaglandinsabésp(nnwb\omteaI(sulchas Nitric

oxi de synthase (NOS) nodul ators, including, but not Iimted to, nodul ators

of i nduci HlepdMdzite ardsthats)! Borﬁé-elhaﬁﬂﬁghﬁlhéwlﬁsﬂ@ﬁ@@tﬂ@lbndmw adlelugn; of
glutamate receptor; nodulators of |ipopolysaccharide (LPS) |evels; and

nor adr enaﬁbﬁ'%té’tﬁ&ijal ?@ﬂﬂhﬁérﬂﬁ%&@% ggﬂgﬁﬁaé)hﬁ{cﬁm.n? [ﬂﬂtm nhmea%t ain

enbodi nents, an ant oyto w t'h part ar therapeutic

othor  conGPf arBtbf Skl e Rehihe %@%Sft%@“i@mﬁ%ﬁﬁbé’%%%r‘%e%ﬂéﬁ' n Vi ew

of the condition and the desired |evel of treatnent, t hree, nor e
agents najeleo RO AR SR EPIFR SEPIOEHS RirS, ihQyERa, B RS T 13
PCT/ US02/ 20181 agents may be provided together by inclusion in the same
f or nul at i ton secretery legkacyte pvoigare hibiten(Sh Py dhbsinhititorn(irgiudipgabut motoPGL
may be provided together by inclusion in the sane fornulation. In certain

enbodi nenlimited do hartitetlics el -6)hE -prinhibied (irgdedihgy bitynotlinditegliton in a

treatment kit. In certain enbodi nents, such agents and an anti body to OPCGL

may be prgyiisisdles R9AL-BRNLDYS inAbitdfd @RcllAing, but not limited to, IL-18 binding
protein and IL-18 antibodies); Interleukin-1 converting enzyme (ICE) modulators;
fibroblast growth factors FGF-1 to FGF-10 and FGF modulators; PAF
antagonists; keratinocyte growth factor (KGF), KGF-related molecules, and KGF
modulators; matrix metalloproteinase (MMP) modulators; Nitric oxide synthase
(NOS) modulators, including, but not limited to, modulators of inducible NOS;
modulators of glucocorticoid receptor; modulators of glﬁtamate receptor;
modulators of lipopolysaccharide (LPS) levels; and noradrenaline and
modulators and mimetics thereof.

[0123] In certain embodiments, an antibody to OPGL is used with

particular therapeutic agents to treat various inflammatory conditions,
autoimmune conditions, or other conditions with attendant bone loss. In certain

embodiments, in view of the condition and the desired level of treatment, two,

three, or more agents may be administered. In certain embodiments, such
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treatnment kit. In certain enbodi nents, such agents may be provided
separately. In certain enbodi nents, when adm ni stered by gene therapy, the
genes erwodBfg7ps ot ei n agents and/or an anti body to OPG.Peayusbz2dG18c| uded
in the sanme vector. In certain enbodi nents, the genes encoding protein

agents and/, Lant Lbhody t |y ke . undel nt.r.el; of same

pr onot er %‘{é’g:‘;%snﬁ‘%l’g}% %%S%dnt%@%%ibﬁﬁ‘flggut' 'éageé%%?egﬁgga%tfagpJ%?gﬁﬁ%agent S
and/ or an anti hody,to GL may be in separa ectors. [0124] .In certain
enbodi rrente§n%q @e\éf%%ﬁﬁgﬁﬁﬁgﬁgﬁ“i@tﬁpalé& tﬁ’#'o m%m‘@@&%‘?‘é@e‘%@ﬂﬁﬂi‘%ﬁ ng an
antibody to OPG and at |east one interleukin-1 (I1L-1) inhibitor, and

net hods  ofoytinelasigsrin the sagesiosmutationaph esrtainrerobpdimentsnduch agents may

t herapy conprises an antibody to OPA and an IL-1 inhibitor and at |east

one addi t ibenarovitdedeaogéihed by dnclbsionhe adreatment kitr imceartaintsdboginiehts, et hods
of treatnment use IL-1 inhibitors and/or TNF-q inhibitors in conjunction

Wi th an aryiche@entCakdeh-antiBod§hé @%E%ﬁ@ﬁﬁﬁ%ﬁéﬁ%mcwﬁ% i)p

conbination with IL-1 inhibitors and/or be use

treat ment (of Lo : | | £ tiple
scl erosi s.t'%fg% g@?%.g/ 88‘3‘??%8 %8%?%@@‘%? %fg%ﬁ%pgﬁ%ﬁn%ﬁ{éeﬁogh% ns-%%(?f'@vl) IS
an anti-infla t or ytokine In certain instances, |IL-1is a nediator in
many i seddcenaNETREaTINtE JHaeR AGRINISISSd b GeRe PR A R gonee 1 15
manuf actured by cells of the macrophage/ nonocyte I|ineage. In certain
i nst ances encpdingiyoiginagests and/phaneaiiredy 10 OPGl pray ke included indbel L- 1 beta
(I'L-1p). [0126] A disease or nedical condition is considered to be an

same vector. In certain embodiments, the genes encoding protein agents and/or

an antibody to OPGL may be under the control of the same promoter region. In
certain embodiments, the genes encoding protein agents and/or an antibody to
OPGL may be in separate vectors.

[0124] In certain embodiments, the present invention is directed to
therapies comprising an antibody to OPGL and at least one interleukin-1 (IL-1)
inhibitor, and methods of treatment using such therapies. In certain
embodiments, a therapy comprises an antibody to OPGL and an IL-1 inhibitor
and at least one additional molecule described herein. In certain embodiments,
methods of treatment use IL-1 inhibitors and/or TNF-a inhibitors in conjunction
with an antibody to OPGL. In certain embodiments, an antibody to OPGL in
combination with [L-1 inhibitors and/or TNF-q inhibitors may be used for
treatment of conditions such as asthma, rheumatoid arthritis, and multiple

sclerosis.
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"interleukin-1 nediated disease"” if the spontaneous or experinental disease
or nedical condition is associated with elevated levels of IL-1 in bodily
flui ds orwotmeares and/ or if cells or tissues taken from tireThiSdy2qa80dUCe

el evated levels of IL- 1 in culture. In certain enbodi nents, such

interleukin 1 nadbeted diiaeAserinds AL-B S A SAPAALARILBY LABIKKE! !|AW N

addi tional two con ions: (1) pathol ogical I ngs soclated wth the

di sease or i dj;tk on_can.. m o cke experi mental Iy in.aninpls by
adm i ot r SETEN GetarfBlH Boo BathiERrah M e R i Fiacie bonfigdls B °.
pat hol ogy i nduced in experinental animal nodels of the disease or nedical
condi t i on CEHRIMESIANGES: ﬁ-e@i imagyiActyresioy gells efthpenacraphage/mpnnayte hat
inhibit the action of IL-1. In certain enbodiments, one or nore of the
above condineages lmcertaintinstanees,|IL- lisnprddaced irdivertoms: L1 adpha(lbh-1a)

enbodi ments, all three of the conditions are net in an |L-1-nedi ated

di sease. [p8AT}H1 Betd @Laﬂrgyl chronic interleukin-1 (IL-1) -nedi ated di seases

i nclude, but are not limted to, the follow ng: acute pancreatitis;

anyotrophic | qbese] Scl of aiskAsé b Medital RN is Consilichediphe off 2Nei mer s

di sease; cachexi al/anorexia, 1 ncluding, but not limte i nduced
cachexi a; . : / n j ; oscl i S, _aut ol mune
Vasou 1 11 sTenkin A ebRR aRYa0R Bte ShaEBDRI U Bh S Hfe i Bkt
Clostridium associ at.ed j Il nesses, ipcluding, but t limted to,
O ot r | di iRdIGaLRIEAD liaseerieted Wi Giavted bnas pbist imBoRbRdds icons
including, but not [imted to, congestive heart failure, coronary
rest enosi $issug @bdrariibeellsi gritissues takemifoaethei kadyayretiuee eleyatedleyels efdlat ed
to sepsis), and coronary artery bypass graft; cancer, including, but not
limted td,inlcukes &sceitainlentbodimentd, sugh inferleukied! hediatedtdiggasesy/akom
| eukem a and nyel ogenous (e.g., AM. and CM),

also recognized by the following additional two conditions: (1) pathological

findings associated with the disease or medical condition can be mimicked

experimentally in animals by administration of IL-1 or upregulation of expression

of IL-1; and (2) a pathology induced in experimental animal models of the

disease or medical condition can be inhibited or abolished by treatment with

agents that inhibit the action of IL-1. In certain embodiments, one or more of the

above conditions are met in an IL-1-mediated disease. In certain embodiments,

all three of the conditions are met in an IL-1-mediated disease.

[0127] Acute and chronic interleukin-1 (IL-1) -mediated diseases
include, but are not limited to, the following: acute pancreatitis; amyotrophic
lateral sclerosis (ALS, or Lou Gehrig’s disease); Alzheimer’s disease;

cachexia/anorexia, including, but not limited to, AIDS-induced cachexia; asthma

and other pulmonary diseases; atherosclerosis; autoimmune vasculitis; chronic
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and tunor netastasis; diabetes (including, but not limted to,

I nsul i n-dependent di abetes); endonetriosis; fever; fibronyalgia;

gl oner ul owephtd27ixs; graft versus host di sease and/ or tram€pltsnt/20igj ecti on;
henmohorragi c shock; hyperalgesia; inflanmmatory bowel disease; inflanmatory

condi ti On?atﬁtﬁ‘?\%l’lfﬂgfﬂﬁle'i .Sét-iiﬂidm glsgwiategﬁlilqélégght ﬁgldg‘ﬂﬂ. M@B@ﬁﬁwﬁéé&é,&

psoriatic a an art in tor eye di Sease,
i ncl udi ng,~,but. not |limited to, those associated with, for.exanple,. corneal
transpl anQﬁg@ﬁgﬂqaﬁ%ﬁgﬂ,gﬁa@?abmroaa{y 9 "‘t'e%'be fid "l‘&?%lﬂ“él inc i a

(1 ncl udi n%, but not limted to, brain injury as a result of, e.g., traums,
epi | epsy, PUhBRblIMHEHdooFongastike headdaluse, opopANEgsteresis, mpyocardial

neur odegeneration); Kawasaki's disease; |learning inpairnment; |ung diseases
(i ncl udi nipfatalionnoryodcairdiat dysfunctiondetg, redafedrtatsepgis)i and esmnapgnarterye, or
ARDS); multiple sclerosis; nyopathies (e.g., nuscle protein netabolism

i ncl udi ng bypaés gedft;|camceednladinglBad mot linitsceio) [etientas | inBiudihgS 8RS hol ;
neurotoxicity (including, but not limted to, such condition induced by

H'V); ost aapRHaS ﬁmlt@é rﬂnyélBﬁ'JaqgglE@nialbéﬁdq Q@glsdgéﬁgugf{temnwgba%ﬁb%@' at ed

pai n; ParKkinson'$ ase; periodonta bri asi s;
r eper f usi LNy I C k. .side.effects fromradiation therapy;
t enpor al %H&pﬁlﬂrﬁeﬁz‘gﬁﬁ'&ﬁ@g@&% ;(lﬁgﬁ@g}g,&u {18} E@ﬁgg ?&dva?‘{ﬂ'g?p%t?fi;e n 47 WO
03/ 002713 PCT/ US02/ 20181 . i.nf] ammatory condition resultjng from e.g.,
otrain,  SHIERGESE SPAPTIEOU e, MoV QBN R Sara VaTsRS ot | on,
or other disease processes. [0128] In certain enbodi nents, an IL-1
i nhi bi t or heal/diseage png/tteansplant rejectien; keroaheaibagic shoskdyraralgesia;
preventing activation of cellular receptors to IL-1, which nmay result from
any nunbeinflammetdrs o diseasep inflaynmatecy sonditions of bydiat, ibciudiagebabhot
limted to, downregulating IL-1 production,

limited to, osteoarthritis, psoriatic arthritis, and rheumatoid arthritis; inflammatory

eye disease, including, but not limited to, those associated with, for example,

corneal transplant; ischemia, including, but not limited to, cerebral ischemia

(including, but not limited to, brain injury as a result of, e.g., trauma, epilepsy,

hemorrhage or stroke, each of which may lead to neurodegeneration);

Kawasaki's disease; learning impairment; lung diseases (including, but not

limited to, acute respiratory distress syndrome, or ARDS); multiple sclerosis;

myopathies (e.g., muscle protein metabolism, including, but not limited to, muscle

protein metabolism in sepsis); neurotoxicity (including, but not limited to, such

condition induced by HIV); osteoporosis; pain, including, but not limited to,

cancer-related pain; Parkinson’s disease; periodontal disease; pre-term labor;

psoriasis; reperfusion injury; septic shock; side effects from radiation therapy;

temporal mandibular joint disease; sleep disturbance; uveitis; and an
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binding free IL-1, interfering with IL-1 binding to its receptor,
interfering with formation of the IL-1 receptor conplex (i.e., association
of IL-1 rwoep@7inith IL-1 receptor accessory protein), &ad/usnyarBering

wi th nodul ation of IL-1 signaling after binding to its receptor. [0129]
Certain interleukin-1 inhibitors include, but are not |imted to, IL-1
recept or Hilesypataty sondiienyaswWing fiem. g, Birain saraip, catilpeedamags.L- 1r a,
IL-1ra variants, and IL-1 ra derivatives, which are collectively terned
"1L-1 ra pauotsE, esthopedictsurgery] infectipt, or otheratisenssl pracessesli es (see, e.g.,
EP 623674, which is hereby incorporated by reference for any purpose);

I'L-1 binding p[@tas)ns, in¢tedainembodimends, dn -1 athibitor ragl bl hyl profein
receptors (see, e.g., U S Pat. No. 5,492,888, U S. Pat. No. 5,488,032,

and U S, \%ole e cgpﬁ@@ @’%ﬁec‘ﬁcaﬁ% PP@UentiE@ aFEFYgtHI Or'delluiftidechidrs iRt - No.

5,180, 812, I ch are hereby i ncorporated erence tor any ' purpose);

anti-IL-1 nocl onal antibpdies (see, e.g. 9501 9402627, WD
9006371, L% WEICH gy r‘;l?tgjg@?@@j&;wﬂgga?ggf%é%@g%%;%ﬂ\é\g@b 220063, whi ch
are hereby incorporated by reference for an purpos_eé' IL-1 receptor
accessory d@m%(’iubéfﬁ pet imited e egafing liwd predueli®® and WO
99/ 37773, which are hereby incorporated by reference for any purpose); 48
WO 03/ 002bislimCireedod), roedering mithbit bbinditg toritsaieiceptarninterfening wishver t i ng
enzynme (I CE) or caspase | (see, e.g., WD 99/46248, WD 99/47545, and WO

99/ 47154, foriativnasfehd di-ebiecepiorconipiére (.e. byssoefativarsfdl {orecepsorwitiplbs ¢) ,
which may be used to inhibit IL-1 beta production and secretion;

interl eUktéI?e;k)tQFé&éééeFfﬁ%?eihﬂ Rird ih%r%ringwtwmué}mmndﬁg,i?ﬂsl[irb%gj&ei ns

t hat bl oc vVivo synt'hesis or extracelFular release of IL

Exenpl arybHd‘lrJrg Jtd'lﬁé Péée%'i&r. are disclosed, e.g., in US Pat. Nos.

[0129] Certain interleukin-1 inhibitors include, but are not limited to,
IL-1 receptor antagonists, including, but not limited to, Kineret™ IL-1ra, IL-1ra
variants, and IL-1ra derivatives, which are collectively termed “IL-1ra proteins;”
anti-IL-1 receptor monoclonal antibodies (see, e.g., EP 623674, which is hereby
incorporated by reference for any purpose); IL-1 binding proteins, including, but
not limited to, soluble IL-1 receptors (see, e.g., U. S. Pat. No. 5,492,888, U. S.
Pat. No. 5,488,032, and U. S. Pat. No. 5,464,937, U. S. Pat. No. 5,319,071, and
U.S. Pat. No. 5,180,812, which are hereby incorporated by reference for any
purpose); anti-IL-1 monoclonal antibodies (see, e.g., WO 9501997, WO
9402627, WO 9006371, U.S.Pat. No. 4,935,343, EP 364778, EP 267611 and EP
220063, which are hereby incorporated by reference for any purpose); 1L-1
receptor accessory proteins and antibodies thereto (see, e.g., WO 96/23067 and

WO 99/37773, which are hereby incorporated by reference for any purpose);
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5,747, 444; 5,359,032; 5,608, 035; 5,843,905; 5,359,032; 5, 866,576;

5, 869, 660; 5,869, 315; 5, 872,095; 5, 955,480; 5,965,564, International (W
patent awplodmedzidbns 98/ 21957, 96/ 09323, 91/17184, 96/ 409@CT/U381/3ATB3,

98/ 42325, 98/ 44940, 98/47892, 98/56377, 99/03837, 99/06426, 99/06042,

91/ 17249, . ,98[ 327 8/ 17 61.,.97/08174 95/ 34326, 99/ 36426 99/ 36415;
Eur opean ’E%f{mﬁﬁ é?n‘? Sﬂ‘ﬁrl c‘é‘ﬁ"cﬁ@"g K@’?‘B‘ 'Y 8‘9’ &% Cagpas f@rﬁ?nep%t ent
application FR 27 i sclosures of all of the aforenentioned

refer enceW@r%g/ﬁ@?@%’yWQ ﬁ@W ﬁéﬁa@@@l VBQ 9U#él %d@hlﬁhﬁr%h?r%m’r ipegeorated ]

Interl eukin-1 receptor antagonist (IL-1ra) is a human protein that acts as
a nat ur al byméafdrence fafarypweposelkwhich aay hesusedrininhibitdf-1 betal protiution | v,
whi ch includes IL-1a and IL-1 R Certain receptor antagonists, including

IL-1ra apfd\seicratitrs imefedignithatd ﬁﬂﬁeéé@frﬂﬁﬁﬂor@%ﬂ@bﬂheﬁ%o oS #tid Meki ng
and using them are described in U S. Patent No. , 075, 22 WO 91/ 08285;

WO 91/ 171 4/. 06457 WO
94/ 21275; éﬁe"'@#g%%%@ﬁq V}S?Q/S%g%'s dre %t%%gg%}?é%aﬁ%%gs% WO 96/ 22793; WO
97/ 28828; and /36541, whi cC orated herein ference for
any pur pose. Wﬁr t ai n%@%ﬁfﬁ'nhﬁ?{%r age P@El@ﬁfegre"gn’t ﬁd‘gﬁ F%t ﬂﬁ? be 49
WO 03/ 002713 PCT/ USQ2/ 201_81&9%Ia/cos ated. in certain enmbodinents, an !L-1
recept or antHgds? SR\ 3Be o '%%@pgﬁeﬁ 3500322 . 8668451 2 BRY.&80; IL-1ra
and variants thereof are described in U S. Pat. No. 5,075,222 (the 222
patent). Bi86% 81815862095 89561 80;15,965,564; trternaticaal (W@épaterits
characterized as a 22-23 kD nol ecul e on SDS- PAGE with an approxi mate
i soel ect r appleatitins@8/21857,W6/09623, 01¢$7 18400640807 9%/ 5233, ©8/426R 5t

98/44940, 98/47892, 98/56377, 99/03837, 99/06426, 99/06042, 91/17249,

98/32733, 98/17661, 97/08174, 95/34326, 99/36426, 99/36415;. European (EP)

patent applications 534978 and 894795; and French patent application FR

2762514. The disclosures of all of the aforementioned references are hereby

incorporated by reference for any purpose.

[0131] Interleukin-1 receptor antagonist (IL-1ra) is a human protein

that acts as a natural inhibitor of interleukin-1 and is a member of the IL-1 family,

which includes IL-1a and IL-1. Certain receptor antagonists, including IL-1ra

and variants and derivatives thereof, as well as methods of making and using

them, are described in U.S. Patent No. 5,075,222; WO 91/08285; WO 91/17184;

AU 9173636; WO 92/16221; WO 93/21946; WO 94/06457; WO 94/21275; FR

2706772; WO 94/21235; DE 4219626, WO 94/20517; WO 96/22793; WO

97/28828; and WO 99/36541, which are incorporated herein by reference for any

purpose. In certain embodiments, an IL-1 receptor antagonist may be
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around 52 MM NaCl in Tris buffer, pH 7.6. The second form IL-1 rap, is
characterized as a 22-23 kD protein, which elutes froma Mno Q colum at
48 M NewZD.o3Ba7m3 | L-1 raa and IL-1 rap are gl ycosyl at ed. PCrasSohai6i f or m
IL-1 rax, is characterized as a 20 kD protein, which elutes froma Mno Q
col um at

a8 | - g |ated. The 222 patent al
descri bes 9&'@??@??%{‘%%'6 1898? %r@g?éfcfa !g‘éﬁf??e{) neta %%‘5"%@?‘33' ﬁ@snoon‘

inhibitors, cloning those genes in suitable vectors, transform ng and
transfect Qiygoﬁﬂége@ggenes into certain cell types, and expressing those
genes to produce the inhibitors. [0133] In certain enbodi nents, deletions,

i nsertions, anfl1@2] subsilihres fans ¢fi lhdiraiahdavariands thesebtare descyibedfierred to
as "variant(s)") are nade wthin the am no acid sequences of IL-1 ra. In

certain eth9dPEEING.5,075,2R2 YtHex 228 Prat@it). Thelirst foerncaallad 'actli™ve the 'Zn2
possesses the ability to inhibit IL-1). [0134] In certain enbodi nents, the

bresent i puenki @uKetadlbfigs] 8Y o .28 ES ARERIS BHISDSISKGEN g Dody o CPGL

and at a Itor, and ne of treatnment using such

h i es. ' di n; h ' '
e e b SFI RR AR hOBR P g IS Al EAPPLbRER AFAS BRI P
herein. 50 WO 03/002713 PCT/US02/20181 [0135] Certain diseases and nedi cal
condi ti on@reis sRMMINRCHD HiSPWFRL. BBV -Be T8t dfeEma -l i, et or y

conditions. As used herein, a "TNF-nediated di sease" includes, but is not
limted tehaecitrizegsas ar22723 kDaproteiowhich@iutel from @ Mopod2 sokimnvat 48
el evated levels of TNF in bodily fluids or tissue and/or in which cells or

ti ssues taM@NdClonBsothdLbirdy andadutragere ghicedylated! Fhefthird Mrmi, dL-dudx use. |1 n
certain enbodi nents, a disease is a TNF-nedi ated di sease if
characterized as a 20 kD protein, which elutes from a Mono Q column at 48 mM
NaCl and is non-glycosylated. The ‘222 patent also describes certain methods
for isolating genes that code for the inhibitors, cloning those genes in suitable
vectors, transforming and transfecting those genes into certain cell types, and
expressing those genes to produce the inhibitors.

[0133] In certain embodiments, deletions, insertions, and/or
substitutions (individually or collectively referred to as “variani(s)”) are made
within the amino acid sequences of IL-1ra. In certain embodiments, an IL-1ra
variant is biologically active (e.g., possesses the ability to inhibit IL-1).

[0134] In certain embodiments, the present invention is directed to
therapies comprising an antibody to OPGL and at least one TNFa inhibitor, and
methods of treatment using such therapies. In certain embodiments, a therapy

comprises an antibody to OPGL and a TNFa inhibitor and at least one additional

molecule described herein.
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(1) pathol ogical findings associated with the disease or nedical condition
can be mmcked experinentally in animals by the adm nistration or

upr egul atworn3wp6271expr essi on of TNF and/or (2) a pathol ogy PCadisoz2zh1Bh
experinental animal nodels of the disease or nedical condition can be

I nhi bited or abglikghed bypt t Lt L Lol hit .. ction of
TNF. 10136] Celrjl'?léiv ﬁpacut e”aﬁgﬁ‘cﬂ?%%ﬁeé%mtﬁeg%?%a&g?2%%Eée?:*‘%ﬁ%@?rd@‘gv, but
are not liq,ted to. cachexia.and anqrexia; cancer, including, hut not

i mited toﬁﬁlm@ﬁyi);e C@E‘P%‘Pﬁ'%? R ’[?H“E%‘i%f Sﬂ%‘ﬁ{'%ﬁ-ﬁﬁjﬁ%‘égﬁfﬁ'm%ns and/ or
i ndi cationgs i ncluding, but not limted to, congestive heart failure,
coronary rddtfemadiated dnclydes ot ig D@H!mliﬁd)%alacﬂléﬁ‘?%ﬁ/@f meski¢ain
(including but not limted to, such condition related to sepsis), and
coronary asarelitjorbthad sssagpomiated déthr elesated; levals ab@NEsin bodily fhliidgor tisguenot
limted to, juvenile onset Type 1 diabetes, diabetes nellitus, and insulin

resi st ancear{d/of Inthicl .cells!or figsudd RikeAdrdr thé Bégy bfodiR®l slevaed ledsIsQf! at ed
with obesity); endonetriosis, endonmetritis, and related conditions;

fibronyal gfﬁFf?ﬁ“éuFun%:. Qﬁ%e‘?ﬁairgéﬁlfbbdﬁﬁéﬁfé,sggﬁ’sséas%ﬂs ?;Fltl gg'h?(gﬁé’?% giﬁ,%sgé :

I nf |l ammat ory bowe seases, | ncludi ng, t not n ?I sease
and d ostridi L.Efi.cl)e-assoct diarrhea: ischem a, incl.uding, but
not lim teqbﬂéwgé'%f@)m%?%%tﬁf %elasec%rrlgsg‘gﬁl pan b?rﬁ‘ &?H\Hﬁ ch
i ncl udes, but, Ls not limted to, brain injury as a result of  traum,
epi | epsy, 'RERGKEH gBerimRRIAY I8 apinals hyikg afrdipsiation o lupaeadation of not
limted to, adult respiratory distress syndrone, asthma, and pul nonary
fibrosis; expiessipn of dNFeanrd/os (2)reepatiioldgydntducert in eXprisental apimalmadaleases
and conditions, including, but not limted to, corneal transplant, ocul ar
degener at i afrthamiseasei drirmedicpbeondifiove tanlbednhibliéd bpabblishddby treatment
cancer-rel ated pain; pancreatitis; periodontal
with agents that inhibit the action of TNF.
[0136] Certain acute and chronic TNF-mediated diseases include,
but are not limited to: cachexia and anorexia; cancer, including, but not limited to,
leukemia; chronic fatigue syndrome; coronary conditions and/or indications,
including, but not limited to, congestive heart failure, coronary restenosis,
myocardial infarction, myocardial dysfunction (including but not limited to, such
condition related to sepsis), and coronary artery bypass graft; depression;
diabetes, including, but not limited to, juvenile onset Type 1 diabetes, diabetes
mellitus, and insulin resistance (including, but not limited to, insulin resistance
associated with obesity); endometriosis, endometritis, and related conditions;
fibromyalgia and analgesia; graft versus host rejection; hyperaigesia;

inflammatory bowel diseases, including, but not limited to, Crohn's disease and

Clostridium difficile-associated diarrhea; ischemia, including, but not limited to,
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di seases; Pityriasis rubra pilaris (PRP); prostatitis, including bacterial
and non- bacterial prostatitis, and related conditions; psoriasis and
rel at ed” wondiooa7ehs; pul nonary fibrosis; reperfusion inj®@Cy/UuSohzusatiC
di seases, including, but not | i rri ted to, rheumatoid arthriti S,
osteoarthritis veni | e arthr

Poveni | o PriamakbIIERA s e, bES At YBea Gaplih mivy Befksndtong
spondylitis, Reiter's syndrome and reactive arthritis, Still's disease,
psori at i ciralifeahepilessy.diareeishage iandior sirake; quc)@s?a%sm@ uding, but not
dermat omyositis, scleroderma, systemic sclerosis, vasculitis (e.qg.,
Kawasaki ' ﬁmdtiadetasadult n&apeimtoxy d@&imselsiyn‘deomeLan,wdmlmonary fibrosis;

st aphyl ococcal -i nduced ("septic") arthritis, Sj(err)gren's syndrone,

rheumat i Cnfuﬂti'@é,scmbyréhﬁ@dfdlﬁﬂa?»nmawrp@hsémséhgowlah@reaaéewn@adnamanh cel |
arteriti s) septic shock; side effects fromradiati on t herapy; systemc

| upus e I iditis;
upus, o HegR 5tndi e o Efnieal ARt i legonl e ha bysite
resulting fro tr.ain cartilage ort

Surgery. PRICGGRgLDY n&m oo & baboddRiAiRtA: e B%\?‘E%qugem es)
or other disease process. 0137] | n_certain enbodi nents, TNF inhibitors may
act by at disezses; Bitwiasis suiiaPiglis RRRY restatifis vineludinorbectarialand ner-

binding free TNF, interfering 52 WO 03/002713 PCT/US02/20181 wth TNF

bi ndi ng t bactesiat amaﬁﬁls,, aa:ddelaftscbmmltm@p \wsoniasiscandhtelated siondlionsi gnal i ng
after binding to its receptor. The term"TNF inhibitor" includes, but is

not |im tpdimbmarysibrodis| iepedfugign mpmyepheumatmrmdsea:besgmclmimg]diutlndm ted to,
sol ubl e tunor necrosis factor receptor type I (sTNF-RI; also called the

PS5 T ecepiiftited téomézlrﬁatbwaﬁhnt&%e&%aﬁhfnastmeﬁw&aﬂhﬁrs (.uca@d.lng bat a6t cal | ed
the p75 receptor Enbrel (err); antibodies to TNF, including, but not

limted tﬁm.ﬁ%%?ﬁ.@%&ﬁé rrl%elf’]"ﬁgto'i%lzgr%hr(it‘f’s%,eser‘f‘m%gatlve polyarthritis, ankylosing

spondylitis, Reiter's syndrome and reactive arthritis, Still's disease, psoriatic
arthritis, enteropathic arthritis, polymyositis, dermatomyositis, scleroderma,
systemic sclerosis, vasculitis (e.g., Kawasaki's disease), cerebral vasculitis,
Lyme disease, staphylococcal-induced (“septic”) arthritis; Sjsgren's syndrome,
rheumatic fever, polychondritis and polymyalgia rheumatica and giant cell
arteritis); septic shock; side effects from radiation therapy; systemic lupus
erythematosus (SLE); temporai mandibular joint disease; thyroiditis; and tissue
transplantation and/or an inflammatory condition, e.g., resulting from strain,
sprain, cartilage damage, trauma, orthopedic surgery, infection (e.g., HIV,

Clostridium difficile and related species) or other disease process.

[0137] In certain embodiments, TNF inhibitors may act by at least

one of downregulating or inhibiting TNF production, binding free TNF, interfering
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U.S. Patent Nos. 6,090,382 and 6, 258, 562); antibodies to TNF receptor;
STNF-RI  (see, e.g., WO 98/24463), etanercept (Enbrel(err)), Avakine(err)

i nhi bi t orwO®B/OTNIE (err) converting enzyne (TACE); and ot irem/usot/zasl es t hat
affect TNF activity. [0138] Exenplary TNF-a inhibitors are described, e.g

in Euro e 3. 43 EP 398
327: EPp4 48’6%%@%%%&8% zrﬁ‘??@%fié’ Z'E% "E@%éﬂﬁéﬂ Egﬁ gigna @?9512
528; EP 52 P 568 92 607 T ich descri bes the use

| ef | unoni GESk amglf}ﬁﬁ"bl? regﬁpgq $P %R%:G'\gﬂﬂ)ﬂ@rd'ﬁ US*E? bylgs ”Eb"@‘ltgd439 EP
664 128: EP 542 795: EP 741 707: EP 874 819 : EP 882 714: EP 880 970: EP
648 783: bp splibilizeg1l NEpegentoos dnclagingsbutawe limpiedae2 sohuble amesEmesis EP
550 376; EP 943 616: EP 939 121: EP 614 984: EP 853 083: U.S. Patent Nos.

5, 136, 021fac$o|9®@eptb?,ty;ﬁe BMNB&I; als8@alied the PSS becepidr), SolaBK:, tddtor
5,817, 822; 5830742; 5,834, 435; 5,851,556; 5,853,977, 5,359,037, 5,512,544;

5, 695, 953 W3,
5. 860,677 . D6a S11 o a7 e, B0 8oe 005 P baoriad. b Ehroy

5, 877, 200 S 0 1(,),.
> oy p0enioalis IR ENFD il Pbuthdiih %2@0 Regioadgtang 0¥ (el e.0.,
5, 952, 320 62. 4 t | i.ca 53 WO
03/ 002713UP%T|9 ?EBEEIQ§1§%W g%ﬁ%ﬁé @E?%‘i%@: 8’2/ %3'8853
92/ 16221, WD 93/ 07863, WO 93/21946, V\D 93,{, 19777, WD 95/ 34326, WO
06/ 28546, (SR, - 2WO H8/2446D)getansnqenticnbesl 38 P8BKINGD; dehibarsmf TNF-97/ 18207,
WO 97/ 15561, WO 97/12902, WO 96/ 25861, WO 96/12735, WD 96/11209, WO
98/ 39326, cmermsg 8a3vae (WBCHBM aaamhemm@@ummat aﬂ&tgﬂﬂﬂmﬁﬁty.m 98/ 39329,
WD 98/43959, WD 98/45268, WD 98/ 47863, WD 96/ 33172, WD 96/ 20926,- WO
[0138] Exemplary TNF-a inhibitors are described, e.g., in European
patent applications EP 308 378; EP 422 339; EP 393 438; EP 398 327; EP 412
486; EP 418 014, EP 417 563, EP 433 900; EP 464 533; EP 512 528; EP 526
905; EP 568 928; EP 607 776, which describes the use of leflunomide for
inhibition of TNF-a; EP 663 210; EP 542 795; EP 818 439; EP 664 128; EP 542
795; EP 741 707; EP 874 819 ; EP 882 714; EP 880 970; EP 648 783; EP 731
791; EP 895 988; EP 550 376; EP 882 714; EP 853 083; EP 550 376; EP 943
616; EP 939 121; EP 614 984 ; EP 853 083; U.S. Patent Nos. 5,136,021;
5,929,117; 5,948,638; 5,807,862; 5,695,953; 5,834,435; 5,817,822; 5830742;
5,834,435; 5,851,556; 5,853,977, 5,359,037; 5,512,544, 5,695,953; 5,811,261
5,633,145; 5,863,926, 5,866,616; 5,641,673; 5,869,677, 5,869,511; 5,872,146;
5,854,003; 5,856,161, 5,877,222; 5,877,200, 5,877,151, 5,886,010; 5,869,660;
5,859,207; 5,891,883; 5,877,180; 5,955,480; 5,955,476; 5,955,435; 5,994,351;

5,990,119; 5,952,320; 5,962,481; International patent applications WO 90/13575,
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97/ 37974, WO 97/37973, WO 97/ 47599, WD 96/ 35711, WD 98/51665, WO 98/ 43946,
WD 95/ 04045, WD 98/56377, WD 97/12244, WD 99/00364, WO 99/00363, WO

98/ 57936, WoM30@2703.449, WO 99/ 01139, WD 98/ 56788, WO 98/ 56TFA8IS0D188/ 53842,
WD 98/ 52948, WD 98/52937, WD 99/02510, WO 97/43250, WD 99/06410, WO

99/ 06042, WO 99/09022, WO 99/08688, WO 99/07679, WD 99/09965, WD 99/ 07704,
WO 99/ 06040 SNDIBE3 Y8QH2/WNDOZINO782/ 3098 W0 226622 1WHORHO28RE, WS

99/ 47672, WD 99/48491; Japanese patent applications 10147531, 10231285,

10259140,9329946 1A0 43/197Y9 3060 U5/34328) 1481106/28846 AN.(B Q8/272YE, \WESr man
application no. 19731521; and British application nos. 2 218 101, 2 326

881, 2 2 Ty u r 1)355* rences
are hereg%/?ﬁgg?bmgggﬁgg@f‘Ve/\?(grge@;/l%gi%%rwgn?/ﬁﬂggpgo\g{?@v(y)lw] EPb§93 438

ggfiugreél%#ﬁé@g% QB&&?%GI‘ ?‘Z@%’iﬁ%@%% 8%&?8? or %%wélsnﬁr b?t or)

d | ubl e TNF I ER- kDa TNF
"hhi bi ¢ orgE/3aAN GRS SELisHe. IO Se/30 81 HaNC SiReRe, W odkss A aEN P er oo
339 al so describe nodified forns of sTNFR-1 and sTNFR-11, 54 WD 03/002713
PCT/ US02/ 28/48959] WD @846268p WY Oriti/AT 863, \8/D D6/38/1 43nAHD 96/2Q8728, \WRAI

derivatives, and vari ants. Furthernore, EP 393 438 and EP 422 339 descri be

met hods fgy7/37904aWO@7ETOTS, WOR7/47589 WO BBS57AN| WO @8#51885)WEY t he
genes into suitabl e vectors, transforni ng or transfecting the genes into

Coni] SR IR S99 QA S R OB e WO o<
99/00363, WO 98/57936, WO 99/01449, WO 99/01139, WO 98/56788, WO
98/56756, WO 98/53842, WO 98/52948, WO 98/52937, WO 99/02510, WO
97/43250, WO 99/06410, WO 99/06042, WO 99/09022, WO 99/08688, WO
99/07679, WO 99/09965, WO 99/07704, WO 99/06041, WO 99/37818, WO
99/37625, WO 97/11668, WO 99/50238, WO 99/47672, WO 99/48491,
Japanese patent applications 10147531, 10231285, 10259140, and 10130149,
10316570, 11001481, and 127,800/1991; German application no. 19731521; and
British application nos. 2 218 101, 2 326 881, 2 246 569. The disclosures of all
of the aforementioned references are hereby incorporated by reference for any
purpose.

[0139] EP 393 438 and EP. 422 339 describe the amino acid and |
nucleic acid sequences of a soluble TNF receptor type | (also known as sTNFR-I
or 30kDa TNF inhibitor) and a soluble TNF receptor type Il (also known as
sTNFR-Il or 40kDa TNF inhibitor), which are collectively termed “sTNFRs". EP

393 438 and EP 422 339 also describe modified forms of sSTNFR-1 and sTNFR-II,
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factor/ TNF receptor superfamly of receptors, which includes the nerve
gromh factor receptor (NGF), the B cell antigen CD40, 4-1 BB, the rat
T-cel | amwDgemo27MRC OX40, the fas antigen, and the CD27 amdTAB8D2@E8L i gens
(Smth et al. (1990) Science, 248:1019-1023). A conserved feature of that

group of cell . surface receptars is a cysteinerrich extracellular Iigand

bi ndi ng d@ﬁh‘fdd?g it ?PQ !'@H%dgtgc%mgﬁﬂ"éﬁ' {L%‘Pgoﬁ‘gudr”“r@gé%st’@@%ﬁ@f‘iapgs'of about
forty amino acids that contain 4- 6 cysteine residues at positions that are
vel | - consEHiBErmers. i 893438 ancbbB)422 339 dagcrifepmetodsHos pplafing gengshes a
40kDa TNF inhibitor (err)51 and a 40kDa TNF inhibitor 053, which are

t r uncat edthatcederfer tie inhibitfons,| cloring the geneminto snitable MeCtorgNFnsidinbingor
protein. A51 and 053 have 51 or 53 am no acids, respectively, deleted from

the car bozsvtrahgre&tiﬁg&h@ ehBs inBlceraintcsit ghes, dritlé:rebsinyithd gen8ETo
Application No. WD 98/ 01555 describes truncated forns of sSTNFR-1 and

STNFR- 11 in the fourth domain (am no acid residues
Thr127-%h@0%ﬁh§%@ﬁm§nd am no acid residues Prold4l- Thr179 of

sTNFR-11); a p jqn of t hrd.d in,(amn id i.du 11-
Cys126 of TR dln amsﬁi“ﬁafg‘l' ang SIS a%?éﬂ%@-%%ﬁs‘iﬂ@%&fefgrﬁ@pﬁh); and,
55 WO 03/002713 PCT/ US02/ 20181  optionally, do.not contain a portion of the
first donmfAGiorENFTECaRiQl SUpsIami oAgﬁpept@%sw iy ingtiderthe RREVEAFMBN aci d
residues Leul-Cys32 of sTNFR-I1). In certain enbodinents, the truncated
sTNFRs i nfacideraceptar (G the Bredantiged Gy4Q.+e1BEs theirat T-cell antigen

R1-[ Cys19- Cys103]-R2 and R4-[Cys32-Cysl1ll5]-R5. These proteins are

t runcat ed MRC X440, thENBR-dntiged, srd\ifie- CD27reesb@DB0\varitigenf ($dth etsalused

herein, "Rl-[Cysl19-Cysl1l03]-R2" represents one or

(1990) Science, 248:1019-1023). A conserved feature of that group of cell
surface receptors is a cysteine-rich extracellular ligand binding domain, which
can be divided into four repeated motifs of about forty amino acids that contain 4-
6 cysteine residues at positions that are well conserved (Smith et al. (1990),
supra).

[0141] EP 393 438 teaches a 40kDa TNF inhibitor A51 and a 40kDa
TNF inhibitor A53, which are truncated versions of the full-length recombinant
40kDa TNF inhibitor protein. A51 and A53 have 51 or 53 amino acids,
respectively, deleted from the carboxyl terminus of the mature protein.

[0142] Published PCT Application No. WO 98/01555 describes
truncated forms of sSTNFR-| and sTNFR-II that do not contain the fourth domain
(amino acid residues Thr127-Asn61 of sTNFR-I and amino acid residues Pro?41-

Thr179 of sSTNFR-II); a portion of the third domain (amino acid residues Asn!11-

Cys126 of sSTNFR-I and amino acid residues Pro123-Lys140 of sSTNFR-II); and,
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nore proteins wherein [ Cysl19-Cys103] is residues 19 through 103 of STNFR-1I,
the sequence of which is provided in Figure 1 of WD 98/ 01555; wherein Rl
repr esentwoastez7in onyl at ed or nonnet hi onyl at ed am ne groupCefUS@/sl81 or one
or nore amno-termnal am no acid residues selected from Cysl8 to Asp';

and wherejn; re ent.s..a carhox ToIe) .or_one or. nore

car boxy- téér‘ru}%aég){ @nﬁﬁo&ag?@ g ég\gﬁﬁg@fqégﬁﬁt’j@&%ﬁg%ﬁf’eﬁgﬁ regiduEs fﬁﬁL
[0144] Exe I1§r¥ ﬁ;m‘_{ cated sTNFR-]1's of the Qres%[ét i nvention include, but
are not |iGY§e@ 84! pmyng peidiiesiduesierl 1Cys 6 of 106 R-Urlrrertain

2. 6D/ N105, sTNFR-1 2.3D/d8, sTNFR-1 2.3D/d18, sTNFR-1 2.3D/d15, either

met hi ony| s@rebodimenisiibe fhiuneatest #ONFRsdneludé &he pradeits depiesentadby thesr eof .
Certain exenplary truncated sTNFR-1's are described, e.g., in published PCT

Appl i cati darmigla REIOB105E303] R 4hdl RS [C\aee-Oye! Bi-Rs. TResé pystdrs@rel15] _R4”

represents one or nore proteins wherein [Cys32-Cysl1l15] is residues Cys32

t hr ough t C | Is provided in Figure 8
of WD 98/ ﬁéﬁ%t&i W@‘Egﬁrﬁg‘ﬁ '?é%?‘&i%ﬂ?’gﬁgﬁﬁg%%%k%at ed or nonnet hi onyl at ed
am ne group of 32 or one or nore am no-term am no acid residues

sel ected from @gﬁ?{] to 5653%/\@53‘%%}‘@6}‘32'7,13%@{1/5@6#%&82 reRrgsents e Pler ei n R4
represents a carboxy group of Cysll5 or one or nore carboxy-term nal am no
aci d resi duer priteins adhefreiorfCas tPLCes 108] idrrgdides [19thJughn1 @ of eTNFR-I, the
enbodi nents,’' the present invention is directed to therapies conprising an

anti body tgaqdefkbe dfhidh lsgRsvidedan Fagurael 6r Qi asm1558hinkcr&ih.RANd met hods
of treatnent using such therapies. In certain enbodinents, a therapy

conpri ses ag- ANltbQ Wethrfkd 3P hoRnithioRSialPh e group of Cys™® or one or

more amino-terminal amino acid residues selected from Cys18 to Asp?; and
wherein R represents a carboxy group of Cys103 or one or more carboxy-
terminal amino acid residues selected from Phe04 to Leu?10,

[0144] Exemplary truncated sTNFR-I's of the present invention
include, but are not limited to, sTNFR-I 2.6D/C105, sTNFR-1 2.6D/C106, sTNFR-I
2.6D/N105, sTNFR-1 2.3D/d8, sTNFR-| 2.3D/d18, sTNFR-I 2.3D/d15, either
methionylated or nonmethionylated, and variants and derivatives thereof.
Certain exemplary truncated sTNFR-1’s are described, e.g., in published PCT
Application No. WO 98/01555.

[0145] As used herein, "R3-[Cys32-Cys115]-R," represents one or
more proteins wherein [Cys32-Cys115] is residues Cys32 through Cys115 of
sTNFR-lI, the sequence of which is provided in Figure 8 of WO 98/01555;

wherein Rz represents a methionylated or nonmethionylated amine group of

Cys32 or one or more amino-terminal amino acid residues selected from Cys31 to
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i nhibitor and at | east one additional nolecul e described herein. [0147]
Endogenous proteol ytic enzynes may degrade invadi ng organisns,

ant i gen- awoioBoadrixonpl exes, and certain tissue proteins tirar/sos20181 | onger
necessary or useful. Infective agents may introduce additional proteolytic
enzynmes into_ the organism Protease inhibitors may regul ate both endogenous
and i nvadiLey 1paod adisreincRe negresents 2 cadioxy grewp o&CMsEgrbodhmmormat urally
occurring protease inhibitors serve to control endogenous proteases by

limting tCRpdx/-RARidamihe adld résidled defsared Hdny Ald1me keAfgaen embodi ments,
protease inhibi'tors may inhibit proteases 1ntroduced into the body by

I nfective agen n certain.L.Ns I rij |y
prone to proted 191 att dnestai AP ment: PRI AR bR Iy o
those of the respirataory tract, are rj in prqotease inhibitors. [0149]

br ot eace. MHIPBIRSFANEENHS PRy Ip NG ANEAklerskane Sarinesp o asdo
proteins. At |east eight inhibitors have been isolated fromthis source
and char adhibitore @ndinethedsiof eatroeat using such teerapiss. dacestaén not linited to,
al pha 2-macrogl obulin (al pha 2M, al pha 1-protease inhibitor (alpha 1Pl),

al pha 57 aERlicehTd 3 PEfapySeahaides an Bndibbdy by ORGly pad a {eringerotdedy ) |
al pha 1-anticol | agenase (al pha 1AC), and inter-alpha-trypsin inhibitor

(I-al pha- iphibit& &M at Rageoh@bAdHBABPMORS U dEsSHbEREIem. of the _
pr ot ease/ protease inhibitor balance can |lead to protease-nedi ated tissue

destruction, i i ng. g N L
CFomr ol onopny 1014A 09 BidogBfibus bibebtken Gk AaT Beofidd o .,
vari ous other gat hol i cal ,.conditio

. . s. In certain. situations, e.g. severe
pat hol ogi AT SBHISEARAY carpBlees, Sl spaandiselipiPioteins that aic/no
longer necessary or useful. Infective agents may introduce additional proteolytic
enzymes into the organism. Protease inhibitors may regulate both endogenous
and invading proteoiytic enzymes.

[0548] In certain embodiments, naturally occurring protease
inhibitors serve to control endogenous proteases by limiting their reactions locally
and temporally. In certain embodiments, protease inhibitors may inhibit
proteases introduced into the body by infective agents. In certain instances,
tissues that are particularly brone to proteoiytic attack and infection, including,
but not limited to, those of the respiratory tract, are rich in protease inhibitors.

[0149] Protease inhibitors comprise approximately 10% of the
human plasma proteins. At least eight inhibitors have been isolated from this

source and characterized in the literature. These include, but are not limited to,

alpha 2-macroglobulin (alpha 2M), alpha 1-protease inhibitor (alpha 1Pl), alpha - ..,
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the amount of free proteolytic enzynes present may increase due to the

rel ease of enzynme fromsecretory cells. [0151] Furthernore, in certain

i nst anceswoa3iatihi shed regul ating inhibitor capacity of PChaiSor/gERi sm may
al so cause alterations in the protease/protease inhibitor balance. A
nonlimting exanple of such a dimnished regulating inhibitor capacity is
an al pha 1-pntitwaainipsin @ieka 14chy)c alphey!-antitellagenase dalpbe#iAR), andh t he
devel opnment of pul nonary enphysema. [0152] In certain instances, serious

damage t o iritesalprgatryssin datibitero¢-alphabign such aberrant conditions are present
unl ess neasures can be taken to control the proteolytic enzymes.

Ther ef ore, i nhi b i ' d
erefore, proygfsy !N 'tlhtc%ﬁﬁlrhliﬂg%n%éna d%@%ﬁ?g%@}thé‘@ﬁc@&sé?ﬂfﬂt?éﬁ ere

to an organismto control proteolytic enzynes. 53] L ocyte el astase,
trypsin, . | r e I re nonlimtin xanpl.es of
2 2 ass ofMipEdiaidates R APRLEL BB e rlRhaT 18U 0B8R hn. ki dg Bt

I nstances, | eukocyte el astase, en rel eased xtracel lularly, degrades
connect i vé&of F‘@&tﬁg tan M%?mﬁaﬁﬁg%q% gg?"ﬁ?'él??ﬂ‘?pﬁ'\f%ﬁ Beﬁog@ﬁ'tWQP@@WlS
PCT/ US02/ 20181 normal |y functioning organi smdegrades a certain anount of
connect i velysirgghys tumed inasion, anst \@iriesis aliver patbolagical sbnditions.c bse¢Nainanount
of | eukocyte el astase nmay be associated with various pathol ogi cal states,

i ncl udi ng sitbationxyte.yi sevierd pathologioaipreesssesnslichhesisepsis dr actierietkemid, n
certain enbodi nents, to counteract the effects of |eukocyte el astase when

it is pregedbnidurt/HPeeSpBiRNR el}Ries edBht may iRERLSaTRId Bhdréiehsbas
been sought which is specific for l'eukocyte el aStase. Such a protease

i nhi bitor o?%%z%etﬁ&%@ecirétowcgﬁr.e capabl e of being isolated or prepared

[0151] Furthermore, in certain instances, a diminished regulating
inhibitor capacity of the organism may also cause alterations in the
protease/protease inhibitor balance. A nonlimiting example of such a diminished
regulating inhibitor capacity is an alpha 1-protease inhibitor deficiency, which is
correlated with the development of puimonary emphysema.

[0152] In certain instances, serious damage to the organism can
occur when such aberrant conditions are present uniess measures can be taken
to control the proteolytic enzymes. Therefore, protease inhibitors have been
sought that can be administered to an organism to control proteolytic enzymes.

[0153] Leukocyte elastase, trypsin, cathepsin G, and pancreatic
elastase are nonlimiting examples of a class of proteases known as serine
proteases. |

[0154] In certain instances, leukocyte elastase, when released

extracellularly, degrades connective tissue and other valuable proteins. While a
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in a purified formand in sufficient quantities to be pharmaceutically
useful. [0155] Certain |eukocyte el astase inhibitors are described, e.g.,

in Schi eweloawoxdi3 al ., "Acid-Stable Inhibitors of G anul oegTashzatisal
Proteases in Human Micous Secretions: Biochem stry and Possi bl e Bi ol ogi cal
Function"”, in Neutral Proteases of Human Pol ynor phoneucl ear Leucocytes,

Havemann abmaglly furetiehingWrganisende$eidea azeattadn gmdunt of CopASHtivedisduen Travi s
and Sal vesen, Ann. Rev. Biochem 52: 655-709 (1983). [0156] In certain

i nst ances antothét protdlhé, tAbgsresticrgPanh eRcedsiveearhaunt oleliko®fte @ladthss ue,
such as pancreatic tissue, during a variety of acute conditions,

I ncl udi ng Lt el : i kA t; b BRI be
useful 1 1me Be Apopipd it Ao RERAERdcAIStatds RUBRIGY, bOTNDL led®y, |
sufficient antities to bhe ar eutically useful . 0157 th in Gis
anot her pfBl §§"}ﬂ%’§%meqrﬂaﬁ°ﬂ]ﬁggﬁﬁ sf" q#a%gmsogdﬂngﬂgoéq ﬁéH'g@raeﬁﬁﬁepsi n
G is capable of degrading a variety of proteins in vitro, iIncluding those
of the coffeeisetfledacyipflastasewbahiilds presani fbameupingicatesihapnainiah @713
PCT/ US02/ 20181 protease that may have a role in pancreatitis. Thus,

i nhi bi t or prétease frdvkitorgrast leesresougiyt vahish ihHepesifipiosaleniosyte ekistassl. uBuch 0158]
In certain enbodi nents, the substrate specificity and sensitivity to

di f f er ent ai grbtddidednRibitbr A1 eupsiol Fasesrecdapabid dEbEifgtisolatslbrt preparad
changes in only a few amino acid residues. By analogy, it nay be possible
to concejyg pQIriﬁéd%ﬁﬁ%nagg%%ﬁ;cﬁ@ntnj@nﬁﬁéﬂd B@phahﬁééemﬁbéw;&eﬂﬂhanges ina

relatively few am no aci result 1n inhibition of different

proteases. In 161 3 N erQlimRidey R JBIRSE itlibidlsSare! itnbll! gt Snevery
serine protease;

Schiessler et al., "Acid-Stable Inhibitors of Granulocyte Neutral Proteases in

Human Mucous Secretions: Biochemistry and Possible Biological Function”, in

Neutral Proteases of Human Polymorphoneuclear Leucocytes, Havemann et al.

(eds), Urban and Schwarzenberg, Inc. (1978), and in Travis and Salvesen, Ann.

Rev. Biochem. 52: 655-709 (1983).

[0156] In certain instances, trypsin initiates degradation of certain
soft organ tissue, such as pancreatic tissue, during a variety of acute conditions,
including, but not limited to, pancreatitis. A trypsin inhibitor may be useful if it
could be isolated and prepared in a purified form and in sufficient quantities to be
pharmaceutically useful.

[0157] Cathepsin G is another protease present in leukocytes. In
certain embodiments, cathepsin G is capable of degrading a variety of proteins in

vitro, including those of the complement pathway. Pancreatic elastase is another
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[0159] An exenplary serine protease inhibitor is secretory |eukocyte
protease inhibitor (SLPI) and fragnents and anal ogs thereof. Exenplary
serine pwotoeasxy13 nhi bitors al so include, but are not | i mPCE&ASHD20181

anti -1 eukoprotease (ALP), nucous protease inhibitor (MPl), human seni nal

pl asma i nhibitor-| (HUSI -1), bronchial nucus inhibitor (BM ), and cervical
mucus i nhpratease faisnay hevé egplednpansreriilismeius, inhikjtars fier these case
inhibitors also may be LPS nodul ator. See, e.g., Jin et al. (1997), Cell
88(3): 4lpritéases ntralad heofiphdrmaoestical vake. mol ecul es are wel | -suited for
use in conditions |leading to bone | oss because they. are preferentially

directed to theypsE]til agen céﬂéﬁ(amﬁmmérﬂéwhé@ubaﬁawsﬁe%ﬁmylml bitors are
descri bed, e.g., |n U.S. Pat. No. 4,760, 130; U.S. Pat. No. 5,900, 400; and

U-S. Pat. MsingnPiSaifRfent |Hm%‘l:$}s%f%e@ﬁé?r?ﬁa@%g%i)é’[)@ﬁéi}éd% EELRTERAES for

any purpo ecu 1SRO8 regoing reterences as well
as any varjants or naI ues. thereof. are | ectivel rmed &

pr ot ease Phﬁn%‘?ﬁ 5}9 W@"B@/%@ﬁ%dbﬁ/ Bg@jya%eglyget rx?ybﬁgmssm_e i% is a
pro-inflammatory cytok| ne that was found to induce interferon-y and was

previ ous| goneeivd of g daseebseriienreteassuiphiiors i whichichapges in g r@'@F'V@L'iYn

I nstances, |IL-1 has been shown to upregulate IL-18 production, and |IL- 18

i nduces pf@mamihoraoriﬂs willmesbiéin iohibitian of differantproteageskimeertainncl uding I L-6
and MWP-1. See, e.g., Dinarello et al. (1998), J. Leukocyte Biol. 63:

658- 64. | BmpRiiin@hts, iaSieaiee of tHiaerssdnhibits e¥bgosérineopiotedse.or |1 L- 18
production. Experinents also suggest that TNF-a regul ates |L-18

Dot o e ol 5! ikt SRR RS el T bl foniates

2367-72. protease inhibitor (SLPI) and fragments and analogs thereof. Exemplary serine
protease inhibitors also include, but are not limited to, anti-leukoprotease (ALP),
mucous protease inhibitor (MPI), human seminal plasma inhibitor-1 (HUSI-1),
bronchial mucus inhibitor (BMI), and cervical mucus inhibitor (CUSI). In certain
embodiments, a serine protease inhibitors also may be LPS modulator. See,
e.g., Jin et al. (1997), Cell 88(3): 417-26. In certain embodiments, these
molecules are well-suited for use in conditions leading to bone loss because they-
are preferentially directed to the cartilage.

[0160] Exempiary serine protease inhibitors are described, e.g., in

U.S. Pat. No. 4,760,130; U.S. Pat. No. 5,900,400; and U.S. Pat. No. 5,633,227,
which are herein incorporated by reference for any purpose. The molecules
disclosed in the foregoing references as well as any variants or analogues

thereof are collectively termed "serine protease inhibitors.”
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[0162] IL-18 acts in vivo through a receptor systemrem niscent of the

IL-1 system |1L-18 interacts with a cell surface receptor (IL-18R), which
i nt er act swaioshozam accessory protein (I1L-18RACP). |L-18-ne@catusdz/siignal i ng
proceeds upon formation of the conplex of 1L-18, IL-18R, and |IL-18RAcP. A

nat ural inhibitgigior |L-18,4 - 18BR M JAETI ' Sy ¢ i 18bp
acts as a "de gyef‘ecept o!r“' %& ‘AE)F n%?‘ﬂgtnléélPﬁfigshﬁﬁgggﬁgégg%%ﬁ%ogh$$ng
interactian, wth IL- 18R .[0163], In certaip enbodi ments, .th resent
 vent  on INteHterosyanst ¥as Fredpdsy SemepRrrag CamBRMBIHE fasterdiand at
| east one IL-18 inhibitor, and nethods of treatnent using such therapies.
In certai in&epain instansesallehdagdieencehawn toegpregulate ilbd8yproductien, aaddLan
IL-18 inhibitor and at | east one additional nolecule described herein.

Exenpl ary thimdutés psoduddionrafia iembeeet moirdiaommetong cytokines; irmludisgtiodi ment s
include, but are not limted to, inflammtion, autoimune diseases, IL-1

nedi at ed dirRERIMES-1. 356k, 18\G;, MRAARIIBEt Al. 389995 J. EXGKIRVEE Bid 16 Y@HR36H0%113
PCT/ US02/ 20181 conditions that nay be treatéd w an anti body to OPGL and

at | east e Wp\g]Na) ' \ ' L e, but
are not lim aléﬂalr%%ndgé t E?lééélgse ﬁgfég%?h%nr%&tgﬁ'{&?o p%‘ﬁgg?%xﬁre 'E{t;érrr'ggoi d
arthritis;_,system u er yt henmat LE): araft vers host di sease
(GvHD) ; he%%%lﬁygggs(%éé%ﬁ@?'% lﬁ%t?sl?i'gg p(f%’g'ﬁ%i?@'%Qﬁcfhégﬁ'mqq%@@oﬁ%conpanyi ng
t hese di seases, [0164] Exenplary IL-18 inhibjtors include, but are not
limted tdnhibfienafokiNe @Wﬁ) -ABridotests agaist et iaxdeitye sSeea-9hiFagoiani Bt - 18R,
anti bodies that bind to IL-18RAcP; IL-18bp; IL-18R fragnents (e.g., a

sol ubi | i zeal. @OOORFAINAS Uf: 2B67a7T2  of the |1L-18 receptor); peptides that

bind to IL-18 and reduce or prevent its

[0162] IL-18 acts in vivo through a receptor system reminiscent of
the IL-1 system. IL-18 interacts with a cell surface receptor (IL-18R), which
interacts with an accessory protein (IL-18RAcP). IL-18-mediated signaling
proceeds upon formation of the complex of IL-18, IL-18R, and IL-18RAcP. A
natural inhibitor for IL-18 is IL-18bp. In certain embodiments, IL-18bp acts as a
"decoy receptor" by binding to 1L-18 molecules and preventing interaction with IL-
18R.

[0163] In certain embodiments, the present invention is directed to
therapies comprising an antibody to OPGL and at least one IL-18 inhibitor, and
methods of treatment using such therapies. In certain embodiments, a therapy
comprises an antibody to OPGL and an IL-18 inhibitor and at least one additional
molecule described herein. Exemplary conditions that may be treated according

to certain embodiments include, but are not limited to, inflammation, autoimmune

diseases, IL-1 mediated diseases, and TNF-mediated diseases. Exemplary
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interaction with IL-18R peptides that bind to IL-18R and reduce or prevent
its interaction with IL-18 or with I L-18RAcP; peptides that bind to

| L- | BRAcPwearnd/oo27esluce or prevent its interaction with |L-P8RUSanzbismal |

nol ecul es that reduce or prevent |L-18 production or the interaction

bet ween an f.1L-18 1L-18R .and |L- 18RAcP. [Q165] rtain 1L-18

i nhi bi t or 5—*5&&5%&6@# ey ,'D‘i‘et:“%’[',i‘g Mith e P&@:ﬁe%@ 8%;:‘319{%@11;%%90@&_5@ y 14,
1994; EP 0 962 531, published Dec. 8, 1999; EP 712 931, published Nov. 15,
1994; Uus mhibitppacerding tosertainsernbadiments inglude) dait awonobiivhited 4d,, arthritisi, shed
July 10, 1997; US Pat. No. 6,060,283, issued May 9, 2000; EP 850 952,

publ i shed irzdudinggbutledtdimited Berhebfatoilditiiritisedystemic LpusEPBenMos @/ 41232,
publ i shed Sep. 24, 1998; US Pat. No. 6,054,487, issued April 25, 2000; WO

99/ 09063, i hugh Adst GO9S . ARk 70 WO
99/ 37772, (ﬁﬁg?wgfﬁgﬁb Jan.ﬂ(gsef, 199%3;% 9%9%?5%91’%%%18? gﬁéé%c’rscsﬁ"sz, 1998;

EP 0 974 : ' : ; 00/ 12555, published Mar. 62. WO
03/ 002713gﬁ@ﬁ%@%@%%?ﬁﬂ"bgg}"@%&@g’gspea"‘\rggé-e pat ent application JP

111, 399194, puhljshed Cc 31, 1997;_.lsr.ael paten pplication | L 121554
AO, publ i shed Bété 8, 1959:8‘?%?'3' 8&1%“'\%@55@@6%?@? Robimpted deence for
any purpose.. [0'166% I n certain enbodi nents, an antibody to OPG may be used
with at | @adibodies thathingdelli-d8agelihodies thaittingiml ¥R, antikagieaithat bind
enbodi nents, an antibody to OPGL nay be used with at | east one therapeutic

agent f or tahL-18RAR: lidi18bpddr 18R fmgmhenty (&lgerapalubilized gatraseffidar domain
i nflammati on and i mune disorders include, but are not limted to,

corticost ef meim-mrred;emb?gpemesrmm bind togd-18 and RERBR SOpredent iPnst er oi dal

anti-inflammtory drugs (NSAIDs), including, but
interaction with IL-18R; peptides that bind to IL-18R and reduce or prevent its
interaction with 1L-18 or with IL-18RACcP; peptides that bind to IL-18RAcP and
reduce or prevent its interaction with IL-18R; and small molecules that reduce or
prevent IL-18 production or the interaction between any of IL-18, IL-18R, and IL-
18RACP.

[0165] Certain IL-18 inhibitors are described, e.g., in US Pat. No.

5,912,324, issued July 14, 1994; 'EP 0 962 531, published Dec. 8, 1999; EP 712
931, published Nov. 15, 1994; US Pat. No. 5,914,253, issued July 14, 1994;: WO
97/24441, published July 10, 1997; US Pat. No. 6,060,283, issued May 9, 2000;
EP 850 952, published Dec. 26, 1996; EP 864 585, published Sep. 16, 1998; WO
98/41232, published Sep. 24, 1998; US Pat. No. 6,054,487, issued April 25,
2000; WO 99/09063, bublished Aug 14, 1997; WO 99/22760, published Nov. 3,
1997; WO 99/37772, published Jan. 23, 1998; WO 99/37773, published March

20, 1998; EP 0 974 600, published Jan. 26, 2000; WO 00/12555, published Mar.
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not limted to, cycl ooxygenase type 1 (COX-1) and cycl ooxygenase type 2
(COX- 2) inhibitors; disease nodifying antirheumatic drugs (DVARDs),

i ncl udi ngwoawo27mdt |imted to, methotrexate, hydroxychl oPoguiSnz20181

chl oroqui ne, cycl osporine, gold conpounds (such as auranofin,

aur ot hi onal ate and aur ot hi ogl ucose), and |eflunom de; type IV

phosophod$ ex00%; dlmpanebbipatert, applicatioti 47 ,1181899/84, published Qab, 31,RE97Hr am and
Pentoxi fylline; Tacrolinus (FK-506); Sirolims (rapamycin); mycophenolic

aci d; 5"ispééiw&ﬁseﬂopmﬁt@h1||9"I215541Abuﬁum§shebltﬁ’etﬂ€8 11908} withiare  Zi | eut on;
nodul at ors of |nterleuk|n 6 (IL-6); smal | nol ecul e nodul ators of 38 kDa

m togen ( mal | nol ecul e nodul at ors of

i ntracel I‘Lﬂfﬁ;glib%trsﬁéecu"%Qe F@?é%eﬁﬁ??ﬂ%ﬁ%ﬁon pat hways, vvherei n such
intracel | ul ar ul es nc ut .are, not t F- KB,
ZAP70, and Ic{gﬂ6 rtai n ﬁq%@@g&@p.%ﬂ@@éﬁqg c?P?A‘ "RRY bﬁ%ﬁq on are
descri bed, ?ﬁ in C A D| narell o and L. dawer Proinfl ammtory and
Ant i - | nf | witivet &35t OO?tfbr%raf@émpraQRﬁbeM@féﬁfﬂmﬂﬁ'Pﬁr ilR certal einpadimenys, an
Clinicians Third Edition (2001) 63 WO 03/002713 PCT/ US02/ 20181 Angen I nc.

Thousand &htiksndyGa. ORSLt miay exesexl with af leashpeettherapgaitic aigeot forianf | anmat i on
and aut oi mmune di seases include, but are not limted to, interferon gamm

(I FN-y) npeLinedisordepd ke Qfﬁer@FéQﬁ@éé@lhis(fbﬂMflladimah@obu@IlmniLmeTB of
OX40); nodul ators of 4-1 BB/4-1 BB [igand (including soluble fornms of 4-1

BB) ; a”dd@BfH'gJ@tn’?élﬁd%;bLﬁ 8l f rn?t@ﬂ o C&ﬂlbé@{b?&l@é Mn@léHf?\‘QalSﬁt nbﬂﬁhﬁ'&ﬂ ng,

but not Irm dul ators of the receptor ligand pairs CD28/

0 kTR r A TP St b

costi nul at or at hways . i ncl ude,  but nQt mted to, inhibi f
cD28, B7. ot I{mﬁe@;’p ch@ﬂqngympﬁ%e type 1 ?(ESX- ancJ cyclooxygehase type 5?&6)8

2 ) inhibitors; disease modifying antirheumatic drugs (DMARDs), including, but
not limited to, methotrexate, hydroxychloroquine, chloroquine, cyclosporine, gold
compounds (such as auranofin, aurothiomalate and aurothioglucose), and
leflunomide; type IV phosophodiesterase inhbitors, including, but not limited to,
Rolipram and Pentoxifylline; Tacrolimus (FK-506); Sirolimus (rapamycin);
mycophenolic acid; 5-lipoxygenase inhibitors, including, but not limited to,
Zileuton: modulators of interleukin-6 (IL-6); small molecule modulators of 38 kDa
mitogen-activated protein kinase (p38-MAPK); small molecule modulators of
intracellular molecules involved in inflammation pathways, wherein such
intracellular molecules include, but are not limited to, jnk, IKK, NF-xB, ZAP70,
and Ick. Certain exemplary therapeutic agents for inflammation are described,

e.g., in C.A. Dinarello and L.L. Moldawer Proinflammatory and Anti-Inflammatory

Cytokines in Rheumatoid Arthritis; A Primer for Clinicians Third Edition (2001)

63



soluble forns of B7.1 or B7.2 and soluble forms of CTLA4, both of which may
be fused to a heterol ogous peptide or protein which reduces or prevents
degr adat iwp oanad7e3 i ncreases half-life, reduces toxicity, PCEAIS0OB20181

I mmunogeni city, or increases biological activity of a therapeutic protein

by i ncreag 1 | ekl 1L} ' CD40 and
chaol (el CHTG Sl Gtre PO S Ealigh RReiphe) Aieepdlichodi o
het er ol og i nhi bi t 7RP_'L ncI ud| ng
ol bt et Jifaufip @‘é@%ﬂéﬁ*rﬁhpé&swssaw e gt I5i0ed Pepesi

rotein) and in | f AGP-3, TACI and BAFER (i ncluding sol uble forms
o TACT 2 AR ] bt '%?F@vfﬂ%ﬁ*mat%PBQMPéOXﬂerKmudam@sa@blﬁfqﬂ@@

e.g., in WO00/46240. AGP—S TACT and BAFFR and inhibitors thereof are
descri bed of ©XA0); medwrtorsiaf2d BBABI BBsligazl (incoding Sehitse fomessBeaRB); and
von Bul ow and Bram (1997) Science 278:138- 140. 64 WO 03/002713

PCT/ US02/ 2@tighofi(iatord of B cell-Tajell costiowilatent gathaaysnhtheiy, bat fBGimited used
to treat bone loss, including, but not limted to, bone loss resulting

from osteg thbﬁulaﬂ%tdf‘#ﬁé ké&bp%r REUHR 5@@@92§)BMDQGW4@.6 metastatic

tunors. In certain enbodinents, an anti body to 'OPGL may used to treat

b I d t
T ed ¢ ACORBIRPY sp@”ﬁ%ﬁ’?‘f‘ﬁ BATR ?fiéﬁ’y%§ﬂﬁ°set{9}otﬁ°f&p‘tﬁ' e BAFFE, o
bl add I f th

o adder . SEGRHAED. CRBIA Bemy BRSPSl b oo 1,
be used to treat bone | 0ss associated wt ., certain henmatol ogi cal
mal i gnancir@ude, Ryt g&e Rt limifed e inhibitpreaf 952811%7'51 @ngl Baze(inateding d

| ynphora, i ncluding Hodgkin's Di sease.
soluble forms of B7.1 or B7.2 and soluble forms of CTLA4, both of which may be

fused to a heterologous peptide or protein which reduces or prevents
degradation and/or increases half-life, reduces toxicity, reduces immunogenicity,
or increases biological activity of a therapeutic protein by increasing solubility or
circulating half-life); inhibitors of CD40 and CD40L (including soluble forms of
CD40 which may be fused to a heterologous peptide or protein); inhibitors of
ICOS and B7RP1 (including soluble forms of ICOS which may be fused to a
heterologous peptide or protein) and inhibitors of AGP-3, TACI and BAFFR
(including soluble forms of TACI and BAFFR). ICOS, B7RP1 and inhibitors
thereof are described, e.g., in W0O00/46240. AGP-3, TAC! and BAFFR and
inhibitors thereof are described, e.g., in WO00/47740, WO01/85872,
WO02/15273, W098/39361, and von Bulow and Bram (1997) Science 278:138-
140.
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[0168] In certain enbodi ments, an antibody to OPGL is adm nistered al one.
In certain enbodinents, an antibody to OPG is admnistered wth at | east
one ot herwODheawedeuti ¢ agent, including, but not limted ®PoI/sD2/EE8EL ONe
ot her cancer therapy agent. Exenplary cancer therapy agents include, but

are not limte 0t187]nracli alhidé?taﬁirﬁ‘@nér@girﬁéﬁtscQﬁ%&ig\ﬁ&g)ﬂﬂyoﬁd fehded

enbodi nents, chenotherapy may I nv treat nent one or nore of the

foll ow ng; anthracycli.nes,. taxo t.amxi f ene oxor ubj.ci 5-fl ugrouracil,
and ot her et obeaEsiRRcipbe B ot HFREL i Bonedisciahledron cstife't her apy
agent is a luteinizing hornone-rel easi ng hornone &IQ#RFD anta’t_g_)ni st. In
certain &lasychanof boge capsed Ry Aaalignant os metastgiic BEmars dgsariain [0169] In
certain enbodi nents, an LHRH ant agoni st conprises the peptide:

Ac- D- Nal - #nihedimsiits R asiody- tORGL- ibapde- usad toytegat Bonefoss BsgbdciatedH2 ( SEQ
ID NO 20), where Nal is 3-(2-napthyl)alaninyl; 4-Cl-Phe is (4 65 WO

03/ 002713 virfhl L4kt 20&Rdplaghdarioepd iitydel bt ary hot IPdited o, breast, prostate,

3-(3 -pyridyl)alaninyl; and Lys(iPr) is N-epsilon-2- propyl-lysinyl. [0170]

| cer t ai mnGaRodidRay, ﬁ,nga,@sb-Sﬁb%@ély ASLRA, Bladdr, AnkiEht oy AMRIRN Mer

decapepti de. exenpl a ecapepti des are descri e.g., In US

Pat ent No. 3, i | Nl r e for _any
oo oA 280 Aol RO PUBREL 0. ol B Ber
enbodi ment s incl ude, are not |i ed to, use, muse- human chineric,
COR gr a + &, SRR toddP Gy PRy uSRShR TN RS SS S SARAeg b4 8

anti bodies, including, but not |limted to, those selected by screening
ant i body Icepiedt hegatological malignancies, including, but not limited to, multiple

myeloma and lymphoma, including Hodgkin's Disease.

[0168] In certain embodiments, an antibody to OPGL is
administered alone. In certain embodiments, an antibody to OPGL is
administered with at least one other therapeutic agent, including, but not limited
to, at least one other cancer therapy agent. Exemplary cancer therapy agents
include, but are not limited to, radiation therapy and chemotherapy. In certain
embodiments, chemotherapy may involve treatment with one or more of the
following: anthracyclines, taxol, tamoxifene, doxorubicin, 5-fluorouracil, and other
drugs known in the art. In certain embodiments, a cancer therapy agent is a
luteinizing hormone-releasing hormone (LHRH) antagonist. In certain
embodiments, a LHRH antagonist is a peptide antagonist.

[0169] In certain embodiments, an LHRH antagonist comprises the
peptide: Ac-D-Nal-4-Cl-Phe-D-Pal-Ser-N-Me-Tyr-D-Asn-Leu-Lys(iPr)-Pro-D-Ala-

NH2 (SEQ ID NO: 20), where Nal is 3-(2-napthyl)alaninyl; 4-Cl-Phe is (4'-
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Exenpl ary anti bodi es include, but are not |limted to, those which bind to
cell surface proteins Her2, CDC20, CDC33, mucin-like glycoprotein, and
epi der malwogsou7in3 f act or receptor (EG-R) present on tunor Pceluss22@8d
optionally induce a cytostatic and/or cytotoxic effect on tunor cells

ﬂé;&g%: &%QH?)SEI??Mﬁ'ﬁ@'ﬂ%ﬁf%ﬁgﬁyﬁ%@%ém&%%@dﬂb&@? Qgigll%%gﬁg‘?n'géncer and

ot her for ﬁi%f%“fﬁiﬁ?‘er’ and RI TUXAN(err) (rituxinmab), ZEVALIN(err)

(i brituno | an), and LYMPHOCI DE(err) (epratuzumab), which nmay be
used to treat non-(ﬁodgki n's | ynphoma and other forns of cancer. Certain
exanpl ary anti BOW@s al sdniceERiRMEREIMantE can -HRH/entagenist js amxkitder r)
(i odine 131 tositunonab), and Canpath. [0172] In certain enbodi nents,

cancer t haniagonisfelecapeptide peylaépexetaplanndebapeptiizs areldescrided ee.gRant osi s
in tunmor cells, including, but not limted to, the TNF-rel ated pol ypepti de

TRAI L. | nU:8I PatentN®.BI848903, wlmahﬁé h@@iﬂ%&ﬁﬁ,@%e&’@%@?@ﬁ@@ﬂcﬁ%n\xﬂam i body

to OPG nay be adm nistered at |east one of prior to, concurrent with, and
subsequen?upﬁbger_eat ment with a cancer therapy agent. In certain
enbodi nents,” an anti body to OPG may be adm ni stered prophylactially to

prevent or mti t he of .bone | ass h tastati.c cancer, In certain
enbodi nent s, alll(g-g};]ﬁi body%ﬁm tﬁﬁ{f"‘ﬁ%‘ Ig(ﬂﬂ?%pge{egr%qu%pg E‘?ﬁ@e&?'@at ment of
an existi na1 condi tion f bone |oss due to netastasis. [0173] In certain
enbodi menETPOHMERLS inGhide, Suipig notlimited tes Bipuse; MPUseman@himeti¢.eat bone
| oss associated with nultiple nmyeloma and/or to prevent and/or treat the
di sease i &R farafted .t hynaniagd lapaeullys hamanaitibodias, wed synthatic arftisodissy r esul t
in significant norbidity and/or nortality. In certain

including, but not limited to, those selected by screening antibody libraries.

Exemplary antibodies include, but are not limited to, those which bind to cell

surface proteins Her2, CDC20, CDC33, mucin-like glycoprotein, and epidermal

growth factor receptor (EGFR) present on tumor cells, and optionally induce a

cytostatic and/or cytotoxic effect on tumor cells displaying these proteins.

Exemplary antibodies also include HERCEPTIN™ (trastuzumab), which may be

used to treat breast cancer and other forms of cancer, and RITUXAN™

(rituximab), ZEVALIN™ (ibritumomab tiuxetan), and LYMPHOCIDE™

(epratuzumab), which may be used to treat non-Hodgkin's lymphoma and other

forms of cancer. Certain examplary antibodies also include ERBITUX™ (IMC-

C225), BEXXAR™ (jodine 131 tositumomab), and Campath.

[0172] In certain embodiments, cancer therapy agents are

polypeptides which selectively induce apoptosis in tumor cells, including, but not

limited to, the TNF-related polypeptide TRAIL. In certain embodiments, an
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I nstances, a clinical manifestation of nmultiple nyeloma is focal bone |oss,
which may be due to increased osteoclast activation in |ocalized regions.
Many nmyeworsa/oiati ents present with bone | esions visible lpgTrsd/aiieyi cal
analysis and suffer fromskeletal pain. In certain instances, patients

wi th nyel oma are susceptible to pathological fractures of involved bone,
whi ch may amtibady 0 OREGL neyoine adevoisteyed at hast ooe iofiptioyto, lconcerenf with,

i nstances, the skeletal |esions that occur during nyeloma not only lead to

bone fr actandesubseytient ®drétthrntiviith #68ncerGhasipyrRjeny. hecaraiponpr essi on,
particularly in the vertebral spine. In sone patients, a pathol ogical

i ncrease i : |Gy r )
dmBit BNt o mddzgg&% @ﬁm%ﬁbemh&te@acbropﬁwag%@ggmnt s an

significant pro ms during disease treatnent. In certaln

anti body to OP m ni st 0 ' : C [ | ock bone
resorptio s rgw?r‘oé Ir@ﬁg%%otﬁgcoﬂs?? Sﬁ#gaﬁﬁ%ﬁqﬁé@gﬁﬁﬂ%&%ﬁ%ﬂ ﬁg %e(r)tgi?\ fractures
and spinal defgrmty. 67 WO 03/002713 PCT/ US02/ 2018 174] In certain

i nst ances eMYdigIeRtSs @n antikedyde 96?‘%&1% sz?rdﬂ"T"Elgg%{Fé fPLR&)E%aW&}W@Pi on,
but instead produce extracellular signals that |lead to osteoclast

di f f er ent iexisting canditimt dfkzareloss iduedonnetiagtasisst ances, osteocl asts produce

high | evel s of the cytokine IL-6, particularly when they becone activated.

IL-6 is a B-cel[p1m3jow h flackaain emtodimérits bar eatibody teeORGIvtrtaydie bedd
murine and human nyeloma cells in vitro. Myeloma cells may al so either

directly qp ﬂrﬁ\gér{t%wd’r trddt YLl 068 Ghsoibieaiwitibh Ui hiydidmiaasii/obene | ysis

surrounding 't nyel oma cells enbedded in bone marrow spaces. In certain

e kB R AR S AN AR Ay K BB Rt

Wel oma C%L%Sbr?ﬁ(ﬁ%]gy irensu i(r:1|s?gnr%incér?tSrm)%ri]diﬁl/nadndlor mortality. In certain |
instances, a clinical manifestation of muitiple myeloma is focal bone loss, which
may be due to increased osteoclast activation in localized regions. Many
myeloma patients present with bone lesions visible by radiological analysis and
suffer from skeletal pain. In certain instances, patients with myeloma are
susceptible to pathological fractures of involved bone, which may occur either
spontaneously or due to injury. In certain instances, the skeletal lesions that
occur during myeloma not only lead to bone fractures, but also deformity and
occasionally nerve compression, particularly in the vertebral spine. In some
patients, a pathological increase in serum calcium (hypercalcemia) occurs, and
may cause significant problems during disease treatment. In certain
embodiments, an antibody to OPGL may be administered to patients to reduce or

block bone resorption and release of calcium, which may reduce the risk of

fractures and spinal deformity.
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may occupy bone spaces that are created by inappropriate bone resorption.
[0175] It has been observed that OPG adm nistration in rodents induces
rapi d deawb 0of0017m® ost eocl ast popul ation (see, e.g., LacepcCatusat/20162000)
Am J. Pathol. 157:435-448). A reduction in the nunber of osteoclasts may
counteract the effect of increased IL-6 production by those cells and may
therefore affe@1%4e gr o hedain isstancesl myelometelisedaaot diregtlymarticipateecul ar
bone. Thus, in certain enbodinments, adm nistration of an anti body to OPCGL
to a rryeimban@aveb&ubtiasm)bummsteud yrd@imlemaeehmaesignalscthat lead tof bone, but
may also affect the expansion and survival of the tunor itself. [0176]

B-cells %B e%%gadstt*mﬁé@ﬁﬁ@twaﬁ@écﬁfa%n Cp%%nawm%%escséﬂeac@'s&o express

ODAR, and I'tion may produce OPG.. I'n certain |nstances,

oxpress) oy °ﬁ§h TR §?ﬁﬂ§%h?%3§p3§ﬁﬁ§’M}%"th%%ﬁ"ﬂ'}"e%ﬁ@eéate 3

03/ 002713 PCT/ US 0181 n certain enb nts ratlon of an
anti body {l56 GPG_ W@Wﬁb cltary CEBirlbug?ﬁ{;ﬁEt\'i@Ingﬂb?g dBEF"é%ﬁ”ﬁig or

elimnating the tunor burden seen in nyeloma patients. [0177] In certain
enbodi nenhemamenyelnreacelminfiise: dyelema celis mavaleataitbar duentoan indisastly
conprising a therapeutically effective anount of an antibody to OPG.

t oget her préduce ORGIariEch mayl regubdt uahboee tidisisurroundhing ther myetarhabi | i zer,
enul sifier, preservative and/or adjuvant. [0178] In°certain enbodi nents,

the I nvenihbd eRisRHIRSH bohe rﬁéﬁéﬂ%f}ﬁ ébb Cah cEABIMAREENEES tﬁérﬁUrm%'I ng a
t herapeutically effective anount an antibody to OPGL and

t her apeut 'og?édcYasqg RfidehEtATRYRYelBmALel RN BRfuce IL-6, which may lead to

local expansion of the tumor cells. Myeloma cells expand in a clonal fashion and

may occupy bone spaces thét are created by inappropriate bone resorption.
[0175] It has been observed that OPG administration in rodents

induces rapid death of the osteoclast population (see, e.g., Lacey et al. (2000)

Am. J. Pathol. 157:435-448). A reduction in the number of osteoclasts may

counteract the effect of increased IL-6 production by those cells and may
therefore affect the growth and survival of myeloma cells within trabecular bone.
Thus, in certain embodiments, administration of an antibody to OPGL to a
myeloma patient may not only block the hyper resorption of bone, but may also
affect the expansion and survival of the tumor itself.

[0176] B-cells express the receptor for OPGL, ODAR. Myeloma
cells also express ODAR, and in addition may produce OPGL. In certain
instances, the expression of both OPGL. and ODAR in the same cell population

may create an autocrine stimulus that affects survival of the myeloma cell. Thus,
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addi tional therapeutic agents, together with a pharnmaceutically acceptable
diluent, carrier, solubilizer, enulsifier, preservative and/or adjuvant. In
certain womedi2zTehts, the at | east one additional therape®Crasayznstis

sel ected from bone norphogenic factors designated BMP-1 through BMP-12;

transforming gromh factor-(3 (TG-[3), and IG--R fam ly nenbers;

i nterl euk‘ﬂr?ﬁit%('] eOPPdipENts; ?‘éF‘E'S'Str?’H&W %)fd?'haﬂt'*B%YRFPo@ﬁéhmaé(deaﬂ9é| L-1ra and
derivatives thereof and KineretTM TNFa inhibitors, including, but not
linmited thmas aslliauvivalrirereby depraasingepibelisnipating thehimor wdeasepn in

anti bodi es, Rem cade(err), and D2E7 anti body; parathyroid hornone and

anal ogs tigelenia pptiertshyroi d rel ated protein and anal ogs thereof; E series
prost agl andi ns; bi sphosphonates (such as al endronate and ot hers); bone-

enhanci ng m nepalyy) such pscéraifdnifhdimentakite Mviention ppéBaes ¢!
anti-inflamuatory “drugs (NSAIDs), including COX-2 inhibitors, such as

Cel ebrex(er . D te or
ot | unom BAmeRRC RS hBbgtons RSN BE I mARl LD o SFPDR! BFAA ¢
such as secretory kocyt rqfease inhibito SLPI): IL=6 inhibitors
(g, - araminaaiab OBGE kst s RptmpemicBly GEcShihbla, Hiieot THph 5)

I L-18 inhibitors (e.g., IL-18 binding protein or |IL-18 anti bodies);

| nt er | eukselubilizern esuisifigrangservatiye apy/ofadiuvanbrs: fi brobl ast growth
factors FGF-1 to FGF-10 and FGF nodul ators; PAF ant agoni sts; keratinocyte
growt h factor [0H@B], KGFhr edrdaiacembadimentssshe owextionpodvides fors; mat ri x

nmet al | opr ot ei nase (MW) nodul ators; N tric oxide synthase (NOS)

modul at or gharnisdeiflicAbcrmgusitibas soriprisingus tHerapé@ally wfidetiog anourit of an
gl ucocorticoid receptor; nodulators of glutamate receptor; nodul ators of

| 1 popol ysaaalia) feOPEIind 8RbRpeRiCaljémetiaHrhtntbict Iéad dndt or s and
additional therapeutic agents, together with a pharmaceutically acceptable
diluent, carrier, solubilizer, emulsifier, preservative and/or adjuvant. In certain
embodiments, the at least ’one additional therapeutic agent is selected from bone
morphogenic factors designated BMP-1 through BMP-12; transforming growth
factor-B (TGF-B) and TGF-B family members; interleukin-1 (IL-1) inhibitors,
including, but not limited to, IL-1ra and derivatives thereof and Kineret™; TNFa
inhibitors, including, but not limited to, a soluble TNFa receptor, Enbrel™, anti-
TNFa antibodies, Remicade™, and D2E7 antibody; parathyroid hormone and
analogs thereof, parathyroid related protein and analogs thereof; E series
prostaglandins; bisphosphonates (such as alendronate and others); bone-
enhancing minerals such as fluoride and calcium; non-steroidal anti-inflammatory

drugs (NSAIDs), including COX-2 inhibitors, such as Celebrex™ and Vioxx™,

immunosuppressants, such as methotrexate or leflunomide; serine protease
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[0179] In certain enbodi nents, acceptable fornulation materials preferably
are nontoxic to recipients at the dosages and concentrations enployed.

[ 0180] | rwoesnei7m3 enbodi nents, the pharnaceuti cal conposi PCcarusoneyscont ai n
formul ation materials for nodifying, naintaining or preserving, for

exanpl e, the pH_ ospol ari Vi S¢OosSity lari.ty,. . fomn.d onicity, odor,
sterili ty,'nm'glg%iﬁ?ﬂcﬁ%s Srezf'& %fof)\f ledﬁ?(g%tﬁﬂrpgq?sgr'ﬁl%{'mtég{sﬁjpl?ic@'% E‘[hi'%wtr%r
penetration of the conpasition,  In certain enpodinents,_ suitable .

formul at i é9reardibogies tPﬁiTQ)d%—,'S BRfibitesde gt aﬂ%%tot 'E:S)aﬁrﬂg inhibiers( such
as glycine, glutam ne, asparagine, arginine or lysine); antimcrobials;
ant i oxi dafe.g.,(Ikuthbiadingsprotdin or dlci18, arfihddias) slotarlaukind coswerting enzyme
hydrogen-sul fite); buffers (such as borate, bicarbonate, Tris-HC,

ci trates, (IGEOPBHakEssOfibroblest geowikfactors FGH-1 tbRGF10 argkRGF (such as
mannitol or glycine); chelating agents (such as ethyl enedi am ne

et 1 2acet iodiatbrd TN hiaddRIL R atnd0 UG A 0BT IER KEARlcaRat  agents

(such as ¢ I'ne, polyvin one, Dbeta-cyclodextrin or
hydr oxypr opvil - a- k0L ] ' SEIo i - A hari des;
and ot heﬁ%‘ﬁ?@%ﬁyﬂfgﬁﬁﬂ?éﬁ%&g"Ig t'{h’éﬁ{sei?" §1lt%ose%2‘\‘iM '\Ag’iﬁ?&r\usl ; ?%r ot ei ns
(such as _serum.al bum n, latin qr |nmunoglobulins); colarin flayoring
bnd di at Nilie Gjen e¥mhase S0 meduglatFanchsfapriiatos hirdbietiBs e
pol yvi nyl pyrrolidone); |ow nolecular weight pol ypeptides; salt-formng
count er i omsodigatsiis af gkicaramicoid receptary, modulaiorsaf dlutagaie feaemoni um
chloride, benzoic acid, salicylic acid, thinerosal, phenethyl alcohol,
et hyl par ahedulators py ligapapsacchatiterbe$) tivets; andardradremalide@ndhydr ogen
per oxi de); solvents (such as glycerin, propylene glycol or polyethylene
glycol); sNSdiiafdrs ahalmsimetiesthasedtanni tol or sorbitol); suspending
[0179] In certain embodiments, acceptable formulation materials
preferably are nontoxic to recipients at the dosages and concentrations
employed.
[0180] in certain embodiments, the pharmaceutical composition

may contain formulation materials for modifying, maintaining or preserving, for

example, the pH, osmolarity, viscosity, clarity, color, isotonicity, odor, sterility,

stability, rate of dissolution or release, adsorption or penetration of the

composition. In certain embodiments, suitable formulation materials include, but

are not limited to, amino acids (such as glycine, glutamine, asparagine, arginine

or lysine); antimicrobials; antioxidants (such as ascorbic acid, sodium sulfite or

sodiﬁm hydrogen-sulfite); buffers (such as borate, bicarbonate, Tris-HCI, citrates,

phosphates or other organic acids); bulking agents (such as mannitol or glycine);

chelating agents (such as ethylenediamine tetraacetic acid (EDTA)); complexing
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agents; surfactants or wetting agents (such as pluronics, PEG sorbitan
esters, polysorbates such as pol ysorbate 20, polysorbate 80, triton,

t r omet hanwvoa3/00i7exi t hi n, chol esterol, tyl oxapal); stabilitgTarsharasng
agents (such as sucrose or sorbitol); tonicity enhanci ng agents (such as

al kal i metglonfaldi@nsas éﬁfﬁéﬁé G dyv.r&ﬂgﬁramd?fe pRidae >§m gf! de, mannitol

sorbitol); “delivery vehicles; exci pl en s an or phar maceuti cal

o Dy B Rl el o

enbodi rrent S éw% %S{ﬁy OPG. and/or a therapeutic nolecule is |inked
to a hal f q |$recaé PRYR RN ASHIUGRRM MANNYRe Ay dextring)cprajeiRs éseeh afcl ude,
but are not limted to, the Fe domain, polyethylene glycol, and dextran.
Such vehi seagmalbumins galatirvor lénrgunoglnbullr&) w@pnm@aﬂavonng;emaduuung

09/ 428,082 and published PCT Application No. WO 99/ 25044, which are hereby

i ncor por atagentyy enedieifging agbats; apdiraphlliegssiyméis §0chHsQBhAiRYIPETORI) 20181

[0182] In certain enbodi nents, the optinal pharmaceuti cal corrp05| tion wll

be det er migaGhAECORE Wi A deptibiEs; @éli-fdiﬁwebMeHeﬁQ(chwas @&go e, the

intended route of admnistration, delivery format and desired sage. See,

brbod mondies ST (e, {r@éﬂm&%uﬁg I BRRIoicHY Aafibllic 58! 21 "

enbodi nmen ositions nma ence ‘the physi'c

stability,, rate of ase drate i n vivo clearangc of t he
nt 1 bod S4Grerose PhROEINF BRShSo TR Paratisn, BropylrATBERReRTTX KNSy | oy
vehicle or carrier in a phar maceut i cal conposition may be either aqueous
or non- aq &8s acid ﬁhhmrégen PSFoXsRksPlenis)(stiehtas glyeativo roryiere glycelipt abl e
vehicle or carrier may be water

polyethylene glycol); sugar alcohols (such as mannitol or sorbitol); suspending

agents; surfactants or wetting agents (such as pluronics, PEG, sorbitan esters,
polysorbates such as polysorbate 20, polysorbate 80, triton, tromethamine,
lecithin, cholesterol, tyloxapal); stability enhancing agents (such as sucrose or *
sorbitol); tonicity enhancing agents (such as alkali metal halides, preferably
sodium or potassium chloride, mannitol sorbitol); delivery vehicles; diluents;
excipients and/or pharmaceutical adjuvants. (Remington's Pharmaceutical
Sciences, 18" Edition, A.R. Gennaro, ed., Mack Publishing Company (1990).
[0181] In certain embodiments, an antibody to OPGL and/or a
therapeutic molecule is linked to a half-life extending vehicle known in the art.
Such vehicles include, but are not limited to, the Fc domain, polyethylene glycol,
and dextran. Such vehicles are described, e.g., in U.S. Application Serial No.
09/428,082 and published PCT Application No. WO 99/25044, which are hereby

incorporated by reference for any purpose.
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for injection, physiological saline solution or artificial cerebrospinal
fluid, possibly supplenented with other nmaterials conmon in conpositions
for par erweroaloo27azim ni stration. In certain enbodi nents, neatrresb2/busf er ed
saline or saline mxed wth serumal bumin are further exerrpl ary vehicl es.

In certain enb ts har jaceut, | S Trls buffer
of about pH 7. &ng@f‘ or a@ecfeﬁn %Me@t%% {)Jét'irﬁaf&ﬁ%'% G\ﬂl ch may
further include SOI’bIF or a sui Eable substltuteéherefor In certal n
enbodi ment ©MROKIR YAl be dRterBHpRY Sy pgeailed pithe @yt depanding UppR.HObr wi t hout
at | east one additional therapeutic agents, be prepared for storage by
m xi ng t heexsanple: ke iptanees nouﬁoﬁadmﬁgsttat@nddervw foumaafrand desippgr ity with
optional fornulation agents (Rem ngton's Pharnaceutical Sciences, supra)
in the fordoszigea Sembr éxaragie; Heminyton's Hﬂaﬂnatsemiabust:iewces,&uﬁraein in
certain enbodi nents, a conposition conprising an antibody to OPGA, 72 WO

03/002713 @%W%%o%ﬂ%gﬂtts ‘é’ubﬁ chnﬁMsﬁﬁb%tméi Hﬂ%éﬁb?, e p Qbél' 5@

t her apeutic agents, may bé formu as a yop using appropriate

eXC|p|ents oS 4

phar macoutTiadfte Esstih PiRuelsidnd g BhITiRo E%‘*%h%@ s aiifyagyes of
parenteral  deli . I'n certain enbodi nents, the conpositions nay be

sel ected fiBF 'T‘Yﬁ{g'loé'ti on or for delivery through the digestive tract, such
as orally. The preparation of such pharmaceutically acceptable

conmposi tions i s[OWthu n t H& egdain egtbadireenis: thg prirgeTy vehigler erafrienibali nent s,
the fornul ati on conponents are present in concentrations that are

accept abl epharmaveuticaleconipasitiomiretyrkze eithrer dqueotsrdraion-agdeatistanmtagurebuf f er s
are used to nmaintain the conposition at physiological, pHor at a slightly

| ower pH, Fodamhple, i dditdin @nitiddimeass, af suita® vehicle or carrier may be water

for injectidn, physiological saline solution or artificial cerebrospinal fluid, possibly
supplemented with other materials common in compositions for parenteral
administration. In certain embodiments, neutral buffered saline or saline mixed
with serum albumin are further exemplary vehicles. In certain embodiments,
pharmaceutical compositions comprise Tris buffer of about pH 7.0-8.5, or acetate
buffer of about pH 4.0-5.5, which may further include sorbitol or a suitable
substitute therefor. In certain embodiments, a composition comprising an
antibody to OPGL, with or without at least one additional therapeutic agents, may
be prepared for storage by mixing the selected composition having the desired
degree of purity with optional formulation agents (Remington's Pharmaceutical
Sciences, supra) in the form of a lyophilizéd cake or an aqueous solution.

Further, in certain embodiments, a composition comprising an antibody to OPGL,
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about 5 to about 8. [0186] In certain enbodi nents, when parenteral
admnistration is contenplated, a therapeutic conposition may be in the
form of awpysogams free, parenterally acceptable aqueous ®cratSopzoist
conprising the desired antibody to OPG, with or wthout additional

t herapeuti ¢, ,agents, .in,a pharmaceutical l cceptable vehicle. In certain
enbodi mentdth W@Pﬁ’l&?g I?E@E OBSrﬁ@%ﬁ%#BEF "%ﬂg‘?@s’ @?éﬁ%q fg’"@i“ﬁt?ﬁj BER wat er
in which the antibody to OPG, with or without at |east one additional

t her apeut iyopddizate usingrapprepriate éxapientsseeh as sUCK oni ¢ sol ution, properly
preserved. In certain enbodinents, the preparation can involve the

fornul ation off0184 desi irederminesmbedimdris dhegiannacsutidal @smpysitidrsbdfe
m crospheres, bio- erodible particles, polyneric conpounds (such as

pol yl act i ghfivinBbn RENE 346¢ted foPShfbhteRfadivedy. In BAtARRIMbGAIReRY
provide for the controlled or sustained 73 WO 03/002713 PCT/ US02/ 20181

rel ease o r ' en . | ' | nj ection.
In certa}cﬂ?lé gﬁg@&g ﬁr@ﬁ%s&@%ﬁ%ﬁ%@%&ﬁ@a%ﬁéﬁ élei(% egbgﬁg%mﬁegy have t he
effect of, pronmoting sustained dyration in the circulation..ln certain
eribod menISeSVR TRy S A0y o dhRRrERationdE stirh P8y ot  oauce
the desired nolecule. [0187] In certain enbodi nents, a pharnaceuti cal
conposi t i eacapiable,eomppsitipas Eawithip thawkillafitBaart n certain enbodi nents, an
antibody to OPG, with or without at |east one additional therapeutic
agent, may be f0t8ai at ed lasedaiirgmbpdintents f ihe formhalation companends aeg n

enbodi nents, an inhalation solution conprising an antibody to OPG.,, with
or Wit houprédertgd ebnédtiratidisithanale 4dwiptdlngts theagfnbt adimistpatidror Il at ed

with a propellant for aerosol delivery. In certain
certain embodiments, buffers are used to maintain the composition at
physiological. pH or at a slightly lower pH, typically within a pH range of from
about 5 to about 8.
[0186] In certain embodiments, when parenteral administration is
contemplated, a therapeutic composition may be in the form of a pyrogen-free,

" parenterally acceptable aqueous solution comprising the desired antibody to
OPGL, with or without additional therapeutic agents, in a pharmaceuticalily
acceptable vehicle. In certain embodiments, a vehicle for parenteral injection is
sterile distilled water in which the antibody to OPGL, with or without at least one
additional therapeutic agent, is formulated as a sterile, isotonic solution, properly
preserved. In certain embodiments, the preparation can involve the formulation
of the desired molecule with an agent, such as injectable microspheres, bio-

erodible particles, polymeric compounds (such as polylactic acid or polyglycolic

acid), beads or liposomes, that may provide for the controlled or sustained
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enbodi nents, sol utions may be nebulized. Pul nonary admi nistration is
further described in PCT application no. PCT/US94/001875, which describes
pul nonar ywodeloa7es y of chemcally nodified proteins. [0188CTIUsorari8ai n
enbodi ments, it is contenplated that fornulations nmay be adni nistered

cast” one aEIAE HRdrdSeh e BRb b e e ViE A pdbatniegtionnin ni s

fashion nmay be fornulated with or without those carriers customarily used
in the coopamambedimests, hyalienigaciddnay alseche ssed sand maydinyedhpsafiest. | n
certain enbodinents, a capsule may be designed to rel ease the active

porti on ofofiiemoting rauistainech datatiohdn phié nirculatiome Iyestainiemissdimeats,t r act when
bi oavailability is naximzed and pre-system c degradation is mnimzed. In

certain enippthintablesdrugaielivensdevices mdgibe wed todaRBHuG@thdgedirel uded to
facilitate absorption of the 74 WO 03/002713 PCT/ US02/20181 antibody to

OPG. and/ ghoaBYleaddi tional therapeutic agents. In certain embodinents,
di l uents, ?avorl ngs, low nelting point waxes, vegetable oils, |lubri cant S,

suspendi ng age abl et g and binders al so

enpl oyed. [01835)??# certalpdéea?ﬂigg@h gntg %Wi‘%@@gﬁ??ﬂ@w&gﬁémmax may
I nvol ve a% {% a y of antibodies to OPG or wi.thout at

| east one P& mﬂ-'%ﬁ fo'i 'ﬁ‘BP!%‘QUt i '&Cﬁ@@'ﬁ't@“bi)‘ﬁ'"@w’x@rﬂjﬁ@“‘%’qwor@ﬁqlo%\?'ﬁ‘
exci pients which are suitable for the manufacture of tablets. In certain
enmbodi mentos withouiiat isastiong additionehiiesapeutic agenti mayvka tormutated mstandry

appropriate vehicle, solutions nmay be prepared in unit-dose form In
certai n erpowtierdat mhatationatheeetadi gmeotiiménts| anénhdiatioraselutiov@tokvipmisired t o,

inert diluents, such as cal ci um carbonate, sodium carbonate or
an antibody to OPGL, with or without at least one additional therapeutic agent,
may be formulated with a propellant for aerosol delivery. In certain
embodiments, solutions may be nebulized. Pulmonary administration is further
described in PCT application no. PCT/US94/001875, which describes pulmonary
delivery of chemically modified proteins.

[0188] In certain embodiments, it is contemplated that formulations
may be administered orally. In certain embodiments, an antibody to OPGL, with
or without at least one additional therapeutic agents, that is administered in this
fashion may be formulated with or without those carriers customarily used in the
compounding of solid dosage forms such as tablets and capsules. In certain
embodiments, a capsule may be designed to release the active portion of the
formulation at the point in the gastrointestinal tract when bioavailability is

maximized and pre-systemic degradation is minimized. In certain embodiments,

at least one additional agent can be included to facilitate absorption of the
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bi carbonate, |actose, or cal cium phosphate; or binding agents, such as
starch, gelatin, or acacia; or lubricating agents such as nagnesi um

st ear at e,wetoa@ni7¢3 aci d, or talc. [0190] Additional pharneceatSoraiist
conpositions will be evident to those skilled in the art, including

formul ations involving antibodies to OPG, with or wthout at |east one
addi t i onalantibedy te GHGL agdfarany additienalthryapeutic agettsollngertairel i very

formul ations. In certain enbodi nents, techniques for fornulating a variety
of other sysbedimetis,diluents flalbrnys] dbw veeliingrpains wasas hvegethbleasilsire
carriers, bio-erodible mcroparticles or porous beads and depot injections,

are al so |rphts, Sus @ﬁ@in?ké drit§l taplet BRsimehratitgs é?ﬁs,mihﬁerﬁ%y also
Application No. PCT/US93/00829 whi ch describes the controlled release of

por ous pol ' i croparticles for the delivery of pharmaceuti cal
conpositi %engﬁbﬁoygg‘“ai n 75 WD 03/002713 PCT/ US02/ 20181 enbodi nents,

sustai ned-rel e repargti ons. may i nclude sem perneabl ol r matrices
in the form of ﬁﬁ%@ed ar tiNGEE@n gr .0?‘1“11? ;aBFaEH‘éP%@éﬁ?g&PﬁQO%ﬂE%“s'PQYned
rel ease matrices may include _polfyes_t ers, hydrogels, polylactides (U S

3, 773, 919 iayelivernsHeclive puaptiynfaniibediss tg-@?@lg-amtb o withouih @t lpaskanet hyl - L-
glutamate (Sidman et al., Biopolyners, 22:547-556 (1983)), poly

( 2- hydr ox\eaiditjonal thetrbpeutid agents( lrem geixtuez with.nonJtoxisi exnipienteawkich aRes. |
15:167-277 (1981) and Langer, Chem Tech., 12:98-105 (1982)), ethylene

vi nyl acetsijifab(d @p s nRinudcture 6H1RbRAIs.Ofn Edtain Bmbodimextks, byydissolving thei d
(EP 133,988). In certain enbodi nents, sustained rel ease conpositions nay

Al S0 ! dBied RPSETRSwalth Gihiifie PAopRRAR i, S0NitGhs ARNAES hidfRirbg 1o

: I
known in the art. e e. ppstein Proc. Natl. Acad. Sci. USA,

82: 3688- 36|391 2unﬁt£L o%%)fbrrﬁ!al ?é%rt ?n%m%%d%gmgflguﬁ%% excipients include, but are

not limited to, inert diluents, such as calcium carbonate, sodium carbonate or
bicarbonate, lactose, or calcium phosphate; or binding agents, such as starch,
gelatin, or acacia; or [ubricating agents such as magnesium stearate, stearic
acid, or talc.

[0190] Additional pharmaceutical compositions will be evident to
those skilled in the art, including formulations involving antibodies to OPGL, with
or without at least one additional therapeutic agents, in sustained- or controlled-
delivery formulations. In certain embodiments, techniques for formulating a
Qariety of other sustained- or controlled-delivery means, such as liposome
carriers, bio-erodible microparticles or porous beads and depot injections, are
also known to those skilled in the art. See for example, PCT Application No.
PCT/US93/00829 which describes the controlled release of porous polymeric

microparticles for the delivery of pharmaceutical compositions. In certain

75



EP 143,949. [0191] The pharnaceutical conposition to be used for in vivo
admnistration typically is sterile. In certain enbodinents, this may be
acconpl i swed3lbg27i3 [ trati on through sterile filtration nenipcanss2/2digl cert ai n
enbodi nents, where the conposition is |yophilized, sterilization using this
met hod may he ond¥cted ei t her géior to or follqmdna Iég?hilization and
reconst i t GMRAPIMENS SUSIRINedFriBasSrRFRRAratIgRS MAYIBCIHER SRMIBeMRalia: er al

adm ni stration may be stored in |yophilized formor in a solution. In
certain @ohtaehmaticesiatbe farmpf shaprssarticlass egeriidnal ofmigrecansades into a
container having a sterile access port, for exanple, an intravenous

sol uti on Inagtainedireleasbanatrigesingyoppidepalyestaly, Aytinogels) pobdsdtides (Ungect i on
needle. 76 WD 03/ 002713 PCT/ US02/ 20181 [0192] In certain enbodi nents, once

the phar macers bq8larfPEPUHLLASN), EGiSoIpRers Bptgqnﬁtahﬁ@acibtaﬁ@g%@ﬁda%gfﬁﬂ- in

sterile vials'as a solution, 'suspension, g enul si on, as a

o SIS AT A o P T e,

formul ati NS nmay a Tea

.9., | Ll hat | 1it ' t 11 tion., [0193
o Gert o) ARRBBOIEN(Snask &t BF edcaioniay dtaPertes: SrABRA {EBIAG for
produci ng a single-dose adm nistration unit. In certain enbodinents, the
kits may éapBetdnhein T6hn13:98-1@% (1HR)hiatbylenavinyasetaie deangesediah, and a

second container having an aqueous formulation. In certain enbodi nents of
t hi s i nvesupoa), olgpalg-Doer3-hydiongbsiyriglaeica(EP 18819883 himbertaith emieodinidrts],
syringes (e.g., liquid syringes and |yosyringes) are included. [0194] In
certain eghegtin@dréleatdoripbsitibhy tnayalsbtineilida liposomes, which can be

prepared by any of several methods known in the art. See e.g., Eppstein et al.,

Proc. Natl. Acad. Sci. USA, 82:3688-3692 (1985); EP 036,676; EP 088,046 and

EP 143,949.

[0191] The pharmaceutical composition to be used for in vivo

administration typically is sterile. In certain embodiments, this may be

accomplished by filtration through sterile filtration membranes. In certain

embodiments, where the composition is lyophilized, sterilization using this

method may be conducted either prior to or following lyophilization and

reconstitution. In certain embodiments, the composition for parenteral

administration may be stored in lyophilized form or in a solution. In certain

embodiments, parenteral compositions generally are placed into a container

having a sterile access port, for example, an intravenous solution bag or vial

having a stopper pierceable by a hypodermic injection needle.
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pharmaceutical conposition conprising an antibody to OPG, wth or wthout
at |east one additional therapeutic agent, to be enployed therapeutically
will depwod3néon3 exanpl e, upon the therapeutic context amdTaisprztiBves. One
skilled in the art will appreciate that the appropriate dosage |evels. for

treatnent, acc lng to certain epbqdi nents i 1| thus vary depending, in
part, upon theféfg!?%cul e 'Baerk?a}%@ggawnfﬁﬁd?%%ﬂ%h&rph%mm%#'t he anti body
to OPGL, with or without at |east one additional therapeutic agent, is
bei ng usegompesiticsuibas beea daimiilatedaitinggy, bastpred i stgrile vialnay awelyfian, body
surface or organ size) and/or condition (the age and general health) of
t he pati esuspémsiorygeli amardion sadidi or as haletlydrdted ar lyaphilizedgrovider. Idosage
and nodify the route of admi nistration to obtain the optimal therapeutic

ef fect. | Refain @nbodimhestisendls formulationg hay Be 3ecredBdithcr M98 rés@icbgst 0. 1
g/ kg 77 WD 03/002713 PCT/ US02/20181 to up to about 100 ng/ kg or nore,

dependi ng Welo : " ' t he
e A M el TR g
abou ny ; ernr u . abqu . .In c ain
embodi nent s, tﬁ(y ﬁ]equenw C%’Fagbg'ﬁhag\mqrﬁst@Eé)reg%'f'tdﬁ‘é%'&%'? qlrﬁgtede{o

phar macoki neti c paraneters of the antibody to OPG and/or any additional

t her apeut Kis fQeHOdUring:  8ingls-Aps@ eABInisisaiipn ypit.c By egftain iments; the
clinician will adm nister the conposition until a dosage is reached that
achi eves kithenajesach doerfdireboth a firsi eontaimerdravingl ahied, protein @oc@osedcorsh nay

therefore be admnistered as a single dose, or as two or nore doses (which

may or nayohiinerdwing antdiriepaisEomuietién.ofn tértaidesnbedimepteotihis over tine,
or as a continuous infusion via an inplantation device or catheter.

Fur ther yr HVeHBR kit Eohtfhind BRI shd hiLitleRaRbered bRFIEE sYrifgas ey, t hose of
liguid syringes and lyosyringes) are included.

[0194] In certain embodiments, the effective amount of a
pharmaceutical composition comprising an antibody to OPGL, with or without at
least one additional therapeutic agent, to be employed therapeutically will
depend, for example, upon the therapeutic context and objectives. One skilled in
the art will appreciate that the appropriate dosage levels for treatment, according
to certain embodiments, will thus vary depending, in part, upon the molecule
delivered, the indication for which the antibody to OPGL, with or without at least
one additional therapeutic agent, is being used, the route of administration, and
the size (body weight, body surface or organ size) and/or condition (the age and
general health) of the patient. In certain embodiments, the clinician may titer the

dosage and modify the route of administration to obtain the optimal therapeutic

effect. In certain embodiments, a typical dosage may range from about 0.1 pg/kg
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within the anbit of tasks routinely performed by them In certain

enbodi nents, appropriate dosages nay be ascertai ned through use of
appropri awe 0dosx13 r esponse data. [0196] In certain enbodi meEmtGsp2/2t181 route
of adm nistration of the pharmaceutical conposition is in accord with
known met hods, e.g. orally, through injection by intravenous,

i nt raper i ttorigato abeit 100snBAicer PFR. [deneRdigar gl fctors mentioned above. In

i ntracerebroventricular, intramuscular, intra-ocular, intraarterial,

i nt raport atertain embidiments, dmabosage awy tapgedsinaledgikgl gpakealsytt 0 or by

I npl antation devices. In certain enbodi nents, the conpositions nmay be

adm ni st er I L N ' i | i ey

ool ant at 1 D gt Qo5 U5 Ry 190 4R, SFHRLY RS P el o
enbodi nents, th osi tjon be adm njistered locally, via ir ntation
of a menbrane, @6@33@ or 'Qn‘iﬁ%e ’Sﬁptsa&fée ﬁ%ﬂ%@@%ﬂ Of)c/ﬂﬂ%nm“ﬂ? he
desired nol ecul e has been absorbed or encapsulated. In certain

enbodi nentisto apequntdhe phpimaacidinelic prrameaieisofiibe antibedytaiRGleandior say

i mpl anted into any suitable tissue or organ, and delivery of the desired
mol ecul e nagditienalitherdipkiitis agentstinrtbd formhwatien beédis In certainrembediments, a

adm nistration. [0198] In certain enbodinents, it nmay be desirable to use a

phar maceut élgidiag WIPASMirister eaTBémpodlioAurnin idesdye iPrédifed thit Ackieved t hout
at least one additional therapeutic agent, in an ex vivo manner. |In such

[ t , ; | th
bati ont - e Esied et Podtdh Emodiniunts, 1Ak cOmESREMmagIRBROrRT | 1F oy
to OPE,

which th eV\% hi@%@{g‘%égggng&}é dlogaé‘,sgr 30w (cj)(rj in%rg r(]:i%lseg Q\fe\lh%ﬂen%iy Br %‘Cllaeyn%t after
contain the same amount of the desired molecule) over time, or as a continuous
infusion via an implantation device or catheter. Further refinement of the
appropriate dosage is routinely made by those of ordinary skill in the art and is
within the ambit of tasks routinely performed by them. In certain embodiments,
appropriate dosages may be ascertained through use of appropriate dose-
response data.

[0196] In certain embodiments, the route of administration of the
pharmaceutical composition is in accord with known methods, e.g. orally, through
injection by intravenous, intraperitoneal, intracerebral (intra-parenchymal),
intracerebroventricular, intramuscular, intra-ocular, intraarterial, intraportal, or
intralesional routes; by sustained release systems or by implantation devices. In

certain embodiments, the compositions may be administered by bolus injection

or continuously by infusion, or by implantation device.
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and/ or organs are subsequently inplanted back into the patient. [0199] In
certain enbodi nents, an anti body to OPGA. and/or any additional therapeutic
agents cawolg/oahs vered by inplanting certain cells that PoawsSobzEsl
genetical ly engi neered, using met hods such as those described herein, to

d th t h [ 1

S A A R B e
t.ai b t al d. I

Xenogene AL G B0 SR BT 70, (.

response, the cells may be encapsulated to avoid infiltration of

sur r oundi BgPfoyRienateral ertpivhieh thebdesirachmelequirhanbaps @bserhsd et eri al s
are typically bioconpatible, 79 WD 03/002713 PCT/ US02/ 20181 sem -perneabl e
pol yneri c easapsdlatest lorcerizih eabediméants, ahieosvah implasitatasedefice tmtesep:t,ot ein
product (s) but prevent the destruction of the cells by the patient's

| mmune Syﬁﬁ@ﬂbﬁbebﬁa?béqmpméd Mobay surabRY tissUeANdrign BHd @EIRBf tHessues.
EXAMPLES [ 0200] The | owi ng exanpl es, including thé experinents

conduct ed d%?.ﬁi?é %?&lakéiegfn% Blé‘?ﬁ’a éx%sl%rno‘ﬁhfé%ﬁrélé’ésé l')é)lH§t(5taédr¥?luBH§ oS rGr; 0”' y

and are n 0 be con as limtrn resent 1nven |l e

C oni ng thﬁ aqlgg_ Heavy and Li ght Chal ns [0201] CHO cel I s expressing the
ful I -1 engBAHE AUBPG. cDNA are used to | nmuni ze transgenic mce

cont ai ni ng human i nmunogl obul i n genes. nph nodes fromthe i munized m ce

are fused to mP1%d nyel dﬁ&eﬁt@lnl@“P@d'"@)@'ﬁ&'&ﬂ@mﬁ?ﬁfﬁﬂ%to 48P ér nat ant s

fromthe hybridoma lines are tested in an
pharmaceutical composition comprising an antibody to OPGL, with or without at

least one additional therapeutic agent, in an ex vivo manner. In such instances,
cells, tissues and/or organs that have been removed from the patient are
exposed to a pharmaceutical composition comprising an antibody to OPGL, with
or without at least one additional therapeutic agent, after which the cells, tissues
and/or organs are subsequently implanted back into the patient.

[0199] In certain embodiments, an antibody to OPGL and/or any
additional therapeutic agents can be delivered by implanting certain cells that
have been genetically enginéered, using methods such as those described
herein, to express and secrete the polypeptides. In certain embodiments, such
cells may be animal or human cells, and may be autologous, heterologous, or
xenogeneic. In certain embodiments, the cells may be immortalized. In certain
embodiments, in order to decrease the chance of an immunological response,
the cells may be encapsulated to avoid infiltration of surrounding tissues. In

certain embodiments, the encapsulation materiais are typically biocompatible,
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ELI SA assay for antibodies that react with human OPGA.. Anti-OPG. expressing
hybridoma |ines AMG 6.5, AMG 6.4, and AMG 6.1 are found to express

ant i bodi ewowsbe7ind gh affinity for OPGL (Kd's of 0.28 nM @cTQsaioiand 0. 23
NnM respectively), and AMG 6.5 is selected for cloning. Heavy and |ight
chain cDNA clones from AMG 6.5 and AMG 6.4 are ig1enti cal, and AMG5. 6.5 is
used to clsemépernealierelymeric gnclosEenHoCHRINLranss Fitow theirelegse®ft o cl one
the (err)OPGA.-1 heavy chain cDNA. 80 WD 03/002713 PCT/ US02/ 20181 C oni ng
of the aOR@ poteingdrodubiésrbytqregéntthe desraition ebihecalisdi thetpstientar i abl e
region is obtained using PCR anplification nethods fromfirst strand cDNA

prepar ed fimmund\ystern orthyt etheRNétrinféntal fastora frdnc P sursoymidipg tissuds. om AMG
6.5 total RNA using a randompriner with an extended 5'-adapter (5'-
GGCCGGATAGGCCTCACNNNNNNT- 3" (SEQ ID NO 15)) and the materials and nethods
provi ded by the G bco SuperScript Il TM Preanplification Systemfor First

Strand c is kit (cat. no. 18089-011). The oligonucl eotides bel ow
are used%ﬁgg%' 5' kappa RACE prinmer: 5 - GAT GAC CCA GIC TCC AGC

CAC CCT G - 3' (SEQ ID NQ. 5 3" kappa RACE priner: 5 - AAG GGI CAG AGG
CCA AAG GAT GG[(SZQQ? (SE(NQC%Ih? PWEY9 e)%'@@@f’ “f‘ﬁ@'déﬂﬂ){hef‘?’@?r S are cl oned
into pCRII-TOPO (Invitrogen) and the resulti n_ﬁ pl asm ds are sequenced. The
kappa chaiconductedemsliressilig aehigyedsara psavided fdliygirativeriirposes oplgand

anplification of the
are not to be construed as limiting the present invention.

Example 1
Cloning the aOPGL-1 Heavy and Light Chains

[0201] CHO cells expressing the full-length human OPGL cDNA are
used to immunize transgenic mice containing human immunoglobulin genes.
Lymph nodes from the immunized mice are fused to murine myeloma cells to
generate hybridomas. Supernatants from the hybridoma lines are tested in an
ELISA assay for antibodies that react with human OPGL. Anti-OPGL expressing
hybridoma lines AMG 6.5, AMG 6.4, and AMG 6.1 are found to express
antibodies with high affinity for OPGL (Kd'’s of 0.28 nM, 0.29 nM, and 0.23 nM,
respecﬁvely), and AMG 6.5 is selected for cloning. Heavy and light chain cDNA
‘clones from AMG 6.5 and AMG 6.4 are identical, and AMG 6.5 is used to clone
the aOPGL-1 light chain cDNA, while AMG 6.4 is used to clone the aOPGL-1

heavy chain cDNA.
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full-length aOPA.-1 kappa chain. The 5 aOPG.-1 kappa prinmer incorporates a
Xbal site (TCTAGA) for cloning and a "CCACC' Kozak sequence before the

i nitiatorwbes/oeyddon. The 3' aOPG.-1 kappa primer incorpor 2Ceasa2/8aB1 site
(GTCGAC) followi ng the stop codon for cloning. 5 aOPA.-1 kappa priner.

51- CAA CT e ACK ACC CCA CCG3' (SEQID NG 7) Xbal Site
Kozak M E 3 S AL ERIND 03/ 002713 PCT/ US02/ 20181 3' aOPGL- 1

kappa primer: 5 &'T GAC GTC GAC TTA TCA ACA CTC TCC CCT GIT GAA G -3' (SEQ
ID NO 8) sal Il0802k + c EhesoRREF- kanpa lightichainaariabte pegionigobtained engt h
aOPG.-1 kappa chain cDNA clone is obtained using the AMc 6.5 first strand
cDNA, descusihg ®CibemplifibgticrCmethogs frbmcfirst strard cBNAhereparech froi AMDPGLS 1
kappa priners. The PCR reaction generates a 738 bp fragment encoding the

235 am no taedlRNAS iFilgestrand eDINA ROprepBRPPorAAMG 6.6 tdtdFA whigj & Si gnal
sequence) of the aOPG.-1 kappa chain (Figure 4, SEQ ID NO 4). Foll ow ng

purificatigRdef Hsmér WithHH ExteREEd d?ﬁ&é{,,{(egggyi_ on kit (Qagen cat. no.28104),
e " ka

this fragment 1s used to construct t pa |ight chain expression

but i th O GRFATA R T CNNIANI 30 Q TR o) R PG BaR e ans L
goner at o FIEdtI O piavIE i e HER-SUSBega L "L PropbmRitae.Sysieafor
descri bed _previ ouslg see WO 90/ 14363, which is herein incorporated by
ref er ence Fitst Srand cDNA Synthesis kit (cat. no. 18089-011). The oligonucleotides

below are used for the PCR:

5' kappa RACE primer:

5 - GAT GAC CCA GTC TCC AGC CACCCT G -3 (SEQID NO:5)
3’ kappa RACE primer:

5' - AAG GGT CAG AGG CCAAAGGAT GG -3' (SEQID NO: 6)

[0203] The amplified DNAs. are cioned into pCRII-TOPO
(Invitrogen) and the resulting piasmids are sequenced. The kappa chain
consensus sequence is used to design primers for PCR amplification of the
full-length aOPGL-1 kappa chain. The 5 aOPGL-1 kappa primer incorporates a
Xbal site (TCTAGA) for cloning and a “CCACC” Kozak sequence before the
initiator Met codon. The 3' aOPGL-1 kappa primer incorporates a Sall site
(GTCGAC) following the stop codon for cloning.

5" aOPGL-1 kappa primer:

5'-CAA CTC TAG A CC ACC ATG GAA ACC CCA GCG-3' (SEQIDNO:7)

Xbal Site Kozak M E T P A (SEQ ID NO: 16)
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pur pose (see, e.g., Figure 12)). Briefly, to make pDSRal9, pDSRa2 is
nodified in the follow ng ways: the FSH pol yA is shortened by

appr oxi mewelog/o¥@® base pairs, to 885 base pairs, and nowcCens$s2/atist he Ndel
site; the dihydrofolate reductase (DHFR) pronoter now contains 209 base
pairs, having been shortened fromthe 5 end by approximtely 1 kil obase;
and an appf ekIh@t-el kapmspribase pair Bgl || fragment from the DHFR pol yA
sequence is deleted. 82 WO 03/002713 PCT/ US02/ 20181 [0206] The aOPA.-1

kappa |i ghst-TTirabAC &I 638 PIA TEANKCA ETEETOE BTG Gants Bm (giad b o @gled
for the sane peptide that is identified in the ANG6 5 hybri doma. T%g

final expression vegiosiie aGPCL+ 1- kappg/ pRSRakP, 9] tains
the 7 functional regions shown in TabF Tabl e 2 Fegt u?ega,g :47)

aOPGL- 1- kappa/ pDSRal9 Pl asnmd Base Pair Nurrber 2 to 881 A transcription
term nati on/ pol yadenyl ati on signal fromthe a-subunit of the bovine
pituitary gl ycdf2@4lei n horheoiud-l¢agthItPPCLSO Gdppa chain cDNAMloheisc Aci ds Res.
1983 11: 6873-82; Genbank Accession Nunmber X00004) 882 to 2027 A nouse

di hydr of olot#ine8disfi38e AMIER)5 Ridtisaeng SDIA 24 i diibed dhROVBNBP$RIRUS nmouse
DHFR pronoter, the c coding sequences, and the DHFR transcri ption

" ot aPMBRARE WA B o il "ThE PR edity S Y ©

Bi ol Chemge%%grsa e%5377385 %4§ragmeM;t %%mgettheaé% amino acid residues (mcluding
the 20 amino acid kappa chain signal sequence) of the aOPGL-1 kappa chain
(Figure 4, SEQ ID NO: 4). Following purification using a QlAquick PCR
Purification kit (Qiagen cat. n0.28104), this fragment is used to construct the
kappa light chain expression vector.

[0205] The 738 bp full-length kappa fragment generated above is

cut with Xbal and Sall, is purified using the Promega Wizard DNA Clean-Up
System (Promega cat. no. A7100), and is cloned into pDSRa19 to generate
plasmid aOPGL-1-kappa/pDSRa19 (Figure 5). pDSRa19 has been described
previously (see WO 90/14363, which is herein incorporated by reference for any
purpose (see, e.g., Figure 12)). Briefly, to make pDSRa19, pDSRa2 is modified
in the following ways: the FSH polyA is shortened by approximately 1400 base
pairs, to 885 base pairs, and now ends at the Ndel site; the dihydrofolate
reductase (DHFR) promoter now contains 209 base pairs, having been

shortened from the 5’ end by approximately 1 kilobase; and an approximately

550 base pair Bglll fragment from the DHFR polyA sequence is deleted.
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Bi ol Chem 1985 260: 2307-14) 2031 to pBR322 sequences containing the
anpicillin resistance marker 3947 gene and the origin for replication of
t he pl asnwvo B00X13 col i  ( Genbank Accessi on Nunber J01749) P8¥AS0/18N SVA40
early pronoter, enhancer and origin of repl i cation 4292 (Takebe et al, Mol
Cell Biol. 198 466- 7 Acce Nunber J02 4299 to A
transl ati onal Mﬂcer eﬁ@ﬁéﬁﬂgﬁo 'Q?@W&ﬁ’&nﬁoﬂ%@S (Sei ki et
al, Proc Natl Acad Sci USA. 1983 80: 3618 22 Genbank Accessi on Numnber
J02029) sseauanseskto Ganfigm thabitceded Ev4be seme pepfidgthatis identiiodiiiciist or
signals 4730 (Okayama and Berg, Mol Cell Biol. 1983 3: 280-9, Genbank

Accessi onAMGBES hybdddp. AHelfinal ekpressidrGlectoKapRGLI BhappdipDSRuIA ibet ween
the Xbal and Safi .5476 sites [0207] A circular plasmd map of the vector

|s_shown 5@7€bg%rf‘dn§(frggg'§]tﬂg70ﬁfn Grfdife %%%Wr?ﬂ lg 8l.0ni ng of ‘the

aOPCL-1 heavy The a heavy charn 1s cloned from AMG

6.4 hybridoma doubl t.rgnded cDNA d tech Marat honTM
cDNA anl i fication E\‘qsm?gt Ige:ﬁWrengGg%?E 1A¥%%PPP F{i:g‘?lgﬁﬁgof AMG 6. 4 heavy
chain cDNA is acconplished by 5 and 3' rapid anplification of cDNA ends
(RACE) tFlasmiduRaseper fornmed with human gerniine 1g& heavy chain constant
regi on spéair Mumbfart ners (shown bel ow) and RACE priners and other nmaterials
and 2 to 881 A transcription termination/polyadenylation signal from the

a~subunit of the bovine pituitary glycoprotein hormone (a-FSH)

(Goodwin, et al, Nucleic Acids Res. 1983 11: 6873-82; Genbank

Accession Number X00004)

882 to 2027 A mouse dihydrofolate reductase (DHFR) minigene containing
the endogenous mouse DHFR promoter, the cDNA coding
sequences, and the DHFR franscription
termination/polyadenylation signals (Gasser et al, Proc Natl Acad
Sci U S A. 1982 79:6522-6.; Nunberg et al, Cell 1980 19:355-64;
Setzer et al, J Biol Chem. 1982 257: 5143-7; McGrogan et al, J
Biol Chem. 1985 260: 2307-14)

2031 to pBR322 sequences containing the ampicillin resistance marker
3947 gene and the origin for replication of the plasmid in E. coli
(Genbank Accession Number J01749)

3949 to An SV40 early promoter, enhancer and origin of replication

4292 (Takebe et al, Mol Cell Biol. 1988 8: 466-72., Genbank Accession
Number J02400)

4299 to A translational enhancer element from the HTLV-1 LTR domain

4565 (Seiki et al, Proc Natl Acad Sci U S A. 1983 80: 3618-22,
Genbank Accession Number J02029)

4574 to An intron from the SV40 16S, 19S splice donor/acceptor signals

4730 (Okayama and Berg, Mol Cell Biol. 1983 3: 280-9, Genbank
Accession Number J02400)

4750 to The aOPGL-1 Kappa light chain cDNA between the Xbal and Sall

5476 sites

[0207] A circular plasmid map of the vector is shown iﬁ Figure 5.
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met hods provided in the Marathon TM cDNA anplification kit. 5 1g& RACE
primer 5 - GGC ACG GIC ACC ACG CTG CTG AG -3" (SEQID NGO 9) 3" 1g& RACE
primer 5 'WOGE0XZCA CCA AGG GCC CAT CGG TCT -3' (SEQ | D NOpCTQ)S02/2880] The
600 bp 5° RACE product and 1200 bp 3' RACE product are cloned into pCR2.1
(I'nvitrogen) and are sequenced. This sequence information is used to
desi gn aOPG.-1 heavy chain specific priners for the cloning of the
full-1ength sequence. The heavy chain 5 prinmer (5 (err)OPA-1 Ig&
Priner) i €lohingaof éht aO&GIst heawydaie strand and has a Hindl Il site and
consensus Kozak sequence before the natural start site. The heavy chain 3'
primer (3" aCP@208]l 9&2 PheRIPGLS1 #G2 hehsP BREINNS clohed!figh AME @u4ns a Sal |
site and stop codon after the last amino acid of the heavy chain I g&

Sacnnccrr el Rt PN it i Clp eI G oA o
aceaL 11 el KIGERL et RIBOE Ripieien MG S & bttt oA onc -

3" (SEQ ID NO 12{) Sall * KGP SL SL (SEQIDNO 19) [0210] The
doubl e- st isnacremplhaddys?ranskd rapis, ampéficaiion af eDNA eadst(RAGR) ful | -1 engt h
heavy chain cDNA by PCR anplification with the 5 - and

techniques performed with human germiine IgG2 heavy chain constant region

specific primers (shown below) and RACE primers and other materials and
methods provided in the Marathon™ cDNA amplification kit.

5' 1I9gG2 RACE primer

5'- GGC ACG GTC ACC ACG CTG CTG AG -3' (SEQID NO: 9)

3’ IgG2 RACE primer

5'- CCT CCA CCA AGG GCC CAT CGG TCT -3' (SEQ ID NO: 10)

. [0209] The 600 bp 5" RACE product and 1200 bp 3' RACE product
are cloned into pCR2.1 (Invitrogen) and are sequenced. This sequence
information is used to design aOPGL-1 heavy chain specific primers for the
cloning of the full-length sequence. The heavy chain %' primer (5' aOPGL-1 1gG2
Primer ) is directed against the sense strand and has a Hindlll site and
consensus Kozak sequence before the natural start site. The heavy chain 3’
primer (3' aOPGL-1 IgG2 Primer) is an antisense primer that contains a Sall site

and stop codon after the last amino acid of the heavy chain IgG2 sequence.
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3'- aOPGE.-1 Ig& primers. The PCR generates a 1433 bp fragnent encodi ng
the 467 am no acid residues (including the 19 amno acid |IgG signal
sequence)woaB/0031¢3 aOPGL- 1 | g& heavy chain protein (Figur@®CT/USBZ@1BD NO
2). Following purification using a Q Aquick PCR Purification kit (Q agen
cat. no.28104), this fragnment is used to construct the heavy chain

expr essi ofi w@PG-1dgG2dPtimes. [ 0211] DNA encoding the full-length | g&
heavy fragment generated above is cut with Hndlll and Sall, purified

usi ng a QyrAgNGEKGEETGAEBACRETE BAGKTTT CEETTEWEATGGEYT2ETZHT, GERGA 48''S
fragnent is cloned into pDSR(err)19. The resulting expression plasmd is
nanmed aOPGL-1-1gG&2/ pDSR(err)19 (Figure 6). Al vector conpGEIPNQira)
identical to (err)OPGE-1- kapﬁa/pDSR(err) 19 vector, described above, except
the aOPGL- 1 | g@findieavy Kezaki nMcDRA rfepl Sced- t h8 WOPEL- T kdppd | Aght chain
CDNA between the Xbal and Sall sites. The aOPGL 85 WO 03/ 00@%@ q

PCT/ US02/ 20181 1 Ig& heavy chain expression clone is sequ BNG 8bnfirm
that it coded for t ame polypeptide that is identified in the AMG 6. 4
hybr i doma3’ & -d 'Sgi’cﬁ@‘% expression in CHO cells [0212] Stable
expression of aOPA.-1 antibody is achieved by co- transfection of

aOPGL- 1- kapPEATTIGAL B TGAPH AGC OGHEEH OBRAGA CHGaShi(BEQ IhiNg: 12)

di hydrof ol ate reductase deficient (DHFR-) Chinese hanster ovary cells (CHO
AM1/D, U.S. Patefith No. "6, 310€92%) fol IDweld by i sbl ati §FFRR Jr:’e‘sf’[)i ng of

i ndi vidual clones. [0213] A 100 mnmtissue culture dish is plated with
1.5x106 AM1/D cells grown in CHO d- nmedi um (DMEM hi gh gl ucose, 10%f et al

bovi ne serum . .
[0210] The double-stranded cDNA described above is used to

generate the full-length heavy chain cDNA by PCR amplification with the 5’- and
3'- aOPGL-1 lgG2 primers. The PCR generates a 1433 bp fragment encoding
the 467 amino acid residues (including the 19 amino acid IgG signal sequence)
of the aOPGL-1 IgG2 heavy chain protein (Figure 2, SEQ ID NO: 2). Following
purification using a QlAquick PCR Purification kit (Qiagen cat. no.28104), this
fragment is used to construct the heavy chain expression vector as follows.
[0211] DNA encoding the full-length 1gG2 heavy fragment
generated above is cut with Hindlll and Sall, purified using a QlAquick Gel
Extraction kit (Qiagen cat. no.28704), and this fragment is cloned into pPDSRa19.
The resulting expression plasmid is named aOPGL-1-lgG2/pDSRa 19 (Figure 6).
All vector components are identical to aOPGL-1 -kappa/pDSRa19 vector,
described above, except the aOPGL-1 IgG2 heavy chain cDNA replaces the

aOPGL-1 kappa light chain cDNA between the Xbal and Sall sites. The aOPGL-
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1 %penicillin/ streptonycin/glutamne, 1 X NaPyruvate, 1 % nonessenti al
am no acids (NEAA))(G bco(D) and 1 % ht supplenent (G bco(r))) the day
before tweanshexii ons (Day 0). On day one, 400 pl of serumcfiruse/RR M 1640
medium (G bco(r)) is aliquoted into a 12x75 nmm pol ypropyl ene tube. Twenty

four mecr T n i.on added

dr opw se t‘glq(%%ﬁga dpﬁéﬁﬂarkrs#@ é%%o%gipﬁqggggﬁ%ﬁgmacq?ﬁw %@Htﬁﬁez’ﬁ‘? ?‘? foom
tenperaturge for’ m nu A\ {otal | |zed pl asm d DNA
(7.5 pg ofthg e P%'YRSB‘;B‘iﬁ ?Jlﬁﬂéwﬂgh@? in &8‘%{’3 4-feyheidoma, gG2/ pDSRa19,
digested with Pvul) is then added dropwi se to the mixture and is incubated
at roomtenperature for 10 mnutes. [0214] The CHO d- nmediumis renoved
fromthe cells, which are washed wiExamplen2 of Dul becco's phosphat e
buffered saline (G bco(r)). Six 86 WO 03/002713 PCT/ US02/ 20181 -mlliliters

of serumfree MEM nedi um supRGipMtegpraddidn MICHIO gélls , NEAA, and Na
pyruvate (G bco(r)) is added to the cells. The DNA/LT1 conplex is added

dropwi se to t hqo%m]t es, Vbiable ék;@reggahlo\r oOTEEL Haody Qd‘cﬂrévadttgr co-

distribute the evenly over the cells. After 6 hours In

ci'ght nour e dion SRR fEE! %éa@ﬁo?fgegpﬁ‘#ﬁpéﬁﬁ?e%ﬂm um Forty

sel ect medi um (DVEM hi gh gl ucose, 10% di al yzed fetal bovine serum (FBS), 1
% peni ci | |plasmigisriefst «bihydliaﬁolalegreﬁLMﬁseedefib%mqmthMeMamsmiO&amnd | X
Na pyruvate) (G bco(r)). Mediumis changed tw ce weekly until col onies

appear ed. defid \EHONAWRN/B.0d 18t REREAL N6 OB 2N DER 4 F6ldWSK BY idtitatith andiastihgni ng
di scs (Labcore(r)) soaked in Ix trypsin-EDTA (G bco(r)) and are cultured in

24 of individual clones.
[0213] A 100 mm tissue culture dish is plated with 1.5x108 AM-1/D

cells grown in CHO d- medium (DMEM-high glucose, 10% fetal bovine serum,
1% penicillin/ streptomycin/glutamine, 1X NaPyruvate, 1% nonessential amino
acids (NEAA))(Gibco®) and 1% ht supplement (Gibco®)) the day before
transfections (Day 0). On day one, 400 pl of serurﬁ-free RPMI 1640 medium
(Gibb‘o®)Ais aliquoted into a 12x75 mm polypropylene tube. Twenty four
microliters of TransIT®-LT1 reagent (Mirus Corporation) is added dropwise to the
medium and the mixture is allowed to incubate at room temperature for 10
minutes. A total of 15 ug of linearized plasmid DNA (7.5 ug of aOPGL-
1-kappa/pDSRa19 and 7.5 pg of aOPGL-1 -IgG2/pDSRa19, digested with Pvu1)
is “then added dropwise to the mixture and is incubated at room temperature for
10 minutes.

[0214] The CHO d- medium is removed from the cells, which are

washed with 10 ml of Dulbecco’s phosphate buffered saline (Gibco®). Six
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wel |l tissue culture plates with CHO sel ect nmedium When the cells becone
confluent, serumfree nedia (CHO sel ect nedium m nus FBS) is added and is

t hen col |wotoe@o24® hours | ater. These conditioned nedi a ar @Canesby2mEsl f or

anti body expression by Western blot with .horse radi sh peroxi dase (HRP)-
conj ugat ed goat anti-human 1gG Fc anti body (Pierce, Rockford, IL) to detect
the aOPGmilliiteesnofsemni-free AtidMguadiunmsupplementédpith Hhdi-gllnNESS)andPi er ce,
Rockford, IL) foll owed by HRP-conjugated rabbit anti-goat |gQ H+L) anti body

(Pierce, Ragifravate (Cibcd® ideideet tb ke 2O The DNWLTA feompleX e abidediest
expressing clones are expanded and stored in liquid nitrogen. 87 WO

Great 1 on SIORATY 7 0Pk TR AP SpaRieRbe Back and oK 10 4K BAERE Cned by
condi t1 oAl sttt e Mk SO B i Sl PR i e

characteristics in various suspensi o vessel s. El As are rformed to
sel ect t h@edighds repiacey B’ﬂncf@ﬁhtq%’é'%ggﬁ@giume orty e(ghtj'@bﬁg?qter Eﬁ%?ﬁ'f?‘

characteristics, including doubling times and densities are then neasured
by gr owi ngre splitdbderd 00 mmowlire dishesrin CHO®eigct medium EHNIEM highspi nner
flasks, as well as in 3L Aplikon bioreactors. The clone with the fastest

doubl i ng giuteskha0% dialybes féthebvigbssturd¢RBS) y1 Yorpenitiliini/stréptossloict ed, and
is designated Cell Line 125Q Wen the clone has expanded to yield

sufti i enfguGRlhe, 16 farRLeniatiieddds sha PR pyRRIAALY (Gibébere! | S/ M

cells are ~ resuspen a cryopreservative, s ree nedium (90% VM Soy

Bat ch Medium is changed twice weekly until colonies appeared.

[0215] After 10-14 days, colonies are picked using 5 mm cloning

discs (Labcore®) soaked in 1x trypsin-EDTA (Gibco®) and are cultured in 24
well tissue culture plates with CHO select medium. When the cells become
confluent, serum free media (CHO select medium minus FBS) is added and is
then collected 48 hours later. These conditioned media are analyzed for
antibody expression by Western blot with.horse radish peroxidase (HRP)-
conjugated goat anti-human 1gG Fc antibody (Pierce, Rockford, IL) to detect the
aOPGL-1 heavy chain, and goat anti-human kappa chain antibody (Pierce,

" Rockford, IL) foIIowed by HRP-conjugated rabbit anti-goat IlgG(H+L) antibody
(Pierce, Rockford, IL) to detect the aOPGL-1 light chain. The highest expressing

clones are expanded and stored in liquid nitrogen.
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Medi um (see Table 3 for details) supplenmented with 10 m /L nonessenti al
amno acids and 10 mM/L L-dutam ne (G bco/LTI/Invitrogen), and 10%

di met hyl weuwbhavizle (JT Baker)) and frozen. Ampul es are stomrasoz/enistl |imted
access facility and are submerged in liquid nitrogen in liquid nitrogen
dewars. [0217] Based on growth and production in small-scale spinners and

| arger scal e bioreactors, Cell LineExahiples3 chosen as the cell line for
manuf acturi ng of aOPGA.-1. 88 WD 03/002713 PCT/ US02/20181 Cell Culture
[0218] aOPG.-1 is produced by epdassomef aOPGILH Line 125Q a clonal |ine
of CHO cells that expresses aOPG.-1 from plasm ds aOPG.- 1-kappa/ pDSRal9

and aOPG = : ¥ li=zty € process for aOPA.-1 is shown
in Figure é fioh festioh'ét Gl L|n8U12t5E_ |s froma vial of Cell Line 125Q

are initially inb of, VM Soy Ba di um (see, Table 3 for
conposi ti on) s%%@ment egclabt"‘f?”i@r?rqﬁf‘ﬁnﬂgb?sg Tt 751 C'é'ﬁ??ﬁ!?yie{?&%“'a%%o m /L
L-glutam ne (G bco/LTI/Invit rog{en) (VM Soy Supp) in 125 _nm erl enneyer
shakers Hmitimdiluiiar ipr96well plates Hadenserua-Feercanditions: nidie ¢leas e

i nocul ate VM Soy Supp in a 500 ml spinner flask to 3x105 viable cells/m
(3E5 vc/ nklectedibased oowrodiiction aitd growthphanactgrisiios ig-varioay susgérsient i r e
culture fromthe 500 m spinner flask is then used to inocul ate VM Soy

Supp in aygéselpi MAE dre pekiohned B sekliithe elbdeithat grodubes\tidhighestlavelpi nni ng
for 3-4 days. [0219] The culture fromthe 3L spinner flask is then split to

two 3 L 3pLeyRsLI. a8kswidl chdfraciéhistds, iiﬁbua@{hg%uﬁnﬁ@tiMésw dENahed afed and

grown under the same conditions. These spinner flask cultures are then
used to igoculate [OYby growing the clones in 100 ml, 250 ml, 500 mi, 1 L, and 3 L

spinner flasks, as well as in 3L Aplikon bioreactors. The clone with the fastest
doubling time that reaches the highest density in culture is selected, and is
designated Cell Line 125Q. When the clone has expanded to yield sufficient
cells to freeze 360 ampules at approximately 1x107 cells/mL, cells are
resuspended in a cryopreservative, serum-free medium (90% VM-Soy Batch
Medium (see Table 3 for details) supplemented with 10 ml/L nonessential amino
acids and 10 ml/L L-Glutamine (Gibco/LTl/Invitrogen), and 10% dimethyl
sulfoxide (JT Baker)) and frozen. Ampules are stored in a limited access facility
and are submerged in liquid nitrogen in liquid nitrogen dewars.

[0217] Based on growth and production in small-scale spinners and
larger scale bioreactors, Cell Line 125Q is chosen as the cell line for

manufacturing of aOPGL-1.
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addi tional spinner flasks at 3E5 vc/ml in VM Soy Supp w thout phenol red,
and grown under the sane conditions. Four liters of culture fromthe four
3L spi nnewoO oBloaesks is used to inoculate 10 L of VM Soy SuppTwisptizusil phenol
red in a 20 L bioreactor, and the bioreactor is run in fed-batch node for

7-10 days'%%ﬁ'Cuﬁtﬁ&' batch node, a nutrient feed containing concentrated

nmedi a co "Feed", as set forth belowin Table 3) is added to

mai ntai n cell and lture viapility. 89 WD 03/ Q02713 PCT/ US02/ 20181
[0220] The ent %Q%EI tur eo‘ép’ﬁﬁ'ﬂﬂ%p ucgd dlyeadression in %@ﬁ Ling42%Q, 2nocul at e
70 L of VM Soy Supp wi thout phenol red in a 150L bioreactor, and the

bi or eact orclpsalrling OfrCH@dCQilattga’t expresses aOPG) -didrmsn plismidsynORPGe- entire
culture from the 150L bioreactor is used to inoculate approxinately 880 L

of VM Soy {wabpapDSRWPPATRIDPGL-PhgERlpDSRY10 TheZ@0duliird Hessdsefor and
the bioreactor is run in fed- batch node. The rate of feed during fed-batch

de is d : - i h :
i nt & ned G G 6 TP i, Heof R prisGcud v Gefi rbiff € le of el
trat,. d dail dith f dj ust di ngly.
[0221] ProdiB: 1260 A DHfeTysbounth SPank eoyFsy ateh Medib Sr:tebfe Sttap
weeks during which tine aOPG.-1 is constitutively produced by the cells and
secret ed i¢RMPeSEoDSUPRiementas witli19ml/L ngnessential pmirr acidsrandet il i s

controlled at set pH, tenperature, and dissolved oxygen level: pHis 7.0
and i s cort-ghithmthebiGibaohdi/invivegers) (YAd-SayESup)dn d@6aal éderaheyerdshiakieon;
di ssol ved oxygen is 120 mmHg and is controlled by air, nitrogen, and
oxygen gasatf100upm &1 3 daps.e TABIgHPé BaRUratis Eh LSedPiDiMRELId &M-Soy Supp
in a 500 ml spinner flask to 3x10° viable cells/ml (3E5 ve/ml), and is grown with
70 rpm spinning for 3-4 days. The entire cuiture from the 500 ml spinner flask is
then used to inoculate VM-Soy Supp in a 3L spinner flask to 3E5 vc/ml, and is
grown with 70 rpm spinning for 3-4 days.

[0219] The culture from the 3L spinner flask is then split to two 3 L
spinner flasks at 3E5 ve/ml in VM-Soy Supp without phenol red and grown under
the same conditions. These spinner flask cultures are then used to inoculate four
additional spinner flasks at 3E5 vc/ml in VM-Soy Supp without phenoi red, and
grown under the same conditions. Four liters of culture from the four 3L spinner
flasks is used to inoculate 10 L of VM-Soy Supp without phenol red ina 20 L
bioreactor, and the bioreactor is run in fed-batch mode for 7-10 days. In
fed-batch mode, a nutrient feed containing concentrated media components

(“Feed”, as set forth below in Table 3) is added to maintain cell growth and

cuiture viability.
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process. All gases are passed through nenbrane filters of pore size 0.22 pm
or less. [0223] At the end of production, the cell broth is fed into a

di sk stacwo osem7i3 f uge and the cul ture supernatant is sep&catusd2triem t he
cells. The centrate is further clarified through a Cuno 90SP depth filter

foll owed by a m Posidyne fil | | alhe £l ed conditioned
nmedia is then 28%% ntrate Efﬂpr §5f§é[éﬁ§!“ W%Lul?lweaﬂ‘cﬂrﬁgg{ﬁ%”s’? It—(i usi ng
50kD NMAL nenhr a ( | i pore 90 WD 03/002713 PCT/ 2/ 20181 Bi omax 50).
The condi 7 ate%ww;\ﬂ-ﬁump WithaULBhenc) ragin A JBL bipigaciclsand they
concentrated conditioned nedium (CCM is then eitheratﬁroce_ssed t hr ough
puri f i cat ibigreactdris peminffed-hadeh made: fos9-40 days.atimallyahe entine cpltorufcamon

process is summarized in Figurel9. Cell Culture Medium[0224] The cell

cul ture melge YSOL Diorezetdrhs asedh elindchiate abpraximatdly 880 Lt of \EVIRB O esithdud based
on Dul becco's Mddified Eagle's Medium/Hamis Nutrient F12 (DVEM F12, 1:1),

and, cont asyboRRRESSAIctol 494 Rarbioredsodand BEUId BB K pgke 2
W oy, et ERREE i PAf of il b mele e JER el ol B B 0 o
PR BASAL JienSe e Pabp umreieatainedyt Bavh ERar PR PRtPEE D Rel
DVEM F12 COVPONENTS
density and glucose concentration are measured daily and the rate of feed
adjusted accordingly.
[0221] Production in the 2000L. bioreactor lasts for approximately
two weeks during which time aOPGL-1 is constitutively produced by the cells and
secreted into the cell culture medium.
[0222] The production reactor is controlled at set pH, temperature,
and dissolved oxygen level: pH is 7.0 and is controlied by carbon dioxide gas and
sodium carbonate addition; dissolved oxygen is 120 mmHg and is controlled by
air, nitrogen, and oxygen gas flows. Cells are maintained at 37°C throughout the
process. All gases are passed through membrane filters of pore size 0.22 ym or
less.
[0223] At the end of production, the cell broth is fed into a disk stack
centrifuge and the culture supernatant is separated from the cells. The centrate
is further clarified through a Cuno 90SP dépth filter followed by a 0.2 ym

Posidyne filter (Pall Co.). The clarified conditioned media is then concentrated

by tangential flow ultrafiltration (UF) using 50kD NMWL membranes (Millipore
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I norganic salts CaCl2 (anhyd.) 116.60 233.2 CuSO4.5H20 0.0026 0.0052
Fe(N03) 3. 9H20 0. 1000 0.2 FeS04.7H20 0.8340 1.668 KC1 311.80 623.6 MyC1l2
(anhyd.) %0.028@71314. 56 MSH4 (anhyd.) 97.680 195.36 NaCPCI0B092081811. 98
91 WD 03/002713 PCT/ US02/20181 NaH2PO4. H20 125.00 250 Na2HPO4 142. 040
284.08 2ZnS04.7H20 0Q.8640 1.728 O her Conponents D3 ucose 3151. 00 12302
Na Hypoxamiemay 59)ad hegcandilioneg) repdiads caneenferied. 1fs to @prﬂ'&- aBed 0. 2060
0.412 Phenol Red 8.10 16.2 Putrescine.2HCL 0.1620 0.324 Sodi um Pyruvate
110. 00 22@esuMingnoconcenisated Aoaditioaed Gnethium3x CLCM) issthgnreither pcice296d 00 590

through purification or frozen for purification at a later date. The production

process is summarized in Figure19.

Cell Culture Medium

[0224] The cell culture medium for use throughout the entire cell
culture process is based on Dulbecco’s Modified Eagle’s Medium /Ham’s Nutrient
F12 (DMEM/F12, 1:1), and contains supplemental levels of amino acids,
additional nutrients and salts, a soy hydrolysate and recombinant human insulin
(Nucellin®Zn, Eli Lilly). The components are listed in Table 3. This media is
referred to as VM-Soy. Media solutions are filtered through membrane filters of

0.2 um pore size prior to use.

Table 3. Cell Culture Media Components

COMPONENTS FOR BASAL Media and FEEDS

COMPONENT VMSoy Batch Medium (mg/L) FEED (mg/L)
DMEM/F12 COMPONENTS

Inorganic salts
CaCl2 (anhyd.) 116.60 233.2
CuSO4.5H20 \ 0.0026 0.0052
Fe(NO3)3.9H20 0.1000 0.2
FeS04.7H20 0.8340 1.668
KCl1 311.80 623.6
MgCl2 (anhyd.) 57.280 114.56
MgSO4 (anhyd.) 97.680 195.36

NaCl 905.990 1811.98
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L- Aspar agi ne. H20 45.00 90 L-Aspartic acid 39.90 79.8 L-Cysteine.HCl. H20

35.120 70.24 L-Cystine.2HCl1 62.580 125.16 L-dutamc acid 44.10 88.2
L- G ut amiwe 8602709 1314 dycine 52.50 105 L-Hi stidi ne. HECTHR02/828050
125.9 L-Isol eucine 108.940 217.88 L-Leucine 118.10 236.2 L-Lysine HCl

182.50 365 L-Methionine 34.480 68.96 L-Phenylal anine 70.960 141.92
L- Prol iN&HZ04320115 L-Serine 73.50 147 1251 eoni ne 106. 90 21258
L- Tr yptiopipgo,18. 040 36. 08 L-Tyrosi ne. 2Na42b2¢ 111. 580 223. 16 pgho¥al i ne
2 ORI 1 B0 T S, 03 T Feen
Other Components
D-Glucose 3151.00 12302
Na Hypoxanthine 5.40 10.8
Linoleic acid 0.090 0.18
Lipoic acid 0.2060 0.412
Phenol Red 8.10 16.2
Putrescine.2HCl 0.1620 0.324
Sodium Pyruvate 110.00 220
Amino acids
L-Alanine 26.70 534
L-Arginine HCI 295.00 ' 590
L-Asparagine.H20 45.00 - 90
L-Aspartic acid 39.90 79.8
L-Cysteine. HC1.H20 35.120 70.24
L-Cystine.2HCl 62.580 125.16
L-Glutamic acid ‘ 44.10 88.2
L-Glutamine 657.00 , © 1314
Glycine 52.50 105
L-Histidine.HCL.H20 : 62.950 125.9
L-Isoleucine 108.940 217.88
L-Leucine 118.10 B 236.2
L-Lysine HCl 182.50 365
L-Methionine 34.480 68.96
L-Phenylalanine . 70.960 141.92
L-Proline 57.50 115
L-Serine 73.50 147
L-Threonine 106.90 213.8
L-Tryptophan 18.040 36.08
L-Tyrosine.2Na.2H20 111.580 223.16
L-Valine ‘ 105.70 211.4
. Vitamins
Biotin 0.0073 0.0146

181
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Folic Acid 5.30 10.6
Pyri doxal

i -l nosit

ol

25.20 50.4 N acinam de 4.040 8.08
HCl 4.00 8 Pyridoxine HC 0.0620 0.124 Riboflavin 0.4380 0.876

Thi am ne WO0l0340340 8.68 Thym di ne 0.3635 0.727 Vitam n BCZ/UBV3B08L. 72

ADDI TI ONAL COVPONENTS Nucel I'in

Zn,

(rhu insulin) 5.00 15 Sel enous Acid

0.0050_0. 015 Et hanol am ne 0.0p12 0.0037 Triiodothyronjne 0.000040 0. 05012
Hydr ocBr-EnPenietlenet®0 0. 06 Ferfic Gitrat e489. 450 122.450 Pl ub-8fic F-6
1000. 0Q'h30A: CRRyiddydr ol ysat e 6000. 00 6000700 NaHCC3 3000. 00 332 00 Ndd
3500. OE lipgcicf i cation Process [0225] aOpP -3h expr essed jn CHO ls is
secret'ﬁ ?. 5 the extracellulhr medium Aseries of st eps nmay_be used t{o
gener ai-dngsitob material. The pfocess usesZhy@rophobic charge i#tction,
cati onNgxGhande, and hydrophopic interact4ioép chronmatogfaphy aBo8g with |a
| ow pHP%iﬁgxa%fblv' ral filter. 4.00 8

Pyridoxine HCI 0.0620 0.124

Riboflavin 0.4380 0.876

Thiamine HCI 4.340 8.68

Thymidine 0.3635 0.727

Vitamin B12 1.360 2.72

ADDITIONAL COMPONENTS

Nucellin Zn, (rhu insulin) 5.00 15

Selenous Acid 0.0050 0.015

Ethanolamine 0.0012 . 0.0037

Triiodothyronine 0.000040 0.00012

Hydrocortisone 0.020 0.06

Ferric Citrate 122.450 122.450

Pluronic F-68 1000.00 500

Soy Hydrolysate 6000.00 6000.00

NaHCO3 3000.00 3000.00

NaCl 3500.00

Purification Process

[0225]

aOPGL-1 expressed in CHO cells is secreted into the

extracellular medium. A series of steps may be used to generate pure material.

The process uses hydrophobic charge induction, cation exchange, and

hydrdphobic interaction chromatography along with a low pH step and viral filter.

These procedures are described below.
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These procedures are described below. 93 WO 03/002713 PCT/ US02/ 20181 A.
Hydr ophobi ¢ Charge | nduction Chronat ography (HCIC) [0226] This

chr omat ogwepbgpoxiep renoves the nmajority of host cell preceiuse2/anst DNA.
The concentrated conditioned nedia (CCM is filtered through a Cuno 30SP
filter and then through a Cuno VRO7 char ged el | .ul qse-based filter, and
t hen | oaddd HysreRnehic r%ﬂil‘?‘@é‘lonr(\éypma%%r@@ﬁy d"@é@?ng, the colum is
washed with equilibration buffer (20 nM Tris pH 7. 2£. The antibody is

el uted from th®226%i n usThis chromategraphy siep reprves thednaigripceithass cell pH
5.0). As it is eluted fromthe colum, the product is collected based on
the absoplateins antd RRA. MThedtondenteatbd sondifibhec medid(CUM)Es filteredt i vat i on

[ 0227] The MEP pool is titrated to pH 3.7 and is held for approxinately 60

m nutes tg. i [ ' hhat Cifo \AIgOeharded Fol l owi ng the
hol d st epﬁr?@?%Sﬂ&gg?ﬁgg%gabgwg%gpié@ngt ely 6.0. C. Viral Filtration

2] TS S MR e g 1o
Bechange. ShAinadls abRY (oS edsRb Fovileralitn bt @0 mif TrigpHFoel rTug by
cati on exchange chromatography using SP Sepharose HP (Amer sham Phar maci a)
or equi vahetihody iFredutedifram the cesingeingR Invapbipulfan/(29tal Pediiedcelats t i onal
CHO cell proteins, DNA, |ower nolecular weight proteins, and aggregated
forms of pH5.0). Asitis eluted from the column, the product is collected based on the
absorbance at 280 nm of the column effluent.
B. Viral Inactivation
[0227] The MEP pool is titrated to pH 3.7 and is held for
approxirﬁately 60 minutes to inactivate potentially contaminating retrovirus.
Following the hold step, the pH is adjusted to approximately 6.0.
C. Viral Filtration |
[0228] The pH-adjusted pool is filtered through a Millipore Viresolve
NFR filter or equivalent. The antibody flows through the filter while potentially
contaminating viruses = 50 nm are retained.
D. Cation Exchange Chromatography (CEX)
[0229] The antibody is further purified by cation exchange
chromatography using SP Sepharose HP (Amersham Pharmacia) or equivalent.
The cation exchange chromatography step removes additional CHO cell

proteins, DNA, lower molecular weight proteins, and aggregated forms of

aOPGL—‘i. The viral filtered pool is loaded onto the cation exchange resin. After
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aOPCGL-1. The viral filtered pool is |oaded onto the cation exchange resin.
After 94 WD 03/002713 PCT/ US02/ 20181 | oading, the colum is washed with
equi | i br awpe/omris er (20 nM NaMES pH 6.2). The anti body iPsTiUsen2@But ed
with a linear gradient of increasing salt (20 nM NaMES pH 6.2, 0 M NadC

aduet ﬁ%ﬁﬂﬁ%ﬁé@'%eéﬁ%ﬁ et ity Syl bk d B NaMES Pk ez

effluent. E. drophobi c Interacti on Chromatography (H C) £0230 The
anti body i @erantt ipthen chtedyithyallingsigsadienheldnateastly sal gr aphy
usi ng Phenyl Toyopearl 650S (Tosoh Bi osep) or equivalent. The hydrophobic
i nt er act i dNaMESqrH Bd2yriabhilaét @20 mMiBleMES pll §12] 0 ShiMidaGl)eAsiitis elutstbves
addi tional CHO cell proteins, DNA, |ower nolecular weight proteins, and

aggr egat egrohRHE calimORR plod bl Ealldca Bé%}ﬁ@ﬁ%@a%oﬁbﬁn%ermIz%bqnﬁ%fbef ore
| oadi ng onto the colum by addition of amonium sulfate to a conductivity

of >105 After loading, the colum is washed with the
equi li bra?ﬁ%n%@?é rL‘(%]rfFM Pot aSSI um Phosphate pH 8). The antibody is then

eluted wth a,linear d reasjin It concentration (1 M
Pot assi um%h@%%@ Ic lgﬁﬂ\/? C%'I[P qgr@wi“b&ﬂ@gsi um Phosphate, 20 nM Tris
pH 8). As it is eluted fromthe columm, the product is collected based on
t he absorbance [823&80 nmldwe a'ﬂt!’@dd’dﬁlﬁ%w\%rfﬁ%@ﬁtby irydrephehigtinteragtienand
D afiltration [0231] The H C columm pool is concentrated and diafiltered
i nto for chrematagraptiy esingyPhemyhéoyopearf 65086 (Tosatf Biasea) iooequivatemt SThed NMAL
menbranes (MIlipore Biomax 50). The formulation buffer includes 10 niM
Acet at e, $iydrophobic interaction chromatography step is used as a polishing step and

removes additional CHO cell proteins, DNA, lower molecular weight proteins, and

aggregated forms of dOPGL-1. The cation exchange pool is conditioned before

loading onto the column by addition of ammonium sulfate to a conductivity of

>105 mS/cm at 15-25°C. After loading, the column is washed with the

equilibration buffer (1M Potassium Phosphate pH 8). The antibody is then eluted

with a linear gradient of decreasing salt concentration (1M Potassium Phosphate,

OmM Tris pH 8 to OM Potassium Phosphate, 20 mM Tris pH 8). As it is eluted

from the column, the product is collected based on the absorbance at 280 nm of

the column effluent.

F. Concentration and Diafiltration

[0231] The HIC column pool is concentrated and diafiltered into
formulation buffer by tangential flow ultrafiltration using 50kD NMWL membranes

(Millipore Biomax 50). The formulation buffer includes 10 mM Acetate, 5%

Sorbitol, pH 5.2 and aOPGL-1 is at 30 mg/mL.
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Sorbitol, pH 5.2 and aOPGE.-1 is at 30 ng/nL. 95 WD 03/002713 PCT/ US02/ 20181
Final Filtration and Storage [0232] The purified bulk is passed through a
0.22 m PWBb oBiov27¢3 (M I 1ipore), is sanpled, and stored arcappsopiigntely
-30C in a secured freezer. Exanple 4 Binding Specificity of aOPG.-1 [0233]
Anti bodi es that are produced in CHO cells that are transfected with the
two expression vectors as discussed in Exanples 1 and 2 may be used in the
follow ng exanples 4, 5, and 6. [0234] Human OPG bi nds and neutralizes OPGL
in rats, HnagFidugtio nonkeys, as well as in humans. aOPG.-1 binds
human OPGL with high affinity but does not bind significantly to nurine

OPG. (Tabl e 4)[02BR) e 4: TABfgunified uflk RG¥dsedl through 4 0lgnimaPDEXiNeessed
OPG. of Human, Cynonol gus Monkey, or Muse SequLgr?lce. OPGL. Species aOPA.-1

peci oo | OUFELIS el A ok ol SR ERDIG o RSRELAR R o0

protein. Binding of aOPGA.-1 to the cell surface expressed OPG is assessed
by FACS analysis of cells incubated w tr] aAOGDG_- 1 and a FITC-| abel ed
secondary anti body to hunman |gQ&. R %i nds human and cynonol gus OPGL

but there is no specific
Binding Specificity of aOPGL-1
[0233] Antibodies that are produced in CHO cells that are
transfected with the two expression vectors as discussed in Examples 1 and 2
may be used in the folliowing examples 4, 5, and 6.
[0234] Human OPG binds and neutralizes OPGL in rats, mice and
cynomolgus monkeys, as well as in humans. aOPGL-1 binds human OPGL with

high affinity but does not bind significantly to murine OPGL (Table 4).

Table 4: Affinity of tOPGL-1 to Cell Membrane Expressed OPGL of Human,
Cynomolgus Monkey, or Mouse Sequence.

OPGL Species aOPGL-1
EDs (ng/ml)
Human 16
Cynomolgus 19
Mouse No Specific Binding

OPGL of these species is expressed in CHO cells as the full-length, membrane-bound
protein. Binding of aOPGL-1 to the cell surface expressed OPGL is assessed by FACS
analysis of cells incubated with aOPGL-1 and a FITC-labeled secondary antibody to
human 1gG2. aOPGL-1 binds human and cynomoigus OPGL but there is no specific
binding to mouse OPGL.

[0235] In addition, human OPG has been reported to show weak
binding to tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)

(Truneh et al, 2000), a related member of the TNF family, which shows DNA and
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bi nding to nouse OPG.. [0235] In addition, human OPG has been reported to
show weak binding to tunor necrosis factor-rel ated apoptosi s-i nduci ng
| i gand ( T™WRalog)o273Ir uneh et al, 2000), a rel ated nenber of PCRASIMEOIBEN | Y,
whi ch shows DNA and 96 WD 03/002713 PCT/ US02/ 20181 am no acid seqguence

honol ogy to. OPG. (Lacey et al ., 199 wever 0 not d tably

bi nd ¢5” oRHITO 4 SEEkEtea norsien o b BERHYieL afy yeodataffier. BFE o

| i gand. [0236] aOPGL-1 binds specifically to OPG on El A plates (Figure

7). Recondoemnet defeginably bPQIO(OZh@gTNF)reiaXGQ:B&t@BS&WB ascLMER THFR, B at es at
roomtenperature for 16 to 24 hours. After blocking with 1 % BSA in PBS,
varyi ng cGDd@rigaadi ons of aOPG.-1 (approximately 2 ng/m to 1000 ng/m)
diluted in 1 %BSA/PBS are added to the wells and the plates are incubated

for about 2 hgyag)at rOamﬁﬁm%iﬁéyéﬁecimg%@PGDQﬁVEiAﬁplé@é@(?_ti@_ﬁ#ew th
goat anti-Humah 119G (Fab')-HRP using TMB-H2Q2 (tetranet hyl benzi di ne and

hydr ogen r @xj : ' : & 50nm and
s50nm [ 005 7RCapRnat SR BRI 2 B & o8 oS OB R PR et oo o
transfected cells (Figure 8).. G-1 00, ng/k did in GS Buffer
(PBS, 0. 1“?%%:”‘6‘? ”%&{S’Hi@#@(ﬁ% rs; @%“F %“?Fg{f@&"gﬁ %{Bﬁdﬁ‘/h}@gﬁg
concentrations of OPGE, TNFa, TNEb, TRAIL, or 0.ligan appr.oxi matel y
501 h! manBGTEaRgRliPNS cAROHEL HaRPiNERIA 2ABHrb i ARG ABRAESIees” oo
REN 218-9 cells, which are CHO cells stably expressing nenbrane-bound OPGL
on the cil 1%BSARBS aré added thdhe walls 2nd the pleies ate ineubsted,for abpuhdved by
centrifugation and washing. Cells are then incubated for 30 m nutes at 2-8C

hours at room temperature. Bound antibody is detected with goat anti-Human

IgG (Fab’)-HRP using TMB-H202 (tetramethylbenzidine and hydrogen peroxide)

substrate cocktail. The absorbance is read at 450nm and 650nm.

[0237] aOPGL-1 binds specifically OPGL expressed on the surface

of transfected cells (Figure 8). aOPGL-1 (100 ng/ml) diluted in FACS Buffer

(PBS, 0.1%BSA, 0.01%Sodium Azide) is preincubated with varying

concentrations of OPGL, TNFa, TNFb, TRAIL, or CD40 ligand (approximately 0.1

ng/ml to 1000 ng/ml), and is then added to approximately 200,000 CHO REN

218-9 cells, which are CHO cells stably expressing membrane-bound OPGL on
the cell surface. After 1 hour at 2-8°C, unbound antibody is removed by
centrifugation and washing. Cells are then incubated for 30 minutes at 2-8°C
with FITC-labeled F(ab’) ; Goat anti-Human IgG (Fcy fragment specific). After
centrifugation and washing, cell surface fluorescence is measured using flow

cytometry. Figure 8 shows that binding of aOPGL-1 to CHO REN 218-9 cells is
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with FITC | abel ed F(ab')(err) Goat anti-Human 1gG (Fcy fragnent specific).
After centrifugation and washing, cell surface fluorescence is neasured
usi ng fl owo ospoxym®etry. Figure 8 shows that binding of aOPECTAISKL20TBO REN
218-9 cells is 97 WD 03/002713 PCT/ US02/ 20181 specific, and is
conpetitively reduced by addition of soluble OPG, but not by addition of
TNFa, TNFepedifiaiand isrconipgiitivelygrduced by sdditionefisodible iQPngbxb@trmm s,
aOPG.-1 binding to OPA on EIA plates is inhibited by addition of
exogenousadi@bn(dfiTiNfrae TNFb,biiRAor BD4thkgaratidi ti on of TNFa, TNF(err),
TRAIL, or CD40 |ligand (Figure 10). This procedure is performed in

substantial |y {dmsgjame nenesmpasitigbexserirhentshuMMGIg1dindifGE-GPGL orOPG. on
El A pl ates, except a constant concentration of aOPG.-1 (100ng/m.) is

sy AL R Eggst o s e POty b
e oo P S B S B M BT Y e 010 L1

a nurine macrophage cell line that was derived froman Abel son nurine
| eukeni a perfogmed i aukstaniiatyrthe Ravie gxarnes @siaboyp| for bindiag ef oQR EL1Toto
osteoclast-like cells in the presence of OPG. The basic assay for

gener at i oOQORGL @t ERchlatdss exceptd tomstaht conceRfdtior lof s GRGLHe(iD0agmLpisof
OPG. has been described in detail in Sinonet et al (1997) Cell 89 p. 309,

and Laceypflinédibdtdd Wtih ¥etlihgTdneentkbfiond\bf SoluBlecOPELSbrothePRgamiy at ed by
reference for any purpose.
(approximately 1 ng/ml to 1000 ng/ml for each) before it is added to the OPGL-

coated plates.

Example 5
aOPGL-1 Neutralizing Activity

inhibition of Osteoclast Formation

[0239] RAW 264.7 (ATCC No. TIB-71, Manassas, VA) is a murine |
macrophage cell line that was derived from an Abelson murine leukemia virus-
induced tumor. RAW 264.7 cells will differentiate to osteoclast-like cells in the
presence of OPGL. The basic assay for generation of osteoclasts in culture from
RAW cells in the presence of OPGL has been described in detail in Simonet et al
(1997) Cell 89 p. 309, and Lacey et al (1998) Cell 93 p. 165, which are herein

incorporated by reference for any purpose.

[0240] RAW cells are stimulated by ligand to differentiate into

osteoclast-like cells, and the differentiation can be measured by TRAP activity, a
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[0240] RAWcells are stimulated by ligand to differentiate into
osteoclast-like cells, and the differentiation can be neasured by TRAP
activity,weosegviD 03/ 002713 PCT/ US02/ 20181 property of @strasot/za8ss. Thus,
the effect of aOPA.-1 on osteocl astogenesis can be neasured. [0241] RAW

cells areyj | of
cpaL (40" REIVRREH RN s, Mae BRp & GXRBBLY of et iHiadiie i Shp
ng/m) in_cell cupeﬁure medi um (DVEM 10% FBS, 0.292 ng/m L- dut, 100
units/m Bgrﬁ‘%??‘r'l "G 100 tag/m Streptonycin sulfate). At the end of 4
days, the cells are stained for tartrate-resistant acid phosphatase (TRAP)

activity by peopegbi |iZ@Amﬂcéﬂﬁobré%éﬂﬁdté@i’dr??dait@id PiesteB¥ndd pAMENt Wi th

par a- ni t rophenyl phosphate for 5 mnutes. Briefly, the nedia is aspirated

of { of _ ¢ BEniab Smciilof B 6L 43 hoih ShiAAHing Ui i HHACEGL3eM o1 i c

acid, 590 citrate, tris i ton I s added

to each wel n e plates ar | ncubat ed. .f 3 ' S gt room

t enper at upaimEiae2d Ralfef i B Gitrwe R bl Jbf Fas C2of i Tmbed (157 o
ng acid phosphat ase reagent (Sigma 104- 100), 7.2 m tartrate solution

(Si gma caBluind 003mitsayl PanigilbrnGg 180 Ha/mi Sirebinmyain sulfate)d Abthe esd &f 4

I ncubated for 3 to 5 mnutes at roomtenperature. The reaction is

t er m nat edaby, thediells@restaibed fior taritateirdbiStand aicid plospHadas2(TRARPactivity
convert para-nitrophenyl phosphate to para- nitrophenol, which can be

quant i t at g¢ peymreabilicatiod el ddidifieson, esTRNedby #8atrMeht willhe TRAP activity,
which is a surrogate marker for osteocl ast devel opnent, therefore

cort k"L epatt PSR Phate St Ry, oihetiad sdpleBortons) Y
the cells, and 100 pl of citrate buffer (410 m! 0.1M citric acid, 590 ml 0.1 M
citrate, trisodium salt, 1 mL triton X-100) is added to each well and the plates are
incubated for 3 to 5 minutes at room temperature. One hundred microliters of
PNPP solution is then added (157.8 mg acid phosphatase reagent (Sigma 104-
100), 7.2 ml tartrate solution (Sigma cat. no. 387-3), and 22.8 ml citrate buffer),

and plates are incubated for 3 to 5 minutes at room temperature. The reaction is

terminated by addition of 50 pl 0.5 M NaOH solution.

[0242] TRAP will convert para-nitrophenylphosphate to para-
nifrophenol, which can be quantitated by optical density measurement at 405 nm.
The TRAP activity, which is a surrogate marker for osteoclast development,
therefore correlates with the optical density at 405 nm. A plot of optical density
versus aOPGL-1 concentration is shown in Figure 11, and demonstrates that

aOPGL-1 inhibits osteoclast formation in this assay.

99



aOPG.-1 inhibits osteoclast formation in this assay. 99 WO 03/002713

PCT/ US02/ 20181 Inhibition of OPG Binding to its Receptor [0243] The

pot ency oWOa®R@713 is denonstrated by its ability to bl oekTtuse2/ilgdi ng of
OPG ligand to its cognate receptor, the osteoclast differentiation and

activatin t Or I kn RANK). This assay uses
hom)geneoqnﬁ' ﬁ%ﬂ&m{) n 1o R Sonance (HTRF) to detect binding

of aOPA.-1 to Europi um conjugated osteoprotegerin ligand (Eu-OPQA). |If

aOPGL- 1 i nhi bi {6243} OPGL THengbteaicy @f GOMGL iy dearsiiated by it abillty t¢lecr ease,
and the amount of aOPA.-1 present will be inversely related to the anount

of fluor éﬂm sl S Al I \ o | emts |light
at 620 nm%? en%etggéiﬂta é@vﬁ@*‘?@déﬁq@%@%ﬂ%}%&%ﬂ@ *H%%@?SIQEXAG and to Fc,
and the Fc;..ODAR-ELAG fusj.on. protein i eled, with an j.- ELAG ant i body
ke t o STRARGESL g ARt e REbfr DR Gy ES KhibbA BRARI I HiS P rah.
when excited by light at 620 nm Therefore, when Eu-I|abeled OPG |i gand

bi nds to tUsESHIRegEREOHE e FrsQlyehtasscerifsseraneedltiRF) fadgtesbnpl ex wil |
emt 665 nmlight when excited with light at 337 nm [0245] Eu-CPG. at

0. 05 pg/ nibinding oé cRRBlatice Buropiuwardonjugated nsteopretegenis ligand (Ew-QBGLMg/ m )
of aOPG.-1 in assay buffer (50 MM Tris pH 8, 100 nM NaCl, 0.05% NaN3, 0.1

% BSA, andf QOPEk-Tweiebits Elu-@P Globimdiretop® DAR| fleof edcedp pupit Wall @byre@se, hour
(Preincubation mx). A mxture of Fc- ODAR-FLAG (1 lag/m) and

anti - FLAGaﬁ%Qh(a?anE?oﬂuﬁQJf'H()PGﬁ-ﬁF%’se‘?ﬁ %ﬂb@%\}err‘sé;}r? )?(?létedow( {&"arAB@nt sxcubat ed

at roomtenperature tor one hour (Fluorochronme
fluorescence.

[0244] OPGL is Iabele& wifh europium, which emits light at 620 nm
when excited with 33? nm light. ODAR is fused to FLAG and to Fc, and the Fc-
ODAR-FLAG fusion protein is labeled with an anti-FLAG antibody linked to
allophycocyanin (APC), a fluorophore which emits 665 nm light when excited by
light at 620 nm. Therefore, when Eu-labeled OPG ligand binds to the Fc-ODAR-
FLAG/anti-FLAG-APC complex, the tertiary complex will emit 665 nm light when

excited with light at 337 nm.

[0245] Eu-OPGL at 0.05 pug/ml is preincubated with various
concentrations (0.1 to 150 ng/ml) of aOPGL-1 in asséy buffer (50 mM Tris pH 8,
100 mM NaCl, 0.05% NaNs, 0.1% BSA, and 0.05% Tween 20) at room
temperature for approximately one hour (Preincubation mix). A mixture of Fc-
ODAR-FLAG (1 pg/ml) and anti-FLAG-APC (2.5 ug/ml) is also prepared in assay
buffer and incubated at room temperature for one hour (Fluarochrome mix).

Equal volumes of Preincubation mix and Fluorochrome mix are then combined
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Equal vol unmes of Preincubation m x and Fl uorochrone m x are then conbi ned
100 WO 03/002713 PCT/ US02/ 20181 and incubated at roomtenperature for 3
hours. ThwofiBowm7escence i s neasured by readi ng pl ates onPChaSPazar d

Di scovery HTRF micropl ate anal yzer using an exci tation vvavel ength of 337

d | e th f 665 024
b1 nouba?l ittt AEeS T Hemaratite Tt  hoA. dhedl HJQXF%‘F?"CG i& mSasured

Fc- ODAR- FLAG ant i - FLAG APC the fl uorescence intensit 665 nm decr eases
in a dosebWdpadieriiatesmeine Rackardklisqavery FURF micropls ﬁ@@WE@f uﬁyngm
(err)OPGE.162 can effectively inhibit OPG b| nding to ODAR. Exanple 6

Phar nac ok ereitatis wavegngtnodfgdsy minrarel/an pﬁﬂsﬂpn Svavelarigth ahB685inm.f enal e
cynonol gus nonkeys, not greater than 4.5 years of age and wei ghi ng 2to 4

Foml os. & upto2Als “anavieRaliP LR HhemgiBateeih BurdP E i eans M i o <

in Goup 1 are admnistered a single SC dose of 1 ng/kg aOPG.-1, while
ani mal s i then mixed withdQBPAR- ELéCﬁaﬁﬁl-ﬁlLACé'P&P dhadluerasgengednfensity ot 1, 1.0,
or 10.0 ng/ kg of aOPG.-1, respectively. [0248] Animals are dosed with

aOPCL- 1 egpbanneldctaases ihraedméeeﬁé@dﬁntmméraasishown\iaﬁgl(r&m cells.
Serum sanpl es are taken for determ nation of aOPG.-1 |evels, antibody

anal ysi s, déﬁ%@%@t%gltﬁamopmmgr&n éﬁédm\éﬁfantl@PGEQﬁH@hbl'tbﬂmﬂRpt i de
(serum N—Tx) al kal rne phosphatase (ALP), "and serum cal ci um (serum Ca).

Uine is also collected for analysis of NN telopeptide (urine NTx) and
creatinine. [0249] The serum concean'x%Hﬂé-éi me profiles followng IV

Pharmacokinetics in Cynomolgus Monkeys

[0247] Six male and six female cynomolgus monkeys, not greater
than 4.5 years of age and weighing 2 to 4 kg are assigned to 4 dose groups.
Group 1 consists of 3 males and 3 females. Groups 2, 3, and 4 each consists of
1 male and 1 female. Animals in Group 1 are administered a single SC dose of 1
mg/kg aOPGL-1, while animals in Groups 2, 3 and 4 are administered single IV
doses of 0.1, 1.0, or 10.0 mg/kg of aOPGL-1, respectively.

[0248] Animals are dosed with aOPGL-1 expressed from
transfected chinese hamster ovary (CHO) cells. Serum samples are taken for
determination of aOPGL-1 levels, antibody analysis, and analysis of the bone
turnover marker serum N-telopeptide (serum N-Tx), alkaline phosphatase (ALP),
and serum calcium (serum Ca). Urine is also collecied for analysis of N-
telopeptide (urine N-Tx) and creatinine.

[0249] The serum concentration-time profiles following IV

administration are characterized by a tri-phasic distribution (Figure 13). Initially,
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adm ni stration are characterized by a tri-phasic distribution (Figure 13).
Initially, 101 WO 03/002713 PCT/US02/20181 there is a rapid distribution
phase, foWwbDesea7yy a significantly slower plateau phase, paftiushzappears to
be concentration-dependent. The third observed phase is a rapid

el i m nati on phase. [0250] Non-conpartnental analysis of conplete serum
concent r athieve ig a mapidrdistribation phage Vibtidloed by ePsighifisanthinslowey plaig¢au and
exponential analysis of the data up to 14 days after test article

adm ni str ghhan viieh @bﬁéérs t%%@@@né&{t#ﬁhohfdggﬁnaéﬁt\/l The thitd dbgarved phake! | zed

to investigate the armacokl netics of aOPG.-1 in nonkeys. The initial

vol une of Il IV doses averages 28.9 m/kg, simlar to
pl asma vo'sdéméd"‘gégy sta Svegl une (Vss) of d| stribution averages 39 m/kg

across all 1V &%%%i Ex entlal & %/ai | at es, %hat aOPCGL-1 has an
average distri n ha QN ¢MPAKN ]angy&s Oqﬂrgpeeaﬁew ended secondary
phase with a half-life (t%p) that |ncreases wi th dose from 86.9 hours at
a dose of concenigntiog-tine Rragigs weincoVinMonlintrafestionaldyd &) vand exrenafiiakg.
Terminal elimnation half-life (t(err)) estimted non-conpartnental ly

aver ages amalysisraf the dats uplib 14\dayssaftay tesiprticlelasininistratioaland@bave of
aOPE.-1 is found to be non-linear, with animals receiving |V doses of 10

g/ kg haVl109)0@ﬂwg/mLeu§ﬂ? sAmna(\mm LPaf2qtildedo/iedstighad thes 3. 3-fol d | over
than those receiving 0 ng/ kg (0.401 m/hr/kg). [0251] After

adm ni step haﬂna@rgé@e@@w%gwmkgy& | Theliaal Wikde GFOABRKIGPAEM

concentrations ng/ m hr. There is high variability
e 2B Gosi MBS B, A A e S A e e
(Vss) of distribution averages 39 ml/kg across all IV doses. Exponential analysis
indicates that acOPGL-1 has an average distribution half-life (f1.) of 6.02 hours,
an extended secondary phase with a half-life (tyg) that increases with dose from
86.9 hours at a dose of 0.1 mg/kg to a maximum of 444 hours at a dose of 10.0
mg/kg. Terminal elimination half-life (t,.) estimated non-compartmentally
averages 31 hours across all IV dose groups. Clearance (CL, CL/F) of aOPGL-1
is found to be non-linear, with animals receiving IV doses of 10 mg/kg having an
average clearance (0.120 mi/hr/kg) that is 3.3-fold lower than those receiving 0.1
mg/kg (0.401 mi/hr/kg).
[0251] After administering subcutaneously, absorption is slow, with
average peak concentrations (Cpax) of 11,600 ng/ml at 132 hr. There is high
variability in the range of exposure after SC administration, resulting in an
average clearance of 0.387 + 0.281 ml/hr/kg and mean residence time of 202 +

80.1 hours. Average bioavailability is 89%.
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80.1 hours. Average bioavailability is 89% 102 WO 03/002713 PCT/ US02/ 20181
[ 0252] The preceding data are summari zed in Table 5. Table 5: Mean ( SD)
Non- ConpawOrso2ai3 Phar nacoki netic Paraneters' in C nonol Pag/usontEags After
Adm ni stering a Single Dose of aOPG.-1 1V and SC Non- Conpart nent al

Par anet er Esti 1.0 [ kg O. kg 1.0 / K 0 Paraneter Unit
SC (n=6) 1V (n@ﬁv (nziﬁelrﬂﬁ@efﬁag%(axiaw %ﬁgﬁ?éé'%e%/é%ﬁkgﬁ- Ti nax hr 132
60.2 00 0 Cmax ng/m 11600 3410 4330 38200 326000 ti,,Z hr 34.9 11.1
30.7 31.4 NDb AUC(o_.) g*hr/m 3520 1750 253 3950 99900 CL, CL/F m /hr/kg
0.387 0. 281 TaiR’: 0354 (VSO RonEBmpartaAtAPhanfidcdiaddvc Balmaterstih/ kg N AC

NA33.73 mans erlnat%?%? % ﬁé@b fl.'-‘g E t
Det erm n ’éyé%ﬁgﬂil:ﬁ Mgﬂk%@{ﬁi}eﬁir 5. gfﬁ; l&: Jb s Wgﬁd HO nase

is not observed ' Not Appl -1 causes a rapid decrease in
serum N-Tx levels | within p4 hout8mskst dos¢ ¢Fmglks ¢ 1Hmelehd dfmekge|tine
of maxi mumpgffueet | S umbse[Ved TQcegERUT Dbet Weqm(nig hourvsnand |7 Tdy=R) ppst
dose as ||V doses i|ncrease rom-0-1-to 10 mylkg—and-between11i2 howrs and
11 days iln animal g receivihg ¥0SC ldos&Pof 1. o™i kg, NEEnurh ef¥BRt
I ncr eases| w tTh, doge f mom appr dsg: matiel y60.2 0
Crnax ng/ml 11600 3410 4330 38200 326000
tyiz hr 34.9 11.1 30.7 31.4 ND®
AUC ) ug*hr/ml 3520 1750 253 3950 99900
CL, CL/F ml /hr/kg 0.387 0.281 0.401 0.256 0.120
MRT hr 202 80.1 84.8 124 519
Vss ml/kg N/A°® N/A 33.7 31.7 55.9

*Values are reported to 3 significant figures
PNot Determined, PK samples end during plateau (8) phase hence terminal phase is not observed
°Not Applicable

[0253] aOPGL-1 causes a rapid decrease in serum N-Tx levels
within 24 hours post dose (Figure 14). The average time of maximum effect is
observed to occur between 12 hours and 7 days post dose as |V doses increase
from 0.1 to 10 mg/kg, and between 12 hours and 11 days in animals receiving a
SC dose of 1.0 mg/kg. Maximum effect increases with dose from approximately//
80 to 91% over the dose range of 0.1 to 1 mg/kg. However, at higher doses no
further suppression is observed with maximum inhibition of 91%. Mean levels of
serum N-Tx return to baseline by day 28 after administering 0.1. mg/kg IV and by
day 70 after administering 1 mg/kg SC. Urine N-Tx shows similar trends to those
of serum N-Tx, except that all groups return to baseline values by study day 105

(Figure 15).
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80 to 91 % over the dose range of 0.1 to 1 ng/kg. However, at higher doses
no further suppression is observed with maxi mnuminhibition of 91 % Mean
| evel s ofwogamnmmniN- Tx return to baseline by day 28 after a&dmiusoxtmEsi ng 0. 1.
ng/ kg 1V and by day 70 after administering 1 ng/kg SC. Urine N-Tx shows

simlar trends hose of serum N Tx, except that |, arQups return to
basel i ne val uegd%? st udy SHRPTERSION J?*ﬁed[:lmeéﬁé (.:re%%s V@“é@%ﬁgﬁﬁl@ean

PCT/ US02/ 20181 []02054] Suppr essi on of serum Ca increases with dose to a
mean nadi Pagif 08314 helowthe baspline| ﬁ‘&%a%§%@'@3d§)ﬁ/@ﬁeﬂ&/§d@fﬁ@fathw of

adm nistration of 10.0 ng/kg. Al other dose groups have nean decreases in

serum Ca 0.0 magékg. t Athotles dogefgroups have nisaredecreaseinegprym Ga ofidgssl7 al |
serumCa levels in treated animals return to within 10% of their baseline

aver ages {and26.a%ftbm {HeR3idsefite Boamgess Bypdapn 7 aliceromn®a lsvelsdire
intimately |inked, changes in bone formation markers (ALP) are al so

observed rﬂHﬁJ‘s l4i i I e‘?ége ol onged
suppr essi %Q{éﬁi:% t el féotﬁirqrﬁql \gﬂﬁﬁrﬁgr glrf,fh ?(éﬁ%i%gaalr e 1%.%%5}]\% ng bone
resorption mar decre rior . _bone: f or ion. . (ALP)
fol |l ow ng dosi t@%\?ﬁ]t h acgaﬁh%ecr%ﬁ?{p?'ﬁg qrﬁgﬁor&?gi‘g E%@ﬁﬁgﬁgbﬁw&ﬁbne
anti-resorptive agent._[0256] The najqority of anjnmals (9, of 12) devel op
anti bodi eghawe%@gaanoum%OFmrE@%@%) G N %%N?BK%{W% SOWSf dose
or route dependent. It is not possible to assess the effect of antibodies
t o aOPG.- dedine ia@HdR lavgih and@cvkrienpralenrgethenrpressiondhagy thentanmatiodose gr oup
has both antibody negative and positive animals. At 0.1 ng/kg IV, the
maj ority pfark&PE-Tx (Fighire R4pr Obsemvirg bone segorpticty nibrkelsajeuredseaprior to
therefore, effects on aOPG.-1

bone formation markers (ALP) following dosing with aOPGL-1 confirms that the

aOPGL-1 is a bone anti-resorptive agent.

[0256] The majority of animals (9 of 12) develop antibodies to

aOPGL-1. The incidence of antibodies to aOPGL-1 is not dose or route

dependent. It is not possible to assess the effect of antibodies to aOPGL-1 on

aOPGL-1 pharmacokinetics above 0.1 mg/kg when no dose group has both

antibody negative and positive animals. At 0.1 mg/kg IV, the majority of aOPGL-

1 is cleared prior to antibody development and therefore, effects on aOPGL-1

disposition are not observed (Figure 16).
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di sposition are not observed (Figure 16). 104 WO 03/002713 PCT/ US02/ 20181
W Caim 1. An antibody, conprising a heavy chain and a |ight chain,

wherei n twWe 03jexavy chain conprises an amino acid sequencePa3/tser2(18rt h i n
SEQID NO 2 or a fragnent thereof, and the light chain conprises an am no
acid sequence,as set forth in SEQID NGO 4 or a fragnent thereof. 2. An
ant i body,W@ﬁB?%i ng a heavy chain and a light chain, wherein the heavy
chain conprises a variable region conprising an am no acid sequence as set
forth in SEQ | B Mo anfbedy,compripirge helawy ebain amdiadight ehaint Wheteig the chai n
conprises a variable region conprising an am no acid sequence as set forth

in  SEQ | hed®y chdinczorapfisexgar aimihdeciidequincélzs suttfoARGY SEQ D Alan 2or
wherein the heavy chain and the Iight chain are connected by a flexible

5 s o e et ody 10t CoofPrRRSF R seb el o
ant 000y n F'SERLHI NG Bf o i adflbpl Lo o, Fab" antibody. v
anti body i nhi b 5B HHRGY GPOiBRHE NGNS R ANt IGhtahai hareTeand
Cequence. DoAY EhAIBraGMPHSSSSERRIiad RIS RA GNP SiRg ABrAMINeGHd SeaUsncehoay
sequence y
chain conprising an am no acid sequence as set forth in
set forth in SEQ ID NO: 13 or a fragment thereof, and wherein the light chain
comprises a variable region comprising an amino acid sequence as set forth in
SEQ ID NO: 14 or a fragment thereof.
3. The antibody of claim 2, wherein the heavy chain and the light chain
are connected by a flexibie linker to form a single-chain antibody.
4. The antibody of claim 3, which is a single-chain Fv antibody.
5. The antibody of claim 2, which is a Fab antibody.
6. The antibody of claim 2, which is a Fab’ antibody.
7. The antibody of claim 2, which is a (Fab’)2 antibody.
8. The antibody of claim 2, which is fully human.
9. The antibody of claim 2, wherein the antibody inhibits binding of OPGL
to an osteoclast differentiation and activation receptor (ODAR).
10. A heavy chain comprising an amino acid sequence as set forth in
SEQ ID NO: 2 or a fragment thereof.

11. A heavy chain comprising an amino acid sequence as set forth in

SEQ ID NO: 13 or a fragment thereof.
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SEQ ID NO 13 or a fragnent thereof. 105 WO 03/002713 PCT/US02/ 20181 12. A
|l i ght chain conprising an am no acid sequence as set forth in SEQ ID NO 4
or a fragwer/ooites eof . 13. A light chain conprising an anmPoo/tso2/2hi8equence

as set forth in SEQ ID NO 14 or a fragnment thereof. 14. An anti body,

conprising a hgavys Ghad Laht I ' vy, chalj
conpri ses an aﬁ?ho’o‘g@?ﬂd‘gh s"‘i‘gg%'?i‘@t'gg‘g %FEF ﬁ#rg? ?%%ﬁ@%&?%ﬁ%‘??ﬁmﬂ gg&

f ragnent of. 15 An i body, conprising a heavy chain and a |ight
chai n, thISZ\i(ﬁ ‘%Wéafﬁ%%m?na@hﬁfer? conprises a variable region conprising an
am no acid sequence as set forth in SEQ 1D NO 13 or a fragnent thereof.
16. An anti body3- cdHght chaincempasing amaminaaaidsaougnee asaieh foriminy SER t he

| i ght chain conprises an am no acid sequence as set forth in SEQ ID NO 4

or a frathnN®: theradfagment theremfit i body, conprising a heavy chain and a
i ght chain, wherein the |[|ight chain conprises a variable region

conprising an aui N&h akiisbdLeBRMBIRPa helly EREI arida i§R tHAIRQVherEIR ihé

fragnent thereof. 18. An anti body, “conprising a heavy chain and a |ight

chain, (a ' heav, ' ' fi ' ion, and
whor o n 1 he 2y Eaf ccforkRd o BAHIC aERII ERR B ce ot ] 5BE NG 2P
90% identit%/ to the acrgi no acid sequence set forth in SEQID NO 13, and
(b) vvhereig'ﬁcr %e?‘i%‘ﬁ{e hai n conprises a second vari abl e region, and

wherein the second varj able region conprises a sequence that has at | east
90% 15. An antibody, comiprising a heavy chain and a light chain, wherein the

heavy chain comprises a variable region comprising an amino acid sequence as
set forth in SEQ ID NO: 13 or a fragment thereof.

16. An antibody, comprising a heavy chain and a light chain, wherein the
light chain comprises an amino acid sequence as set forth in SEQ ID NO: 4 or a
fragment thereof.

17. An antibody, comprising a heavy chain and a light chain, wherein the
light chain comprises a variable region comprising an amino acid sequence as
set forth in SEQ ID NO: 14 or a fragment thereof.

18. An antibody, comprising a heavy chain and a light chain,

(a) wherein the heavy chain comprises a first variable region, and
wherein the first variable region comprises a sequence that has at least 90%
identity to the amino acid sequence set forth in SEQ ID NO: 13, and

(b) wherein the light chain comprises a second variable region, and
wherein the second variable region comprises a sequence that has at least 90%

identity to the amino acid sequence set forth in SEQ ID NO: 14, and
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identity to the am no acid sequence set forth in SEQ ID NO 14, and 106 WO
03/ 002713 PCT/ US02/ 20181 (c) wherein the antibody interacts with an

ost eopr otwg@asione7i3 gand (OPG.). 19. The anti body of clai mPCg/usetizriei n t he
first variable region conprises a sequence that.'has at |east 95% i dnetity

to the am no acid segqu .set forth i.n, SEO I.LD NO 13, and wherein the
second vari abl e reg?@n‘%ﬁgfeﬁﬂ? ?’%%@”%P%dﬂ@ﬁﬁgg"f'ﬁh?” ﬁﬁéeozﬂg‘ﬁgﬁg@ ﬁ@@ i dentity
to the am no acid sequence set forth in SEQID NGO 14. 20. The anti body of
claim 18, (AR&Qin the first variable region conprises a sequence that has
at least 99% identity to the amno acid sequence set forth in SEQ ID NO

13, and wher ei 19t hEha aotietwaf ¢lain 48y whemin tenfinst sasalzde segioricompridesta has
at least 99% identity to the am no acid sequence set forth in SEQ I D NG

14. 21. Asphasnes thitiheal atdeagt®s % idietiepihesdmitosdci@_Rbybende sét fBRYy iRf
clainms 1 to 9 or 14 to 20. 22. The pharnmaceutical conposition of claim 21,

T e e BB IDING: 8, al RHlerdfi tnd SEEGRPUANAIE 9NN TRATIERS  Salidhdon®

nor phogenic factor, transtormng gro

I nterl eukin- I L- I oy, bt or. I L-1ra Ki.neret TM.__a TNEa .inhi bitqr,  a
sol ubl e Th’%&ﬂ%c%d%%?t,%ﬁq%ﬁtﬁtkﬂmh}?% lﬂqﬁﬂfgéeqaﬁ%%éaﬁlgr@é%%é%‘% D2E7
anti body, ,.a parathyroid hornone, an analog of a parathyroid hornone, a

par at hyroi16- hornmone rel ated protein, an analog of a parathyroid hornone °

related protein, a prostaglandin, a bisphosphonate, an al endronate,
fluoride, cal ckOmThe aotibedyweislain 18nwvheiein thenfinst vayahle uggioNsaniYrises a

sequence that has at least 99% identity to the amino acid sequence set forth in
SEQ ID NO: 13, and wherein the second variable region comprises a sequence
that has at least 99% identity to the amino acid sequence set forth in SEQ 1D NO:
14.

21. A pharmaceutical composition comprising an antibody of any of
claims 1 to 9 or 14 to 20.

22. The pharmaceutical composition of claim 21, further comprising at
least one therapeutic agent selected from a bone morphogenic factor,
transforming growth factor-g (TGF-B), an interleukin-1 (IL-1) inhibitor, IL-1ra,
Kineret™, a TNFa inhibitor, a soluble TNFa receptor, Enbrel™, an anti-TNFa
antibody, Remicade™, a D2E7 antibody, a parathyroid hormone, an analog of a
parathyroid hormone, a parathyroid hormone related protein, an analog of a
parathyroid hormone related protein, a prostaglandin, a bisphosphonate, an
alendronate, fluoride, calcium, a non-steroidal anti-inflammatory drug (NSAID), a

COX-2 inhibitor, Celebrex™, Vioxx™; an immunosuppressant, methotrexate,
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COX-2 inhibitor, CelebrexTM VioxxTM an inmmunosuppressant, nethotrexate,
107 WO 03/002713 PCT/ US02/ 20181 | eflunom de, a serine protease inhibitor,
a secret owg obeueryt e protease inhibitor (SLPI), an |L-6PcrhiSb2/tas] an
antibody to IL-6, an IL-8 inhibitor, an antibody to IL-8, an IL-18

i nhibitor, an IL-18 binding protein, an IL-18 anti bod an Interl eukin-1
conver ti nigfleneyide.@ QH)“%@!@%@Q)MWWQTJ asepieiRry ley > peajease (hdslor an FGF
nodul at or, a PAF antagonist, a keratinocyte gromh factor (KGF), a

KGF-rel at (iﬁLPlypdimtluﬁénhihitdﬁGEnrmdi}nlodydo 1L-8, emil-i8xinhibitat, |aapantiidyated]_(8yVP)
nodul ator, a nitric oxide synthase (NOS) nodul ator, a nodul ator of

gl ucocor t baj g iARBRbLTN m-1819md|ﬁg protéin, ahwmsvérﬂubroayeah%tenéumdvl ator of
|'i popol ysaccharide (LPS) |evels, nor adrenal i ne, a noradrenaline minetic,

and a nor g ﬁfﬂﬂhg%ﬂ;@ﬁgwéé%od%%toF 'é%lﬂ@ﬁ%@?ﬁfo%b?@ép?@f@?i 4 pegor claim

22, wherern one therapeut d”"fromKi neret TM

ngreglt ;rrl\l/lgn} tge%T%F%m?'ﬁt blfﬁré 'B%?yg%g %’Qﬁﬂ é€%31 gl@"g eiicﬂ ng

the sanple with the antibody of claim2. 25. A nethod of treating

ost eopeni Baleede @ KGmmedylalek @ magdnmetaiongtenase(MMB) meglulater,  nitric
phar maceuti cal conposition of claim?2l. 26. A nethod of treating an

ost eopeni oxidiessynttesel (NGS patodealtor, compdiukatorgf ghaeocurtidaid ireceptor a
pharmaceutical conposition of claim?22. 27. A nmethod of treating an

i nf | ammat giodutated of %mtameiéwe@ébw‘rdamﬁodma@r of ﬁé@pdl a’tchéhdéWLPS“}mld sing

adm ni stering the pharnmaceutical conposition of aim 22.
a noradrenaline, a noradrenaline mimetic, and a noradrenaline modulator.

23. The pharmaceutical composition of claim 22, wherein the at least one
therapeutic agent is selected from Kineret™, Enbrel™, Remicade™, D7E7
antibody, and methotrexate.

24. A method of detecting the level of OPGL in a biological sample
comprising contacting the sample with the antibody of claim 2.

25. A method of treating an osteopenic disorder in a patient, comprising
administering the pharmaceutical composition of claim 21.

26. A method of treating an osteopenic disorder in a patient, comprising
administering the pharmaceutical composition of claim 22.

27. A method of treating an inflammatory condition with attendant bone

loss in a patient, comprising administering the pharmaceutical composition of

claim 22.
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WO 03/ 002713 PCT/ US02/ 20181 28. A nethod of treating an autoi nmune
condition with attendant bone loss in a patient, conprising adm nistering
t he phar n@oeawdat conposition of claim?22. 29. A net hodPefi/uSopatisng
rheumatoid arthritis in a patient, conprising admnistering the
pharmaceutical conposition of claim?22. 109
28. A method of treating an autoimmune condition with attendant bone
loss in a patient, comprising administering the pharmaceutical composition of

claim 22.
29. A method of treating rheumatoid arthritis in a patient, comprising

administering the pharmaceutical composition of claim 22.
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