~ANTI BODI ES SPECI FI C FOR SCLEROSTI N AND METHODS FOR | NCREASI NG BONE

M NERALI ZATI ON TECHNI CAL FI ELD The present invention rel ammm,’mmmwwmm to
pharmaceuti cal products and nmethods 5 and, nore specifica gds
and sclerostin-specific antibodies suitable for increasing thes«signeral

content ofi bone. ;4 ' b treat a w de
variety of conditl ongﬁ%oiédﬁggiﬁ@%WS@@@.@J*@?&{@@%WM osi s,
fractures, and other JRORRIREASING/BONE MINRRAS 1ZAMGON density is a

hal | mark of the di sease. BACKGROUND OF THE | NVENTI ON 10 Two or three

di stinct phases of changes to bone nmass occur over the life of an

I ndivid ' West J. Med. 154:63-77 (1991)). The first phase
occurs ﬁ%@?@ﬁ% wonen and proceeds to attainnment of a peak bone

mass. This first qﬂase is achieved through |inear growh of the

endochondr al  gr owtI® PrSFRSNYRYOR selftss SERGRIN iagpharmesentiGah prodyrts rad raethass|
apposji tiQg. | 1 r. trabecul ar bone. (fl at
bones sucﬁ’ xgéﬂéﬁggsggﬂgyé?{1@%@8@@%{#&&&2?@#@”% agglt))gu esasglgneta 36% o CEEYYE %‘ I
bone ( e.myingral comgeni ofiesnef Sunhl compdsitionk iaft Snetistld may ®BubdlieSrehOa Midk Bty ofhi S
phase is characterized by sl ow bone |gss and occurs in both nen and wonen.
I n wonerfonditipry gludings foroexagmis ostseremsestenpernsis, fragiutes,| andepther) disordgrs in

post men . 9:@1“? | Gl | i hi s phase al one, wonen may

| ose anqgg%}?l?!wo?\ogﬁ%tn%g%o éa%@n%a%%gg&for%négﬁga%‘ortical bone and 25% from

t he trabecul ar conpartnent (see Riggs, supra). 20 Loss of bone m neral

cont ent sed by a wide variety of conditions and nmay result in
signifi é&@K%%ﬁP%SMEWP%xam e, osteoporosis is a debilitating
di sease in humans and is characterized by marked decreases in skeletal
bonelGrass and ni ndvl oxjthinesi digtinct phasgs ofi changde teebérsrmass mcwf ovieo e, liferuflandi ng
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Cst eoporéihén inftl Probebads td GihmeR GEA Rk WonBirkAl. ThiGRRAGHE (SBRARVEL E}E&%h
density that is greater than one standard deviation but |ess than 2.

st andar dingas gramitlh a8 thee¢ndpchondrahgrowth ailates fnd radjad grayth divk tto lacuate) of geriosteal

conditiq - ' | - S5 mlli ople.in th ited States.
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standard devi ati ons bel ow that of mature 30 young adult bone). Osteoporosis

i s one ofontineesie eld agep diis Rhesqis sharaetsrizest by slewlbont loss arur ascursgy dotarmercasit | ng

tens of pillLio o rs.annual Ly in the United States. |In addition to
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approximately 75 mllion people are at risk for
mass from the cortical bone and 25% from the trabecular compartment (see Riggs, supra).

20 Loss of bone mineral content can be caused by a wide variety of conditions and
may result in significant medical problems. For example, osteoporosis is a debilitating disease
in humans and is characterized by marked decreases in skeletal bone mass and mineral density,
structural deterioration of bone, including degradation of bone microarchitecture and
corresponding increases in bone fragility, and susceptibility to fracture in afflicted individuals.

25  Osteoporosis in humans is preceded by clinical osteopenia (bone mineral density that is greater
than one standard deviation but less than 2.5 standard deviations below the mean value for
young adult bone), a condition found in approximately.25 million people in the United States.
Another 7-8 million patients in the United States have been diagnosed with clinical osteoporosis
(defined as bone mineral content greater than 2.5 standard deviations below that of mature

30 young adult bone). Osteoporosis is one of the most expensive diseases for the health care
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osteoporosis. 5 The frequency of osteoporosis in the human popul ation

I ncreases with age. Anobng Caucasi ans, osteporosis is predom nant in wonen
who, in the United States, conprise 80% of the osteoporosis patient pool.
The increased fragili t}/ and susceptibility to fracture of skeletal bone in
t he agedSi@n.«9sting/taneaf bijliansof gplas annuallyin dlic Honedbmteal Ifi atidition no hbdlth
popul ati.gQn. . re than 1.5 m.l.lion osteopprosis-related bone fractures are
r eport e88|g el %{g °Pitp¢ 'ape- rggd%%l@ﬂcafﬁ 9'5{:1&’.“ WPQ%‘BEJP@G wﬂp@,tﬁwﬁr@w}l ld
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Hip fractures in particular are extreBrrgI y unggm‘ oﬁl%ﬁgpégh% aerfp%tng%g&for
the pa®fteerorosisnd f or wonen, correlate with high rates of nortality and
norbkdity. Al though asteoporagsis has been regarded as an jncrease in the

ri sks of fracture &Fegeﬂ%e“gécq?e"éz?amﬁmén‘@ the suman, pepudatiop nimcrspses ewith yage.
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ri sk i n oaradennLihg Aged 5 428HuMEd by thecgreatantisk of scqideniplefalls gy thisropylativrnt i on
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resol ution of the dilseaseo.p%Thesre strat eetgfacetgélg%%ﬁ 11uegéér?ér(rio gtgeapfﬁlﬁe 4i5s 6?{;’9 cal
act ilQi t yegrp&rachueed kips, ywrists, wed yentebiae arei amgorgcthé wiokt c8ymoM infurieh essosiael wath
advance%sta%% . Pro%[l di.ng adequate calciumin the diet, and avoiding

consumptr SO Shr thf‘%ugér’r{‘é’f’mc%‘ ary egFFely upcomiprahle angd egpensivaiforthes p
resent i pgticat,fahd it onfenS LSRR With Qi &P ' i val ent current

t herapeutic drugs and strategies agrher %re@?ggﬁ??(%g@ﬁhé@% further |oss of
bone mass by i nhllhaugh@stebporpsinksdsenfeghnné aaismerhdedn theari skl WashuraGRect
of the Rc%]e reég)lgel I Nng_process .t hat 5 occurs constitutively. For exanple,
estrogen | &Y %Ifent@gﬁr RAR% 9 ihg Preseptly avalaBisesatments fonslueletal d isortsreec an
CONY 5 OV giilsE¥anBXlySinSre A The WEHRIARAGLRALAGRL SA G e gad e  mReneti L and
whet her estrogeyfll has any Srrect af aFgI %%@%ﬂ%;l?e gyn?é&g%]ééngfgmﬁ'e%%ry?cgf’ﬁ?s

Mor eoveithat dogs ofe nesdeddhatnconll iberease\bede tensitly Mt shASLprticuldriysis thé béteg astheand

endonet r | cancer. Calcitonin, osteocalcin with vitamn K, or 30 high

doses ofdngll’é?lg%o@ﬂnc?’bcﬁ#‘p AEeGF IRl WHRSTROPSAHE &34 9Fl99POREFe al so been

suggested for posStEI} ' ' ver an
Bﬁté??é 'fm?{eﬁ?l“g% gﬁé’éﬁ%‘pgiosﬁ %%’ngﬂﬂr J&%Vgebenaﬁt &

often have unpl easant gastrointes effects, Serum and ufi nary
cal ci umindividyals hyiseanhet ersntei nesadutisinyof thio rdiseasee d These Gitratelied shdudenEoMRir@s e

MaygnCl in. .Proc. .70:978-982 .1995). 2 Ot her. therapeutic approaches to
ost ggpo Pl simsa.ri i*ReY Ha g’aﬁt??gﬂé'sﬂhgﬁﬂ%“égea@g FuVInESWHR DSt (o rrdvanged age,
Bonvi vapMvidagetegie edisiagl @ alCdiel Sl I5RREh 1co§%$ﬁﬁdﬁ9n J%‘?ﬁ:%ﬁ&ﬁé ‘containing
parat hyroid hornone, calcilytics, calcimnetfcs (e."g., cinaca cef“)l,

st at i nsalcahelloditplacee.eF or datients p resenting c linical o steopenia or osteoporosis, t he prevalent

current therapeutic drugs and strategies are directed to reducing further loss of bone mass by
inhibiting the process of bone absorption, a natural aspect of the bone remodeling .process that
25  occurs constitutively.

For example, estrogen is now being prescribed to retard bone loss. However,
some controversy exists over whether patients gain any long-term benefit and whether estrogen
has any effect at all on patients over 75 years old. Moreover, use of estrogen is believed to
increase the risk of breast and endometrial cancer. Calcitonin, osteocalcin with vitamin K, or

30  high doses of dietary calcium, with or without vitamin D, have also been suggested for
- postmenopausal women. High doses of calcium, however, can often have unpleasant
gastrointestinal side effects, and serum and urinary calcium levels must be continuously

monitored (e.g., Khosla and Rigss, Mayo Clin. Proc. 70:978-982, 1995).
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| ant hanum and strontium salts, and sodiumfluoride. Such therapeutics,
however, are often 5 associated wth undesirable side effects (for exanple,
calcitonin and. steroids may cause nausea and provoke a n imrune r eaction,
b i sphosphonates and s odium fluoride may inhibit repair o f fractures,

even though bone dansith¥rap mleeagﬁ&cﬁadeétdsﬁébp&tia& HBMde D ﬁs?h&k‘ﬂﬁoﬁa'ﬂ%‘

ef fi caci ous use (see Khosla supra). No curre practi ce
t her apeutosamax™ atistopeMr Bprltélaﬁ“‘ngz@n@dﬁ’dl dlpaginoress; o néradrexite, 1Skeh41t bosafosssi ve
i zat such as aqste her

f
di slop Zgrgmﬁi@ﬁ%d a (f%gls?én nﬁ“b@hf%s Célfﬂ"b%ﬁé (4 ne‘i‘%‘f‘iag‘ég: g‘isz}{“?ﬁ ??%‘69‘\3’@5“5‘%9
that al tiefithadum Gnd skoHGLRASAS, Md sOUBEHOARERe! NSEhShe| a&fclglaﬁd\»évéa QR fop&ifmt

manner) bone nmass. In parti cular, no current strateg ier apeuti cal
st i mil atassocigtedowitianwiesirableeside offitchs @br exemphe oalcitarss and | bnerqndseﬁmausenmméa on

provi des azngtrrg iltl ons and net h&gs which can be used_to_increase, bone

m ner al | PAABYPKC ARG £FIGH0R-PIFRIOsRhonALS 2 ibs odinm flypride amay ighiRitdepyref et v
of condi fricies, eVen bR B GBS RGedsEs RBAGH gsent
i nvention al sso ofnf erlgghot heer t?at egl advgnt éé@.ﬁggﬁﬁggg{ﬂ%ﬂ%&k\%@%ﬁg

| NVENTI (iseeBKhasid @dﬁuﬁswprd)he present invention provides anti bodi es that
specifically bind GF bet a, bi ndi ng protein, sclerostin (SOST), and

provi des i nmunoge Y rafgicehther aﬁbg%é‘ﬁi‘t?@é@rdg?z}“\?édi F?@%ﬂoﬂeﬁﬁ%ﬁge@f
SCOSTi ot hadith NkEds&ed oW'lﬁslﬁﬁﬁnéiﬁ NRGE ﬂfne;ahgat%g; sREF 8s SUREHIBE LY ot Nhidiads Pone

nor phogeni ¢ protein. In one embodi men I nvention prOV|des an 1 sol at ed
ant i bodyshamactesimedaby ilepe rofbbardi manefaiguien tintdiesseafdrug it alters dse.s prgedsec ak | y

SE0 1 b MRS il B e ol e e BTN Seq,”@%%%afq? A
| b1 st odin e SO TRRLADRE g 91 F il bEAS a9 T pR2k ihybne

m)rphogenl c protein (BMP) Type | Receptor ng site a
| Recprpvides bomphisitigns atnde mepivels evictt ban Ba/laséﬂjpaemcrdaea: bpeominbtalidatitgh, ahde i s

d t B . R t tid
Sﬁf’?ﬂ? o PhicBUHRAR S o i A AR AR AL O I B HSDDCTRIEGs e
NO 71) ; m&azaes{r&ﬁ@ 13 DG b R 208 0k B Ml 75359 (SEO | D
NO 74); NM 030849 (SEQ'ID NO 75); D38082 (SEQ ID NO 76 30 NP_001194 (SEQ

I D NO 77); BAA19765 (SEQ I D NG 78) or AAB33865 (SEQ ID NG 79), and
wherein |n site is capable of binding to a
BWP Typeﬁﬁﬁmb&ﬁ%wp r|95| ng the ampno acid sequenge set
forth in GenBank AifeslyNake prisen

B d, thd tjigve(nﬁ'g F{-Scp d!@aﬁ@%ad:éﬁ%&%@h I\/F%S ip('a SEQ

NO. 81); Z48923 (SEQ I D NO 83):  CAABS75S (SEO TD NG 82)
| D NO. BZTGFtb@taabpémgmmem seletastin nSHST), aﬂdepmvtdebcm‘ynumgerts h@mprising SOST

com s ctvrlie ke AR G RIS, Bl et it sspevdb R o Slpsriamily 22
25, 26, éh é&, bcﬂig,morphogemc protein. In one embodiment, the invention provides an isolated
antibody, or an antigen-binding fragment thereof, that binds specifically to a SOST polypeptide,
which comprises an amino acid sequence set forth in SEQ ID NO:1, 20, 58, 60, 62, or 68,
wherein the antibody competitively inhibits binding of the SOST polypeptide to at least one of
25 (i) a bone morphogenic protein (BMP) Type I Receptor binding site and (ii) a BMP Type II
Receptor binding site, wherein the BMP Type I Receptor binding site is capable of binding to a
BMP Type I Receptor polypeptide c omprising an amino acid sequence set forth in GenBank
Acc. Nos. NM_004329 (SEQ ID NO:71); D89675 (SEQ ID NO:72); NM_001203 (SEQ ID
NO:73); §75359 (SEQ ID NO:74); NM_030849 (SEQ ID NO:75); D38082 (SEQ ID NO:76);
30 NP_001194 (SEQ ID NO:77); BAA19765 (SEQ ID NO:78); or AAB33865 (SEQ ID NO:79),
and wherein the BMP Type II Receptor binding site is capable of binding to a BMP Type II

Receptor polypeptide comprising the amino acid sequence set forth in GenBank Acc. NOs.
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5 or 50, and in other particular enbodi nents, the antibody binds
specifically to a polypeptide that conprises an am no acid sequence set
forth in SEQID NGO 5, 6, or 14. In one enbodiment, the invention provides
an isolated anti body, or an antigen- binding fragnent thereof, that S

o oduced U2 ISB2 0N A NMISAE! (90 3 B ASP e €'l ThERE 850

sequence CAA&STSSESEQ [DNCB:82); b9 NM 10204 éghnfv@uo wher g prgIlﬁgulng&hp&ﬁ#l i nds
speci fi cg{fl %;“?Do a SOST pol ypept i de, e ri'ses an amno acilo
sequence "Se€ B 191 ithe @E‘@e‘} -Pnfling: flagﬂmt ﬂ&a’eofﬁb;nds BRccifivall§8o aoprdypepadethat t he

ti bod T | tide t
st oncoapRes sh wfHokeldiohnlSeck i B 1D ARES 235 37 BRekipbr b fhdong
site &ndot 50 )and uBMBer ﬂéx’tﬁlﬁlalr bm%@xﬁrehgr tH Hbpay Eﬂnti?sp \e@fék/@ [g, égay@}ég dd 4RE !

Receptor binding site is capable of 15 bi ndi ng eceptor
p ol ypepf?dEIs e a?&otaﬁldlscqpea%h‘@r@ in SEQABAK 5$éqmrelmces provi ded

h d wh t or.. bi t bl f
i ¢ ane M T o iR A by RESERI R poliisd Itaﬁteﬂi?%llYZﬁsc/i‘!gg@laesﬂ-o
GenBank bangirgcapmet thurieol that § @kRiubed by Bm@@hiz&eh Iﬂfneﬁl.ﬁxﬁd’neﬂmﬁ J'Féyt de ofn

a peptide at

anti body is produced by i nmmuni zi ng a non- human ani ma
| east 2020I5% 40 aEinpsacids and ao W@rf’ethmaﬁ apgnaadidothateatsprisbain ardio @EREqREce an

am ngpacif g f SﬁQz 6, 10, .11 18. The present

i nvention fﬁ‘ﬁgp@%ﬁ%w 'dés 2%’;tn 2% ?%o‘(were& ﬁé?n“&%’l"%g’h“d@l parifgellyr toad MOST

t her eof , polyatptidenebich pempiises ah laphifdadd SEnBO LM ' t ’
formatlogaof a SOST honodi ner, vvhe?m n the S%‘%ggglllsggp d%&ﬁ%ﬁf@égﬁan

am no ac Pt TiuEicrhesan &Fcﬁfltlbpdylcﬁmmlwby Ndsbits, bidling 6B8the GQ),STE‘pZ:lypeptl&&o agnd

26 - sequancat ol thoR AEnb Rt 8l Tybe T Recspros bihne i smadi RPMP
enbodi maﬂ'type ﬂ]I”IReceptbemﬁn(h‘l{g fiteDWhdRsn & BMI$ 6‘ I%E@gpﬁmdm ﬁt@ 1s capable of
antlﬂgmaﬁ FH I [ra mant t hereof, that is produced by i T

non- a T ¥pe. bR pecptns p@ﬂyp@ptld@ém f @th iama myoo 2o (G eﬁdekmbqﬂm‘ces

th 75 d f SEQ
20 s, 50 g i, A i< 09 e HRET) REcchiy BRI s Gopothe el 50

f ragment BMiR Tyt , I (Renetsorspatgpebtidal(dey fofthain SESToROby RRABLAE stdiRhces %x%%ﬁs
an ani no amc} eﬁ‘e uence fset forth in SEQ ID NO 1, 20, 58, 60, 62,
and wher 8F5% %F‘f”ﬁ‘oﬂﬁ IR SMbedimegtsyeani aibedy as Sfi@icetdobpdmmmmldgna @ent ai n

parti cul ghmeRaREiMeihS: .t he.antj bod a_polyclonal 4
anti body. In ot 1PE1Her enbo%%naéﬂlgf Atq %6 %Bh%%ag}dif gﬂfg ?TB%B%}%’&HJB iy B‘Eﬂyﬂm
whi cBOi s campmises en amimorid, sequtnce @frsm-treo smens h onal, o@2fd. 1 body. The

I nvention al so pro;c(_‘]des a- hybridoma cell or a host cell that is capable of
produci ng the nonocMOPESSHNIVERIAR furthest previdesriand antihuds, of rhentigensbémiingn,

]'E Bret ﬁg'ﬁ | BRgMehSthérebt ﬁﬁf‘b]ﬁ@sdsp@atﬁhggg% OéO@TCprylyrE%{) ide anr;littha Qm?{)alr;r Po%ngtrllslnegltl a "

SOST homodimer, wherein the SOST polypeptide comprises an amino acid sequence set forth

in SEQ ID NOs:1, 20, 58, 60, 62, or 68, and wherein the antibody binds to a polypeptide that

25  comprises an amino acid sequence of SEQ ID NOs:29-31, 33-36, 4143, or 51-54.
In another embodiment, the invention provides an isolated antibody, or an
antigen-binding fragment thereof, that is produced by immunizing a non-human animal with a
peptide of at least 20 amino acids and no more than 75 amino acids comprising an amino acid
sequence of SEQ ID NOs: 29-46, 51, 52, 53, or 54, wherein the antibody, or the antigen-binding
30  fragment thereof, binds specifically to a SOST polypeptide that comprises an amino acid
sequence set forth in SEQ ID NO:1, 20, 58, 60, 62, or 68, and wherein the antibody impairs

formation of a SOST homodimer.

In certain particular embodiments of the invention, the antibody is a polyclonal
4



5 provides a host cell that produces the humani zed or chineric antibody. In
certain enbodinents the antigen-binding fragnment of the antibody is a
F(ab')2i Fab', Fab, Fd, or Fv fragnent. The invention also provides an
ant i body t.lt;at is a single chain antibody and provides a host cell that is
capabl e BPWpr Bsethergembrdimeniy| the eititiadyaista Motkylonan amiRkiewhREDQ G mBRE, the

i nvent i g Rk oul comaQsi tion conprising such antibodi es and a
physi ol ogi c aﬁ% %gg%%%‘tﬂa’g? e c%’&?‘raing"qd%'l th%’é“’?”ﬁ\?é Atsp erpvidtes i hvbsdema cethernogen

conpri sihogt el is G8p A THI prod 11, or 12 consecuti.ve
am'rrﬁo agci gs ,o?ﬁ gtt S&?Pr pol yIb g%{b?lfgm e\%ﬁ%?l?&#%g?xipglpf’{hatéemﬁ?)%ﬁl"‘f"éé’é e,

ami no ach¥fnyey b ewtibody is phurhanized SRy MQB cHimeRO antiRdy. 68 he GvenBbn BftheANd
wher i n ré‘ﬁg spabetp(;t{ de% - S, (f'acf)abltﬁ 8f eliciting in a .non-%u_man ani mal an

anti body that biRde stb%cq? UEEY 1§ Diganigeh orehmmarigansibdie phni etetammmintiodivants

conpet i tthes edtygeh-bittdir t Bl i | tide to at | east
ongpof (i) atgbone n@r%ﬁggggﬁﬁﬁ‘g?‘%&‘{df‘f%ﬁﬂ%%%%‘pr 9%%@2?5?"&%"% e e
and (ii )yrenpypalsqyiewides arRetibpdyothatiis adingle chateantvbRT @il Hrovi€esBVRsToeRGha is
Recept Orca%’;ibﬁ‘edé)f”& selst.e%\h“sS caﬁacgl e of binding to a BMP Type | Receptor

pol ypept a6,  Whareri aHE EElF PAB apRkeay; ple anotherehagdrmenty; the inwgnisort mrovides
capabl e acbmbositbm ; ngMﬁ, e epti conpri sing an am no
ac!od sequeﬁ?e set g?‘%ﬁ% In G@r?%gﬁks %ﬁ%@l@% 86%1?@%81(35%qu N0971) ;
D898P5 ('SEQ | D 20 TROIWR)tionwDOd&08: inGEhdden Noinpasing §ggp}§§4 ( sl @ 74) ;

NMD30849 (SEQ I D ,.NO 75):. D38082 ((SEQ ID NO 76); NP EQ D’ . NO 77);
BAA1976§ ’ E@Eg‘ﬂ V) k%%‘ésf%““"?) F“%H&’B@ég%ef @sEST DOKNW@)E, whih ﬂﬁ&'fqiahyﬁeimieBl\/P)
Type || chapafdsQn abiinyi ' | : i, ndj BVP, Type. | I,
Reteptor pol ot T adiOschlie 8 (PRI O NCH-L0Th, 68 @50 Fi, Al wherein
GenBank thcReptiNgss capzgle 00 el i@ D NO-EMNan MyinABSA6ib6SERa! ind R hcaBAR923
(SEQ 2 érgogp soﬂﬁ %As 759 (SEgE.l_D NO. 84) ; or. NVMDOI204 (SEQ'1D NO'82). In
anot her “enbodi Ke Fptéei“m ASPIPERBYRIY # elbityb ivdingiod éhe 8 OSIT polymeptite fosetst
21 dénségast onedfAYartdnd & : gnsecut.i ve.am no.acids of a
SOST  pol ype ti§g1,a sai giog%ggé‘lg%%bﬁ i de %?Fgcl %rgﬁldg’rﬁsr'\% aﬁ‘él?‘@ "s@f{gence
set 1;) f)r tIype Al Beesprap bingdisg site, m;rﬁsxheGBmlz‘,yp@H I@8¢pt(¥i'hlgh§iin§ s?thQS Eﬁ‘ﬁgied& i's
capabl e -eljclty i.n on- hunman ani.mal 30 an anti bo t hat binds
spgci fi 32’[“?’? 52 t%@;&??%ﬁ%%’pﬁn‘ﬁwpaﬂa Vheiein ceheprin ithe BMEB, Tiypeh il Reteptor
bi ndi ng birfdirigheteSOGIpaBR! ofMRGiE atMtTi'ﬁeaPRec%ﬁ@r ?&P,éép}ida bone .nbr phogeni ¢
a | a

protein (BWP) Type | Receptor binding site BIPTRYRS ept or
bi ndi ng S sequeppR et forth inGBRRKTpE Nos. RE 04319 (SEQUDNOST 1) eD8ss76388QS Of

0 un 79, R, 3408 B 1588 I S 5 kg oo
el e e R e
enbodi mehALRIFE0H (REQ D HNO:7osiddwherain therBMIO Tepe 1T RePiptcyi Bidifg site is capable
of binding to a BMP Type II Receptor polypeptide comprising the amino acid sequence set forth
in GenBank Acc. NOs. U25110 (SEQ ID NO:80); NM_033346 (SEQ ID NO:81); Z48923 (SEQ-
25  ID NO:83); CAA88759 (SEQ ID NO:84); or NM_001204 (SEQ ID NO:82).
In another embodiment, an immunogen comprises a peptide comprising at least
21 consecutive amino acids and no more than 50 consecutive amino acids of a SOST
polypeptide, said SOST polypeptide comprising an amino acid sequence set forth in SEQID
NOs:1, 20, 58, 60, 62, or 68, wherein the peptide is capable of eliciting in 2 non-human animal
30  an antibody that binds specifically to the SOST polypeptide and that competitivély inhibits
binding of the SOST polypeptide to at least one of (i) a bone morphogenic protein (BMP) Type I
Receptor binding site and (ii) a BMP Type II Receptor binding site, wherein the BMP Type I

Receptor binding site is capable of binding to a BMP Type I Receptor polypeptide (set forth in
5



5 peptide of at least 20 amino acids and no nore than 75 amino acids
conprising an amno acid sequence of SEQIDNGs: 2 -19, 21-28, 4 7, 4
8, 49, or s 0, wherein the peptide i s capable o f eliciting in a

non- human ani mal an anti body that binds specifically to a SOST pol ypepti de,
whi ch congréesi GBnBHRk"QqAdices PRANRACKRrSS], A Wherkif L :
60, 62, or 68, wherein 'Elhe anti body cggrrg%t%nti ve !fll itnﬁgbl?[?s%en%iﬁn%egégt he
SOST pol Bipdipg siteis capabte dfdrnding trea BMPL Uype JI Rechstoepaipgeptidgai forthrintaqy oné BVP)
Type | R or. bi ndi ng site and. gii) a BW Type | | Receptor binding
site, m@ﬁ%‘h%ﬁqﬁ)‘ﬁe pdgd g@&‘@ tor binding site is capable of binding to

a BMP Type | Rec 1a]o) L M oh S : 1N I e e set
Forth in’ GonBank. Thce “Rod RB01330 CRe TERENA " Bafbdeed SRR ).
DBE057 (SR LD, NGk 701, 15 N 001108 LSO 1D Mo T B JaLy cetmna aido).
N 78): %ﬁ;%&ﬁ‘é%ggé %;Eéﬁm%zﬁg < %efépnwzléréinshppw% islc apeilepf or
inding § i - : - : ol ypept i de
conpri gi nigc ttﬁlﬁelﬁa%ﬁ(ﬁg ac?lg sle&lﬂenc@n‘guf’séehtyaxrh glrvtg ngyﬁsﬁééfégﬁﬁgzgéé8§ﬁl%s&%o 110
( SEQ | D WaxB@pmpiies 08 38ibio (aBHQaqDene) s8il farth7#8IPQ IDSHQ: 1, 20NGB88),; 62, GhAR8759

SEQ ID NO 84). or. NM 001204 (SEQ.IJD NO.82). In a particular enbodi nent, 20
'E he invel ?rgﬂ)t}ber Wbﬂ&cwqt%lﬁdgéh“%@ﬁﬁmﬁﬁf R§ %O%E[BPWH@Q# teyat leasione 26
am ng acg :Ep foRaR } i i SJ: A id
sequenceal}cjn;§ bgﬁl%mleghﬂg?%ﬁep 6, léiﬁ ﬁﬁnﬂy??lﬁgércg&fggw %lﬂh\g/aggg}'ﬁﬁ éﬁggfyﬁ%%/i des
an i nmunBepeptot bimping site)gvieergie titd BMPCFypatl Reegstbr BAdingRite18 cagdbliSofHIHdiAS tdTRT €
than 75 gﬂpn.g aclislqs conpr{ Si ng an am no acid sequence of SEQ ID 25 NOs:
29- 46, 57~ 5oyPegaReqsptor polypepiideicomprsing A5 3aiBo|agid seguece s off forhiiniGenBgnk n a

-h ' j haty. 1. idfA eal. i de,

non- humagcanigaNMmoassd Rty b ﬁb.ﬂb,nﬁﬁgéﬂe@f%q ey *%‘7«3@ d@%ﬁﬁg@%\é@’eﬁgl e

whi ch conprises an am no aclrd sequence set 8,
60, 62, NP:BY, SRR (FQ dDrNOE);aNM_H3aBA9i (BEQI IDsNO:753)[7BB 8682 (SEQAILSERY:76);

compr o1 W67 e lp K577 BA 19783 SEREEHE U anabSasdilElr I Neps,
20,0 QYA ey RSB S SR S WLIRCT e,
pept i de Rereptapablypenside edonmpirisinggthe ramana acid hueqesmcanetnforthain @#iBahle dycct INs.

bi nds spgegif,i.c o.the S pol.ypept.ide and that inpairs formation of a
SOBT hongar her 5Eq 0 v 0N e i sy w8 N 1 4¥83: iseoaDanOres)

i nMmunogegAiRg8tsocC I RED: ' Q@mi 1448 ; tive
am no aci ds and ﬁgwnprgﬁt)%)g%gwgor?s}ggﬁtl ve rgﬁg@ﬁ:gg%%&&gg@g&%em{
pol y3fept thddnvephor propisiey pe piniiso gwneRipsEMESERFptide NOafl jea? R0 dfino GBids G2d nor
68, and _whe eiﬁthe eptide Ls capahle of eliciti in a _non-human ani

an anti body THat> BrHAAEIS FUERPTRETT 40 af1d sedisnse EWNG Oahth klnkd, or

inmpairs igrmati on of a SOST honodi ner.

The invention also provides an immunogen comprising a peptide of at least 20

amino acids and no more than 75 amino acids comprising an amino acid sequence of SEQ ID

25 NOs: 29-46, 51, 52, 53, or 54, wherein the peptide is capable of eliciting in a non-human animal
an antibody that binds specifically to a SOST polypeptide, which comprises an amino acid
sequence set forth in SEQ ID NO:1, 20, 58, 60, 62, or 68, and wherein the antibody impairs
formation of 2 SOST homodimer. In another embodiment, an immunogen comprises a peptide
comprnsing 6, 7, 8,9, 10, 11, or 12 consecutive amino acids of a SOST polypeptide, wherein the

30  SOST polypeptide comprises an amino acid sequence set forth in SEQ ID NO:1, 20, 58, 60, 62,
or 68, and wherein the peptide is capable of eliciting in a non-human animal an antibody that

binds specifically to the SOST polypeptide and that impairs formation of a SOST homodimer.

In certain embodiments, the invention provides an immunogen that comprises a peptide
6



5 1n certain particul ar enbodi nents, the subject invention i munogens are
associated wwth a carrier nolecule. In certain enbodinents, the c artier
nolecule i s a c arrier polypeptide, and in particul ar enbodi nents, the
carrier polypeptide is keyhole linpet henocyanin. The present invention

| Vi des. : ing . ti body. t h 10 i ficall
bi nds 1 o oSy RN cbileeht RGO Beil P PG i S0 soumecnRERbizh avige O «
an i muac@ST paviepiide Rtich psipidpiée ebmprised SEY) 119.NAQ, 28,158, 60, 42 KWL Rt ve

am no aci gs or at least 21 and no nore than 50 consecutive amino acids of
a SOST pBRsTEw@ptE dreptidey isneppeble efegfisitingeins atnonflmman ammSE@ @ity 1thap bindS 8,

60, 62, . Of LCiti ' - . mal
ont i bacy HepiERalpl B SGv BRI 0 et rinaBlisrafon O TUNF Borio i "
conmpefitively inhilhi éstaikd paitidiap JerfiboditientSORE B@ﬁ&we%&aﬁnt fn@lndgkastarOne

of (i) a bone rmr_t%hoger_\i c protein (BMP) Type | eceptor binding Site and
(ii) a BMsoqtedwiith aparsentmplepiladilng exain ¢ mbodensits; t heeariivPmdlgpde | s a Raript or

wherein Orabere TR oiini: Grtfrinindy U (RS pabRRIGEoF B gies A

BMP Typehémdéigempt or pol ypeptide conprising an am no acid sequence set
forth in GenBank Acc. Nos. NM 004329 (SEQ ID 20 NO 71); D89675 (SEQ ID
NO: 72); NwD01203 (BEQ@ressaNmvegion 76 p5evideSEQmiethodCior 4fqducingylaf 208is8dy S&0 | D

NO 75) ; EQID 6). NP.,001194. (SEQ I D.NO 77);. BAA19765 (SEQ I D
No 78] GERALLR b & SO B, R e BTN B Ty HAmaP R AR or
bi ndi ng #hinéndgen Canpidiy Opeptide @k 897,180 921BNR, Jy PEcdnseBEGERMRE a&%%ﬂ%ﬁo

conprising the am no acid sequence set forth in GenBank Acc.
(SEQ ID &%ﬂ@}b o mows thayFH3PasecuSrEgmino nodgef 2 SOT PRB/PEBIEOhhtinMed8)uenGANB8759

(SEQ I D ) \ 2 SEO | r 82). _IL.n anqt her .enbodi nent, the
present ?ﬁ/hgiﬁtle(gipr@ﬁ %§39§ 6r(%éEfQ‘roO& Iggf égBrc pRPYS ﬁ‘ggﬁﬁméd{l B9 Um3y @nimal
speci fi can layitiftidefattbinds SPeBiTicHID) YP &Rt SOST sotypeplidd B84 tﬂamﬁﬂ#&itml inhibits

non- human_ani mal with an i nmunogen conprising a peptide at 1east "20 am no
aci d5° anbindmeebthe SOSrporwentidate aibastione ofifi) : bomemarphegeitprateindBMR)Bpeé of

SEQ ID . 19 21-28, .47, . 49 r 50, wherei.n the pepti S

capabl e’\%c%@%#dgﬂﬁgmlenmg (Hﬁﬁ-%l\éﬁngﬁp S %ﬁ‘fepmgr? § Bﬁdynfrﬁ&tgﬁﬁﬂ‘g% Type I
speci i cRleteptdr GirflingGHE iPEdpyFIe R biRingWH aCEMPOIRE I FeSerét RIpRAiRCH ence
set forth in SEQ | D NQ|fH?2o,_58, 60, 62, or 68, NPt the“%h%”?lﬁféﬁ"iﬂg
conpet i t BMY §ype isceptesbipdingisite isofapathe o Soigding 6o ¢ PR Toipe T Recaptot palypeptide of

(i) a bo ug] ' .ot ej 7 l,t%.Tye ecep ré&.w% Sj d
(1)) = ORGSR ATl B8t kU DGRl RIS B5Y,,
bi nd26ig NQ:21); HIe6ISASEQ I Nub:nzh; NM 100130 BIEET IDeNG: TBR B8 Sy (SH) YD 745 -
In a particul ar enbodinent, the i mmnogen corrgri ses a peptide at |east” 20
am no actBd-03984% SEQrIPe NG 2D 138982 (SEQ: IR sNOoiopr NBL 6 13 (SEQnB> NQd7);
sequence gof 1376} (2B N0 98); 1P AAB33858(SBG ID NO:79), and wherein the BMP Type II
Receptor binding site is capable of binding to a BMP Type II Receptor polypeptide comprising
the amino acid sequence set forth in GenBank Acc. NOs. U25110 (SEQ ID NO:80);
25 NM_033346 (SEQ ID NO:81); Z48923 (SEQ ID NO:83); CAA88759 (SEQ ID NO:84); or
NM_001204 (SEQ ID NO:82). In another embodiment, the present invention provides a method
for producing an antibody that specifically binds to a SOST polypeptide, comprising
immunizing a non-human animal with an immunogen comprising a peptide at least 20 amino
acids and no more than 75 amino acids comprising an amino acid sequence of SEQ ID NO: 2-
30 19, 21-28, 47, 48, 49, or 50, wherein the peptide is capable of eliciting in a non-humén animal
an antibody that binds specifically to a SOST polypeptide, which comprises an amino acid
sequence set forth in SEQ ID NO:1, 20, 58, 60, 62, or 68, wherein the antibody competitively

inhibits binding of the SOST polypeptide to at least one of (i) 2 bone morphogenic protein
7



5 18. In other preferred enbodi nents, the invention provides a nethod for
produci ng an antibody that specifically binds to a SOST pol ypepti de,

conprising imunizing a non-human animal with an i rmunogen conprising a
peptide of 6, 7, 8, 9, 10, 11, or 12 consecutive amno acids or at |east

21 and r@BMR) EypeliRecBflockingiag vitd ael éﬂg&b cr §IPf{e Bépgg;di}% y@g%%,%g,ttgaw ng

10 t he sﬁﬁqunce set forth in SEQ I
capabl e CF@thrbl%@lnm%W-lhEﬂm‘Pie i bmpilmgam aeBMP tTygy I Reedptdri potigpeptide.

speci fi ggl,| tlde and that is. capable of inpairin
o romt 1 o gt gt 4Rt Mo BRI 6 Sl a0k prtids i eariizd We”ﬁepxdennd fo

pr OVi desm@remmmsdmixﬁds QADEASIrRE &ﬂaﬂa'iﬁd I s
SOST poleﬁpept i de, CO?T'pI’I sing i rgn'runl Zi nggwgyer?g%uo?}ggéaﬁr? lqQl'i)é ?(?rqghh{’ or

I mu conpri sing a peptide at | east 15 20 am no acids and no nore than

75 am no acids co A an .am.ng. aci d seqguence of SEQ ID NO 29-46, 51,
52, 53, or 54, anﬂ? erm %5 erisd i“}bc?gmf%“scé‘bea Ventyop nspYidsst mgthod far produdingran

ani mal  aanntbddyanstyspédiadal ibRES tSa BEST b [ ggl ti de and
i npairs for rratlon 01P a Sal T hOI’I%dI mar hiétYdSrceés?ne&S%ﬁ ven %ﬁ Qng%%bxp?ﬂ/l des

a et hod™es W mmmvgeranorammrmwgemidatof 620, 8sdud arigsr a2 E@&ea?t@ almlmo

signal i risi acting. an anti body that specifically

bi nds t(r)hglggé%ﬂ ypepf’? 8%8‘%}‘? ﬁé ‘ﬁ’é’@@“’éﬂ? s AT B@Wd@hMg

fortld i nheamsquene e fortBER JHY NOKO:1, 2(?%18 88, 65Qr 682t ?%a Lh fign 1 £t one
ence of égé 5aqn

SOST peptide conprising an amno acid sSequ
21-54, (RBERIER ARimploRs 2rifhedy dhat hindsnepesifichliyc ke e SOSDq{dWepmﬂeQ&ﬁﬂiE}iaQns of

t det ect | evel of antibody/ SOST 25
et de aoent Sty R ERIPe R Soff RemFrine, o sfbSimugdime %eﬁquem

modul at epsowd&C’r_nhﬂioa foB ipgidatinp Gn RALBVRY that !
I nvention provides a r?e!tphod f%r | dént | filangpegﬁﬁgg}ﬁ?mbagggq %&?f pnﬁ'ge?t%de

bi ndi ng CBPP§S‘BWWEIWWHW'mmdeNHh; @MEMINENOEYn COMbEiSihg Adepiide @Meast
ant ijgod ficall s to a.SOST ypeptide which conprises an
ani r%g a)céloori e%%‘g%géé]d n%a}P %&@h i3 %@“&%S%@Iaﬁlmld sequomee S SEQID, 62,
or 68 WN®: 29-44, 5af 51,6356r RNVHSFRTthe S8t iSs 3ha6R aci d
sequence of SEQ I D NO. 2r 19, 21-28, ﬁgét 47 -S %aunrggr hglgﬂ F?iggﬁﬁsﬂm%‘a? al

time s ufaPuaePB?ﬁy that himdsrs pectfisalintd ©8 QFT polypertidb ariy i GESTs frepbiicteo £9 srojsax
and det eghing,& |evel of antibody/ SOST peptide conplex, and thereby
detecting the presence of an antibody that inpairs bi ndi ng of a BWP to a

SOST pol ypept i de. The ppakiti @vériion QIEAFbURBE § rﬁéth&f'ﬁ) ”iﬁéxlw é
i de Ifyl‘?ﬁ’g‘ an antli body t hat nodul a?eis a TG--beta Srl gha aafr%bov tgﬁtd for

i dertli f B lates a J(GF rm?g@ﬁ@g paﬂp\@iy,r eorhpmsing) gompictiag RivRntibody thalSdpecifically
oy 5~ ot o3 OSE HAlBae (IR 3R af Bmirbrvett edbrnee pevBRE B BPE Pties a

rret hod S#Q IIMNAS: fly2hiF8a60, 62, or 68 with at least one SOST peptide comprising an amino acid

sequence' of SEQ ID NO: 2-19, or 21-54, under conditions and for a time sufficient to permit

formation of an antibody/SOST peptide complex; and detecting a level of antibody/SOST

25 peptide complex, and thereby detecting the presence of an antibody that modulates a TGF-beta

signaling pathway. In another embodiment, the invention provides a method for identifying an

antibody that impairs binding of a BMP to a SOST polypeptide, comprising contacting (i) an

antibody that specifically binds to a SOST polypeptide which comprises an amino acid sequence

set forth in any one of SEQ ID NOS: 1, 20, 58, 60, 62, or 68 with (ii) at least one SOST peptide

30 comprising an amino acid sequence of SEQ ID NO: 2-19, 21-28, or 47-50 under conditions and

for a time sufficient to permit formation of an antibody/SOST peptide complex; and detecting a

level of antibody/SOST peptide complex, and thereby detecting the presence of an antibody that

impairs binding of a BMP to 2 SOST polypeptide. In particular embodiments of the method for
8



5 anti body that inpairs SOST honodi mer formation, conprising contacting (i)
an anti body that specifically binds to a SOST pol ypepti de which conpri ses
an am no acid sequence set forth in any one of SEQ ID NCS: 1, 20, 58, 60,

62, or 68, with (ii) at |east one SOST peptide conprising an amno acid

: NO, 29- 51- der. condit i f i
suftro; byl okl aha Hodliad's Yorbae sisphissneBusy AL fomsrisineama
det ect i mgtitdy e imPdirs Hndsd 6@913/@3@%@%@61?9@&@1&% ST ide &%&% a

detecting . the presence of an antibody t at 1 npalr OST hono
f or mat i 3AINO Fidgeauense o LHEQ AP NS, 6,t1Rel1,ndeortliBon provi des a met hod for

identifying an aptib t hat..i ncreases bone mneral content,. conprising
contacting (i) an naﬁ't“ﬁ%%d?“%%é’?m s P ventan PEPVb‘ﬁ?ﬁd’s meghog e‘b‘%ﬁé’&ti de
whi cB canfiddyahatdmpaind BOSTHothodRELHED t b any: SFfa D
NS 1. 20, Bg a0 ey OsE Homart (?‘?@t°‘f‘§%@%ﬂ“%ﬁbéﬂ“§82$’(}%%§ﬁ“§§° .

conpr i sisPEgfically difidace a&Q$Tsralyreptide whicBEQmIpBseNGn 2nihd acidrsequenbel sat okt in
condi ti an i ficient to permt formatjon of an o

R 8 L R A T KNI
pepti de aﬁ%ﬁh@)ﬁcidaﬁ'&éuérﬁ@rcﬁ'bgfi@q})em: N L&y |1eﬁeg§§63{°ﬂ§iﬁf’&nt P a bt

i ncreases _bone mneral content. In a particular , e pepti de
conpr i sé&4ffigienaie premitoformation of eguestibed ywi$ OSE@eptitieN@niplexs, and Getetfing 4 devebsf 18.

I n rtalr i~cul ar. enbodi nen for jdentifying an anti body that
nod Eﬁat glslﬁ'ba&}'&é—s-ﬁ%?pgldg icﬁﬁ‘BFe’lxnbm‘pt}FFﬁ?\’dﬁ ctecgpe t PIIGT AG2 ar?naﬁq%fbav hethat
i mpai r s ipdifh SES PhorBoddMEr fofm@ionSOST pol ypeptide, for identifying an

anti body that inpairs SOST honodimer formation, or for identifying an
anti body that i ncheaseberhembodiingmss dlie drorenvort pravides antmdiiaatly forsidentifympgtan N a

25 bi ol Qgj: le or the antibody is a purified antibody. In certain
enbodi ne%%{‘%%b'h%‘%gﬁ?‘i‘?als%sd%m&n%% C%/‘Ee’&’ ﬁ"E‘P%‘P% rontaghng t(gd% agtibagy otpnal
ant i bodypecifically Haids Go @ FOITOsH i B AR RIKZ &L i ' indi ng
f ragnent p%f any of these anti%poegiues. The%glpgﬁ%g%t?%oeae do%ﬁ‘r‘f@ﬁ%ggg?ﬂﬂﬁ

pr egént any, grsef THRQ WP INOSde 305 8aphi2eont 68 with fiir 2 fleaseorecS ST pépeidé obthpridingg

detaile cription and aw._ngs. l references 30 disclosed

her ei n g?e lseur;emy(f P u(e)r}cﬁo(?ftaégéhﬁ:g %f gfrl nC& ﬁll’?‘*t HRtS QRtUPRY 'r‘%%(%%{sait?’_‘eeach

was i neoffieisneteperimdiowhatioal dfYan ﬁﬁbﬁy/%@ﬁeﬁ’ﬁw&ﬁe@ﬁd%\%{? iefbOur e
eri

1 presents an al i]gnrrent of the region containing the charact iC
cyst i ne-AnRbRsY/SGSTy peniRie pernplowpaididhenshy idetsctinigo thes prelanwe | afere sintifduyethat

di sul phi; t orm.t.h cyst.ine-knot .are illustrated as solid
i nes iGedp tong @ﬁﬁteb“ifa%""%}oﬁ'a,a é‘ﬁﬁ%ﬂ%ﬁm&%’ﬂ%&q RepHde campRSTS GRETER ¢ hi s
f ani2Dy, aekdi sefuenooLSEG b WD:636,18] 11PI4, dri1ds in the 3D structure. The

pol ypeptides 5 deE‘i\)Ct ed are SOST: sclerostin (SEQ ID NG 95); CGHB: Hunman
Chori oni ¢ Gonadot tbg§TfRIf Barticular embodiments for i dentifying an antibody t hat m odulates a

TGF-beta signaling pathway, for identifying an antibody that impairs binding ofa BMP to a

SOST polypeptide, for identifying an antibody that impairs SOST homodimer formation, or for

identifying an antibody that increases bone mineral content, the antibody is present in a

25  biological sample or the antibody is a purified antibody. In certain embodiments the purified

antibody is a p olycional antibody, 2 m onoclonal antibody, a chimeric antibody, a humanized
antibody, or an antigen-binding fragment of any of these antibodies.

These and other embodiments of the present invention will become apparent

upon reference to the following detailed description and attached drawings. All references

30  disclosed herein are hereby incorporated by reference in their entireties as if each was

incorporated mndividually.

BRIEF DESCRIPTION OF THE DRAWINGS
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(SEQ ID NO 96); FSHB: follicle-stimulating hornone beta subunit (SEQ ID

NG 97); TSHB: thyrotropin beta chain precursor (SEQ ID NO 98); VW: Von
Wl ebrand factor (SEQ ID NG 99); MJC2: human mucin 2 precursor (SEQ ID
NG 100); CERI: Cerberus 1 (Xenopus |aevis honolog) (SEQ ID NO 101); DRM

gremin (SEQ I D N@ ) orekAN: an( 1D 10 NGO 103); CTGF: connective tissue
growt h factor precug;hg%rpr(eSEQ ?D%%nf&lf?mﬁlﬁﬁm ming deHNaRriEEstimeystine-

over exprkaot efia §O8E pohypemtide and s |cigkst(IRFEE1h&NO 7 ; I i
106) . Fig,_.lr.e 2 ill u@ltlrat gs a 3D nodel of t%ee%del%%ﬁ@% c(ni.@ﬁt?onnl\ge
Co

( SosT_cdreyieaet gigtlusirats @s sofidslinesg Aot dishiphhie toadeshoegibyn @fteBTEE, is
am no acid sequence alignnment, of

h di : i A i d .
onodi Maniqub2o fthid) MLy AR Lobh O o Eﬁ-&?fﬁw YRRCES BRI TE0 The ratypeptides

Noggilén f({ omfive mdsz fferent ani ma

chi ckRen 4enEBE TEISOST: SHerostib ( 1B INOAfsk-i I X 4 NLA, , SEQ
| D NQ 1(@};' BORG .oy UGB, "SEO &ﬁ_}) NQ_llO)S?’ gﬁ%&%ﬁ?‘. ghg‘?‘ﬁ%% P 1D
NO 111) :PERd ) B fallicle-smuinti ngivaNnoBER Y BUbNGISEQ B NCBSH T18AB: SEQ
| D NG 2Qj - T Q|  112). Figure 5 illustrates
the Nogggi‘;%h o St e bt (1R T Bt Bl o Vil Gpor S ECHED
bott om nMOIC2t hemfri giucl 2 Pprécukdor NAHRsoNesed N honodi mer, i s shown
on top gf the BIVP diérer in car'?)(;on m)g(g.E g%@???’%w@%@%ﬁéﬂ%’m nal
bi ndi ng ‘F&4i 58{“0 OBh&SEQr I Ni18H; BRIt lgeenlinn kKSEQ b m:noz)b®Mb$SEQnﬁj and
cor aQr eNON93): f. cts a.3D nodel of the potential BUT-binding

f r agment Igc?é)t’ éﬁ(;r cg' %{1 gﬁ‘éégg%)guﬁlﬁ o %ﬁwrr‘g@‘?“&ﬁ’? (REQMP AQit04)i NOMioNevH n

sur f ace (nerbegblasting reergmtaasid iRiHd f thah S aSh i i
node. Ar&gei%)l( al ani ne resi duegf‘nieﬁ'?fiB;eé i nt?dglf%)h(;%grop (%\tljdl)é()?)p%éln(gﬁbtﬁi BWP
VQ:

surface ed. 30 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

i nvention provideg; j I t chfically . bind to a SOST ol ypepti de
net hods folro usi ngﬁlsgﬁf:%g @gﬁ%& %@.Em?%go{)&’%g%rﬁfggl?ﬁ/%ﬁ@%ﬁ(%Q%'Jb_cprgvi égspSOST

pol ypepti de i mundigeres3 prisentsEOD BRJSEthE B6re FERGH @@E al ysi s of
thegg anti bodi es. _The 10 anti bodi es nay bereusef u?é%o ﬁé@%ﬁ%g'i npai r
in

oindrng of 2 2&8*1%%‘:5% Berovigrsen aminaadiGequbndcaalignndhiiy Nogehidh 516 2

i gand, dp@sr i n,_and may al so bl ock or

i mpai r glla nh(}éntl%8 g@lt'ﬁgﬁscggé g%méﬁcg&Igh\gé‘ép-’)ﬁrﬁ?‘ék?&(ﬁ@cqii%.SEQe

i nventi t Africanpaawed i OS@ XENL S&pﬁ Yoy Wb BN

sci er ostﬂ)n (95 '?ﬁl é}i)qepti d y seogugﬁce “of spggisfg%)c S g%%‘é‘é@?&@@?&ﬁ@&

that are shEE! f'catd )?etP"ég%’g Q@@_@FBF&‘M SEQcIRr 6t i1l );amid ISO$Tesomapake Of

compet | (S@BHYHUMK! 9619 1 e, OTars FsBIASRAR, PRERPERS ' 9850) and mouse
20 (SOST_Mouse, SEQ ID NO:1 12).

Figure 5 illustrates the Noggin/BMP-7 complex structure. The BMP homodimer

1s shown on the bottom portion of the figure in surface mode. The Noggin homodimer is shown

on top of the BMP dimer in cartoon mode. The circles outline the N-terminal binding region,

the core region, and the linker between the N-terminal and core regions.

25 Figure 6 depicts a 3D model of the potential BMP-binding fragment located at

the SOST N-terminal region. A BMP dimer is shown in surface mode, and the potential BMP-

binding fragment is shown in stick mode. A phenylalanine residue fitting into a hydrophobic

pocket on the BMP surface is noted.

30  DETAILED DESCRIPTION OF THE INVENTION
The present invention provides antibodies that specifically bind to a SOST
polypeptide methods for using such antibodies. The present invention also provides SOST

polypeptide immunogens that may be used for generation and analysis of these antibodies. Thé
10



to BMP, where such scl erostin-BM binding otherwi se would occur via a BW
Type | Receptor binding site and/or a BMP Type Il Receptor binding site. A
nol ecul e such as an anti body that inhibits the binding of the TG--beta

bi ndi ng protein to one or nore nmenbers of the TG-beta 10 famly of

pr ot ei NS, Ludin or re bone. hog roteins (BWPs), should be
under st 0otk les i WY 88 eff‘]o'io QT) | \gpay ‘B E &QS?& polynegtide. tHcty st 3 V& on
of a TG:bé@ﬁBlﬁdﬁlQBioltéin tmﬁrﬁ%ﬁﬁd ‘Bﬁrtl%l Qﬁmﬁé b og L38O bnd oy ARb %%)Jcﬁrgrl y
menbers including one or iore BWP el r respective recepYo y

r enovi ngipairdmsing i thﬂ;]S@ﬁ'EpWﬂbm mﬂrenoréroﬂm hgamdi.ng to the

TGF- bi ndi ng- pr ot ei 15 The Qresent i nvention al so_provides peptide and
pol ypepti de i nmun SrBVEIRGR relales dg partte fh SupRSING disswaty.t WIthiBNEE Selerashn/ or
i dent3 f ypaipsdnh@di@s, t r nh| b| ng,
preventi ng?ﬁégr [ rf%a?ﬁengf%i &8hgﬁgg§% rsléc{h?{rl\ce@tﬁtaa?@gaé@i&ﬁﬁ{/r t%nt
manner) mtmﬂan@txofanUMéEGéphﬂe af bonpttingelyriohiditing $Aingt 6f soReostfi

Exenpl ar %Igfﬁpt de i nogens maé conprise 6, 7, 8, 9, 10, 11, 12, 20 25
21-50, 2 erngpichpglenan-BMB inde asherwise wauldaccyeyie s MR Type bR esebten
aci ds of piggse! t 5 her or of

t hereof), sucﬁ%gﬁ?rmegp%oﬁﬁ’gl%?gce%&fr n%{hgg gen gfoé%u%osuggﬁ%msgﬁﬂ’é’%g%mas

set fort inhibits tiﬁElﬁhd@g OB ZFAB-petd birfiithg puratkibdo odd6r M6R IRAHiberd WLk ITGF-84t8 0

pr ovL(?esgg_H{) e and pol é@n tide imupogens that may be used to generate
and/ Yi Pl PrOifing, Jas! OO r e SO Erupiosemgprotging (BifRsh| ehopid be

| nhi bi t1 GerstioR 6 Mk, fRexhiipid! 4 hﬁfécﬁlléethgt%ﬂ% ﬁ?en AlatBHRE REPLLT amllyThe
25 anti bodi es of the present nvention are us ¥or AT &ast ng

m ner al wembenrdr BMH, on allomalbinditeysfi TGF-bétatfaméiy ntdﬁﬂfe&bﬁclﬁdiﬁg bf¢ at inBﬂ: BMIPgI OUS
condi ti ons t hat %SUH in the | oss of bone mneral content, including for
exanpl e, OdiPEiL ZeSReCtyE ReRePlorsDi: FRMO g T RFRventing itare FOE-beta amembes flom bindingdo| ack
of use ofheb@ieLin@inGproteite to fracture), therapeutics that effect bone
resorption or that "kill bone formng cells, and normal aging. 30

Scl ekbst eosi s Scl eftestreszsi mveestian alis prsides Qeptidtaridopodfpeptidimb@nSend Har, al

density in humaan S%:)I erqQsteosis is,a termthat was applied by Hansen
( Hansen, "“tg*Pestedigmay, b pssd de epmprateygnqg/or g{entéfy antibgdieseqrsTagmeRtshenoldat are

Ki nder hetdgssiacsy, inBRidel Brevomigd @R di to
van Bucherﬂr% hypelr ost os%l ?recort |g2al |usnE’§gng (a IPi'sat ge)d%ég "ggséstﬁ% 19;315('5 1?% in
radi ol ogmenegrpemdiagod tho TGiveeth birelinghproges SOBT tonodehéer poRSBNIEPE. OExemplary
asynmet r e._index and mddle fingers in many

ut aneous syndact yl. f
cases. B?Pé‘faSéff“é‘BE?gfnf aHBW“éﬂ%ee@gt% o 100! bd 2a#P-2:2658mf-3% SA4054 1SR4 ﬂant
di sopgler 60,f6aL70, 8r TS 86iisBeui%E dmihb AMad Bk % s&bx%%ﬁmg&l%gﬂdé&' f2bQhdndr &R @t Of

the bone in the adult. The condition is progre Scl'er ost eosi s aI SO
has a de¢&roprdhared), sugheptptidhnicompyising, for instance, amino acid sequences as set forth in

SEQ ID NOS:2-19, 21-53, and 54. The present invention also provides peptide and polypeptide

immunogens that may be used to generate and/or identify antibodies or fragments thereof that
are c apable of inhibiting, preventing, or impairing the formation of SOST homodimers. The
25  antibodies of the present invention are useful for increasing the mineral content and mineral
density of bone, thereby ameliorating numerous conditions that result in the loss of bone mineral
content, including for example, disease, genetic predisposition, accidents that result in the lack

of use of bone (e.g., due to fracture), therapeutics that effect bone resorption or that kill bone
forming cells, and normal aging.
30

Sclerostieosis

Sclerosteosis is a disease related to abnormal bone mineral density in humans.

- Sclerosteosis is a term that was applied by Hansen (Hansen, H. G., Sklerosteose in: Opitz et al.,
11



associated wth syndactyly (two or nore fingers fused together).

Scl erosteosis Syndrone is associated with large stature, and many affected
i ndividual s attain a height of six feet or nore. In.addition, the jaw of
persons with this condition has an unusually square appearance. The 10 bone
m ner al conlt_{g% of horr,ozyg'qt es can be 1 to 6 fold greater than normal

i ndi vi duisstiangiych des Fandérhaikindey dRerliny Sprangend 967)t 35 148 55 ka2 alirovder rsomiten|to

val ues ( | : unaf f.ected sihlin . Scl erqst.eosi s

Syndr omt Babicth SPABAS Ahidals UDRCIRELu pBiahi Ao R A IoE S GRP SRR | oo
Appr oxi nefttet ore dfang¢any id 42 pro@hod Slualfnhdirid BSardolé L‘ﬁﬂﬂ@c?l_yp&FIHé HdeQRAnd S @
carrier 15 of the nutated gene (heterozygotes). The nutation shows 100%
penet r anB¥dleafBEsTH immany f9pess Selenostarsss tihapwi wdesstarddtobon @n rautspaial semisi t y
has e ' e otes but.they have nq associated pathol ogies
has Peuaag Rl Pl U RYARLES, PN Bt 19, S250cl 2l od el

pi t ui t arthe yplot ThE asAdsHdRXis ProtRéssiNe e BcRPERESRidd el a@«@ﬁ efifal Bspect that js
sclerosteosis. In particular, no over-production of gro Pll or mone and

cort i sondsesiatest with sypdaghyly éwse eromarsnfngesy dissd dogethreo). mAtietosteasif Syhddme is

I ndi vi du, : r markers fsuch.as .osteobl ast specific alkaline
phosphat %E%c}at%gggggagé%%}%,ﬁref %‘Lmﬁn% P§%°3T$ﬁéﬂg%ﬁs ﬁ%ééﬁ‘f"igg of 3bf égsf or mgFry ¢
otal a |kaldditenptHegewatpaeend $A8 this @Bh@ikion Gab!hh - ' ' &%Hg 243
(1995)) i ndicate ? hat p%hyper ostegbl astliog acfifl\}linl%uaing ° %@%%’ate c%i/i irﬁét he

di seldse tane miserghrontent of hgmpzyeotts srrbs ddto Gdold @réatertthar borwial yndivdwis and ed

f. b ti i di noli.ne, 25
ooy P R ARSAERT o o 2R 38 R YN 030 o B
tartrat esibiigspt ant acid phosphatases, and gal act osyl hydroxylysine (see

Cornier, supra)). Sclerosteosis is characterized by the continual
deposi ti on of bonecieResiegisotmndiane oetue @rigraritunn Adrikirmetsi 6feDurch ddscdnhnén

ff ect eded mdinyi dual t he conti nual ition. of bone
i ner ol TABAHAN Aebrod HabR TR 50 W SR S A RS nop b Rior tyedier
mec hinor efcthe toatased3@ne (iettb8@0les)( €rHe- mutaiist &hodsaw%‘:ﬁe%@ﬂrm; ra.#.@?dgﬁg%‘é%t es

wi th Scl erosteosis, the overgrowh of the bones of the sku ads 'to
crani al '08ear e nmeased benramingel Henstty hae Reen observed imhetemzygates buf dinaysttase i ¢

pressur e, pn s he ' em, A gﬁ |ized and diffuse sclerosis is observed
in all other 1p%dro‘tsa?£dg?g§%ﬁﬁ(g}g§l§ e?tg’h.abrég}lﬁf’xgﬁmﬁ as of the |ong bones are
greatly thickened Nestrotrhal@y ofti pithdaryUpbfalahitl kRS8R dRedONf SHiERRI D-
Trabecul ar, connections are increased in thickness, which 1n turn 1ncreases
the str WYt Rcigrostenss aprshenlary ng a¥er-Prasyciion of grayoh dwrmpmseand cotissualobaprs,
opagye tghd ¥x'Siond (el genetl i on .t hat Js responsible for
Scl er ost 0S| & Syng?eo%e?elﬁgaéggeen?%gﬁg&é%(ﬁ%ag‘&d?ags't F?Jém? é'fj'f’gYFrd'Far EiRrdshch as
chr onos ovstecbTast #hegidin ealkilih® iphosphatase] 6@édalod) APSISS prchItbEh C° fia@fpIEPh
TGF- bet a_bj ndi nﬁ(-' Pr otein famly (see, e.g., US pPat ent Norsp?é%?é%%llg

and total a [kaline p hosphatase (sée C omier, Curr. Opin. in R heu. 7 :243 (1995)) indicate t hat

hyperosteoblastic activity is associated with the disease but normal to slightly decreased
osteoclast activity is observed as measured by markers of bone resorption (pyridinoline,

25 deoxypryridinoline, N-telopeptide, urinary hydroxyproline, plasma tartrate-resistant acid
phosphatases, and galactosyl hydroxylysine (see Comier, supra)).

Sclerosteosis is characterized by the continual deposition of bone throughout the
skeleton during the lifetime of the affected individuals. In homozygotes the continual deposition
of bone mineral leads to an overgrowth of bone in areas of the skeleton where mechanoreceptors

30  are absent (e.g., skull, jaw, cranium). In homozygotes with Sclerosteosis, the overgrowth of the
bones of the skull leads to cranial compression and eventually to death due to excessive
hydrostatic pressure on the brain stem. A generalized and diffuse sclerosis is observed in all

other parts of the skeleton. Cortical areas of the long bones are greatly thickened resulting in a
' 12



6, 489, 445, and 6, 495, 736; Brunkow et al., Am J. Hum GCenet. 68:577-89
(2001)). Therapeutics related to altering or nodulating the | evel of
sclerostin may therefore be useful in treating conditions and di seases
rel ated to abnornmal bone devel opnment or deterioration. As described in 10

nor e deta' .. bel ow, antibodies th fically bind to this TG beta
bi ndi ng-prog i} incieasedp bopg ﬁm“@&’i a,{.)( g%l“fi’? CRRPSERPNS dF e ingreasedsacthiclgpress wigdsT) |

MRy De Uf@gn ilkrdBGtRASRABANE tE BkaliatRAk € Blielol RN cyent
retardi ng progression, nE&ams liorating the s§/ Hﬁonés aﬁg&&ﬂ%ﬁﬁy&;aquc )
di seasestT1ay$ TG--Beta Superfam |y Anong signifi cant nol ecul es to which
reference i s made_herein include a&m known or novel nenbers of the

Transform ng G owt eﬁé?:ggiet‘f)g’c“éat‘("? Eferte%"“%tilﬁé?‘f %ﬁﬁrp§13051mmmmhdstbd@rs

bone snorip&g&N CthP 't c e TGF-beta. superf

are TGF-beta r é)ceptror s, V\?‘I ﬁ %’%&eiﬂnhﬁg? ri gmr EFR9" v5° ﬁ?ezp’b ve

r ecept ormemipeat ofathe IGFstpm:lbindmg‘ -pribtedn [famnily Cséeare. grErUDgr Taikerk NSosT @ 3436413,
roteins, which should

superfa i_ncl u BMPs), and TGF-beta binding
be under {8&0%15 d &93973(6036%‘@%@ Afordsn. p’oﬂ}‘ﬁ‘eﬁ?‘l’@e@ Wp 7t-8|9 (;%)Qd;))f iToerapsutids ng

affinity I f nenbers bet a
super f an‘iﬂltdg%Ei t(gi ﬁ%lﬁg Pgw %k gévgg:d ?@E@gtén o1 reg r7(9§ b%g‘f%ﬂﬁai%
protein donditiunhemdshslemsélatad mrabnSﬁm boi?@tiwelb@hﬂﬁt oritRSRMAAC oS REGREE 1D

S%Toand S%é ants in. various anl mal s, 25 including humans, are

pr oviPded™ 8 faH “SE@W@‘Wt spesifieadly bind todis T§IF-besa birgking-prottirs Eclemostir6 9
(the en I n_SE 1, 20, 58,
60, 60, i aapg teicht § BEANEALOST] SR LOE lleats Bong it copient s

6, 395, 51iteating, 43 @yentidg, mmmﬁgzl;ﬁsgrz%on, SeeamellosNing. the, syBIHOMET @tnuaabep 0002
Dev. Biol.. 250:231; Schmtt et al., 1999 J. Orthopaed. Res. 17:26

Khal i |, 4¥8¥5M crobes Infect. 1:1255. Myazono et al., 1993 Growt h Factors -
8:11; von 30 Bubnoff et al., 2001 Dev. Biol. 239:1; Koli et al., 2001
M crosc. Res. Tech. 52:354; Ebara et al., 2002 Spine 27(16 Suppl. 1):S10;

Bondést abGF-BeGBupkifgmiiyds & Si gnal i ng Conponents of the Transforming Gowh
Factor ,6 Famly, Helsinki _University Bionedical D ssertations No. 17). The
TGF-bet a superfamW“@oﬂg%{ﬁﬁ"g‘t dnQlgsulest §p Which reigrence de trozds herein is¢indecanyl 3

common  SeRUaNGen&let MRRbersdfdimst Tx‘dﬁét?'ﬁﬁh% BbiviS FQt],;tc()])b@ett{| é’?@?f}ﬁg gfsxlgﬁrmlal cal

tertiary levels. This proteln fam erts a w
r espons exhiclh includes bane rmrphmgmc\pmtem (,BMPS)C ellbo inkjded in ﬂl«(arm}méetat SpciBmber s

f the TGF- f t funct tt f or mat d
i ssue FbaCir et PO ey MHGhHDI OR ANIEE0RN (RN oPh BT secemaR-buaee
famdoy SpBERb%S ﬁ&ﬁcdm\lﬁédﬂ?e@,ofhﬁéfTGF%EE' ?pezta?nﬂ%)m&g@b;[\ﬁ%? RGB!

and bone renndellng and nodul at1on o

to the Tt(yﬂilb&pmtqm, Weqhtshdelg Jbetunilerstoap ar fefritd yne ombnqﬁy@ﬂ?@ﬁs vatht p¥difis ,
ia

|nh|b|nsB W%i-ll]? D|ffer ntiatjon Factors (CDFs and
in nity 1or a particular member or subset of members of the TGF-beta superfamily

(including BMPs). A specific example of a TGF-beta binding protein includes sclerostin or
SOST. Polynucleotide sequences encoding SOST and SOST variants in various animals,
25  including humans, are provided herein in SEQ ID NOs: 55, 56,57, 59, 61, 63, 65, and 67 and 69
(the encoded polypeptide sequences are provided in SEQ ID NOs: 1, 20, 58, 60, 62, 64, 66, 68,
and 70, respectively). (See, e.g., U.S. Patent Nos. 6,395,511; 6,489,445; and 6,495,736. See
also e.g., Balemans et al., 2002 Dev. Biol. 250:231; Schmitt et al., 1999 J Orthopaed. Res.
17:269; Khalil, 1999 Microbes Infect. 1:1255; Miyazono et al., 1993 Growth Factors 8:1 1; von
30  Bubnoff et al.,, 2001 Dev. Biol. 239:1; Koli et al., 2001 Microsc. Res. Tech. 52:354; Ebara et al.,
2002 Spine 27(16 Suppl. 1):S10; Bondestam, 2002, Ligands & Signaling Components of the
Transforming Growth Factor f Family, Helsinki University Biomedical Dissertations No. 17).

The TGF-beta superfamily contains a variety of growth factors that share
13



Derived Neurotrophic Factors (GDNFs). Primary classification is established
t hrough general sequence features that bin a specific protein into a
general subfamly. Additional stratification 10 within the sub-famly is
possi ble due to stricter sequence conservation between nmenbers of the

smal l er gr N certain instances, such as with BMP-5, BMP-6, and BMP-7,
the am n%“g}é&dseq&é‘ipﬁ&ﬁﬁ“ef’&eaf@i%cw fB@“E%sat Hhofhsesendacy aaditadatds sThE t he
smal | er geeiPfamiifi ek : | ' ' re t Ve
sequencelgt 0 i Imlnugt rg‘lttﬁy%%eogigg/mg?gghgio%g?t}é{pgnn%ﬁ?ﬁsﬂgh&tt%%éiﬁ% oéu%cephat

separ at e¥pdst  Maoph ot the memstrebe p§ thef TGRebttarfgmily flant liyportint Tagctidhy Sh Pattern
structurfg of . TG=- Qet a2 hag been determ ned. The general fold of the

TGF- bet a0 RHIFSARA S35 RPGECALo8 dyppg embgnenat develgpment. nin reidts) TRE-bster familyr e
f or mad gl | ' ] | Whj | S ilized b
one di s&ii%’ii‘?%rggrﬁ rl?‘éogﬁdpfasr qgﬁ?’?lg’gﬁﬁi“gﬁ W%&Pé;%%’rrna?‘f/ g%n%%bgg?igg%dldmbz

i nduci ngmeddationrafethd ommade dystenr. olnodddiyoreto the TIGFCIRYE p61yp&pTIakE X188 superfamily

Tr ansduct iloH OEBE)G:- beta si Hal s _involves tw distinct subfamlies of "20
t r ansnenBf 4AE isnéftf‘ﬂ’ilsedﬁl% msy Grovstd aad dpifisreatiatiqp, Baqtors @ Espeand Gliat-

| east seay WoSir i . . or v ee

i dentii fi efzim&egee K%Uv%)gg??c gyt?ssgic'?ﬁm%yt oK n@ a%%s&éﬁ%ﬁgrggsc?sga})ﬂ%g\g .tg@:ug}b-g%’fral
(1998); Iohyenzodertures thit bin Adpecifioprmoh . in5a ddderdd dui2R09) .Addamhan®EBaEatRh

t he 1 GF- bglt&.a f am Iélnﬂgi nds t.% a, characteristic conbination of type I and
typetd | VEuEShub-famgy ps passidifueio sTcteeeauace sonservaiien betyeen membess efitheent

nodel f odmalfer a1 e&emt i i : -2 S |.i i rst. binds to
t he type nlxzi rgﬁgtor (TbR?{STa)ﬂ%ﬁl?:gﬁg[{ﬁleﬂﬁB}g? U?P@eéi §/ip%9£Pg7i’ g’ceeaﬁ?%? ac

(TbR-1) pescend identityl ngyabelas hiph dsl 750 pmongtmemnbary of eiEdneXler gm 1 Vs level of
recept or not, .bind ligand in the absence of TbR-1I1. T R—?I t hen

phosphorVF‘gtfatgsemibdﬁ-? SIngle JERFFITRREINS Sraemes) Shilustrate e kay bigehesiiend elementseafi ne
T esi duestit Gfb- SRR ) sepirated@: ot bR Jrég ﬁ%ﬂ %a]pﬂef{yeby activating TbR-1.
prnory

The activated type | receptor kinase then phos atrées particul ar nenbers
of tke Smad fami | yIiBQrystal stradtetcrnd TiGFabeth? Amsbern db@rhied NFhd PRl Sl M€ (R

t hey m% te transcription of specific genes. Bone Mrphoeenic Proteins
(BMPs) : 6-%@&&*3@0&@ PPBIE MEAYF BEARA N REteRe Imatder sprustupm fosmed dyahiess i n
(he undesisiiphide BAIQS. DRRGZAETMA 1S WBillAAE b SROLENLEAL A0l nddorkile BVPS.

al so known as osteogenic proteins ( ) regutate cart and bone
differentiation i nfGF-beta f@8NPs mERDeissizmd by itincing ik fokmbiorcofdiefef @b Rstinkedici On

t hr ough a a}scade1 of ents b Vipirg:% senchymal stemcells differentiate
nto choliragy FUMPIPES: [ay-ReNg & IRy bR Sipoals HRlveh 699 Rigtingt SubamiRS: ded
and 1@p| ea@shdibritRRriht/ESei-SBRRBHEIMBS, Slped and E};‘réin.Bi 8 ieaﬁ s%vr’% ﬁy@%‘ﬁo

(2002)). Thus, this process involves fornmation o 'l age, hyper phy
and’ cal tcenterstang dive ftypeHE resgptois| haye bearalentifed (seevKswainaga etiad f Epokine @rbwik Of

051500 08 S LIATIARN B, MTRELLBES, ROl SMESLCES, (S
P12643 ( BF@D-beteaiin Mindtlid GthatabiMistc: cJAMRAINN of B4 4nd type IT receptors, both of
which are needed for signaling. In the current model for TGF-beta receptor activation, 2 TGF-
25  beta ligand first binds to the type II receptor (TbR-II), which then recruits a type I receptor
(TbR-I) to form a ligand/type Il/type I terary complex. The type I receptor, cannot bind ligand
in the absence of TbR-II. TbR-II then phosphorylates TbR-I predominanﬂy in a domain rich in
glycine and senne residues (GS domain) in the juxtamembrane region, thereby activating TbR-1.
The activated type I receptor kinase then phosphorylates particular members of the Smad family

30  of proteins that ranslocate to the nucleus where they modulate transcription of specific genes.

Bone Morphogenic Proteins (BMPs): Kev Regulatorv Proteins of Bone Mineral Density

A major advance in the understanding of bone formation was the identification of
14 |



(BWP-3b, Growth/differentiation factor 10) (GDF-10)); GenBank P12644
(BMP4); GenBank 10 P22003 (BMP5); GenBank P22004 (BMP6); GenBank P18075
(BMP7); GenBank P34820 (BMP8); GenBank QUKO5 (BMP9); GenBank 095393
(BMLO); GenBank 095390 (BMPI 1, G owh/differentiation factor 11 precursor

( GDF- 11)he; BEEBalls R 3s (0BMB&h) i fnthe JG-het.a superfamly.
The striking evolutionary cons%%lvca fﬁ%ﬁg%§ng Cgrgglg?t%:%%&agﬁ/ﬁ%:’ one
sub- f am3}HFretigesinyivh BMPHOPs indacé pypiuchandrai onk e etEEbn deyesOP BRBideand

functio 5 Lmals. In addition to postfetal chondrogenesis and
ost eoge2£§{'°§1 {!s ?)ﬁgv hg%ﬁgfﬁg%l}'&agﬁtewuﬁlyqui erengpig snfonchordiopytey thae day down a

i ncl udi ngrtitdge stelees AR Habss i ' tal tissues, Different

BWP fam | 11;agrre?rbers al so haaverbét;({%ﬂlagg?lgg%ﬂa}é:ﬁh\%itﬁlgl%s@elené%}%{?%lf; agté"é’r BE’ZI I

types, ?ﬁé?iﬂdﬁ%@()%nod?m.esﬁﬂsemotaeI ihablveelfbﬁnatiﬁﬁ&ﬁﬂ@ima?é, ek tPoph hd
ferentiation,

neur onal..,cell s. s requlate cell proljferation and di
chenot aﬁ?lglﬁg%u nzf?g%t %aéﬁ%g,ge’ ARFUSF Hyasigpt differantiprmefestdoblastscand Ométom of

exanpl eboheef As GésehibedadbbUaal, Qe | soder m patterni nqg,
enbr yoni((): develsoprfe?l?%aﬁd {)Fggﬁ%%ney gsjof‘l’aagﬁt?rsr%%mb pr8?°§bﬂ§“8ﬁ%’la@g'llng
the ki dAR/OPG(see] apgGenRankP 12643 (HMP 2 GenBark Bl 2625 (BMPS § €RnBahie 688157
supra). a S esized as | arge precursor proteins. Upon

di meri zé@@%}” ﬁ"ew‘é@%m%ﬂ%%ﬁ%%%o‘i@i(éﬁ?wom @avqucw?maﬁ BNPLQeGenBakyi el d
car boxy PRE0B1 (BMP3jRIGBanY PhH) S(Bti\lﬂ?é? ed fro ell.
BMPs, |ike other f;'IIaGF bet a ?gﬂoﬁy me é?%?”%???lﬁ@ Zﬁm g'F%%%"H%J%?f% by

bi ndi ng (%MB%IC&me-Q9UﬁobéBkﬁP9yﬁnBaathwpe (BMlsgrcEéiw'MO@ng@arffbgﬂse
recepto . .ec or. or ' BVPs may act as |igands include
BVPR- | Abf%‘@% °ﬁ%‘§k‘ﬁ‘{‘%‘§ %E\%’k-lgj’fe““%‘ﬁﬂﬁﬁ?%l(lé)l; %ﬂéﬁ&/@%&?& ABM16)), ardiémbersand
ALK- 2 (af ¢ HGPoWEa dspefahiRy! ) itki i ors. BVPs bi nd BMP
type II( receBtor ?B R- Il), %@ﬁﬁgf%gﬁ‘ﬂ&?&{‘:’?ﬁ)ﬁn %&g,&&?’? r§1°gg‘°type
J||B (Ac?hiﬂ@d)sub-fasely ssag@mmd tlmgaadimpmmd p mthamdnmfgemw;&m gnd fﬂﬁchﬁl'\&%leei n)i
Po uc ' 2guences t he encqded_am no acid sequence o type

r ecggt 0 %ﬁg‘%‘syg%%‘f“ﬁ@%‘smd’f’gf‘%g CBORYREFNPHS ARG oBtEoasARSIS, @m%ﬂﬁd@?s fodey rexigipiel e,
GenBank rdiyl i GU3&8gdnSEE) ihdi cranaki 1 82) 1 ;DBI673. LSEQ 11)
NG 72 encoded by gSEgﬁlgD NO. 8 ?’% deﬁ%"‘%%&%ﬁgﬁéa B & )fﬁ“%sﬁ‘g%dg’a‘(f"ﬂ?‘QSEQ

| D NO. BBW SmybomemBer 3o hoerdiobgirel adtibiyies SEQatibusNGIh&S all NPR30BRGSEQ | D

NO 75 e by, . I D,NO 89): .and D38082 (SEQ ID NO 76 encoded by SEQ I D
NO: 90) . H‘%?%??%%P‘?‘E%& F%‘g‘l’o s‘%%?%‘?e%‘é‘gl GFEy pRd nepiopalpeellss BMPs geguatelewlli n

t he CGenpaliferaivhaha S ferémiatiox MBh&taxiNR i 7dna BAALITES 5
(SEQ | D.NG 78) & and PAB3386E (SEQa)I{%aﬁQO%é?éSl%?Fl?n%% JgdgFgld%m%%a 5885 ond
t he”encB¥efxanipls. nistlaishy avmuesive neurdivResiy,pendsbddrmc epti@ingOl4AE PinbARSIcAr €

KO 80 cneRBah MR Rbersl 1 A it o1 estecieki e ks BinehastdunbySED | D
NO: 92) ; litd) i @) 4nd S5 (sé2 BYRrBahs, supra).

BMPs are synthesized as large precursor proteins. Upon dimerization, the BMPs
are proteolyically cleaved within the cell to yield carboxy-terminal mature proteins that are then
25  secreted from the cell. BMPs, like other TGF-beta family members, initiate signal transduction
by binding cooperatively to both type I and type II serine/threonine kinase receptors. Type I
receptors for which BMPs may act as ligands include BMPR-IA (also known as ALK-3),
BMPR-IB (also known as ALK-6), ALK-1, and ALK-2 (also known as ActR-I). Of the type II
receptors, BMPs bind to BMP type II receptor (BMPR-II), Activin type II (ActR-II), and Activin
30  type IIB (ActR-IIB). (See Balemans et al., supra, and references cited therein). Polynucleotide
sequences and the encoded amino acid sequence of BMP type I receptor polypeptides are
provided in the GenBank database, for example, GenBank NM_004329 (SEQ ID NO:71

encoded by SEQ ID NO:85); D89675 (SEQ ID NO:72 encoded by SEQ ID NO:86);
15 '



encoded by SEQ I D NG 93); and Z48923 (SEQ I D NO 83 encoded by SEQ I D

NG 94). 10 Additional pol ypeptide sequences of type Il receptors are also
provided in the GenBank database, for exanple, CAA88759 (SEQ ID NO 84).

BMPs, simlar to other cystine-knot proteins, forma honodi mer structure

Scheuf | B i,ol. 1. -15 (1999)). A ccording t o e
Vorut 1 onie, 881283 fseqIn N eRtongl vy SEEIDNGIE ShENEEQ D FOU4 sredisiananp
type | r NO:RR)Nsh ; 274 ). REN. |
bpet § i MO:PNNM 368402 SEUAD NS dnch Gy S0 1y 1189, Bk s AIRER
13: 839- Ip7NOZS0encpded e SEQIEX NOO®f Qther poipeeplide espprices obitypdi Ingcaitére agn BVP

was |ater confir by t he -ray structure of BMP-2BMP Receptor | A conplex
(N kel Tp i o B Gl Gapalsserd “crammies T 001 (i (SED TR NI BAGL7TES The
R Fay sty breOor HEE R0 DS IO TDE ARt R AR tye Buplen |
20 St r uctmingizold. Q@S- FOBMP20RE)1) , revdptahpolspdptiate! ste Sirovitied it @hd GenBAMABMVP
Receptor,ILA s sdte Tg)? BMP angJ Activin sub-famlies are subject to
signifi cdﬂﬁbaifoé?-t"méﬂﬂe»l iesAEpPle, 2gitG{SRR by NOR. pracdedy b By [or B0 ns.  An
intricatenveyiiiag R I S iBtSo- hj f P

ant agoni st _oih?l symsﬁglsiﬁﬁzerg@gzd&lgg%gr%gwr% §8b9§2’ﬁ&ﬁ¥;t%plyﬁ%“o{§r¥spsz }ég)'r‘r%%yex S
el ect i vedngodedt by BEQPED A¥OA&3};i anidng48923 d(SBQIID NOEH3r edzbdddo g SHOQ aDt NG:94).
(Smth, Jrends,25 CGenet. 15:3-6 (1999)). A nunber of suqhyTngeta bi%di ng
prot'd nsA‘icﬁe%“abé’é’Wp t FHAPEges 8&&3’9"02‘? THEPIPES Bk aleo Jueiidatc &n dhay SregBame,
the ant ageibasl for@RREHE, ¢ RALEMS (SFEIMagoIgagiependent |y  because of the |ack
of primary sequence conservation. I n vertebrates, antagonists include

noggi n, chordin, AMPgisimilakéy dtimdr| ¢ystiad-kimt profes, tien RANGGOdIREE USruptusd ei n

famly, an scl erosti ( e Bal ns et al., supra, and references
cited | h@Fg"r“ﬁfﬁ eﬁﬂeﬁrr%“ﬁ'gﬁ‘i%f Rgagligdﬁﬁ?ggggnﬁmfé@@ﬁe epBlupRATE  rape A nal s

di ff i m,ﬂéh@}u’g : ol : ' :
9|5: 92%?%5%%]@%teh§type I angantﬁg/ybg{ell?@e ep%%?é}%?rr%l%g sslfefagg t?ﬁ%heeceﬁ%\l P
ant algoni Woding gjts weta anappedatoghe burfee ofitha [ strittogginnistet kNdBrotein Elgg. NBS39L i t h
h igh af‘y ié (ﬁrr”rerman et a } 1996%?.. A 16 study of the nogai n/ BMP-7
conpl ex st&S %Elr ¢ GBS B &PH ] FRIFRIGE PiREiDe site PO BV, Wesster coHEmdyy the

pr ot ei nsx-t49" eRRGuE tofaBMP-Nashvety q‘&ﬁé"ﬁg‘fﬁ" é&n&l@%&@ﬂ&el RET 9.0%&* A2 ghne

noggi n-BMP-7 structure onto a nodel t he BMP signaling conpl ex Showed
t hat nog®AA(Supm di(Ry 1RS¢l 2601)). ribskwrediotell tpps Iisrecdptdri idding sipiis Gpgsod

Cyst ol nep PR Ao BT YT D 0% B ot Gymales ML i

segnENt  SuctahoM 288208100020 Kick R inti M98 “clip”
(residues ZCé- 48) . Thegﬂ/pe)? rgceg!tl%lr*?glin%g?aogﬁéigte ilseﬁfolg%le%tg{agibgy&?ﬁé

N-term nal porti onlhsf BMReand| Agfivin yab-fanifiefNarygsubjecttodsighifieant ppst-transiaterept or

bi nding RELkS §°rEHEE B Hroin2 O Xn! SRR 2 ool Banh | Bisss,

whereby a high affinity antagonist is synthesized and exported, and subsequently forms a

complex s electively with BMPs or activins to disrupt their biological activity (Smith, Trends

25 Gener. 15:3-6 (1999)). A number of such TGF-beta binding proteins have been identified, and

on the basis of sequence divergence, the antagonists appear to have evolved independently

because of the lack of primary sequence conservation. In vertebrates, antagonists include

noggin, chordin, chordin-like, follistatin, FSRP, the DAN/Cerberus protein family, and

sclerostin (SOST) (see Balemans et al., supra, and references cited therein). The mechanism of

30  antagonism seems to differ for the different antagonists (Iemura et al. (1998) Proc. Natl. Acad.
Sci. USA 95:9337-9342).

The type I and type II receptor binding sites on the BMP antagonist noggin have

also been mapped. N oggin binds to B MPs w ith high affinity (Zimmerman ez e, 1 996). A
1€



Two R-strands in the core region near the C-term nus of noggin also contact
BMP-7 at the type 10 Il receptor binding site. This binding node enabl es a
Noggin diner to efficiently block all the receptor binding sites (two type
| and two type Il receptor binding sites) on a BWP diner. Sclerostin

(0, & “paneye RRoSghRAEI oY Bl £ sy e S8R nedisei vt 1 b

NOs: 1, pRfieinS8GrdpPe bl Maw@b426G836-8n¢2000)). BASSSSHEsH dfNET 'i}éé@ﬁ.t' cal
cysteine (disulfide) scaffold when corrgar e? Wi tﬁéﬁuman DAN, Iﬂbﬁgﬂ er‘riiI in,

and  HuifERCteE 908e @ snodghef theBMP \gigmalimmcample\showed 188, REgin hinding leffecivelyo

h | i l.(f k i tion, see

qener ar ke bOS pald 62 S8 Epl S & AR R S0 oo Tt pion Pitkinergan ora 5o

be ufiderBMPBAd The cifiché!Eleh daffoRNdeGudite bhﬁ@é@fp&%&&dﬁi@ﬂ%ﬁ%@naﬁ’ hhof
-beta bi nding-protein

(e.g., SEQI D N GCs. 60 and 62). As used herein, a T
vari ant 20981 Jfhareine geiddwsidugsethst ars mferiedite an ted“alip” doasideed DBUSENTheleppeal

ol ypept,j i n.am no id uence that i.s a _npodification
O nar ekl il 0 iRt ne AEGSbortiah ohdhectiip AAmetit PEREFEn oGS
I D NGs: thebtypd II 18 ptd bindfi, si®Gs 06clude@byGfle cathi:y tEﬂﬁihé’Bo?ﬁ#d"@éﬂgglgf domain.

nat ur al I_Iy-occurri ng pol ynmorphisns or "allelic variants o
bi ndi ng-I3¥ok-sirends ik Beicaty resiop mear the C-dusinuast REginedlso amtay BMISV iatthe type

ol yaucl i . encade,conservative am no aci.d substitutions of these
Do MU IPRLLAGSHhARE < RS ARG tabfier & Noaidins® foeibisieaty Piogkisd ke o
art i ndireeberbhinaaites @0d f}@eaahdiﬁw@ﬁypanﬁééeﬁéoﬁyina{ng%%%)%%%' dmAeptide or

pol ypeptide are simlar. For exanple, a simlar amno acid or a
conservative am no acid substitution is one in which an am no acid residue

is repl %%Fegos%t%I g@ @g} % %%:iogmrgio'! duel hta!vi ng a simlar side chain, which

i ncl ude 30 { ) e ns (e.g., lysine, arginine,

hi stidine); acidi TheBIEP Glitighfis( Sol&ostin?fP8! Phtent %E.d67,9§5l3?16}m6048§%9)5nd

unchar ged 9%O| ar side chai nswée. g él,@gl ycl ne, asparagi ne, ¢l utamne, ’'serine,
s: i

t hr doni RS tARPosseralso BEQLID) | X8, 166) 62,rfefn |66) A8, &idde0)C pesserses( £ nearly

al ani ne,; i ; i i l,eugi ne rohne hen lLani ne, nethionine,
trypt Oph%ér%ﬁ;kél%&tg@gk@%@ﬁ%% 5 elgc%gf] ﬁgm?%r.e%l. ith ‘?‘“?%@%ﬁﬁ@%ﬁem& and
i sol eucithedan Gerbemsonml SCGH (16.5¢ MaidAs Nt 59780,26% Bsi aﬁnod?%”b{&ﬁélagsi ?? the

I

tryptophag%. .Proline, which is considered nore difficult to clas ,
shares [PReERuds ¥el fiqrpbackgroprd infpamationaseehgeneradlyi Hisvaet al., sifole Celiali:623-683. g. |

Lou, Valoodht: sl Slouid BsGU! Bl ST SUIBLADGS SUPRLY B OD 9t

glutam ne for glutam c acid or asparagin a

cong0derpeotein (@igni SEQ I B BHOL.i 60UiNdO62) NAS D8dd iraith 3N MGTEL AL SirARRE ré@i:\”\‘?maﬂ{ e
am de derivati ves of glutamc acid and aspartic acid, respectively.
Addi t i orPRIYnpleptgsireiers thmugieiceacidamolsenly that grtiodes o polypéptide havidg Ay amino acid

o e gt e g S R0 B s
nucl eot icf SERINN@e S5e5 66) BEAISELET)- orAY agichNariahits THEIAY nddfrafly-occurring
polymorphisms or allelic variants of TGF-beta binding-protein encoding polynucleotides, as

25  well as synthetic polynucleotides that encode conservative amino acid substitutions of these
amino acid sequences. A variety of criteria known to those skilled in the art indicate whether

amino acids at a particular position in a peptide or polypeptide are similar. For example, a

similar amino acid or a conservative amino acid substitution is one in which an amino acid

residue is replaced with an amino acid residue having a similar side chain, which include amino

30  acids with basic side chains (e.g., lysine, arginine, histidine); acidic side chains (e.g., aspartic
acid, glutamic acid); uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine,
threonine, tyrosine, cysteine, histidine); nonpolar side chains (e.g., alanine, valine, leucine,

isoleucine, proline, phenylalanine, methionine, tryptophan); beta-branched side chains (e.g.,
17



10 TGF-beta binding protein may be constructed or identified so that the
altered version of the TG--beta binding protein conpetes with the wl dtype
TGF-beta binding protein. Such conpetition would preferably block the
activity of the wildtype TG--beta binding protei n and thus lead to

i ncreasagebne JEHRI ¢ ted palyn otid a_nuclei.c acjd.

nol ecul e (epol ynuc otgoe&gr}é) %é&lofw nucfIH e}& ?Wét PEOSHist I?k}?f’zlélaﬁlf‘&d in
t he gendrypopbM). oProtifie, owijalniis %nsﬂdeﬂﬂ oL hﬂﬁ&dld@b kRssi§ORRAEE pRAekRs Rth
isolated if, for exanple, it is cloned into a vector that is not a part of

the nat (PHRC 35K hah heke | aliphjtice sidapthainsa (oA sl oéal) dlet hand dim)ode sceatain
TG bi nQi,Rgnmi ?'sﬁbsrnlaﬂxton%??lu ke foﬁgpgr a]i[c%gdf&%%f%arhg% %g%FrglcgpNﬁdﬁay be

eukaryotlc ce I's an 1sola

i sol at eccontidéred @ swdilah subkrQLE id $had phitRire AdrldY aspXaLE Sird %ﬂu@ﬁéﬂaﬁv&cep
nmol ecul e . that 20 is not integrated into the genone of an organi sm

i sol at e&?fﬁf&lcéc@a&élaép%ﬁ‘!ﬂ%&jr@myelb!e DNA, CcDNA, RNA., or corrposed at

| east in part of bi ndi.n rotein variant
pol ynucl eot i des cg‘lrdllﬁt?h@d% %,ﬂ fPeq Qg%%ggggﬁﬁsﬁ ﬂ%thFé’P %’é‘%df%epdyn“deo“de
pol ynuclasohucdes doidbmbldtales Wiat horﬁmﬂ%bﬁitﬁtmﬁﬁ' thsBRLES b ﬁel@ﬁé{r{sn&” a8y gmore
nucl eot i de sequence of SEQ ID NOs: 55-57, 59, 61, 63, 65, 67, of under

st ri ngeMEClepiies tpwswithin thenyclpotide é?ﬂueﬂ@dbmetbhmlmgApJauM| ar mvaantaﬁta

pol yjgucleed. =Tarely i tei ne bac one TGF- bet a

bi ndi ng- pr olt)ée{?sr? vari g[%tté?%gf 3nb§c erc}{u E;éjosc’t)g‘a ﬂt@ F’Ffi eYFTHY" Oggb‘fuence
conpar i SKBE-bdks bisdidg heoweinn coﬁmﬁesamlﬂﬁottﬁc lvﬁilld%ﬂ UFGPQ)%tahBMﬁl 9)1/811‘?”1 §gn2ci d
sequence identity" if the am no acid residues of the r%l o acid

sequencéngF%“qrhEO'élérPéﬁfe’RHé‘rW%ﬁkl the aetivityrofithx Mﬂdtypcd‘rGFebq:mrbdﬂmg@ro@umddarl Y,
two nuclgotibde o SRAIUEAEShe "100% 30 nucl eoti de sequence identity" if the
nucleotldes of the two nucleotide sequences are the sane when aligned for

nexi mal  corr espondandwlatdde guBnGtedtiadPid! kS Mitkei€ a4tid ndieddiOr d
ard_software prograns such as those included in the (E\aganéoEHe or

st a
bi oi gf orfigPRYcicotide) Hhal s pej interated inghe EAngaic @Iw aéwotgmwssrpmmmmmm

W P bl t.th b t
(11 e or rorySft bR AT SR pRel, SRR R S fphatnd gl o

Or NDr e envicomemdnit. déooexaamlene maAdnaaﬁlwmaﬁ@cb&es@T@Fiﬁhﬂiﬂ“ggprQﬂéfn' tHE' has been
allgnrrent are gell-known to those of skill in the art (see, for exanple,
Per uski SSRREEFQuKthe sppgmic DNA i et C%WOP%QCINWBISOIAGQ@NKGWEMW AGethemi ¢

and Mol

"1 nf or na%%%ﬁ’?ﬂ?‘%ﬂ&gﬁé%ﬂ @g%ﬁﬂ% %r ?Ba%m]%g%%@&b 12&1%15‘?%?’%&: my “1%1%t
Pr ot28i ngs tiotiintegvbteth ontisthis gerféarecof Bh 0@k MBE Jsolafd Gaseib A3 hdiedufeRa

1997), o] GQui de to Human Genone Conputing, 2nd Edi t| on
( Acadeni® 2’%@%@qpﬁémpa%et)lfastmeﬁprewr@mg@ioas bi ndi ng prot ein shoul d

have at |east a 5@%papdno u SE 58,
60, 62, 64, 66, and 68,t§atr)1 ﬁfnfé’FefgigbﬁJ%ﬁg‘%‘eg’%é;“% Koes o | be NdRawidded By

determining whether the polynucleotides hybridize with a nucleic acid molecule having the

nucleotide sequence of SEQ ID NOs: 55-57, 59, 61, 63, 65, 67, or 69 under stringent conditions.

25 In addition, TGF-beta binding-protein variant polynucleotides encode a protein having a
cysteine backbone. TGF-beta binding-protein variant polynucleotides may also be identified by
sequence comparison. As used herein, two amino acid sequences have “100% amino acid
sequence identity” if the amino acid residues of the two amino acid sequences are the same
when aligned for maximal correspondence. Similarly, two nucleotide sequences have “100%

30 nucleotide sequence identity” if the nucleotides of the two nucleotide sequences are the same
when aligned for maximal correspondence. Sequence comparisons can be performed using
standard software programs such as those included in the LASERGENE bioinformatics

computing suite, which is produced by DNASTAR (Madison, Wisconsin), or the BLAST
18



10 60% 65% 70% 75% 80% 85% 90% 95% or 98% identity. Alternatively,
TGF-beta binding-protein variants can be identified by having at | east a
70% nucl eoti de sequence identity to SEQ ID NGs: 55-57, 59, 61, 63, 65, 67,
or 69. Moreover, the present invention contenplates TG~ beta

bi ndi ngg] [ ' 4 ' [eater. 2%, 80% 85%
00% o PuRaE Svanebik Mtk O MR T Bt RO El i £, Ol 2,
met hod metbdds for catepdringytwa ofl moiEGRiclzetide bt Arlindicil sefihtes b8 defifinining optimal

pol ynucl.eoti de or variant TGF-beta binding protein, such a variant can be

funct i offERMFnLHE Melickapws dithese ofrskl axthesridses, fas exasnie, (Reruski andnReruski, e/ or

i nhi bity, j Inf0.9 nmber ,qf the TGF-be L) f
pr ot of rier e e Nelilalogh REUER) erltill thy Motk 5 ah L SHERFu gt
bi ndi ng19579t Wuret ah(édsgd¥infortidtionIBupbi lowieaid OSmpulrDatdbasRtduclde Acids
“"functional fragnent" of a TG--beta 20 bindi ng- protein pol ynucl eotide
refers U BromiRs encMetbods imfrese Bidteamatosnpegted 23 1 HotGRO Rresk, Imc. 1957).bwd a

bi ndi ng j | ypept | ither ( sesses a functio ctivity
as descr hdh ), BARERAGS LI Cricdfing e BRRE PRl PHRernE R4 na ng
protein anti body.ARariapx2GBlbeta Bindihg Nsrotedn ahodin agvent 1kt 8 s6GF-RELA akiindi ng
protein encodi ng pol ynucl eoti de descri bed herein conprises a portion of

t he nucfOyErcaddeagli ot B? NOsil, 129, f$s00,583. 64, 665and 481 andsprefesahly @reatepthag9. 25
AN {d sok@l edsRolpepidotegqor egay r L Rer el Red,S..a poly tide t S

r errgz/edg@%’r g?n‘pf t@ggﬁslu}rj’a O}e’n%/?{ ’ogg‘f’éh? > /E’o?r 2§<é’rrlpdfxggy‘a &ﬁ?‘ﬁ?‘&i%%%h?‘?i ng
pr ot ei nbindingsodtainedriafits icin besidertEedbytiedifd AMTe£0020% rnua&chidafseg&ac@ Rt | ng
mat eri al SSILpﬁ t he natural s sten% such as carbohydrate, lipid, nucleicC

aci ds, BrSERIPNPHCen s 9 fhutd: 0727, a5 68 ciMareevenithepressnt ipventivnsonigmplates
tor 6 pr AP BRlKe-piiid oA R YRERE Bredler s TpieBleeck R aorabe: ©

about 999%pidersity ANSEQAI HO: SR 7l | Regadd1eI Gt @etpmiahmhaﬁo&’m@é@iomaexﬁya
present _inventjon provides antibodies that specifically bind to SOST and
al s 1§G§rt&ﬁ indingeatelsoyariseRalyrIcientidn o aiagant HEGF-bety bindings puotdimrsuch a
gener at | | ntd | £5 d,also .provid t.hods for
a1 g sCanER BORRYTA tnddE5Eed 3) P BURR- AR RACIS il THyoiP 2
descr i beignilgesfia sgleated membkryofbiha drGo-bataSfabllynstl proeidt,i slebyaitel abhiey @PyinBl 0CK
or inhibit_the binding of a BMP to the SOST pol ypeptide, that is, prevent
or i mpafRectifally iy aptc TEHbeta podingaroteHeaodsnd SOST. T he effect o f b

locking t his i n i j : (0N ; rdecrease~in a

statistically si g{r?ﬁ??'gtéﬁ&#éeﬁﬁe"?)&’égl‘r}té&;rr?‘(r?éraafﬁ‘ Atal rlemente of 2 FGFbed

i ncR@as éiridongepromimpolghudiieride refers Rolay pegiticdeid aioldoalp itha emcodefdlbortioh of a

i mmuni zat| and/ or anal ysis of.  SOST- specific antibodies may al so be

sel ect eg‘aﬁggﬁiﬁg'!“gﬁgﬁﬁmFﬂembprWﬁm§HBS"nGé|P9§Sese'iﬁ§ja fueetidnak aetivity as desaibedr e of

a TG Dabainbi) Bpedhilif bhdd 46 9h dhe CrobBE HiRsy SBRMNBob]1OFS: Skigisd 1"
functional fragment of a TGF-beta binding protein encoding polynucleotide described herein

comprises a portion of the nucleotide sequence of SEQ ID Nos: 55-57, 59, 61, 63, 65, 67, or 69.
25 An “isolated polypeptide” referred to herein is a polypeptide that is removed
from its natural environment. For example, a naturally-occurring protein is isolated if it is
separated from some or all of the coexisting materials in the natural system, such as
carbohydrate, lipid, nucleic acids, or proteinaceous impurities associated with the polypeptide in
nature. Preferably, such isolated polypeptides are at least about 90% pure, more pfeferably at

30  least about 95% pure, and most preferably at least about 99% pure.

Antibodies Specific for TGF-Beta Binding Proteins

The present invention provides antibodies that specifically bind to SCST and also
19



and described herein, in order to determ ne am no acid sequences nore
likely to generate an antigenic response in a host animal. See, e.g.,
Novot ny, Mol. Inmmunol. 28:201-207 (1991); Berzofsky, Science 229:932-40
(1985)). Mdeling and x-ray crystallography data may also be wused to
predi ct pRidePSOSU@Blybéptiddinitin ' Mpel g TS sRiepgng
prot ei npi nter actS ?g y\klj\ﬁé[%ﬁfcll whi chg‘%@% !tﬁ%gr%]nsag'o%e ggé_lr%d:}?ggg%rg nl%l ;%g}yglrs gitfg?é ﬁg

| i gand, annbotlicsandual @\provifiGFmisthods fiir ndinggsuctp antibeidies p dJht iagdibddissoi cyepesdmgy be
desi gneld and pre areﬁd that incl, dﬁ %rri no acjd sequences wthin or

sur r oundy Ry PHE %B‘f‘r{ e herp spectficatly byrd fone QR Pelpeptide sad Abareyohicek ofmy be
usef ul {mMBibidh®s r NP DR ket Lndi:ng. pLot el .0 t he
same |igand andiﬁrdrglg/ ogl o) blt(t(;g{%(yoﬁr P%%Sdgﬁgﬁﬁﬁ%h?%eﬂgéﬁ%eﬁgﬁ c:nﬁ%“ ng
pr ot i nbttweentde BMAuné SRIRrT he giacs.f tA0ckang i Hiottiteractivn i 806 h B& ifiredE 69
fragnent,s t hereof cont gp})!pﬁ.éed by the present invention include antibodies
that ar 8°CHSAR LS@HsUEY by prticant {Hapnerybore minersbdsnsitydprefsmbly tor ingrepsg bone

i nhi bi t {mgrhigegig of a TGF-beta pol ypeptide, such as a BMP, to SOST. For
exanple, the antibodies contenplated by the present invention

conpeti tively i nHidiypeptidesdompepvided neefBOGT imabyipsihi sl/droardahgisBMP SDETe |
receptor sifte O.B BUT, (ir %}o the BVP Type || receptor binding 25 site, or
may conPEtits P @F%H}aﬁi%% fAFiREred OYSUFYZIRE Bt PImpry, TSeeRdary.afnd tEytiasy | |

r ecept okruchirp g i ; j t W St u . t.heory,
when an anti g@?@nﬁﬁ%@?‘ o8 omlgta%(?rgg\léfoﬁﬂﬂd?%ggﬁ ?ﬁfhﬁ% gﬁguet%%lg y;g)ré I
and/ or ®destiibdgi regéimginsortierstoafetdrineneBivivinp alcidpetiéndes mofe BEIBT 1o § Enesatblagcki ng
t he ant?‘%(l)ni stic actijvi %x of .SCBST t he receptor binding sites on BVP are
avai | abPEE BN 805 atfg TFpNPYoIme g drmunalngd: &by 267 Ei98kki ng
bone m g ' i igaehy NGzl 1k I TCE- Lndi ng
protein Si&g%kg,?dseﬁc%e#%%%ﬁ;ﬁ%gg?gj& %{6%%?%%@%%( i e@%@ﬁ@%@; %ﬁg%%lg?gﬁ y
occurs Wedrio geeditt aifid/erhidentify avhichpmirtiensforrragions dfenDAF et bindiheprofet Mitdragt ead

f in.addi.t,i A i ti.bod pecific f SOST to bl k, i ir,
or Thr e DA Bota il SRR Yot AR plsoBoased series § BMIhi BOF(S% BRiBEng o
SCST t 0pR\Mn péptidé AmeldRdgel §Cdyf Becdeg‘irﬁxb@ QQ&IF{CEBXW@ ‘?hag $&slde PsKd Qi%leﬂé%é' r

SCGST honodi mer fornmation. By 'way exanpl e, one dimer o uman ggin,
whi ch i thinByRugawsiienths tpottivas or regons bE imdrattidny ThesdantidodieRhBy B tbeflilitgh

ffinity, (7 an et al _was isolated in conmplex with di

of  hum EEE TP aing 05 5 TRYRH bindiearrainin 1 oAb AAR0 ShAmeY e OISR

(VAD) (& i B3t of thRGRLR LARNIAS frofiln (LMo Imnoré Sinfll pigsed herein, this
y

studg reveal ed that Noggin diner nay efficien t he receptor

bi ndPng sites (twbnibgdies| oramigen ainding frapiente chereaft conicnplagl i tths pregenta BVP
diner. The l.ocation of the.am no agids,. of . in .that _contact BMP-7 may be
usef ul h R ellnffﬁge ?'ﬁgm?'ﬁf _g}aé&’iei CGPF%&%?thﬁ‘%ggl%'e?mq’@%%@%T R gpmRRetitively

pr ot ei n_thiBitiﬁ%: bingCfes TEH-Beth $OFPlptidNuddMRSa ENIP, LNS6SRI FioP Byl gle,d gR! gn

of peptides that may 10 be used as i munogens to generate antibodies that
bl ock omniibagigs rconigmplated by ther prssdndinvention competitively inhibit binding of the SOST

polypeptide to the BMP Type I receptor site on a BMP, or to the BMP Type II receptor binding

25  site, or may competitively inhibit binding of SOST to both the Type I and Type II receptor
binding sites on a BMP. Without wishing to be bound by theory, when an anti-SOST antibody
competitively inhibits binding of the Type I and/or Type II binding sites of the BMP polypeptide
to SOST, thus blocking the antagonistic activity of SOST, the receptor binding sites on BMP are
available to bind to the Type I and Type II receptors, thereby increasing bone mineralization.

30  The binding interaction between a TGF-beta binding protein such as SOST and a TGF-beta
polypeptide such as a BMP generally occurs when each of the ligand pairs forms a homodimer.
Therefore instead of or in addition to using an antibody specific for SOST to block, impair, or

prevent binding of SOST to a BMP by competitively inhibiting binding of SOST to BMP, a
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I n one enbodi nent of the present invention, an antibody, or an
antigen-binding fragnent thereof, that binds specifically to a SOST

pol ypepti de conpetitively inhibits binding of the SOST pol ypeptide to at

| east one or both of a bone norphogenic protein (BW) Type | Receptor

bi ndi ng sgidTes @&ﬂ , ha | ocated on a
BMP. The 15 p| t%%e@ug%;é@%h%%ﬁgﬁ?&&% h"%gmrdé&?r E&%I edc %o Etgély i ncl ude or

be included withi By aagtf grmmysie, dilmdli}ﬁer&ﬁhdm&eﬂdgﬂﬁeﬁhfbh@da Bm anfagadiscthat t he
N-t er mi nus of the SOST poIMgeptlde (am no acids at about positionsl-56 of
SEQ | D Nef ihe abjix to bind, et highaffety (Zammesman shek.. supralkwes isplagad e

sequenc ts t lon,tag. the car.e n, for

exanpl e%o;r%?e%‘ypep'?) ?’ge(z ag%f'r\%‘%‘?@%m JSE% ﬁlmdfiy hﬁﬁ‘fe g’ﬁ% gl‘?(s‘ aIl‘ﬂmNO 48
(raty. Sifffatsion @Q&Dﬁ(@x@ﬁ?&ﬁét&ill , \Nerdve 420 BB 6Y3S émw dRs AREMSACERSeiRf thid SGST
(e.g., SEQ ID NO I nclude SEQ 1D NGCS: 2- and representative rat SOST

(e.g., SEAled tha@%gm H@YM@nbégoqkméll thel eecapiOr bnr@nrrgcmmwsnsype I and

oot SO B bRk e Y 4 BT BABER B BB R

exanpl e thixohbha®@VPg Miy baﬁsdﬁmhbn&denﬁg thie ﬁﬂbﬁgtlcirpbé%élpotﬁ&'ml: Béta Bindivg
corresponding to one or nmore of the T i and Type Il receptor bindi ng
l\fég%atatl

sites n@yoINgsugthescscirestin|(FOBTNprnd B thys piding bodesips of pentidayitha may d

seqygnce, Bgng ot eghon, 0k SEL.Lam o aci ds at about

posi ti ons?q%?d%j bgl%ﬁ ﬁﬂ% %t%ofho?ype PRI IPAR SUTH AL FRYMe cor e

region may al so i ftbatdembstiinthosrathe 9fesé1ﬁ invRati6ks a@@nﬁa&iyﬁ@raﬁ atigeRBindMg bot h

the N-term nus and C-term nus, for exangl_) 9{ to include 30 cystelne residues
P

that nayragEcnsberges, that blééhmfgleﬁcmgtq yRaptide competitivelyriphikits biwding of e.

Represe 0 nd rat SOST, for.e

conpri S;{L?ﬁ?ﬁgﬁ&@%g@&’é yoDsequen(?]gsorsbé’ grt e r?%%eﬁcl%otﬁ@ WS@B Ib
NO. 50, rRepptot bivdihy sitéSuehs BME Dsti B R et8pfor b%ldi@g Sltendarsdi@ Idcited Bk BRED THE
sequences., Representative human SOS?' core peptide sequences 21 are

pr odﬁdefpftﬁpesm S%TN@swlzgh theseartibodiss bindrmast inglade ex beseslnd@bwwéhls CORIEIHOBS ar e

ST AT TSN T

bl ock, et gabputqﬁmmaaesd Bf SEQt Hmmm:amhy polypeptides andy ﬂlB@erilﬂdefaOShﬁﬁt lifker 5
of a SOST hgrmdl mer. Because the interaction between SOST and a BVP may
i nvol ve REPHESSETYsESe Shat sogmegts dthy Nogrmnaleregion thahgwore gegiemt fob sgmpleat

prevent Spd:g#e#)g@é’g' &S%rfog @@qh”@égfﬁﬁfﬁé.h‘?“(b%ﬁjoﬁ 6 e&%% 6%t}1eg%}go%?

m ner al ty, 'y 1’n€reasing one ‘mneral* density.

enb@di n'al&px;esamnvbMueﬁﬁmhhﬁépthllersdq\ieﬁcdshxf hamae SOSJI (@1g., SEEIBNO: Plissheddt SEQ
honodi rre rmat lon. Such antibodies nay al so bind to peptides that

conpr i s j a@‘ﬁ SEREessARHYE Bt SPSIdage mESS DL @Wﬁ@&ﬁ%ﬁﬂéﬁsé’éﬁ*‘éjq%ﬁ on,

for exanp RosSeQ4d D NOs: 29,

Antibodies that specifically bind to a SOST polypeptide and block or

competitively inhibit binding of the SOST polypeptide to a BMP, for example, by blocking or

25  inhibiting binding to amino acids of a BMP corresponding to one or more of the Type I and
Type 1I receptor binding sites may also specifically bind to peptides that comprise an amino acid
sequence corresponding to the core region of SOST (amino acids at about positions 57-146 of

SEQ ID NO:1). Polypeptides that include the core region may also include additional amino

acids extending at either or both the N-terminus and C-terminus, for example, to include

30  cysteine residues that may be useful for conjugating the polypeptide to a carrier molecule.
Representative core polypeptides of human and rat SOST, for example, comprise the amino acid
sequences set forth in SEQ ID NO:49 and SEQ ID NO:50, respectively. Such antibodies may

also bind shorter polypeptide sequences. Representative human SOST core peptide sequences
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30 and 53 (human SOST) and SEQ I D NGs: 31 and 54 (rat SOST). Antibodies that
bind to an epitope located on the Cterm nal region of a SOST pol ypepti de
(at about am no acid positions 147-190 of either SEQID NGO 1 or 20) may -
al so inpair honodi ner formation. Representative C-termnal pol ypeptides of
human  aanelproaideSGSTEQIDINOX21¥P4 and fpraREhtatvd MESOST Bore 364 éndR BEARMEEH Set
forth in SEQ 1D NO 51 and SEQ I D NO 52, respectively. Such anti bodi es may
al so bitRR TAHQse>-Hol ypept i de sequences. Representative human SOST

C-terninal t] : i ded. in SEQ I.D NOs: 33 d .
Cepresentat v rof B EREEmA SrROGHLE B ieinbily itnd iia S5 e o
NGs: 41-ipair ThéibHOpevp® YIpEK, 42 dBdafenid dassudiIfdi 888chnP &la8het) temahbLh

ant i bodi es ma){_ 20 specifically bind are useful as Tnmmunogens. These
i mmno s SOP Tt brmesimere nBegansee thei interavtipn hetwags DFToand arBMPzinay imvehand mal

to gen .a h | une respon t results jn roducti on. of.

ant i bogrliogssc’%fxﬁ%rt 8@%@?:& aF |h9m8|8wg‘”t°§e‘£°$€%%’ an d"r“%‘é‘iﬁﬁ'ethfCI PFYEERtBr "BARYI ng
site orhontdifer ReRkeH GNSESBMRYI thetiid gltereidnk daiserdeddnéey dreRPbificNadigy M nal
region of SOST or that may prevent SOST honodi mer formation. 25 Such SOST

pol ypeptangesingrali dersisyi dasone teatbodimeent; santibiodias thatrind dgehs comyregios ofl80STus ed

in met r.screening_sanpl.es cont ai.ni ng._anti podi es, far exanple,.

sanpl e?}g‘?en})&rof??e t g)n f58qi 88° gﬂ{‘]?o?é?saf’_g?ﬂraq%?epﬁn 91 PeRt e%ﬁ'ﬁé?‘%&ﬂ’&ﬁ‘is or
any1t hentiphous QgifRdcid sdiptied CotespordinROE 3brd reHHIE 6 exERPR, SBHI IPPRDED,
specific for SOST. These peptides nmay al so be used in methods for

i dent i 34 # Fhthusep SQSTgnd SER B NOsi3d gandai4 (sa11B61ST) odatibodinpthet Bndéd ks t hat

are proguci i.body that speeifdcally binds to SOST (e g...plaque
for m nggbgt(ségg%scg{é!‘rﬁgtt%g&lt pagal region %(p%éhfsgc poﬁ’ﬁgf{p?d?e(%t thouf, aggpo 1%8‘{}}‘}955 of a
SOST s pBiTi-f90Co fositheOSEY TR0 R QOPalay Al ifiphir $8mbllisder Gitthalign. R'e?ﬂ@%taﬁ%d/ or
nodi fi ed by reconbi nant nol ecul ar bi ol ogy techni ques known in the art and

descri bederruralj polypeptides” of brogt @af 8hBEIEr, for enempleheompriser #feepmirionacidr t ai n

enmbodi I icnin <Hne_anti bod pecific for a
SOST po 9%%16%%)%:2,%61” %E%?@ﬁ‘té‘gf’@aaf’gﬁ%:ﬂgmé ’rﬁ?e&"ﬁ&'dg‘b&b%’mbﬁ & Rfhg a
bl 0ood saismlbénd( Eiiceter \WolypBptaR' dequdiced| aRdPhestRYtiRENBEAP 8OST) C-tethiRIS Yeptide
speci nen, tissue e xplant, organ culture, or any other tissue or cell

pr epar atsaBFRCEY ¢ Providedoiin EQ IP ANQ5:3-3¢i and| reprssentasive  mat sSOPT eCrtenynirfalir t her
refer t ' - Of - I panation i n which the norphol ogi cal

i ntegri F@u%&esp%%}?@ﬁerdé g?é Iﬁgqségggﬁidi srupted, for exanple, by

di ssection, di ssoTheaSOSN poBpeptided addipépiities kiisalobddOitadih @8 whidREBOHERina P,

bi ochem cal_or chem cal extraction, pulverization, |yophilization,

sontat fRsAtfically bing apsryseful prdmmunpgensy Ihegesisimuogens of fhedresgrty invention mapnbe

subj ect o) e urce. e ject, or biological source may.be a
unan of o oinlliAne Sbuiftal [SRMRCS nitbordh R Froopiit’ 8 ARy

i nuni z pbductioni 4ff antibodiés thad $pecificalilapib@do a Type I or Type II receptor binding site or

both located on a BMP include peptides derived from the N-terminal region of SOST or that

-

may prevent SOST homodimer formation. _

25 Such SOST polypeptides and peptides that are useful as immunogens may also be
used in methods for screening samples containing antibodies, for example, samples of purified
antibodies, antisera, or cell culture supernatants or any other biological sampie that may contain
one or more antibodies specific for SOST. These peptides may also be used in methods for
identifying and selecting from a biological sample one or more B cells that are producing an

30  antibody that specifically binds to SOST (e.g., plaque forming assays and the like). The B cells
may then be used as source of a SOST specific antibody-encoding polynucleotide that can be
cloned and/or modified by recombinant molecular biology techniques known in the art and

described herein.
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cell line including but.. not limted to genetically engineered cell |ines
that nmay contain chronosonally integrated or episonmal reconbi nant nucleic
aci d sequences, | rrm)rtal ized or imortalizable cell lines, somatic cell
hybrid cell lines, differentiated or differentiatable cell [|ines,
transforned cell hLifes, iaidahble: b &eq r§e§el§§§€mgﬁgéﬁaﬁ?eﬁmmm9en§ a'@hpR! SO
be prepared by synthesizZing a series o es that, 1n total represent
t he ent icoataipoigypaaii oe aebodynpecifit fa aSSBSTmﬂlme@tp;ter alel ahiblddicH samalchndyave a
portion of the SOST am no i d sequence i n_common vvrth anot her pe t

the semcggoviqed By dxbalmaeaaiﬁ@odpmn I KRB EICch ST 8P PlAsHE THREY PEJY

am no a r ch
pept i deodnﬁ’?/y @é};ﬁijEP tﬁsuaogrr@um{ gjgéaxén&gn r’nsﬁz ang(gﬂ?% iugﬂog (%E)qpf}g%?gtﬁfrr%ﬁraat he
ani sl , sabjgctioasd Bidldgitabso 1rees a4 shmpledaati futharttieftht @aitizile orsc gl Prdparatien in
ant i bodr es that inpair or block binding of SOST to a TGF- beta proter n.

Ant i bodiichatle mnspholqsieab dnisenty r Snplyrdel | tanthas | Rean GRS e BT ami 3RS by
di h t
ggf;;e:o,[llﬂ E&oﬁeﬁ E&Qfaﬁléﬁ'os‘ﬁ%bhﬁaﬁ({h gﬁ&ﬁo %gg‘dr %)gﬁo% ?&§Be§° {feoqbdlhn E?lo -

a TGF- bedx&a&tionplpmgermmtxellybpmzhxoasso‘ﬁmﬁoar@ a9 Rt pleaisefdr bgocbshn@ d savpiet | on.
As used herein, a nolecule is said to "specifically bind' to a TG-beta
bi ndi ng %ﬂa@%ﬁ?mrarsubrectr%a&l@ei soarege tIdiet siBlegt or|baajegicahseuice Ray perhywanor

bi ndlld'lg Pgﬁ&mf}%teu cﬁlﬂ?& éggt @E&Rhﬁﬁrﬁ%fz@d Rleﬁ% ¢ calilre aga[%t? ar ent

pol ypept i des conatnal nin unr e équence, or a sequefice o

TGF- bet acelli lil fgludiigdtb@t Mot Iﬂhﬁﬁ‘eertbegbrbnadlyﬁgngméeemj kelb Hnaslthaienapt¢dnmd1 es,
whi ch nay be, for exanple, 30 polyclonal, nonoclonal, single chain,
chi mer i cchremesomally Jntgiiated o5y epispmak Fespmbinant r?ﬁﬂﬁ‘ﬁgﬂcﬁib%ﬂqil%ces oimmerakized %

t her eof r I a r
| mrunogl 8%‘llj ﬁhrlr&%) Pc&; %%%tgg{ﬁﬁ#—‘a%q”g@?{daﬁgpE‘gésf rd g%e%?@a art Frgéﬁ?g%ﬁggﬂlsef ul
are ant i linesfHrdnefoaméd cudli Iigs, padtheilike.ant | bodi es that "specifically 23 bi nd

TGF-beta binding-protein of SEQID NGs: 1, 20, 58, 60, 62, 64, 66, or
but kbt to ot her Sﬁﬁisa@emmﬂ@%r%élahg e prgpazed b&rryn%ﬁ*eas@sseﬂseef: or

Genlin. I £S ( t _
bi ndi ng- %@gthée%jtﬁgt glrtogi gﬁp %ﬁé%gggs%é {g&ﬂ %/rft)éejilr'(9§lr ? °1}ﬁg‘§f |a?11gl thvat th a
Ka of gremhéuavd hportion of qheaSOSD athiid ddkd sequene: jprosfnaicablivh gnctiadrepeptidaim the or

equal to about 105 M1, nore preferabl éﬁgtﬂeater t han or egual éf#o aé)out 106
M1, stifqietpr s gverapping| BPrigne Xpwld RIREERaRly becaidleast éoeomw aci{ffy 284 iMqre ppy e

preferabf,%lagwfsea 1,129, Sl b alifls. 1g§ ide 08} %8Pk, BirthibOaPbiREL

TGF- bet a g- pr ot &éi hs. nltyo nt1 body for |ts cognate antigen
s akG&o t}mrsmrdouecaerqofremsthdmalamﬂ ested imban assay engitwify whizh amlalbis paotucinSOST

antrbody ifically binds toa T menber if it binds with a
KD of | eauitofEn i RRHE L Pt?ciiémfegﬁfﬁgﬁ% e a%f'@# ﬁrtamre%erlesén@wscﬂfe &5hal
to abOUt pljcgaéd Mol BiR iRERITRE Hnin &P %u%a&rorcﬁ%ﬁal métBods known in the art and

described herein.

Peptides, polypeptides, and other non-peptide molecules that specifically bind to

25  a TGF-beta binding protein such as SOST are contemplated by this invention. As used herein, a

molecule is said to “specifically bind” to a TGF-beta binding protein if it reacts at a detectable

level with the TGF-beta binding protein, but does not react detectably with peptides and

polypeptides containing an unrelated sequence, or a sequence of a different TGF-beta binding

protein.  Preferred binding molecules include antibodies, which may be, for example,

30 polyclonal, monoclonal, single chain, chimeric, anti-idiotypic, or CDR-grafted

immunoglobulins, or fragments thereof, such as proteolytically generated or recombinantly
produced immunoglebulin F(ab"),, Fab, Fab' Fv, and Fd fragments. '

Particularly useful are anti-TGF-beta binding-protein antibodies that “specifically
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about 10-6 M still nore preferably | ess than or equal to 10-7 M and stil
nore preferably less than or equal to 10"8 M Furthernore, antibodi es of
the present invention preferably block, inpair, or inhibit (e.g., decrease
" wWith statistical significance) binding of a TG--beta binding- protein to a

TGF- bet 15 Th ffi f ti body bi ndi t
s vl | i (it bt BRfin prodt SHQ IDANGR 5. ShibbE %%eﬁér aégr&géé‘pgmfé‘éw?er
readi | y Ttgt.g&gi lﬂ':ﬂrl%ﬂ%té?ﬂse scf R bﬁié otbesus<i d¢t t O taE Eat E&wi.‘»’a&a arg

conventional techni for exanp those desc i’bed

(Ann. Nun¥erstdodido sfeificall§IbifidCG GTE: be&ﬂ-%ﬁl}r}g SYotety, Grus fs@&eﬁdolr@m&m mﬁpﬁance
(SPR; Bl Acor e, gll osensar, Piscat amﬁ&n . For urface plasnon resonance,
ig wenwl

t ar get TRFTRRE iE they pnd Witk Ki o gFeatsh anmomre&pbb'eycatcr thmgands

in asnm BINRY I

i mobi | |tHzre u%}g?%g(tnhg?cﬂ s, ﬁhﬁn&egeé%ll}o eéé}i’ﬂl\/%“? %’ﬂ&%g@% étélhfnr‘?QCto a
change iprefSRR yaneite thanvdmeqiml eanober'mand tAr @drd ;i}eifeﬂa%ly gredi® thih Fiehedtd Nes
changes in the intensity of _the reflected | i ght The rates of change of

t he SPR M g#d|dotighbigg to,pther TEH-bew ‘W@nﬁ-m{ma&r eAffinintes an eniodn o i spgrde

associ at i t. e bi ndi acgtion of

t hese vadlnlg}gesﬂairggiq’\llsgsc%tﬁ]ﬁlﬁJ %E)@esggcg g&%ﬁ?ﬁla BF @ Igtg[é a(‘éf"t"lsg%g&yz)nﬁ’g‘gye

e.g., Wspkdifietllyatinds t&aﬁ@lbdﬂe&rm%aﬁﬁ&xﬁﬁ bﬁﬂcﬁ%mak. /bme@mmb&daquﬁ%q@dl ng
i nyention may bel ong to any J nmunogl obulin class, for

to t
egar}gl ep{ @’semqrazrequw lesgy Eb‘ancﬂf ezl to aboyighD oM, atpire: predaatily érm tblan denqunbtb from
an ani nBAbOU fd36 Magﬁm&e Ie?é(idablgfqe ‘th Cgl!! gciﬁgft)o l?) MTB and att]l? HPFFe?re gh{ udes

but is not |mte to a use

cow, horthey os hﬁﬂlb,to QoM. Chﬁﬁiermbﬂéﬂﬁﬂihbddfes(lifhﬁé fhrsbﬂfaheemﬁ@greféQo@rbﬂdclkody

may be an interpalising antibody, Methods well lgnown in the art nay be used

to generlgfpélra?ﬁ'r”g’@ i&g; dssrepsq Uﬁhlsm“&‘h‘tﬁlgﬂlﬁicame) reaadond ofea TGHrtiethbidding- t hat

are speGirhiem thrT@F gﬁf&%ﬁ?‘ng ng protein such as SOST. Antibodies also
y

may be produced as genetl engi neered i munogl obulins (10) or la 24

fraddent s desi gned”hb affivityeofdmsintibbd eorbia@as iphfer, LOWelP XAINP leentty Wish &f
illustrati BR‘?Ya 8 #) limtation, antibodies may include a reconbi nant |19gG

that is 3 dngding, <39 B¢ é‘?aﬁﬂhé\‘r‘?eﬁ@m&@ b y|oaig f odimarnysprkilhil téle(a‘vl)u&imgl on
d i : Ly
donai n 15 Sondl EChaRRED Tt AaE o> a Ao vy SRS SAMBAY, A48 her i

5 anti bo’ijly66£hé;72|;n(1194ﬁ)3 oréryi subfaee pkagmon rmmIC(SBRaBm&UtMos‘eﬂmtR@éativwl on
sequenc SF ug% r’rulrl ne/ human chi meri c_i mmunogl obulin may be "humani zed"
by graf t g FpPiasrecht éﬁSPchad‘é{géP PRolfchlgs rEsginmRebilizsoren) 2 guid phage frdm a

mur ixge  adlpoRidis: | onbE ti
human- derlﬂ\?ed \% rl%%ﬁ%nrh %rgltr%gl\}\% Ll regl ongea%rg %uén&é’nc erllsglgan@ lﬁ"g?%ttoq}'e
regi ons. mﬁndghmdttsrgctfocmlue,sthe iela brefitaetiveringextubagges Sleadiggl by chiah gt GPRI dngle,
di gesti on tional l 10 hy proteolytic digestion followed by mld
reduct i Owhlg Caﬁ Bﬁ Wpﬂge%gh[fgl aing %éq qgg,qcté{lg ¢hanges 1n the intensity of the reflected light.

The rates of change of the SPR signal can be analyzed to yield apparent rate constants for the

association and dissociation phases of the binding reaction. The ratio of these values gives the
25  apparent equilibrium constant (affinity) (see, e.g., Wolff et al., Cancer Res. 53:2560-65 (1993)).
An antibody according to the present invention may belong to any immunoglobulin
class, for example IgG, IgE, IgM, IgD, or IgA. It may be obtained from or derived from an animal,
for example, fowl (e.g., chicken) and mammals, which includes but is not limited to a mouse, rat,
hamster, rabbit, or other rodent, a cow, horse, sheep, goat, camel, human, or other primate. ' The
30  antibody may be an internalising antibody.
Methods well known in the art may be used to generate antibodies, polyclonal
antisera, or monoclonal antibodies that are specific for a TGF-beta binding protein such as

SOST. Antibodies zlsc may be produced as genetically engineered immunoglobulins (Ig) or Ig
24



Al ternatively, such fragnents nmay al so be generated by reconbi nant genetic
engi neering techniques. Certain preferred antibodies are those anti bodi es
that inhibit or block a TG--beta binding protein activity within an in

vitro assay, as described herein. Binding properties of an 15 antibody to

a TG beﬁ,a% ‘an' ' rotein ener al | e assessed' using i nmunodetection
met hods 1'fic ugﬁdﬁg%’ ptrgihea%%&ﬁn?[i%})gawogﬁ%egri Wg’d’?‘i’ ms%&géﬁ’fat@%é&? not _
(ELI SA) ,limitatiou/@npibediesthiypint Rie airdBrbRh0idd Bds isGOMRhEHCHELE Blotein haying at

i mmunoel ectrophoresis, radi oi nmunoassays, dot bl ot assays, "I nhi bitiBn or
conpet i t!Fhon% ¥aripble (Yn degioredomun  fronh i dhistreammbkiarr srdict yndariéar oRdcdngtanhose

havi i Ki | i th 1. , .0., US Patent 20 Nos. 4,376, 110

and 42 adEeBBatonaR o & sekpie, Uik GG’ ebish o Bow FATVIRRY. EAHMERH | ng

Har bor  Labipsdt s k98 ikble Akibd THUDAHRE aHR%ulAEn e&%&ﬁ%@?&&g&qﬁcg Such 2
ol ypepti de,

expressing a TG--beta binding protein such as a purtfied
or par t iTBMIRE/ manfchimerig @BMypogipbeint indp be ShunraiizedNtby goifting the @o@Pletehiarity |
peptides). t hereof . . or @s ti(gees rived froma SOST pol ypeptide. Such

Of HeP Be)eteriy

pept i des IEITINE 15 B} & G1Wer @nidhedyy diuchgonter piwdipgspecificity

pol ypeptiotien abigene oM RimAHeARL S Yeabn gfsgr;eufam@%rﬁsmd%&ar}gydg%%ﬁ&%ﬁﬁ' 'y

synt hesi zed. For 1 nstance, nucleic aci equences enco

pol ypeptFEensragments efdbiesh axadéan|essuaytbet deatratel byeroteblytie digestior, v optibnaligy

r outyinnel re SOST paql.ypeptide for yse. as inmunogens. Peptides may be
chenliocall%g'y pg%}%ﬁﬁgs idﬁg(%’%y%l@‘feﬁoh)é ’ngd@gﬂ“r“%eaf Hasuwafide aedsk mdwalinfatione
art. Al t&RGH4IVER] Yuchd BREMERS RS Genehahe - jc cleavage of
a SOST pol ypepti de, andb:nndi Vi ugl pep{éi%des ?sbg?/ét ggﬁgxﬁ}lﬁg{eﬁe&ésen%%:%nggi n
the art §tHa#AUSS pol yacryl ami de gel el ectrophoresis or any nunber of Iiquid

chr omat ogr aphy or C t.her tsegcgr %f?i g.n met hods. Peptides useful as inmmunogens
typical |y may have“an” ant o=t oS Qs apfiboghies) thatJphipit gF bigelep AGEhetd ve

am no adifiding peIR aVRY ALY RER | ' eq : ose
descrii beoll .hgé gi n, gnd preferably ﬁ'gv%mg?gﬁ) g%é?b%dzﬁefa%%@&iﬁgl%%%géié& 14,
15, 196, angbodytop TEF-besashinding peoteini may @ehatsllobe casSOSHE mdhgy pRRthdliRtec@S t ai N

ot her pr ed ti I mmunogens conpri se at least 6 but no nore than 12
or m)rg rg%tﬁé(gesc ulfl?lg(gg%im%ﬁro %1’8’?13’89 dP e?“%réel'ﬁﬁ‘fﬁ%y paprynesorbeniyatier, (Bh§Adt her
pr ef er r eithnpepbiedipithRlINOYCRIMEGRBRIISS at LeRsrc@Perd DUt R0 NRleBrddidhsild

consecutive am no acids, and other preferred peptide inmmunogens conprise
at | eastTagipimygunagssalip det blohassays, cuilton b venprition assys|snd fhealidOhich may

pol ypeptyd ef erred eptide_j.mun ns gonprise 21-25, 26-30,
2o Y0P el ] iy SRR IGHETS SOTRR: 08, e 02
and dnclnek 13781 10ast 4286 M RAUY veaRThMRoALL 4% LABRISINERD: K0 spRd, 190
consecutjve am no acids of a SOST pol ypepti de sequence. of ycl on
ant i bodi B¥beHeabomtony (988Di fical ly to SOST can be prepared using
An immunogen may be comprised of cells expressing a TGF-beta binding protein
such as a SOST polypeptide, purified or partially purified SOST polypeptide, or variants or
fragments (i.e., peptides) thereof, or peptides derived from a SOST polypeptide. Such peptides
25  may be generated by proteolytic cleavage of a larger polypeptide, by recombinant molecular
methodologies, or may be chemically synthesized. For instance, nucleic acid sequences -
encoding SOST polypeptide are provided herein, such that those skilled in the art may routinely
prepare SOST polypeptide for use as immunogens. Peptides may be chemically synthesized by
methods as described herein and known in the art. Alternatively, peptides may be generated by
30  proteolytic cleavage of a SOST polypeptide, and individual peptides isolated by methods known
in the art such as polyacrylamide gel electrophoresis or any number of liquid chromatography or
other separation methods. Peptides useful as immunogens typically may have an amino acid

sequence of at least 4 or 5 consecutive amino acids from a SOST poljfpeptide amino acid
25 ‘ |



nmet hods descri bed herein and well-known to persons skilled in tbe_art (see,

for exanple, Geen et al., "Production of Polyclonal Antisera,” in

| munochemi cal Protocols (Mnson, ed.), pages 1-5 (Hunanha Press 1992);
Harlow et al., Antibodies: A Laboratory Manual, Cold Spring Harbor . -
Labor at GFJucpIO8BY as Widst desvbesit hemdm,, a:fdﬁ;«pfemg: hHVe](cnf lebgtree ;7_9 8, pr lm, 3:1 msz,: 14, E.

coli using,pl Ne vectors and purification of specific polyclona

ant i bodilgs lgﬁi imjzg:lc{?ﬂ?eﬁ‘gcwﬁ:m%g‘_‘ég% Péﬁ S%ﬁ%‘ggpgézdcggﬁl Q&%e,l F;BFfGVEqr et

al . (edspeptidePeunbredsQobdphice ANEMEE Dt Yo Bi& & 1eSamih® a8ds

TGF- bet Zpehilndi ng- prot ((aei}&(r'\dbcan be obt al n(()aél,E ?ghr exarr)ﬁloé, %y |rmunjn%1| ﬁﬁaan

ani mal vﬂftahSQ$ﬂépolmibes@umc:adindgathn_lr_geﬁgnfcppeg;iidgyimmfunagw:tne;mhpﬁgd anea\gia_md gr ,

or by i ni zi ng. Wi an isolated TGF-beta binding protein or a pepti

fragrent F Figst t,ha‘ég] IS Bt e RS, and oths prsered PEW%W%WW%;

are typig Mk | s & arfEho" r LS, ats,.ca e,

or s%gep?éag%lalﬁ ;ﬁ@_ﬂ};&&g?{‘% bi %ﬁ?ﬁg@pr otoealilfnﬁzg)rflg‘lS @gg}’ 0@?’%%‘%‘ p(?[ggre‘?{‘ffemﬁl

i nvent i qrephde/inEhgogtes cxolbilpaismbk;zil;]%em,alaibblﬁl-rt&,mpm,]lcml&ﬂy w?@lgqg_@geﬁlgﬁr{ya* ques

for raising .di agnostica and therapeutically useful antibodies i

baboons %a"%“ﬁ%a & ﬁ?’e?‘bi“%{de'?&lﬁﬁﬁné,zliWdV\wOQ‘ELq“ﬁ%BBC Y 13cidsn and hetﬁ?m% et

al., Int tivé SmibQici g an i nmunogen for

i njecti oar?d}lrglst)g&gﬁi&{rtrgfés na%cﬁd%gﬁgggggﬁgwﬁ%gﬂ% %’ng of the TGF-beta

bi ndithg protein ( Folycwnalamttibodies rtizay nind stplaeitr’:em‘y)f Bﬁsfﬁnafn_hsé ptr@pmveah NagRdi C
rotein,_for. exanpl a carrier protein such as keyhol e |inpe enocyani n

FKLH) o‘PC‘B‘ER?i %&%’8& HFFem ‘B”dr}’rﬁﬁl'l@eﬂ) loReTORR ;Tllkdel:n t y@!(sgpeﬁsf pzqg?mip, @?ﬁz i de
I muno bl ; addi . S ei r e

N or o e B PRl AR 2 R AR Rt M Bl o omter o

(e.g., thé(Humana Rrmssd992); Hpdowienal., tnribadies i 4 Biloraon Mamiadl, 0ol Spang Batbore t 0

KLH). OQher am i d.residues within a polypeptide or peptide nmay be
sult;Dst i t L#*g’a“??{y B?%@g»ng“ hiargs, jebég’t %Wf%?ﬁl%%& foppign protsing ma%i ﬁgﬁ azelra Rpiswiid i on
to ajgcaryd it . [ Lt »SEr | r-esi.due f.or cysteine
at ilnstcerfldgil%lisp%g ??gﬁésdhgfﬁ ‘ges&g‘f‘%?gﬁ gié-lf g@%?&@s or }r?g@ &Z""é’tﬁo?t i%@feé%f"f 0

26 faci | $statme, g Rdifidri, Glover ettab. (edc), page 1 1 (Dnforigéniversity Predsorodss). aamibadien g

rotein pept/ olypeptide, qQr TG:-beta bindjng protein- expressing cells
Lo bo ustg&pgéﬂghm{%fﬂ%%ﬁ8wm%ﬁé’£&ﬂﬂds 97 ampls, gxmlmwwat@ apinal vithnthe e,
Freund’ STGPbplaedifkifs-ploB&® BRIdEE oAl dkpatkioR vek bg"rrlﬁ‘ﬂd' RV
(Cori xa Corporatli (;ﬁg,p 05 Sg?tdt | e, %\S}\A)}S Selg glestg{,a’ o?. .l, n%%&g? agll 1.§(§Engclijpra.
The i nmuFGehbdatanbipding pmjedcioed pepttiet fragmentntherest, aasang{scﬁbléli)aéreﬁil dAll‘tﬁoﬁgl@nt
routes, including.intraperitqpeally, intranmuscularly, intraocularly,
i nt r%%er?‘?gml%ah 8’%11)?3198 ﬂ'&'a%ﬁﬂ |V‘-se¥w @lgmg?saqugh &t Tk Tiffe r0DIS B2k edtls. ?ﬁ, .
ani mal s shey; Qh it TTF-Bta BRERe DARSH ShibSAMOE RALEOGR iREHRSHNIY afsh b8 BLEEE! ' €
schedul estﬁﬁe:lt ma;/ vary accorg i ng tot,1 ‘iglargjer a fea tuﬁ)é antﬂlnggﬁ, t%g {gg‘fuvant
(i f any)frommdsubhumpe ppanate. c Genaralawchmiques ploc raising diagnostically and therapeutically
useful antibodies in baboons may be found, for example, in WO 91/11465 (1991) and in Losman

et al., Int. J. Cancer 46:310, 1990.

25 Preparation of an immunogen for injection into animals may include covalent
coupling of the TGF-beta binding protein (or variant or fragment thereof), to another
immunogenic protein, for example, a carrier protein such as keyhole limpet hemocyanin (KLH)
or bovine serum albumin (BSA) or the like. A polypeptide or peptide immunogen may include
one or more additional amino acids at either the N-terminal or C-terminal end that facilitate the

30  conjugation procedure (e.g., the addition of a cysteine to facilitate conjugation of a peptide to
KLH). Other amino acid residues within a polypeptide or peptide may be substituted to prevent
conjugation at that particular amino acid position to a carrier polypeptide (e.g., substituting a

serine residue for cysteine at internal positions of a polypeptide/peptide) or may be substituted to
26




10 The i mune response nmay be nonitored by periodically bl eeding the.

ani mal and preparing and analyzing sera in a n i munoassay, such a s an E
LI SA or Quchterlony diffusion assay, or the like, to determ ne the
specific antibody titer. Once an adequate antibody titer is established,

the animaligeEBbisy & ©Indksist a6l LY. to accunul ate 't he pol yclonal antisera
or may be exsangu‘i%ﬁat edI.1 Pofgg#lgﬁoﬁ%ﬁm"i bodi es that bind specifically to

t he TGF- beta bi ndIGH-teto bmidingoprofen pé‘;ﬁdeg o%h‘ptﬁl'@eﬂr Residd sl d kpd@ig_uch
antisera&x for._ex rrpI%i: bgdnaffi nity chromatography using proternm A
? Gt: e[) nat.B:g_F?;%a 'O YISEh PO ffh TG Heg ey ; mayybsh empisifie _grmrmni'd aﬂjwm]?;; Ifbr]Edilﬁnple, I

- bet &Fredgigndi . R+eDbL 1 de .an anti body specific for anlg
constsgnt&r? egi on fl%lg %ﬁéq%&gﬁﬁt%u )gfan't ioﬁﬁﬁﬁkkbéd“d\‘l‘faﬁhﬁy%ﬁ%dp@w? Somemsion) | zed
on a >suideattleeWsAl | Sbe sudgap @rgt, Haflotwi &1Qgli 5 OrTHAS B e | ntion,i.ncl ude
nonocl onal antj bodi es that are prepar g%m 20 b?ﬁl(%'llé\l\?g%fnog\é’l% l#r??rtﬁ(rl\iug%tﬁfeon
and cel | i ¥ AR duEbeR of o diffeemmt riobied, mnhweding afitrdpeidfeally, t @adtdcularly,

Monocl onglaaitabs = i ndi pg-protein anti bodi es may _be generated using
a variety of ma%be(’cﬁnl quegl.lﬁl\gnéouc%?'g%éﬁo"‘gﬁt i@o%‘?né@»tﬁi{ thy HEst tipjegtnne ahimals
ant i gensreerime dre @binaieniasbstzy ifRiuhiestfons KREWRInE O t i " he art
(see, for eé.arrpl e, Kohler et al., N;fgure 2583?19212}?{%%5%;5L |cg{z§1r#m5 VAP
(eds.), EHFPBALC.PRET BRI tBe pRfigeRninn Gllivyynt (If 2By)p add/dr fhe haftibolfin aMik£¥pedieSONS

1991)g Ure-im: [~ .32, 011, 4,902,614, 4,543,439, and 4, 411, 993;

Mbnocl onal ARtT ebo%%@s}’% %ﬂ ﬁo%é%dgbwwc Yrelseding the anina | aag pewmrrizeandy ses |

Pl enum Pmalyzing Kenrietb, imvk@agsty, sabilas BeTEA &Qﬁ%& g&;g s @nd Ant i hodi es:
Egpr ng

A Labor at,or A\E/:anual, Harl ow and Lane (eds.), Co rbor r.3b “at ory
Press (1 8%6; ETRRnS| tRs, SRefiiig | antibodtiyesy (oo an afiequar antissi titanis icbastisaed, the

agai nst #Riei r | [ Cl oni ng 2: Expression

Syst ens, 2nd§Er(li:Iki§ ?Bég,bqg%%gggfﬁlyeﬁ gafd.““t“élg%%\{ﬁ\e pRRjwlenl (@ytseRg cUNRee s ty
Press 199Ginguindweti Bolygichnlgnibodies haybibe spaketd - e

Sui tpsbl e s.t(?ndar %égchni,gue, such as pr otS%oI ytaiﬁg%dlihggg i é‘%,g]bor &gtgﬁ‘%n%q ly,
by piot 5PYTS B2y £ PBRTS BPm ShenitesTayfor mpmmrp dynfimitptpchaperhshy wwed by

mild r i gn 1 i : nd _al kyl ation. Alternatively, such -

f ragnen?gbkg_n%]yﬂal ggcrg%ﬂé% a%ﬁ@?gttggﬁﬁg%r af’{é‘é i BRaPRriogRRAS prhersim dhsh DEF b

t echni quiisdingp rasdih pr p eptinizod roarakniiboly HELERSE 3R 192 Rkt - 06y BY (h4Y £ELIA0 2N
a rat, hanster, or preferably a nolUse, wth an

ani ml, for .exanpl . ]
i mmnoge’%ﬂ?:%?iagl%ﬁgbpfcwﬁﬁ’é’f@mzﬁﬂﬁﬂﬁﬁgl%im@ﬁmummne product, or peptide

fragment thereof, Aameekic A8udeQn FRIRY inthe 5 art_and described '
herein. The presence of specifi (@antlg%ﬁé{%%\é?%mﬁ?ﬁ%&ﬂ W&@%es it IFRAEEdaf t er

the thi t Pagonvertional immutizeecni cals fusioy pheceastsl & &5@IEHnYinaRn8RE Pl S8V ET al
routes a ogﬁ&{ai beﬁl_ éﬁgr%‘!ﬁ for g{enerat ion of polyclonal antibodies) and/or
after a boostar HFdSh B Y RIP KT gatbodies r may dangeherated dusiteg ectariaty 6ihe
pr esenc etectinidiigs. a Mdnb&lE¥al tanaboddsNEs gy f-beta binding- protein o
peptide using any one of sever al imn%dge;tg;%?iag%g%éﬂ?ﬁé’g qpﬁ?&ﬁﬁqe?yrf“f"‘h%dsart
and kmown'to those skilied in the art (see, for example, Kohler et al., Nature 256:495, 1975; Coligan

et al. (eds.), Current Protocols in Immunology, 1:2.5.1-2.6.7 (John Wiley & Sons 1991); U.S.
Fatent Nos. RE32,011, 4,902,614, 4,543,439, and 4,411,993, Monoclonal Antibodies,
Hybridomas: A New Dimension in Biological Analyses, Plenum Press, Kennett, McKeamn, and
Bechtol (eds.) (1980); and Antibodies: A Laboratory Manual, Hariow and Lane (eds.), Cold
Spring Harbor Laboratory Press ( 1988); Picksley et al., .“Production of monoclonal antibodies
against proteins expressed in £. coli,” in DNA Cloning 2

30 Glover et al. (eds.), page 93 (Oxford University Press 1995)). Antibody fragments may be

derived thersfrom using any suitable standard tec

: Expression Svstems, 2nd Edition,

hniqus such as proteoiyvtic digesdon, or

optionally, by proteolytic digestion (for example, using papain or pepsin) followed by mild
reduction of disulfide bonds and alkylation.
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Alternatively, such fragments may also be



10 described herein. From ani mals producing anti bodies that bind to the
TGF-beta binding protein, |ynphoid cells, nost conmmonly cells fromthe
spl een or |ynph node, are renoved to obtain B- |ynphocytes. The B

-lynphocytes are then fused with a drug-sensitized nyel oma cell fusion

partner, polg f n hat syngenei ¢ .with the i ‘mmuni zed ani nal and
that opt? %ftel% b§ﬁ%ésém% aﬂé$en8tlc %e g e6BuAYSSes (e.g., inabili ty to express

endogenous I g gen%rQHQdH%Selo@algamle’éﬁé@%an]br% @&aﬁle@g’é%/ rf%: k! g&ﬁlﬁflﬁﬁo);
i

NSO, SP20) to produce hybridomas, which are i mortal
lines. TREMDBhGYL dathstey. or Iypﬁe@ém a eejuise, witll ahhennmyekenmeomgriding AERGHBeta
conbi ned,,. f.or a f.ew m nute rane fusion-pronoting agent, such as

pol yet hy 3ﬁhélgg§’f(%lglgcrber prgd“‘%o?ﬁ %eﬁflg ge agnarnfdhsreots Accordiag toymathads krowmip thel I
d i o 1
ensisy om add SRLESHINR Mb&ﬁ?e&éﬁ%& BLHRPRI fjﬁts fé{t@&rg&l?é%ﬁ gﬁx& &yﬁéﬁ%?%af&? S

but not unfused nyel oma cel A preferre I on me
(hypox anﬂﬁllnlélal mfrlm'pﬁmptptmns tnha}'nbedadna)usteﬁédtb?y amy 60 bf sveral rdutd¥Bas deSetivelly
about ong. L | 1s are observed. Single colonies

f
are isol a8y, % ol ﬁﬂw?ﬁ‘?? BB(EPB@% ?lgﬂﬁ‘g%ﬂgﬁf“dfqﬁé‘ﬁéblﬂI@Oﬁﬁylﬂﬁétl?fébl’ é’ét&lfblilg a
bi ndi ng Q&ﬁdea&l‘,életledth‘?ecTﬁf 'tfi’éabf:‘bsQiCQQJf NG Qrft%toﬁg Fhat Y déalrol 2 %Fol%e ar rrent

t hereof , using any one of vari ety of inmmunoaSsays Known® in

descri beEFOtthe ) Pwtld%mwmemfwumhgnmmmte@nai niettiodb Qelows imithd) af Iaﬂb
or. 25 SOST are preferred. Hybridomas that produce

ff ficity f
?mnlo ona C% ?qu’SCI :elgr °?‘¥f’é‘fm§1§ Brqdpcipg F’PtSP%Feﬁ dhat g to e T GE-bata pindingwrolsitt ei n
or vari aiimphoid deB€) WAt corRabRg ey ﬁoﬁlhﬁ'é' QJl&rn rcl%%)rﬁngtggegta%l B%’:vécp% g Nt

i nvention. The hybridonmas aré cloned (e.g I on onlng or
by soft Bfephocyi¢saclie B dpmphacytes azn dmepa"ssetil with al dragserishiaéd piyeldae: elinfusion

anti bod f t he.antigen are selected and cultured. Antibodies
thalt bl XE%&C?I I‘%ﬁ"‘{’@ Y Ehﬁ‘p%i: 5’“%?‘%% WEh dpe f‘ﬂ’é‘“‘?’@?ﬂl&@;@gw%dh%gpwféﬁ%hﬂs 30

to a TGFofaet desfrai properBEdES g Anfoilk bek rom
the h bI‘IodOITaSCUHil)JI‘gS ma e |sloygt edﬁ??so%l ?Eeﬂ@&?‘g%ggﬁir%&{l |§dorra
cul t i esAs&H53I W%Nw@%ﬂ&@)ﬂ NSﬁ SﬂQ@dUQtproﬂucefh)endmmavmmaﬁCinQﬂﬁhal
anti body, hyhr nto the peritoneal cavity of a
syngenei c&&?g)%c KO § lenesf or e’Q’X‘ﬁﬁ g) C“{uﬁé’ﬂd Hgdnysioma ¢ells &%"é!d’e("@“’émed
pri st anefqra féﬁdﬂlmhtés Wl&@hﬁﬂ%%ﬁ%&l&ﬂprd?ﬁotﬁ%%@&s s&éh%s&; féél@l %gc

te ri i ed by

monocl onal anti body. Mnocl onal antibodi es can bé i sol
a vari et porgpmgseieresnt and itheneplatedca riﬂqmw)s.nm beledtivt imedidre ahni ypparts tel ude

ffinit |
P ommt op Py SEIEAbAE st Ra eited sfias oy el SHgrtcey iRt & HAT
Col i zan giyppRgitine? .afidoplerih, ]tﬂyrﬂmﬂxepagﬁﬁerza Qufficfen? tine, %@h{iﬁsaboﬁf oftt - oot\rvogy

"Purification of Imunoglobulin G (1gG," in Methods' in | ecu
Vol . 10, Wepkiyelomes afgglis qugeobpgrmechaSipgle solonjesare usemz:)d) andl\Ammbcdlmpzbduced by

?In tglalrolgdlse ect edg %ase S%rqe%é;@tﬁ?dér?g fﬁ:c’t'r]v:btltyo%e&?o@%%a ‘ﬂé“g?ﬁr‘?‘g‘ﬂggr ?Vggéf‘?p"rrl e
heavy or fiag@bit thddedfNusisOiniPene &ff 4 darikey §PBRmlhSdsiadys kBbwn In tR RIS Hibed
sui tabl ehcrem. Hybridomas producing monoclonal antibodies with high affinity and specificity for
25  SOST are preferred. Hybridomas that produce monoclonal antibodies that specifically bind to a
TGF-beta binding protein or variant or fragment thereof are therefore contemplated by the
present invention. The hybridomas are cloned (e.g., by limited dilution cloning or by soft agar
plaque isolation) and positive clones that produce an antibody specific to the antigen are selected
and cultured. Antibodies that block, inhibit, or impair binding of the TGF-beta binding protein

30  to a TGF-beta family member are preferred.

The monoclonal antibodies from the hybridoma cultures may be isolated from the

supernatants ¢f hybridoma cuitures. An alternative method for production of a murine

monoclonal antibody is to inject the hybridoma cells into the peritoneal cavity of a syngeneic
28



10 ligand, imobilized on a solid support, include Protein A, Protein G an
anti-constant region (light chain or heavy chain) antibody, an
anti-idiotype antibody, and a TGF-beta binding protein, or fragment or
_variant thereof. In addition, an anti-TG-- beta bindi ng-protein antibody of
the praaeuk, fonwemiplea mAise tiae has busndrieatdd Qg pristhnespritdl) dy promivt@forimanec! onal
anti bodi es may be generated by any 15 nunber of techniques with which

"those Hfassilys é]IHHiI q@aﬁagmwﬁhp |mqﬂﬁ°lpwé aggipody; | Yoppelgnghantipadies end isplatad grd
| ud B f
LSl 31 R A e B30 X KRN ST o0 ©

| Muni zetirdr@ito @apHUwAR ] PBotel(ﬂl-A S ephdrokzi me@iclﬁﬁbleeﬁroﬁﬁtdgsaphy OdRdii Bh¢REHaRbe
transgenic mce carrying inserted human i munogl obulin genes, isolation

f r o huFhipmategmapPbyised dori qxampke(jbbaanpata)@eeﬂ 1-BAad7.83 ancbpagw R&1-28.3pBatnesiur es

monoct ohelt apcisaii 8! e eREoRin: ithr o FPlRe B et el B AR R Doen

engi neepads t70-104 th@e{unﬁa@@rédscmu MeIR) RN NSRS B8l b:ﬁhHo&i‘éE’QﬁbS'ebé Purdfidd BENi C
chal l enge. Methods for obtaining human antibodies fromtransgenic mce are

descr i bef@nity shromategtsipby upps @n eppropriatg |ligandyselested trsaéon particglar propgries I96nber g

et al. 68: 856 | 79...19

pau oni 98 SR 100,68y o Wl spd R eRlmebinfine sneclfoien 7Y stopidattan it

8: 45(b- 5Bganalahﬁkh61ﬁhie‘i @t a 8blid supbBfDintiide Photeth AAPAflein Bian ahfidoRstint 38gioh N

this techni el ements of the human heavy and light chain |ocus are

i nt r oduieht P pordiera ghaind pntitiod, aeantividiotipe amieadys susd EGE bewmbindinig proteiss t hat

cont ai ngﬁ%ﬁ% ed disr eptlfons of the endogenous heavy chain and |ight chain
ee

l oci. ( raﬁlﬁngterrann et al., Curr. Opin. Biotechnol. 8:455-58

(1997)). For exanglagditibi) R Bnti-TEFEG titiihs-Protdid AR BHOALST tBOpleRH: iRGenfibi hmagene
constructs, or transloci on yeast artificial chronosones, which undergo B

cel | - spbeief httsnwom@rlalawgé at Hapgn Whﬁﬁhﬂm@ﬂdleﬁ mavebmweamd/momyd

“Z?\%Sem C m?fcte \?\'fﬁésowﬁh “%”%%&893 ﬁa%lmgrdpnﬁaﬁﬁ% ?"d acﬁé ggguié'b'l'ﬁ’"rl c "fcgr t he

ant i genmethodp hsohelieC Bhtl fe Qxfot tikkBtet TYB‘UB;szeﬂﬂ HBard V@€ TEBV) 22ndb@Rt6a R hamaged to
produce human antibody-secreting hybridonas according to the nethods
descr i baeriphera blpod pellsy(ego samtainie h&PYfFﬁg'"HG%MH@ZﬁMWébmﬁ%{yBaﬂeﬂ% be

obt ai ne 0 Z I d.for

gener at ?Lhé‘;“ n%]ft :}éleegeg&%e?% rél NGl ng}igér1 ot%gfl {slggc fe %ﬁﬁ%nﬁg%rggalhu%

ant i bOdIuﬁﬁthglbblﬂm%emdiméﬁlhﬁdm ﬁomgmhﬁﬂmwﬁégmﬂnﬂrnav rddic¥Oshagelitrariddy orfitver
transformation. See, e. U. S. Patent . 4,464,456. Such an immortalized

B céfl Prassiysy as |kpwmdmtb%ta6| #hdc based Mnn@f HPAORWES REFein. nEADEXATNS. RIRanh o dy

t hat
fr agrontrReP B YBL ab Be Goii B fanlcl ol BaHafl oo SRt B,
her ei n, spexifiekanm egtibadielin $éspowsadiotdneiperis @hdleage. byWiahdais dfar dbtaindigi M@nan

technlques
antibodies from transgemc mice are described, for example, by Green et al., Nature Genet. 7:13,

1994; Lonberg et al., Nature 368:856, 1994; Taylor et al., /nt. Immun. 6:579, 1994; U.S. Patent
25  No. 5,877,397, Bruggemann et al., 1997 Curr. Opin. Biotechnol. 8:455-58; Jakobovits et al.,
1995 Ann. N. Y. Acad. Sci. 764:525-35. In this technique, elements of the human heavy and light
chain locus are introduced into strains of mice derived from embryonic stem cell lines that contain
targeted disruptions of the endogenous heavy chain and light chain loci. (See also Bruggemann et
al., Curr. Opin. Biotechnol. 8:455-58 (1997)). For example, human immunoglobulin transgenes
30 may be mini-gene constructs, or transloci on yeast artificial chromosomes, which undergo B
cell-specific DNA rearrangement and hypermutation in the mouse lymphoid tissue. Human
monoclonal antibodies may be obtained by immunizing the transgenic mice, which may then

produce human antibodies specific for the antigen. Lymphoid cells of the immunized transgenic
29 |



10 The stability of the |ynphoblastoid cell |ine producing an anti-TG- beta
bi nding protein antibody may be inproved by fusing the transforned cell

line with a nmurine nmyelonma to produce a nouse-human hybrid cell 1ine
according to nethods known in the art (see, e.g., Qasky et al., Hybridona
8:377-89.(1989)). Still another nethod to generate human nonocl onal

ant i bodM&E a8 Benused 1tp Prodyss Aimen etibodyksecthtingnyhridemap nécording Itmmtwnms‘thbdsﬁi c B

cel I s Wyt ati : I d fusion of prined B cells with a

het er om%??%af%egﬁﬁ@n P:())g'rc {oﬁ!’élrsgﬂgceoé‘g n%%“ml%Bé’ﬁ'é odigs may| also g @btained ) fram, ) .
147: 86- Blbod bfthe mirhaniredewinngd. nents, a B cell that is producing an anti-SOST
antibody is selected and the light chain and heavy chain vari abl e regi ons
are cloned from tHeoteerc gethod 5 fos ogetieragingo homhe cDGEbetai binding tpestbini gpeeiicknown

in the 9 ;s atent 20 5,627,052; Babcook et al., Proc.

Nat |$1 Ag{é’h‘.’&eggl . %{q%ﬁgéé ‘?ﬁ%&é’“m‘@g‘ﬂ“gaﬁama%smpb@al niped reells ppes BBYbl y B
cel |'s f tramsfarmationu Ses edlg.an) STeatctt No. AU ALY, fEQD fhensok 8604 B XE‘EP‘ﬂm??dre’ or
peri pheral bl ood sanple by selecting a cell that s producing an antibody

t hat spo@RPERstPid oslldiag) preducgegmmomcerndl sntitmy éias spebificaBpbiatieth 4 TGMbBIANANS,
for exa i pheral bl ogod anple.. Mgt hods for detecting single

B cel l sg?tﬁhglig pé(?@%?%%ﬁ%r}aﬁgorgaggﬁﬁ tﬁ%r&??)\/ﬁgghe {dgat ¥ igynynodstsetiqrimetheds ar e

vel | kneuprovided heret, tfor &@impRX aPLESA P¥nPURAYS 5] i i
fl ugées ence-activated cell sorti n?f, invitro st?yrrgﬁag{%r%r?lof’%rfgl tg\s\t}eplaq“lgi‘i
ti

det e stabdie aff the brmphoidepioid saell libe drodueing Atk tahEGH-béta Sthdiag i pasteiaf
- speci fi i roduci cells include, f exanpl e, preparing a
singl e égnetﬁ]l%gﬁ eRés)ilg1 rogfggys%flf‘% q%h %F'Lténﬁiflaf:a{ k8¢ Yt e anpEnesagTione tg
pept i depfodagne nhousbduseh hybfi el Mae @cc&mgf&eﬁée{h%&%gﬂ&\bmmﬁ.&% ed by the

B cell t? the antigen results in the formation o a conplex, eiéﬁ"may
be vi si laskyst alpHy $:3¢7-89 (1989). AtillemothiemBhadio genpraachiviangnédoelonal

speci fi ' ) . sel ected, t.he.specifi.c.anti body genes may be cl oned
by i sol 3‘%@%3’55%‘1 %FW%H%PJ%“%%W h‘g&ﬂ WE&N&S&M&%&%%&%@@ WiHIMIZER t he

art landfallesed ibyefdsibe be pfimed B cefd tithCd! héderon$6i$d t by - het a
bi ndi ng protein anti bogi es may 30 be dersi ?ed. ﬁ%%?%t%gééf%igﬁgh;a&z%(gb' ) 2,

Fab, FaB" 198y fgnunpy 147:86-95n" t he antigen binding site of the whol e

anti body and thergf - i - he i.t.ope., These anti gen- bi ndi ng
fragments derive ?%r%lnlf gﬁg%&r'\‘?lf%%a@%ggﬁu ﬁgatdﬁtpé‘?q%’(&? FontsI G| Ftibedy is

pr ot eol yeleatechynid chey Sipht cHaird Bed hadvlyl BQGY . vahidtle SXAHR . apal

di gestion %nwhol e anti bodi es accgrdi ngn‘ft o] cgnv%nti g"r?a 5 e?fng{»ﬁlggg gidsenan
i | [ ust r AE9°HHDE 4Rt PRsEYlar bidesynteshrigueshknewmductbe dny (Wi 3212561 clUSayage Of

ant hgodi 33 j opproul de, a 58 .f 0t . d F(ab')2. This

f ragge nt5 %2571\%%%23 ?’E?ﬁ'g‘ﬁ&» Ié'lg’é'alg%tg Agat n%la&?‘ﬁp%?g@é%{]@%ﬁé) &é‘gﬁﬁscﬁhedp* ¥Edce

3. 5S FaPBreferablg\vialcelid fifomn gimiringniz&d bhifxidad | dre/ isolafté?!efr&hetﬁé’ﬁﬁﬁeﬂ,elzﬁ?h%d@ac}? be
roup for the sul fhydryl groups tha result

per formed.ysing, a bl ocki ng[g ( .
from cl B?ﬁ'ﬁgﬁ?] jood;sample; Ryeselertineatyeall thag isamodicingranzantibedy that specifiallyi binds

cl eavagg 48S™9 B cells may also be isolated from humans, for example, from a peripheral blood

sample. Methods for detecting single B cells that are producing an antibody with the desired
25  specificity are well known in the art, for example, by plague formation, fluorescence-activated
cell sorting, in vitro stimulation followed by detection of specific antibody, and the like.
Methods for selection of specific antibody producing B cells include, for example, preparing a
single cell suspension of B cells in soft agar that contains SOST or a peptide fragment thereof.
Binding of the specific antibody produced by the B cell to the antigen results in the formation of
30  a complex, which may be visible as an immunoprecipitate. After the B cells producing the
specific antibody are selected, the specific antibody genes may be cloned by isolating and
amplifying DNA or mRNA according to methods known in the art and described herein.

For particular uses, fragments of anti-TGF-beta binding protein antibodiés may
30



10 papai n produces two nonoval ent Fab fragnents and an Fc fragnent

directly. These nethods are described, for exanple, by Gol denberg, U. S.
patent No. 4,331,647, N sonoff et al., Arch. Biochem Biophys. 89: 230,
1960; Porter, Biochem J. 73:119, 1959; Edelnman et al., in Methods in
Enzynol 1:42 Academ c Press 1967); and_by Coli.gan at pages. :
2.8.1- Zg‘ga/ﬂi’ﬁedané“tg’."gbg?g@?% li?ga% )&]FHET %%tﬁi’(agg’ kdy Fet@%%?ﬂﬁ@e%g{nﬂ%ﬂtég,f such
as sepafhatitid®: RERYYy GRAMBRO birdr @ Ape NI THe O Bl G NS &

fragments (Fd), fur}{ her cl eavi ng of ?rsgiggre lt?dﬁ oTr eot Eltét}élgﬁ)\z%drrugg[]?%?mmts

cheni cafierived fyememi antibedyhnam be sobtayed| foo caempisptly motebiynig lagirdipes fof agerent s
bind to tthe a tis%en that. is recogni zed hy the intact antibody. An anti body
f r agmenf iRaY: APreapBle RRpSiE R PRRAY Ligetion oh Mhpleantibodigracaerdingdo convsptena! t hat
act ss | i keidfs. ARk BORVstalon, Natibbdy B futd L

conpl ex. For 20 exarrplae,0 ‘ant | %oydgﬁggggﬁﬁ?géﬁnﬁufﬁéeb?s@gkg?ﬁég &F%}g%%rénr??s
consi st amipodiks witk pepsihto mrbwiiea \G&rfragient damicdrf(ab by "THis Agpmedtas 08 Furkier ng of

t he varilablg r.egi OH{SS? of the heavy and Ii%ht chains, reconbi nant single
chai n pSFYSENSINES H9l ZRdyring 2gent ik Peodurs dRS Fahgmeeaxaleny dragmsnts QnsiopHY. ar e

i ; ; Fu. ' ns). 4 o D
i s ok sy feeneRidoRah bE REffofRANGY £bceht APl SGRT BRI A,
regi on. refuie fmnt cleadige of diduifider skapés. | Mgea alndtive paefehryibidty deuvagd asifg at

I i abl ' domain. Th i abl i donmi be of

S1 20 or PR RIOHEPH OB AERGHO ARG IS BhEF BPEYR GHSFIG cltiee makots Bpe
hyper vagtahba, 6 SRmgiC] ¢ SRfMERGE LRSPARSKONE 5951804 | ARB.IF Uil 00

which is adjacent to or I'n franme e or nore r dmewo sequences. In
gener al Biaehers, Bibpres.v&%138b1 $60( Wortere §icohera e 11 1 9000 SO Ed¢lshas @t 4190h dethods

vent of i | obul i.n_h Vv d/or light (VL) chai i abl
o angerg o VAR, QUL e AV, angor L ont (YD, kol varjabie
a VH or 2\{p 4donfhd?, m¥bdshidr Scl&ARAL hidtitdkies RGPANG Jt%Fﬁﬁ%gwggiﬁggb YR Wi th

acceptable affinity. Alternatively, the V region dona I meric and

cont &i n mdelokaitnt \ight\Heavyochair fragmenthi (Fa), furtifer efegviapbf fragrientd/ of eBiEOhzehinaky,
conprises .at |east. one VH and at | east one VL chain that are .
non- cov éiﬁ%?ffﬁ“a%?ﬁ%ﬁ tﬁ'?'gbq“(cﬁ R aigrcrederdPrets thy fragmegts bngto the agfigen oq,

t he chaiypsisTedbehReE By Rk §ithd: ¥nifiddp! ed either directly, for exanple via a
di sul fide bond between the two variable domains, or through a |linker, for

exanpl e a pepti deAhiamkibedy fragrthemtnmay afsonbé eanghgyinthefv drsgdnedicallyhengirmeeiedbl e
regi on donmin may be any naturally.accurring variahle domin or an. _5
o e PRt it M o oo e el iRt 4 et MBS oD § PHPLHD T
reghon QRimpIe, mi%qh_ﬁrsgda&ﬁdﬂincmﬁea;o@ae&ﬁia&ﬂeﬁ@feﬁmtiﬂgmf tRANA, f}glme%aeg

techni ques. Such engi neered versions include those “created, for exanple,
froma gemen,fihy” afmagnentsy congistinp|of the giaprbloyregioae rdfi thesheadye laed i lghs , cheins,

changes _in .or to the am np acid nces .af the cific antibody.
Par t ?cﬁlrélcron}?%{)flg@e ChET aa@!’%"ﬁ'tiﬁer@‘@?%@“ WZVY}P%F‘E“%%‘B%%IV%B%SHS“% t &Cni ng
at | eastconit@te@Iy Apepti@PlihieR5IFY [RBRinay, aRB meininfA FEMREHioR WO consisting of the

amino acid residues that mimic the hypervariable region. The antibody of the present invention

25  preferably comprises at least one variable region domain. The variable region domain may be of
any size or amino acid composition and will generally comprise at least one hypervariable amino
acid sequence responsible for antigen binding and which is adjacent to or in frame with one or more
framework sequences. In general terms, the variable (V) region domain may be any suitable
arrangement of immunoglobulin heavy (Vi) and/or light (V1) chain variable domains. Thus, for

30 example, the V region domain may be monomeric and be a Vy or V| domain, which is capable of
independently binding anﬁgen with acceptable affinity. Alternatively, the V region domain may be
dimeric and contain Vy-Vy, V-V, or Vi -V, dimers. Preferably, the V region dimer comprises

at least one Vi and at least one V1 chain that are non-covalently associated (hereinafter referred to |
31



10 acids froma first antibody and the renai nder of the variable region
domain froma second anti body. The variable regi on domain may be
covalently attached at a Ctermnal amno acid to at |east one other

anti body domain or a fragnent thereof. Thus, for exanple, a VH domain that

i's presemtyi rd i in be..| | to an . .

i nmunogl O_EYPI ilgdéénﬁl' W&gﬁg%’ ﬁl,ap §g C%%ﬁgg?%‘é’%ﬁﬁa%‘ﬂ%ﬁdé%wf@?ﬁ%t‘ ‘%’a@? §/’1 ag %ul%enai n
nmay be |bondbetween the (a6 vdeiaie orking of thaglipRAlinkéefo efamplda PeptiddirkeXVay forfnQf
exanpl e, .the antibody may be a Fab fragnment wherein the antigen binding
domai n ek ERRSVAELEDei ated V H and V L domains ¢ ovalently 1 inked a t
their CGtermni t . domain re tivel.y. The CHL domai n may
be extended with u‘?t9 gFlle;T_e 'ﬁgd%?lasr?%rméxnélﬁ%ﬁ ¥ @ﬂaglgqt’g%&rem'
regi 6n Ghgiedted verdiéh Béredt. By @Rineergd O¢tsidR Hhéints virbRFegish dbnfadbihaf KA GBI,

or to provide further domains, such as antibody CH2 and CH3 donains. 20
Anot her Featash wnggecorbiiapo@)Af engifivenng feshnques pSudkeengivagred wirsionsf ipelude thosgy| e

conpl e itv-determning region (CDR) ., CDR peptides (;"m.ni nal )
Fecogn CHER, fof PR B el B0 afRat Vot R T Bt ey eberesein
hat encageo titcantihiRa®ill sétftiedeh iob @dyspedifié BAtNoBHt PartiGexRRbKE HiehROehslgsera €
prepared, for exanple, by using the pol K]gerase chain reaction to

synt hesi ‘282l ecgioadomping condgining atilsash gngENR apf optianalip e npskifameworklaiminas a

t emplat e for. 2 a e, Larrick.et al Met hods: .A Conpani on t.0
I\/Etrrﬁ Sds %Cgrfﬁ %E’En yanﬂé)rftoa&éb@?fﬁng ,khef 5@1‘?‘5“ éﬁ‘? EHRY R ?om@ fam; aé%ﬂiaﬂ&ogy i on
of Monocl onal Ant iThe&ardbie repion Momaial e ARAIERBHBSHed al% Od&alih4) Bmino acid

Engi neering and Clinical Application, Ritter et al. (eds.), page 166
( Canbr i dgét legsh prethgr aytitody demaig 9y fragment tigregf. eFhual for exa@pleet Vg dvtmaingbatas i on

d Ex ' Ot i bodi es. " .| cl.onal _Anti bodies: Principl. d
Aol i carent it valE A3 RS omun Tl HOGUEED pehagRtligin Eutt Sl S )
Al t er nat frapereyit thedeef. Sinilbdy Viigma may RCIGIKE b2dC; AbmEBNSE B §aEacht ArédToty

obtai ned by the use of reconbinant DNA techni ques involving the _
mani pul diso¥eya i exanrizdhe aaibody arayriie FenEemeny whereinitbel pntigan binding dombinor

t ant ' : ' [OF i i.ly . 32 avai | e f
DA 1 o Ao 3 AR g RN, SRR kST ¢ et 3 CRP o ‘GO
hi swel | dumthin, Mespediivelyt The THtdoehain thiy BexBchdéd RQR Rirther arhifio B8, FR Ex&aple b

synt hesi zed., - Standard nol ecul ar. bi ol ogy and/or chem stry procedures nay
be used P8V&edUwies SeHHOTHRPIIGN Hf & hinge TEMD dempin asfeund|ie 2 Feb fragmeot! v do
codons t 8 ' i dues. ify. add or del ete other am no
5 acids %P%ggﬁn%@ﬁﬁ%ggﬂabn%cég%ﬂgﬁfyn%ﬁ? éﬁ%ﬁ?g%%ixue’ss, specific for a TG--beta
bi nd2thg protein, aAxbtivdni fobmi ofC ki datibddy nhragraen igRt pdptidé REmpARiyg dbSe ezle
generated according to the present invention. A chinmeric antibody has at

| east ontPTRRIFREHAILY-delgTaRInEoTRgIon (GER)y PR mspiides (pigimaldeaegnitian usii€dicaR and

at | easte OBGinkab Sl(acgh&rurcgﬂ%i} Bl)ﬂ%@&tﬂiegﬁg’( \éﬁ&)dfe LR %ngfé)ﬁ‘ﬁintib%@ toif Elﬁ;t%rest.

manmal i an speci es” (see,
Such polynucleotides are prepared, for example, by using the polymerase chain reaction to

synthesize the variable region using mRNA of antibody-producing cells as a template (see, for
25  example, Larrick et al., Methods: A Companion to Methods in Enzymology 2:106, 1991;
Courtenay-Luck, “Genetic Manipulation of Monoclonal Antibodies,” in Monoclonal Antibodies:
Production, Engineering and Clinical Application, Ritter et al. (eds.), page 166 (Cambridge
Unuversity Press 1995); and Ward et al., “Genetic Manipulation and Expression of Antibodies,”
in Monoclonal Antibodies: Principles and Applications, Birch et al., (eds.), page 137 (Wiley-

30  Liss, Inc. 1995)).
Alternatively, the antibody may be a recombinant or engineered antibody obtained
by the use of recombinant DNA techniques involving the manipulation and re-expression of DNA

encoding antibody vanable and/or constant regions. Such DNA is known and/or is readily
32



10 Morrison et at., Proc. Natl. Acad. Sci. USA, 81:6851-55 (1984)). In
preferred enbodinents, a chineric anti body may be constructed by cl oning
t he pol ynucl eoti de sequence that encodes at | east one variable region
domai n derived froma non-human nonocl onal anti body, such as the variable

region derjved froma nurine, rat, or hanster nonoclonal antibody, into a
vector 2Vawablg fﬁPfﬁ@ ﬂAﬁm! m@@ugefq»uemreplte ipdegemtibodys! ibraridsdaet C biswehandn

C2as0; T VBERERS, 255 folts SIS Bladthon AT SR SRS ot ol
exanpl e, biclogy ml/urnummty ﬁec@aﬂywb@ REQH N SehBiRe | dndl Nharkiidtd tr{@lijr@@' for

region of a murine nonoclonal antibody may be inserted into a vect or’
cont ai ni figmalentecintaesturel eodose thsertecystrirsdiesigudsher toumadifykaidper deleghbtheramino
constant, {(E%I n seqaﬁén o In a separate vector, the polynucleotide
sequence enco |ng ﬁégvy chain vari abl e region of the nonocl onal 20
anti body rmay be clamehd shibb@EE sWicifit RRAVENE SRR ?lgte?n %mlih HGude
constant_region, for exanple, the human g3 constant region

part i cul Himasized andhndissamey raisqiborzenerhied tazdonding todtbp eresertoventioe  &f isnienic

function | red or the i cul a ant i.bod npl epent fi xi ng,

bi ndi ng gg&ypkz‘iars Leﬁfté)rne 8 Sl%‘g’éeﬁfo(?r omaig d?m% fg?"égéﬁt)?‘m%’ﬂ@aééﬁg@?ﬁﬂé‘@éﬂ
vectors M&dtbné)eariaibfénx’ééﬁﬁtd%ﬂmam' J&Qe@ﬁhﬁ‘lr ¥ Qtdofid Ccﬁl;tin%t Ql? O}f'ec% §&e>2k On of
the chimeric antibody. Another nmethod known in the art r gener at

chi nt i cMamisppstitlesPrrs Mushdlcad dias UiSelc (BritﬁSﬁa{ﬁ:c(rh%@) gln, prefefSed Eﬁibemrment\slpa
5,482, 85 human/.hunman_c ri.c ant e further geneticall y
engi neercgﬁdm f& c’rbg(ell &3 beh‘i?ﬂﬁtﬂﬁcggg% ARRIIE § pg]w&& SRANRRCE GNP E S na
conpri seleast I@h&lﬁ/ﬁlldbld/re@fon%m 821ved ¢t o HOn Al HEHIS0R 'tlgog s@c}p:%nthgu”an
mammal i an speci es, | east one human 30 vari abl e franmewor ion, and at
1 east offEia hrf&&lon W?ﬂ)@malmmr@omm emthmgalrmonddbeﬁluhntlbsdy,amuglae&cfoor

d tib fo npl e by
T Ut DfonBMRER RECleqOk R Tt ot i ane ot CReeTCgan fagB) . Shin
framswordt alggiensdst Badymdi. €1 78069 76N OITRb RIS LR 41“%2% QU%HRJSV Qg'%b‘éﬁf 1

regions of the chinmeric antibody. Wthout w shing
t heory, @8%h)-aBst wvay efyxamnie.i the pelyseclediadd sdqemchmdodm@thetmt hhammanetde

o ot ef preeiihist el BaRBRGal g, By dh Berr b vidob eouaBIEH THIraet o
sane af f seqidnte EAdoding - hid@ipkdpbs ﬂ%ﬁ(g:hﬂfrp&cﬁﬂsﬂnp{eg%ﬂrsé@@ﬁceo n a s"eﬁzg% Rector,
t her eof , and in certain other preferred enbodi nents may be a greater

af fini ty the gpo W@F‘esﬁ#eﬁ%ﬁulsm?dﬁngdlpg dbelhﬁa%e@mnevgxa,blwmgw ef tid mond&iSfal

Nat 3 et 1988 ure 332: i gni

sucﬁﬂg h%%%)ﬁ@% “@é’ﬁﬁ‘@ﬁgﬁ %nt re?%"ﬂpgc?s chg%lgg dHUEAR; ﬁ ?jms%ﬁ:\feg&?p%%
conf or magxaape, Mtﬁidhu[(gﬂl rodhstat? réfioh. N"TRE pakicula BurRBNcoAKER Ye)idh s8Rt d ma
regions, for_ exanp y conput er nodeling, and then conparing the CDI¥Z

| oops anfFPERd BROR tﬁaﬁffé"t?roﬁlﬁﬁmﬁ desigfndor tprRartisuar sntihedy (¢-es cemplement fixing,
determ nﬁiﬂaxﬁg tcsgﬁarn@ulgr Fc F%gﬂtgrne D %reﬁerajb? %eF&%sEhuc?edlv%gtors will be transfected

into eukaryotic cells for stable expression of the chlmeric anttbody. Another method known in

25  the art for generating chimeric antibodies is homologous recombination (e.g., US. Patent
No. 5,482,856).

A non-human/human chimeric antibody may be further genetically engineered to
create 2 “humanized” antibody. Such a humanized antibody may comprise a plurality of CDRs
derived from an immunoglobulin of a non-human mammalian species, at least one human

30 variable framework region, and at I east o ne h uman i mmunoglobulin ¢ onstant region. U seful
strategies for designing humanized antibodies may include, for example by way of illustration
and not limitation, identification of human variable framework regions that are most

homologous to the non-human framework regions of the chimeric antibody. Without wishing to
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from t hestdinsmaubstantially all of the native FR polypeptide folding structure. Veneering techniques are

‘based on the understanding that the ligand binding characteristics of an antigen-binding site are

25  determined primarily by the structure and relative disposition of the heavy and light chain CDR
sets within the antigen-binding surface. Davies et al., Ann. Rev. Biochem. 59:439-73, 1990.
Thus, antigen binding specificity can be preserved in a2 humanized antibody only wherein the
CDR structures, their interaction with each other, and their interaction with the rest of the V
region domains are carefully maintained. By using veneering techniques, exterior (e.g., solvent-

30 accessible) FR residues that are readily encountered by the immune system are selectively
replaced with human residues to provide a hybrid molecule that comprses either a weakly
Immunogenic, or substantially non-immunogenic veneered surface.

The process of veneering makes use of the available sequence data for human
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acid residues that may have a significant effect on the tertiary structure
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reconbi nant human anti bodi'es that exhibit the antigen specificity of the
rodent antréspontimgnphecudmaino 2&idAn Tad distduenal thenetumpd FRothatsdffecranm theanimiabodi es
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Human or murine immunogl obulin variable region gene conbinatorial

| i brari e lagstypapially cxpesedspinersragpssibigl @nd care ihenerased i the senlasement of amye| ect
lg fragnents .(Fa Fv, sFv, or .oultigers thereof) that bi 30 s ifically
o Ton e e TR i el S 3p O R Rl 5 B RS )
Pat ent  d¥eh adpraéidnt, Aidne, lthid hatdedaimino &9&Y Sci ence 246: 1275-81; Sastry et
al., Proc. Natl. Acad. Sci. USA 86:5728-32 (1989); Alting-Nees et al.,
Strdfegi es in Mol &ctisananppy thsgysulfant "geneepd(Hyntigrerhipding sitgy are thypdesigned o

Nat | . Acag, i 3. - 66; e \ I Lol. 35
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q re
i nser t edj FANCOVRIE & Ho RFCEPSIENG P, RERPRAPEICH Semtasts gﬁ‘l‘f’&ﬁ’é heayy @h

variant B&Gz{iﬁé?fandmé{im%Qo&s@x%eé?ﬂ&b@&ﬁﬁre?&ﬁ?%ﬁﬁﬁu. ar Bafievl & €i .
A fusion protein 5 may be a fusion of the coat protein wth the Iight chain

var i 2bl einflegne rthel taraimcaiingftory winidurehef thedZiVl lodpai (Theser deaigh entengiatnthdomai n.
According to certain epbodi ments, i nmunogl obulin Fab ra nts,may also be
G o1 ay odbedto BeBHA GRORRPAR VG pLisssemnges tngs dambibe B CORE SPRERGE niB afd P2 0C
and | i ghtigithetaf sMaThHReh-BiHAIHeNsiROND RAREESPeihe FIY Bl 65 HBYsedt® Gralifect

prepared n | anbda phage, for exanple, using 2Jr nrrunoZathN( H and
X. | mrunoF@piipy cells for the expression of recombinant human antibodies that exibit the anngen

specificity of the rodent antibody molecule.

25 An additional method for selecting antibodies that specifically bind to a TGF-beta
binding protein or variant or fragment thereof is by phage display. See, e.g., Winter et al., 1954
Annu. Rev. Immuno!l. 12:433-55; Burton et al., 1994 Adv. Immuno!l. 57:191-280. Human or
murine immunogliobulin variable region gene combinatorial libraries may be created i phage
vectors that can be screened to select Ig fragments (Fab, Fv, sFv, or multimers thereof) that bind

30  specifically to TGF-beta binding protein or vanant or fragment thereof. See, e.g., U.S. Patent
No. 5,223,409; Huse et al., 1989 Science 246:1275-81; Sastry et al., Proc. Natl. Acad. Sci. USA
86:5728-32 (1989); Alting-Mees et al., Strategies in Molecular Biology 3:1-9 (1990); Kang et

al., 1991 Proc. Natl. Acad. Sci. USA 88:4363-66; Hoogenboom et al., 1992 J Molec. Biol.
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CO- express form Fab fragnents or antibodies (see Huse et al., supra;
see al sgiégglt @’3 &thlgpusch eéalpqa%w Hpsidomad qjﬂbq&eg mfyregmgerqdémrm bEor

convert ggh l,as t | evel r essi of
nonocl onal @%ﬁ ggﬁ?l %Irng&@ mv %’f %?}W&/?@t’ﬂ? Isscﬂ‘ie{}cesp%’rc?ﬁhf}% oyart anable

f r agmentegiorsimagmens rE@bbeam@bnEd 1rit6 AgRnbime o7fa MAkEROE WRSterifFiags! eh REM13
constructed using conventional enzymatic digestion or recombi nant DNA

t echni qd&8 VR0 BEtsPh it Hame B theasegngrice eneqgiinga phfge g0y @naseinhat ﬁemmﬂeﬁsma
t d t W t h
Ty e futifn bl Boac prielicl B Nt St ot velloh otait sndiigid B

anti bodjneayfy dhaimemeistie a¢gforpdarhdif | @Qc&&iﬂggtoruéﬁhﬁ%%ﬁmwnkmumg-mﬁﬁﬁ Pl Mers
may be nt hesi zed bg one of ordinary skill in the art, or may be purchased
%ﬁ’é’ &

from c PRI TRy 9lse e fispiByed apphesepartigedseece.g., U. $tPaanaTg@rﬁe69(8L@6m ol | a,

Calif . Whi | f h hl
et udi - anong e a3 13kt Rl i Bl iR 195, G IR RS U2
r egi ons pjepdiedsia fambi® rp&agayfob@:xhtﬁgld ©Sin@ NRIMhYnd?@FMH P and | XA Hm 3 2hFrveES

inserted into vectors such as

bl whi_ch th
var ﬁozi %‘ngfﬁ agep?ﬁ%f?nbﬁpﬁwfggx(agt Bacflyem&NA isisplatet iftosl y B Gilempuiation,or s
miy thegnp ﬁsédrﬁ)r Eaﬁcﬁélv!{ A6 1ight %’,n mYG &?otiugﬂ af’ﬁ)ﬂ\&%) re&rg%sip% tg?ﬁ%?lﬁl tﬁ@ it ens

for expression. rge a nounts o 1 a sln

f usi on dmuheZagpas MmmaREkpe.) VeytoRe Thead veasrsUniyte hesed %MQQM&EG
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maybe uSEEXPIESSRY atormdal fragments or puiihodiesrsaedesy evak cgbron e alfroBastryl dt ek ng

the bin S d ertal artic nbo nts
of the ?%ﬁ\}gnt%%vgg | na{l o%JlEg q%g{ﬁta?b& OHB’F%?(P %P@ﬂ“@etﬁﬁé@ﬂwf
hunmhi zaavabexpm*ssmmuﬁmmmnumlabdpﬁxmﬁom$@ohe- g., Rosok et al., 1996

J. Biol. Chem 2 71:22611-18; Rader et al., 1998 P roc. Natl. A cad. Sci.
USA 95: 8910- 15. ASmilgrlynportons o Spemanssy Heh ¢ Fabred Rvofragments, ofrantibodies

vari abl enavedis®Npd 8 iRRled O t 0 ction methods i n
the art aarr}lld descri bed here{‘srllll'g.l C%g%ﬁo M@u‘gn% nt?lr e ﬁoﬂ'g’él?af‘éégﬁwn

i mmunoglteshoigiies tgemmrparate tthevphberegions 6f ecgteﬁéi tﬂmhdbﬁesdﬁhﬁ[%ﬁﬁ sdrgndard
t echni q Sanbr ook al , 2001 Mol ecular donin orat ory

Manual , Be%g}“fiﬁ‘é PEOERY o Withp, @riesembrdimen; ¢ Ebe éabm@n@n@edmajal@ e'wmmdé amay
t hengb f
{ enobe gehoRRgeileos SAGLDBHIOMAR B NERLP e Ao RN RIR) Sl ok

const antTheeegiromgs mapbe syphasizsd by ooé ofvrdirary skl o Healby bl Mag bepitehaskd fofy t ai n
ot her enbodi ne ﬁvéﬁ%’ﬁ“ﬁ nvent n cont enpl ates SOST-specific antibodies
r

that ar €T WHES %g’ﬁ%rﬁt?‘a%%{% J%%éww@;w@ycfwélsaég@m bed

for mouse and human variabie regions including, among others, primers for Vua, Vubr Vhes

Vhd» Ch1, VL and Cy regions.) These primers may be used to amplify heavy or light chain
25  vanable regions, which may then be inserted into vectors such as ImmunoZAP™ H or
ImmunoZAP™ L (Stratagene), respectively. These vectors may then be introduced into E. coli,
yeast, or m ammalian-based sy stems for expression. Large amountsofa s ingle-chain protein
containing a fusion of the Vi and V{ domains may be produced using these methods (see Bird
et al., Science 242:423-426, 1 988). In addition, s uch techniques may be used to humanize a

30  non-human antibody V region without altering the binding specificity of the antibody.
In certain particular embodiments of the invention, combinatorial phage libraries
may also be used for humanization of non-human variable regions. See, e.g.., Rosok et al., 1996

J. Biol. Chem. 271:22611-18; Rader et al., 1 998 Proc. Natl. Acad. Sci. USA 95:8910—15.. A
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Eng. Revfragfiéent {sebAdg., PhdefTenal i p+6t Warl. GLARI SRR K476l ' f;%gw y be
generated in M3 _phgage. and_screenézd for inﬁrf\{o%ldbﬂgﬂ%bsé?(ﬁzg?nféen S WI(E%

| mpr ovedregiamns Appking the DR regions Cmbemodified|to imfir@9&expiessibmiaveisland solubility of

149: 3903; ; et al .. 1994 Proc. Natl. Acad. Sci. USA 91:3809-13;
U's. et EhitigolR KPR Bl png bfirorin: (146 eemMgroatet. ¥ Binl Charod b
y s 20e- d13.2795e803M2000) €N&S | ifitrabdd £ Gmaye beJdirectdd! i - o’
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et al., 8gvells; derceramplady cansBBWingsa vEolor éhatnguinenrised b giol aciebtide gequence
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Mol. Cell Biol. 15:1182-91 (1995); Lener et al., Eur. J. Biochem. 267:1196-205 (2000)). An

25  intrabody may be intro.duccd into a cell by a variety of techniques available to the skilled artisan

including via a gene therapy vector, or a lipid mixture (e.g., Provectin™ manufactured by
Imgenex Corporation, San Diego, CA), or according to photochemical internalization methods.

Introducing amino acid mutations into an immunoglobulin molecule specific for a

TGF-beta binding protein may be useful to increase the specificity or affinity for TGF-beta

30 binding protein or to alter an effector function. Immunoglobulins with higher affinity for TGF-

beta binding protein may be generated by site-directed mutagenesis of particular residues.

Computer assisted three-dimensional molecular modeling may be employed to identify the

~ amino acid residues to be changed, in order to improve affinity for the TGF-beta binding protein.
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10 i munogl obulin to fix conplenment. See, e.g., Wight et al., 1997 Trends
Bi ot echnol . 15:26-32. Oher nmutations in the constant regi on domai ns may
alter the ability of the inmmunoglobulin to fix conplenment, or to effect

anti body- dependent cellular. cytotoxicity. See, e. g , Duncan et al. 1988

Nature 3g2: 5@3%&11 030 ghos| Bzot&i)zcor%p%gg e, zﬁ}lgleféodl %fea!gv t al.

1997 Mol .~ THmunol. 34:1019-29.
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(e.qg., al [Malcl ) thefus epti de
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references cited therein), direct covalent nodification of a fusion
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bi ndi ng 2f diRRsed, Uk O&aﬂl?ﬁat &y Ei’q%la%?l%%%,f ifs! 3pehe %J%H%E,%Sg, tRs eBLtS:

enzymati c nodification a detecta

No. 5,091,513, and U.S. Patent No. 5,476,786. By way of example, effector proteins may
include immunoglobulin constant region sequences. See, e.g., Hollenbaugh et al., 1995 J.

25  Immunol. Methods 188:1-7. Other examples of effector proteins are enzymes. As a non-
limiting e xample, such an enzyme may provide a b iological activity for t herapeutic p urposes
(see, e.g., Siemers et al., 1997 Bioconjug. Chem. 8:5 10-19), or may provide a detectable activity,
such as horseradish peroxidase-catalyzed conversion of any of a number of well-known
substrates into a d etectable product, for diagnostic uses. S till o ther examples o f scFv fusion

30  proteins include Ig-toxin fusions, or immunotoxins, wherein the scFv polypeptide is linked to a
toxin.

The scFv or any antibody fragment described herein may, in certain

° embodiments, be fused to peptide or polypeptide domains that permits detection of specific
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10 substrate by a fusion protein that includes a portion having enzyne
activity, or imobilization (covalent or non-covalent) of the fusion
‘protein on a solid-phase support. Qher useful affinity polypeptides for
construction of scFv fusion proteins may include streptavidin fusion

protein
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transfection using any nunber of known expression vectors. Thus, in 20
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i ncl ude, but a enot fimt SUclkr as’a nous

CHO, or (doyhientdoman-cetaiant) Exhehscn ploteit ik ssled-lolsasb REppEHE OOBBRECl aEMity,
soybean, and rice cells, One or nore replicabl e expression vectors

cont ai nPRYPTR{AeRE Genshyction ol sc&K| feswlaﬁwtaas ey sickifle suspiavidimiyiop drgfeiapar ed
and usegs BRc}BE&l”%cfrOJx BBl ?rPWBpéd/é’s‘ﬁ CBId. 3 AddGngf ﬁs%efgﬁ’éﬁ wé%g?yﬁg;

non- produci ng nmyel oma I'l ne suc as a meuse’ Trie’ ot

such asUS.co168, ownumsanzpwchmdmcfmm piokinsaBéd, @O YEMS 11,740% Gl enzyriie awﬁer to
n efficient ran cription and translation, the DNA sequence in each

b
\?ef:?%r ahglytathionse-gensteapssy ﬁ'ﬁ‘r$‘ﬁf’é’ qEaETHS ATRLy PERit drpadypeptidar ti cul arly a
pronoter and | eadgy, PRARNEIOP &fng%y hsﬁr}g g%;rgag tMe%mR% EpdQRBIR

sequence. 39 Particular ods produc iesin thrs way-are

gener al bindwe| TGR-hemrbiatinig moltmeisydesuﬂmﬂ héreia, m@@n‘pé Grophgated A0 @@bﬂse&d
[ (Mol ecul ar, doning, A

bi ol ogy edures are descri hed by Mani atis et _al
Labor at 8$ ?%%d%uany Qﬁ& ety |“6F lidgommg Prosedyess foamwelsicorgd exmpionoligaionogg:
see al %‘Mf&%ﬁhh Sarfdl uﬁlsfecﬁaﬂ ggoh&mt? &ﬂ“ﬂnddggf[b & %re%s?d%% fL Y Tl'M?W york,

(2001)). DNA sequencing 5 can orrre anger

( PNAS 7 4e5ai Smbodienty pxmresidohe mmtxw@rmagnmamaabe pridtrrddl ifi apeskdpiadt ngst
handbook, .and_site dir lt{ed mut %ene5| s can _be carried out accordi n?

met hods SRALHESAETHE SeareAel ugkthup et aly | 88% Methads dazymeal. 17BAGAHAS)
550, S ot 5 ol 4 R A SRR
handboole) sukagdti¢ hostakllyinchudingr yeast @l Sarbironpcd awesidice, Uehmuﬂ:thﬁﬁomyces
pombe, and Pichia pastoris), animal cells (including mammalian cells) or plant cells. Examples
25 of suitable animal cells include, but are not limited to, myeloma (such as a mouse NSO line),
COS, CHQ, or hybridoma cells. EXamples of plant cells include tobacco, corn, soybean, and
rce cells.
One or more replicable expression vectors containing DNA encoding a variable
and/or constant region may be prepared and used to-transform an appropriate ccil line, for example,
30  a non-producing myeloma cell line, such as a mouse NSO line or a bacteria, such as E.coli, in
which production of the antibody will occur. In order to obtain efficient transcription and
translation, the DNA sequence in each vector should include appropriate regulatory sequences,

particulerly a promoter and leader sequence operatively linked to the variable domain sequence.
39



10 suitable for the preparation of antibodies by mani pul ati on of DNA,
creation of expression vectors, and transformation of appropriate cells
(Mountain A and Adair, J R in Biotechnol ogy and Genetic Engineering
Reviews (ed Tonmbs, M P, 10 Chapter 1, 1992, Intercept, Andover, UK);
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| i Te

nol ecul e. nkage nay beé ct or indirect through 30 spacing or

bri dgi ng groups. [ terdinembatiment, @e antfBodd Qecofdiig wmv@mﬁoﬁ%wﬁmlcﬁ%hc
agents, toxins (such as enzymatically active toxins of bacterial (such as
Ps eudomdRE SHeSOIfr AavaeTRpleslss Attaghed 10 13| dnteporter mglequla ey be agiventable timsetg of

(e.d., rdClpeahd, f PIE t £ n lonin_ . bryodin.from 40
Bryoni a di ollgeca, g%rag'?‘ﬂ‘rerg ke’ Qg{é)go%we.a gé’ﬁ %Ihrgﬁlg’h TP, T°¥Gf§l§6“}9\rlu g Bodye,
| mrunol . radiénudid@ Tumirresoeksegrouss tludtescent BRRIpCartiGtn, Br 8% 1k PhOPEFIRYa binding
Addi tional effector nolecules include biologically active proteins (for

exanpl e, PRGFYIPESIC 1mmyneeiobulin g fagment tmay heradidlabalet foradliagnasticwrri ng

and sy L& . . . hari des and pol. kyl ene

ol ymer S ER e RBLIRGS, T RemGUATE! BeiRRbRRCT AR AES RO R Y ot "3

r adi $huce.g.de'sdampat 998 it afibey 12e1di21i, cdilmieien 21993 Chieh bRl MBE:ed1S9.  PHirhpdatie
reporte;apg '8&{-@5 I nc] ude ghel ated netals, fluorescent conpounds or conpounds

that na Bf EEtGEECTIRd NURTedter getml Beloyy andsmayipciupe pse of the T GF -hetaebinding
ffect : ' i ] derivati t f f
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90/ 2839)effector or reporter molecules may be attached to the antibody through any available amino acid

side-chain, terminal amine acid, or carbohydrate functional group located in the antibody, provided
25 that the attachment or attachment process does not adversely affect the binding properties such that
the usefulness of the molecule is abrogated. Particular functional groups include, for example any
free amino, imino, thiol, hydroxyl, carboxyl, or aldehyde group. Attachment of the antibody and
the effector and/or reporter molecule(s) may be achieved via such groups and an appropriate
functional group in the effector or reporter molecule. The linkage may be direct or indirect through

30  spacing or bndging groups.
Effector molecules include, for example, antineoplastic agents, toxins (such as
enzymatically active toxins of bacterial (such as Pseudomonas aeruginosa exotoxin A) or plant

origin and fragments thereof {e.g., ricin and fragments thereof, plant gelonin, bryodin from
- 40 3



10 Nunerous ot her toxins, including chenotherapeutic agents, anti-mtotic
agents, antibiotics, i nducers o f apoptosis (or " apoptogens", s ee, e
.g., Green and Reed, 1998, Science 281:1309-1312), or the like, are known
to those famliar with the art, and the exanples provided herein are.
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agent w || depend on the nmetal in use. 5 One Eartlcul arly useful group of
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derivatives (for exanple, as described in International Patent
progestins  (e.g, megestrol acetate or medroxyprogesterone acetate), estrogens (e.g.,

25  dimethyistilbestrol ~diphosphate, polyestradiol phosphate or estramustine phosphate) or
antiestrogens (e.g., tamoxifen); anthraquinones, such as mitoxantrone, ureas, such as hydroxyurea;
hydrazines, such as procarbazine; or imidazoles, such as dacarbazine.

Chelated metals useful as effector molecules include chelates of di-or tripositive
metals having a coordination number from 2 to 8 inclusive. Particular examples of such metals

30  include technetium (Tc), thenium (Re), cobalt (Co), copper (Cu), gold (Au), silver (Ag), lead (Pb),
bismuth (Bi), indium (In), gallium (Ga), yttrium (Y), terbium (Tb), gadolinium (Gd), and scandium
(Sc). In general the metal is preferably a radionuclide. Particular radionuclides include 99m'Tc,
186Re, 188Re, 58C0, GOCO, 67Cu, 195Au, 199Au, HOAg, 203Pb, ZOSBi, 2O7Bi, 1111n’--67Ga, 68Ga,
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Specification No. WD 92/22583); and pol yam des, especially desferrioxam ne
and derivatives 10 thereof. Wen a thiol group in the antibody is used as
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as immunogen. Anti-idiotype antibodies or fragments thereof may also be generated by any of

the recombinant genetic engineering methods described above, or by phage display selection.

An anti-idiotype antibody may react with the antigen binding site of the anti-SOST antibody

25 such that binding of the antibody to a2 a SOST polypeptide is competitively inhibited.

Alternatively, an anti-idiotype antibody as provided herein may not competitively inhibit
binding of an anti-TGF-beta binding protein antibody to a TGF-beta binding protein.

In certain embodiments o f the invention, an antibody that specifically binds to

SOST may be used to detect expression of the SOST polypeptide. In certain particular

30  embodiments, one antibody or a panel of antibodies may be exposed to cells that express a

SOST polypeptide and expression of the SOST polypeptide may be determined by detection

using another SOST specific antibody that binds to a different epitope than the antibody or

antibodies first used in the assay.
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| evels (eyg | fyi n of. the SOST/antib conpl ex to
det or i n‘ggjt temg%lgg%{ﬁ%:% ﬂge?e(gr]\efogggﬁé%wa%ﬁto %103{%?‘ 89%¥§FW QIYETHIORY | ng
pat hway . mEthedsrart (peslided yfob getpeiiihigNRkHes iah Agaf) 1SBPaBle FMcreasiieSone mineral

di fferent inunoassays known in the art and disclosed herein,” including an
ELI SA, i FRAIGH08PNsiBE thengens ffe(2) Acomartingeeramizing aldandjdpa tagew ywithna TGfetseta

[ i ng | ' t O. N d t A t
on’a cel TgRe oRiER o Wil B TG B63 it RToms S ceFune vheRer o
cont ent . thencandiditaiageror stitreil at€x sighling i BYE e STGF-Hefe fankiRV 61 fhd?é?ns, 3p iﬁgh}sbgggS

that_ specifically binds to SOST stinulates or enhances e pat hway for
i ncrEhsi Rguys s tindiag af the ghfs-heta bowding prateamitol dnscy merg remberkeof thé TEF-besa ng

the meth i 0seq: [N etect hindin f an anti.bhod SOST
speci fi cﬁ%ggt&djg@%lgﬁhgl@ﬁ[)?éec ?IHS%‘% R ?%egggrﬁ??ﬂﬁesa‘ﬁg E’Jb‘ﬁ@ %s-llfg% “pejp to

i dent i f yfungti@rdsialpositiesreghiator of Mesdnthyndl belDiifefdnfigtiotdi Ng conpetitively
inhibit), or prevent binding of a BVP to a SOST polypeptide by detecting
whet her an ant i bod¥ 2iPrefeged embgdimenjabthegaxentions a methodds prowided foridagitiyisg 30

or porti ' t ' bi nds.. such as. peptides, at
Che”am ni paoct S 9080 SRAF R LRI E nll el PbrisR i GO o e

am nlS acthdt spesifidallyshindsdo a SBST pelgpeptidé With 2T ﬁgﬁia@,ﬂm&qgﬁg oot Rfrftld 9
SOST (e.qg., SEQ ID NGs:2-19, 21-28, and 47-50). The nethods of the present

i nvent i ofrerRgptids discigsed hexein Wndeg eonditiops and faital toel yuffisient forpeamit formatiew ofit s,
43 i ghiaki ' ; ' _S.uch. an_.anti bod hat
b1 nds spaci oy, H18f TR} SORID GndBoRs O B BARMEL Sang ot g i BFh e Bt e

ant i body quantifiény itibe smoilray ofirthe (RO Wertibbdp FompRxXCH Betehiné NBe PAELRYYof an
t erm nal rtgb%io of S T (e.g., SEQ ID NGs: 29-46 and 51-54). Wthin other
embodi meARTO4Y thah modplates i TAE-betar akingpahwi y Thie method m&y brepasfonmed ngng

whet fger ' o ' e.m neral. content . conpr.ising
e 21 SR pidr B Gtefer imflbR A%} R I aR S sE B i nlRding
TGF- bet aaiiEldBAgipmotadilet, andhe (ikk. dat BGRibeianggidigkhedthvdie iRKiREL s Signaliag t he -

TGF- bet a_bi ndi pg- tejn in the expgosed cells decreases or whether an
activi t yPBf"th whieh NP By 198 BPES R4 A DI} keaariar oranerl thetimpipte or induce
the pathway that modulates bone mineral content. In certain preferred embodiments of the
invention, an antibody that specifically binds to SOST stimulates or enhances the pathway for
25  increasing bone mineral content. Such an antibody may be identified using the methods
disclosed herein to detect binding of an antibody to SOST specific peptides.

The subject invention methods m#y also be used for identifying antibodies that
impair, inhibit (including competitively inhibit), or prevent binding of a BMP to a SOST
polypeptide by detecting whether an antibody binds to SOST peptides that are located in regions

30 or portions of regions on SOST to which a BMP binds, such as peptides at the amino terminal
end of SOST and peptides that include amino terminal amino acid residues and a portion of the
core region (docking core) of SOST (e.g., SEQ ID NOs:2-19, 21-28, and 47-50). The methods

of the present invention may also be used to identify an antibody that impairs, prevents, or
43 .



determ ni ng whet her the conpound is capable of increasing bone m neral
content. Wthin one 10 enbodi nent, the cells may include spontaneously
transforned or untransformed nornmal human bone from bone bi opsies or rat
pari etal bone osteoblasts. |Imunoassays nay be used for detecting and

quanti fyi .the express] of a, TG--beta binding protein and include, for
exanpl e, “’%ﬂl’] @r‘@ﬂ'rﬁ)?“é?fé(sﬁ%hﬁ’é‘f’@@& r%BﬁbP@gn%bOdQ'OFl)Elb)ndSI’S@dq:lﬁpmnm&a@Shys
radi oi Sor ben ELI SA),
|mTunolr3rIm(;ll{a 92&2%?2%@%@%“&%%?& assa&lgo g‘?é?ﬁ‘t Breo‘ggve‘?ﬁﬁl"bt&? f¥H or

conpet i t Puthe astbayysterninal ragiowlof SUERESAYSEQIDANGS: S9-4Bahest-shos. 4, 376, 110 and
4,486, 530; see also Antibodies: A Laboratory Minual, supra). Such

i munoassays may u%athiy, other HBB‘W‘PFF&’E pE thepawyeition, fethedsT @Fe bpromidld nidr ng

t es t t tibodi d dh
oo on ot Faugoe, YiEARP oh Bl i KAl BB Jehk et bk cripriie bR g

to the T@Fpsef (a) 2éhtiiting iangndidat apdnt td kelis @aelexﬁéssmm%%' ﬂﬁdxﬁ§ﬁf&§x§'aﬂ@ nmay
al so be &gtermned by quantifying the anpunt of TGF-beta g protein

that bin dF‘G“ﬁm’FGfW o tBe ﬁéﬁrﬁﬁmﬁrflft EenT GF-getadhinddye-prateimin thexeupoba, cells

bi ndi n be detected by surface
p: as Im)g @%cé%gﬁsgﬁg?}{e%e% eqp ?1%? %{%I& tk? F%@@Fﬁdﬁfim%xpﬁ?té’élsé?%eaé Fﬁ%ﬂAthéﬁEbdl ng
t he speciétermiiGE-wiether tHai dﬂdﬂpﬁ@ldplﬁ Qhgible Blimc&@sxﬂ%%ﬁel thin€@! camedtn Wgﬂﬁ one

errbo erentg an anti body speC|f| c for SOST e used in a netho such
as a odimgpt. theesls may, mghd EHPWPH%IV ér emmed oauatransiogmead dotral ihdmat i fy

an agent bg,{}aﬁ v | b&%li.@ for binding to the
TGF- bi ndi ng por ot eéllenl e%ll-ﬁdttﬁéﬁe%?)gﬁe "an antibody and a TGF- beta

protein may be dethnmmmmkayssmagberﬁgbm@@rsaetyct t 7@ Afatk th& ek bf and
descri bre;ﬁipg re| 30 By way of exanple, a faﬁgly rrenb[efglwgf ﬁeﬁ'l%'sma{)

superfa d§’§ %f°te'FC¥1dbl§‘Pléld%| dl%ﬂ‘p}%f@me@maﬁmmr}élemqphokam |y

nenber t {@gph S ,l,,gﬂ[}lg T potel st bound to a
solid phasebe(g?le)V\e asg;yédﬁ:‘lhgn o? oé’rpél g"’“agﬂ E ﬂ"g’é‘?ﬂ?%ﬁ‘b

TGF- bt aAsupye( EhIﬁA)ynmr_rmmibmt absad such B0ddIChiétCastdye aﬁ&lvvéiteﬂh%%s llﬁmﬁﬁgﬁ@r 4
‘concurrentl}yq or added in subsequent S:[alﬁe& ?t he solid phase washed, and the

quantity tHign A§s2ys HRd SB'EHYHEP fFeYheses atet es 4,39, EYOriurc d,486/580; ee
i ndi cat eg i |nd| of the |i dta the
TG bot - s npupsdiey A2 deot o @EB ), R KOS lPn poe an oy

menber mepecifis fat i ebets bintling pﬁmbmckumlﬂasehe afticsclefftil Gmitated cﬁbﬁ?ﬁkfl %E'?ein%’
menber 5 rra be addegméyg’gurrent y or subsequently to the addition of the

candi dat & FBY J P AOPREY Dihis FRECAA o aramEer TRt e it otached RGhelTaFabea

orec pviknaver, % e Mt A 00 o AR Ml

herein. AnpwertedliGFebeys bmdneg blomlm thgt wihdg¢ kea H‘Ggaaﬂd birlidg{RotéiaMidd8l By way of

super f an la\fnpqenplgémg o¥ sclerostm in a sample to a BMP may be detected by surface plasmon
resonance. Alternatively, the level of expression of mRNA encoding the specific TGF-beta
binding protein may be quantified.

25 In other embodiments, an antibody specific for SOST may be used in a method,
such as a competition assay, in which candidate agents are screened to identify an agent that will
compete with the antibody for binding to the TGF-binding protein. The interaction between an
antibody and a TGF-beta protein may be determined using immunoassay methods known in the
art and described herein.

30 By way of example, a family member of the TGF-beta superfamily, such as a
TGF-beta binding protein or a TGF-beta superfamily member that is a ligand of TGF-beta.
binding protein, is first bound to a solid phase, followed by addition of a candidate agent. A

ligand of the TGF-beta superfamily -member that is bound to the solid phase is added



measured by addi ng one or nore detecting nol ecul es, such as an anti body or
fragment thereof 10 that specifically binds to the ligand and quantifying

t he amount of the nmolecule that binds to the Iligand. Agents that are
suitable for use in increasing bone mneral content as described herein
ar e t hozenagefithySor ifled e & sBRASRIhN e hd tAdh 0L AP LeLEly o
its ligand that is a rr_emger @:‘e thzﬂ?'l%gfﬂgdt gﬁag%ﬁgéis?lggn?lflghg h%glstfgﬁlgﬂracal |y
si gni fi éhantbopmthierthe finihi membéredetentinet, nehith indicdidiewhetves Nthé Qandidihads: ar e
provi deq,k;‘cgir i%iS dg erlm' n(an V\Agg%her an agent i s capable of increasing bone
mi neral CCSRt BRENEQ h‘ﬁr 18and, g the, LoF demgember Altemsivelythhbgandafws TeFdergent
to cell Supdiainil§ RS nihy befarRgba ! SLnlng whether the
activity %f TG-- bet a prgteiagp%ro%ﬁéﬂéggggg’ gg%ﬁ’géllt:ggg:sfl%?rgﬁn%% Smger

t her &f r araydks addeil riongurmndy lve subishquentiymouhel abiditiRpa HeccaafiidafRCinBRELIBY THRNE

m neral _content. imlar to the nmethods described herein, a wide variety
of et hSﬁ’é’“ﬂ‘a‘i}tlﬁéﬂf&@& LF‘SS iosthe JGTFsta: papegtamily mepdier pant be micasirasigby labeliign

expr essitigN]i Wie Nwith G&ddiecPibRIMGI - he inding . ptotein is exposed
to a sel ectlgeuélll test conmpound. Wﬁ%ﬁaéﬁg:gh@r&%h é)sglfnr?e t'o etaﬁtea’}ﬁir i%séﬂ‘ge%

i nvent i dateimeAlenistivly the bwdite df fier igahet ©r thi TGFbeth ipBEima ntaiet may be
capabl en%f in{gga(?%gg bone m neral content, conprising the steps of (a)
cont act i'g actha ane;FFempre fletesting mateayies osush skt antibedy ef fragmentaheredfect ed
25 menbekat Qfectrrany Frab el fe figdhd! i det er i ni.ng, whet her

t he sel e_ctgéj agen};r up- rez;ul atea}s‘dtqkaermsf?%%a ?ﬁﬁa%goétﬁ%@%@%&ﬁ i'P {Pof

pr ot ei ndigand. | Ageris that araeuitdbiedfon gseoin ihbr@asifE boReimeRl Boktdd20'd04RibBd h&refnhe
TGE-betg famly meger Wthin certain_enbodi nents, the nolecule enhances
the abil ﬁ@m%“r gentcRatdecrpage, the | hinding 86 T Gsbets Rindingrpretsinatopitss ligandethateigal at or
of  meseneinerst the ¢GF-slitf {SE0LiAL : | 33l t he above-descri bed

met hods, a variety of metu%ods n@a%ghtlagg%}ﬁ{%bhgéagé&m&i mul ati on of a
TGF-beta fam |y ni¥ithin dtyera etnbedimentspoiinthe Stivdates aiethaas | Redyrdviddd for
speq'Ffi%Etl a% bi'ndéetéo SOST. One such _representative nethod (see al so Durham
et ar., “BENGEMns%pcticrAn ageaiis capayls o ducrsasing pensgminerptronsenta comprising thenber |
such as sgpBWr( @) Gontad®ME- £ candidatBMeef & : - BMP:Z) .t o the solid
phase at&g cong)en?}gtion tcﬁgt ?ts egaui \ga:\%gg PEN?FQESSK%FT(%&C% ggoo%llna?nldon
const antb)dtrminiyhwhetberstheractity af TGiFdbetg-prateinefidiv e dkposecedsidAlBgkd, Ridndi ng
rate cortlﬁetr?a%ts known.in ES?‘E‘?T%‘E' such a. s surface plasnon resonance using a

B | Acor &'} ASiTERRng W £ompRNd isqeAPablR 196 RFTeasing thene minerabicersents | bed
by the BailiraG! He GhetBodsBidS RS Hereid) S GAY ) ol Leeti on. of

ant agoni st candidate agents 1S then agﬁeg\@ﬁetg%&%@&c%gcg’ﬁtu%‘% Yo esess

(t yPcalchgngep g WGFdhretas hinting prafeini axpresdion uwiencotdligrodweing theTGE B bading
organi c &Eﬁﬂlié exrrgé%ctgl e lastaéjtsetd herein nmeans that the nolecule is greater
than 909 pure B dat @ARr et CXFeBPATEY to nethods well known in the art

(e.g., NWR nelti Mathi®iamdtherathodinMnt BF t£&BisERtifvention, methods are provided for

determining whether an agent is capable of Increasing bone mineral content, comprising the

steps of (a) contacting a candidate agent with a TGF-beta-binding—protein and a selected

25  member of the TGF-beta family of proteins, and (b) dete_rrhining whether the selected agent up-
regulates the signaling of the TGF-beta family of proteins or inhibits the binding of the TGF-
beta binding-protein to the TGF-beta family member. Within certain embodiments, the molecule
enhances the ability of a TGF-beta family member to function as a positive regulator of
mesenchymal cell differentiation.

30 Similar to the above-described methods, a vaniety of methods may be used to
assess stimulation of a TGF-beta family member by a test compound, such as an antibody that
specifically binds to SOST. One such representative method (see also Durham et al., Endo.

136:1374-1380) comprises attaching a TGF-beta family member, such as a BMP (e.g., BMP-2,
45



antibodies). An a gent is considered an antagonist oft his interaction when
the a gent inhibits 10 binding of the BMP to SOST, that is, a decrease in
the level of binding is observed, by at |least 40% preferably 50% or 60%
and nore preferably 80% or 90% conpared to the |evel of BMP binding to

'SOST th b € In > +ahs .of, the agent. Suc n_agent may.be
further %31 gg?g%‘ﬁz\gp 5 Eg'?fe}ﬁ?&a@@%ﬁ‘h‘f%l oF B olfcﬁgtrf)té?élir}ggtdf e&x\{aﬁg{t it%ﬁs _
st udi es Kaic oled is@ciagonbibmstant { Kdj miy be ie@Anine® as,&&ainoaagh dtheis If 8 h E&RAGRg ON

. . r=

TGF- bet S bi ndi ng-protein binding affinity is determned. 15 Conparable
speci f i Cdnecaisiconstanis kagaen iyhears sugea & Binthge tpdasman restnahési wsingtzhB IAcore

sel ecti Wi of | . f -l dentified antagonist accqrdi to studies

usi ng agﬂssg%/{rsn&gepdech el Po{)rﬁééélﬁl@hgsf\/gh %érrllcfge aa&g 289 4689’&688%5 Maguaciiesy

conpet i (BioserssryiBigdatawdlyt KN A eblicRtibess aﬂfﬁg&ﬂktrﬂiﬂai%a@fagéxg?isﬂﬁﬁsaﬁﬂéd deRvRRE1 on,
|

met hods are provided for_determ ni ng whether a can ate agent 1s capable
of i ncr E3RSEREEN98 {Epirier 20 1M fprepmall ommnisomplecsle napllettions t(ap isofatedeorgamt ni ng

whet her |.dat 1nhibits,. the hinding of TG--heta bindjng-protein
to bone. ﬁggﬁgbﬁécg%a 88"'8@%%‘{&?’2%’{‘% Eh,&ts&’ﬁs °§°°N ﬁr’éi%ﬁ?at?rtt ?hgﬁ%’d’“ﬁeas&‘ﬁfg?& od
that beewerding anatthgiiesell ityvadin thehe(Ses.! AMR,JhQKN@Baiht)Bd 19M ForTdhdiaGe

conposed of a powdered form of bone, crushed boné or ‘i ntact bone. Simlar
to the AREINGHS)- fbBaBemasICpryidsred 2mapiagnnisy f t bis nisfaction wheo therpgnti@hibited t 0

assSess -1 NHPI Bl -heta bindi ng-protein. localization o bone 25
A %E@g‘,g“%f‘é% %ﬁ%éﬁoasﬁ“ﬁé%’ .3,3%85?5&‘?.‘ ey o bining iy Possvedy by phls%) )
Wi | e t H8%, prefirkogd S0% o2 S04, bﬁdn{mgfie&rmwgmfo@r9ob/9c6rhﬁar|@d3f%|tb{éie§el%ffa%ﬁp

individgal_ candi date agent, the present invention shou not be so

i mi t ed PAERrIGILthay 1s qbservad) dn therlgense of gsmesnheudh athagenaimay ot furthenf
candi da . : | i n.. the candi date ents. ._he. smal |
‘or gani creen%?%%%zdsp o n%ggﬁgg&:%} tllﬂgé o t%rra ten %%ﬁﬁ?%cof @&Sm%%d{‘m on

pept i desomstanBCandoity infiiende Son ANGF-berdli Kifidiag-prdtaidMBHdmgBYARE isd8tiih&d by
scregni a liprary_ of antibodies or antibody fragnents of prepared by
ds “@EParPlseneqqy Gontroprseys mayealsocks candugted Hoektabiily thefsalettivity prafipr i se

t he st e ligkatd - AR hiLs th sb' di f TGE-het
bi mai ngpst o it e HE el bl ek i e i AR

i nvent i eehona(e.gaBMP/RMHE yYeweptonBbinp&itiohsfding fragment thereof that
specifically bindg.to a SOST pol ypeptide is capable of conpetitively
i nhi biting bi ndi Wathissyes otherembedimenispf the prasprtrinyentiohenSORE apopryyided fade.

The capabjietdyinyne0 nt. | anpt i fragnent. to inmpair_ or bl ocking
b1 mcl ng oAbz veee: 2TkhnRie BEn®ll aRBl L RRnE e ERrenh,ropisn

det 0 m weulpEsing thistey df demnyinddg whetheret dandidad egeri iRt @leSifdingldFer GRBLI DOy
or fragrtr)en t hereof that specifically binds to SOST may inpair, block, or
prevent PIFIPTAFTOP Bong:gr Heanpiqgypithefeode fiscised fesms it Biouidvbrainderstpodaisit

oo q¥ond 6 HRlJEA ndor Rk ROMIRRD P L YorRBdiEP of £pRideled T °O

be used to identify an activity
of bone, crushed bone or intact bone. Similar to the methods described herein, a wide variety of

methods may be used to assess the inhibition of TGF-beta binding-protein localization to bone
25  matrix (see, e.g., Nicolas et al., Calcif. Tissue Int. 47:206-12 (1995)).

While the m ethods d escribed herein may refer to the analysis o f an i ndividual
candidate agent, the present invention should not be so limited. In particular, the agent may be
contained within a mixture of candidate agents. As described herein, the candidate agents may-
be small organic molecules or may be antibodies or fragments thereof or other peptides or

30  polypeptides. Antibodies or fragments may be identified by screening a library of antibodies or
antibody fragments or prepared by methods described herein. Hence, the recited methods may

further comprise the step of isolating an agent that inhibits the binding of TGF-beta binding-
protein to a TGF-beta family member. '
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inhibiting or inpairing SOST frombinding to a BUT. Alternatively, the
anti body or fragnent 10 thereof nmay be incorporated in a cell-based assay
or in an aninmal nodel in which SOST has a defined activity to determ ne
whet her the antibody alters (increases or decreases in a statistically

o 11 caty'™or nal! ol Bteihi e SReB00L "B bR Bt agbria,
specifically bin y X an
ant i bodyhdrébfahsl gRakicdanaaie b Fog@ 9»9?% SREHRLS inRibldEY! at e
or inhibi tr t he g)ei g%alyi ng pat hway. Ere ertlgébllqg,cg [ Lﬁ?ﬁéﬁg aﬁgfyllgﬁlglrtl{ﬁgbody

t o SOST binging ofsa TGF-hete famly mueimber torthd SHOST polypemidea Thie gagdbilitg o Htiie andhyody
PRODUCTI ON EI NS Pol ypept.i.des descri bed herein jn¢lude the TG

bi nd ng pPBTEIdY TRETEP ol FIPARY DIOAHMETGNE G e LF LA Y BRARES D s o
fragsenteMp hey SOST that bes RaEr'rﬁih&ﬁhécMrdFBQ% 5y 5@{11%”9?&6&' %e-ggn‘?oed%rein. t’[ﬁxgt are

pol ynucl eoti des that "encode these pol ypepti'des I nclude derivatives
subst antantbddy e fragnaant theredf ehgsoipgeificillyobindie® §QRT, muy empap ek bapeveito t he

pr ot ei ns.incl udi epti des an 0 tides that are encoded by the

ol ynuc et IR arar Rads Shampaats Rosdinemodimes emaien gén
SequenceniiSodyaBABPedificaly bikdsRS ISUYT bl %is3 v sed 1 !dfentﬁi?)ant:nﬁvi 6F 8851 9§
sequence is ‘“derived fromthe coding Tegion o tohe pol'ynucl eot I des

descr i bdehibigingion imprring @O8Twm bioding Fo eXBMP! Altepativelgnthe aftiidde of &gpasge or

allqhic variations. of the sequepces .di scussed above, or . alternatively,
encodes ‘%efﬁ?}?%%{’]ee“ﬁfa?mfeﬁﬁ? |°t°B BPHTY 3B O Bk imVhigh RESErBE @i n to
a nmenbekfigéd idRiy FFcRSinthel vAleY me(ahhbéd(}%é@ﬁ' (m%Le%oog'dQ&easgs ﬁxaaoﬁmsﬁca(ﬂ%

e e er no Igh or

hybridi zing to polynucleotide as provi reln un erate,

very hi gignsiqanhgranesy) theteactiSitybr A lentitetd yadr. fragufiene thereof thitospedificallx Biadsotoat or y
Manual , ed. . Cold Sprin rhor |aborat or, 0. Press, NY, 2001); and/or
(c) the To1 § G PEIHL %@@u@ﬁﬁ&f‘?ﬁt @*ﬂéc&e%na%@wmsm HEpdueRPnRAYRY
sequencesdftBérey RAELIAEY5BHuIaR donRBitHHels hehRYG! anlidsyS q
described in (%5 or (blé. . ‘Ilzurther, tﬁe nstﬂécdlag?éc)gac?ﬁyrml efg%ﬁlg gﬁ‘gg"l@oﬁ’é‘

her dPn iantibedyete SESTTesdtar estamlation aumbuction ofosiplating patawyy.sequences,

provi ded the sequences otherwi se neet the criteria set forth herein. 47
Wthin the context of the present invention, high stringency neans standard
hybri di zaiopoRTIoN@R@RGTERNES (€.9., 5XSSPE, 0.5% SDS at 55-65 C, or the

equi val ent; 5xSSPE (IxSSPE = 180 nM sodi um chloride; 10 mM sodi um
phosphat e; 1 v EBPlpepsidey deycribsk bemsinaimdtuds thoM@H bimdinglfiroteinDaridrastoit arel = 2%

(W' v) bavi.n rum al.bum n,. 2% (w v) Fjcoll.,. 2% v . .

pol yvi ny an}’StF'o ?raoorpn%f;angh%dlﬁ %romts sof MFP%%‘?%W&’I"WSW&OS&P: hTR$h
st r i20ge ngfyrakcRotided Rhat @héode pgdsk %H'?thi'dé‘s the RS brikaliy S hatard 36hstiMi IR MThr
chloride, 15 mMtrisodiumcitrate) or in 0.5xSSPE at 55-60 C.).

Pol ynucl@othed @slyapeiendidey (@@sTWhery dppropoisieattedther protayen omileding pepiides and

lplr 2:):; Lg%&éehg@asﬁgitbag? %eng:fagecp {,}9 %q:io‘f’y%lllclggt%ls eahd tt}ixe?rs e%svhti\(')ers). Cg.ls Iuseldi kpe?eslﬁ, aand
nucleotide sequence is deemed to be “substantially similar” if (a) the nucleotide sequence is
derived from the coding region of the polynucleotides described herein and inclﬁdes, for
25  example, portions of the sequence or allelic variations of the sequences discussed above, or
alternatively, encodes a molecule that inhibits the binding of TGF-beta binding-protein to a
member of the TGF-beta family; (b)the polynucleotide is capable of hybridizing to
polynucleotide as provided herein under moderate, high or very high stringency (see Sambrook
et al., Molecular Cloning: A Laboratory Manual, 3nd ed., Cold Spring Harbor Laboratory
30 Press, NY, 2001); and/or (c) the polynucleotide sequences are degenerate with respect to codon
sequences for a particular amino acid of the polynucleotide sequences described in (a) or (b).

Further, the nucleic acid molecule disclosed herein includes both complementary and non-

complementary sequences, provided the sequences otherwise meet the criteria set forth herein.
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10 of techniques (see, e.g., Sanbrook, supra). For exanple, a

pol ynucl eoti de may be anplified fronchNA prepared from a suitable cell or
ti ssue. These pol ynucl eotides may be anplified by polynerase chain
reaction (PCR) using sequence specific prinmers that are designed on the
basi s q& ‘t.he se uence provi ded herein, and which may be purchased or
synt hesi ghyn %Icsﬂtﬁéq 8 Iﬂied%@senha‘}"e&%@ b@homenwmsnssﬁmm aybu @isidionr

genom ¢ LA | o e ecifiec 15 S.

Cener a1 e B SO S5 AR e e BERCeSBE GShER 150
exanpl e mMsoditimadhloride 56 mdd sddiem PROYKBIEAS Snd @I T @ﬂm t7}; 3% Defiharht’ @Ed?utl?ﬁage
Li brari e(m'}(h&@hMet hods i n Mol ecul ar Bi ol ogy, Vol. PCR Protocol s:

Cur r ent HRHS AppRrec d#Bnbovingy Fftre,im( ealbumin,p é@fe s(“Q‘Dl -Eilddl, ( RRave(wey)

Press, e &0 iq r..using isolate rel ated
genes are eégl8 h%&‘%éi 9‘¥0P Se/;;ﬂgﬁn k; Sﬂlza“clgsga"g? &dgg}érsgpgency are
4 i gonudimatliyderfndy inrn?5)$S€r(dx$$@ =Pp.=10yﬂm aé(ﬁm%ﬁlbﬂdé?%qwo&s&& Qi) EeNE

Fam |y Menbers in Methods in Ml ecul ar Biology, Vol 5: PCR Protocol s:
Curr ent M%B’Eﬁs &Y SASEF Coat i ons, White (ed.), pages 317 337 (Humana
Press, Inc. 1993) e bet rotein.cDNA or

TGF- bet a bi ndi ng- Po%'gﬁl%&g&eggcn%de" Sé)éﬁgrﬂlayc tPFé‘Bmdl%lqligc@fLéndard

met hods .libiMpies e ;:ellshﬁ al tﬁ@lﬁﬁﬂ:zﬂ isg@pleOfissobs, &Qelgﬁﬁkgnﬂng E% Ak N9 @
eta b| ndi ng-protein promoter or regulatory el errent can achi eved

u5| n@ f |techmIaues (seh et t PPt suprag u dtor exauiplest pdmmmtmh;is insay( ieamplified

gener al | )) altern nucl eot i de e coding a
TGF- bet aﬂ'bgl1 ﬁgﬁngﬁ %’ra(g%déi&%ﬁca%m@?e éien]b rnsﬁe%latéle 9?4??@@9%?%&% HrBpled %Ys

usi ng mpolyatdrase phainireugtibo lusia@ REGcBBE spREicAThet 18 i

sequence: descri bed herlel gg:(Ks)ee e Hgib@ Augﬁbel (169952)lt ﬁ?dﬁ%{(?g%té‘ t@@basst 9).

If PCR i% Herieayesnaesarededbescin. rad wtishomapioa purshesed besynttesized sPolymeldotidabas es

in | engt i ec. Biol. 21:1 31
1993 B A% D oPURBRS Cfithint, 0N o ssforaic MR dordids i Seisncirier

15" Ugeotes and epriftedry MiGeasial Hettiods Ferasdreering %rahaebmw m@oga%wdwe& tigyO @orof
48 Synt heti c nes," in Methods in Ml ecul ar Biol ogy

Pr ot 0col°%2mPlsy Y8Rt ale Wen st thenBolmmsrase é@ha@haeaomn tte S(:@dn )Phagﬂib-dsaﬁeﬁg i#68,
H i\ Sl h 4: 299,
(Humana APsesS . in! MG cu]z9,9§ ol i‘gm"‘% W §>r8‘tgcozs %&of Bﬁﬁﬂ i

1995). Nucl eic acid nol ecul encodi ng a variant* F%‘C‘Hfodf ei n

can be Whitthedi) regedd] IS2rSe@luinaga Presi, IS OB Mibrebved1edHntquld Rirdkin %Q’ON foh
pol ynucl. eQ t| d %%{ obes h%\éécglg nucl eotide sequences based upon SE

NO. 55- 57‘S° Ay relgiqd gepgs arg ed by dorgorampds, Reestosy d@edﬁDeeendm@hgmmdhetmu n.

TGF-Jpet be, . t ted
Lonhe s RO I AR HA RLERE . SCE RN, SRRt HRRAL L

encodes MoleqdiryBiopigydEohdyi ﬁ@R dProwesier Wﬁemmﬂpa%ﬂ‘gp BRDAS WHENd),
conpar e% g\éstéﬂ7 3@? (ﬁlrlnmgx?a ?ress Inc. 1993).

. The sequence of a TGF-beta binding-protein cDNA or TGF-beta binding-protein

genomic fragment can be determined uSing standard methods. Moreover, the identification of

25  genomic fragments containing a TGF-beta binding-protein promoter- or regulatory element can

be achieved using well-established techniques, such as deletion analysis (see, generally, Ausubel
(1995)).

As an alternative, a polynucleotide encoding a TGF-beta binding-protein can be

obtained by synthesizing DNA molecules using mutually priming long oligonucleotides and the

30 nucleotide sequences described herein (see, e.g., Ausubel (1995) at pages 8-8 to 8-9). IfPCR is

incorporated into the method DNA molecules at least two kilobases in length can be synthesized

(Adang et al., Plant Molec. Biol. 2/:1131, 1993; Bambot et al., PCR Methods and Applications

2:266, 1993; Dillon et al., “Use of the Polymerase Chain Reaction for the Rapid Construction of
48



10 sequence of SEQ ID NGs: 1, 20, 58, 60, 62, 64, 66, 68, or 70. That is,
variants can be obtained that contain one or nore am no acid substitutions
of SEQ ID NGs: 1, 20, 58, 60, 62, 64, 66, 68, or 70, in which an al kyl
amno acid is substituted for an alkyl amno acid in a TG beta bi ndi ng-
protein gn no. i d,sequence;. caromatic amino acjd s substituted for an
ar omat | cgmc_ﬁl&q%efsd " etgo‘%(‘:ff?goéfcé‘?%iéiﬂﬁ’!&b-’ﬁ’tl-opé%@d%ﬁol‘ﬂfoﬁéﬁﬂ"@éhﬂéﬁé@; a
Sul f ur- Canit AhglicabraMe 6 Xl phées b8 RS itk 8 brLal 12, §4030 Ut GARLIRA"L 19
amno acid in a TG--beta bi'nding-protein amno aci sequence; a

hydr oxy- BERtMdtkmds dppin¥299,48P%. i s substituted for a hydroxy-containing am no
acid in a TG+ beét\ﬁ1 ‘Pi. ndi.ﬁgr-ngr otein am no acid sequence; an acidic am no
acid is substitutedfr g IEFHEsC ensorms 4 epantnI Y -petarbipding-protein can be

bi ndi Ng- Bhrgh&d By 38FedhPCirthus EBYENGE; lbfarfall thcleStiaS UREEd fked for
a basic am no a)(l:i din gg TG-- bet a bfe%g?)r?gggfrbgatr%?r?q g’nfb ﬁ%g‘éke?ad%g‘%ﬁésnéaev;‘%r a
20 di bashuclentide cequsnces| basedanpor SEQ dDI NG&6HST,i sUt 61 61r6n 64, bagi 69, using

nonocar boxyl j ¢ am n id.in TGF- bet.a bi ndi ng-protein amno acid
sequenc eProg\?ffb‘ﬁ“j ‘{Qﬁ“é"%égﬁ‘l“rfﬁﬁ“ a rqudb%{% ibirding-protes pRjyMEcleqfidg orasiants Lan \adsoabd no
acid subsisirhditd bcalil | ' ' 0Rg. am No. aci ds

w thin each of %%gmf'%ﬁa?lgwyﬁg%g%’@%a?sﬁ? @1(: %UERS[{ @%%é[ﬁ'g?@a %en?e%'eg,ng%/%alt ﬁ%ff’ges a

| euci ne, pelymtptido heving Recopsmvetivel antinalakidl clghge! vhen tbiphried Gvigth tif &t8in6 NRid) ;

(2) enyl al ani rosine nd _tryptophan (aromatic side chain) (3).

seni he a eﬂuellcﬁl"ggﬁghé ]\?(ﬁ%}r 39’358’ 69{%;)6%%%6&%79) Thatgy, vasipets can ke ehieined

gl ut amat gal EHRPEM drGn@E labhi K&G N2 0] Wk

aspar agi nes (am de grr oﬁp@éﬁ%ﬁ?@é@?%&r@ﬁgﬁgﬁ g)r?é }g‘) ?%is%ﬁhgg%‘;a?égpﬁl ne
and hi st Ptiihen which awallylouning adlé iscibstin)ted for amakdyhgmioabidss b TIGH-bEt Bifgingi t 1 S
i mportant_to V\,her@a@ossi ble, maintain the cystei ne backbone outlined in
Fi.gure 1PO50" EBHOAFPSEANADCE AN EOBAICATRIRG FGEds Fipstitsr fonpn promatie aminecasit by
subst i t uid RY TORWetL BlnddBSprbef eQldudf: "LGhig% ohfi of i SEQ 1D
NOs: 55-57, 59. 61, 63, -65, i, o EUC U, | SLIRG LB o g R

vari &nt ssubatituled fitaaiswléucofitainingx amjrice acidyinoh i POP-betaebibdidg-praléin ekia acid

mut agenesi s, lin e({-scanni.n mut agen(gsi S, hutagenesis usi.ng the pol ynerase
chain AFPELE T BYTORGPIHUNR AR TSR0 HEd &r%hydr%y-wg%@nsammw@- 22;
and VEPNGY 8 TGF(RAh dindifk pRAIA dmind ARG SRARAG: f bR ifiS i AP LRl o™ €5
1991)). The functional activity of such variants can be detefm ned uslng
st andar dagigicamiso agid ims JHYE-bete indimeproksn amimo Alid ecquandey £ |bgsic amiid hadlis

TGF- bet a_hi ndi ng=prqt ei n_pol ptid taips . the abjlity to specifically

bind to 5‘%9‘?8’%‘%%‘?? aagihy 8%%5@.‘“?9@?%%&% PEPEIOIEHE ATiBR I SCAMEREI € @i d
mol eg0ll egibadit mdodidxPhidTRiinb etk @hvbtiatéd R bldle hRBNEMNTic alfindadid! @' £
acid nol ecul e that encodes a TGF-beta binding-protein polypeptide. By way

of il | usTChthesnbindingsprotie eminoacidpeauegce.he nucl eoti de sequence of any one

of SEQ I D NGs: 55-5 59..61 63, 65, 67,.,0r.69 can be digested with Bal3l
nucl egs e to obtaij angong the” commoh amino adids, for example, a conServative amino ac?d

substitution is illustrated by a substitution among amino acids within each of the following

groups: (1) glycine, alanine, valine, leucine, and isoleucine (non-polar a lkyl g roup-containing

25  side chain); (2) phenylalanine, tyrosine, and tryptophan (aromatic side chain) (3) serine and
threonine (hydroxyl group side chain), (4) aspartate and glutamate (carboxylic acid group side
chain); (5) glutamine and asparagines (amide group-containing side chain) and (6) lysine,
arginine and histidine (amino group side chain). In making such substitutions, it is important to,
where possible, maintain the cysteine backbone outlined in Figure 1.

30 Conservative amino acid changes in SOST can be introduced by substituting
nucleotides for the nucleotides recited in any one of SEQ ID NOs: 55-57, 59, 61, 63, 65, 67, or
69. Such conservative amino acid variants can be obtained, for example, by oligonucleotide-

directed mutagenesis, linker-scanning mutagenesis, mutagenesis using the polymerase chain
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10 series of nested deletions. The fragnments are then inserted into
expression vectors in proper reading frane, and the expressed pol ypepti des
are isolated and tested for activity, or for the ability to bind

anti-TGF- beta binding-protein antibodies. One alternative to exonucl ease

digestiqn i.s to,use. ol igopuc|eotjde-directed nmutagenesis to introduce
del et | oREHP™Y E\Jec‘l%‘aéffg? ‘&“Lééiéﬁ #t pagsel 6d0ite §22 and MsBhereat (ed dgPizented

A Lt e AL AT e Rl ol AL AOS OO Gl

encodi ng pofl ynucl eot | esl zea’usi ng

react i orvan ba deteitinédositgostantany methods 4t s deicEBtDRREn IR Ative §,aNdaTa:

t echni quleéﬁgor fupctional analysis of proteins are described by, for
exanpl e, ! F 8 d{inqipe-Brotein \polYpepidsaFrtaime they abijinotol specificallp BindCtm ahitSQST al . |
"EXpsessinfifofdld prelimnary del etion analysis of the 42 kDa 2-5A

synt het ase i nduced by human interferon,."” in Biological Interferon Systens,

Proceedi ngs of 20Rbire déNGidubmialysg cfMukiicidi® dlecBlts taie p&aital o GBRin -
pages 65:.72 éﬁll\lij hof f 1987); Herschman, "The EGF Receptor,” in Control of

Ani mal  CArictignal| fagmens] 9 2 gegleic poidpmplecla that engpdes § AGE-Yetp hipdmgiBoteiro9

Academ ehER e i s 1o e Biol . 270: 29270, 1995;
I(:ukunangb (la)?’ al ., ii 3@4%@“@”’8&1 el;lgé%g%ﬂes %@g;ﬁwﬁ%ﬁg}weq@@%o_ anpPRchem
Phar macaif SECEID WP855-5799%;61a63] 65065 @k 68 caribe digBlt@ithBuBe nuBeRk to 30tk 2
19929 25 Theg}étrugture of the polypeptides encoded by the nucleic acid

u

mol eCul S§TCRsRssiep slglehiansei M hendipementy p e then duserted mte eapiessionayegtars amptapti on

product SeMfi e r e : function of  for._exanple, P/ C Gene
or Intel I#g%gng?litng’smgmé tgl gqg{kg%gﬁoﬁ%’eeﬁéé%%casrg rl1S(E’k7tt)eudnn?‘"e‘lji F?St\e?f?é% ac&gﬁ’f%r E?f g)e, or
accor di ragility tbhieindrenhi SOGF-demcbintiag-phyteiky irtibadids. DOOht tdlteafive to MbnucRa& -
157: 105-132.. 19822’-% Pol {‘)epti des may be prepared in the formof acidic or
basi ¢ 30MESSFPLIsdp eerrﬂQg ?1%H“dFt¢r‘1i?Fte‘¥ﬁ‘“§&¥HMSISdﬁ intragyre deletoins anstomcedonsi to

resi duespp® L fdreg j i 0 - ction. Furthernore ri ous
bt it oy s PegRh drEatited FHighht DA1Blnaf Y R HaER o TG ot
nuclléi c tandivg-petpimermesding hlyeicicofidecctn e Wiithddizded dstng heipblyRierdst!! SHARY
enhance o r. d ecrease the b iological activity of t he mutant o

r-wi | d- t'yFEp i‘bf‘@i“fﬂ“ tp a5y phythods disglosediyyrein, stapdard techmiques fforafynetional

t her eof anglvaisv$ : abi|.{ i t OST. specifig,

ant i body. Nygﬂfeogg{t?&gﬁrg%tgo geggﬁé?’;gﬁ&?{#’m@h{é‘gﬁe@i’2‘40(?%% ,e"‘fg?"eééﬂﬂllé’, t he
nucl eot i h93; Segisences!.cHExptessiprt el pradimnifdry Nitlaioh darRB/G14EHIT the NEY KYRAM ¥-5A
consi derab{% Q her derivatives of the proteins provided herein include
conj ugat ¥EWEHsE jpduced §¥ J’(“B}aﬁsm\‘m%wnot e Biglpgiedd Interigronp Sksyamsp Prebeedinghk  may
be apcongir-gved . Mdhe € S sics; of erdn Or .G m nal
fusion proteins thatgnginﬁé%gg%dﬁy?%m?’a%%? at(id')pu?%lg C%S'?llji(;ra]d\rug?ff léff),

i dent i f i Bers¢horanofTher BGEi Reseiton® ilUChirdPatf eintmNCel AP fhijer ardok, V6EE, Bb$fon EOPP

et al., _,Bio/ Technal 21204, 1988 ) Alternatively, fusion proteins such

as FLAG_(ar17 )(ef{_él%%els;@'%%gf‘ﬁﬁd%ﬁ%%@?%l%% I8k etidl aBioh (hemer7@:29248si st

in the | 0ol Fikuaadd @AL., LHELERERM7038991, 1995; Yamaguchi et al., Biochem. Pharmacol.
50:1295, 1995; and Meisel et al., Plant Molec. Biol. 30:1, 1996.

25 The structure of the polypeptides encoded by the nucleic acid molecules
described herein may be predicted from the primary translation products using the
hydrophobicity plot function of, for example, P/C Gene or Intelligenetics Suite (Intelligenetics,
Mountain View, California), or according to the methods described by Kyte and Doolittle (J.
Mol. Biol. 157:105-132, 1982). Polypeptides may be prepared in the form of acidic or basic

30 salts or in neutral form. In addition, individual amino acid residues may be modified by
oxidation or reduction. Furthermore, various substitutions, deletions, or additions may be made
to the amino acid or nucleic acid sequences, the net effect of which is to retain or further

enhance or d ecrease t he biological activity o f the mutant or-w ild-type protein. P referably, a
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10 analysis of the protein. Proteins described herein may be constructed
using a wide variety of techniques described herein. Further, nutations
may be introduced at particular loci by synthesizing oligonucleotides that
contain a nutant sequence that are flanked by restriction sites, enabling

ligatio agr native sequence. Followng.ljgation. the

resul ti ﬁgg?e‘%é%g’%ggﬁ;‘%r&g%%ﬁéﬁ@gs &h Qghaélcﬁg?t?lﬁ'é’ttf’%é“dh‘&\ﬂ %@ST [§BeCHeSs i r ed
ani no aetibodns EMbiedler, GBI degbiediby B tHE! @ﬁétf&ncodeﬁb‘lféreéfﬁ?ﬁﬂl%/ € pucleatide

ol i gonucl eoti de-directed site-specific (or segment specificy ut agenesi s
pr ocedufEyenFsy enrediag theospmg aminmacad sedaence mhy eargdomsideyabl| eot i de havi ng
particul ar codonéthzg} td(gr.eacgi gscc?rtgi ng to the substitution, deletion, or
insertion. Exenplary nethods & ?‘rﬂ’%?tﬁg‘st PR vides chezgin dpelude coriggates abdhe are

di sc$ osprbtddys With @eter @totéths of des1 3Tnisl A8 b @@oﬁ lgl% D

37:73, 1985); Craik ?Bi oTech%lgﬁegg! esJanuiatsr y%é%g -hf ,’?‘grmg{aﬁlpéefe%ﬁbe

( Genet i @yntiEsgiof determigal erG-trompriab Bismn privisinsatia, ma} eraddeProcfasilital i ficagerd
Sanbr ook, al rﬂ{g'catqgnUpo:fa@' i Del eti 33 or_truncation derivatives of proteins
(e.g., a sorublrd BT alBFH dPesditi drftehayNal é85be4].c oerstalent Hapbyetabi ng
conveni BRYTcRRGIbES 161204 ENILINICLARER PN E St tQichn | &legt 1 on.
Subsequent to restriction, o)\J/er hangs mtay; bgg# ia;frﬁfélﬁ 5 %cgn% ?E‘%‘cﬁﬁ&%&a

rel i gat BAdingspseiginamey 28 ¢anstreddes] of ordeki togassise imlthee idehti fdiSion Cxgr&kioh, akpve
are,dis Sanbrook et al. (Ml ecular doning: A Laboratory Manual,
3d g it gsd‘ggpr(?%rg{gb%r bor Laboratory Press (2001)). Mitations that are
made in the nucl ePotety dbstiYed hefeRSmRY BkaloRlthyetdd - reading frame of -
t he codi ng sequences. Furthernpree,mt e m?t at | (t)ér?s W %ls’b&reg?agretggqq.lfe%g{quﬁsr eate
conpl endFEPS perginonSurthert mwiasions maeys bei ingddwed| d puytivuiadi leel by sphtaeuas:

seconda . ructures. such as | oops or hairpins, which would
adverse%ga 5?:?(%9 rtggr%s CHP R “B‘F“?ﬁ%‘l%?h ars, fardeed DymgstEciomsitast enahling be

pr edet efigationdio frignentsof tHBQRESS dghehdaat thswrﬁgt R £f tnk *}gsur LA RMRE Se
be predeterm ned. For exanple, in order to selecC Por opt 1 mim
chafact 8fquenGeEsCasies a dgrivative hawingithg idesiredsirhiap acidrinkertion SbgEIEsH, 5r dEMtide

conducted at the t codon and. t 51 expressed nutants screened for
gain, loss, or re%‘g‘!r;fﬁlg%‘ﬁe?%f oglig%rfugbeloggﬁf'dgﬁft@i fue-specifiey {9t i sagmpnt  spgeifie) ons

may be imitapenkstasiociiuied ay®dleaipldye€ o ﬁiﬁbvﬁé%hﬂl%feﬁid%grnﬁéli:??d%%ﬁl/iﬂg%Lﬁi@&lar

containing a nutant sequence, flanked by restriction sites enablfing

| i gati ofR° °(§‘Sf‘1“§fj’ﬁe4ﬁ‘-t3%fd§1‘g tohthe nabstitetions edpliesione or Fidektinni ngxémplatyl mbthoddef

resul ti uence engodes rivative _having 5 the desired
B BI00 Al dHibhe S S IS o TS a b ble ial NoPee 4t Htucimes

am no a I'nserti-on, Substi

t ha0 enevale(Geieai 213)51985); A8k NBRAR Miniduse Mriual, 1585, Qbﬁghbﬁn&@@%.r 5Shle
usi ng techni ques such as polynerase chain reaction (PCR) nutagenesis,
chem cal BHEdd®n e SITEciss andvfeshodsnBleriumBriisnst981IRNAE S@Bbradi0 2t A4Q6prd)986) ,
forced i } AL, Li and W CGene 88:107- 111,
1990y PSRk fendhith ML AREELL AR @i ol BBt rerel lor BRPD 2 s 02

Genone B8orisfriieted by using convenient restriction endonuclease sites adjacent to the desired deletion.

Subsequent to restriction, overhangs may be filled in and the DNA religated. Exemplary

25 methods of making the alterations set forth above are disclosed by Sambrook et al. (Molecular
Cloning: A Laboratory Manual, 3d Ed., Cold Spring Harbor Laboratory Press (2001)).

Mutations that are made in the nucleic acid molecules preferably preserve the

reading frame of the coding sequences. Furthermore, the mutations will preferably not create

complementary regions that when transcribed could hybridize -to produce secondary mRNA

30  structures, such as loops or hairpins, which would adversely a ffect translation of the mRNA..

Although a mutation site may be predetermined, it is not necessary that the nature of the

mutation per se be predetermined. For example, in order to select for optimum characteristics of

mutants at a.given site, random mutagenesis may be conducted at the target codon and the
51 '



10 117, 1989). The present invention also provides for the manipul ati on and
expression of the polynucleotides provided herein and of pol ynucl eoti des
encodi ng the subject invention antibodies by culturing host cells
containing a vector capable of expressing such polynucleotides. An

expressi on vector refers to recombi nant nucleic acid construct that is 15°
capabl e SSPresfef Jnytants sengened Jor gy loss.oIr eetantior @f Hrademeah actyiy. v ddtemativilys be

conpose : ' [ ' synt.heti ¢ or NA- der i ved _
ri bonucﬁ%l?%tloé’gﬁg H‘Q tdﬁ%rg ag p%gfgn%f (rlla! %iE n>% e?‘ﬁlélgt&' °§“e°.%§’§,ﬁesag‘tﬁ{ﬂé&1m

chi mer a)muténtcéiyderipe) Yianket ent tedeiction GRBErarhbilhg KdB8A Sb ORSErhéntyTBARhe nBNA

pol ynucl eoti de prepared by transcribing an RNA nol ecul e, such as nmRNA
These veERYRES: of olevring Heatishdthe rrevlang megonstictaddequenpoenrades darivadvaskayingnce
encodi n ired 2A6S . [ ; rabl,y._are r.ably linked to suitable
trangcr 916% P%Srlé? or %ﬁ%é@é’?%ﬁgw{nﬁg‘%ﬂ %45 é??fonellg'ﬁ‘ﬁﬂf g.c’\ééﬂ?lf‘é"ﬁffse&?teeé’ﬁ?c&t ory
el enent spromins o tieepresedink emioh anayadldcbe/ clsrieed GRSy techighddBubtdadpsiiBéha |
fungal , viral, mamalian, -insect, or plant genes. Selection of appropriate
regul at dPpineleashan: @CRY mwageneRs chemicah autapsnesise(Drinkwates rand dflinedingt, FNAS

readi |y ace@aBlapgh Y, rdinary skill in the ar EX | es.

regul at ory e??r‘%gﬁ‘t %‘ﬁc | ﬁcggﬁgagoru%ﬁg#g%?"ﬁ;é fpgﬁ%ﬁofléggprlﬂ%ﬂ‘i %ﬁ%%ﬁ?ﬁ-&&' or
RNA pol yiiey &890)bomakienyd raighéy) fritagenit R BEEsnupliebiRa (HbAViTH &all O Gendhé 3212-

ri bosomal _binding sequence including a translation initiation signal.
Qoti]@nallllyg 1989 " vect or may include a pol yadenyl ati on sequence, one or nore
restriction sites, l. . r I sel ectabl.e.markers such

neomyci n phosphot rTah%?%%s"elg%Pgﬁg}lgS?cPﬁ% F%’ % ghseplﬁ%‘%lp‘élﬁté?%Préfggxp(’ﬁssmgr‘??ﬁ}?t her
mar ker s poimaolebtiddsherovided Walelht amhalfl polyfenatides @nesdidd@hd QabjesielidvesftRsen
and the 30 vg,ctor empl oyed, other genetic elenents such as an origin of
repl i cat305ROdISY Py | GHMANS paski eellacicontaining ra cyecion sapebls, ofnkEpressing, such
sequences, -k L.Ng al.nAuei bl | scription, and selectabl .
raror o, PuERlepladsnd an st vidfor okl ASLABE B, R G5BT o
Nucl B ¢ apalile nafl dieatting thdratpressiondef aewiredf profem. PIThE SVelfor dasE bk Reghpakaver may
be 52 readily expressed b%‘?‘a W de vari et1§ of prokaryotic and eukaryotic
host cel $9XYRbRIREIgIcH P E EPRA), aynthetie, (PR DRA-dep e tribgpueiein eacids RGN A), o raal |

I nsect, h fa0 r K M nsfecti.ng _su
cells to%ﬂg}rmg@g orh é?‘é’%%@?‘é”‘ﬁ%ﬁ" ?A Eﬂ%’f\ﬁ% )'i n'{]t% e Aéup %’f@‘slég&dg.l&%mﬁ@gkur a
et al., urdefStooded aemian NDNA péBAudERide Hirepuedtl B trakscribil &€ RNManblecdie alch SCI -

USA 75:19 -19i3, 1978; 5 Murray et al., U S. Patent No. 4,801, 542; Upshall
et al., A-pLRESH{VeRErs OF vepaas cohgrucisdhatingludes polynugjeatidesaquence peoding the

4, 7840 95QssirlX Sroin Bhef R 3095 Yz

Pat ent Nglr 4?6%%6,110?5? ﬂgﬁ(}j’sasrgr@re gdgtli?' et g?.tghélééiglg&%ﬁnﬁgfmA a]f)orng{ ory
Manual , Bgulatdy ele@mnt. Sprablagedidattryr eltrabms atayrbe dariesd froRDD Variétorof pbutds,
cells see

aka and. rtop, . Plant Physiol. 104:1067-1071, 1994; and.
Pas z k ows Bcluging a_cfcné, E_wréltl_rrsagxfr_x é@,’ 1nfg:§,2<3r_plant genes. Selection of appropriate
regulatory elements is dependent on the host cell chosen, and may be readily accomplished by

one of ordinary skill in the art. Examples of regulatory elements include a transcriptional

25  promoter and enhancer or RNA polymerase binding sequence, a transcriptional terminator, and a
ribosomal binding sequence including a translation initiation signal. Optionally, the vector may
include a polyadenylation sequence, one or more restriction sites, as well as one or more
selectable markers such as neomycin phosphotransferase or hygromycin phosphotransferase or
any other markers known in thé art. Additionally, depending on the host cell chosen and the

30  vector employed, other genetic elements such as an origin of replication, additional nucleic acid
restriction sites, enhancers, sequences conferring inducibility of transcription, and selectable
markers, may also be incorporated into the vectors described herein.

Nucleic acid molecules that encode any of the proteins described above may be
52



10 Bacterial host cells suitable for carrying out the present invention

I nclude E. coli BL21(DE3), BL21(DE3)pLysS, BL21(DE3)pLysE, DH1, DH4l, DH5,
DH51, DH5IF, DH5IMCR, DH OB, DH10BI p3, DH11S, C600, HB101, JMLO1, JMLO5,
JMLO9, JML10, K38, RRI, Y1088, Y1089, CSH18, ER1451, and ER1647 (see, for

Sunt 1 © B REL e VSRR kBl SRISIRE sRichs, dRBR) B
"Baci | | usanhalfanngeabbhotier, funi) v ifdedt)i orCplant cBIIAC IMERddsARP 1A rminS PV €'

(Ed.) (IRL Press 1985) 29 Sal nonel I a typhi nurium and various speciesS within
t he gendfasfeeng sudirsHat expreseioremy DO argveelldmaph i teatduer, e.gs lakirh eoal., many

oL et 03685l SROENGACHondTBUL, PRy 00 LR KR XA gl A

representative exa efial  hBst Cel

(Strat agﬁﬁk(iay deanal. lsapaz&iamof 2801,842; (Fehdip&tapl U ! Pﬁéﬂrﬁ& &'9@,@ 3\4§°If1£geﬁ etal,
pr ef er abl nprise a pronoter ‘that functions in the host cel one or

nor e selléét BﬁF’é N &8ty plicAxalrek ak.sU.-SaRateat Neck 399i246; Goedgleh endl, 1BH) Patatti on.

Repr ese | onmt, cIu the | act a enicjllinase), a
et ose NS P oPs AR salybrooRi Mot o R Btev5o8: Bty e, Colg 10
RNA pol ySpeing $earfyrAsbatory Btdddli mmeroraﬁlam celebde: CER8YAR! MarSp: ﬁ&’,h% sibP 90) .
the |anbda pronmoter (Elvin et al., Gene 87:123-126, 1990), 25t ty

pr onot erlO¢NPETAPH, 234; W@WSM% Bipreckr?4831302y1990)L : 155, 1983), and t he
tac ;opronot er (Ru 38

Addi t | t
i ncl'dde pronoters ca‘f)mtl)ﬁgst °8rfls ?“é@glﬁﬁ?rzﬁaﬁ‘a“{gﬁ’é‘?%)prﬁm %ﬁ%l%ggdn%or? coli”
pol ymer Blex (DESe BR ADE3JBLYEX, Ommmzaﬂmct BHIOPDAGE DiATbBfsL! HRidIPcA

heat shock, |acUV5, .tac, |pp-lacS lacZ promoters of E.” cdli,

pr onot erREGMER, RHIE, |DI§10Bc/we Ipﬁbl@@épg BBlthMthMi%pﬂd@Q‘Is InF1182K38, us,

Strepto t t of . bact el t he
bla pr o%gﬁno% 8, égzlglngd %45%8%% &y 185 <P %WBV@%WO@W%& yl
t ransf erBiskgg eazgax Rroalieniiy Pirése 199 DIV, @LBIBABR 1 HEYBSIL NIV AR Y0 Gnli 647707 -
Ind. Mcrobiol. 1:277, 1987, \Wtson et al., Ml ecul ar Biol ogy of the Gene,

4th 1Bd. (5$Sefr&nample Harin<Baglizy Cloging Mythms”ubecwzéczcawng (@LB&b)cal Approach,
Repr ese \V I i ncl ude ,var.i ous anti hi.otic
regl st ar:&clg%r{a(r%&% Pr§,% '1%15) g‘a%ﬁone”k nml(‘)rrmm ANV ETPYS; SRePERY ﬁmf’egeﬁﬁﬁes

Many pl aRseidisndmbis t&:bbﬁmjz&m iﬂd&ﬂ&ﬁi@ﬂd?o&ﬁts hgSwelL & Jnﬁnyaf)@er"\gicltenlﬁﬂgi@&es 'w‘%llt he
art, including anong others, pBR322 (see Bolivar et al

the pUC koMaSHi e ¢S sndingry skilbin ghe mﬂxwrquwlaelgxm@fmbmmx hmmu | n
Enzynol qggu&%%ggrﬁﬁaﬁs&%%g%ﬁﬂ Messi ng, Gene 19: 259- 268,

1982), an scrlpt ML3 (Stratagene, La

Jol 1280, Cal i f or ni a)Bact¥fidl sikprsgor vrgirs b@ﬁm&?bérﬁpﬁéé'atﬁ&h&ef' Hat RAELIHs M) tHRUt
the present invention include anong_ ot hers, Saccharoggces porn be,

Saccharorfﬁ? £ &l ety %‘P@eselqcﬁéiegElFFé‘P‘é[PPl whTksrsoend g bagteay n‘yglesofamhqﬂapil-ous
speci es ﬁépréé@ﬂa@@%‘%m’b‘é&eﬁﬂfuhé e é-%@ﬁﬂ@t(pe%mﬁnas’e) L lactody %rnotmolyé)r' system

(see Chang et al., Nature 275:615, 1978), the T7 RNA polymerase promoter (Studier et al.,
Meth. Enzymol. 185:60-89, 1990), the lambda promoter (Elvin et al..,- Gene 87:123-126, 1990),
25  the trp promoter (Nichols and Yanofsky, Meth. in Enzymology 101:155, 1983), and the tac
promoter (Russell et al., Gene 20:231, 1982). Additional promoters include promoters capable
of recognizing the T4, T3, Sp6 and T7 polymerases, the Pg and P, promoters of bacteriophage
lambda, the recA, heat shock, lacUV35, tac, Ipp-lacSpr, phoA, and lacZ promoters of E. coli,
promoters of B. subtilis, the promoters of the bacteriophages of Bacillus, Streptomyces
30  promoters, the inf promoter of bacteriophage lambda, the bla promoter of pBR322, and the CAT
promoter of the chloramphenicol acetyl transferase gene. Prokaryotic promoters have been
reviewed by Glick, J. Ind. Microbiol. 1:277, 1987, Watson et al., Molecular Biology of the

_ Gene, 4th Ed. (Benjamin Cummins 1987), and by Ausubel et al. (1995). Representative
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10 4,935, 349). Suitable expression vectors for yeast and fungi include,
anong ot hers, YCp50 (ATCC No. 37419) for yeast, and the anmdS cl oning
vector pV3 (Turnbull, Bio/Technology 7:169, 1989), YRp7 (Struhl et al.,
Proc. Natl. Acad. Sci. USA 76:1035-1039, 1978), YEpl3 (Broach et al., Gene
8:121-13 9) JDB249. and. pJDB219 (Beggs, Nature 275:104-108, 1978)
and deri \%%IF%%%% "?aﬁ‘gef%b‘fc.lmeVW g, resigianse smakers jeh jag the kenamywit wde

t K ’ | Wi ' : J...Biol. em
Do 12073 TS {ARRROORAED  Mlant piaBENE Subdhd £ Wil BhmiBl oo dets e v 150D 4.5,
1?8%/1) or lfalﬂtﬂoml inclfedi;xgirauge_gamlaergml_iﬁﬁz(ZY(@gmBoﬁ{raraft.aL,( ngeG)g{rgg,t i19r737ggngi I ring
(0] cro an] s or m S aender et_ al . eas. ), . , enum
‘New Yor ,[agTédézp,r{}%MPg],S’ R@?:H.lg,ﬂ?%% (see| iessing. Mett: i'!L@B@’)ngl@yamilzwﬁbf
efub pno i@’ i hacl t hos ri fr
usef ub pnogybes vidArmdMldngl GLAERDS HRE! A5 LAAS Rl ShoRSHIBeRe; gt

Aspergi |l us nidul ans glycolytic genes, c

et al., BUBScpt ML3A08Ba@0@9 2 kMBS alifdthiz)expr ession units may al so include
a transcriptional %erm’ ator. An exanple of a suitable termnator is the
adh3 termnator ( @thogy celis syspls for ommying put the piesepbimyentical insledd, or s,

the yeastmégEt Sthas,Wsh |y Enc sel ect abl e mar ker, whi ch may
be one of any nun%\(,amf Jg%z geﬁggj lpﬁg%ge%%%fz%mgcﬁyorﬁeﬁ”ﬁﬁfaepﬁg%&e%§ Pispiansr ch

a phenot Jhpreragpeny aad ivaticust pecinabl the Tgéﬂﬁﬁés@é@ﬂﬁss(l\&&(rb?n selieei 8dpa Bl afer I ed
cel [

sel ect abl rkers . are those that conpl ement host. auxot rophy, provide
ant i E‘,B ot i4§3?’§§ st S‘H@g,e BrPressien | eclarscor| yeps angt fungiz incindecirfiong athedspiy CpS0

sour ces, (Andci N§! rqach. e it i d. r otsteipn et al.,
Gene 8: 57, 1979)%291 ?dﬁlz’feé% ?’%‘f'ﬁ*ﬁh{m‘? t°1°é’%ﬂ.jg, "?&‘Bi %’Vf %T‘%“B‘?’r@f dio Techroloaye
el ect abl € 168r k¥9),i YBp1 I(Btretet gnBroc 30arhidedy. Sonf@ss 76109y fis0heoy§0Ep1 3
resi stan mor}1 teazs? cel | %’1' gﬁng %east cl oni ng vectors have been ‘desi gne
and are readr {\7/ v S5 B le - 1FRe LT NRIDB249 406 IRTBB2YP ((Begssclanver £37:506108) as
YI p5, YRp978)asd 8érvafkehnasofYRP17, YEp vectors such as YEpl3, and YCp
vectors such as YCpl9. One skilled in the art will appreciate that a w de

vari 8ty of suitablRrefemed gromatess fovaisé ablyeash Qﬁclu&‘lp@ﬁ‘ﬂft@§§lioﬁﬁ%%d§f i)gtf‘yg@g/%ilcj o

cells. TE hegi es for Lr‘?r}?_ffr&iﬁng fyggi are well known in t

and have®Begn doty ftieu’ Hi8r Gt dnte20T3y1 288091980 Wilker)and Hawasakn, & Mokl .
(Proc. Nappl GFenendh:415C434 7 o5 - 8). Yel,ton et al.. (Proc.
Nat | . Acag‘.b. Sci . USA 81 1?%?)193%?“%%8%§*3 aga’bﬁ&&%és%%‘f:ﬁ ?%Nﬁ{gu?e"“-s m Genetic

301: 167- £8gineerog3) Mithmorgeamionsyfoe Gemicals, Bodlheret bt ABEIEDPL 359) MedfNaldw

detect \ Yoy o RIS SRS D T LS on e
el 20 s o e oS5 by i oGRS oy
the art. PRBROIEY ightt gtahs EMBMLE GrR208342008 19850li | Theaexpoessibh SAs @iyt his by
preparat {filde a transcriptional terminator. An example of a suitable terminator is the adk3 terminator
(McKnight et al., supra, 1985).
As with bacterial vectors, the yeast vectors will generally include a selectable
25  marker, which may be one of any number of genes that exhibit a dominant phenotype for which
a phenotypic assay exists to enable transformants to be selected. Preferred selectable markers
are those that complement host cell auxotrophy, provide antibiotic resistance, or enable a cell to
utilize specific carbon sources, and include.leu2 (Broach et al., ibid.), ura3 (Botstein et al., Gene
8:17,1979), 0or his3 (Struhl et al., ibid.). Another suitable selectable m arker is the car gene,
30  which confers chioramphenicol resistance on yeast cells. Many yeast cloning vectors have been
designed and are readily available. These vectors include Ylp-based vectors such as YIp5, YRp
vectors such as YRp17, YEp vectors such as YEpl3, and YCp vectors such as YCp19. One

skilled ip the art will appreciate that a wide variety of suitable vectors are available for
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10 of spheroplasts of yeast with DNA (see Hinnen et al., PNAS USA 75:1929,

1978) or by treatnment with alkaline salts such as LiCl (see Itoh et al., J.
Bacteriol ogy 153:163, 1983). Transformation of fungi may al so be carried

out using pol yethylene glycol as described by Cullen et al.

(Bi o/ Te@h?y@&&gym%g‘g@@eusl%?)- Viral vectors include those that conprise a

pronoter that directs the expression of 15 an isolated nucleic acid

nol ecul e encodi ngTechtépies fod tpnabtreiing fum gilars ovellh@dwa owe litdathdmatakt 8ty Of

pr onot er be used within the context of the present invention,

i ncl udi r?és%ggdaefgéhﬂﬂaé?e’ ba?%?ﬁﬁﬁ 2’25‘}:)5 Hyjpmene tal \iPona Y atiTscadk Soy U SR764989-, G

orman et19af. th . a ' ; /O BLA S - Friend LV LTR;
S T e s M

adenoviral pronoter (Chno et i ence

phos Bhot30ari67-469s £943) onBhe péremjpanciethe hast @eDanMOorthifi oRARICHefLHOBE RO 20
et al., Hu Gen Theraﬁ). 5;:457- 463, 19942};@ Herpes TK pronoter (see, e.g.,
MEKN| ght“?“'glﬂ‘ﬂEﬂt Py 4besclectabie markgy mresgpioemthe expressipn vegiom 0Cheirt of ppatiotiar

( Benoi stho@landlselectit : . ; l.lothionein |Ila gene
enhancer/opragrmsf gcr; %@‘ﬁﬁiﬁ?‘é‘%‘%?’%ﬁ%ﬁﬁ@@@ 1:‘?3 & al., J Mlec.

Appl . Genet. 1:273Byotdca®2fpr themtassforiiion of yt4snmre alb e kRbRHRS Blosd §€5tdinary
gener al Isﬁ)}r@%chev rry, "Expression of Engineered Proteins in Manmali an

Cel | cul © ot Fprof*amplep Bansigrmaiien may be peadiy agsomplished eftherchyi prepargical and

et ab. (# A iy 1Canol )

cyt omegal _geile%%ps]&i?sg(mgéﬁésgt% étilg%hrl'{‘gﬁgr@{ cl)Ar%bgér!?l%aPn?@Bf Y Z§f %zf?ezg%\?f PY,Fe3mER i at e
| ate prvotioalkaline Ahltesuchts Lallyseedtop reodﬂa,w%i:teriab%ﬁpﬂelr&, 5083, &fankdemation

bact eri ophage T3 RNA pol ynerase pronoter, can be used to control TG+ beta
bi ndi ng- r%g%i Fay Al B?rfr”%seéi S usheneeivethyisne ebicplsag described fyoKualianottiat

pr onot eqﬂ&m&w%g}g%&xg@ eukaryotic pronoter (thou et al., Ml. Cell.
Biol. 30 10:4529, 1990; Kguf man et al., Nucl. Acids Res. 19:4485,1991).

W t hi n particul ar Mirapvestas inebhde thoselihavrinsprist aphndtet\RAireds tHeh@pREGEDEEr 1S
a tissue-speci f%g .Erogot r (see e.g., WO 91/02805; EP 0, 415, 735; and WO
90/ 3793618 %‘L‘P ¢t pcid mpleculesnending adesyad prottinas deserihed shevs fA widsramtyer s

i ncl ude Jro4sRbteSRES Hd GsND e atel et derived. grow

fact or be?’gé prom)tée:};r, bone irtr}f)h? P eo%éhﬁqggg%“etgeﬂbsﬁ%}ng% Bt }“CE%‘%??EHS?{%R ¢,

- grdn naerpremptessucea s MsgMapSLTR) R §VAER (eé.gaﬁxbrmm atpial Prod. ]\%Q,rﬂo ABLL S B4

addi tion,t t 1hove- not romoters, other viral-specific pronoters

(e.g., pgtér}a/i @Ffl}ﬁotﬁ?ﬂﬂ%‘q(# | 3lgRavgral praadem§ihag e Bbvécienss 3661781484,

ot hers s190k); afeoldyMnPpiIERE j e d ( . EB and..5 .

bacteri al , )f’ungally SPIS par af{aﬁ%fgra%%pgﬁ&%ai ari %ﬁg)%‘-"'s‘%”é%f riug pgér“gﬂ%f QFQCWy be

uti 120zect Bl Brde Geto Themget:45246]ekPh); Hapés TRIpromstet! ek, ndd, McKinidhe cted

wth a v:jl[ , %?t 4 a, funqgus, J rasite. Mammalian cells suitable for

carrying ouc’ t ’psf\;eéje?{f’mf’mg?ﬁ'j‘gﬁOieg’g?’lBEFE{’°‘%Yr@FF§”St6'tHe|N§“€D§?01@4Q19@é;_C)S,

oSt e0saraakshiokSA % b éaaané&ﬁpfﬁﬁd(er?%ﬁ&fa@'n?éélﬁwo%@ﬁl f‘g&%”(}%;mer”é?rﬁm' ' an
ude Arr

bone marrow stroma. Additional mammalian host cells 1 nc i can 'gi!'een

Molec. Appl. Genet. 1:273, 1982); mouse mammary tumor virus promoter (see, generally,
Etcheverry, “Expression of Engineered Proteins in Mammalian Cell Culture,” in Protein
25 Engineering: Principles and Practice, Cleland et al. (eds.), pages 163-181 (John Wiley & Sons,
Inc. 1996)); cytqmegalovirus immediate early promoter, and the cytomegalovirus immediate late
promoter. Altemnatively, a prokaryotic promoter, such as the bacteriophage T3 RNA polymerase
promoter, can be used to control TGF-beta binding-protein gene expression in mammalian cells if
the prokaryotic promoter is regulated by a eukaryotic promoter (Zhou et al., Mol Cell. Biol.

30 10:4529, 1990; Kaufman et al., Nucl. Acids Res. 19:4485,1991).
Within particularly preferred embodiments of the invention, the promoter is a
tissue-specific promoter (see e.g., WO 91/02805; EP 0,415,731; and WO 90/07936).

Representative examples of suitable tissue specific promoters include neural specific enolase
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10 nonkey kidney cells (Vero; ATCC CRL 1587), human enbryonic ki dney cells
(293-HEK; ATCC CRL 1573), baby hanster kidney cells (BHK-21; ATCC CRL
8544), canine kidney cells (MDCK; ATCC CCL 34), Chinese hanster ovary
cells (CHO KlI; ATCC CCL61), rat pituitary cells (GHL; ATCC CCL82), HelLa S3

cel | s (AfdhoteClpRatcldt, derivkd BRRAL TR0 o P = CC CRL 1548
SV40- t r ansf o??e?d m)tnke ki dney 'celfgét%écr%{ﬁgt; r’&#&%“&ﬁghﬁ%)p@ﬁﬁ‘ %ﬁ?ﬂ"ﬁé
%t‘ NKey
enbr yoni"imae piphal -giEmain-prafmsier, ATRPSERLprafmo k) and\EHRin Hhreor S5l a0 uMeet OF S

for usey | out, the present {nvention wll include a pronoter
capabl e tllcl) a ?% ééételg%&“{’%tgmt PSR SRSCHI BROMRtES (rreedregerizal qromDis. (itueingr r ed

pr onot ertisost M6led ABove, hlveld b BREE sScrpad ! h ers. Bone ific
promoters include the promoter for b%g‘gpéﬁ‘ﬁ%’?)gr“g?%g‘f“ﬁ’ Berees (R r for

ost eétcalbé‘FtﬁEial?]ﬁuﬂ?ﬂl ofpzrraitieteog,:mﬁhmml' > fpgrggeﬁfgmggamﬁabguﬁnmlih BRRAiodkEeear | y

pr onot er, I t al., . . - 85), cytonegal ovirus

i medi ataésg’%gﬁ%g%lr°dﬁﬁi"ért{m SR)&%?C A 3Bt yinysshastemafunges, onparasitebl . Cel | . Bi ol .

1: 854- 864, 1981), Lonein-1, adenovirus Ela.
IVMM_B\/aIH Rendsattabid For %agl' ?&t{}h? B

Cellular pronoters include the nouse 0 S 1VennaRRcde, 3G t er
et al ., ofres COft GHIO, aOS, dstEakarcBRa), K 54880 MG-6YKpihasstdob(88! HPRSh & - .

Pr oc. N%almq@:a . Sci. USA 81:7041-7045, 25 1983; Gant et al ., Nucleic

Aci ds Res. EAYEC BN sgAma, Afdigenal-mammebane host| esis dnclade Af@eh | green

33: 85- 9IonkOBRkiney Id3As h- R MM en at | ' upon
the | evel0 of9)8 expr ess%é’gggﬁ g&ki g@?ﬁg u}rMél{l: %rﬁllg@ﬁ 'Cg%qniey F?@Zﬁé%ﬁgg,pﬁ%c

P
t r ansf edRdd1578) brbxhaprsess sidoey sobls (BHE -2 A THGORT @544, Banthe3@dne) b RN, | Ce
sites I%ﬁ@e dﬁwea fromthe @srom)ter and upstream from t he DNA
sequence eneodi Mgt eSS PINHRE 0¥y cgts {$rHP & 1n AFICG REbA Bstat pirrimhecsile (GHRYA

DLl ce NICE CtmR2PHeDb S bARIATLOT UL D0 i dSu ity diTHIRAARULRE (950eS, A

| so ¢ ohtained i n the e Xpression v eétors nal
~ | ocat ed SY4@risnsiemrrdgnonking kiloeli cejls (EGSen ATCE GRI! F§585 bnd Phikih@ BnBryonic cells

A
pol yade b A0, S l.nclude the early or |ate pol yadenylation signals
fro?{ngsvzrgh?%gﬁf'«rg%@ms]éﬁ rp, ibid.),_the 56 polyadenylation signal from
the Adenovirus 5 MhBmifidh @RoaRthal e O)t/%ﬁlg. ornmone gene. term nator
(DeNoto.et al., Nucleic Ac?%s Res. %’p%%%s%% : %Bi@ﬂﬁfgseégﬁv@’é’?dﬂﬂ
vect or s Ifile 4 premgtee capahlsmfaliierting the alansceipdert oS £ GloABE BeneSHIDNS PhaGrred

Adenovi r.J ti.te | eader ocated between the pronoter and the RNA
splice ﬁ%‘%‘?& I#ch‘?%rvr“ gp(? ot ?’4@@“;%‘ PFomefensy dione spesHiceprogotsetnelndetde such

as the PrfbtenforBERY sialbXR6teHSIn@Mhe/ in e seguence
encgﬁi ng t he ade_novi_rlﬁgaﬁ?/A RNAS. SE‘? %%%eﬁg%?&e%@%nekég?%?’g Esa'ﬂdﬂéc the
n

obt edVPmsRloVBHEMmmegiates oearlye promotgr | (Btshatt ageale, Jelf Jai:3a.530al 1dsey,ni a) .

Vect or S C .Sl ng cl oned sequences can be introduced into
cul tur eg ngiﬁ%éﬁlguﬁ @{e};ﬁ){dﬁ%l ne PBW“E%%Q ,PTPOSE GSHbravaa £t ald Mok KistleBioi. on,

cal ci uml[#id864atl881), MMTV LTR, RSV LTR, metallothionein-1, adenovirus Ela. Cellular

promoters include the mouse metallothionein-1 promoter (Palmiter etal, U.S. Patent No.

4,579,821), a mouse V. promoter (Bergman et al., Proc. Natl. Acad. Sci. USA 87:7041-7045,

25  1983; Grant et al., Nucleic Acids Res._ 15:5496, 1987) and a mouse Vi promoter (Loh et al., Cell

33:85-93, 1983). The choice of promoter will depend, at least in part, .upon.thc level of
expression desired or the recipient cell line to be transfected. |

Such expression vectors may also contain a set of RNA splice sites located

downstream from the promoter and upstream from the DNA sequence encoding the peptide or

30 protein of interest. Preferred RNA splice sites may be obtained from adenovirus and/or

immunogiobulin genes. A lso contained in the e Xpression v ectors is a p olyadenylation signal

located downstream of the coding sequence of interest. Suitable polyadenylation signals include

the early or late polyadenylation signals from SV4O (Kaﬁfm.ah and Sharp, ibid.), the
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10 nmedi ated transfection (Wgler et al., Cell 14:725, 1978; Corsaro and
Pearson, Somatic Cell GCenetics 7:603, 1981; G aham and Van der Eb, Virol ogy
52: 456, 1973), electroporation (Neunmann et al., EMBO J. 1:841-845, 1982),
or DEAE-dextran nmedi ated transfection (Ausubel et al. (eds.), Current

Pr ot ocol.S . : i John W and Sops, Inc., NY, 1987);
retrovi rpgp’,aagwrt]@@?l ! f}a%hg{h%%q%fﬂ%tsvﬂgre@fﬁnﬁé’gitgﬁ Beman ZRWHhRMeRe Ese
Sanbr ookeretinabr. (Debibfprenl., Nifzidialieds REEC 19017198756 N4 S B exdtdQol Sedi@s Gl UP DY
nmuscul ar. cells or other suitable cells subsequent "to injection 1nto "he
nuscl e dRcludey pargeding virak leader saquents, sudto a5 therdddnpvived 2 srianit 1éwive loeed
stably t i t or. cont aini he cl oned DNA, a sel ectable
mar ker ib&%&%ﬁ@%ﬁxﬁg‘é{% %&r (t)}gu%lg ﬁpﬁff%s'feﬁe 68‘2%53 XFHRIG Td% Hse Hsluge sabageerc pna
of i At erseqiencdsl efiddr i thes 8VaA0t @dhfcelBI KQbrEssidn® tﬁl@@ By Gt j.an
cells include genes that confer reesi stgl?\csgl({nooerugs%lg)é&&) géﬁgﬁrgg%ééi n,
hygr ony &afoding dhradameyirusx e RNAs sBiitbieabkmressinnk ectomycanebanbeaindi frombl e

sel ecta ker Preferred anplifiable.sel ectable markers are the DHFR
gene an%lolg’ﬁe;@&%lesgurrrfgi(ﬁg?§§?§§§3ﬁ’c{éag"éﬁe.&a"&éf”é& abl e markers are reviewed by
Thilly (Manmmal i anvegabd con-Eﬁﬁ&Q%ﬂ%sing%lB&rdV\Emhsgil!‘lg{'néé h&h She ﬂr%\?cléﬁrﬂno

Massachusetts). Manmalian cells containing a suit e vector are allowed to
grow f orculfuisd magunadien cells by, fay, examplec hpdspme-rReditagds trafsechiegicalcrpplesphdig t he

DNA . i t. Dr Lection.is . th lied t lect f
or ouPh RREELP Yrared Bl PRARE oLl TPt FIOL CTYl? Cormavand Barhan. dompeIGell
f ashi on.Gémericsc@leds, 1981 drangn baRNVER afst Bt ?ﬁoM%} "5.2%69%*7%“ l2R{Ghoration,

e

sel ectabl e marker, the drug concentration nay increased’ in a ‘stepw se
manner tDCUBRRLE b OEMBRAGH d 848 B4 0 b3B2MOTHREA Bidetien medioted tramsbertion ¢Assubel

t her eby J per [ sion lLevels. | s expr.essin he i ntroduced 30
sequenceéé ggr(ge‘tﬂé’ePg'g%ég; rgt%ﬁolgé'r' or{%%‘?q‘ro&%k?%df?bg i‘gﬁebfg‘{ % stk 5387);

|t er estreirovifah s iralefdip6plad! fullbn ulbi dBPIrkftbcliGy flee Bl of Halsaali Ty
thesg c.riteria c an then be cloned and scaled up for productioni. “Nuffer ous
i nséct Mipked ¥eqtorcopsimai camalstbe taken wmby alusalleclisafathersiitdbletetihaibseqemnt

57 inventi: . Fo | acul oviruses, as vectors .for._expressing

het er ol 2%’6‘32‘“ lkgégﬁgﬁ‘é(g% OPianm‘“ﬁ%%lc@r c"itl“?lrsan )- biod "é‘&fy(%l? ithAl davepeeg |

Pesti c. sBbly tra@filvaldthé 1986) Jontdiias MR blogad Dﬂ%_aséé%ﬁmegﬁﬁmrqgggﬁepally
i ndi ng In

efficient nmeans to introduce cloned TG--beta b -protern enc g
pol ynucl'BBeduded intthg celisalens wish the gemripr aBN& efiipteest i Prefoned saecabie matkased

upon t hg Ay GRar nLga; ul tipl e nucl ear pol.yhedrosis virus
(Ac I\/N_PV)? \Aﬁé)gL@@g%[dgfnn vvealfh% %ﬁ(ﬁ)\%\‘ﬁn@uﬁl og%f%&?lﬁﬁf‘?r 5551%?’65 doryes t3shock
pr o26i n rehmyyyin? GypromyEincand AMtRGFXMIA AL feREMbRAMAAYE RA/ b0 ALY RESIDS]S
virus i di gt e-early Pgene ronoter (ie-1), and the del ayed early 39K
pr onot erSee5RRlS| BoTke s Fseiered ampliSiable sselectdble Dadeoplard thenDHER| gervi ambithe
pr onot erpeomibihaRkSiandeNSEG! Il s.include cell |ines derjved fro
| PLB- Sf _0261 L}al S%%)l Opdtee gﬁf r I%F:%tgﬁ am%{Jkﬁé are” reviewed Ly r‘lﬁully ?Mammallan (Fgll
: Technology, Butterworth Publishers, Stoneham, Massachusetts).

Mammalian cells containing a suitable vector are allowed to grow for a period of

25  time, typically 1-2 days, to begin expressing the DNA sequence(s) of interest. Drug selection is
then applied to select for growth of cells that are expressing the selectable marker in a stable
fashion. For cells that have been transfected with an amplifiable, selectable marker, the drug
concentration may be increased in a stepwise manner to select for increased copy number of the
cloned sequences, thereby increasing expression levels. Cells expressing the introduced

30 sequences are selected and screened for production of the protein of iﬁterest in the desired form
or at the desired level. Cells that satisfy these criteria can then be cloned and scaled up for

production.

Numerous insect host cells known in the art can also be useful within the present
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10 ovarian cell line, such as Sf9 (ATCC CRL 1711), SJ21AE, and Sf21
(I'nvitrogen Corporation; San D ego, CA), as well as Drosophila Schneider-2
cells. Established techniques for producing reconbinant proteins in

bacul ovirus systens are provided by Bailey et al., "Manipulation of
Bacul ovijqis;¥ec toh N ds in Ml ecyl ar” Bi ol ogy, Volunme 7: Gene
Tr ansf er g%3¥§§g{§“§&p%eh blﬂ\ﬁlt(l)‘{l'oc TSAS ViEthors r@?—iE{eﬁ‘“gﬁ%@é‘OE%—méé sequracedunEna

Press, |indnset9@M3 mabajealsel Al 4" P& LW £ | sskon system " in
DNA C oni ng 2: Expragssi on (Systngcr,rrrls, Zhé}}% I ??}3%1@&1%9%4\@?9(6) ' Zq}{er}tagégf")mfg
pages 209SSmAPTOOResO ] cliifiant mdany tPrigesiugd 2ined AGR:baE briAEprotdin RAGRESN L 6-
37 to 1%@ual@¥ti&?ﬂ€5€% tnceﬁled.s% hIiacul ovi.rus Expression Protocols (The
Hunena Press, 1nc. ?; Ahid St Shpressions Xegtoreare) bassdhuronsthe mutographa
Techiol awifdrnica muEpRI Audfet®i PEIGHddRGs RihulCi ngdpbragtice, deland et
al. (eds.), pages 133- 218 (Jgﬁg W ey vgh%ogﬁgyl\ﬁﬁ?\\é? %B@%)_on%n well Gaftoh

Al t er natRYBPYTs: such asdirataphidt Aeat shosit proesih She) €70kprowotet, Mirh@aphd cANSrHaN

al so be upef Bl A expressi n&ig?ol PUC| eotides, for exanple, Agrobacterium
rhi zogenes %[S# nkar Bt ar. m %‘g% Y. B ISaRFgHIOLT die- A1 anly thsadelayed Zprly 39K
Expr essipomytes thacilowan @oSRombtet, n 13t . protopl asts, .intact
pl ant tissues, or (i)_sol ap'?e B_I ant cBﬁﬁg%dﬁg?lglﬁ&ngﬁ%h&ggﬂxbpmﬁlﬂ%?ur$Wb"%£ﬁ ant
ti ssues M¥EFeheH Golisdmglude gell dinasmdbmvedbffot PILBeS AL 2 Sﬂaa@ﬁ@,quﬁﬁ%gér% pupal

I nt nedugy 0N _DNA | " J.n. 25 Methods in Plant | ecul ar
Bi ollggy%gﬁlgmg?%ﬁé%h rslléﬁho%‘c’y‘{,915 %Aﬁ‘ltgﬂ&g{“ ]aﬂl.l)’( AL, and SiHedn6trggeesCompR@tioRy ess,
1993) . \Wahiieget € SvarRANoBME SObnddie. PSS RLMKENLLON PRIt Do, Of the

present invention may be expressed in a transgenic ani na el | s
and sondFTERRRAD} Srogeing b baculoviyen eystanat arermrovided b Baileser &g ‘MakAiRiANGE t hat

IS operat] y i A onoter, effective for 30 the expression of the
gene. Alqstdg}r{ﬁg#vg{é g‘%% n?%ahé[%?’r‘f%gf" ?f@‘?‘f’ Bidemy lenads neene Feapsfee and

pr epar e Exphation Redt Miesilyr(ed 2 1$8(Th ﬁgﬁﬁP s .C :

trag§ger‘lj S rr; beOdSEkZpar.elc)i’( i)ﬁg’gg%alg?el?g (g?é(non- étjprrltgsﬁs’ ?nCT ?r%%lg’,%u‘ﬁ%cqtﬁh’i ng
m ce; rat'ge 'ﬁaﬁ-ﬁ%‘ilfué,exﬁﬁé‘é@} Syibge,, iydaW 4, Clanitg p)-gExpréssior SystemB! 2,8t Eakion,
Nat ur e : - , l,m te al ., Science 222:809-814, 1983, 58
Bri nst e?ilége@%?aﬁ@ﬁ% i) .gg%aztosszﬁééﬁfor‘g@f“.veﬁgﬁ 855 A205g: Avsabel (19995 at pagesd G-er
and Bri rigtterl6-Tebl RidibrB48{&H5 BatABH - 175, 38
5,087,571, 4,736, b66. S 387 gl 27570 pessiop Htdell (MRS pumadd 2eedt e,
Bri ef | y,1°8N: &3pHudapyn Tpesst Gell Exprshsiati Rechaotogy,di Eraeih Engineesnt: @rindipibe

t ' i at Pt d [ trol
Ceauoncan? PEALRTIN 8 FRBLPHIEL BalafEPotn Wiy S sdac adhel for exampl e

by R0cr oi nj ect i onAltemageiginmierads fiae Hd3i e&isest k%@hci' e by, R0t
anal ysi s g%} E”S@éf romtissue sanpl er;s. It is Sr e?erre l%ﬁ%t &t?%}ég%ﬁ]%é}sgablfced

DNA be i PrEgsinenplyrusleotidgsniariexample, dpmbarieneh rimogenast (Sifikar 2t f1agsed
on to thgescAN ' r g 1hk$sues speci fic expressi on may be achieved
t hr ough the tng%oa gP tlﬁg‘gt:%g-’ %%@u %"81%61??}}16’?%?55 GP Ay Brugodwred jate plentan
i nduci bipeotpplastp irtact planiclisses, drhisolsred plahtOdells O GRh&tald8 8 ods of culturing plant tissues

are provided, for example, by Miki et al., “Procedures for Introducing Foreign DNA into Plants,” in

25  Methods in Plant M olecular B iology and B iotechnology, Glick et al (eds.), pages 6 7-88 (CR!
Press, 1993). '
Within related embodiments of the present invention, proteins of the present
invention may be expressed in a transgenic animal whose germ cells and somatic cells contain a
gene that encodes the desired protein and that is operatively linked to a promoter effective for
30  the expression of the gene. Alternatively, in a similar manner, transgenic animals may be
prepared that lack the desired gene (e.g., “knock-out” mice). Such transgenics may be prepared
in a variety of non-human animals, including mice, rats, rabbits, sheep, dogs, goats, and pigs

(see Hammer et al., Nature 315:680-683, 1985, Palmiter et al., Science 222:809-814, 1983,
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10 pronoter (Palmter et al., 1983, supra), which allows regul ated
expression of the transgene. Proteins can be isolated by, anong ot her
met hods, culturing suitable host and vector systems to produce the
reconbi nant translation products of the present invention. ' Supernatants

wht oh ¢ e ety D59 Qa PLAPSd LBY, SV PRG T0ts, Hanet o Briasien, ol

t r eat ed MByPp433¢5r 1985 yand U Bukaténit dlat.i Q17 SIER3D5 VSR ANT QAST36/B66) $1887 142 issphabe the

desired 5%@&2# ns. ]&r %?angl.e the supernatant may be first = conCentrated

usi ng c a‘?nfiyf vaorhbPECth: 3B ExpreROR Eestoraincludingid nusisic asidaholesulen

Concant 1ot besoed REker Bl apAthrtilf Bt S BftstiBh ool ot intraceed on

et Px dule Ipromuicien of féiilzelyeogn ot ¥xarkpl, B AiTBlojectioft P&k blafior OF hO fecgound
0 a sui e suppQrt. ernatively, anion or cation exchange resrns or

si ze- eng i‘f)'rii%?gg )fil’l%sanﬁlé{VS 1E @K‘ﬁl &pay tisseeosagipiest oltpisr prfegertddethpr dicei n.

1 qui o ChiRlie DRAR, R apofhf ifto tiCkdim (6§68 SBART 5o faf Rl pesshonty tene

pr ot ei n.ani@takie progenfio dRisst-spevificatipigisiol EmBY B GlcMievey thirdien e SR lori NYERLT ON

r

are wel | g{mwn in the art. The puri_tc%/ of an isolated protein o
pol ypeptPEHRIGMBLET. 9& thepyghiibe)ussyot apandupyidtsprametey siush fotht avealldtyiowpassi e

bl ugost akdmdie (Phiniiér Sid vV st.alni ner met hods for expressing and
recover?ng for(gi gn p?tc?ltl'é?%&b%@mtwggt%éﬁ%%m iCARFeEn ofdhs ransesne. pr ovi ded

by, for exanple, Hotdievemrbe isolEedtys anohg GthdenSReR! &unRt Quilt)s okt
Manmal i an tCeI | Culture,” in Protein Engineering: Principlés an Iyr acti ce,
d el and “&7°T §YSteR% & Produse Jbs racembmant dxanslptien praducts 1Ok . presenn davehtion.

t echni q@@Serhfin VeI ' - a bacterial systemis
provi ded %ey, f(§§ ﬁgiﬁ’aﬁﬁ’;@ llgn?%;%hgﬁggéﬁqggl al? f%dlﬁ]rqrfwtl?i& Fls Bemovhich the

pr oduce@rqiintienos sderated Mto thel supembiast, ‘cah théANDBe @b 'Bg 2y ro‘?sfﬁlhﬁgation
Syst1 ns Znéi Editi Bn, .G over et al. geds. , pages 59-92 (Oxfor niversity
Pres? 18WSyIUresinGIAcrIAdspliste theodesiredoprotaing | Ber exgmpisc thebiupembtapr piagibagirtr om a
bacul ovichiten®Hsd BShAESM: ' i chardson (ed: Bacul ovi rus
Expressico_n. Pr ot oc;olég (Tﬂlgl%&lrl}kégglag% ss?el}?ﬁ%rfc,enﬁ%’gg)[%uegsgs T FehBHEOM Y, a
TGF- bet Mibipatti Pejligmotigafitratam dnéx. iFetibetrgdcdyerfiator ahdcont&flii RUGDe applfell as
af fini ty, chr tO%E%Ph'\é’ si ze excl usion chromat ography, ion exchan%
chr omat og?éﬁﬁé}’?e PP Ecatgn N3 suqhies annadinityomatrixy ori exainples aj spedifis -astedy
bi ndi ng-bpird B 4 suitadR! AbbSHR AE 1 ' he devised by .t hose of
skill in the ar = Egarrpl e, ngﬁﬁl}:"?@%g?gﬁgﬂbﬁxﬁl&al“ﬁ@-rfﬁ“lft%‘?/ﬂzeé?ﬁc"ﬁﬁai es,
obt #0nedpagrices amyrtelsalonedan ndec wrpuify tiseproten. i A0h Fiirthet ali@RafaBhd bi BSre Of
protein L unagaf.finit urification. Purification of antibodies of the
present e %&&“%ﬂ RO g AR 2 BPrHP IS TRDs ABIYEbe IABE tofuttBer A
g g][ e(}::) ;g?ilugfz tabphotkin. D fHe} Methols Of i s8Af} ttﬂ:af) rotdls P& h& Pidsy aitme/gnt}o% ave well

y .

known in the art. The purity of an isolated protein or polypeptide may be determined by SDS-

PAGE analysis followed by Coomassie blue staining or by silver staining,
25 General methods for expressing and recovering foreign protein produced by a

mammalian cell system is provided by, for example, Etcheverry, “Expression of Engineered
Proteins in Mammalian Cell Culture,” in Protein Engineering: Principles and Practice, Cleland et
al. (eds.), pages 163 (Wiley-Liss, Inc. 1996). Standard techniques for recovering protein produced
by a bacterial system is provided by, for example, Grisshammer er al., “Purification of over-
30  produced proteins from E. coli cells,” in DNA Cloning 2: Expression Systems, 2nd Edition,
Glover er al. (eds.), pages 59-92 (Oxford University Press 1995). Established methods for
isolating recombinant proteins from a baculovirus system are described by Ri;:hardson (ed.),

Baculovirus Expression Protocols (The Humana Press, Inc., 1995).
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(i ncluding an anti body or fragnment thereof) or a polynucl eotide to produce
a nol ecul e useful for diagnosis. Exanples of detectable |abels include
chel ators, photoactive agents, radioisotopes, fluorescent agents,

par amagnetic i ons, enzynmes, and other marker noieties. A TG binding

protein or an ant,hbody th S iLfically binds to the TGF binding protein
or candi date nol el\élﬁﬁeeée’i q@esﬁf@ﬂﬂabb@nwtg@ Fatbicedsoldtedh by diandaed y of

conpounekghnifedsUgichdas @it XArha Oresc, : |l ecul es., taoxins,. and
radi onuc| i des. Repr esentn:al?i ve exg%%)é 5 sgzg e?‘?h%lrogs% PPAtQBTRIY, 198 XFhangge
f I uor esE&PmatoBPaY bIPLCprand dhesikes uakdiasng hyeaasns i ITGE-bEe dAHdiARprofgx as
red, angSOLaﬁﬁrilLr?d’ asg,. " Recprgsgnt.ati ve exanpl es of toxins include ricin,
abrin di pRt hefT e TokFHPn @R 4F 8FYseddy those 9b slaiimthe ago Fopesampletant{TGH-beta
pr ot ®i nbinkdfrgtirétein AntiBediés2 obt@ba - n exot oxi n. A., Representative
20 exanpl es goq‘ radi onucl | des T nel g%fgn%%mﬁaagg’iusﬁi?%@f’mé lpreg quangieyy7 T
c-99m RAPEEH bybthmurosffinity pidficatibn.1 P ficktid25¢ antibd@és oG bRBent BRed@fRvare
Au- 198, -AL- 199 .PB- 203, At-211, Pb-212 and Bi-212. In addition, the
anti bodr E9°H¥EEIRBEFHhove my al so be | abel ed or conjugated to one
partner of a ligand binding pair. Representative exanples include
avidin-biotin, streptavidin- biotin, and riboflavin-riboflavin binding
pr ot ei nDEPEBCTIRBLRABELS or conj ugating or | abeling the nol ecul es descri bed
hergin with the O‘%?gr eslgln(th%t L.ve | abel s set forth above may be readily
acconpl i shed by etaRye dgoshisy2 @Rlepyle priatpmdhatgan be senjugated ot pelvmptde
Ant i bodyinéladihg g hnfibolly S RGN theN stidanp Lody Conj ugate, . U. S.
Patent No. 5, g1106, 95%1;&1)y Fi uo%i)geni c mef’g}i%ﬁpgééﬁl CE% req%lu%%)aﬂé’ieﬁﬁlf&ﬁ@él,fou S.
Pat ent figgnosss; OBemgies; of\etestabRaldban include ehdlabs) @Hotﬁ’ad’tﬁfbﬁﬂéaeﬁg,frﬁdioi@gtbﬁé}ﬂog s
and Thehg&&ceﬁ{ aoanis o atent N o. 30 4,897,255 and Metal Radionuclide
Chel ating Corpothias POFMPERSHIOIR: ER7Mas:i 389 gheianarker moistigs. PaTGRtbinding
4, 988, 4Pfeicis 6farPdntiBody B spedYBLA] z , . 34 .éfi ni
Techni ques, Enzyne Purifi Cat | ongd%%drs?o gﬂ Jaﬁg‘g@/%gr?ggw %Ihd&ﬁ‘ﬁ %%@Pge?é“‘es
Acatfeni despribaiaboremay WolakslepwitB @, vai@y 4f cammualsacMéinghak eRdith1 88N Bfescent NE
Avi di n- 'ope%i n oxr‘rl%l exc*ﬁiﬁq. Bizg nal éti cal 60 Applications," Anal. Biochem
171: 1- 32, §1§§3). h T hiRaeR ﬁeﬁng PRECSERBUV AR LSS 1of Horesesmpmplstiies inglude
ant i bodfluorsstein, @ayaBilAptoteidsSrndie b 'QQJF',@Q p i n.artibody, ar, an anti body
fragnent thereof, and g det e_gt abl eplpgbe ) Efr{g?)er aBieyr}%ﬁ%@s‘ Igﬁ’t?[%oléﬁ‘ ety of
the i nREPIEHIEIYe sxampiescaf| thxipa incjudeiricits abrin diphtieeig neitie, eoldrd®RinMgtBnihhe
sane or ' gFeduced 5. bipdi affini{y after conjugation as before
conj uga?%%géﬁ%@ﬁwlﬁﬁgfﬁ PRENZIINSSepdemaenas sy Qlexin Ao Regprescatative
i nV2ht i exangdlescofiradivhilfidesinéRidk e TGEAT i ] sSImgiely

“‘ B T (ot 2 p R PR TRS 05 R o

conpri sing _one. of the above-described nol ecul’es that
t he 1o1Q%h-ﬂ&,a{-lt%ﬁnldwgl-;bsbtl@-w& Be-d 8898, ¢fu-19%c PE@B3pat-21 If, apizhy amd ong

with a gh .eal . si.ol agi.cal | y acceptabl e carrier, excipient,
o i | uBne 2 Ay MR, b Bl oy it 6o labeled or conigated to one

partner of a ligand binding pair. Representative examples include avidin-biotin, streptavidin-

biotin, and riboflavin-riboflavin binding protein.

25 Methods for conjugating or labeling the molecules described herein with the
representative labels set forth above may be readily accomplished by one of ordinary skill in the
art (see Trichothecene Antibody Conjugate, U.S. Patent No. 4,744,981; Antibody Conjugate,
U.S. Patent No. 5,106,951; Fluorogenic Materials and Labeling Techniques, U.S. Patent No.
4,018,884, Metal R adionuclide Labeled Proteins for D lagnosis and T herapy, U.S. Patent No.

30 4,897,255, and Metal Radionuclide Chelating Compounds for Improved Chelation Kinetics,
U.S. Patent No. 4,988,496; see also Inman, Methods In Enzymology, Vol. 34, Affinity
Techniques, Enzyme Purification: Part B, Jakoby and Wilchek (eds.), Academic Press, New

York, p. 30, 1974; see also Wilchek and Bayer, “The Avidin-Biotin Complex in Bioznalytical
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ordinary s kill i nthe art may be enployed i n the p harnmaceuti cal
conpositions o f t he p resent invention. Carriers for therapeutic use are
wel | known, and are described, for exanple, in Rem ngtons Pharnaceuti cal
Sci ences, Mack Publishing Co. (AR Gennaro ed. (1985)). 15 Cenerally, such
carrier ] d be n 1 C t oo eehpl S t.he dosages and concentrations
enpl oye(?.pﬁl(}}%oﬁ%r |/1n9P %’ﬁéﬁe%lr' efplgr' g? ?’orlﬁgé)' s lEWS%‘?"?‘I‘% %At SMRosIton

conbi ni agmptising ke agRIdY] Suchagent and-TEFb:{ %fnﬂinga%l%ie%i( aGBYS, SMED afifbody
ascor bi & acid, |ow nol ecul ar wej ‘ght (l ess than about 10 reésidues)

pol ypeptfeg@ent dheseodi mad apidgtsciableddabetar bBisfedatdy ethei motivatiyngnovetyt @ ethe

I : 11ASA | at i ts. h EDTA;, gl ut at hi ;
and ot napraicoififas Reed NG iR 6 18 el RED PaBlRF eid o ahend teleed | me

m xefl winidinpeiRfieGiflet Confifation ad fufre Rodjugatigixenpl ary dil uents.
Al ternatively, conpositions of the present invention may be fornulated as a
| yophilizate. In general, the type of carrier is selected based on the node

of adm %im&%m&%hwﬁégﬁfo%ti cal conpositions may be fornulated for any

appropriate nannef admnrstration, 25 including, for exanple, topical,
oral, nasal, intralheedhkbovestiediresePiivBRtion A4PhlolALAL _v%etg%'f ?H&nﬁ{a@éutical
adm ni stration, including subcutaneous, intravenous, intranuscular,

i nt rast SPTRAPSILGNS; FoRRTISEENeNPsOf thenahoyendascaibed orolécutes ahateinhibits bindirecdf e or

i nfygi o i.cal .conmpasitio . Q9. . f.or oral.  adm nistratjon or
del iVer 9%%;%?@@1?%%%@%3@& BETOR ?’fﬁ%‘* 5&@5’%? fa&_ﬂﬁ‘. Henedvit 2 gharmagpugieally; qr,
syrup, pagdiolbgiolly RoeptablOcarfitr, SSHIGRS bOMluen Abﬂkﬁiabf&faﬁi@%w ﬁ)aﬁlose of
conposi tion may. include, for 30 exanple, one or nore of the follow ng:

st eri | e oFlipyskidl igibea Bmagbe e mplayed i the p barmacsatical @ onpositionsart t hp pedsentabl y
physi ol qgj sal.l i r's. solution,, [ sotoni¢ sodiumchloride, fixed
oils t%g‘ieﬁﬁ%?} ?gﬁ/&gs zfidg tp%gp%ugcvlg‘ﬁtu%rw@u a4 aﬁ%g’ieiﬁ’ﬁ e‘gotgyé’fml%n‘é

gl ycol s Reglinge@isi Rharpiaofiyic8NSciefites C Madk! PAbIKRINgS @loV qALR; RAbdrbagt e{lb@%)).
agenés; antioxi dants; chelatijng agents; buffers such as 61 acetates,”

ci t tat eSBFrallhoRish SaBISTS, phpult A nENfoRIc toheecpings eivthet dashges camid ciohyentraddnsas

sodi um .gde A . r.ent.eral preparation can. be enclosed in
anpoul egmpgdlr}}seg'og ell-glf.lae!ﬂg;t?llg Si’geg’éf or H%rfnﬁ W ﬁ?"épdgﬁls? S \?1?'51153‘:%@51“51{“9@5’?83‘5%‘
pl ast i c.agdievithsimffefs; phiokidahe Guenis Sadrblttacids W BloRiiREweRROIAR thah RbER1AL! €

pharmaceutical conposition is preferably sterile. 5 The conpositions
descri b&tFHsSLiPALYRERAABS PIoHSHRE; adraidof aids yearbohydritase inshusing( imadose, glucose,

f or mul atg . : .effects a slow rel ease of
compound Tt cuicsaind FRREHL bebhs NIAEE RODL, Bleifonk; and i bR, e
pr eBar ecxcipient. WNehtrdl nouffer¢de chiitel ogalif dxb@édﬁiavﬁthsﬁ&{sﬁééiﬁw serifl alBRAIP LR
oral, rectal or_ subcutaneous inplantation, or by inplantation at the

~ desired $&"g %‘f 5. Afiematiyrby crmpeuensias tha presehinyeniiey may bt dmulatedasent
di sper seghdhitiAelO0 carrier matrix and/or contained within a reservoir
surrounded by a rate controlling nmenbrane. Carriers for use within such

formul ati ons are In goemipht itipecof cuterne\seidtied bhsed ddi B eg¥dR AR MR inistration.

Pharmaceutical compositions may be formulated for any appropriate manner of administration,

25  including, for example, topical, oral, nasal, intrathecal, rectal, vaginal, sublingual or parenteral
administration, including subcutaneous, intravenous, intramuscular, intrasterﬁal, Intracavernous,
intrameatal, or intraurethral injection or infusion. A pharmaceutical composition (e.g., for oral
administration or delivery by injection) may be in the form of a liquid (e.g., an elixir, syrup,
solution, emulsion or suspension). A liquid pharmaceutical composition may include, for

30  example, one or more of the following: sterile diluents such as water for injection, saline
solution, preferably physiological saline, Ringer’s solution, isotonic sodium chloride, fixed oils
that may serve as the solvent or suspending medium, polyethylene glycols, glycerin, propylene

glycol or other solvents; antibacterial agents; antioxidants; chelating agents; buffers such as
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preferably the fornulation provides a relatively constant |evel of active

conponent release. The anpunt of active conpound contained within a

sust ai ned rel ease fornul ati on depends upon the site of inplantation, the

rate and expected duration of release and the nature of the condition to 15

be treatggda.@L |ustrative carriers useful in this regard

i ncl ude m %roggﬁ?%é??ég&g? AtLSpo y"%‘i”};{%{qr e adiugimembef terusity weh pssediumtchlorifiait ex,

starch, orelekmbésaseA gigettéralnp ttdaCcdnl kE- o r gt .

del ayed-rel ease carriers include sf;pr ano?ngdt%?%rm gllng{j/lgécsf gdﬁéso?égab? EY{I%WH se

a non- |TYtpla dpsrdvgipmads ef glasser plastr. , The asostpHybiblogidalnaliye R GedRfrbd an®hn

ol i gosagghaks .Qptional.ly,. an external |ayer conprising an

anphi phi ﬁ:@%&ggﬁ%%rglﬁg%ungﬂéﬂmggmé%ﬁﬁB%egFfé’ibfypﬁt?PlE-see e.g., US. 20 Patent No.

5, 155, 254 and PCT Tappbhpetiicat destbeadh 7 04 and. 96/ 06638) .

In another illustrative enmbodi nent, blgfggleg?%g%%uﬁe&fgg%%g@\gg el e,

pol y| actiafoEmulatien, siohas| agapyuleor spompt aetde i tsCaEloiveiekade0sf doRSouBTROMWihPNS
f

of this amyrgiﬁaég%aghj%tgbl ?sit'bi odegr adabl e m crospheres are discl osed, for

exanple, In ) 190389y gEperally hgnrepppe: usigowel] nown SedidlpgPs:
5, 820, 888d adfindhded 63; fob el bthl, iadanane: o2pyVodi fied
hepatitis B core pr oge_ionecar rier s@%t?gégggogﬂ%ﬁgogg I%ég%t?ﬁ]%'éﬂr g?ﬁ G934,
and r efibihertssised: fargay sithe Bustainednielehsea Frmistions @fayl cohfain sRBYenfRARbESAL oS-
Anotjiger 1 WSt ERl LB, ccaFri r/delivery system egl oys a carrier conprising
particul ate-protern complexesy ihaAesEEvo syseungded by pisad contrellisg nieatbeare. No.
5, 928, 647amishf ety seeitER B A RrAkialicid UG BR 1ad 8sbhighed, cytofoxic T

| ynphocyte responses in a host. a30 I%%gﬁn@ﬁ?ﬁ Jlﬂ% T 3&8%53{}83%/5%%&,&

cal ci umPFeapdhe fempiatipmprovigees raatele npisayie thvelsof a@tive Bipoftint #8e£ONTHO! | ed
rel ease a.%hﬁﬂcfte i(,eo&mtlhoe ﬁoantOSi lons oft his invention. Exenplary calcium
phosphat'e par1i ol es greounf sontgiaed within a systapedsrelqase formulrdonedenendseurion the

appl i catsiteof MNepla®¥dp) ¢ r4té .and Sxgebicd R CeYbiegal | Lions comprising a
pol ynucl eoti de encodi ng an agnt)i(ﬂ-: §OSEIE%% ﬁé@%rﬂ?ﬁpﬂ(@oﬁﬂﬁpgﬁenﬁngﬁ%fo
(sudf t Patireaked proPrppented. d lustrativer cambes| wetefinl gnage Negdrs ind@RehAt:85hridlesShi U) -

t he pol | I de . .be ese ithin any of a variety of delivery

syst emwﬁﬁlgg\tm%t% g E%é’gg)mpe @?Wﬁgﬁ’ yﬁgﬁ’i Fiarchy celipdossy dextran @nd dhe dikayu cOéer

aci d, antusattecddiayed-rleis?| cafites PcRBEERL1aAbIEN | SYRLENS. Techni ques
orating DNA into such gxpresgi on 55‘;5?2"%8@?&&}5 |“ORWERN 2 °8™% hose

for incqr .
of ordi ﬂrgﬁyi hydrqnhiljcrcore: ée.gar 2 crogminkeipotpsacetiaside beoligoaiceRaridepand, bpa6saed,
for exangl | : Sci.ence 259: 1745-1749, 1993 and revi ewed by
Conen, - Bt 183eE B, anUBHE sRmRgpRd T ahesBhatmA freg . S
i ncr28as duitenyNo.oB1 5 1254t dnd PO AppReiendIWI 88120670 W0 R8RS i\ﬁ@ 9%“/(?‘5@3%)r

of” “sui e

efficiently transported into the cells. 10 The devel opnen
dosi ng and’ t r eat méhEnatksgiisiativesimbedimentt hiodegradableanitmepteeRiog, poBtate

descri b%l}’%ﬁ’c@faﬂa) | e aenY;ﬁ&}iegt % Qafm;[errs eRLEAt cong is{’cri%rrx]ss of it}Tigl ig\qei:nqi%n.e ' ili’tab(l)er al

biodegradable microspheres are disclosed, for example, in U.S. Patent Nos. 4,897,268:

5,075,109; 5,928,647, 5,811,128; 5,820,883; 5,853,763; 5,814,344, 5,407,609 and 5,942.252.

25  Modified hepatitis B core protein carrier systems, such as described in WO/99 40934, and
references cited therein, will also be useful for many applications. Another illustrative
carrier/delivery system employs a carrier comprising particulate-protein complexes, such as
those described in U.S. Patent No. 5,928,647, which are capable of inducing a class I-restricted
cytotoxic T lymphocyte responses in a host.

30 In another illustrative embodiment, calcium phosphate core particles are
employed a s carriers or as controlled release m atrices for the compositions o f t his i nvention.

Exemplary calcium phosphate particles are disclosed, for example, In published patent
application No. WO/0046147. )
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parenteral, intravenous, intranasal, and intramuscul ar adm ni stration and
formulation, is well known in the art, sonme of which are briefly discussed
bel ow for general purposes of illustration. In certain applications, the
phar maceuti cal conpositions disclosed herein may be 15 delivered via oral
adm ni stration toJ_an gni mal .. ﬁs such, these conpositions may be fornul ated
with an inert dil JShPPHPRAGPYIGMMReLlions comusistgapalynugleptidy encedingramantiay be

encl osedSORThatibbdyUnd/os Hdaukhsy | Le compressed
into tablets, or they may Behﬁén%ggggggg}t %&Fﬂ%ﬁbﬁi@ﬁ @Jewélpﬁgtﬁcg&ﬁ}aggé % ?Bt‘%e
di et. | ngererated in si), therpetyandedide mayidelprésentdeistin aby 6f 4 wuride) of@livERSystems

phar maceytical .20 c sitions. disclosed herein parenterally, )

i nt ravengﬁ%w to fhosg Q%E@Eﬂﬁr“%} Ingthe e nclnding ayeleict asih sandybacigrigk fviral and
appr osC hgsmAaBalV e&hlesdfdP Whidmo HR L rtisan, me o f which . are
further descri bed,bfesér e\fyabrrp e, i&rﬁﬂég.ﬂogg?%ﬁéorﬁ%g. D@%ﬁ@?l%’é? Py ssign
atent N 8ystednsGud woll nawmito thoss. of Bedimry siNQl. in the3R), ‘BESDNANMELELEbE "naked," as
enbodi nent s,.. sol.uti ons of the active coaggg)unds as free base or

phar macof GGiRe £3F exarmplst woYlmnes &) als SeigycerdShi 5749 1983 wad esviewsd b Cyher xed
ith a 25505364 a6M. | Lul ose. Di i |
i S eton s AR B A o 2

be prepared in glycerol, ene r eof
and in opite biddagredabie iskiads whichainskffitients, @inspértddage tRheklisuse, these

pr epggat i ons gener,ﬁ_lﬁlfyi w ||l contain a preservative to prevent the growh of
mi cr 6or gani sme. | | HsEFEiqpmenp ph sHiede tdosing ans satment aggimenisofori pjiegtthdl e
use incl gafcSiromoBsitiod BIYRRH el HtI QRS Olr dispersions and sterile
powder s Porct he ext Selrﬁ)or aneouksll Brr%glplgﬁae{{%?lgw J()fftgmg'lﬁ)ﬁélr TP lé‘gll"a'éllgé‘%'oqrﬁh i ons

or di spepyrntal, (ifitrvenstanasak endiSranRat 6o aii@inirad§ib add Rrmuldtiod! |s wagses
t he forn}qlrrust. sterile aH‘,\%I rru;t_ pe fluid to the extent that easy
syri ngabiTW8/ "l &t some pf which prejheiedly diseussedbriow foseenesaldiurmasessofghustration.

manuf acture and stgr-ag96napstiday Y | nst 3.t he contam pating
action of microor gani sns, B@hcgﬁ&{gsﬁgggt eri éﬁggld&%%ﬁélﬁpnﬁ‘ﬁﬁd%%&ﬁ@}n E‘é’ﬁg‘be a
sol véht delivdied per stabainmiesiratinncio nh ahifiah g Asfsaeh, @heasBbiEposiRhs tnay HefaRRlated

pol yol (e.g., .glycerol, opyl ene glycol, and |iquid polyethylene glycol,
and the F”i“ﬂ@}l,“c"?ﬁgf%} & }‘ff‘ﬁla{hta%?mtl"r?g’*r ghble campr.onr theyegay hpiercloderign herdgper
f1ui di tysdyhel&eBahRhgduRedr 1 he foa coating, such as 5
lecithin, by tﬁ% A nﬁgnénf:e g?n a? )ﬁ’gr@é‘g’ﬁs?ééd‘t“%a? Fl?'% ‘gr tg?%gla?'&?et"ﬁdé’r%oégtgd of

di sper si dwectlyayithrthpiood o theudsas. of surfactants. The prevention of the action
of m croorgani snms gan, be facilitated by various _antibacterial and

antifungal agent s, "f 5728k SHpIBsANGET A be esrablsutondeiiver phe rpharmagsutivat
aci d20 t bomipdsafon d%@ﬁséd“ehérizilﬁe-paféﬁte?ﬁﬂbf c‘iﬂt?‘:g'%nodsérbmiﬁ naqngﬁflﬁgr?f ergble to

i ncl ude i sotonic agents, for exanple, "sugars or diu orl}ae.orPr%'F%nged
absor pt i gvirap¢riteneally.np ach appreachesgresy ¢li lonewic ant Hees kil@dirisagd ordd@ B hivh drbe

use int CORPOsSi ti ons of ent.s. del ayi absor ption, for exanple,
al urmi num rmﬁrog S@%‘P%?t oram gé&f,‘ns aten¥wogs,543,15 ; US. Patent No. S,rtrSE‘rl,SlS and

U.S. Patent No. 5,399,363. In certain embodiments, solutions of the active compounds as free

~ base or pharmacologically acceptable salts may be prepared in water suitably mixed with a

25 surfactant, such as hydroxypropylcellulose. Dispersions may also be prepared in glycerol, liquid

polyethylene glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and

use, these preparations generally will contain a preservative to prevent the growth of
MICroorganisms. |

INlustrative pharmaceutical forms suitable for injectable use include sterile

30 aqueous solutions or dispersions and sterile powders for the extemporaneous preparation of

sterile injectable solutions or dispersions (for example, see U.S. Patent No. 5,466,468). In all

cases the form must be sterile and must be fluid to the extent that easy syringability exists. It

must be stable under the conditions of manufacture and storage and must be preserved against
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I n one enbodi ment, for parenteral adm nistration in an aqueous sol ution,
the solution should be suitably buffered if necessary and the liquid
diluent first rendered isotonic wth sufficient saline or glucose. These
particul ar aqueous solutions are especially suitable for 15 intravenous,

i ntranmusgul ar, suhcut aneous and intraperitoneal administration. In this
connect i 0f,COPEmialRg jclion O JYGOOrREISTA Tuskies besterizeanshfingyy e Bhercdrtieh@nkronn t o

t hose of sohednt lor dldpdrklsn ekiidnd chid] the present disclosure. For exanple,
one dosage may ber it']ssol ved in tgﬁgﬁg’gr ffxgrgf’(?hi“@? Mol polYPloK- gardlyesralner

added t oprepgéneglya, ahg iquidipoiyethytdns gfyctl, Ghddthe iRk ShieMiShikdies BEABL SRS gi te
of infusi O{égl (see _for [%a,rrpl e, Rem ngton's Pharnmaceutical Sciences, R th
ed., pp. " E5EBlerylsgProner Bdismgy be gmintamgsyfor exarnplei oy theruse of ageating duch as
necessar jebivhi ' .condi-tion of .the subject being treated.
Nbr eover , %f%l?, ﬁurr%tﬂﬁiaB mgl!r!\dl%g.f?g% ]l’.egﬁl,recdg?aétﬁ)%? ¢S Bhibegarg °Po‘$£p€&‘ﬂ“s"é‘d/°ﬁrb(¥fﬂéfr ably

meet. st ewseldftsyrfacmprso Jaapeaveytionastihd fitiod SNMEcborsaTiGhY cah Akt r}@} dig ds
as requi FDA O fice of Biologics standards. In another enbodi nent of

r by .
the i nveﬂﬁgﬁﬂ,gmtl 1784 agHpRegs peems far exampde danbensi phivrobuta@bl, Ipberfody sodiated, i N a

neutr al r A1 1 [ ar.mceutjcal |l y-accept.able salts
i ngl ude ?%%g%’i ga dlmt(%'o??gaﬁysc\é%fsgﬁn‘g éjr %ef%ée ¥9 é‘@?"é]%‘%‘"@? GEFKS, dPT t he

pr ot ei n) exanuplesugats arsadidmchivdided Plolongeditgamtien 8£iHdSnatiahle @&npgs‘i}fongém €,
hydrﬁ)chl Ol‘lé_.g %r tp{;ﬁgsphorl c acids, or such organic acids as " acetlic,

oxal 1%, PTQPeHt 3beut by Hisehsecin Hiecamppositiorse of 8gdnts; delayimgdabsbptiot, hfer fexaaple,

car bOXy|al%ﬁﬁB§m€ﬁd§tem§4eS‘;ﬂd%§1aﬂ§ri ved frominorgani c bases such as, for
exanpl e, sodium potassium  anmmoni um 30 calcium or ferric hydroxides, and

such organi ¢ basednase iesthodimpnt,afor parentetdl HRInMStAHOACH ahGleb Bfiutidy Qi Ne
and the |ike. Sh{goH f or muyl ahl on, solutions will be adm nistered in a manner
conpat i pYoRuRGR: showl é’edﬂg%ﬁé pEFst ibpscesarymadithe Higeid dilvsunfirsheeniered isotonic

t her apeugitg §Mﬁ¥ieﬁtf dafifed brV ucozp.ep{%mag[cﬁla({\ uefgusir %_'og@t’rim%%g% r&%g?é?l?gﬁwgglgégllelr i al

solvents, dispersion nedia, 6 es, ¢o

and &nt i ftrayabus dremmescul a0dubaitanedslarmlif Rigetiton al dahANikRfion2 98 MiSconlbtiLEr S
carrier solutions, Sufiﬁﬁ%gtﬁi ons, colloids, and the like. The use of such

medi a andSCRGEALEY BF AecaR BF iCERIoYSE Vil ke lomax tarthess of skilléh thelantamrighth t he

art. E xerehté pldsRiidbiofte ARYr cGRNE Jh hd 424, nt,i§ jnconpatihle
w th the act |Pve ingre%li?%n??‘r?ts E&;gﬁ% g@k%@ﬂé?é%@ﬁ@?@’%l@%@t‘{r‘rﬁ’p%ﬁ%& S
cont enpl spd&ipn a8d pithes pdsdet do Y0Cnl uEhypodprediodns Auidat idlesed Pehé g&;ﬁéé&@ sRd 6
into thleﬁfsg)np Si Ei ons. 1Th hrase "pharmaceutical |l y-acceptable" refers to
mol ecul ar "entr t¥eLorEhyer Eoﬁ‘i{g‘gg’t"f‘érfé’”’f’?f’é?‘“&él Peienqggs.okfitle ed.app. 0B &1 63 & arak

si mier 1570oVsR0Y ARGk A unan.  1n certain

enbodi nents, | igosomes; n%%gb&ul e@,&%ﬁ%&ro Eé(%ulrgfrgeg{ﬁ%’gio&tge pfditopofdhe 1
vesi cl esSubjest beng treaked;  dviereoverd foohumive ddniniathitioh] QRegafatibhe vl PO ShirkONS
of the pr [

| nvent.j.on into .suitable host cells/organisns. In
par 1 oul SERE g SRR pinerieidh il Bt Betm Ay e RS ogndards as required by

FDA Office of Biologics standards.

~ In another embodiment of the invention, the compositions disclosed herein may

25  be formulated in a neutral or salt form. Hiustrative pharmaceutically-acceptable salts include the

acid addition salts (formed with the free amino groups of the protein) and which are formed with

Inorganic acids such as, for example, hydrochloric.or phosphoric acids, or such organic acids as

acetic, oxalic, tartaric, mandelic, and the like. Salts formed with the free carboxyl groups can

also be derived from inorganic bases such as, for example, sodium, potassium, ammonium,

30  calciumn, or ferric hydroxides, and such organic bases as 1sopropylamine, trimethylamine,

histidine, procaine and the like. Upon formulation, solutions will be administered in a manner
compatible with the dosage formulation and in such amount as is therapeutically effective.

_ The carriers can further comprise any and all solverts, dispersion media,
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be fornul ated for delivery either encapsulated in a lipid particle, a

| i posone, a vesicle, a nanosphere, or a nanoparticle or the like.

Al ternatively, conpositions of the present invention can be bound, either
coval ently or non-covalently, to the surface of such carrier vehicles. 15
The formati.on and use_ of I'i posone and |iposone-I|ike preparations as

pot ent i al’MigiEs; Goaings.idiinents, anihasterial angd anfifmgaltagenthdsutorsé amkalisbrptinn tileyiag t

f i i ot echpol.. 16(.7).:307-21, 1998: Takakyr a,
N ppon RS Bers Aol solld i R BhE GRlR s, add et T e o et mbgiogna
35(8) : 802gdds fot PBIrmabbutigall ictive CtbstancRers. wall RhowrDin! heCat M %epgyx%far 12 Ghy

3):233-61, 1995: U.S. Patent No. 5, 6567,434; U S. Patent No. 5,552, 157;° U.S.
Pat ent N§°TvsBtienabmsdis pnagent is inqumnatible Neith the IGHeSaGediont, ith Sie iPtechérapdutic

5, 795458 0 i £d j rporated herei.n by reference in its -
ent i rfét y)z'?m ?sgﬁc})sng%ggdn%a@e t%%e%bﬁ)g%ﬁpng‘%cagg‘éef Wgﬁe?ewst%nﬁjsorhﬁdﬁ‘é’lrp%m‘ié}t?
types théelte amsposiion®| Mie @hiaké cptatmiuiicARskesmtably Rldieto 1%1%9@13# Efifties and
i ncludin cell suspensions, primary hepatocyte cultures an 15 cells

T
( Rennei ngREQSlth.S thag do pptroduch @mallerz@oyraihilar 68Badd reat OB Owhdd ddsnisetedad . |,
DNA Cel | ;B gk, 9(3):221-29, 1990). In addition, 25 |liposones are free of
the DNA | ength constraints that are typical of viral-based delivery
systems. Li posonek deaia dat@biniknes ligbdontek, dabdaphifled, HlibRFMAS. ,?igﬁisgarﬁ@}éé ous
drug radi.ot herapeutic agents, enzynmes, viruses, transcription factors,
al | OZQ er VESIGFS apd g’?élk&rﬁie fised fp1 the introdueticn efithe¢ eoppasitions lof theguesentahventibmes

and ani £t I se_0Qf ..li.posones does not  appear .to be
associ a’?gg&/s\nmt e lgbgg gglﬁs)%r méﬁrrng'sg% grggul%, nATROF AN %{?‘6? SF yveniiQs may

syst eni c beebimweatyd fomdelktyakithe? rdeshsiRI¥dSIn 3Gipld PATORES 1§§o§orﬁermdsiéllé o
phosphol i E{i}ds that are dispersed in an aqueous nedi um an spont aneously
f or m mul PSRBT A 2BAeRAREGlS er el lipe rAligsrativelyscomagositions pfrthe preskmt iheemeibh ar

vesi cl es qof Mk | i t her odiments, the inyention
prcvi des for 65d’p%g%%2§%ét}€'§5l 9-%‘6%%“85%1%5‘5#858{)%"8@8? Cifi ons of
the &®npositions oThd feempicesEfdt usel STVRRESAE md“ﬁﬁ&%ﬁﬁﬂiﬂe%?e;ﬁ?ﬂﬁoﬁ?&ﬁ%&?&ﬁt}’al
entrap c ounds in a stable and reproduci ble way (see,” for exa e,

Qui nt anaf™EUEETF &5 genemlly kngwiggtopthgse @fngkill iy srenart dspe 1fp) examyge, Agisic] J8@)s To
avoi d si _ oBg.r L1 Ul 0 kG, OMer i sych

ul trafi ng%ég({h%fgﬁ?g(gg%g ggc}bgé’a]ra%glﬁ%gd?’ &‘D ‘rgﬁ k}rﬁr%" %%3 )dgelﬁf%sgzgéf{;g;hﬁ’b&ﬁw%r s

abl e to Welieredr Bxediohn 35(8Yy.801-BRICIINAMargdli€SCAAREy DERFBDRUAEARS B L8 f OF
exanpl e, 5);; ngvbez'%r '-ﬁé %I L, Ot Rev. Ther. Drug Carrier Syst.

5(1): 1- 26)23385: 190 WnhPasneNog 5,567444; UsS. PatentNo.BS §5ha5 M US5(P2)ent 2. 55,

199820 Zanligy 218t U.R! Patert- NGO 32! d6RUfqe PRS (3:.3)s 3409, 1998; d. U S
Patent No. 5, 145, 684.-mlm.rp1t gggi%t’-{s‘gh%@p ar ntgg‘eg?t?gtaﬂ%(:os sqlklgi Sﬁ‘g‘ Sbectifrally

present inepereritethhereiy byeefoteaceih itsldtivtf)hi liipcsomtahav@been ade@RBectbshlllyPRgkagi Ng
mat eri al th@t proyides instructions regar di ng the use of such
phar mace (PR CLEENPRET habife normalky difficylt tosmanstackiay ethen nroveduss,|incliding Teell a

t angi bl e suspensions, primary hepatocyte cultures and PC 12 cells (Renneisen et al.,, J. Biol. Chem.
265(27):16337-42, 1990; Muller et al., DNA Cell Biol. 9(3):221-29, 1990). In addition,

25  liposomes are free of the DNA length constraints that are typical of viral-based delivery systems.
Liposomes have been used effectively to introduce genes, various drugs, radiotherapeutic agents,
enzymes, viruses, transcription factors, allosteric effectors and the like, into a variety of cultured
cell lines and animals. Furthermore, he use of liposomes does not appear to be associated with
autoimmune responses or unacceptable toxicity after systemic delivery. In certain embodiments,

30  liposomes are formed from phospholipids that are dispersed in an aqueous medium and
spontaneously form multilamellar concentric bilayer vesicles (also termed multilamellar vesicles
(MLVs).

Alternativ_ely, in  other embodiments, the inveation prevides for
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expression describing the reagent concentration, as well as within certain
enbodi nents, relative anounts of excipient ingredients or diluents (e.g.,
wat er, saline or PBS) that may be necessary-to reconstitute the

pharmaceutical conposition. 15 METHODS OF TREATMENT The present invention

al so prqyi nethods _for. increasing the mneral content . and _nineral
densi t yméarr%no%uél.cal r".‘°<§Fff‘59f,"e iR Bte %BWE“W‘BHSS °?et§ﬁlcl°“ipﬂ5‘f‘?|‘§ Pbsthe gressene
mi ner al invefMiére Manok&zllsl bahGzchetill PEAMR! SomplinERE: sm@_%airsprgggcgmg BAS kO

accidents that result in the |lack 20 of use of bone g {
f ract ur 9r, example fauintanas-Guemeroedtf a¢ tDrvgn devebdr Phiren 29(12):ha13-R8) 1998pneo

f ' N d | . agi Th h f th I I d i bed
her oi nCROE T PRrE s Reigesiar ablypairio s areiding: MhpHBeeRs pesks ferdbet a
fam by AREAEI.1 BHFMaf BOEsdned BsinBPYoiPGer! hifalasl dﬁ%rgﬁ{]dezﬁ%ﬂ}o.e%ucg‘?gg\gl%? fan e

11
herein, that bone mineral content iS understoo ave 1 ncre
m ner al beanadsnas deseribiedc farasxenipienby Coustriwt étcal |Gtit SRONITherC Dvug NBavRF Spt. a

sel ecte it A W variety of conditions that result in | oss of bone

m ner al (}&@r}t’ g%tlgg&fwﬁ‘ﬁ?’ecétagdg% t’-hﬁlfq’\’e'"-n%%@ﬁ’rle@(@élé‘@rﬁ5bé8931e%ambﬁux et

Pati ent sl don&unll RABME 5bQms:31RY, 198! dGRY 4 etk IsHGlRgs! | ni cal di agnosi s
. rr i P

using well known techni ques (see, e.g ison'’s nciples of Internal
Medi ci ne, McGr aw Hi 4ddjtidnnphdrmadeeficad semipmsitions eftaerplessmt fiverticiemaebe plaadd may
be tpeated. included,dysplasias, whereijn growth or devel opnent of bone is
abn&pna|“71&‘ﬂé‘b?’§a§ﬂ?ﬁ’a?ﬁ?fée‘9‘§bp3ég%‘tﬁ watepial fpt provigiesinsirentions FRerTwiRg the use of
achondr gitapharmaebiRicd0 ebRAPbsiiondy S ; ! - I | Qrous,
g cqP ebmpbsitio eRhashf, suapqmgtﬁégx?‘;\?ﬁﬁhuﬁ?luéa ) 8%1%1%

dyspl asi a, Gaucher's D sease, hypophosphatemc ric an' s %?roma,
mul ti pl Expressaeli deseybing theasagsnt copeentrhtidom Caxavakissyithis teREEaRSdEmenR eElhget a,
ost eopet r osi % ost.eelgtoi kié.osi s,.sclerotic |esigns, fractures, periodontal
di sease “FUBG FESFERFYperedientyordilents (e gniwatG T2l YHBS) that mayibe meeessia i ons

that mayeddstitiRahEshafthad2iGM4enffdsition! ude a wide variety of causes of
osteopenia (i.e., a condition that causes greater than one standard

devilati on of bone nineral content or density bel ow peak skel etal mineral

cont ent t 2)1. Representative 5 exanples of such conditions include
aneni c ﬁ?@?@ ﬁﬁ“‘?&gﬁs caused by steroids, conditions caused by

heparin, bone mar mawpeiserif@infion §IS8! p¥oAidBRInRMbAY fok MireaSit %élgﬁrge%ic%&@&‘:y’

i di opathic osteoporosis, congenital osteopenia or oSteoporosis,
al cohol iagfhmiggrrbdensity jof benedi Baeflye nusendis conditiopo sdsute ithauss| ofsioat enineral

Qs ng ot ol BT BB i B B b ioBoheriostic ok Rl op Wik 10
ref 120x  yfnpaiohbbhd (e Sdue0B Mactid) dtheiBeutifOMad &kt E&ﬁir%ﬂdttioﬁs&%gﬁ%m&?e and

osteonuml acia. Wthin one enbodi nent of the present invention, bone m neral
cont ent fepnigsssils, yand normal aging. Through use of the molecules described herein that inhibit

binding of the TGF-beta binding-protein to a TGF-beta family member, such conditions may be
treated or prevented. As used herein, that bone mineral content is understood to have increased
if bone mineral content has increased in a statistically significant manner at a selected site.

25 A wide variety of conditions that result in loss of bone mineral content may be
treated with the molecules described herein. Patients with such conditions may be identified
through chnical diagnosis using well known techniques (see, e.g., Harrison’s Principles of
Internal Medicine, McGraw-Hill, Inc.). Representative examples of diseases that may be treated
included - dysplasias, wherein growth or development of bone is abnormal. Representative

30 examples of such conditions include achondroplasia, cleidbcranial dysostosis,
enchondromatosis, fibrous dysplasia, Gaucher’s Disease, hypophosphatémic rickets, Marfan's
syndrome, multiple hereditary exotoses, neurofibromatosis, osteogenesis imperfecta,

osteopetrosis, ostecpoikilosis, sclerotic lesions, fractures, periodontal disease, pseudoarthrosis,
66 |



may be increased by adm nistering to a warm bl ooded ani mal a
therapeutically effective anount of a nolecule that inhibits a SOST

pol ypeptide frombinding to a TG--beta fam |y menber. Exanpl es of

war m bl ooded animals that nay be treated include both vertebrates and _
manmal s, |Acl uding for exanple humans, horses, cows, pigs, sheep, dogs,
cats, rg?é?ydﬁgmr?‘lgg%.yel%é’present ative exanpl es of therapeutic nol ecul es

i ncl ude ri bozynmesothet kedEhs d8ACHay Mt rSROEGr pRivEARN UEERE |

anti bodi es as described herein. WThin ot herrgﬁ%vg%?&pre%rﬁs o?q‘tﬁﬁ%"%ﬁe St

i nvent i GAusesraf pverperip di. or o ePndiittbrf hat cdusey grstenthahone sidadwi tdgvieksrpsf in8g t he

steps of . Qducing tLnt. |Is that honme to bone, a 20 vector that
directs ntnhge}'éféc(%ntfee tsol(%lo enf)"?" §glﬂ’6l %eca& Sé(e[]qﬁagfm}qqml HioRtEnt) At YOHE- o Reprosmtative o

menber @karhples Skuchedonditiond intiud@RgerRNdc LS L BhAiAGnd i@nt.ai pin

cells to a }\B/\l/ar m bl ooded lani mal . B?i ef tyFé’ccgfl?lggﬁ%%ﬁ\éggrpég{egﬁ%oﬁ%m{ﬁ]%(ﬂpgbe

obt ai nedawed & thegariny benet hardyo Aisomibrspsduirey) trsalfierition, caiehtrsdefitfthey, N@dpdhiem t he
ost eobl asts, osteocytes, and the like), from

bone martow such as 0%4+ . _ . f
peri pher®ar BT SORFeHal [5{eppini4, Peesicorafnsiss alephliste Chremisives diseass, senidity, e

vect or s poftiletiéiRudl I adtated ¥EBERh ch S Vi ec (e, u. S.
Pat ent No. 562%3 641)? adenovi rgrlrﬁ%/ﬁéct%ﬁes%?rg%. ,we%@k‘&%/ 2%%&%?5 \/\59“3%}’-‘9191;
Kol | s ethypgrthyroidiers, Oushihg’s Atisedse, Scromedgdaly, Hypbyonadim? imob224tion Kasssubd, sl er
et . C. l.. Acad. Sci. USA 90(24):11498-502, 1993; Guzman et al .,
Gr ?Bl atrFf(rlz)e(r?l( Sé%‘?%;“?‘ é@ét-‘%g‘,y Syeflgon e’cii‘i‘ﬁ’éht ')88103?1.0,“6@9&81%%(! ostmBYlacp 02- 1207,
1993; Zabner et alyithin 68 dmbbaintant ePthz - e ne. Ther.
4(4) - 403-409, 1993 Caillaud et &i Pﬁ?’eé&‘%’“\]‘g:%’8”{5@8?%‘5@8?&1§F‘¥%}tf§§?‘l‘°‘i‘§91,
1993; VimRydstinaeased by advainisteGpg et a wa(r@pidied atital 4 MRipewtivhil g efiéctial amourhat .

Cenet . : -378,.1992; L .., Ge 101(2):195-202, 1991);
adono. X MmAERIq b ilvbis.a SO0 rolisentietameibka it & 1GT-aba famingember,
90( 22) : Exahpled 86 4rm-bRBddd aniMAE MaP¥lal 3 ﬁ’e%%gf?ﬁc}%dge%?h\/{?%{?g%gesvag& b Rnals

(Koering et al., Hum Gene Therap. 57457- X VI TUS Veetors
( PartP caliclyding Moo eaample yroans, Nmtdes, Aows,. pias) .shedpA dogs, 468 - A3 landl 98es. and

Ozaki et . i gchem. Bi gphys. .Res mn 193(2):653-660, 1993), and
retrovi r%egleegem%evfe GEARE ‘bﬁﬁfé{’e’?‘féc E°l‘?ﬁg)e§6‘/‘% BOZYRESSoHPeRYTIS 2eNgs, TUSEEE22:
WO 93/ 2688ruclébli@sl/ 2d28fbodidd. aS defdAb&iherdd. 5. 219, 740; WD 93/11230; WO

93/10218). Viral vectors may |ikewi se be 5 constructed that contain a

m xture of differ ¥fithinothee ambodiments of the ipo¢seutsinvenior) mpthode ardastcdded foand

the lik ifferent viruses.or from.non-viral sources. Wthin various

enbodi ng)r‘l%ré%g&?eﬁn%e(rgn%’ e VHRFInE, BE PS Brpducine 15, pall) tiborme Iebensat

cont2i nsvettoethut diftkts IRCEPresilBry o0EmUREE e itiat Rﬂﬁbits'ﬂ?ﬁiﬁ%@f ST E)Qarﬂ?%l'yér LWPllE.
ent1on, nuc

descri bed bel ow. Wthin other enbodi ments of the i elc acid
mol ecul eCh-hgge familpgandaadmipisiepng e eecthnicontaining ¢edls 1o radivagm-dloodedS@himal.

| ypeptd fe .t the TGF-beta fanily,. thensel By b
B i Sreg By SEBEE 8 a)d Bl bk ol GEH N g o1 Broeiocampris (cg.. el

obtained from the bone marrow such as CD34+, osteoblasts, osteocytes, and the like), from

peripheral blood, or from cultures. Representative examples of suitable vectors include viral
25  vectors such as herpes viral vectors (e.g., U.S. Patent No. 5,288,641); adenoviral vectors (e.g.,
WO 94/26914, WO 93/9191; Kolls et al., Proc. Na_tl. Acad. Sci. US4 91(1):215-219, 1994,
Kass-Eisler eﬁ al., Proc. Natl. Acad. Sci. USA 90(24):11498-502, 1993; Guzman etal.,
Circu(ation 88(6):2838-48, 1993; Guzman et al., Cir. Res. 73(6):1202-1207, 1993; Zabner et al.,
Cell 75(2):207-216, 1993; Li et al., Hum. Gene Ther. 4(4):403-409, 1993; Caillaud et al., Eur. J.
30 Neurosci. 5(10:1287-1291, 1993; Vincent et al., Nat. Genet. 5(2):130-134, 1993, Jaffe etal,,
Nat. Genet. 1(5):372-378, 1992; and Levrero etal, Gene 101(2):195-202, 1991); adeno-
associated viral vectors (WO 95/13365; Flotte etal, PNAS 90(22):10613-10617, 1993);

baculovirus vectors; parvovirus vectors (Koering et al., Hum. Gene Therap. 5:457—463, 1994);
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adm ni stration of asial oosonucoid (ASOR) conjugated with poly-L-1ysine DNA
conplexes (Cristano et al., PNAS 92122-92126, 1993); DNA linked to killed
adenovirus (Curiel et al., Hum GCene Ther. 3(2):147-154, 1992);

cytof ectin-nmedi ated introduction (DVRI E-DOPE, Vical, 15 California); direct
DNA injection Acsag}irlﬂnet al., Nature 352:815-818, 1991); DNA ligand (Wi et
al ., J. POK VU Vectesy ghanical andcasiett. drgr. Naatnd. S¢ipoiSd ci9i49R7-4P31, gi9se; atd al . |

Proc. Nablii d. %l D TR13- 4417, )sien | 1POS S (Pickering et
al., Gr cﬂ.aleS%%’: féégﬁm %@A’f@éanﬁ a %mm'etﬁg&?;&%ﬁé\ 8&65)85%‘-‘1785%‘?""1’9?7) ;
mi cr opr df.gc EPI0t BIBDAN ANEN1079368] WO 8178283, Wi 94/0862E - WRS325604088) 93954734 USA

88: 2726;}3%38, 19}?11); and direct delivery of nucleic acids vﬁi ch encoge’ t he

20 prot ei R PEEY| Fo-ed19ei405 R 911 238; éMé BAr218Candml vRe®rs B3y k86 He 3RH4,

1993}, el Zi | ¢l d conpl exes. Determ nation of increased

bonebm' %g?%ﬁc%gﬁ%%{? Etgri%a g&eﬁ%‘gét gfr @n%ﬁree(?g 8@#’8‘&‘? ﬁfrg - PRARAIGR aYelons eeqyencgsy ay's

(e.g., DmdlthéElies)dronXdiffererAbsnedit @MEdH WRh-virDESArdes. 'ktnﬁﬁ, \i/aﬁlifoﬁ.{]aﬂﬁﬁdi?&@é,ough
p a

bone turnover markers such as osteobl ast specific al kaline osp ase’. ,
ost eocalUnF, tho Kirglyseior itsally Op R VHGEPAME le had pensains] the(aCPyctoranaly beotiset imkieal i ne

Phosphatfdfiods 3fcdifodieiShs aédibed peidh - 1 1 Rheu. 7 243 (1995)), or by

mar kers of bone resorption 1nc i'ng, but not limted to, pyridinoline,

deoxypryri di nol i nWithi bthbogEBddisients b 8 MWntdH HXKR eld xﬁ&ecu‘i’és%ﬁ%%néo%%tar ate-
resistant aci d phosphat ases, .and gal act osyl hydroxylysine (see rnier,

i d. 1V THROlSHHR Hat Byhitnts hindipg of 189S hIpstyphrtidsaloca medmeér fof aim DGHbewetaglilys or

by usin S I.,npess- He 0 tab. Bone Dis. Relat. Res.
5:177- 1g}iaﬁg%g‘rgs4?ﬁ5£s%walﬁﬁ&§g%\9 i ggn? ?%%S'neo?fofec qpes i‘ﬂ‘HP‘H%&a qr, ex#ePlanount
and fr ecudenimigtranibn o Cisialdostmatdio (ABOR) @aR@REd ih GRHLE SysuRt DRUC Qorkgﬁ%&r s as
the nature and severity of the indication being treat ecf, tﬁe desirte

r esponsd CTIFHRC EltteliANASH 92F22- 974 2601 998%t DNanlinkad fookilled adgmiviras KQuriei hee al. 68

conposi tg A raoh. vari ety .of techni que as._not ed
above. TR raltpLunt ST TS F5R9, BhoRelateRinleaamodiion fVRim B Vi not
b y lfay Galifornia);riiteattDNA. infechAMRISES et BXANRLE 3529@9@4%%@% Iﬁ%ﬁg%%c'{ [ CORE
REG ON Hom)I})g}g r?co nition techni gues e.g., PSI- BLAST (Al'tsch et al.,
Nucl ei ¢ © Yo ‘Al ol fem. 25438885-A6987( 19897, hipofecticiF¢isier eoal.,dtroc. Natl. Mahd.

oo 0L A BerdA0R1) St PRSP B e,
det ect i regahoPiilH§y:7RE!-TR5SH 1967y emiceprofdtlleStdnbakdth @ -(WHIERR SO BRI Kaz
S,?P 3‘2? Lirfgcglflg S&ﬁ M %?{égS-Z%g([), Y\églg:;han%ndiree)étpgerlilvgreyngfa Lll.lg{eig Tci%g r:\1rhri]c6;1de:n:f:c[))de the
20  protein itself either alone (Vile and Hart, Cancer Res. 53 3860-3864, 1993), or utilizing PEG-
nucleic acid complexes.

Determination of increased bone mineral content may be determined directly
through the use of X-rays (e.g., Dual Energy X-ray Absorptometry-or “DEXA”), or by inference
through bone turnover markers such as osteoblast specific alkaline phoéphatase_, osteocalcin,

25  type 1 procollagen C’ propeptide (PICP); and total alkaline phosphatase (3ee Comier, Curr.
Opin. in Rheu. 7:243 (1995)), or by markers of bone resorption including, but not limited to,
pyridinoline, deoxypryridinoline, N-telopeptide, urinary hydroxyproline, plasma tartrate-
resistant acid phosphatases, and galactosyl hydroxylysine (see Comier, id.). The amount of bone
mass may also be calculated from body weights or by using other methods (see Guinness-Hey,

30  Metab. Bone Dis. Relat. Res. 5:177-181, 1984).

As will be evident to one of skill in the art, the amount and frequency of
administration will depend, of course, on such factors as the nature and severity of the indication

being treated, the desired response, the condition of the patient, and so forth. Typically, the
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identified by FUGUE (Shi et al., supra) as the closest honol ogue of

SOST _Core. Therefore, 15 hCG (3 was used as the structural tenplate to
build 3D nodels for SOST Core. An alignment of SOST Core and its cl ose
honol ogues is shown in Figure 1. Anmong the honol ogues shown in the

al i gnnmeng ] CGHB) had known 3 tructure. ~The sequence identity
bet ween SCBT &%F‘g&}%}ge C ntq)égr?lébsy aam\g@x‘? ﬁﬁctsh@iqyeszgsi’i%ﬁd abO¥Eght CYS residues

were conserved t hringgoiowink & afdlEs hye o BERNE:! . v er tr I
siml arigi%f.tZO ot e ol WainplE & R R A %@uﬁf&s&%@fﬁlcdy“s?s‘ibfeg’g’%&,

3-7, 4-8)™M#9%ed disul fide bonds (shown with solid lines i n Figure 1) in
a "knot" configuration, which is characteristic to the cystine-knot fold.
An extra disul fide bond (2-6), shown as a dotted line in Figure 1, was
unigue to this famly and distingugghggpigye fanmily o f proteins from other
c ystine-knot famlies (e.g., TGP, BW). 25 SOST_Core was nodel ed using
PDB (Berman et al., Acta Crystall ogrExaMpLBilol. Crystallogr. 58(Pt 6
Ptl):899-907 (2002)) entry, AHCN, the 3D structure of hCGR (W et al.,
Structure 2:545-58 (1994))) é’&“?‘ﬁé”gislr%&qswa@mtﬂéﬁﬂﬁﬁw e. Models were
calculated wth MODELER (Sali & Blundell, J. Ml. Biol. 234:779-815
(1993)). A snapshot of the best nodel is shown in Figure 2. 30 Most of the
cystine-knot pr ot él9%0legi necaEmition térbumuse (of., PEBBLASKT oAltdaner @pi1ohileiscor e

Bi ol 0 231 ka6 (oo TP (i 75 ML FTikas St bpbrsuasmesed ame

rul e andthhothagor PR SOSTt GOINCHRF8obtt § SLERILLE ¥y C%{hﬁ,ﬁﬁm“n a nodel
for the dinerized SOST Core GrSegi on %?es%%t e(f§ tg'g %‘g{/gorl%il cha lesnagsesSl gtause

(1) the 2&Gaentor deteeiingy hamolpey \isbree8OSIuSIEe amdd sEBure® WARI 2@ WCh6REHA |
(2) inst 0, i per.. h f forned a heterodiner wwth hCG a; and (3)
a nunberG 0 8%?’?? ?r@%@’l Eglf%rt‘ivgé% 8%8¥W%§°Mﬁépemcmw knoum, was
obser vedidentifitd s FUGUECREL kA Is 2Rt & AR families (e.g.,
PDGF, Eé%n Neur otrogﬁi n, IL-%?)I%), Gonacg%étaréol%lﬁr%p% oﬁd(ﬁ?—gﬁ%ges Tt o'Eehat

t he i mePCEBrY#used 25dhe srucsagtemplatedo Heild 3Dendielyifof $OSMiCate.f r om t he

hCG a/ 0 het er odi for i n_constructi t he nodel, hCG a was
repl aced with hC(r_I?[n( gﬁéﬁ]r"ger?g?)%es%gt—g?r d"i“ffgfts §{°F%3‘8WP]Qg(‘efH€NP°H§iIﬂd“§F‘? deture
super i npAsiotg G Hosohigueuistdwad e Wignmehd, bniyHOUAR @GS AR a
SOST_Core honodi ner nodel was built according tg(t he pset%%wﬁ?gsbn&ﬂm
homodi met™stHAREICE Adentifph petppem PONB detre jand SiwR Wiz Hipraximataly 2506 EXAMPIIY S
MODELI NG - RIERA i xanpl e _descri bes protein nodeling. of
type | arﬁg{%p‘?{ﬁ do ras eptc%;#oqghl Erll-"E}l tﬁa efamﬁ?, em&xasmng t?xe overah structural similarity

20  between SOST_Core and hCG-B. Three pairs of cystines (1-5, 3-7, 4-8) formed disulfide bonds

(shown with solid lines in Figure 1) in a “knot” configuration, which is characteristic to the
cystine-knot fold. An extra disulfide bond (2-6), shown as a dotted line in Figure 1, was unique
to this family and distinguished the family o f proteins from other c ystine-knot families (e.g.,
TGF-B, BMP).

25 ' SOST_Core was modeled using PDB (Berman et al., Acta Crystallogr. D. Biol.
Crystallogr. 58(Pt 6 Pt1):899-907 (2002)) entry 1HCN, the 3D structure of hCG-B (Wu et al.,
Structure 2:545-58 (1994)), as the structural template. Models were calculated with MODELER
(Sali & Blundell, J. Mol. Biol. 234:779-815 (1993)). A snapshot of the best model is shown in

Figure 2.

30 Most of the cystine-knot proteins form dimers because of the lack of hydrophobic
core in a monomer (Scheufler et al., supra; Schlunegger and Grutter, J. Mol. Biol. 231:445-58
(1993)); Wu et al., supra). SOST likely follows the same rule and forms a homodimer to

increase its stability. Constructing a model for the dimerized SOST Core region presented
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sites on BMP that are involved with interaction between BMP and SOST. 15
Conpetition studies denonstrated that SOST conpeted with both type I and
type Il receptors for binding to BMP. In an ELI SA-based conpetition assay,
BMP- 6 sel ectively interacted wi.th the s clerostin-coated surface ( 300 n

g/ wel I) h affin Increa ng_anounts of BMP
recept or Ezé-? 53ﬁ°%‘8%(§ﬂ§ﬁéﬂue&%%¥|\%ﬂ%hwe§§ S oS Prernd G- Bl"r‘?éll‘hg to
BMVP- 6 (1azsnm (2 lifsRRd of h h6MdimeAnd6:- g@@m RherSHEE {{Agé%? a§l¥P3  eGERLor
was 20 suffl cient to reduce binding of scl eros I'n to pI‘OXI nately
50% Thi &f diffiersat refaton comfamm:lossnofbxhsmmeﬂ haivé bedh dBM?vdfdemaﬁhﬁﬁzddl cysfind-kifpt ON

t = 43n S f t f th
hown by POl FPTCORSERT CHBISY (15 bPRTngT &5 SoRBOR R ARh 5 cPepdormmiland. a
rActi yi nwitlch- Jﬂggéét’e%' 28 Bk ecorforkidtiop §f£§68F %% ulgacmua% Eggnn?gant%'hgémégﬁd

not bind BVP. The type | and type Il recep indin

poI ypept hd6-df\hetepmbmer coafyreatioan dn vexistrus ing chldAelﬁ@(D@hﬁWQﬂrebﬁ@&ﬁﬂfth 8CGet

, sup is et _al., supr Ni ckel et al. supra; Hart et al. supra).
Noggl n, grh@r‘%g’r‘? hstEO MBI (a LHGYD WWWCSHBWCWPWWQWCMWQQ|cpylbmed
cont act s wih Mparat Qénhﬁtﬁfadl ? y sit s the
N-term nal p ortal %&r% o} g/ g?rﬁ:p gsgpgg)rée%mgfﬁﬁlg Bgdelh’as%]gg? d(%ﬁg?ttb%nds
in the cbseude é@Geﬁlhmmedunbtm&uteer‘Imiemhﬂal alodél is &an(homgaﬁem BVP at the type II
receppor binding site. A nanually tuned alignment of Noggin and SOST
indicated that the two polypeptides shared sequence sinmlarity between the
N-term nal portions of the proteins Ret ween the core regions. An am no
aci d sequence alignnent is presented in Figure 4. The 70 cysteine residues
that formthe characteristi Mwﬁsmbmsmmmmwﬁd bet ween Noggi n. and

SOST. The overal | ?ﬁguenc |de was 249% <and the sequence identity
within the N-te urfHacxamp HFSﬁ@ 95 pisin madekpgeliypeoband typndl recamyr biading 30

Two resi GuBonBMb B baGildh bhuifiliieniBtion BLARERB)PAGL ABornamel y Leu (L) at

alignment position 21 and (E) at position re 5 reported to play
i npot®ant roles i nCBUifethlonduudngs d@nappetedithatl SOS Tsdopipald wBOIHbtH 8pt da@Styper e

conserve OSTa simlarity within the core region
(ali gnma#treﬁ S|rt°’|f8‘h§m\é/E 1“’23}3? aﬂgmaﬁﬁfﬁ Abasnd Ompettion asyay. IBMR-6seleivily was
mai nt ai Naferacted vitttht k Cle@Stin-cbarRSrRle ( KRV ye

supporti ng t he hcl)rml ogy betnween Nogglen( andn%%wgﬁh%gtgﬁﬁfﬁ? ure was
C(ﬁrrpar ed Q#%W‘?@ QfoBMﬂ?dQcQEcaans oW firgion S&fs‘&gct%(ﬁoimp?ﬁm&fm ihléfegtigz?; As
he N t oIR8 Bpis 1 ARARICG Sh bl OB el rpragbibe BvB ot was
conneet i sgfficient tomdudeeahaﬁgsof QtrostinS8 épfpn@% Joxxgi e?)th‘gl é%&k{é&ﬂ
i nterface between two I n mononers. erence et we Rf(ljgg in
and SOSTWagdlsp ipkseryedewith ﬁ%éﬂ’ troemerH- Ecaefusxbn pmtmmacsoregsmm and DAN (ICsg =

43nM). Specificity of the assay was shown by lack of competition for binding to BMP-6

between sclerostin and a rActivin R1B-FC fusion protein, a TGF- -B receptor family member that
did not bind BMP.

25 The type I and type II receptor binding sites on a BMP polypeptide have béen
mapped and were spatially separated (Scheufler et al., supra; Innis et al., supra; Nickel et al.,
supra; Hart et al. supra). Noggin, another BMP antagonist that binds to BMP with high affinity,
contacts BMP atboth type Iand type II receptor binding sites via the N-terminal portionof
Noggin (Groppe et al., supra). The two B-strands in the core region near the C-terminal also

30 "contact BMP at the type II receptor binding site.

A manually tuned alignment of Noggin and SOST indicated that the two
polypeptides shared sequence similarity between the N-terminal portions of the proteins and

between the c'bre_regions. An amino acid sequence alignment is presented in Figure 4. The
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and the core region was nmuch shorter in SOST. 15 The C-term nal region of
SOST may play a role in SOST dinerization. The sequence of Noggi n ended
with the core region, while SOST had an extra Ctermnal region. In the
Noggi n structure a di sul fide bond connected the C-termni of two Noggi n
MDONONET Systdihe Sresididd Qhse- folth Fhé @, 5 - |Q ‘
i nterface of two nononers and cagu sq}c%ogSéb%)ﬁ;&'ee?{ gbi :Elg'ggrilbfa CCSENO%‘P and

addi t i orsoss'rec'ﬁhﬂj@l\feyalbieqmcwdenqnyws Quhund ieqlidhot ideOmN® withid tHenS-te@icaf t he
Cterm a tendency to formhelices. This region in

SosT ey WS el Rt poReRel ARneRe 1At oA vaCEN ey Sy temvat
hel i x- heimdinﬁ%féiémq)amw E&u m)nhtcﬁ%qnﬁgg?og“n tiop, do&mog.:é | ong ﬁl(?n ker | n

Noggi n. Anot di'fferénce betwee truc ure of

the ani rfaxa‘tﬂddmm@}exmmdantl Toles hie BMB bisding ( GRGpeRt al, %;-[gnrga(ml B9k %pé
169- 185 gsee Fi %K) q. Tglu s insertion extended a f3-hai rpin, which
poi nted ¥ TPALTERR O cﬁsﬁ’(ﬁn A iServenes similarityawighin thetdoee Mle(ah@nmcpaamens

(shown imn A noner s and
Sbove tho G oo s mfte ol BEAnE RSBl LPatlF s i ane p PGt Triesof
cont ri bukeg ressdu@OSEs cbnmmvedz atpportingEXAMGinGiogy BetweED 1AM EBEPARATI ON OF

SOST PEPTI DE | MU S This Exanpl e descrl bes the design of SOST peptide
i mmunogens that ar Sgn Strycturekifrrompasechio RIS alan tb welamstaat ihoy tmotSO:del es

t hat10bl aedndnidre ns d T.a revent di r for

of SOST mr?oneré?ﬁﬁ%dngN%p%‘?deﬁle éegrgréﬁ}fesgﬁ?% &B&He S@ﬁ?ﬁqd t ey

SOST andbenNesgithe Nrtdmtihad regon‘rmidiﬂhb fcyrelrepivnaivt big pldyed @ rolk 'ﬁ@!:orfn@&h%rtﬁe o t he
t wo polye gﬁalsorﬁﬁﬁsqt T may interact with BMP in a simlar
manner t EBSQ Fhs e “’teé‘rz?ﬁ%lintqf@gq atwedn SoNoggiymonmnesrsacOneni t h
bot h t hengot m@@réncaeawkéfpﬁo% Bk‘i” Qs't{ﬂ&‘ tﬂggm%ﬂss O gyow-ta”d 3315 0”'0”

of the core region (amno a |gnrre posi

may i nt eand e gore tchOhevenypzehlshorteeaxemST binding site such that anti bod| es
specllflc for thes %T regi ons may bl ock or inpair binding of BVWP to SOST.
The ‘am no acid se slesmppl regene oS8R Tomiay playt ¢ d@lefmé@ﬁi‘ndmmmqnaﬂl&nd
human SQ@educht€oPKE N-term nal gi on
(i ncl udgfa-t he shor%/gllfl?ﬂr?fgﬁvl{hﬁg% Qe({:%ﬁr%ct s%ﬁg §\(‘ﬁ?leRaé:dgarnea 3 RLIREIAD- &
QAFKNDATH NeggiasyrereREL Sl THdNRABNnNEaRRP EHBIMERAKENGE YR g@ﬁﬁ&:ﬁd&é}p Thids, Ra

WFKNE)AEEl hﬁ%‘aﬁ?gg?o%laopggb@i %artec{ fose to the interface of two monomers and could

contribute to dimerization. In addition, secondary structure prediction shows that some portions

20 of the C-terminal region of SOST had a tendency to form helices. This region in SOST may be
responsible for the dimerization activity, possibly through helix-helix packing, which mimicked
the function of the longer linker in Noggin. Another difference between the structure of Noggin
and SOST was the amino acid insertion in the SOST core region at alignment positions 169-185
(see Figure 4). This insertion extended a B-hairpin, which pointed towards the dimerization

25  interface in the Noggin structure (shown in Figure 5 as a loop region in the middie of the

monomers and above the C-terminal Cys residue). This elongated B-hairpin could also

contribute to SOST dimerization.

EXAMPLE 3
30 DESIGN AND PREPARATION OF SOST PEPTIDE IMMUNOGENS
This Example describes the design of SOST peptide immunogens that are used
for immunizing animals and generating antibodies that block interactions between BMP and

SOST and prevent dimer formation of SOST monomers.
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15 GGRPPHHPYDTKDVSEYS (SEQ I D NGO 48) SOST_Core_Bind: Portion of the core
region that is likely to contact BMP at its-type Il receptor binding site
(extended slightly at both termni to include the CYS residue anchors): 20
Hurmman: Cl PDRYRAQRVQLLCPGGEAPRARKVRLVASC (SEQ I D NO 49) Rat:

cl PWYR@&@MRKVRLVASC (SEQ I D NO 50) SOST Dinmerization
Fragments The CGtermnal region of SOST is likely to be involved in the
formation of SOSTThe2Fetatirsilagy befreere SESErgpl Nopgin ditethekiatigatyesbewddmdai rpin
may alsq play a role in honodimer . formation. Antibodies that specifically
bi nd t o SUcH ?eﬁ%ﬂ%#rg‘&? Do DRbypentfes; shggest that RPST Amayointerast W@Mﬁ)mmr s,
whi ch MeilaP rdabfie? té fer 1t Bhel e%g% ' b T and ,

Pol ygepti de f ragrren%wgglél&1 rlgltamash&emﬁmn I 0ot 9088 m ?Simma Wﬁéwggmrtg&i ons

correspondrng to t

~are as Hokllond tyr8dEEcetot binditgtseéemdmBME, egl 8 poRdnbfitad cork Hgfon (amino acid
NQSEL KDEGTEAARPOKGRK RSAKANQA ELENAY (SEQ ID NOQ 51) Rat: =
LTRFHNMW KRR teract vithERa yRedEQeemonudndiay site such
SOST_Cowg Rirbaki N e regi £ is.ikel yonyol in SOST
di T i 2ot onbodies fpeckL o8, @%ﬁ?%%ég%strﬁ% 88ci Bfmplatt oindSfi of ﬂr“ﬂ%g&@ghsi due
anchors): Human: THEPARnbPNA GREGNARIINGEREE FOS SHAlygephe B3dmen® Ratrat and

CGPARLLPNAI gﬁ\YI\RPNG? RC (SEQ I D NGO 54) BMP Bi ndi ng Fragnent at SOST
N-t er ni ﬁﬂ‘gaﬁg éVpR?‘?‘gErﬂsrf% O%i ndi ng regi on of SOST (alignment positions
1-3ppin Figure Tedek: . J: i_n/ BMP-7 conpl ex
-structur eg( Pr ot géi?\wljg\%‘a Ban'ﬁ%r%%%%& %w&a%%gmgﬁﬁ fhat %°6‘ir’T’g°ts
sequence dbithgrooentgipslee Figure 4) to identify am no acid residues of the
SOST N-term nus that Iékeellr%/ interact with BMP. The nodel of SOST is
presented in Figure 6.4 W%h corp&pé{‘f(?%m@m BPEERENNKIMNRAE) at
al i gnnment position 8 (see ﬁ%w ARETEEEBNPARS (YRR BNO¥7)i n t he SOST
sequence projects int (i}aﬁ hydrophogi c_pocket on the surface of the B MP
-t

di mgg. The same "knob 0-h J{‘ﬁ QR RAFENPATHIPGEL REYBERFQFLENNQTMARAEN B\VP
and type | receptor conplex § T SER BNO:48ypra), where Phe8s

of the receptor fi% jrnéo tﬁe sane ofckét, which is a key feature in
li gand-type | recep @F’ G gRInd; g?fj“f’fg? *@FQ{QSC%HMFS&H?CFWIOWrWP at
(i ncl udi ndts tse T eecaptdr BindihSsité (Jx@éﬁhéﬂsﬁfﬁl‘c}lﬂfs at 6T te¥mirt Rink & tht €S residue

According to the nodel, a proline (Pro Irected turn I's al SO conserved,
whi ch al | FReharne N-

20 Human: CIPDRYRAQRVQLLCPGGEAPRARKVRLVASC (SEQ ID NO:49)
Rat: CIPDRYRAQRVQLLCPGGAAPRSRKVRLVASC (SEQ ID NO:50)

SOST Dimerization Fragm_ents

The C-terminal region of SOST is likely to be involved in the formation of SOST

25  homodimers (see Example 2). The elongated .B-hairpin may also play a role in homodimer

formation. Antibodies that specifically bind to such regions may prevent or impair dimerization

of SOST monorhers, which may in tum interfere with interaction between SOST and BMP.
Polypeptide fragments in rat and human SOST corresponding to these regions are as follows.

SOST_C: the C-terminal region

30 Human: LTRFHNQSELKDFGTEAARPQKGRKPRPRARSAKANQA
ELENAY (SEQ ID NO:51)

Rat: LTRFHNQSELKDFGPETARPQK GRKPRPRARGAKANQAE
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term nal binding fragnent to thread al ong the BMP di ner surface, traveling
fromtype | receptor 20 binding site to type Il receptor binding site on
the other side of the conplex. Al so conserved is another Pro-directed turn
near the carboxy end of the binding fragnent, which then connects to the

| i nker region. Extensive contacts between SOST and BMP are evident in '
Figure 6. Peptide Immnoge@@g(%%ﬂp@@ﬁ%re designed to enconpass the
SOST N-terminal region predicted to nake contact with BMP proteins. The
pepti de sequences 3§S§_§P@a@mlerd Ppaiopvef the rcorermegion zhads lileliy imvadvedt ineSQspt i de
sequenceg. : ' t 9 overl and an addi tional cysteine was added

to the C‘?fﬂ‘éﬁ%&ﬁg?&é%@g?%hg%%iaﬁo[t@ﬁagmw %&C}“ﬁﬁﬂwgéﬁdeﬂqqanwfgs)pept i des were
then used for im@awmmm@wﬁm%(smhwogens are as
foll ows. 30 Human SOST: QGWQAFKNDATEI | PELGEY ( SEQ | i )

TEI | PELGEYPEPPPEL BaN CSRARLDPNAIGR VKAY WRPREEDERN! (SEQNBARYGE) ( SEQ | D NO: 4)
KTMNRAENGGRPPHHPFETK (SEQ | D NO. 5) RPPHHPFETKDVSEYS (SEQ I D NO 6) Human
SOST Peptides with Additional Cys: 5 QGAQAFKNDATEI | PELGEY-C (SEQ I D NO 7)
TE! | PEL GEMPERRREL E { 2EQITNNGBlus PEPPPELENNKTM 4RAENGG- C (SEQ | D NO 9)
KTMNRAENGGRPPHHPFETK- C (SEQ TD NO 10) RPPHHPFETKDVSEYS-C (SEQ I D NO 11)
10 Rat SOST: QGWQARKEANSIenPERRENHEPR(GE $05NQiikRnentPdsRigns ENSGH MRAENGG

SEQ I D 3 ENGGRPPHHPYDTKDVSEYS (SFQ | D NO 14)  TEI | PGLREYPEPPQELENN
(SEQ | D N ot e eSS G R crmninafesye (Procin Dat Bk Emry

QOWQAFKNIDA T BV Bl R YRERRrife 6 SEQebiRnNOLH6 g%L LAEN . { SEQ
I D NO 17) | ENGGRPPHHPYDTKDVSEYS—e J&Z (rl SE(%I]l %%[‘?\IX%OO(:?S%EEP |Fﬁ%§é %Eﬁ%ll\é C
(SEQ I D qq@_dqq;) of the SOST N-terminus that likely interact with BMP. The model of SOST is

U

presented in Figure 6. In the comparative model, phenylalanine (Phe, F) at alignment position 8
(see arrow and accompanying text) in the SOST sequence projects into a hydrophobic pocket on
the surface of the BMP dimer. The same “knob-into-hole” feature has b een observed in the
15 BMP and type I receptor complex structure (Nickel et al., supra), where Phe85 of the receptor
fits into the same pocket, which is a key feature in ligand-type I receptor recognition for TGF-B
superfamily members (including, for example, TGF-p family, BMP family, and the like).
According to the model, a proline (Pro) directed turn is also conserved, which allows the N- .
terminal binding fragment to thread along the BMP dimér surface, traveling from type I receptor
20  binding site to type II receptor binding site on the other side of the complex. Also conserved is
another Pro-directed turn near the carboxy end of the binding fragment, which then connects to

the linker region. Extensive contacts between SOST and BMP are evident in F igure 6.

" Peptide Immunogens

25 Peptides were designed to encompass the SOST N-terminal region predicted to
make contact with BMP proteins. The peptide sequences are presented below. For immunizing
animals, the peptide sequences were designed to overlap, and an additional cysteine was added
to the C-terminal end to facilitate crosslinking to KLH. The peptides were then used for
immunization. The peptide sequences of the immunogens are as follows.

30 Human SOST:

QGWQAFKNDATEINPELGEY (SEQ ID NO:2)
TEIIPELGEYPEPPPELENN (SEQ ID NO:3)

73



The follow ng peptides were designed to contain the am no acid portion of
core 25 region that was predicted to nake contact with BMP proteins.
Cysteine was added at the C termnal end of each peptide for conjugation
to KLH, and the conjugated peptides were used for inmunization. In the

Docki ng Core N-term nal i internal cystei ne was changed to a
serine to avoid doubl e %mggqufbéEmo%T 30 Amino acid
sequence wi thout Cys reRTNREARNNIGERPP i . rm nal _Peptide:

| PDRYRAQRVQLLCPGGEAP (SEQ ID NO 21 %ﬁﬁ%@%ﬁg epti de:

QLLCPGGEAPRARKVRLVAS ( SECPHIEPFEPKINOSEYSS (IBERD NO:6yor e_N-t er mi nal _Pept i de:

| PDRYRAQRVQLLCP - C | D NO.23) 5 Docking Core_Cterm Pepti de:
QLCPGGEAPRARWCR;E\E/QEE"&“ Fég‘gf’mdewm deifipnaRys:SOST: 10 Ani no aci d sequence

w t hoait Cys residues a mb;\t;&}% 3 _
Docking_Core_N-term na??gglp?i de: | %ﬁ@&.‘i@g&%@@d% D NO 25) Docking
Core_ Cterm Peptide: P ESENNLO(SX0 B5N0:4p Pepti de i mmunogens
wi th Cys added and subs E; #:-igl Docking Core N-term nal Peptide:

| PDRYRAQRVQLLSPGG- C (SE‘%‘IP . 3N@82£EN§E§K%§@éNﬁr%pti de:
PGGAAPRSRKVRLVAS- C ( SE Tg}j}@g@% ' .thin SOST t hat
potentially interact t(()kf orm SOS Gﬁ%%o%@?tﬂgg?maﬁ{)[w?am no acids with
the SOST core regi on t hAPPEBHRFEIKDRSENSIC (EBQNDGE):M1) Human SOST pepti des
desigged to contain this sequence had a Ctermnal or N-termnal Cys that
was conjugated to KLH. For the rat SOST peptide, a cysteine was added to
the carboxy term nus of the sequence (SEQ ID NO 31). The KLH conj ugat ed

pepti des were used for inmunization. 25 For Hunman SOST:
CGPARLLPNAI GRGKW\RRS §G$I) | D NO 29) | GRGKWARPSGPDFRC (SEQ | D NO 30) For

Rat SOST: QGWQAFKNDATEIIPGLREYPEPP (SEQ ID NO:12)
PEPPQELENNQTMNRAENGG (SEQ ID NO:13)
15 ENGGRPPHHPYDTKDVSEYS (SEQ ID NO:14)
TENPGLREYPEPPQELENN (SEQ ID NO:15)

Rat SOST Peptides with Additional Cys:
QGWQAFKNDATEIPGLREYPEPP-C (SEQ ID NO:16)
20 PEPPQELENNQTMNRAENGG-C (SEQ ID NO:17)
ENGGRPPHHPYDTKDVSEYS-C (SEQ ID NO:1 8)
TEINPGLREYPEPPQELENN-C (SEQ ID NO:19)

The following peptides were designed to contain the amino acid portion of core
25  region that was predicted to make contact with BMP proteins. Cysteine was added at the C-
terminal end of each peptide for conjugation to KLH, and the conjugated peptides were used for

immunization. In the Docking Core N-terminal Peptide an intemnal cysteine was changed to a

serine to avoid double éonjugation to KLH.
For Human SOST:
30 Amino acid sequence without Cys residues added:
Docking_Core_N-terminal Peptide: IPDRYRAQRVQLLCPGGEAP (SEQ ID
NO:21)

Docking_Core_Cterm_Peptide: QLLCPGGEAPRARKVRIVAS (SEQ ID
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30 PNAI GRVKWARPNGPDFR (SEQ I D NO 31) Rat SOST peptide wth cystei ne added
PNAI GRVKWARPNGPDFR- C (SEQ I D NO 32) 75 The second region within SOST that
potentially interacts to form SOST honodi ners includes the C-termnal

regi on. Peptide i munogens were designed to include amno acid sequences
within this regi ogqéége bel ow). For conjugation to KLH, a cysteine residue
was added to the [ inal end, and the conjugated peptides were used for
5 i nmuni zati on. For Human SOST: KRLTRFHNQS ELKDFGTEAA (SEQ | D NG 33)
ELKDFGTEAA RPQKGRKPRP (SEQ I D NO 34) 10 RPQKGRKPRP RARSAKANQA (SEQ I D

NO 35)  RARSAKANQAD ek RATore SE@ernindliPphijie:Pe JPDR¥ RAQRMQUECBGEEAP-CY ssEGided
at C-ter@)w' KRLTRFHNQS ELKDFGTEAA-C (SEQ I D NO 37) 15 ELKDFGTEAA
RPQKGRKP %@EQ | D NO 38) RPQKGRKPRP RARSAKANQA- C (SEQ I D NG 39)

I s G T e e e

SEL KDFGPEARBQOKGRKPRPRAR ( SEQ I D NO 43) Peptide i munogens with Cys added
at Gtermnus: 25 KRLTRFHNQSELKDFGPETARPQ C (SEQ I D NG 44)
KGRKPRPRARGAKANQAELENAY- C (SEQ I D NO 45) SELKDFGPETARPQKGRKPRPRAR- C ( SEQ
| D NO 46) EXAMPLE 4 30 ASSAY FOR DETECTI NG BI NDI NG OF ANTI BODI ES TO A
TGF- BETA BI NDI NG PROTEI N Thi s exanpl e descri bes an assay for detecting

bi ndi ng of a |i ganithr RaoBO&Ranpl e, an antibody or antibody fragnent

therf{g to sclerostin. %FLAG—SN erostin fusion protein was prepared
accofding to prot eHIHET WEBOUS (Ve Frsidvanaddsd onsubstito®dgma Al drich, St.

Louis, M) and as gek&ly B6] Niethima FH8MY  PDRYRAQRVQLLCPGG (SEQ DD

NO:25) _
Docking_Core_Cterm_Peptide: PGGAAPRSRKVRLVAS (SEQ ID NO:26)
15 Peptide immunogens with Cys added and substituted:
Docking_Core_N-terminal_Peptide: = IPDRYRAQRVQLLSPGG-C (SEQ ID
NO:27)
Docking_Core_Cterm_Peptide: PGGAAPRSRKVRLVAS-C (SEQ ID NO:28)
20 Two regions within SOST that potentially interact to form SOST homodimers

include the amino acids with the SOST core region that are not present in Noggin. Human
SOST peptides designed to contain this sequence had a C-terminal or N-terminal Cys that was
conjuggted to KLH. For the rat SOST peptide, a cysteine was added to the carboxy terminus of
the sequence (SEQ ID NO:31). The KLH conjugated peptides were used for immunization.
25 ~ For Human SOST:
CGPARLLPNAIGRGKWWRPS (SEQ ID NO:29)
IGRGKWWRPSGPDFRC (SEQ ID NO:30)

For Rat SOST:

30 PNAIGRVKWWRPNGPDFR (SEQ ID NO:31)
Rat SOST peptide with cysteine added
PNAIGRVKWWRPNGPDFR-C (SEQ ID NO:32)
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No. 6,395,511. Each well of a 96 well mcrotiter plate is coated with

anti-FLAGr) nonoclonal antibody (Sigma Aldrich) and then bl ocked with 10%
BSA in PBS. The fusion protein (20 ng) is added to 100 41 PBS/ 0. 2% BSA and
adsorbed onto the 96-well plate for 60 mnutes at room5 tenperature. T his

Pusi on prot ei n. ATRFERY, aiii i SpSh, BepPatapiterncr o SCOT

di | ut ed HomodBRss GrchfleB8ft enemadsleadoiby Bd¥ininuRbedn® e | ' | ng
from10 pMto 500 nM After an i_n%lubatefii’%n for 2 hours at Hés omgpgr}%@r?% ure,
t he bi ncAmiao geid enemcess withmpthésdreging (séee bplosf)e Far conpigiatiah tohKEEL, td omseind t h
200 41 vgl.unes of PBS/ 0. 2% ._Bi ndi 0 he BMP to sclerostin is 10

det ect ecfgél}glilend” BolFPES o aﬁ‘ea?é‘g@f‘ﬁlnﬂfpgﬁ%d‘é? JPRIUSALE | BspHdess et fused fioF t he
BMP and iamnunB6©Pri at e enzyme- conj ugat ed second step reagent according to
standard ELI SA techniques (see, e.g., Ausubel et al., Current Protocols in
Mol Biol. Vol 2 11.2.1-11.2.22 (1998)). Specific binding is cal cul ated by
subtracting non-;&ec%[fi C gbgg,l ng fromtotal binding and anal yzed using the
LI GAND pr ogr am ( MifiSSH™4h dbard, Anal. Biochem 107:220-39 (1980)). 15
Bi ndi ng of scl er oRIMTRIANIQBHL KISFGIESAA honogeneous tine

resol ved fluorescence detection (Mell Og%t@‘{gﬁ(’)%) Bi onol . Screeni ng,
3:91-99 (1998)). AELKIIFEGIEAARBQKGRKERBEREQ IDNOBiUNg sclerostin is

oper,atively |inke i | obylin _constant region in a
reco@bi nant nucl e%@%ﬁggﬁm@% LAP3Y a human Fc-sclerostin
fusion protein aguRIU Eggﬁgqs(shg@m]ﬁ?q%@he art and described herein.

Simlarly, a BMP ligand is 20 engi neered a pressed as a BMP-nouse Fc
fusion protein. These two fusion proteins are incubated together and the

assay conducted a% dtgqscri bed ’ibﬁé IV%I ord t.al . EXAMPLE 5 SCREENI NG ASSAY FOR
ANTI BODI ES THAT | KIFP BIST B 'NISERES 6 éP@i’ EIWIDESVEMBERS TO 25 TGF- BETA
BI NDI NG PROTEI N TR FEREHRQS EleasrGesaac Fgg(?m@g I\f(%pdet ecting an anti body

y

that inhibits bindin of a TGF-beta fam nber 1’0o sclerostin. An ELI SA
is pérformed essemlKDPFGTRAARR I GREBRPHC (IBQIEDINO-28)except that the BWP

concentration is i i (det ined. for exanple, 30 by

Bl Acore anal ysi s) ﬁ%@%ﬁ?&%@%&ﬁ’ﬁ%?@%@gﬁwary or collection of
anti bodi es is addeARSAKKND AVBLENANYACISEONEEQOIAY i on of 1 p. M Antibodies
are incubated for 2 hours at roomtenperature wth the BMP and sclerostin,

the solution renoved, and the bound BMP is quantified as described (see
Exanple 4). Anti b%l'git éag} i nhibit 40% of the BMP bi ndi ng observed in the
77 absence of antibody are considered antagoni sts of this interaction.

Thes2 ant i bodi es &(RLTRFHUNGSELKDEGHETARIS ($¥0 eHiN@ly nhi bi tors by
performng titration studies to determne therr inhibition constants and

their effect on TGFOREPRPBARGAGANQAMEIENAY (GEQDaN®i42) ty. Conparabl e
specificity SELKDFGPETARPQKGRKPRPRAR (SEQ ID NO:43)

Peptide immunogens with Cys added at C-terminus:

25 KRLTRFHNQSELKDFGPETARPQ-C (SEQ ID NO:44)
KGRKPRPRARGAKANQAELENAY-C (SEQ ID NO:45)
SELKDFGPETARPQKGRKPRPRAR-C (SEQ ID NO:46)

EXaMmPLE 4
30 ASSAY FOR DETECTING BINDING OF ANTIBODIES TO A TGF-BETA BINDING-PROTEIN
This example describes an assay for detecting binding of a ligand, for example,
an antibody or antibody fragment thereof, to sclerostin.

A FLAG®-sclerostin fusion protein was prepared according to protocols
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control assays may al so be conducted to establish the selectivity profile
for the identified 5 antagoni st using assays dependent on the BMP |igand
action (e.g., a BWPBMP receptor conpetition study). EXANTLE 6 10

| NHI Bl TI ON OF TGF- BETA BI NDI NG PROTEI N LOCALI ZATI ON TO BONE MATRI X

Eval uat QR LR Riah 9%t (d; | Al i .b tri r.oXy tite) is
conduct g‘gﬂ{?g{l r?g qﬁéngla{u%lfgat i o%ésl%%%lﬁz&hg? -h’%"?}"%m'g@ ags&éf@égi@ﬂ%faé ? nt .
57: 206- N2. ¢,3995)1). . EacBrwedif df\s, 96181 micabiret pliteiodi@t @ith bitilFDAGE aiodbflohs
prepared as described by N colas (supra). 15 Hydioxyapatite is added to
each wePptibedy éSI%a\ﬁéqimch?%aw then blocked with 104uBHA dul PRST ﬂ%a fusier protadm{30are

oA ! ‘i ! h iy AdNIR .
i | ut oS OB BDIGR, FH0 ¥ B Sl RlsoroRU It IS Pty BERS e S8R ver |
cont &i nitngperdirei X higpoteid séletorSist reBoedVahd) tH wsadrd Wiakliedi 18 BRSvEWhb&ihnd

Adsorbed TGF-beta binding-proteinis eluted using 0.3 M NaOH and then
quant i f [EPD POty afvt BMEd oo exammer BiBefmt BMIxS, BYH-6i os BMP7npsmidilsteBiindi ng

of the ian TGF-. .bet | ndi N rotei.n to t.he_.hydroxya (te i

Ctent f TR B, A aaalPloabl AH B ORE SRRl Sndine b UM DO 1 Rass
and applay imegbition 67 X howre ai Potempbrafure tAE bikAME sbiAh AREMBved i MBlaeis | S
washed 3 tines with 0.2% albunmin in PBS buffer. Adsorbed sclerostinis

el ut ed WRshedghrge menwithi280,4l Yohepespf RRS/§-2%dBS Aan Bindinigled the BM&tto iselbiobiitt is t he
| f._hi.ndi | t hyd tite b t 4 0%
e, OleBls uiss o GS0AI S5tk AR SURBLLEE B byt BT 0%

conpar e 0 ndl ng- observ
i s consiapgroptate chome-tonpihicd dbtoad StephidaigtMraccsidiB 18Rl PRAB A fechhphdier
characterized in _dose response studies to determne its inhibition

const antSe&rfig-i fusubek @ @l., GrantFreacals i Mol Bipl Yolgt il -bi AQ2KEOWIX. i Specific 30

From t heg; | I . | £1.G: Loents of . the invention have
been  dereitend 3R th JOUAEP A e B RN PabiaR! oiife ot SR BEE: ons
may be niedielGMNID rtigrart @Missoh agd Podbard, eiak Bisdnkm 21022039 €1 9801 he i nventi on.
Accardingly, the invention is not Iimted except as by the appended
cl ailds. 78" CLAI veBindingcefzclerastia to 1BMRiipglso detenied iby dlomoaeneans fimodysoled an
ant i gen-fi.ndi eqf .7 4. i nds. spegi fd tp a.. SOST.
pol ypeptdl%g%,géeggel gét%%ﬁ%ﬁ%eﬁleﬁé‘p T eélg'g%ﬁcgﬁeﬁlﬁg'gf;igfé% ﬁ]?gg i dg ?8&'38%%“‘15&
forth i mediefe dncb@npletidrostilis dp8ratitdly lifiRed @ a REmaigmAindglobelinbdriskadkgion
conpetitively inhibits binding of the SOST pol ypeptide to at | east one of
(i) a bdhé rﬁ%ﬁ“ﬁ’h‘&?&éﬁ?@“‘bﬁ&‘@éﬁ°ﬁ£‘t(“_8md TYHIESSEC Ret apnay Fespalerpsip fusionepretaid (i)
a E'C\i/ipn;%@oréﬁhg RS GRAMMs BIRA RYtR! 4P andiREG b TRGRIEVRNRE, 'a BRECRLDd is

20  engineered and expressed as a BMP-mouse Fc fusion protein. These two fusion proteins are

incubated together and the assay conducted as described by Mellor et al.

EXAMPLE §
SCREENING ASSAY FOR ANTIBODIES THAT INHIBIT BINDING OF TGF-BETA FAMILY MEMBERS TO

25 TGF-BETA BINDING PROTEIN

This example describes 2 method for detecting an antibody that inhibits binding
of a TGF-beta family member to sclerostin. An ELISA is performed essentially as described in
Example 4 except that the BMP concentration is held fixed at its Kd (determined, for example,

30 by BlAcore analysis). In addition, an antibody or a library or collection of antibodies is added to
the wells to a concentration of 1 uM. Antibodies are incubated for 2 hours at room temperature
with the BMP and sclerostin, the solution removed, and the bound BMP is quantified as

described (see Example 4). Antibodies that inhibit 40% of the BMP binding observed in the
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site is capable of binding to a BMP Type | Receptor pol ypeptide conprising
an am no acid sequence set forth in a sequence selected fromthe group

consi sting of GenBank Acc. Nos. 10 NMD04329 (SEQ ID NO 71); D89675 (SEQ ID
NO 72); NM 001203 (SEQ ID NO 73); S75359 (SEQ ID NG 74); NWD30849 (SEQ ID
NO 75) ; | | D NO 76); . NP 001194 (SEQ ID NO 77); BAAl19765 (SEQ ID
NO. 78) ; Rg’%@i@%@ﬁ’gﬁy CEESP S RbARggonists, qfy thisyaeEAcHOR- h Ehesgrantiygshes| are fastbert or
bi ndi ng evaluated SasCinkibiein@ibitBisNel BESMhide BB Y BEdikd r, pol ypneptide .
conprising the am no acid seqtr]?nge set %o%ﬁ@n al sé%?gﬁg{eﬁ’geq’%cf%ﬁ’“%rnom 15

the grouiPneiapsaad thag efect GaSanketAbNdingproteli?bidihp affHiQ. |TImyRrBR) spedifikif 33346

(SEQ I D . . 248923 (SEQ | 1 83); ,CAA88759 (SEQ I D_NG 84); and
NN001204°°?@E%%%SE‘>VS'N€Y P §92.9°ﬁqﬁétNe§)n i GRRRjish ghe aﬂfq("géﬁ-mpﬁhi fog the adgnbfed

t her eof , anddpeaist iuide ta8saGt i i : [ (. OF 1t igen- bi ndi ng
fragment thereof, B ndéé ?‘S‘g@&h?%g’ﬁ ﬁ};@t%mg i @6@%@&% t haapﬁﬂgg{v@g%ﬂ?tgres an
am no actonpsiperestedy)sel ected from the group consisting of SEQ I D NOs: 2, 3,
4, 5, 6, 12, 13, 14, 15, 21, 22, 25, 26, 47, 48, 49, and 50. 3. An

i sol ated anti body, or an antigen-binding fragnent thereof, that is produced
by inmmuni zing a non-human animal with a peptide of at |east 20 am no aci ds
and no nore than 75 amno acids that conprises an am no acid sequence
selected fromthe group consisting EXASEFQEX ID NGs: 2, 3, 4, 5, 6, 7, 8, 9,
10, {1, 12, 13, 14“11501#{2!-' 17, 18, 19, 21, 22, 23, 24, 25, 26, 27, 28,

47, 48, 49, andNEBMON OFELF-BRTA BORING-BROTRA LOGALIGAFON TRRANE MATRIRe Nt
thereof, according to claim3 wherein the antibody binds specifically to a
SOST pol ypepti de, said SOST pol ypeptide conprising an amino acid seguence
set forth in SEQ |EvalNason] of 26hibB®n 60 loGHzaton ©3boRd riatrid Waycﬁaiﬁaﬁaﬁy), iOr an
ant i gen-&inagété\c? f.r&a/lxg gt t her eqf , accortdi ng to _claim4 wherein the

ant i body  conpet I t1 g@ PRI epnetbedgt Micolan ECalei issere yare b 2012 G1995)) east
one of (Boiefly, BEN@belldd POPIRAI Gi L0 ( or.bi.nding site
and (ii) af%’I\/P Type || Receptglpg&gf %?ﬁd?%z%ﬁ%ﬁg% \%Jegﬁéigérztof' h%“"ﬁﬂﬁofﬁ‘{’}ﬂi |
Recelpt orHyfiraxangitsi s eaddsd cwpahtte vodll kifndi 9gweid mickitRer PYRE dquipeE g a

cdt ort Si shite wd ber
Gl Lot o o b e e s poch e R MANCEGT RRR OSSP | D

.72 Sarssaiscoeen 8 SRR bTB [ dhe SHRIRA IR

| D NO: 7787 V3abetiod mey S 012% mibusis) in PO dbuitB3 3860 dSEGF Ut diflg-protddlis
wherein < e tor bj.pdjng site is capable of binding to a
BVP TypeéhltHFdE%@%g%@?ﬁﬁéﬁiﬁégﬁwa&%ﬁﬁi sing the anino acid sequence set

fort20 | ] r Lty ' NGs.
for o | ?SEQS equencen &fibed @ththdr QkthRar HHILE o FApLAIHiREnO b e VB FSE-

beta binding protein to the hydroxyapatite is identified by incubating the TGF-beta binding

protein with the antibody and applying the mixture to the matrix as described above. The matrix
is washed 3 times with 0.2% albumin in PBS buffer. Adsorbed sclerostin is eluted with 0.3 M
NaOH and then quantified. An ahtibody that inhibits the level of binding of sclerostin to the
25  hydroxyapatite by atleast 40% compared to the level o f'b inding o bserved in the absence o f
antibody is considered a bone localization inhibitor. Such an antibody is further characterized in

dose response studies to determine its inhibition constant and its effect on TGF-beta binding-

protein binding affinity.

30 From the foregoing, although specific embodiments of the invention have been
described herein for purposes of illustration, various modifications may be made without
deviating from the spirit and scope of the invention. Accordingly, the invention is not limited
except as by the appended claims.
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| D NO 80); NM 033346 (SEQ ID NO:81); Z48923 (SEQ I D NO: 83); CAA88759 (SEQ
ID 10 NO 84); and NM 001204 (SEQ I D NO:82). 6. An antibody, or an

anti gen-bi ndi ng fragnment thereof, that is produced by imunizing a

non- human ani nal with a peptide of at |east 20 ami no acids and no nore than
75 am no acids that conprises an am no acid sequence sel écted fromthe
group consisting of SEQID N0:2, 3, ChAI®S 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, %,7, 18, 6(1)% 21, 22, 23, 24, 25, 26, 27, 28, 47, 48, 49, 15 and 50
wher ei n TE&aRH H?/W‘va’-nds specifically to a SOST pol ypeptide, said SOST

| tid i i ng . aci g t forth.in SEQJD NOs: |,
D0, VBEP Lo° (SPEBlalel by, BBl bt PG RS Frsh b binds i tieal b I
bi ndi ng $OST pelyeHde,xaidy3RST polgpdptidetohpadig Aeni@b acid %ﬂ}%m@@&? TR RRegeni ¢

protein (BMP) Type | Receptor binding site and (ii) a Type | 1
Rec eSt orﬁjo]‘#(iﬁ’r?é’ 3, 68, 62\AE P Mhetenchppibpdy compersivelyt inhibits bidiling of iteeSOST

bl efell t 0 T R t | id i Si.
o act gl R efort ot RARCnimEREE Pout oK moats Rechigr dupging
consi st ing anfl (BeaBMIK TAsE Il toNMo@RrE328, wikin! the MVIP Hhpe | %9%%029&:?%% IDD

NO: 72); NMDO1203 (SEQ iD NO: 73); S75359 (SEQ I D NO: 74); ' NM 03
NO: 75): J§8988P3bEEes pinding: to @) BMYPT g1 1 84cepBE@olypentider ZymprisBiAdd Zfimo( BED | D

NO: 78) ; : NO: 79 d in the. BVMP | 25

Rece p% or ég?erﬁfé ?g‘sfsi)?ttﬁ e1£1 ?‘SE%:’% E%QSI secyeg%d bﬁ?og itﬁeg E‘Erogllp er;°°§ﬁ?g‘“‘%/ﬁ%£¥&e@gc‘%fft dyos.

pol yifept NNE 004329 (SEQh@D Nbalasnbe%mgsm@qgugmfwfomdss 'SE(? B RRERO
cc. NOGs. U25110 (SEQ 1D

sel ect edﬁkﬁr 3§1 t he qrou _consi Sti ng of GenBank
NO 80): RWM3E334R ( EQPQ-WMNM_)O? A28 6SBQ ( BEQNOISHO II88P82 (SBASIDSHIQBHQ | D

ant i gen- B ee. PERUD N, BANOE GO mO-26 Bnd Aedfnpef (i B pfeay
pol ypept ardewhereinttha BMIDgpe 8 Revepidt bindir sifd iSChabROSOBLIRE 1o WINPTk e

SOST po%gge&ti de conprises an amno acid sequence set forth in SEQID
NOs: 1, 2DEceBST pplypepside coppppsing thg ampeacadh segyerpe sof forthan ms#queheer selentet] Himm

ol et ounF Rl doiBle PRERIh Ak TR QT RS RRCE, NERe MR 035448 GRAECC
36, 41, ¥Q:81334%23 (SEQ IEBNCaRR); BAASS7SASEDT DhNCYB4)0andaMAG i 92 SPONE NY

f ragment b reof, that is produced by immunizing a non-hufan animal with a
pepti de 13 4% | east 20 amino acids and no nore than 75 amino acids 5

conprising a } i ) . he _gro consi stin f SEQ
D Ns: | 55, oo utBodfy §f SERHEHRRLS HARIGLER LB ML GRTT hegT B
45, 46, ®Hibogy orsthe antigershinding. fragmeenartherbaf(lbindsr spaeifiesilyi gL 8- fblfébti@ that

fra nt ording to claimu, erein the antibo or_the

ant igig;ﬂ;n- B r“%% %@%ﬁr@ﬁ@ Sf%ﬁep‘é%fe,lecfﬁg]r%“ \é}%&‘f‘?% ©RFIFYNg @f SdEQSéﬁJOé@I yfbpti de
that co6pl2 $Bd4ars,an 1028Q6d4paguenesd se¢t forth in SEQ ID NO 1, 20, 58,
60, 62, or 68.

3. An isolated antibody, or an antigen-binding fragment thereof, that is produced by

immunizing a non-human animal with a peptide of at least 20 amino acids and no more than 75
amino acids that comprises an amino acid sequence selected from the group consisting of SEQ
25 IDNOs:2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 21, 22, 23, 24, 25, 26, 27, 28,
47, 48, 49, and 50.
4. . The antibody, or an antigen-binding fragment thereof, according to claim 3 wherein the
. antibody binds specifically to a SOST polypeptide, said SOST polypeptide comprising an amino -
acid sequence set forth in SEQ ID NOs:1, 20, 58, 60, 62, or 68. |
30 5. The antibody, or an antigen-binding fragment thereof, according to claim 4 wherein the
antibody competitively inhibits binding of the SOST polypeptide to at least one of (i) a bone
morphogenic protein (BMP) Type I Receptor binding site and (1) a BMP Type II Receptor
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10 11. The anti body, or an antigen-binding fragnent thereof, according to
claim 10, wherein the antibody, or the antigen-binding fragnment thereof,
impairs formation of a SOST honodi ner. 12. An anti body, or an

anti gen-bi ndi ng fragnent thereof, that is produced by inmmunizing a

non- humeyin i & | SRk fpat | east .20 anmino acids and no nore than
75 am no acii;%g&l’ (‘:")(g{lr?t]:??} glleng an %?n%ecgg{oaabé%ﬁ%ﬁ‘é 15568p ?ggbpa%t@r?eBWoup

consi st i Type dReSHQrpblydaRide 28mpRing Abamdino 22d se3d ¢ 35 ; ,
40, 41, A2 43, 44, 45 46, 51 52, 53, and ?3% m\/‘\:%ze&?e%nﬁ“tnﬁ%qu%tcfg%%%}%gor

the ant i T s FRHPRPnFisting RffFenBark Aot Nox. Nd_@04629 (SEQID NQ:01)aDSISTH (SEQ

pol ypeptm t S .00 ac e t forth in SEQ ID

R 3P eOaAIg T NVEGORIGSSEEOTD §EL A 87sSsd REERE G0 05t GSRRURon of
a SOST Heod); Bs808ZLBEQTENT1E) e Y000 75). @l ; Akt he
anti body i s a_pol c(ISor?aI ant ial))ody". 0 2%&1%@@%&%?#’%9@9%?5]@% oné@o )_’

cl ai s 1%2%&/2 i (PEh &D N@178) cipd i whereimo tec BYPalTypen Tl Redtptor blifdingl 3Re is

ant i body,0f [.m. 14 At nonocl onal anti body is selected fromthe
group co sqlé{’@ﬁgﬁ%% to\gpﬁnfl@s@pﬁgﬁgﬁﬁ%ﬂlpo HisesPmpISIHE kRsrAmine aeif sagence

ant i bodyset forthai netdeGBREted &Bini th® ; idgfad}"‘{r, chgia td :
16. A hy@ri domaagl I er odutgi n thegﬂgﬁgi%ggﬁs of ¢ egllhﬁ%ﬂqg& @llygeﬁ%@gﬁycel I
that is a0 Wﬁ%g}"és@% INO:Ehk i 2ARNR3 (SEC) D INCEE3); TAASENSY aSEQDdy of

any jgne nggi.%mgéﬁ%ﬁg@bﬂcgé@ﬁz?nti body is a humani zed antibody or a

chi neric ant1’body. hat is capable of expressing the

ant i body6.of Amintibddy, 02@n al@ndMdiROS cRAEnERYren ' i rein
the anti Iela bi ndi ng fr_agrrendti@i s SI(k))é)se%‘qeact ed rfer 6%13?&e&g®85%b%6%§ﬂ%%ga of

F(ab ') an apymal with a peptideof atdgast PReamsinb jabids yndfio atoye hae 78 fanh@bdigs 1- 12
that co [ - ' - .0 antibody.. . 22. A host cell that is capable of
expr essirE%g ct%ﬁ@ngeﬁtsalh %%lcﬁo 0 &l(s‘:?qéllelﬁ%ezc‘fgc%f from the oM EWSISHRHOLIER IPINAF. an

ant i body4, 506, B8t b,gEN-1bj 1BJi1BY14, nagrEny, { Hereel, 22 ' %70 f
cl ai 1- éZ and a physiologically acceptable car’??’gir{’jhgl’ngll.&ﬂ@’ i)i?ﬁ*r%hﬁgg’en

congri sidlg 28 Wepun e 26Redy indsyspecifivallygto 9 SOBT, palypeptide, 42d SOSTailpepsde
am no ag : SEad s i b d. S 0 eptide conprising an
am no ac iﬁzggﬁgﬂce %Qgigt &ﬁg% cgg?tnt%%llgdnl %ﬁc@’ }N}&f@ 20528, G 6269r 63*‘“6‘8,
wher ei n wiheeeip dipt dantibod yscomayeaitiVady @fhitefsitihdinp @ it SOSPBs We?l |

anti body...t hgt bi nds specifically tlost he 1S%ST pol y%gg(t)ll d g%?%tgg%staﬂe of
conpet i tP\VAPSRS RPRPRPSSRIqR Tt (BMP) Trpe SESTepiot Yindpigi site aho (i)t 2 BAGB TypeEl of

(i) a bonRepBf RAAHAETHE wiRkk i e | Receptor binding site and (ii)
a BWP Type ﬁl‘?{ ReC egt or vgfgnegﬂ& ﬁlﬁ %;’{‘F@ € %F %Rt?lﬁ?‘ﬂ‘g‘g%ﬁ}ff ‘Wﬁ?\’{; Fotpreie 2
bi ndiong BMPeTyps 1 RepepitbrepaifpeptidelédigprisingraBRinky & keq@ﬁ@@&t%ﬂ%@n 9%5&4@&?9& | de
comprising an amno aci d sequence set forth in a sequence selecte romthe
gr oup selccted from the group consisting of GenBank Acc. Nos. NM_004329 (SEQ ID NO:71);
D89675 (SEQ ID NO:72); NM_001203 (SEQ ID NO:73); §75359 (SEQ D NO:74);
NM_030849 (SEQ ID NO:75); D38082 (SEQ ID NO:76); NP_001194 (SEQ ID NO:77);
BAA19765 (SEQ ID NO:78); and AAB33865 (SEQ ID NO:79), and wherein the BMP Type I
25 Receptor binding site is capable of binding to a BMP Type II Receptor polypeptide comprising
the amino acid sequence set forth in a sequence selected from the group consisting of GenBank
Acc. NOs. U25110 (SEQ ID NO:80); NM_033346 (SEQ ID NO:81); Z48923 (SEQ ID NO:83);
CAAB88759 (SEQ ID NO:84); and NM_001204 (SEQ ID NO:82).
7. Anisolated antibody, or an antigen-binding fragment thereof, that binds specifically to a
30 SOST polypeptide and that impairs formation of a SOST homodimer, wherein the SOST

polypeptide comprises an amino acid sequence set forth in SEQ ID NOs:1, 20, 58, 60, 62, or 68.

8. The antibody of claim 7 wherein the antibody binds to a polypeptide that comprises an
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consi sting of GenBank Acc. Nos. NM 004329 (SEQ ID NO 71); D89675 (SEQ I D
NO 72): NWD01203 (SEQ I D NO 73); S75359 (SEQ I D NO 74); NM 030849 (SEQ ID
NO 75); D38082 (SEQ ID NO 76); NP_001194 (SEQ ID NG 77); BAA19765 (SEQ I D
NO 78); and AAB33865 (SEQ ID NGO 79), and wherein the BWMP Type || Receptor
bi ndi Ng A 4 indi to a BWP e ecept or_ pol ypepti de
conpri si ngh?h%&dagne‘?ﬁ%gggflg&g%qﬁgﬁn@% gf’ PoEURe ‘ﬁ-g)é ggta'@é' e3%ell eé%»eﬁ §$ om
t he groupbcting2sB3i filg 52f 53GanBank Acc. NOs. U25110 (SEQ I D NO 80); NWD33346
(SEQ I D I§| 0:81); Z48923 (SEQ I D NG 83); CAA88759 (SEQ I D NG 84); and
NMD01204 °{ SEQARIEnpedyp9r mzzsntlngbmqlmmﬁrggnemmqnmf,smmgs arquepéd B iMMMRERS 2ng

t |east g 20 t han 50 t
ani no. act s e es gl ¥En ARBRICH SeB o arne B B BEre Bah s AsRascscids
ani noS ac|cdmpnqmgammetacdeJeqﬁhnb@se‘&%le fromeRe bou@@onsﬁﬁn @PSE@QID 1510) 62% 30,

wher ein ﬁ&;gept ide is cagable of eliciting”in a non- BlUnBn ani e
ant i body Bi¥e35, 3peTh BRI #4 41 042, t46e4‘84613116 B1,cl2y B pahd e and t hat
conpeti tijgel yrhoRidok % ol?lag%{)genood?cg{x%%emt tWB%fO:acype L gg:rl;imp}‘gy}%geillsggzt

one of (i) a bone norghogenic

and (ii) astitBAP, &5heT: Meﬂ-bxrﬂﬁ%ﬁfﬂzﬁfenbﬂh@@oﬁ%@stsgecxﬂ%ﬁ/&?drp Sb@% pggypég%t?&)c%hat

Receptor binding site is capable of bindin
pol ypept FYBPRGFAR ABInG Goidrpeguanprseh firth 18&131@5]:131@2120]‘53 60, dmoﬁ68 sequence

| d of . GenB Nos. NM 004329 (SEQ ID
o 711 beoarart BT Bl iyt et aée«qo%m@é;mmm i P

NO 74): aniodg0B41e: -biad 194 _(SEQ ID
NO: 773; ?2 BAA197652(D?§§Q | DM%)O %ent%ﬁ%@%&éﬁﬁ&gﬁ%@b@%sﬁ%?% ’meé(
wher ei n the brdyy pr W@ﬁ@ﬁmdmgnﬂnxgﬂs |tlta£eqf,sthatalp@htidﬁcaf b;birﬁkdhxﬂgng Q@ a

BVP Type nbi-higa in no aci d seguence set
fort hy:onna Seqﬁg%@@ﬁggﬁé%&%gaééjgfm&ggﬁ{ 3 ’g %as'ﬁ‘f?gm@fe thgh B qﬁ%m%{?l‘,is

. Lzsstmr e mn@awns;qwaa&m&gofg&m Bk BPSEQUBARL O 83) ¢
conpri si ng%% 85159 c?lg %%3 3?19@ 400844 5 ’l‘tﬁs 44n8l, 93, ﬁgxr@dtfhlarwhz&m tei no
s Comictis ety gpageogt i 10T RSt St s 14
19, 21, SFIPHES a%mnfswdz%quwe sep fortyin, SEQ TANOA920, S8065 62, 68, ailimwherem

I nm“’amﬂﬁE‘C?ﬁﬁﬁ‘f]@a‘ﬁ?#}aff°§h9%ﬁ‘ff§o¥ﬁkﬁ‘*’%@ﬁa??ké??fI a1yt SCAICER

pol ypeptl de, said SOST polypeptide conprising an am no acid sequence set
forth inlSEQ Thy Mtbedy ofanysBe 060ainG2 -1 2rwifein tHRSntiddE ik H?M@@Bﬁﬂ 2BEERY ?d' ng

to chai m@? hihse ant i body conpetitively inhibits 10 binding o
SCOST pol ypept i %ﬁi@o of gy ope 8Eé318?5 I f:; wherein thegibedygen mnpqﬂgtl@lam’t(OBWP)
Type | 15.  The antibody of claim 14 wherein the monoclonal antibody is selected from the group

consisting of a mouse monoclonal antibody, a human monoclonal antibody, a rat monoclonal

antibody, and a hamster monocional antibody.
16. A hybridoma cell producing the antibody of claim 14.
25 17.  Ahostcell that is capable of expressing the antibody of claim 14.

18.  The antibody of any one of claims 1-12 wherein the antibody is a humanized antibody or
a chimeric antibody.
19. A host cell that is capable of expressing the antibody of claim 18.
20. The antibody of any one of claims 1-12, wherein the antigeﬁ-binding fragment is
30 selected from the group consisting of F(ab),, Fab’, Fab, Fd, and Fv.

21.  The antibody of any one of claims 1-12 that comprises a single chain antibody.

22. A host cell that is capable of expressing the antibody of claim 21.
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Receptor binding site and (ii) a BMP Type Il Receptor binding site, wherein
the BMP Type | Receptor binding site is capable of binding to a BWP Type |
Recept or pol ypeptide conprising an am no acid sequence set forth in a :
sequence sel ected fromthe group consisting of GenBank Acc. Nos. NWD04329

(SEQ I D .71114; D89675£&SE I D NO 72); NM 001203 (SEQ ID 15 NO 73); S75359
(SEQ | D NO 74) CORRYHHE "tpgé’ézgl‘ﬁ Ftibody), ;or PRV DiIEEDETND e yof, adprddel 194

- (SEQ I D > of oMYk 1€ L AAB33865 (SEQ | D NO 79), d
\(/vhe?ei n ttNth;é}l\l%’oTyr;eg’IYﬁ§§g§§§thg$°]§gﬁ%®1agccgﬁg%e ?a§"8rapabl(e (?f bi ndi ng)to Zn

BWP Type?d.| fRedemungepabypesing depepaaP tompriing b€7,38719)0 02¢ 1 GorSEOMRB&GHRE
forth in_a se%éenflce @%‘em ed from the group consisting of GenBank Acc.
NOs. U250 @@EhPi SRR 8elypentdr 03355@S T spigpennde oomvoxising an Zmie 28id(sSE@n¢D
NO 83); deffRBiin ) &0 ad 01204 (SEQ ID. NO 82).. 29. An

i munogen conpr ;%éal g abgégﬁ’%’ g?’%;tolﬁgﬁ%efg ﬁip%“gdf‘a’épagﬁd’fﬁg“%%’é‘%han
75 ani nePralimim ewinpl s i angbady @it NindC kskcHRAUE RS Ghs Wt ?’g‘@éﬂ%tm @Leup
consistin Of”SIT-Q'T!h%( NCs; 2, 3, 4, 5, 6, 7, 8 9, 10, 11, , 13, 14, 15,
16, 17, Cf’g',‘r’ei‘@,ve& hibjis binging of she SGST pglypertide waat lekiE; orR5FAB 2 boge mamphogic
wher ei n AP a8y e.of. eljciti i n- hynan ani pal . an,

ant i bodyﬁr th_at bi gggb i%)g%p |J():ralf’¥§m§os“§ )ﬂgﬁ%gﬁq"dﬂﬁ?&?tﬁr g’%é g site,

pol ypept WhiereindhpBMPi Type d R eagpttiobiading sit RQUBIbEE RN dih Ot H BMP I'l@c@ﬂgbxl’
20, @8, 6 62, or 68, wherein the antibody conpetitively inhibits binding
of the BBS (ATS G 3 GIHRO PEd SEqUSRRE SSF Torth)in a sbaureacersrigrhmifeoti thepgraitpei n

BVPY T L F o . > bi ndi
Site wharsraiBpoetSak A MesTNNE @52 1950, B O} Bedsns ERT b i g
to a BVANNL§81203REEQ D r NOGI3Y,pEPsIs9e(SEPIDI NOi7ag M 3084 LG, I@EW? set
forth i C el ected fromthe group consisting of "GenBank AcC.
Nos.  NVEBRS3E (CERAN BOxs)y NP_Opisu 1S ECSEONGY ROBA 19781 (SBQATBNOU B QuicD
NO 73) ; . NO. 735) . .D38082 (S I 83
NG 76) -+ RPoo0Rrsn parg Py e A e Tome 0 R SoREF bipine e sanBReE
( SEQ3I D biniting &) 3 BMPIT ypled Régepion oBivEbtilieREmptisile &R RkfAo 5)&&1@.'4qﬂf.anc%!s&_efoxitﬁ%nh

e

capabl e of bi ndi to.a BMP Type |1l Receptor polypeptide conprising
am no act FUEYE éﬂgcéc"s%?m fhergrauR rpgisingelEenBank Ace ¥R U250 (YRR B NOM0);

consi st i Ng1_0837a8nBaonk : ) : 033346, ( SEQ | D
N O 81); 748923) q( SEQDIA%Q)N%I 3 ?S%ﬁgﬁﬁgﬁ |W§R)(,§E§:¥IZ‘P Ma%g’g
( SEQ | D N¥_99)20435EQAR NOm82nogen conpri sing a peptide of at |east 20 am no
aci ds aggf nomQIIP)re than 75 am no acjds conprising an am no acid sequence

ro

sel ect ed“t FEMYRASHH SUBRIAIRS 3 REPUGF comprising atigast 2 Devns@mtivedming 2¢idgayd 34,
The 1 mumogen. aceord: ne el St 35 it S0st e et soffaamiwents
el i ci ti nkprpNsE@g an amno acid sequence set forth in SEQ ID NOs:1, 20, 58, 60, 62, or 68, wherein
the peptide is capable of eliciting in a non-human animal an antibody that binds specifically to
the SOST polypeptide and that c ompetitively i nhibits b inding o f the S OST polypeptide to at
least one of (i) 2 bone morphogenic protein (BMP) Type I Receptor binding site and (ii) 2 BMP
25  Type I Receptor binding site, wherein the BMP Type I Receptor binding site is capable of
binding to 2 BMP Type I Receptor polypeptide comprising an amino acid sequence set forth in a
sequence selected from the group consisting of GenBank Acc. Nos. NM_004329 (SEQ ID
NO:71); D89675 (SEQ ID NO:72); NM_001203 (SEQ ID NO:73); S75359 (SEQ ID NO:74);
NM_030849 (SEQ ID NO:75); D38082 (SEQ ID NO:76); NP_001194 (SEQ ID NO:77);
30 BAAI9765 (SEQ ID NO:78); and AAB33865 (SEQ ID NO:79), and wherein the BMP Type II
Receptor binding site is capable of binding to 2 BMP Type II Receptor polypeptide comprising

the amino acid sequence set forth in a sequence selected from the group consisting of GenBank

Ace. NOs. U25110 (SEQ ID NC:80}; NM_033346 (SEQ ID NO:81); Z48923 (SEQ Il NO:83);
82 -'



non- human ani mal an anti body that binds specifically to a SOST pol ypepti de,
said SOST polypeptide conprising an am no acid sequence set forth in SEQ
ID NO 1, 20, 58, 60, 62, or 68. 32. The i mmunogen according to claim 31
wherein the antibody inpairs formation of a SOST honodi mer. 15 33. An

| muno I & tide of at I Q.anino acids and no nore than
75 amgg%%é(%ﬂo%%ﬁﬁ‘g; %fﬁe‘%ﬁ-ﬂ@z&é?gﬁééé%%@)-sa ected fromthe group
consi st i2ag ofanSkEf: MNeShpre 31, , - 35...3 37. 38.. 3 40,
41, 42, 4%, 44, 45‘@ 6, 51‘?’%%5, g@%‘f‘%n"f“%i‘?ﬁ?\%ﬂéﬁtgpng‘?%segbde’b‘f e i“é“%a?pabl e
of el i cizmimyadids compoising wramizmadit keqaancendeidoedfrdnh &e FbisonskRLE bf BE6ITY t O

a SOST eptide, said SOST paqlypeptide conprising an am no aci d seguence
20 set 1&@%{% "#’%71%%&5%1,1’&8,135‘3% léo!ﬁ’dis,{gr196@,,g%ﬂr?é, AhSbedth 272, 47,
ant i godwgi apahd §0.f ormation of a SOST honodi ner. 34. An inmmnogen

conprising a peptide conprising 6, 7, 8, 9, 10, 11, or 12 consecutive
am no acdi’ds Jhe amB@BIgepaicyqrein itolelaimn D6dwBEER the pypeatetib Qgpa@wélﬂtn% an
am no acid,sequence., set forth in SEQ ID NO 1, 20, 58, 60, 62, or 68,
wher ei n npﬂ@“ﬁ‘gbtwli@ anihady dhaisbipds epacifirglly o .2 3©SAopelypaptide, asaidr®OSIN

ant i DochpolyBahidla0aaneah bhiialaki Sehbes PR, RAPAPLIHE A8ng, Khal, Lpal rs

formation of a SOST honodi ner. nmunogen hat
conpri s@8. at ThedmmuBdganoasentitg we chirh 2y adiefisn tivd enitd I otpeR@FeP Gnhibits

consecutive am no Lds of a SOST pol ypeptide, said SOST pol ypeptide

comj)?i sithtiﬁ%g?éﬁ‘i %@%B?W%@a %éeaéfeqnequrp(t)ﬁ boRe BREhopemNOpDieiR(BMBBTyB0] 62,

or 68, WRe&Rbrbi ; 3 ' Lelting i.n_a nons n I mal

an ant i boarrarafe 36 BRPLD P, TPRRDRE o dhinfing o pubefndopb e T

i npai r s Reoentert binding fiteais S@HH 1 ofimid ding to aWBGIypIhQ{dcsgSfBﬂlﬁtﬁﬁféBti@e EorAptisire O
wth a

f claing 2.4-35 wherein tﬁe p eptide i s associate a carrier
mol ecul &2 25400 341, SSANERCS SEIFTtBAn @|sequsnapseifrsidefrom thegronp chusisting o GghBariks . a

ol ypept e Lo et (RO DR IR s (S2R5I N2 SV i nf B Ry an
ant 1BodyNQ:A3) STHEVi (SEQRID W7 4)d NM 0308 8DEEQAbyNeitsh;d538082 9SEOI 1 RD:76):
o 20200 S BT Y A S0p B T R A e BT,
Compet i Lrvely Tahbire Bred ne g nsta e jotmafic ortindls (P RN 3,ET T, 0
of (i) &Repenter priypshiadseromprisingtties aminBMe)d seypenct sESORPI0E sdjubibeRBlected HomANd
QIR TR A T L R PR
CONM0i SINW:813Z BNINGES 10 NOBIFELASS759 (SEQ ID NO:84); and NM_001204 (SEQID
NO:82).
29. An immunogen comprising a peptide of at least 20 amino acids and no more than 75
amino acids comprising an amino acid sequence selected from the group consisting of SEQ ID
NOs:2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 21, 22, 23, 24, 25,26, 27, 28, 47,
25 48, 49, and 50, wherein the peptide is capable of eliciting in a non-human animal an antibody
that binds specifically to a SOST polypeptide, said SOST polypeptide comprising an amino acid
sequence set forth in SEQ ID NO:1, 20, 58, 60, 62, or 68, wherein the antibody competitively
inhibits binding of the SOST polypeptide to at least one of (1) a bone morphogenic protein
(BMP) Type I Receptor binding site and (i) a BMP Type II Receptor binding site, wherein the
30  BMP Type I Receptor binding site is capable of binding to a BMP Type I Receptor polypeptide
comprising an amino acid sequence set forth in a sequence selected from the group consisting of

GenBank Acc. Nos. NM_004329 (SEQ ID NO:71); D89675 (SEQ ID NO:72); NM_001203

(SEQ ID NGC:73); 875359 (SEQ ID 'NQ:74); NM_030849 (SEQ ID NO:75); D38082 (SEQ D
23 . .



set forth in a sequence selected fromthe group consisting of GenBank Acc.
Nos. NM 004329 (SEQ ID NO 71); D89675 (SEQ ID NG 72); NMD01203 (SEQ I D

NO 73); S75359 (SEQ ID 15 NO 74); NWD30849 (SEQ ID NO 75); D38082 (SEQ ID
NO 76); NP_001194 (SEQ ID NO 77); BAA19765 (SEQ ID NGO 78); and AAB33865
(SEQ ID NO 79); and (d) the BVP Type Il Receptor binding site is capable
of bi ndi NG: 165 NP B0P19A/(SEQ ID NE:EP: 87%@%5) B NQ;ehpuidsAAB388ES HBEQD aci d

ConBank 05Ol Wgsts TS BUERAR T ReFEHSE o S i S et of Bire 1 € Mo,
(SEQ " 20Ty NOR&ior BONBITE GHTRSHD B ditho a0 1EDRSERS Db B2).

40. A nmethod for producing an antibody that specifically binds to
pol ypept $edrsteds o  tIBOBUpoLgnsisprg i GemBariksiderg ANOsati2id 16 c(SEG dfjueN@80) et

non- RN RP T EHING A kAdse Gegy i sef CRb bl TsEE U afordduGuss
wher ei n Nihe oatoslSHy DWeigny fornmation of a SOST honodimer. 25 41. A nethod

for identifying an antibody that nodul ates a TGF-beta signaling pat hway
conpri si ?\Qg (&) Tmownegeni ¢APSAINg r# heptidis/ of atiteastpXl arhino aicldg dnd mbsmbre thaSCST
' _%0

SEq) o neio 205 SOmBRHRE o B, bl e OE P SET HRREE: B SrmmanyiRR B

conpr i si N@sa2p, a0j 11033@3¢34 66087 383 % aioeall, fap o, uhesst fs 3N osm 5604 st i ng of
SEQ ID NO 2-19, and 21-54, under conditions and for a time sufficient to

permt formatjon of an anti body/ SOST peptide conpl ex; and (b) detecting a
| evg]llé of ‘%int i dwweﬁémﬁ@&%%wbgfg vhegep s Rap(ide dcapable of efigitinpdn 2

pr esencendi-h@fard BhidA0 @Y 4dtiBbdyTet lbitde i ' ' y . A
met hod fgr identifying an an_t)?g%dy thzstp%fl-ﬁgg#r)g& %i %%?OW%@%NEE@OSQ%%T

pol ypept PRIEPPHHS FOBRTIE rcAmine prid saquerse(se) foath im REQUDAYO 1120, 58p6Q;i6li a8l y
binds to a SOST pol ypeptide 5 which conprises an am no aci d sequence set

forth in3zany ?ﬁbeu%uﬁgnlalgcd}lﬁ}ﬁﬁ t¢ el 3 PSvhePdn ezantibﬁﬁg élggael}%eﬁqmélé{l¢r) of'h

| east one SOST peptide conprisfng an am no acld sequen romthe
group coh9FEthomgdiierSEQ | D NO 2-19, 21-28, and 47-50 under conditions and
for atinme sufficient to permt formation of an a nti body/ SOST pepti de

conpj x; 3and ); i . | evel of t i body4 SOST pept i de conpl ex, and

t her eby 10 dé‘Pecél tﬁ‘gg‘%‘h%g"p"?‘ esisn nacéepglld © 202 alélﬁ af’%b(gy a‘fCPcfsrﬁF‘gi ‘?%%f%ﬁﬁaﬁgb of a

BVP to aaBidSTaciislcpmppsingen aditho Aideighettef selecied @i fhyighglipadbnaisiindeOSEQD Bt

i mpairs SQST i fo ti corrprisin:ézg) contactin i) an

ant i body ag&%g#ﬁépi §/ ’ 5ng€ ¥ o3% Bodp gbl Bht44és, 46, qu gz, 53, and 54,
wherein the peptide is capable of eliciting in a non-human animal an antibody that binds
specifically to a SOST polypeptide, said SOST polypeptide comprising an amino acid sequence

20  set forth in SEQ ID NO:1, 20, 58, 60, 62, or 68, and wherein the antibody impairs formation of a

SOST homodimer.

34. An immunogen comprising a peptide comprising 6, 7, 8, 9, 10, 11, or 12 consecutive
amino acids of a SOST polypeptide, said SOST polypeptide comprising an amino acid sequence
set forth in SEQ ID NO:1, 20, 58, 60, 62, or 68, wherein the peptide is capable of eliciting in a
25  non-human animal an antibody that binds specifically to the SOST polypeptide and that impairs
formation of 2 SOST homodimer.
35. An immunogen comprising a peptide that comprises at least 21 consecutive amino acids
and no more than 50 consecutive amino acids of a SOST polypeptide, said SOST polypeptide
comprising an amino acid sequence set forth in SEQ ID NO:1, 20, 58, 60, 62, or 68, wherein the
30  peptide is capable of eliciting in a non-human animal an antibody that binds specifically to the

SOST polypeptide and that impairs formation of a SOST homodimer.
84



whi ch conprises an am no acid sequence set forth in any one of SEQ I D NCS:
1, 20, 58, 60, 62, 15 and 68, with (ii) at |east one SOST peptide
conprising an am no acid sequence selected fromthe group consisting of SEQ
I D NO. 29-46 -and 51-54 under conditions and for a time sufficient to

permt fygr matpine pmaf Y / : t4 l, ex; d. (b) detecting a
| evel of anti bodr;/]/ g(%%npeptrﬁg(gl}écoonpi g’)%,%gajnsg&thﬁrgqu}e)%pea&&%ﬁﬁ%‘bclﬁ?fgwﬁhésence
of an arfaitlsothplechiat t hat i npairs SOST honodi mer formation. 20 44. A nethod

for ide%i fyhng.an anti bady. that increases bone mneral content conprising:
(a) contdcti ng® nuneees of FBiRY0 Mhereinsthe earripraplegulp isroeamer palypEside.

) concdet (g i endhees i palyBa f
S 1D NGB o ERER, (R 2 AL, e “BHIS BP gt *GnkevaRieT gt | o

conpri sil§goayanimyi no aci d sequence selected fromthe group consisting of
SEQ I D NO 2-19, and 21-54 under conditions and for a tinme sufficient to

25 perni4y forymati.o f an, anti body/ SOST pepti.de conpl ex; and (b) detecting
a | evel %f ar‘ftn?xlg’g‘(f@/ %&P%‘é‘ﬁ‘&a&emﬁ@ﬂg i S&ﬁ%}gt"ﬂb(r‘é‘ﬂ?s t)at YT melypenside,

pr esenceofiprigife afinipegye & hah-4 3 ' ontent. 45. The net hod
accor di []r»ga ng ahy one of cPg’?niuﬁ%%%ﬁﬁahgggieaﬁn}rﬁgﬁgﬁeﬁbac?%pyrglln et LY r om

the gr offriB®RA428t Whegeinf(2athe SOSThmiypeptidet camsprisee s Mminorcil Ryednegia abrsanp! e
od a ccordingt oc lair 4 5w

and a puwdd anty.bady. 30 46.. The t C ) t oc
herei n the*p uriti‘ed i ’ B JOTPEHHAVEYengpupngisa of BeiSATof a
S0 S ROPPESEXD, 67y 55 (0 BE aftehods Gompeitive ey sipingiog of e 565

pol yiol onpalypaptideody iead 6H2 | i | A nt{ god g
humani zgg ygﬁﬂtﬂi_god , eaand anmggﬁngdgﬁ?ﬁﬂﬁg?%ucfﬁrggwemeg%e gg’f‘f%g’(@.mdﬂ’?. The
ant i bodf‘tﬁé@b(lﬁiaf%h@ol'medl Recptan birgiing titee (¢ ahy BMM T o Eméﬂéptbﬁeﬁldﬂ:@ sATisNO
acid 8%%1%%“8{‘;539 sel&c?g& Irrr onft he rou&)consi sting of SEQ ID NO'5, 6, and
14, 48. FHEThTBYRE A& BT vy } Recsrior palypertide| campssine tharaine iasidshaiieprept | de
conpri sest ffth 1RE1s8gueAcd SkI&EAUSIH - nsisfi f SEQ
ID NO5, 6, 10, 151§3Lx 14, a%éals. thegglo %Egﬁsﬁﬁ‘ﬁ?&?ﬁ%@‘“@ﬁ%onﬁ -@B%azlgns
26-29 WHSEQITR NO& Ixap89ads (SEQUD NOs725rNMYi0002035SEG Ib NERTHNSTS359!(8EHED from
t he gr oyp~.6QNSInSt | f Q , .6, 10, 11, 14, and 18. 50. A nethod
for %r 0 uc'?%)g%gﬁﬁf—g%‘lgo@a Ilié&ggég;i P38os3 VSEQ s NG76): PP Yy (32 iBe,
conpr i SING77YBAN D788 (SEQ O NTUARN a8 A K3 3 8¢ 'Wgég c ' to
claim49, wherein thé _S%?T po??bgg{]i de%?r?pﬁ%%? an ' a %@(g)ctﬁgﬁgﬁéﬁqggﬁce
set f or tth RegertprobindingOsite] is 2epable2sf bBwlinglo 0BMB. T@ HLRedpor iuijteshial any
one of ' ' . and 44 wherei.n the SOST peptide conprises an  am no
acid seq%hglhggné é?ee%%’ga t liracfﬁﬁ“feﬂ‘ée S SO BohSsEnsselsrteditom tengrpuwp copsistng, 11,
14, and of&enBik Acc. NOs. U25110 (SEQ ID NO:80); NM_033346 (SEQ ID NO:81); Z48923 (SEQ

20 ID NO:83); CAA88759 (SEQ ID NO:84); and NM_001204 (SEQ ID NO:82).

40. A method for producing an antibody that specifically binds to a SOST polypeptide, said

SOST polypeptide comprising an amino acid sequence set forth in SEQ ID NO:1, 20, 58, 60, 62,
or 68, comprising immunizing a non-human animal with an Immunogen according to any one of
claims 30-35, wherein the antibody impairs formation of a SOST homodimer.
25 41, A method for identifying an antibody that modulates a TGF-beta signaling pathway
comprising:
(a) contacting an antibody that specifically binds to a SOST polypeptide
which comprises an amino acid sequence set forth in any one of SEQ ID NOS: 1, 20, 58, 60, 62,
and 68 with at least one SOST peptide comprising an amino acid sequence selected from the
0 group consisting of SEQ ID NO: 2-19, and 21-54, under conditions and for a time sufficient to
permit formation of an antibody/SOST.peptide complex; and

(b) detecting 2 level of antibody/SOST peptide complex, and thereby
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detecting the presence of an antibody that modulates a TGF-beta signaling pathway.
42. A method for- identifying an antibody that impairs binding of a BMP to a SOST
polypeptide comprising:

(@)  contacting (i) an antibody that specifically binds to a SOST polypeptide
which comprises an amino acid sequence set forth in any one of SEQ ID NOS: 1, 20, 58, 60, 62,
and 68 with (ii) at least one SOST peptide comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 2-19, 21-28, and 47-50 under conditions and for a time
sufficient to permit formation of an éntibody/SOST peptide complex; and

(b) detécting a level of antibody/SOST peptide complex, and thereby
detecting the presence of an antibody that impairs binding of 2 BMP to a SOST polypeptide.
43. A method for identifying an antibody that impairs SOST homodimer formation
comprising: |

(2) contacting (i) an antibody that specifically binds to a SOST polypeptide
which comprises an amino acid sequence set forth in any one of SEQ ID NOS: 1, 20, 58, 60, 62,
and 68, with (ii) at least one SOST peptide comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 29-46 and 51-54 under conditions and for a time sufficient to
permit formation of an antibody/SOST peptide complex; and

(b)  detecting a level of antibody/SOST peptide complex, and thereby
detecting the presence of an antibody that that impairs SOST homodimer formation.
44. A method for identifying an antiquy that increases bone mineral content comprising:

(@) contacting (i) an antibody that specifically binds to a.SOST polypeptide
which comprises an amino acid sequence set forth in any one of SEQ ID NOS: 1, 20, 58, 60, 62,
and 68 with (ii) at least one SOST peptide comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 2-19, and 21-54 under conditions and for a time sufficient to
permit formation of an antibody/SOST peptide complex; and

(b)  detecting a level of antibody/SOST peptide complex, and thereby
detecting the presence of an antibody that increases bone mineral content.
45.  The method according to any one of claims 41-44 wherein the antibody is selected from
the group consisting of an antibody that is present in a biological sample and a purified antibody.
46.  The method according to claim 4 5 w herein the p urified antibody is selected from the
group consisting of a polyclonal antibody, a monoclonal antibody, a chimeric antibody, a
humanized antibody, and an antigen-binding fragment of an antibody.

47. The antibody according to claim 2 wherein the polypeptide comprises an amino acid
o 86
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- sequence selected from the group consisting of SEQ ID NO:5, 6, and 14.

48.  The antibody according to any one of claims 3-6 wherein the peptide comprises an

amino acid sequence selected from the group consisting of SEQ ID NO:5, 6, 10, 11, 14, and 18.

49.  The immunogen of any one of ¢ laims 26-29 wherein the peptide comprises an amino
acid sequence selected from the group consisting of SEQID NQ:, 6, 10, 11, 14, and 18.

50. A method for producing an antibody that specifically binds to a SOST polypeptide,
comprising immunizing a non-human animal with an immunogen according to claim 49,
wherein the SOST polypeptide comprises an amino acid sequence set forth in SEQ ID NO:1, 20,
28, 60, 62, or 68.

51. The method of any one of claims 41, 42, and 44 wherein the SOST peptide comprises an
amino acid sequence selected from the group consisting of SEQ ID NO:5, 6, 10, 11, 14, and 18.
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