ANTIBODIES SPECIFIC FOR SCLEROSTIN AND METHODS FOR INCREASING BONE
MINERALIZATION TECHNICAL FIELD The present invention relates generally to pharmaceutical
products and methods 5 and, more specifically, to methods and sclerostin-specific antibodies suitable

for increasing the mineyeiaeteIEY SPRETACFONNBEE RIS A MARPAAE FaKRR Used to treat a

wide variety of conditions including, for example, osteopenia, osteoporosis, fractures, and other
disorders in which low bone riREdPeREASENGHRIMMEVINER A4 TOACKGROUND OF THE
INVENTION 10Two or three distinct phases of changes to bone mass occur over the life of an
individual (see Riggs, West .1. Med. 154:63-77 (1991)). The first phase occurs in both men and
women an85srBo8edd+&Bkdhment of a peak bone mass. This first phase is achieved through linear
growth of the endochondral growth plates and radial growth due to a rate of periosteal apposition. The
second phase begins ardinereigat 30vRiIvaeEiRargsaamiifarRiomansoticas phedtsty endbretbodnd

pelvisy angab ot A8 A0HON SOMCAILRRIAE G010 80 e%ff’?%ﬂti) ot gs"srﬁ]ikeasglaa g G '(allges fg.old

age. This phase is characterized by slow bone loss and occurs in men and women. rlln\%/omen, a
third phas@fasdensss aidwoaocoushmesphikiéigrumbnpsbadremepbasabe strogere deficieaciesoDuring

e P oot AMERIOS AR INOOAAL BB LRRIE RaR AT AP SRLICRLBME 300 2%
from the trabecular compartment (see Riggs, supra). 20s T_(g'ss of bone mineral content can be caused
by a wide ¥augdtjost boreltivresadddnsinyisesuliimesighfitendiseedtical 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
micmoarcH#ACH feRANINED S FET INGIENEAREs in bone fragility, and susceptibility to fracture in
afflicted individuals. 25 Osteoporosis in humans is preceded by clinical osteommia (bone mineral
densit{ that is greater thaficone thega diastndephason ¢lithesgah tm ibestmssl axt wteswvations helofvathe

States. An e o O Lo e SR e ey e

osteoporogieitafitretirasdsote tmaitahconiein geeklitbotizams.5 Ftandandptesdatorbibetdvihtbagiof

mature S0YQURO A6 PONE QRISARAHSIBORC SEIDS MOSEPIISNE diseasesfor e health care
apposition. The second phase begins around age 30 for trabecular bone (flat bones such as the

15 vertebrae and pelvis) and about age 40 for cortical bone (e.g., long bones found in the limbs) and
continues to old age. This phase is characterized by slow bone loss and occurs in both men and
women. In women, a third phase of bone loss also occurs, most likely due to postmenopausal
estrogen d eficiencies. During this phase a lone, w omen may lose an additional 1 0% ofbone
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 1s one of the most expensive diseases for the health care
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system, costing tens of billions of dollars annually in the United States. In addition to health
care-related costs, long-term residential care, and lost working days add to the financial and social
costs of this disease. Worldwide, roximately 75 million people are at risk for osteoporosis. 5The
freq uencysg?%rsnt’e%oﬁg%fgrﬁ% ?ﬁg ‘fﬁ%%ﬁ%%ogtaf%l%wvﬁg%é%ége\/%ﬁwtﬁ@eqﬁﬁ?ﬁor}ﬁ eddipgu;ip ealth
osteporosisuis iedonivanisamenmefewliatia thed niledStaeskeomprsadd¥s aidhenasienrsiosis
patient pool. T pe increased fragility an suace tibility to fracture of skeletal bone in the aged is
aggravatety B 1185 edtdPrisRISTR cid DT YARS idRRISHBA i of. MEFomnBFPRIS ARIieh Tisk for
osteoporosisetptatag bone fractures are reported in the United States each 10 year. Fractured hips,
wrists, and vertebrae are among the most common injuries associated with osteoporosis. Hip fractures

in parécular are extremelf UFEHHRGH M| LHAPEIEN IR 6 BB B RORRIBHRP fdRURENFENWEBrREate with
high rates Qg @bty ARENERIERsis is preddHIRMEIONSARATRIS, NRtRAH I&03IdEd a5 Aiicrease

in the risk of fracture due to decreased b one mass, none o f the presently available treatments for
skeletal di€BreidistaeaRFiEoPeupEapRKaT) RRceaSBatiacbrerecd BRSO Retisres eI | Srsptiorf among
many physieipRs RiRahdriasale el FAWdLerease Rne densivemadilis. %%SB%%%HY in the
bones of the wrist, spinal column, and hip that are atrisk in osteopenia and osteoporosis.

Current stP4fSgidaTdr 1B Miewy epigepostisTElHRs Dorerfagtofts raso mpobleh éfithe Thuiteidl Sedsbetatannot
ensufe resplilion ok e AR asGENaReiaIeaes Nalds {Hé’%@t&%&grp el achivity (Patficularly
in weight-bearing activities) with the onset of advanced age, providing adequate calcium in the diet,
and avoidiPjcepamsthptidlp ctiudeicts perieitin gl coltsin yolmepoldRap atkrtppreserfinghe linical
0 steopenig, L aStEARAI QRIS N6 RraYAleRkE ther iG.drugs and strategies are directed to
reducing fl??ther loss of bone mass by inhﬁtﬁ?&é%oﬁﬁ%&%o%eﬁ gﬁg%#ﬁ%n, a natural aspect of the
bone remodeling procegdtinazsstipaeinbiitigerlyegarded asor ipxmasple, thstrisg e fmnove deing
prescribedjo;retard I antroversy, exists over whether. patients gain any
long-term benef?t%aﬁg %vrh%%ge%sgs%\ggéﬁ gz%rgﬁig%r@gcta 3 %%f%’nt f)eggggﬁ éso%ﬁlegl%gla%sgﬁg %%over,
use of%e stsobssanisaliy insreastotindreas detiseyiskadfilise abtsaodgemetopattiaitame arayalbitsivimms is

osteocalcin, with vitamin K.or 30 high.doses of dietary calcium, with orwiti\(;étvita in D, haye also
R U R TR S e Rt R A R S
unpleasanwyastspinibstinairsidedafipctn; arciseskiin asdapsndryrehicisopdessls must be continuously

monitored (e.g., IChOSIaC%Qr%n'?'&%Eﬁegeasy ?orC the ;Ii're%%ﬁtﬁg%?f%sgtggp'o%gs?s? )n"xgy offer some benefit to

individuals but cannot ensure resolution of the disease. These strategies include moderating
20 physical activity (particularly in weight-bearing activities) with the onset of advanced age,

providing adequate calcium in the diet, and avoiding consumption of products containing

alcohol or tobacco. F or p atients presenting c linical o steopenia or o steoporosis, the p revalent

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 urimary calcium levels must be continuously

monitored (e.g., Khosla and Rigss, Mayo Clin. Proc. 70:978-982, 1995).
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Other therapeutic approaches to osteoporosis include bisphosphonates (e.g., FosamaxTM, Actonelm,
BonvivaTM, Zometarm, olpadronate, neridronate, skelid, bonefos), parathyroid hormone, calcilytics,
calcimimetics (e.g., einacalcet), statins anabolic steroids, lanthanum and strontium salts, and sodium

fluoride. Such therapeufigs, hawiuel, reqlish.Rassoclaied it undepiadie side alfedls (Rl
example, calcitonin and steroidS may cause nausea and provoke an immune reaction,
isphosphofatesiaxttf.s sctimei™uckdevimall inFibiteeFajr obfdhoues, avadriratghsbdide denstys),

increases modestly).that may preclude their. efficacjous use (see Khosla and Rigss, supra). N
currently pPe{aéﬁcgr e}}%%né)ﬁ‘gt %?elrgt%%l)?sforc %}ga |r%e{écéoﬁﬁﬂoﬁ%@%@%@’eﬁtitﬁ’%i%?%b)?il@éggﬁ)%ob&’
insufficient lantherminendlizedintuns salta ansteafiono Siseridethes wsottetp ahrtaciexizes bydoskenf bone
mineralization, involves a drug that alters fi.e., increases or decreases in a statistically significant
manner) b%%%\%giﬁ}?*ﬁ&ﬁ[%%@%ﬁ%& u??gﬁfsséf%rté’bmﬁaﬁéﬂﬁ%%ﬁfﬂ%§ BREATT R
growth of net peneivass mhedy esastidinveitiasspomiges ean pasito nrane mathagswhighearbe
used to increase bone m'neralizatiog, and 15which therefare may be used to treat a wide variety of

conditions ATHTER SFFIERSEL A b G TN AL TR R R P B R TR RBTRI B 2 I GRIETSS dtffer
related adv@g&ag&sgﬁﬁaﬁﬁgsg{,JMMABY OF THE INVENTION Briefly stated, the present
invention provides antibodies that specifically bind to a TGF-beta binding protein, sclerostin (SOST),
and provides immunogeti$ EB’ﬁ?Bﬂgir‘iﬁag@ggr/%rﬁgﬂf&e§ﬁaé?ﬂyeé°ﬁcﬁﬁ%‘§§oﬁ§%ﬁ§@8?sﬂ%3%ract

with a nempier QfihesiObriatasunenfasily suebrasadanaunerpheaeispsatel neneigmpadiment,
the invention provides an isolated antibody, or an antigen-binding fragment thereof, that binds

specifically B S5 gy ISEh Rl P WRi CAIBEHHIFREER: a4 AdENgeHd MBSl fortRFRESER 9D Nal,

20, 58, 60, §ebredB8 ivherRIRitERRIBRHY.co MRSk ehsia NIt binding-etihe §9§L&9‘%@é'§ﬁ to at
least one of 25 (i) a bone morphogenic protein (BM) g&e | Receptor binding site and (ii) a BMP Type

Il Receptor BiiaRIEISARY WHakE PoT e FRWHD SIORDIN BPRE SHESK cCApmBIESehIRYME M a

BMP Type ReeRtesRAMPERIdES AtREsingathaRin8AGid FeIUGRLES ShirriliGenBank AlC.
Nos. NM 004329 (SEQ ID NO:71); D89675 (SEQ ED NO:72); NM 001203 (SEQ ED ND:73); 575359

(SEQ1D NThirh thrigicnsmen $¢I53T 10 K7 Vit pussy( SERING  16) IBe M1 opgss 99 P8I ED
NO:77); BARQ70 bR ERMNG-L8) O AMBRIRED AREQHR Nudd) s @ngiiherein the BM' Type |l

Receptor binding site is capable of binding to a BMP Type Il Receptor polypeptide comprising the
amino acid sequence set forth in GenBank Acc. NOs. 3

BRIEF SUMMARY OF THE INVENTION
Briefly stated, the present invention provides antibodies that specifically bind to a
TGF-beta binding protein, sclerostin (SOST), and provides immunogens comprising SOST
20 peptides derived from regions of SOST that interact with 2 member of the TGF-beta superfamily
such as a bone morphogenic 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 11
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); D8%675 (SEQ ID NQ:72); NM_001203 (SEQ ID
NO:73); 575359 (SEQ ID NO:74); NM_030849 (SEQ ID NQ: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.
3



U25110 (SEQ ID NO:80); N1'4 033346 (SEQ ID NO:81); 248923 (SEQ ID NO:83); CAA88759 (SEQ
ID NC):84); or NM_001204 (SEQ ID NO:82). In a particular embodiment, the antibody, or the
antigen-binding fragment thereof, binds specifically to a polypeptide that comprises an amino acid

sequence farth i Q .46, 12- 2,25, 26,47, 48, 49,5 or 50, and in other particular
embodimersw%%feﬁaﬁ%%ﬁir&@é@éc#@@gﬁggp&%«%t% St Bbin 3 Ain(@RfhdAci@@dlence
set forth in SEQEETMOSEBIDMIA:84); or NVOOBIQMDRgimERS Hhe yention pravides anisalalsd ‘

antibody, or.an arégggn-binding fragment thereof, that is produced by immunizing a non-human ahimal

with a peptiglee SPEPYEY s PO S S SRRt e ireeie thearofsbanein spacifieathatcerphisestids dmino
acid sequeneenpfsed &R MRS seoknctlset8ofh 4 -SPOWRaERIh e anfibedy bin egifically fo a
SOST . olyﬁe tide, which comp_riseqs an amjng acid seq%\g%ce set gérlt %r%o’gé’()ﬁlégﬁ\l%é:%‘{’g%j% , 60,
62, or 6% aRl WhEhai (A PEBINAE SFAPRIRADI ithoaibintlifinds tre SRSy polypeptideticeatieast

one of (i) a b@ﬂ@dﬁ@r&h%ﬁm&&&ﬁﬂéﬁy@ bHRSA §E@°~ﬁ53(ygi;n§ii@90§i{§ and (i) a BM? Type Il
Receptor binding site, wherein the HMI' Type | Receptor binding site’is capable of 15 binding to a B

MP Type | R eceptor p oifpeptigepasbmmrtnths arveoienopt GitB amkisaeue ncebpiyides hargia), and
wherein thegiag Fyps dhReseRionkindingfites 13,5anakle,0f binding to a BMI' Type Il Receptor
polypeptide (set forth E|§1.any one of GenE;%%k seq%nces provided’ ﬁggélllﬁrmna%lé? gi‘?\”%%@f@??é{ge of
embodiments &t 2Rtiseay rsigscmdoedmoyrntran fizisgiamonbuthancamimatwitham peptide ehatdeast 20

aminojgcids,a AR o S amn ids th omprises.an aming acid sequence of SEQ 1D
N0 b 10 o e an oo VAL APESGED o SO0T

antigen-bindiPlyFraERse Mthink rehpiises indengpesifidadbntora S@SHNblpSEIN AN FRI 10 FEIr S0,
formation ofga T Ta | >T ROl tide comprises an aming acid sequence
set orth i SEc R g e R R e P T LSS BRI thet
75comprisetFas erfinb(Bcidsegmonte SIS EQIRINGVED-31p3 3 ReseplortBinaing lsitdand (ii)  BMpOther

embodiment; Hventi ' isolated anti an antigen-binding fragment thereof, that
is produced b&%@nﬁi&%\%ﬁgﬁﬁn- u%n‘%hﬁfrﬁlgl%ﬁvﬁi%egrﬁ% gﬁ%ﬁ%@ﬁ%‘f S dimnd s RIS Oimore

than 755amibigéinigitoco PR Ryran Aemeptacitbbggpeiied of 5@ IR NOSRL46 SR A2, R3usiad:

wherein the_antj gy, oL e antigen-bindi ra t thereof, bjnds specifically to a SOST
polypeptidepﬁ%%gjtEé(.z)(‘jlrr%i griésigié %agr% Fﬁgx%%kfar%éﬁe%% e}tti%?fﬁ% SRS f?E@gISS,f BUd5EE §r68,

and whereirBiN& dhyifrody Repepive: foniyatiiidef @5 @Th hamedings. b7 cRiBimPatiRWA L BRAdIRENts
of the invenﬂgpd.t e %rl\tibodA IS ago%ciongl ntibody. In other embodiments, the antibody is a
8%*‘ ouse” %‘gﬁie?éi: P HERREY o RERIBFRY SeitiRRIEHS iR ition

monoclonal antib dy, which 1s & mouse Tu
also providesuatybrigoneh el arpetakt el thatio capsiate i@y educinadhie manesianal aatibedy.dn

e D AR 0L e IHR G, 2 PR RT3 AT osp g 2 chimerte antibody. The

' The present invention further provides an antibody, or an antigen-binding
fragment thereof, that binds specifically to a2 SOST polypeptide and that impairs formation of a
SOST homodimer, wherein the SOST polypeptide comprises an amino acid sequence set forth
i 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, 41-43, 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 ieast 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 polycional
4



5 provides a host cell that produces the humanized or chimeric antibody. In certain embodiments the
antigen-binding fragment of the antibody is a F(ab ")2, Fab', Fab, Pd, or Fy fragment. The invention
also provides an antibody that is a single chain antibody and provides a host cell that is capable of

expressingiﬂtibcﬁiygIdrcldﬂieraéiﬁﬁ&ﬂﬁﬁeiﬂs,aﬂ@%ﬁﬁwgirﬂ%&n%kefbﬁgl\/entf#?r}iﬁ?f%@%s 2 composition
comprisingnsuch antibodies and a physiologically acceptable carrier. 19" the’invention provi &% an

immunogen coMigAiNG K Ielst e rSspRsTHE S Y, 8Tbe inyentionrlse monkesutivebaiduae aeids of a

SOST nolypepiide, tidich 356 POMRERtLS SRR mino acid sequence, set forth in SEQ ID
NOs:1, 20, 58, 60, 62, or (?358@ and wherein the peptic?egé%%ggg%%%élia i‘r’%‘elﬁ RS RIS himal an

antibody tHAY BIHES {pecmidaryts mbmoRTdmenmshiide avuthat catitpdiitivehe inhigisohinging o f the
S OST5p olypeiide i atly i . marphagenic protein (BMP) Type | Receptor
binding sitg and (ii) a BMP Tﬁoe ﬁg%ggp%r% t‘);ilﬁgﬁlléegtgf %%?%?na%‘g"géﬁgl‘ﬁﬁé’fl KELSAIBF Bnding
site is cap &l SR es STBEIRIT Wi éhe Radepior isalypebtiderahearsinmherain thesBMP Tive |

Receptor hindingsitgsis indi BIi/fP e | Receptor polypeptide comprising an
amino acid sequencessﬁ?ﬁg%géﬁ}@%ﬁgé% E'\I%Isl.g{?yl\%ﬁﬁlﬂ’ég e NP B hesssely B9SEQ 1D

20 NO:72) RRPOCL 208 1eS Yy (e MR 347 S8SS(BE Qul BnbikT 4yodMR0Hi LS ER IR N FD):

D38082 ( 76): QQH ID NQ:77); BAA19765 (SEQ ED.NO:78); or AA1333865
(SEQ 1D SI\%%g) %%Zv?%g{ri}e% the é?ﬁn@%%é%aﬂ%&%}%gﬁlB}ﬂaﬁ LREFORBI5ABI8F binding to a BMP
Type If Receptor polypeptitiencontiprigimyitice aminmaciogse peaeRisek gtk G&a %@;7 ROs.
U25110 ( D;NO:8Q)y N 46 (SEQ ID.NO;81); 923 (SEQ 25 ID NO:83); CAA88759 (SEQ
D NO:84S)?§($th}||}IO€f§(%Z4%%4§%;$§'T\I By acids of ?n%é% BP RSB MR S (8 thndgentide

comprisescélﬁéﬁﬁ@ﬁeaacﬁmtsmgiatd;eame%]:toimheiﬁ@lzegamm@@gi%,g@gg@ggﬂo&p5@}a§1§q,g&a§ecutive
amino aci eptide, .said. SOST polypeptide comprising an amino acid sequence set
forth in Sé%%ékl%%ﬁgz%gg@e gg’e&z’? OF 682 Ié%“ﬁﬁ% PG &N antihogls | et einesispemisalorichuman
animal 30 e A6 aIylapiindsspeaitioalbeto tety S QST R yRERIe ARY that sampeiiyely inibits
binding of fgh%t%(gg'f ( IXR)e gde to.at least one of iéflagbone morpboaenic protein ( ) Type |
Receptor binding site and (i) a BMBCETRS ARk intiRg Isﬁé?%ﬁé?ém{)%SBM@d' {ibea | Bt e ptor
binding sitd ype&tdbtecpidindidintosid3 ey e [BRERPIOL0IvRERNGE YSRL IO IN S Any,QNg of
GenBank Sgauences ' eId heé in), and wherein the BMP Type Il Receptor binding site is capable
of binding to a BAMP Type 1'%t 3%8?3859%’85%@%1& TERFISH arRewsife b BoAB b sdoRienpes

provided hiiraig site is cmmmmmb@eﬁmmW@@i&&@{%@ﬁﬁ&{hmﬁlﬂggﬁ” gomprising a
peptide of Qct.l ast 20 amin gﬁids%nr%no more_than 75 amino acids comprising an aniino acid
sequence 0 %%égﬁﬁcfils&ts.o 11 CFnB3EC Acr. Nas.NMo PBE NPT DEpidB 8865 HSEIR B

elicitidg in HOGHURMnaanozl SEantibady et ings spegifically @ B STROMRSREdRIMNIE

it 0 T R A

morphogenic/AGeNS B TPl bRorBiowaiaAwe A BNE Jypg:ll Recsptar bindjng site
y

wherein the BMP. Type | Receptor binding site is capable of binding to a BM* 1p f ecep?or
polypentid® gérrlﬁiﬁ)?%%gamnf%ea}g:i}é@%éﬁ%&lﬁﬁﬁpm@énB@nimlimeaNdschMm@ﬁdé%Z&t(xSEQ ID
NO:71); Da0GehKSERQAH. NO:/ 22 9YM @B (%ERJ B3 ADNO:74). 030849
(52D o5 5002 (0 OS5 12 N OO T1o0 Fa s RO AR 7AE (B0 o
NO:78); o 5 &‘E%F/I (5 MRk aramMMho NN (SF52 ID REcepior binding site is capable
of binding to a BMP Typg, IxRekeRiarReBsPide LMALIS] mino acid. sequence set forth in
GenBank Ace. NOs. 1325110 (SEQ ID NO:8%%;QEIM 03353%%% (5} ﬁ&?%{l‘}?igﬁ@%%éblﬁﬁt

NO:83); CAASEPEF ISR IDINOBHE GPAINC ODITDAHSE GIEEPNEIBRY. lmarpartitianemnbgoiment,
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) 2 bone morphogenic protein (BMP) Type I
Receptor binding site and (i) a BMP Type II Receptor binding site, wherein the BMP Type I

Receptor binding site is capable of binding to a BMP Type T Receptor polypeptide {set forth in
‘ 3



20 the invention 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 SEQED NO:5, 6, 10, 11, 14, or 18.

The invention also provides an immunogen comprising a peptide of at least 20 amino acids and no
more than ZByamineAdidsRminpegirg@n aroifdeacidsegyanaevaisin thd ) BNIN Ogp2 I 4Rebbid2, 53,

or 54, whergin.the tide is capable of eliciting jn a non-human animal an antibody that binds
specificallybtgl%l%gopg 1?)8?&’5‘% t%?eg’%(#% t8o%%eiyé’ﬁ ShrerRicrolprends Gt %ﬁh 1 8FENO:1,
20, 58, 60, 62GenBkasduatiesgifothécanidbad)y impairs formation of a SOST homodimer. In another
embodiment, an immunﬁgen comprises a pePtide comprising 6, 7, 8, 9, 10, Il, or 12 consecutive amino

acids of a SOST polypephid&™ #e IR IALISHIS 8 THHERMb IR VAHH s SEBHDQERR CABIBr S8 L énce
set forth in ﬁ@@d&f\l@&a@@o@ni@@,a@?dsoﬁr@l%@ﬂﬂn\@hﬁiﬁi?ﬁ%ﬂﬁ%@@s@&%ﬂﬁﬁ%%@lﬁ%%ﬁ@
e an

non-human animal an antibody that binds s ecificalrl% to the SOST polypepti that impairs

formation of &SP ASHAdB O Teitaih effbbdihEnts: e Sfvarimpipovineatisds impruabger that
comprises aifeitider6. GRIRKSIAY MRSk heNRECHINS,ABING,BGHS: AP @@%%Itgé’\r}g%n% e

consecutive amino acids of a SOST pqlé/peptide, which polypeptide comprises SE

60, 62, or 6¥GHICHHBRSH MeATERARIS eapiBRe SEEiferingtisERJRHYRIAN 2hiffal 6h AAtibodd that
binds specifi¢alivionbenstiay nalrertids andihabinmal s formabet o SQ8% homadime. 340

certain particular embodiments, the subject invention immunogens are associated with a carrier

molecile. Ife arbapcaRmBRIBsEINS iR ARNMP mbYeeUidiesriar iengioly siptid, GickiB MaHiBmal I
embodimentecBRESIHERPAUP SAAGIHEHIRICT PP hEmAnARI R PIESEIIVEVIARALSE o

provides a method for producing an antibody that 10 specifically bin T polypeptide,
comprising HYRuRIZRd RHSPaiUPAbPErtifct omPriana fndre Rddmprising agdptideni@&nBagk 9, 10,

11,0r12c | i ¢ t GNSERHLIV IR0, ¢} fa
SOST ol F e e e Lo otk i e 1D O Ao G b A Y0 e
of eliciting iNVeiéH-RiPaah G dPalN Qittho MR A5iAL < Sife dRCHIN. 16)tHe38 T3 T §Ry fepiae7and that
competitivelydnhiai Neh fthe Topody, de to.atleast o i agenic
protei?lg(B f\%j B%?ﬁe@%%&%%ﬂm%%g %%d%f?gdg)l\/%éfj%g fi REégélgé%?rﬁ% |?1%$§g@ﬁée Bvv §rein
the BIVEI Typé MRewsaptbe BiNGngysitellsReappioeboidimglisitg to aaBMPR 59 pmtiRecept@Mblyhestide,
wherein th Qr. binding,site is capable of binding.ta a BMP_Type | Rece
polypeptid??&%*g?g#%%r% grgrf]%rr\%) égﬁsé%%}ééngg Set forth intoen 5%&?/3%8 Nog%%\ﬁ%ogﬁ%wéﬁQ ID
20 NO:71); UBY675 (SEQ 1D NNORAR);, NRM)OZ2848 (S BRI DINONTBY1 §7Z3892(SECED MO : RKe):8isijy!

030849 (SEQ, | of R 1 IQN()' - NP EQ ID NO:77); BAA19765 (SEQ ED
NO:78); Or%%%% %@ﬁ%@%}oﬁn wﬁé%?rf’ tﬁ]se%g@p%e%l ggcaeB Bl %sc?fg’ﬁ%rbtapable
of bindfhg téha Bivenfigpertvideceptonmalypmsoticenpoisiog singitideanfinolacid2segyancechiit fadthdn
GenBank Ace. NOs. 1525110 (SEQ ID NO:80): 75.NM 033346 (SE 0:81); 748923 (SEQ ID
NG85), CARIETE LT RO AT BT U SEG T 53 A aI0r oo hient: e
present invé@dtion provides a method for producing an antibody that specifically binds to a SOST

polypeptide, comprising i munizin%]azﬂon-humgm animal with an inirminogen comprising a peptide at

least 20 amino acids and o MoTE AR 75 BTG X EEB IS AT P P AR & RERIde et deast 4EQ 1D

NO: 2- 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 a2 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 a SOST homodimer. In another embodiment, an immunogen comprises a peptide
comprising 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



30 19, 21-28, 47, 48, 49, or 50, 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, wherein the antibody competitively inhibits binding of the

SOST polypempiideitg at keast bnensédijtve hmie modghageriepreteih (8Mkb&ulveahRecRrMenpinding
site and (i) a %Tg/lge Il ﬁece tor binldin site, wherein the EMT Type | Receptor binding site is
capable of biR Ing to 'fw)%«ghl R 6@%8%8%%5%%?5 thatémBobfimest,angs, and
immunogerterajriges mpiptitde ablaast &0 Airlingagi0s ARdMenan a8 dhan Zéﬂ%mjlyot@z&idﬁnds
comprisingsanc?t{.n%aci&%se éjﬁgg of SEQ ID NO:5, 6, 10, 11, 14, or 5 18. In other preferred
embodiments IHEMVEh r$§ i %M%W%ﬁ%ﬁ%ﬁ@%%i%@ﬁgtmﬂy binds to a
SOST polypeptide, compiisiagAmN4ZiiG:A BABIAKA ATHD AR ARHBIA0YER, GoRBKising. 2
peptide of 6, 7, 8, 9, 10, 11, or 12 consecutive amino acids or at least 21 and no more than 50

consecutiv@ SRR BEATOFTPeM e pttis Reimymbodiestg e raest fertrineS EQ 4BIND: 1,
20, 58, 60, HRlypEHicthatds ﬁﬁ&?a@lmfaeli@'ﬁiﬂ@dﬁ%éﬂgnaﬁy”&%@Pi%&e&&@éibﬁd%ésbg&@‘“ﬁrﬁrﬁm

specifically to the SOST polypeptide and that is capable of impairing formation of a SOST homociimer.
In another m%ﬁﬁght, the invention provides a method for producing an antibody that specifically

binds to a SOST polypeptide, cRPLisIRgBHMHNIZRGRBOR- RumaR %&i'g]@d%%%mg%%eag%ﬂm

comprising a peptide at least 15 20 amino acids and no more than 75 amino acrds comprising an
amind cid PE5UEALY BrdHe)a S RRT: puwrspEde. sPuTisrswiErsie thepdptive miapabi ch
eliciting in a:neR¥mARABHRAEANABHROdY hat hinds specifically 2 Ih:olypeptide and impairs
formation of a S OST hom%dimger. %?e present inventior’ gfég?r?r%\ﬁtb e%%%%tﬂig‘& OaI%II e i@?g%asa{:\]
antibody that 20dHeduratdaen TOPsecatgraing pritavdy, KO Thpiypmaitaeting tre snfibady that
specifically@m%tgwgﬁopplmeggdgwgg:%cg [ ino acid. sequence set forth in any one
of SEQ ID NOS: 1, 20, 58, 60, 62, or 68 with at |e§é1?%§2§s %x%pg%éi}é%?&%ﬂbﬁ%% %“ﬁna"‘r“n%%%%id
sequence GESEOMY N thatobislsosrzeifdalin dertbo fdMidhsdppktida tindetsatfficiapttiapdyniitfidimation

o STt s el i L ASRSGST S e
another enﬁ%ﬁhﬁ@n‘?}ﬁﬁ@&rﬂ@rﬁm @Wiﬁféga"ﬁmﬁ@di_ﬁgﬂmiﬁ}dﬂ@&hﬁmm% thaBMpalrgoeinding
SOST polysca g A SR S TBNBS: 1,
20, 58, 60, BYBIgsevwiltegi)tat wadingnetS®STppeptisfbinding to 2 BMP Type I Receptor polypeptide
comprising an amino acid sequence set forth in GenBank Acc. Nos. NM_004329 (SEQ ID
20 NO:71); D89675 (SEQ ID NQ: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);
BAAI19765 (SEQ ID NO:78); or AAB33865 (SEQ ID NQ:79), and wherein the BMP Type II
Receptor binding site is capable of binding to a BMP Type II Receptor polypeptide comprising
the ammo acid sequence set forth in GenBank Acc. NOs. U25110 (SEQ ID NO:80j;
25 NM_033346 (SEQ ID NO:81); Z48923 (SEQ ID NO:83); CAA88759 (SEQ ID NQO: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-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, wherein the antibody competitively

inhibits binding of the SOST polypeptide to at least one of (1) a bone morphcgenic protein
7



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 4BBWP Tore SREERolRetideit-paripuankiabagiments b thedmaiodifor Snidentifying an
antibody th%%dulageg a TGF-beta signaling pathwag.an.d or identifying an antibody that impairs
binding of a “a SETERIFATIRLHE Therrolshbindire dorm BAES spedrliacepioitpeéquetite of
SEQ ID NG, Suuiid cirbolnRRMRI BRI MBAL-LNE INRIEN APYASS AMEthRT for

identifying an 5 antipody that impairs SOST hornodimer formation, comprising contacting (i) an
antibody tHAPSpEERiCARTBRNAS S SOSOREAN FapHe ach keausoasr SR aNNG, dcithséfuence set
forth insanylene of SEQ ED NOS: 1, 20, 58, 60, 62, or 68, with (ii) at least one SOST peptide
comprising an amino acid sequence of SEQ ID NO: 29-46 or 51-54 under conditions and for a time

sufficient to permit formARAWIST BFF Bt omMPSENMise plidersontioke ravidedetentingdfevaloahici

antibody/SQShiRride-copRieXa g iRe s R BRteCl .presence of an antibody that that impairs
SOST homodimer f(%brqmatiog]é. o8 In another ?n?ﬁ%]gﬁ%]gh%’tﬁ%l? Ven Wf)rf%r\’/iﬂ@é 3 AR or

identifying ZHBHBHRENE IR BINS i ndrel e e, Eodndridihg cootacdtinghédcananiiagy that
specificallyabinds e 205 TR PRl i rises.an aming acid nce set forth in 15 any
one of SE ) ID NOS: 1, 20, 58, go?gg,gglrl%%%ﬁﬁggﬁggﬁﬁas gﬁeag%ér‘l %gﬁgﬁ%mﬁﬁ’fé‘iiﬁd‘ﬁ’%mino
acid SdquelieSHTSmD $85 Keoh 2n1SEQr D1 NG: LirkfbrSdorfditiohsoared foiia ticesbiiciertilxpenmit
formation gfegnhaptinodyios i lex. and detecting a lev antibody/SOST peptide
complex, anod thereby det‘e_ctigﬁ;g %hﬁgépr s%grégg) g@%ﬁ%ﬁ%ﬁ%@ tf?‘é?tl ecr%é%%sp(? iR ctitdst. In a
particular €FS6HMERNRERE: it compis8O8H hormdizacidsaspiracentcaERdD MQiFefidD, 11,

14, or 18. ides | GEMEA rfi .embodiments for jdentifying an .antibody that modulates a
TGF-beta girg%éllfr?g patf?v%de?y??gé%?ﬁé n%naannrtgtr)ﬁféf)c&%aghaef f:%ﬁé' g’l‘ﬁ‘&ﬁwﬁ’& S BMPPRiR®mESST
polypeptid€orprisustitpmymrizs tivodyhtatimpaizs SHSTiemadiper formpation Phiptidentfying an

antibqdy that ingteases mineral content, .the antibody is present in a 25 biological sample or the
antibody is a purified arsitbfglc%l V. moééea‘r gflnr}?m ofs w%%%!c PhHE SHIBB A5 SsHSe RIntE @b odly,

a m onocldN@t Atifody, axHimeric 4oy, thdpepadized-anibody «REianAmtioemkhinging fagment of
f th thodies. . . . .
any otthesg gﬂﬁ%g&/etshat binds s pecifically to a SOST p olypeptide and 1mpairs formation ofa SOST

homedimer.

The present invention also provides a method for identifying an antibody that

20 modulates a TGF-beta signaling pathway, comprising contacting an antibody that specifically
binds to 2 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 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 (i1) 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



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 individually. BRIEF

DESCRIPTi@hti6nd i MRAYI MaSofbdulates aFigrepd DSOS AR AINNSR G5 NESREIR: an
containing tth‘. %%eristic, C){stin,eknot of a SOST polypeptide and its closest homologues. Three

char
disulphide 686‘&%‘?% SRR RS kAR M I B StFARE P alyRenfFifinths, SOSIXBRP dis ApRIRIES toRY,

shown by eadgtieadinesdserpicyres tatiis anilys which connpegts two F3-hairpin tips in the 3D structure.
The polypeptides depicted are SOST: sclerostin (SEQ ID NO:95); CORE; Human Chononic
Gonadotropin p (SEQ ID'N&ME5 Faiedigirie BanmvstHepharavalrs tematbodirf(SROilHiNC97);

TSHB:sthyredtoR %] g{:@;}p S -983): o Wi fagtor

NO:99): MUC2; k?g*r)nﬁan‘ mucin %&ursﬁ%%@égf%gh%mﬁ%%%%% égéjlrugé%r{ﬁg (i y&%%&é%%%év%
homolog) (SE&EEIK &t 19; DRRFTgpehmeptSE IS INOMOZECANDBE @clD EONO:el83)0BT GF
connective HssHg-Q; reChifSQE ( I : e : NovH roblastoma_ . .
overexpresfgg g_eng%ggﬁgﬁoﬁbg’(%gEg(%gzN%&l%éaé%@\é{%\:{ég nI‘T:Dgﬁ ; f&%?g%f&}}%rﬁmg
illustrates #BFHBYH trauses relgRROIBAYT: (BOSBToChie)4 Figure Bqmdisentsaad3 omodetof the

core regiory [ 243n Feyke vides.an amino acid sequence alienmgntof
Noggin flromQ{ifvﬁéQ(%}gggf%% i[ir?l%%s?] rgm négrgﬁ(l\%ﬁéb%@ﬁ%a&?ééﬁﬁ ‘i@f%’b&‘b%zé% ficker zﬁv&f g

_CHIEK, stibesnEstie) entiti sarardoved tloh OGNl the SEQRBD NO:ACR)itN@GE: FMGRU,

SEQ ID NQulJ0)s apdZebrafigh INOGGief EBRA, SEQ ID NO:111); and SOST from human
(SOST_HTJMA N, SEQ ID NO:1), rat (SOST_RAT, SEQ ID NO:20), and mouse 20 (SOST_Mouse,

SEQ ID NO:112). InFigotees HobodimentheiNogyiaiBidPprostinp|exnstthetufer Toa@MR an
RSN LS i T
core regiorfParidieAkylibids beanRRB T re iy tptidmathinid conreriegiansmine acid sequence set forth in
15 any one of SEQ ID NOS: 1, 20, 58, 60, 62, or 68 with (ii) 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 peptide complex, and thereby detecting the presence of an antibody that
increases bone mineral content. In 2 particular embodiment, the peptide comprises an amino
20 acid sequence of SEQ ID NO:5, 6, 10, 11, 14, or 18.
In certain particular embodiments for i dentifying an antibody that m odulates a
TGF-beta signaling pathway, for identifying an antibody that impairs binding of a 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 2 p olyclonal antibody, 2 monoclonal antibody, a chimeric antibody, a h umanized
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 individually.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 6 depicts a 3D model of the potential ENT-binding fragment located at the SOST N-terminal
region. A EMIR dirner is shown in surface mode, and the potential BMP- binding fragment is shown in
stick mode. A phenyialanine residue fitting into a hydrophobic pocket on the BMP surface is noted. 30
DETAILED DESCRIPTIQ%JJQ TEE INYENTION The present invention provides antibodies
that specifically bind to a SOS T polypeptide FerBaS feUSHE s teMaiRmschfcdiaTsierrisavsinvention

also provid@@S@g'ﬁ@SIE/pembdptidemnchdganssﬁaatkmmslbgu%_e@fggg@ggfﬁggg pdanalais,ofithese
antibodiescggﬁbé_gg&nﬂgqﬂ&%s may, be S§IU| to block or impair binding of a SOST polypeptide, which
is a TOW-beta binding protein to a ligand, PericlitarRF Radsephise hepdrikoprotairt, dettermbnealso
block or imisausiteling i, SAST pedyeptide to-aRsA MYe,0esfidands, T hegvention relates in
part tasthe gur rtgsdn;ged'bqﬁg ery, within tglf%sclerostin 5 pol |(Eeptide sequence, of spetﬁﬁcygﬁ%r peptide
sequences that are Spac é(al%llﬁé%tb?ﬂ %}%nﬁ-@bﬁ’éﬂbéﬁl HRtifbuhes Gpatsie ofcormpstithielp

inhibiting bifBiagSCvnsIs PRty pentdes taBLMER, Chs! iRy inding wise
would occyr viatra BME Type | Receptor binldin éitg ag?jf?osrﬁg %ﬁp@%ﬁ%@ﬁﬁ@%ﬂmg site. A
ASHR SRt HEESHR BT PR L IRIING 6t 8he VISR Béen MAblahgpiofairto(SBE dDmore

molecule such as‘an

members OfhesT QR ELETa MM ShPIORIRESOCHGHRS DAY THATe PRAS marphogenis proteins
ows't

(BMPs), s?ould be understood to include, for example, @ molecule thata e activation 8P4
TGF-beta faRy ARRIE SPER D QWS bhRiMy eranoiv-FREQfdmilimeme B AN UGRQ G of
morel BM: REG0l thgjraesive cliviadasapipis by vi {i -beta m r.fro
binding to %}g&fﬁ-binding-protein. 15The pgrfegﬁr%t ifﬁ\g/te%\rté)){réac \g?%%%)%gg p%éyt%%)ar%%%%%%de
immunoge HE R O BSER PR b & TR a5 nevmiel eg) HBE R ctity Gr i diesRe: fraBmeams
thereof thalarg @apable of inhibiting, preventing, or impairing (e.g., decreasing in a statistically
significant manner) binding of the TGF-beta binding protein SOST to one or more BMPs. Exemplary
peptide immunogens m&{EesriHueBtes, 230 model DFIDe o0 eiin 50 SPEBESGIT400Ady50, 51-

Figure 3 presents a 3D model of the core region of SOST homodimer.

15 Figure 4A and B provides an amino acid sequence alignment. of Noggin from five

different animals: human (NOGG_HUMAN (SEQ ID NO:107); chicken (NOGG_CHICK, SEQ

ID NO:108); African clawed frog (NOGG_XENLA, SEQ ID NO:109); NOGG_FUGRU, SEQ

ID NO:110); and zebrafish (NOGG_ZEBRA, SEQ ID NO:111); and SOST from human

(SOST_HUMAN, SEQ ID NO:1), rat (SOST RAT, SEQ ID NO:20), and mouse
20 (SOST_Mouse, SEQ ID NO:112).

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 mode! 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

polypgph’de immunogens that may be used for generation and analysis of these antibodies. The
10



20 60, 61-70, or 71-75 consecutive amino acids of a sclerostin polypeande as provided herein (or of a
variant thereof), such peptides comprising, 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 immurmgens

that may be u&eg{to en%%ate and/or identify antibodies or fragments thereof that are c apable of
inhibiting, Pretrti PSR R IEFRAGBRGT Bodmehehiotsdreoirersde arisbidies dithe

present investi e wEali fey incpasinathaiminersbronispApeRinsELdsnsikpLReNGthereby
ameliorating numerous conditions that result in the loss of bone mineral content, including for example,
disease, geMBRE Preing IR OSdcRIbmeptiisn eatf o5 B sathenfigardst bone (e.g., due to fracture),

therapeutics that effect hage{esarptiomaedhat kil heng formingsels Ak RormalAgiNg s 3% stin

Scierosteosis .. Sclerosteos s is a disease related to abnormal bone mineral density in humans.
Scle ro§teo§‘§¥§°§q§ﬁ] FEFIPES %ﬂ@ﬁ%ﬁ%@éﬂtl@ﬁam}lpﬁs CGhaSkie I&psté_fy@lm .r@_@guzimdallzy 1

eds. HanduuhderisiadeihelisundsBesin: Sponaer 1980 1 3880 & daarder mlprinaen
Buchem hyperostosis corticalis generalisata but possibly differing in radiologic appearance o the bone
changes antl fVRevpreassnele siassinniddichindmeetisrsyine aonly afctheind SV d ypiddRetipgers in
many caseg;3glerasiensis:is PR URFersteqd tosomal semi- 5 dominant disorder that is
characterized.bygwidely dissemina?g}i% sclerotig&ﬁ-:'és?iec!)ori?}sQi (%%k?g 'olr?enllr? ﬁ%lgéﬁ : ﬁ%ncacx)ﬁgl fnt%?
progressivenigeiisrtstdoxingleb tha el dpndartairaspedbthee iy asseciatatansth syadaEEbegtwo or
more fingers fysed AQgethsr)- eosis Sy. is associated with Jarge re, and many
affected individ%gls gga%ﬁ%ghggﬁaggsixﬁ%ee%iﬁgn%@%ﬁ amdp(fﬁ?bol%efﬁ% 53\%%?% p??ts%wﬁsjw%ho {?sabe
condition h&Bdgrsigndsoativistpides epppascancecEhE < thivoréowirbeactontientd DGO BEgofaaidan be 1

to 6 fold greater th individyals,. an [[bﬁ%e_min al density.can. be 1 to 4 fold above normal
values (e.g., in coﬁggﬁﬁ%%éggiﬁga%gmgs .betae{am%/c e?(%t{%%é?scefgéwgr%?ﬁé) S arily in
AfiikaanerstoftButchsdesornersiBouthyAfrivayidpproximatelyd thé EETbad Grindbsr Bals iitdeg to

kfrikaaner %%pf@-ig{r'; fﬁn _clag{é%r 15 of the mutated gene (heterozygotes). The mutation shows 100%
penetrance. Anecdota re%pgrts Indicate that increased bone mineral density has been observed in

heterd2ygotes but they Hévepresagsosiatédnpateotogiasstegptainaac iy psiasipvengoeeih Xaat,
o sbromel gL TR o e begh o L pLET i S gTEE
capable of inhibiting, preventing, or impairing (e.g., decreasing in a statistically significant
manner) binding of the TGF-beta binding protein SOST to one or more BMPs. Exemplary
peptide immunogens may comprise 6, 7, 8, 9, 10, 11, 12, 20-25, 21-50, 26-30, 31-40, 41-50, 51-
20 60, 61-70, or 71-75 consecutive amino acids of a sclerostin polypeptide as provided herein (or of
a variant thereof), such peptides comprising, 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

Sclerosteosis

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

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



20 and sex hormone levels are normal in affected individuals. ane turnover markers (such as
osteoblast specific alkaline phosphatase, osteocalcin, type 1 procollagen C' propeptide (PICP), and
total alkaline p hosphatase (see Cornier, Curr, O pin. in R heu. 7 :243 ( 1995)) indicate that

hyperosteob|asti tivity is assqciated with the disease but normal to slightly decreased osteoclast
activity is o%issésr%%n 289 gg%?ﬁgg% ﬁ?%s%?gﬁﬁegmﬁb%@%r S%Pié‘? S18RIGRY SH I line,
N-telopeptice, Briney hygesasipsiioe phasmentaliaier es Pertngidigbosp tasR o AR dSRIAGIRSY!
hydroxylysirke seP(Je Corpier, supra)). Scierosteosis is characterized by the continual deposition
of bone thr8udio ?’tﬁé%{@r‘e%&ﬂddmiﬁﬁ HESARSHRE THIRE Ss GRETMSENi SYRiacT hefiBs ygdesahde

continual depesiticihgékonerminewkieads 4R8I 0O WE Ofhans o atsas. of tha gkslatonwhere

mechaporeceptors 30 are absent (e.g., skull, jaw, cranium). In homozygotes with Scierosteosis, the

overgrowth BHH@‘BCQH%‘H?Ftﬁétﬁtﬂb%@ér‘%P&i%bﬁé@%@ﬁd@%ﬁﬁj@ﬂ@ @b Here tin
excessive fydrsiaticressiRaNtheRIRsie s Apenaralized and Qiﬁwqﬁﬁﬁﬁ?ﬁi%ge%’ﬁ?ﬁ%vﬁd in

all other parts of the skeleton. Cortical areas of the long bones are greatly thickened resulting in a
substantial TRYGAEE W HHREEEEH NG Beers Bparmciisad sectherassitipsttoknsssdrhietisn turn

increases URGIRAINIA e abeeLIghbAng, SEELRl RANERARPAALHDYSHAGPRATE 1 G- The
as been 5 localize e

rare genetic mutation that is responsible for Sclerosteosis Syndrome tot
region of hifrifitiverfsitnect remaperisithithis aordisigiomasnoodossaaliovelumenperodtte TIE-beta

binding-projBi RUA(SeR & Gor A BRSNS 3953 1,6 489,445, ANA 405,730, Brinkow et

al., Am. J. Hum. Genet. 68:577-89 (2001)). Therapeutics relate tering or mo alﬁhgu @ fevel of
sclerostin rAgYctREpsTatslensisetnl in tréatngléahitionorar visesdez rcinmmmadmotmalditaed
developmegt,gr,deterioration. As described in 10more detail below, antibodies that specifically bind to
this TGF-beta binding-protein, sclerostin (also referred to herein as Beer or as SOST), may be used to
increase bone mineral céaienesitnss tisatgmprevewtingrirtsising ProtgressionyODamelideating the

symptoms gbgRURpEr %m%§el}§%@gi«§'§t?4§ WRRYRATUY in the Afrikaaner population is a carrier
15 of the mutated gene (heterozygotes). The mutation shows 100% penetrance. Anecdotal reports
indicate that increased bone mineral density has been observed in heterozygotes but they have

no associated pathologies (e.g., syndactyly or skull overgrowth).

No abnormality of the pituitary-hypothalamus axis has been observed in patients
with sclerosteosis. In particular, no over-production of growth hormone and cortisone occurs,

20 and sex hormone levels are normal in affected individuals. Bone turnover markers (such as
osteoblast specific alkaline phosphatase, osteocalcin, type 1 procollagen C’ propeptide (PICP),
and total a lkaline p hosphatase (see C omier, Curr. Opin. in R heu. 7:243 (1995)) i ndicate t hat
hyperosteoblastic activity is associated with the disease but mormal to slightly decreased
osteoclast activity is observed as measured by markers of bome 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



Among significant molecules to which reference is made herein include any known or novel members
of the Transforming Growth Factor-beta (TGF-beta) superfamily, which includes bone morphogenic
proteins (BMPs).. Also included in the TGF-beta superfamily are TGF-beta receptors, which should be
understoogfarefer 108 OLMaLe teerpiorsihat aig 29 spegific for a particular member of the
TGF-beta superfamily (including BMPS)?tK&?hd TGF-beta’ %?Jr?\dplﬁanpsrglt%ilﬁ%,r%ﬁ? h“élﬂ‘ﬁ%eﬁ% Witirstood
to refer to BrieToriAsAsSs Shyepstigdsofitie spbeifidabinating Sifftnityfooaepapiedtammambesafsuset of
members erghﬁ TGF-beta superfamily (including BM:Ps). A specific example of a TGF-beta binding
protein includés sclerostin or SOST. Polynucleotide sequences encoding SOST and SOST variants in
various animals, 25 incllicimgrigenatis raretanovided hapimibl SHOSDNGEE5 SHRiBMIs 8leb3, 65,
and 67 angogig. encoded polypeptide sequences are provided jn SEQ BD NOs: 1, 20, 58, 60, 62,
64, 66, 68, aﬁé%%%t?e%gerg Ve yC}}.l %‘é‘,“ec.ﬁg’.‘,gﬂ‘?éf?‘%@nt %%F’é,é@%{’@ﬁ’}%{ﬂ%’@mm%ﬁa BYe 736.
See So e.geBhenvAntiet BEF202 Bladingipkodse: 2ahiiSoReitt @ggl-Ul§.9@ale£%ftN8£aGéi9B§ﬁ 17:269;
Khalil, 1999 Microbes Infe :1255; Miyazono et al., 1993 Growth Factors 8:11; von 3 Bdbno’ff etal.,
2001 Dev.%%.’% f‘f‘;&éo‘f?étj"é’lj‘?: %&lﬁﬁ c%%ﬁ: ‘é@sj'l’%’(fﬁ G185 A8 (40 1 Do CBhephsuiizy (16
Suppl. 1):$d@rBondestan, 20fRduigangdsié gealngCemspenansatie rapsiarrming Groywth Factor

fi Family, Ialgrllﬁin.ki Unive&sit Biomedical Dissertations No, 17). The TGF-b eta superfamily contains a

variety of GrOWRCEECRTS fﬁ%f ThEFR S I BPRATBIR RS fos enaneahes drariaraicenrahmdsiasinediioth

secohfilarynand tertiayslevelmibogiaraiginfamibapyersavide @@%@U&%@&&L&Iﬁ%&%{%&%@ﬁs that
%

affect a Iar@? vari,eﬁt%/ (grf c;}ll types. Many of the members of the TGF-beta family have important
functions i PREEIA O MATEARARHHRESE &eOfilaBmubris & iatRrerRsE doneshnsah anten dits,
TGF-beta familys5 preveinars, aradnively odo daiseamble i paisknealingheng sepair apdibene
remodeling, and in modulation of the immune system. In addition to the ' TGF-beta polypeptides, this
superfamilyl‘?ﬁ%?ﬁﬁes BMPs, activins, inhibits, Growth and Differentiation Factors (GDFs), and
Ghat-Derived Neurotrop'nic Factors (GDNFs). Primary classification is established through general
sequence ﬁéures that bin a specific protein into a general subfamily. Additional stratification 10 within
the sUb-farmiry- ¥ to stricter sequence conservation between membeis of the smaller

group. In certain instangesesschgsAMiR BB:ReBMPshiand MW7 ﬁ%h%fc{gi g.acid REC identity
|

may be as high as 75% among members of the smaller group. This level 0 enetrlfy enables f’lingingle

representathi'SetfuBALE (B HRRSFa RS it KERRiSuRERt CareisimBattoobtte SUGRbot) thatsepayates it
from othervigmbria st BenarasnH RN bedbaCHR@Ssrusie 9L 1G Eﬁt%ﬁéafdﬁ %esf\f%(eg?ter fpined.

The general fold of the TGF-beta2 monomer contains a stable, compact, cysteine kno SEitticture

formed by %ﬁg&ér%m?ragé_@m eiRddeHIdpIERaS Stabfiized byeomentisuipbideisridgenrts
antipaoallebpecific ik GRRetaIRRImEBParS ?@ﬁ@&ﬂ@%@@%@?&@&gsu gfgf‘e&%ﬁhg. LY

receptor complexes. Transduction of TGF-beta signals in Istin iles’o
transmemTARE S BFRiemE SbvRehanisbersndpriped i ferandiype Lokt tohaiepaidenypespasfieptors

and five typgdiiecaptars have N Ifi t .. Cytakin wth Factor Rev.
9:49-61 (1998); %_/Iiyazor)?o et alP%@%ﬁgﬂ%ﬁ%#ﬁg%@gﬁz%%}% %ﬁ%rggrﬁt%%)ﬁh%uﬁf@pﬂ ta
family binddndustisgaPAdRsistit: coasbisagrmpitypleal AT -iygie bindoeptorseinoi: piiwhickaieneeded

for Signali%Mthq%l}%ﬁ%mfageLéaﬁél;l@é‘téﬁg%({&%e@tﬁéf‘qﬂ}@ tg)(gS'? -I\-rsi;rlxza:nts 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 8:11; von
30 Bubnoffet 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; Bondestamn, 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



75 beta ligand first binds to the type Il receptor (TbR-II), which then recruits a type | receptor (TbR-I) to
form a ligand/type ll/type | ternary complex. The type | receptor, cannot bind ligand in the absence of
TbR-1I. TbR-II then phosphorylates TbR-I predominantly in a domain rich in glycine and serine

residues ( i) in the jumainemhrime rt-gion, thereby activating TbR-I. The actjvated type |
receptor k%gg%%%grgl% %%%héo%ﬁg o5 %agrt%ﬁfa{}l%e?ﬁgté & B PSSP0 P S OBPBRS Y]@Sthi §

nanslocaterottia famibuscererevide spoddutate tansgitpliossphaRe¢iic g8ees BenevMamhaaeinic

Proteins (BMPS): Regulaton/ Proteins of B ineral Density A major advance in the
understan d‘ll\%{lpgesdf blﬁéfr%éyfoorgmtlaﬁﬁ orrr]““:}vnag’g% 8?%&@%&%&&%@%% G PEPSIET K ABIFH S J8rdstEmic

proteins (ORspanbichnegatatesparifienpmadrbonensifoseatiationdpyive. BMRIQPEGRMIGS famil
endoc@ondral bone differegttia i?{é\ through a cascade of events by which mesenchymal stem cells

differentiatd At CRGNIFB AL ik 74 ARt deadingchons svasisarhberrseaosistinepadée by

bane tissuer(seeldaienfans sualnde)diol 538033 1 thé200R el U RERCESS INOlEs 1y
formation of ci:}'lr ila?ﬁg%yg)ertrophy and calcification of the cartilage; vascular invasion, ditferentiation of
i

osteoblasts. aHd o n BEBHHe INURRS I BRERLEVE, HiEBmbaiopE Emp (GDFsanandstebtenic

protein 1 amitridie® RelradfBR-R)dises (GINFIL B3Rk 12643 BN %%ﬁ%t%%%ﬁ%é?%ﬁx
GenBank P55107 (B1vIP-3b, Growth/differentiation factor 10) (GDF-10)); GenBank P12644 (BMP4);

Gen13anic F8453%0F3 HEN 58 Disch PSSHIC Pret4 BN P Bynesel B h fmnity SOV i{Bmal PrytiGariBank

P34820 (3IviRSy; trenBanin ROl KORiIRME ko GeRBanie 410N, 11,
Growth/differentiation factor%il9 ptﬁeculrsor ZIGDOF-ll)); Ge%%z%gk%O%Wg%n(g&lS) ggr%%%%%ﬁ%% the

TGIF-beta STEERREAYPTHE SHTRIRYBYEIGHD AR @8 Ydi BER-AnTHE !embERiBf thi BARIO RRid
sub-family seggestathatihey e é@ﬁ’%ﬁ@@ti@%%ﬂ@ﬂg%&ﬁﬂ@?%@‘&@tsﬁfﬁﬁ?%@ign 12 animgs. In
p

addition to postfetal chondrogenesis and osteoeenesis, the BMPs/OPs play m tlp?é roles in
skeletogendSEHHCHIANES thE PSS SOBRENEBY ¢ paARTEE I Hierattalhisktie bidiftereal BibtRofaify

merbers aied haue:biglasicaaciieR A aoURSHSE ¢Bl MPs nolilno monooytes, epitelia

cells, mesenchymal cells, and neuronal cells. BMPs regulate ce ion and differentiation,
chemétaxis and apoptosElarid s stasHte ol hgEneta e st fomenednTag [efheighfasyhtnetry,

neurogenesie;masoderth aaleting=and epRnoRidevlopment Adoraanogencsis of 8. nymber of
organs including the kidney, eut, lung, teeth, limb, amnion,"and testis (see Balemans, suprzi’).

BMPs are s{#itheligebrigsardeipeseansss phochiisstalpdacdimesizadioniptid-BMRs asepiptesiylcally
cleaved within the cell to y@ﬁ%%ﬁ“?&&??ﬁ%@m%ﬂ%‘? 19§%%'9§&£ e gr}r?zsfﬁm of hetero-oligomeric
receptor complexes. Transduction of TGF-beta signals involves two distinct subfamilies of
20 transmembrane serine/threonine kinase receptors, type I and type II. At least seven type 1
receptors and five type I receptors have been identified (see Kawabata et al., Cytokine Growth
Factor Rev. 9:49-61 (1998); Miyazono et al., Adv. Immunol. 75:115-57 (2000). Each member of
the TGF-beta family binds to a characteristic combination of type I and type II receptors, both of
which are needed for signaling. In the current model for TGF-beta receptor activation, 2 TGF-
25 Dbeta ligand first binds to the type IT receptor (TbR-II), which then recruits a type I receptor
(TbR-1) to form a ligand/type Il/type I temary complex. The type I receptor, cannot bind ligand
in the absence of TbR-II. TbR-II then phosphorylates TbR-I predominantly in a domain rich in
glycine and serine residues (GS domain) in the juxtamembrane region, thereby activating TbR-I.
The activated type I receptor kinase then phosphorylates particular members of the Smad family

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

Bone Morphogenic Proteins (BMPs): Key Regulatory Proteins of Bone Mineral Density

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



25 secreted from the cell. BMPs, like other TGF-beta family members, initiate sipial transduction by
binding cooperatively to both type | and type Il serine/tin-eonine kinase receptors. Type | receptors for
which BMPs may act as ligands include BMPR-IA (also known as ALK-3), BMPR-[B (also known as
ALK-6), Altke T30, Adids-3cbalen kiaovsaeActR:D 0t e ll receptors. BMies bind to BMP type IL
receptor ((?%P R-II%.Actjvin, typeFélYéjActR-ll), anlgrAgtivan%é%g’/p‘gkﬁf_ﬁ( %“ﬁg%ltrB)c.?‘éﬁe%‘Bﬁé(}ng?f?et al.,
sup-a, and TeFETETEEE Gtedthe RIYRTS PBIy Mdsrsotiidosbopncesnartiiffaersntodatransina agichsequence
of BMP typé€ tveseionRalPaRidRs dhe i Pyl deg; GenBank database, for example, GenBank
NM 004329 (SEQ NO:71 encoded b?ﬁs%EQ ID NOI:LgS : e’éeﬁg% EEg Ei‘?\’[&f??ﬁse bdeY BPPEED M
NO:86); 15 NMES0 TIPSRt Xy e iod denlane S BOHRNIS:EY )3 15aBALERRID NY: B encoded
by SES ID2N:BB%50NY BAG(SEQLID NQ:LD encaded by SEQ ID NO:89); and D38082 (SEQ ID
NO:76 encoded by Sld—Zv(g@I%?NQ:%)’. Otheé}lpoif/%ggﬁ o’evgsec%gﬁ%ggo?gﬁét%céﬁﬁ?mbrmﬂded in
the Genl3&RAIE AEAR86 o Feridrapl a2 PO 0N TB0(S EQTBNRITH 0B AAATAR, SASERRNG;78); and

AAB33865¢E QDN - n 'qﬁt'@ q d the encoded amino acid sequence of
BM? type Il receptor polypepatligﬁé’a%% prov%ce%eﬁw G%ﬁ%a%fd’éf%‘ff&géceﬂﬁﬂtﬁfblh@é?f&aé?%rhple,

U25110 (SEHIBRNGB0 encliredink SEBIDRUBD); NivhBaZ3461SE QRPN Q:Birensoses fy SEQ

ID NO:92 81204 :82 ) NO:93); and 248923 (SEQ ID NO:83
encoded g%%quégg&%%él%ﬁl%%oﬁg %&&gel?pé?iég%@gu%egﬁ%ag}ﬁé% reR 6}"5%?@%4@9

provided iH4R&0E ERMEAK dataBask, F3ReAMME GAARERSR( SEQ1D m@«lﬁ#g; GenBanB¥5438¢ Similar
to other cygfippgkn ' dimer structure (Scheufier et al., J. Mot B iol. 287:103-15 (
1999)). Aﬁord%@%&%ﬁ%ﬁﬁrﬁ%&l@%ﬁoﬁ%@ DINE BprrBani Q43R0 (RVBIIP type |
receptor biff@igsiEezemntiayion fagecdptpredbsbindingsity weramarrssh 9 hesydace OLeBMIP

structure (Janis elt@gp._,bgéogg' ng.. 13:839- 47.(2000)). The location of the type | receptor binding site
on BMP was later confirmeg} E)%/m%dey 'x-g%sstru &Y BRAB2SY SR Raieh R cosBhexs(Nidkel et al.,

J. Joint SURYTART. 88akSubpt(Re) )BT 1Bdat20R PN DIRdiBiaR RS dbiReSRIBLPINging site is in

good agregment With x-ray str re. of TGE-P31/TGF-13 Type Il receptor complex (Hart et al..
Nat. 20Strict. Bi(Ejl. 5%@1588%(/585%%5% PATTREFRSIS apdinsiere tRessiEE MPrORe pdmtoniltiisystem.

The BMP & Activivogteiainilinsiatie subjesy topigiicant nagidransiational feauationhy TGF-beta
binding prgﬁpﬁaéﬂ mtnﬁgaégrgxt{ac?gula control system exists, whereby a high affinity antagonist is
synthesized and exported. and sobekdtie ﬂ(if%?ﬁllsaﬁtbﬁﬁfﬁléﬁ yaessivaewitlBivies orcaudihgns to

disrupt thenobipgicamtintiiaty deBmitheseiRRgsaP o6 BNeind SRl 9 A er f ﬁlalé:eh c‘l;ﬁ F-beta
binding pr, :Igliﬁ‘érﬂ%ve b en %'dentifi,ed, and on the basis of sequence divergence, the a%}nltagoms S
appear to have evolved indepeRaaitly BRTaRrEs SRtk IBeR ST bR Ass squentandmsenvatiors)n

vert@fratefor antagpiistieheigte I&Q@gﬁﬂe@ﬁowﬂgdé@ﬁgﬁ;l”fgesf&agﬁ@t?a PR the PANICerberus
protein faragb/?and s?lgggsﬂtgn SOST). (see Balemans et al., supra, and refereri¢es Cited 1 reyrel}lnc). The

mechanism of S0aRtagonSFELRETHE L Uit Bibtherdinazatt wslagiosidte Wemmyraget, dir{d 988hProc.

Natl. Acadimb, amnion, and testis (see Balemans, 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 | and type I serine/threonine kinase receptors. Type |
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 Il receptor (BMPR-II), Activin type II (ActR-IT), 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

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



Scl. USA 95:9337-9342). The type | and type Il receptor binding sites on the B1VLP
antagonist noggin have also b ben m appea. Noggin binds to B MP s w ith 'n igh affinity (Zimmerman e
tal.., 1996). A 16 study of the noggin/BMP-7 complex structure revealed the binding interactions

P e Y BIota OB 2 AhohRLIS B0 SRR SuRe 00 21 Moy

noggin-BMEjﬁﬁgggﬁfn 0 a model (()§f the BMP signaling co at noggin
effectively -PrRlir Mt BiHHR) (eBitd PesSNDET s BMPATY pe BEQUIDYIO :BDecrpinb 1lR2liSG Sites)
on 5 BMT-7pl Rgyoystgingitic gg@ﬁgq%ce(g{hng gln is preceded by an. N-terminal segment of
about 20 amino acid residues that are referred to as ﬁwg (Xfﬁ)qp{{re%iscfﬁélgr’ﬁééfg).t}?ﬁe tﬂyﬁgp fors are
receptor-biriiingdsitarstbe SheuBenbyddiebiiste e auoptio NGt 068 thp (REQAID INNOYYi B and dhestype |1
receptay bih@'@ ﬂﬁ\fﬁg '%@Mﬁ}?g@% ?g P?%n% p t&on og the clip domain. Two p-strands in
the core region%eart e gC%’:’-terminus 0 nozglng £0 Contakt %Mlg‘-l? £09AR FIGT 11 R EBF BiFfbling
site. This biaging rudeepalresod RbR)itypindr tecefficie ptlyybdptkaalldhe preeqioribinginGesitesi(two
type | and t\é/ 2Ype I,{;nr ce ltl%r b'%ndin sitqs) L?Jé\/lsfsg %ﬁ;'erostin Pol pepti(ljes anchncodinu
Polvnueleotides  The §M§anefag°orn?s’gta'§nc[feerog{|}rﬁ S sineﬁi‘rf gggfﬁ%éfy 62480 1A3Qrd s
6,495,736; d8d dRBBEQFED NDN®; R0 b8 A, b7, TEQ68) 30 &, 10\ prssess ngarhydcentical
cysteine (disulfige ca compared wj u DAN man Gremlin, muman Cerberus,
and SCGF &cgﬁgaﬁ' ng%@w%@ggi’) Bt %\%‘%ég n@%@ﬂ@o&pﬁ%@?ﬂm&ﬁdéﬁ?&ﬂfﬁ&%)‘
backgrbundiinéitiomationi geetienesabiynkau 6 Ot Cehibié 73:685( 199M-Scerastitshoad also
be understopd to include varjants of this TGE-beta binding- 20 protein (e.g., SEQ ID N Os. 60 and 62).
e o B B S T

As used herein, a %’@ﬁucleotide refers to nucleic acid molecule that

encodes a polypeptide hBviRg, asiriRinecacithseqyanceithat isadprdifigation (ipsediar: deletian, or
substitution @f one. or more nucleotides) of SEQ ID NOs: 55-57, 59, 61, 63, 65, 67, or 69. Such
variants inclOGARAR IR -obcbtfih YRS Prishid b7 A EEAEHRE 6P T EH USRI HERF R PR

encoding petstisielestidas. BMEF MG REsMNheficEMy nysiacidssHhahantodR GRAsRIValive amino
acid Stg)Stit tions of these amino acid sequences. A variety of criteria 'mown to those skilled in the art

indicatd whBPEPaMIRS FEimerRey faibrstafaseatioy HMheptriere losiystptidR aiensingal 3 3P
example, a£INHeEEMN MR:A6H It GSBRYALE-8HMA B RaIHSHRSHIUERM 15,260 WhigH,RR giine acid
residue is replaced with an amino acid residue having a similar side chain, which include aniino
x-ray structure of BMP-2/BMP Receptor complex (Nickel et al, J Joint Surg. Am.
83A(Suppl 1(Pt 1)):87-S14 (2001)). The predicted type I receptor binding site is in good
agreement with the x-ray structure of TGF-B3/TGF-p Type II receptor complex (Hart et al., Naz.
20 Struct. Biol. 9:203-208 (2002)), which is highly similar to the BMP/BMP Receptor IIA system.
The BMP and Activin sub-families are subject to significant post-transiational
regulation by TGF-beta binding proteins. An intricate extracellular control system exists,
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, T rends
25 Genet. 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
nogein, 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 (lemura et al. (1998) Proc. Natl. Acad.
Sci. US4 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 (Ztmmerman ez 2, 1996). A
1€



30 acids with basic side chains (e.qg., 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); nonpoiar side chains (e.g., alanine, value, leucine, isoleucine, praline,

phenylalanig. Riefhionipe. wy.ptophan). beta-branched side chains (e.g., 17, threonine, valine,
isoleucine), an%%i%%%@ée chZi(ﬁ% 8)\8)‘ St%‘r‘é{‘s‘%ﬁ%‘,‘%ﬁélﬁ9|§i%£méf B%i?ﬁ%{ﬂﬁ‘.srb?é‘ﬂﬁ@} Wh RIS
consideredipisresdiffivuipdoeclatsifyasinaré2(péopertieagmith amspg-asisithabhaye aliphatigside chains

(e.q., Len,s\{ﬁktu% 8{{9 'z?‘lr%é'dleq g{e&%ir?ﬂfﬁumst%nces, supstitution of glutamine for glutamic acid or

asparagine for aspartic acid may be- 5 conSlaeteteComnler ShpuatLtsh nessn HindiraisEestvely

asparaginénasésabntd@dmrmﬁaﬁitﬁm@@ut@mi@agi@ﬁﬂdW%@@%é%%&éﬁ%y&ming sitddfiditional
variang forvg f_fa ‘li(g&bgta binc})il?%&o{ in encoding polynucleotide are nucleic acid molecules that
contain substitutions, iNSertons or deEoSBF B o MAFEHR 1S RErestiek B dunt wrninaireamastieefide
sequencestblasclibethheredid Aesidtiantion nvdtasteata & Qg QE‘%‘F’ BiadiRgLProtelmay Dey e 1
constructed or identified so that the altered version of the TOP-beta binding protein’competes with the
wildtype Tﬁ?ﬁ?%té’fébb’ﬁfﬁ’i% § e F RO StitfE AR naTERErevatbly Bliactomein oy asithendildtype
TOP-beta Bindipg [rofemaiiniys ieaddedbreased ReRgEsRSI AN ieotide is a
nucleic ac'Lg modeculeg%?oi{nucieo%de or 15 oligo?l%dcleotide) tfﬁt is hotliﬁlﬁgégrgt(gg%%ﬁg ggﬁg}%ic DNA
of an organiam PATHI RGO R EonstaaT dbF (o HraTiBnaREIP LR elemeprsait BMPried thtdpvector

that isinot H pavémabthenaiisateitonmant: FRIe@me ARNAmalscule tiganPfogl%ﬁkaall he
C ce

TOP-bindin% rotein that has been separated from the genomic DNA of a eukaryot IS art1 ISolated
DNA molebie RS eSS SIe v an [eamhing hne dicserpnivhstnesiess ohertid@yiisymthesized
nucleic acid molecule that 20 is not integrated into the genome of an organism. The isolated nucleic
acid molecyle may be DNA, cDNA, RNA, or composed at least in part of nucleic acid analogs.
TOP-beta BfeirRproteRERRIFEA : 3 i< poiAei

polynucieotides hybridizewitive nuglgisagidmolrguiehavieg the queleoti uenge of, SEQ JD
NOs: ?5-57, 59, 61, 63, 65, 67, or 69 under stringent?(;g‘nditions. Iﬁ%%ﬁb%%%i-%gggbﬁgin%-&protein
variaht pol§rficiédfidé® el SER Brotifshavithy 2%yeleifs BAckb06E, TOPDEtadireing prekein
variant polynseleihidesimavalaads identfiediy 56 Jiis9 ed herein, lwo amino
acid sequences have "1%%3% amiﬁ%?acid sequence i%ﬁ%ﬁ“ﬁ%ﬁ%ﬁ%?ﬁdﬁ@ﬁe@ ?‘lfﬁré m%lamino
acid sequeht@amfeamersantadvheBlifAsd Ratvnarinab J8EaspprivkenaedSinibatymiviesnuelantide
sequenceshavsndOPR] 3B PYCIsLdeseaHERcS: identity” if the nucleotides of the two nugleotide
sequences are the same %vgﬁen ejila%?led for maximlgjL to?%éﬁ%eﬁ'&@nc%%éqﬁﬁenég‘; go?#?[a}igg%?é%m be
performed (S statfasiEorbraid pleyamudestoes thoseielvdsanin thethid IERGEMN Binding-

bioinfarmagesGaMPLIRESUIS NENCR SR EHF A PL BN AR Tm AR AMAdIS 0N WASCONSIY) Qi BLAST

polynucleotide refers to nucleic acid molecule that encodes a polypeptide having an amino acid

sequence that is a modification (insertion, deletion, or substitution of one or more nucleotides)
of SEQID NOs: 55-57, 59, 61, 63, 65, 67, or 69. Such variants include naturally-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, histidime); 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, {ryptophan); bete-branched side chains (e.g.,
17



algorithm available at the NCBI web site alnternetj<:http.wwwncbi.nLm.nih.gov>). Other methods for
comparing two or more nucleotide or amino acid sequences by determining optimal alignment are
well-known to those of skill in the art (see, for example. Peruski and Peruski, The Internet and the New

Biology: Tqﬁ% for Genomic and Malecular Research (ASM Press, Inc. 5 1997), Wu et al. (eds.),
"Information EUPBFhighlRy drelesiputerbAEBAREs Fiduchainacids antymteinsHdnyMitinds in

Gene Biotasfyieh). Pagemnk2 ek (CRGAIESE iﬂ&elﬁr‘}ﬁln)l)ﬂr‘{’o RURRR (S HIOB 0 MR

Genome Computing, 2nd Edition (Academic Press, Inc. 1998 A'variant eta binding

protein shAidRadeidt (&6t Baspoplithite Hids sdtpilende. Werity, tVSE QD MOsAL)20n58e60n62, 64,
66, and 68:aahRiB{eEaLBERRISH UM ARA o 00 a0 %fgse%%%g%%%p‘i{%?%’d oroe2e

identity. Alternatively, TOP-beta binding-protein variants can be aving At jeastn 0%
nucleotide SEHisTHe fdemtity t6UOETIIDING SthB5 & 1135906 knb 3aGhrGiheontOanideedsevatives psesent

invention contemplates.eiheir Qmplgg%%g@ polynucleotide variants having greater than 75%,
80%, 85%, 90%, or 95% identity to SEQ ID NO:55 or 57. Regardless of the particular method used to

identify a 15 TOP-beta biddingnplawsianydoamt pbhyiiifeotiabiodivariactkQincbeindiobing poatain, such
a variant cgp. e functio r] . far.example, its ability to bind to and/or inhibit the
simiaring of a seleclted %Z%o&#ﬂg trtf%eilgg%l?g‘gtés S e é?rrltsl?%sr Bﬂ/ﬁ{; L5ty Yo Bih PssHically
to an anti- FOPepatashipetid gvproteihcamtibodtideMithientite desttebédhthéminvertiganeownatians a

fragment” el QE-beiar0binding-protein polynucleotide refers to a nucleic acid molecule that
encodes a portion ofg a %Eé}e@%%%%%?p%o %%Cpg%yﬁéﬁ% i3 %%gt %(itﬁéaf Wﬁé@%@%é@?’&’fu‘#cﬁ’ﬁnal
activity as désctibed tedaia or¢Rjispesificaty bintsthe aniaiibd ORsPeiaDibHingreiinantioady. For
Pore com e S B e e Bt S R HoReP: BOCEE, B3B8 8%, or 6.
25 An "isothtedepoitppspitdestiredarrdentixerein is a polyp:116de that is removed from its natural
environment. For exampA%, @Sgﬁu{gag%/-occ rring protein is isqlated if it is separated from some or all of

the coexisting materials in tHe Ratuiral ayREie 5cHtad CAPSISH S, MgkcWs clnel yglsobie or
proteliaceoliganuplsritids) disgasiate dnvwitraieip aiypeptitec DNAlWeaPseiaRblY, SyehsRtede is
polypeptid%s asggeaé Jga tagg%t gol%fgure, m?re, @referably at 30least about 95% pure, and most
preferably at least about 930S Pure ARBERIES S SITRETHIS & et Auni seiney Pratemhshoratiies

SOST polypejitideimmFwgensthatniaybeoredéangenpration antanalysis,aftheanantinndies and
also provides m?élgséis fotkéysin%%xcg?%ib dies. The antibodies of the present invention as described
y P

GV Dind1o™s & e BHEHRL B pib R iPNA mekiscof ABIMR to the

herein spe%?ﬁcaar

SOST polypemisie ofhatiis|aevietichr donpaisitaeiiter aabon81aeanthe BMP.and SRS T e

effecEB f b.locking this interaction is to a |ter ( increase or decrease in a statistically significant manner)

bone Minetal Je RS2SR BT 2RI 04 48 HSHEFhine FalisRlAEytucleic acid molecule may be DNA,

cDNA, RNA, or composed at least in part of nucleic acid analogs.

TGF-beta binding-protein variant polynucleotides can be identified by
determining whether the polynucleotides hybridize with 2 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 polynucieotides 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



Polypeptides or peptides useful for immunization andior analysis of SOSTspecific antibodies may also
be selected by analyzing the primary, secondary, and tertiary 10 structure of a TGF-beta binding
protein according to methods known to those skilled in the art and described herein, in order to

determine aming acid seguences likely to generate an antigenic response in a host animal. See,
e.g. Novo%?%/o,rﬁgf. r‘ﬁ%%ﬁ%l%?ﬁ%?%i%@ﬁ BP Bty gevive po-o5p2ib-€ry8s)). Meteling
and x-ray oryttaliographypsiaita MmayaiserbeudRdde amﬁﬁ@aekl@gégsméé BiERPRTHANS RFEegions of
a TGF-betaz}.ibindinéygprotgf'[{;I interact 15 with which portions of a TGF-beta binding protein ligand, such
as a EM?. TEE R A bR A6 Bﬁéé%ﬂu??ﬁg@h@ﬁ?a@bé%ﬂgn%@’% préparuskthBrdnclude
amino acidrsegenceshilin FisuENSRYSAGBRBINNS AL TREIRDS INNSIASHok Jliesg.antipodies
may b, us%ggl to block or impai[‘bindin% of the TGF-beta binding protein to the same ligand and may
also block or itpAR Birlingfion thEPEtElse: S WA protamd:S omeutr Metbattresfidardse 20Aktibodies

or antigen hihdrg:fRagmenis: fererfcontemriaird By, ihe.present jenydnclude a g&%es hat are
capable of specifically binding to SOST anél competi |Vé§/a%hibit?né§gi 5”(%1% i dgﬁlrk;feta daf;/a;)eptide,

such as a PIGROS et uaandhen e Sammteies cor Sitiviondd dagdecfheserininvEsson
competitively inhibit binding,of the Q%1 RalvReRt h 2.Type | receptor site on.a BM?, or to
the BM? Type Il receptor binding 75 sitea, or masg/) (%%n{ggtiﬁ}g\l%n %g@]t %f.r%ﬁ???g %fsg(%?sﬁgl%oat%dthe

Type | and*fAY5E°A 1EEEBI0P BIREIAD Sl 628, EM BN Wishimtytd el hoefachbly theary: tviten an

anti-SOSTeangibedy campetitivelyihibits bigging 9she Typed| and/or Typg, Il binding sites aof the EMP
polypeptide to SOST, thus blocking the an"gagonzlstic glétié!/:’tlt;/é %fb S%ﬁ%hegggglpat%}'%?ﬁdﬁ}%gﬁee% on
BMP are S/BTES@ R BmErsticcsype inerifiTybs Haetepidiesastheieby indressingehoasaideralization.

30 The bingdiggdnteragtion betwegna FSketa binding protein sych as SOST and a TGF-beta
polypeptide sucdgl1 as a BMP generally occurs Wher:gegéc%P 0 %%\éeﬁig%%awﬁgﬁtsn?gfarrﬁtéog RETBBRRS

Therefore Hidteb@edrafineaettiorpeivustiep bde stisods spanifipréarcSEH T 5.0k, BSpaiIR09E, prevent
binding of §OSGdQ; it] inkikiting binding of SOST to BIVW, a 20 SOST specific
antigfsc;y r&aﬁtﬁ uggﬁgﬁgﬁﬁgygﬁgggégg %%%m“ée |?ng:11!%er ation™" me%ho@mé/t?)fl ?&Hﬁ'pi’e, one
dimet-of h Mo GiIAINEItTcs NP peiiayoleist deabhasrihe dlditsda bindiaBpiResithshigh affinity
(Zimmermapet Al SUPE) RS Oéﬁi?agtia .comple Oyvg}tl one timer. of human I3MP-7 and analyzed by
multiwavelength anomalous 5 dllyf?ractlon ?R/ﬁdg@( roppe er at.! F\I%Rﬁ‘% ; %’-&Ed(?(‘)é%}?%\ge
discussed $&Etaingthissasthrindyamteticthed o JiEr dheterfmayyvediciesntindleckallEheyeeeatoshinding

sites (two typg 4 and 1o type M receptor binding sites) on a BMP dimer. The location of the amino
acids of Nt%é]gin thrg% contdxg%ﬁﬁgy%;%y %énésptgﬁ?ﬂﬁ %nn%lggﬂﬁg the interaction between other TGF-beta
binding proteins, such 8% gblertstinof8QS ), taisdiBMRScand thuscaiingitheiesiynof protides that

may 300e wi5th 35 G BBRENG L8 Henerale anfibgdies hat block orimpalr such an interaction.
TGF-beta binding-protein polypeptide that either (1) possesses a functional activity as described
herein or (2) specifically binds to an anti-TGF-beta binding protein antibody. For example, a
functional fragment of a TGF-beta binding protein encoding polynucleotide described herein

comprises a portion of the nucleotide sequence of SEQ ID Nos: 35-57, 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 preferably at

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

Antibodies Specific for TGF-Beta Bindine Proteins

The present invention provides antibodies that specifically bind to SOST and also
1S



In one embodiment of the present invention, an antibody, or an antigen-binding fragment thereof, that
binds specifically to a SOST polypeptide competitively inhibits binding of the SOST polypeptide to at
least one or both of a bone morphogenic protein (BMP) Type | Receptor binding site and a BM? Type
Il Receptor binding site that are located on a BMP. The 15 epitopes on SOST to which these '
antibodiesivitimB08TIpdBmsphedrininmedgatithinac ondig vo useanmineaeig:Reoaenses iatargdecated at
the N-term&g%s gf the SOST oclylyg%ptid%é%m'no acids at about positions1-56 of SEQ ID NO:1). The
polypeptidSe RS BN ARIALY SFoR SRS IS sMGh AR ook trabemliay R thirarTalion to

the core reigientitor exasspipepaiypeptiges aapiovige ddn. SER TN 4 fouman aask SEQYRNO:48
(rat). Shorte %)I{%J esentative N-terminus pe§ptide sequences of human SOST (e aé_SEQ ID NO:1)
&1 th

include SE ?ﬁ%}%ﬁ&%&ﬁ@s@ﬁf&&@ LtRSbYRIPE Gy e PESYI0: o0 RRatithe suguerers

include SEQHRMNOR: A8 2nd SOSANtibedissdhat sRegificallidintiRas03 T PRIYRsRtdeapd block
or competitively inhibit binding of the SOST polypeptide to a BMP, for example, by blocking or 25

inhibiting BTRETRTGPahiE el Sl BIRAN B RSB LRSI SRR IS FibrarefeablT yp énrraasebape 1|
receptor bineipgsitegifpay 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 includetHeeBHASS <Y qeTHASE a¥s6iH clios dmmmimiaatitm mdon ek wsxtentling St -either

or both thespkTiniABICt GARIMaIRY L RXAMBIE. MR0EHIROMRIRN e EsIdles 1A [y be

useful for conjugating the golypep_tide to a carrier molecule. Representative core polypepti

humah andFa¢© 8fra (B ERaRdindpamatinaecaring rotetuysdmons etthosthsid IBE @ MO0 and
SEQ ID NQ:w20 qesspsstivehirSuechappihodiasmay alse:Bindighorierpalypentide. sequences
Representative human SCSI core peptide sequences are %é%%%%l %s%ég%‘%l N©s:21755" aéfﬁ
representalfEERICSIERRTIED i SefoEnsEmialre provited NoSEQY | DNOERE28. 28:201-207 AhdRher
embodimestastibedies.that-speasifically, bindto ST eptide impair (inhibit, prevent, ar block,
e.g., decrease in gg?statistically sipifi_can¥ r‘rfz{l]jr(j?ie};§t fc?fgr)in%ﬁo%g %F%gigggafﬁﬂ%rﬁ(% irgr%?. tgae%gitfggb e
interaction Y&te eresicSTderi ¢eBRY Wikshinvtivesaoh oramdined r2of GOBT: didiahomeiineentthe

IR e e R A A R S St et

mineral density, preferably increasing bone mine ensity: In one embodiment, antidodies &t bind
to the coreRivhred BB IMpraegaLsmomydeime foetatio prSuchl amibiaclied majnalscibirdienpeptides
that comprisg, 1.0 Gony i id sequences corresponding.the core region, for example, SEQ
ID NOs: 29, 30 and 5&3¥¥H(§u&%§1§%£§§%%8§%% ?3%%%%&88‘ 5%"&3& %&%%%ﬂ%gaigiéﬁﬁa&obind to
an epitope ttsatet iorptireb@davpif she Sibrbefach BAIST polypeptite {ahabiouhdamidmagigiosisions
147-190 of either SEQ 1D NO.:1 ). -also impair homodimer formation. Representative
C-terminal fo%‘%é‘?t.gé%? &%%%ea%rcgﬁéé}gg ; foF%&a?n%%%&%%r? cﬂf@ iho acid 15 sequences
set fo?th in SEQ 1D NO:BnténdiSEQ |mienSRndkspetivabntStehdantibatingimay Bistmbintkshorter

o S S S NS SO S e s s o
NOs:41-431iifketBO Sihpoly péptidsFarmapppiidesidisciase hher@ng whikhsantibediesamay, the
antibodies contemplated by the present invention 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 I 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 a2 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
' 20



90 specifically bind are useful as imtnunogens. These immunogens of the present invention may be
used for immunizing an animal to generate a humoral immune response that results in production of
antibodies that specifically bind to a Type | or Type |l receptor binding site or both located on a 13MP
include peptides derived from the N-terminal region of SOST or that may prevent SOST homodimer

formation.>OST sp@iﬁ,qnagtb_@my myﬁ@mﬁﬁﬁﬁa\a&%mimiﬁ%@ﬁeh@wéka@ ifermeiifdgens may also be
used in methods for SC@?#%%‘?%% 1SRRG E‘Pﬁﬂgﬁ%ﬁgﬁ%%uf)ﬁ?ﬂf&ﬁsﬁ el Lpd

antibodies, antisera, or ce ture supernatants or any ot ogical sample that may contain one
or more artisdfesbsivecifidbind SGYE Thsdigbpiftiesn{Zyraisoberused! inspethodssfesoldésstifping and

selecting frgm a biglagical sample ope or morg B.cells that are producing an 30, anti
specifically Ilanjgt))(to §?§(2dgn?efalg§§éu%%ir§§£s‘s?a%§aﬁn {%Zeg |kgf ﬁ%%v%‘é }é% %g)%%%é% ?éls used as
sourcé of & SDSHos b dGlibmeyee atodngpoipiuEédilde tha))can héistosed amcdiotmosiifidd by

recombinapetvr% c%%%é?&\gi%o?lgr? Xi;[gccrhni%'ug 1k?e%1}yn {)T({cqceaﬁrEh%nr%c(%g) St ig'%gigerseti?sl' é%? gﬁ)eAI a%'é) logical

sample" as used herein refers’in Certain embodiments to a sample containi S e antibody
specific foradS@B Tpetypeptideliandiad)iotogiBMBaiinpe May lbeapikay et dynaitaimig ANddgenh sample

(from which serum or pl a may be prepared), hio specimen, tissue explai n culture, or any
other tissu%%tr%oéﬁaﬁtréé\zgé:ﬂgﬁaﬁ ?nug%ilgc?ggfgiﬁﬁ%g}é)%ﬁr%‘btlﬁ%gétx/%%ln? Err%g%{%%[%‘élrn%?é’r to a
tissue or cralbigirsparatiaysiierebich(B@ITYrphd BYies/ intediityaddiph yhicatsiate rstheethaisnapted, for
exanw)le, t{}/pdiss ction, dissociation, solubiliz, tign, fractg? nzilction, homogenization, biochemical or
chemical extraction, lmgﬂ%%{ffotﬁﬁ%?ﬁfﬁz%ﬂ@ﬁ, S5iRa gchc o‘?réﬂﬁ%llrhsgrc%%’ﬁge%crnﬁ%cessing a
sample derived from a suhjgeteaivbidilagitad Soiypessdhehstdajist, arbinligidg| soufcatiaay-brddgman
or 10 non-human animal, a primary cell culture B cells immunized in vitro), or culture adapted cell line
incluting RERBETTREEt: Len A S ALS6d Selb B RER 1 SBHVER SO SRR  tograted
or episomatkeSOBPIpaRbEsitdeitagidaawacashiMIriabises AbiFHbgsalzablaceiNPesT prnlatic
cell hybrid cell lines, differentiated or differentiatable cell lines, transformed cell lines, and the Jike.
15SOST p&SHERSFNRIRSSLASMA M D¥nsri3reePly UARe SUME3 Bk isd R itiHY thaASn total,
repregent tosiRpHERPSIYPE RS G RBAUENC8Rd RP Bih P alyp apfide:-anth tatRaeh Willve sopaiiensof the

SOST amino acid sequence in common with another peptide in the series. This overlapping portion

would prefé@raBl§ BRGIuRECes (Rt dosaiad 2k Mot it aibRes> 857 B eBhdt ARSI
Each peptide 19ay: R 4usa 10 imynurize @h Romal, 20:theispiperiestad figmidhadrninmadrapskiested in

an assay to identify which animal is producing antibodies that impair or block binding of SOST to a
TOP-beta OtEAF AFH5BeHe LacCaIBRGSte i e MR cAeBIaRtitR ot T ZBEehini s SHeER Ging to

methods knpyMpiadhes aff apsl gractibeskierain \ReptidesoRely ReRlides) and Qthag neAypeptigter
molecules that specif'icgryg/ bind to 25 a TOP-beta binding protein such as SOST are contemplated by
this irRfentiGRPTREHEEYHITEITIAY BIREGR SeRRRFH oS bt RSTiHa ctoERAR LY BliRG Tibtein if

it reacts at grslntepiabicevRlnitbha EQR-SeteringingmsaisincRubflpasi ROk aasEstastablymth
peptides and polypeptides containing an unrelated sequence, or a sequence of a different TOP-beta
binding pro%@?r??I >féried binding molecules include antibodies, which may be, for example, 30

polyclonal, monoclonal, ggg{%&;@gir}hgpirgﬁ&qﬁgmpdpﬁy@i%ora_Cg)Bsgafg%qu&ggmeog{@bg[g& Qr
fragments thereof; such as proteolytically generated or recombinantiy produced immunoglobulin
Rab52, Falsampetiiychniirel fagiiemhel tharfidrgolssnida doan VD Ploretaasinliny. plogking or

antibedies %ﬁbﬁﬂ?gcmﬁ@ﬂ& to amino acids of 2 BMP corresponding to one or more of the Type I and

Type I 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 NQ:50, respectively. Such antibodies may

also bind shorter polypeptide sequences. Representative human SCST core peptide sequences
21



23 bind" TOE-beta binding-protein of SEQ ID NOs: 1, 20, 58, 60, 62, 64, 66, or 68, but not to other
TOP-beta binding-proteins such as Dan, Cerberus, SCGF, or Gremlin. Antibodies are understood to
specifically bind a TOE-beta binding-protein, or a specific TOE-beta family member, if they bind with a -
Ka of greater than or equal to 104 M-1, more preferably greater than or equal to about 105 more
preferably?f5- 852E1dgsbin SEQqUANOwboif B06 T setitmomstfTofFaioly gegatorthare presgded 1 107 M,
and still M) qumpjg_ggeater than or equal to 108 , and do not bind to other TGF-beta
binding-proteins. Affinity of an antibody for its cognate antigen is also commonly expressed as a
dissociation constant 1{0,zanthareabids@aT, amiioiksspecibeaifichiydsid & EEOSEtadmityidaember

if it binds ak less than aor equal to 10- 10 4 M, more preferably less than or equal to.about |
C2 M, moret]!’fc;aref@ﬁ%ﬁ%’%k 1 @é%"ﬁ%‘gn% rg g& g’af't%'a egﬁ%aifb-lg R/I?%ﬁﬁnr%@r% 36%/3%?0518 yr?glslget%a%%nraté% al to
10-7 K, and stifiGRGregrefinably Bes:thariier meuadtior] 6eBer-BNErmore, BMibadigs afthe present
invention preferably bl impair, or.inhibit. (e.g., d ecr with statistical s ignificance) binding of a
TO E-betaPllnc’llrrﬁl ﬁgféro%%%%%g? L PO ?élrlr(]“l(ff/g ﬁﬁ%ﬁ%e%ﬁ%ﬂé %Iﬁ?ﬁﬁ yo?}gﬁ gﬁ%’i}&fy CB)r BiREg
partner, abaueddasdhéaxtenh toVBOST anagrtibetly utibitehingdinggadeigrye aeilydpiemdinadity one of
ordinary skill in the art y sing canventional techniques, foy.example those described by Scatchard et al.
(Ann. N.Y. Atad" a?fsﬁ%%%%:e%,%&%&55?30039%?%&&%0&%mambr‘aéoﬁea%eceéepﬁe,gme s
BiosensorpRisaatanaydhht). Fenstidace fasmatibeienanse, 4860 8iiNole GUpsaRES tRMekiizad on a
solidlBhase and 20 exposed to Ii%ands in a mobile phase running algng a flow cell. Ifgili?gand binding to

the immobiNZea Ry AR TRARICEP RSP RE dReHRIR GRaOTe A0R R DRIy Rangle,

which canifeambpitgrechin B¢ TNab R BOtEDtNgEhagesiNthedoensity iitheisefiesteshightar he
rates of chari\’n%%eog the SPR signal can he analyzed to yield apparent rate constants for the association

and dissocH Pedled Bt the bilTamGa S BhOTha Patfo ROMYRERIAG AR @R Qi a=hR agib BRstions
equilibrium £pnstast éxirSRSER NOgL MVolff shalaldoangairiRem e 68reR{ 429 RpresentativAN

antibody agccording to the present invention may belongto any immunoglobtilin class, for example 1gO,

IgE, 1gM, TG BTG kPRLRERFAES oBtaiitatitr o erivad fréin SHERiN aFOrBPRSG S ATew @818,
chicken) aggweasamaisiorhiah dmeiugte sious is:petd0jted IeRIMOusFadid AN ik Qr Rther

rodent, a cow, horse, sheep, ?oat, camel, human, or other primate. The 30antibody may be an

internalisifSantiBddshorter PolpRRRGH SSHEARAbWRFPIREHAN R Heals 89S dereraias nermidres,

polyclonal agtisgtas arnprRsieaalantibodies kakare speglfic iradahketabinding rrateinsych as
SOST. Antibodies also may be produced as genetically engineered irnmunogobulins (12) or ig
fragments SFO4fTEYH A RERIA‘GE S aBIe Brapedits4Eor example, by way of illustration and not limitation,

anibodies may include aeerSiARNaRBLIA BENARIIESI0N RERIEIRNGXR0 aligaslangyariae
allan

(V) region domain from a first mammsa species and at least one constant region domain from a
seco % diShFRm BB A Y5elibes IMEBIERImMoRNESs isrHBPRENS of the present invention may be

used for immunizing an animal to generate a humoral immune response that results in
production of antibodies that specifically bind to 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 sample 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., plague forming assays and the like). The B celis
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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5 antibody has murine variable region sequences and human constant region sequences. Such a
murine/human chimeric imrnunoglobulin may be "humanized" by grafting the complementarity
determining regions (CDRs) derived from a murine antibody, which confer binding specificity for an
antigen, into human-derived V region framework regions and human-derived constant regions.
Fragments of these molRcHE3a%Ss 5@@&%’&&%%@%@&&% 1B 5848 IR BPRGREI{P E5Bple
proteolyfic diggstinn foloweshbymildaedusiion st digide hansisand alcdaisn e matvelszsuch

fragments may also be generated by recombinant genetic engineering techniques. Certain
preferred aPRiBEYIESh Y tRBSEDMREIBARIRSS tFRIEMMIGRIR DIGER ASTTIF -Be RIaSTHAI MR P r8fePrERiRAy within
an in vitro agsay, asdeseribed.0eisinnBindingaiapertiss ot Atk atibodyte & tEERRIR Kiading
protein may generally be assessed using immunodetection'methods including, for example, an
enzymeé-linkéderneiunbsvaseril aesesy-(FL B AR i dprdelpitagion, imissuacblerlhy repriaierdirrent
immunoelegiopharesis, (AAIRMMUNRAZEAYS. JekRlehAssaYshiRhibition;or, sompestion AssayS,and the
like, which méy be rea(ﬁﬁgg%%e%qgé%?osé%%%ng ordinary skri’h grg‘thlegglﬁ[ (see, e.g., -U?S.’ .Pg:ent
20Nos. 4,318stdandissctdsiassdidgiioatiet afragtitibsitinshdwogboratony Masihicoldr SpemgdHarbor
Laboratory ( . . Anim n.may be comprj of cells expressi GF-beta hinding
protein such)g?a?g%gl%onsu Vf)%ﬁﬁgrﬁiiﬁggfg}gg%neog ’o}’rlogécrtlgﬁilg pOL? r?}?é/cé é%gnlg aﬁ%lgﬁe Qtlggg?%?%gnan s or
fragments (iseiygreptidics pthrof; GolpeptidesrderiVbe fidnee SOBL gl pewtiden8ueh pewtides 25
may bg,generated by proteolytic cleavage of a larger pol tide, by recombinant molecul

et ol e B R R T SRR e
SOST polypéeptite are jubridéadthareininsteh thagdherseaskilledzincthed actindyes ufiaelynpre peneui8OST
polypepide Jor use 85 jnuninogens, Peplides maxbe chemicallksyathesized by methods.as. o
described herem and kKnown i the art. Aternative Y, pep?t?ées may be ger%ergte "by 30 proteolyric
cleavage ofiarx@aiizgaby pejptidesandhindivedlidyreuticded ibolfetdifyemathdds kiiffarerinatbladeluch as
polyacryiamide gel electropharesis or mber of liquid chromatography or other separation
methods. Frﬁé?ﬁiq‘dgg%n 53%%?@%%@&?5%&@%}%% %/Cﬁically may have an amino acid sequence of at least 4 or
5 congdécutive amino aci@©BTma&d Shnpalypaptideaanise beigrdmrat gyeneehsdchingsdheses of
described hereirﬁ#and preferably have gat least 6, 7, 8, 9, 10, 11, 12, 14, JS%%%? 18, 19t(r)%! 20d that
consecutive S Stz%tdé“ot]o ?Sfjrbl ee%%é?&‘é’ﬁgﬁ%l Thsgg%erxécfeep ed P ide %?ur1 Sgagns 2
comprise atlRhstfdutpaennoest hasdoamitsacidnsagidive anttmaidsiof andbQS hpsideaptine
sequence, and other, preferred peptide immunogens comprise at least 20 but no more than 75
consecutc B B AN ARG TSR B S GEETARNE G CoAToR A oAe51 B R hore
than 50 conseestve 30 a&ids &f B Ind pat¥pepiice peihes pEsfe askpeptigedinienegensal,
comprise 21-25, 26-30, 31-35, 36-40, 41-50, or any whole integer.%nt]i?er of amino %ﬁjds between and
includiny 21 LeTied SR s A akdas St HBAR 8500 MY BH s BURR e S A ds of

a SOST polypepiise seaueRsar WRMvoRaliartibogiestha bindspeeifisalbiio 3@8To6rs be mapared
using

prepared from such identified immunized animals according to methods 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, chimenc, anti-idiotypic, or CDR-grafted
immunoglobulins, or fragments thereof, such as proteolytically generated or recombinantly
produced immunoglobulin F(ab');, Fab, Fab' Fv, and Fd fragments.

Particularly useful are anti-TGF-beta binding-protein antibodies that “specifically
23



methods described herein and well-known to persons skilled in the an (see, for example, Green et al.,
"Production of Polyclonal Antisera,” in Immunochemical Protocols (Manson, ed.), pages 1-5 (Humana
Press 1992); Harlow et al., Antibodies A Laboratory Manual, Cold Spring Harbor Laboratory (1988);
Williams et al., "Expression of foreign proteins in E. colt using plasmid 15 vectors and purification of
specific pobyelgnatzmgbadissndt,RNMA Glaning Ruuession systems 2ngEdition, Glover et al.
(eds.), page 15 (Oxford Univerg%’/ Press 1995)). Anztef%rbd’les’to a TGF-beta 6?n%i%%%‘%?é’iﬁ%3%‘%re
obtained, fOrEXRRIBICHYIEHIBBINGUSH aNnidnwith eHemO PSSHE, biedifgemittein pnotudiof as
expressionuRERl-Qf BY IVNHNIANG, With.ariselated TGE-beta bindin protein,orﬁcﬁpe_ tide _fragment
thereof, as described herég#? Al'ghllgugh 20a pﬁfc%n%l%ﬁgggdfé%%a{?é tg;?pfégﬁflcrlgfse ithgoler%?n%c "Slch as
rats, mice, PABBRE! dodey, Wadleitbrdheep soeranthmOs-betal mindifidvbraieire prifbably oféherprasent

invention may.alse he.ghlainsdyro ubhuman primate. General technigues forraising .
dia;gnosticE'J;I?Ié/g;al%;\a(?lé &ﬁielﬁﬁé Li;r(%ff fﬁ;ﬁiﬁgfg i ?%%otgﬁ% ?ﬁae)%ag f&%r?&%&@&&mp%l} iﬁ‘Wg’O
91/11465 ¢ Gdmaretalal ot10 GancarddbiB hihrd @P€ferably grebteepiRalOBg@RRD 10
immunogen for ipjegtioni nimals include oyalent.cou ling .of the TGF-beta binding protein
(or variant or fr’a!g]]r(ﬁggn?{t%gr}g%?)o, 86 5not er%?%#ﬁ%dglﬁéfﬁﬁoﬁf&ei%&b?lg% @nupedy e 15t SeetSuch as
keyhole limgzstdearrodpacimiiet exiowiné senudisadaiumin (BSAirothetkerPuplyoeptigeinsdeptide
immunogeqéga)ﬁé%ﬁwg&g gé)rr@ﬁ%ee%dpiti nal amti)nogci%j at either the N-terminal or C-termﬁgl end
that facilita}té the 30 “conjugation proceduar:é’%él.f;n.? FhHdit Hdﬁf“éf%l%m‘éfﬂﬁ%ﬁﬁﬂée%ﬁj%é%n of a
peptidé to KilY, Otrermaefirdladics esidusseyiiiinaapolyneptise aidephice-mayibe substituegdte,
prevent cogigg‘?ti%l hsa%ltlparticulai arréil?olacid osition to a car[ipiYgolypig*%e (e.q., subtft%uting a
serine residue for cysteine a S|§;r)|’iee HSIBRI GRS SFaR 18I sAEHGel Sephibeandr by ae Sttistbiielrss 26
facilitate sothisility atalincreaSeMmrAurthgemniely antibodies UB kb §RindineRiBteRRSRbLey ock
oo g ToE e iy paeh S i o ol SRR
emulsified in an adjuvant, for éxa T SO Pt e A - iIBRREjuvant
System (Caorirte{iospoTaiiobeth Al endibdr. See also, e.g., Harlow et al., supra. The immunogen may

be inj?gted into the anim@}viaf@qr;ﬁnu ber of different routes, including intraperitoncally,
intramuscularly, intraocultify* THESHSHARRPUEP LY ISC REMMRLRY R gen el 2arthe eterliéy wikekion,

animals receividaiel fhivhobenaegsteniBynataaligBRAGRININIIRARSIeHE] schedHadbat eay vary
according to, inter cilia, th§ antigen, the adjuvant (if any), andior the particular animal species. 10 The

immune, reSPOHEHRRAY ol B PR HRSI B rEbath Bt Se2irnaal sl plopakidy 4erd.a¥eilyzing
sera in an immmmam,9su};rba%ﬁ@1§fasé\;ﬁaﬁiéﬁh$§£&%@iﬁw@%&%%,%&@d&%ﬁ1ﬁ%&’a‘?&ﬁr%?)ge
e blé

the specific_antibody titer Once an adequate antibodly titer is established, the animals may b

periodically t0’accim AT IBSAT AR dsest MalpBlessarigunvRibided-olyeloniil ahtisodids that
bind speecifieafipdeithe Tgubetabinding praiain Ahdd perlide Mayihesbe pyified fom such gptisera,

for example, by g%inity chromatography using protein A. Alternatively, affinity ciromatom-aphy may be

performed WREPERIHFRY 1E8EL BEEHTRINING ISR st slunass debiog)iapebificdon SARsnzbnstant
r eton of thexnrAticatbd MEHIREA AN HPSS) %%t&%ﬂ'mmgwgédi&%@ ﬁHé‘x?s@é? o%ocll(;? RARBRH 1igh.
r

Antibodies for use in the invention include monoclonal antibodies that are prepare
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 aiso may be produced as genetically engineered immunogliobulins (ig) or Ig
Z4



20 by conventional immunization and cell fusion procedures as described herein an Inown. in the art.
Monoclonal anti-TOP-beta binding-protein antibodies may be generated using a variety of techniques.
Monoclonal antibodies that bind to specific antigens may be obtained by.methods known to those
skilled in the art (see, for example, K.ohler et al., Nature 256:495, 1973; Coligan et al. (eds.), Current
Protocols ifrgeRaledynd Zoohhve-GekitdoRpWiEN & S@BS dAaid) 3 BRI NRSREm 320 1t
4,902,614, 4,543,439, and 4,411,993; kionocional Antibodies, Hybridomas: A New Dimension in
Biological ARHI¥EEY, Pithndies mayinglemetesomkehiah hedenehipesg fudsopreisis Aabadies: A
Laboratory|bansia).vaiaikanancbbrReaGaag. £21d SRUNG. HAMAt - Beralon PreRs( 19R8) Riglpley et
al., "Production Of monoclonal antibodies against proteins expressed in E. coil,” in DNA C?onlng 2:
Expression &yt Amann § o ifiofEe3DdG IGFERE! Biarunalipng spesigs. (OMiotd tniversity Presisntdes)).
Antibodly fragmg a9 mmﬁrgew@m@%gfz;greeqﬁeage@%é%}sfa%s é@@%ﬁ(@%@%ﬁ%@i)ﬁ%ﬂ%UC.h Sch
proteolytic digestion, or optionally, by proteolytic digestion (for example, using papain Ot pepsm"}
followed by HRlaYEHmeH HBkHs uitatssinhs bndalkytafiomaleriatyelyafsoghhf atmmpslietsemayitalso be

77 generaied hyiaeerRRNIRG G SNUNREING IREINNIES oo, wiBlIElYManacional aptibodies
can be obtained by injecting an animal, for example, a rat, hamster, or preferably a i) e, with'an
immunogeAcEcHA pISigRY. ol G Fubete dindiig 3 moteim Jemeepaducigionpeptidenfragteeivtthesastnt
according tg methogds known | 5 art and described herein. The presence of specific antibody
production m%%/q{bé mo%%ore(? gkfk%grgetﬁréollﬁﬁ?g Slrﬁiggt%ngﬁﬁ?é%tﬁgr?g r%i%gegele‘[%%%l E’%’toé\%“e?]r Bytéor?f 1 e of
severkl rou's proigelstiibéigdseinein fdiayerierayiomiof pelicional aftibiedifs) andir afier Adoagier
injection by ghtainig rum. sample and detecting the presence of an antibody that binds to a
TGF-beta bin%%g-lp% éisnén%g%r{rgéa | gnﬁssirnnél )éna)ssgn‘%ego %rée\?%tr%% i[t13 LTS HRBER o S HMH TSRS HREin the
an and 10 deshwyidped. herein. From animals producing antibodies that bind to the TOE-beta binding
protein, lymphoid cells, most.commonly cells from the spleen.or lymph node, are remov obtain
B-lymphocytes. The B @r%%ﬁ%gf/ %]esrrgf\(e E%lekr? i{tlfsse ev%fﬁggad‘rtﬁ%-é eﬁs%i‘f’fé VeoRieek %ﬁ B2
partner, préfexdibly neithattisi syngeneimvitivihe dssngnizédetisdohest thBindptiopabefias sther
desirghle properties (e.g..inability to express endogenous Ig gene products, e.g., P3X63 15 Ag 8,653
(ATC%%NO.%%%(?L%&»?Q ﬁ@é@z‘?ﬂ‘g&%ﬂ?&%&‘ ¥id%%%§,la/l}ﬁ% SRfinSTREl BRIREOAHE T lines.
The lymphotitteads, Spideiigell®oand:thapryelamacefindsiakbe combineshfvim fawaninuesymth a
membrane fusiona%romoting agent, such asb?ﬂol. ethylene glycol or a nonionic deter%%nt, and then

plated at lo Jehsiy ok 5 Setective FEANPIREISupportSTHEGFERARof hybFRIBIRACATECBIPHSE:

unfused myetitiaeeisaBapseterrdibselssigrmmedisnsoHAMBR VP xR RNINRPWHRRLthAIdine).
After a sufficient time, usuyally about gne to two weeks, colonies of cells are observed. Single colonies
are isolatetﬁ eaﬁaaéﬂﬁb%ri%g%er%d%%e%wtﬁ@végﬁsma% e dRofHinthh 46t A& todhe TEEbHeta

bindirzpprotsiss, ay3v8/iantaat fiadBBEBLINEESeky USIEY ANy iBHea o asvg&maafdﬂmungz@mﬁéﬁmgn in
the art andgpesé:gi ed herein. Hé%ridomas producing monoclonal antibodies with high affinity an
specificity foroa 58 F4PEYIefetted. Hybridomas that produce monoclonal antibodies that specifically

bind to a TOP-beta binding preieidemvaranoffipaseanirheresi peadhereiure cantempiaieddnthe
present invention. The%é]gbridomas are cloned (e.g., by limited dilution cloning or by soft agar plaque

isolation) atdBo&tife lohdS PRGBS R At BEER Lp suriits PeShmgbmaridscRrictea art or
cultured. Artihedias that, et dohiiteer, i Q@Etmi&d&aﬁxfé‘dﬂ%ﬁ(a%@gfﬁdﬁmgEﬁ&roﬁ@@éﬁtﬁm
ies

TOE-tha family member are preferred. The monoclonal antibo rom the hybridoma

culturés maPhe FEorRSERIFO MM MEUERINHIAERALRET Y ritiERsR ROIVRRDSdANDA| RepNETIRAR SR ECOR:
production efaHBatipeienonodRRabanthadiis jodnieathe hyhridoma.crlls inadhe peritangaheavity of
a syngeneic _ . _ ,
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 polypeptide amino acid
25



mouse, for example, a mouse that has been treated (e.g., pristane-primed) to promote formation of
ascites fluid containing the monoclonal antibody. Monoclonal antibodies can be isolated and purified
by a variety of well-established techniques. Such isolation techniques include affinity chromatography
with P rotein-A S epharose, s ize-exclusion chromatography, and i on-exchange 5 chromatography
(see, for exASREC Gty an thossagesstibad therein 2nshprpfgas 2ok 2t 9e8stBaines, & aN, "Ruificktion of

Immunoglobylify G §l9f@) | N cylar Biolog l.1 S 79-104 (The Human
Press, Inc. 1é9_25): l\’/lonc?élgga %E%%%é’%eléﬂgn%y%éaéu%‘% B‘é%ﬁ%gﬁ}g@ﬁ%ma@%‘é‘%p%‘ﬁﬂsﬁa an
appropriatePRgatriiseiustedrisaseuposepaiiest| & prope niesecthtine] Antibooty (@mxcdueiayanritightidhain
isotype, binglin é%eTc'f' i tc.). Examples of suita?%e 10 ligand,. immobilized on a.solid support,
include ProteingSA. Pré‘gﬁ%%,lgﬁ)% %?88%5%% %eéigﬁe @? éh%tﬁogruﬁlélél\?ﬁ%%giﬁ?lgﬁﬁﬁ%&%‘?ﬁ?eg
anti-idiétypévamtibocty, thard7a T@Rebetechindinggdatein) othiagrientopaatirribthriegfns compiie

addition, an anti-TGFE-beta binding-protein antibody of the .present inyention may be a human
monoclonar}lglr? B y?ﬁ%ﬁ%%ﬂr%@g%%ro%% Sﬁ%‘fltbv&%g?ﬁaag?’g@ ‘5‘@2@%& Wﬁﬂﬁi‘%‘s MiRFBBFeGHTed
techniques peithide/ ichuhesehesingierdinasy skillinzhes arpeilithe famibaruSushorathess nelvde, but
are not limited ta, Epstein Barr Virus (EBV) transformation of human peripheral blood cells (e.g.
containing Ig%?%%ﬁo%;‘/?é%?%%?ﬁr%@n%%ﬁ%igf W%&h&ﬁ%’ﬁ?@ﬂg’?%ﬂ%?@ﬂ%é‘ﬁdcgﬁg“f?@i‘nl%o
immunized drdrisgernio:eoite €amyingdisertad DSMab IvpepEaegkaRis: genes, isolation from human
inamunoglobulin V regi%go&rgl%_?axibrariea(5i or other 90 procedures as known in the art and based on

r

the disclosure herein. F R ﬁ%ﬁ%ﬁo@ﬁﬂa’?%ﬁ‘ﬁ%ﬁ?&%s@né@%@ GBRaffe @ FBRRCH A fenic

mice that havehbeeneengise aeeeiiaoeICRispACiicRIBANANIHAHIBS BespoRse-{aaptigenien
challenge. Metlho‘%sif r o,btainirf)g human antibodies from transgenic mice are described, for example,
N

by Green ef Al NAIOFEEEN8E FP 5 oT8b AN ST Bt ireeslisre b S essecolo Mansgior &b A ght.

Immun. 6:579, EA84nd PFesP 89005, 25f 6w 2131 7 BRTL SBLAAE MRS MARN Cie S¥piRe Bigtaehnol.
8:455-58; J&I?%obovits et al., 1995 Ann. N Y. Acad. Sci. 764:525-35. In this technique, elements of the

human heaVdRiaigHE R8I EHIEms Firitho dECREFTRIBT Phi FISERER TR o frek aiFiney Blsmitem

cell lines thataentaindtaraetes disruptipas Rl aendegenais heavyucheinansight chain o tpee
also Bruggemann et al., Curr. Opin, Biotechnol. 8:455-58 é]ﬁ.§9f97)). For example, human =
immunogloﬁﬁfﬁﬁ%ﬁgdé?ﬁfé%@ﬁf\%‘ﬁﬁba AineGeh83sn s (esont Haivsrsisy Sy d 8P Anifidiatibodies

chromosomgs, whichungriarLhralisRecific MM searangemant andhynsrmutation:inthemause

lymphoid tissue. Human monoclonal antibodies may be obtained by immunizing the transgenic mice,
which may tHehBFdRisé ReRiai dnEGER 95 P8 GTRTRSEIPR: wstjen! byriphvidizalsdtte invatedized
n-ansgenic 28F0ige. GABiRE Yesdito arod t;sgsda@WO&%@@@@%M&QO&&MCG%@%&O the
methods described herein. Polyclonal sem containing human antibodies may also be obtained from

the blddd o IESIeRAATSREMES A1 SPAREIhER SPfoth GaBRlee hatingBuvias TABF.thegaatinditity protein

SPecific  gheep, an anti-TGF-beta binding-protein antibody of the present invention may also be obtained
from a subhuman primate. General techniques for 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 varant 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



5 monoclonal antibodies includes immortalizing human peripheral blood cells by EBV transformation.
See, e.g., U.S. Patent No. 4,464,456. Such an immortalized B cell line (or lymphoblastoid cell line)

producing a monoclonal antibody that specifically binds to a TGF-beta binding protein (or a variant or
fragment thereof) can be identified by immunodetection methods as provided herein, for example, an

ELISA, an&ahﬁnaﬁdatﬂﬁliﬂy&{&ﬂﬁﬁf@hﬁ%ﬁﬂﬁsggﬂlg%s. 10 The stability of the iymnhoblastoid cell
line producing an anti-TGFE-beta binding protein antibody may be improved by fusing the transformed
cell line with a murine my&TbrAgAcUHEHE B alFHo psptisenrmyppbridecelt INERbeor dingitognpethass

known in thexprisiee 216« Haskeehakn IibidRma §:37 1:89.(1980)) Stillanother method to,
generate thnan monoclonal antibodies is in vitro immunization, which includes prining hufﬁxgﬂ splenic
B cells with"3RERER, OBMBIRRWEIBS RIS afipimme drBtee Rehyithdabate folytbrid fusien pattoetidsee,
e.g., Beermnge=atalwldd1sd, Immnunol. d4{36:93 In.certain embodiments, a.B cell. that is
producing an ‘anti-S_OqAS%T aniibody iscsele_ctcéd S the fight %rﬁ&ﬁ%%é%? Bals VAFEe Py iBRs are
cloned fronfIHEB el oI wioldtitzambiotoysste chiigites temeperioihaiart MWRrA24RA%1; US

patent 90 5i62400%rBabeaak &t-al, Brog.Nat.Agad, Sci. USA 93:7843-48 (1996)) and described
herein. Preferably B cg’lls from an igr;irﬁunizecd g%%\‘las %re?flscﬁ%rfg&%rr%efh@% B PR MOR: rieBalsr

peripheral HRS6H s mpler byose besisigr dreslinthzatisns rockscingate anphadyethat iseRraiiaallydhinds-to

SOST. B cellgdpayLlso.he isojated f umans,.for e le, from a peripheral blood sample.
Methods for detecting ’silngle%g %el s t@%%é%%%gﬁél g@uﬂ%ﬁ W\Rﬁtﬁ?m}@oﬁgﬁ%@iﬁeﬂﬁ)e&re well

known!fh thériferararpiesoypidumdonaraton, fhrivésehn earatiivalechaall SQHINGrdpaMREOind

stimulation fg) hy detecti ific antibod e like, Methods for selection of specific
antibody producing celﬁéian%%%é?f ogr%%’gms&é% %Fe%%aé%‘gg‘sﬁﬁg%%ﬁr%b@@ﬁwwa@@él&f if%oft
agar that comt&ine STBT ipeptidfe ragmentikercoiBindngaltesneeiiicantibedwimducgd by

the B cell tothg aptigen results in the formation of 30 a complex, which may be visible as an
immunoprecipitate. %?t%r f%%e gi?:ggzlIge&%(gﬁag?lxg%ea§5‘enc1?ﬂ%t§nﬁ%d9°z§¥%l%‘€]écﬁﬂ§% Spedift distibody

genes may BEEIghEE Y. iStltinpanuidimiiyihg: BNA eretiRMAyasonedingria methods kKpewn, i-the art
and desgrib in. For particular uses, fragments of anti-TGF-beta binding protein antibodies may
be desired. SAgrﬁ)tﬁi géggg%a%crﬂngﬁrgwgé{%%a %F%W??@’, L TR taly AR R ATBHR AT RitESBE he
whole antib@8ysind'thetdforeibmiy afisisarnmrpinpepfhess artiganshindingltagmantsderived from

an antibodym&p ained, for example, by. proteolytie hydrolysis of the antibody, for example,
pepsin or papain éel %%ﬁ%noé \Whole %ﬁt?ﬁoﬁ}ég);é’cs&%%‘& CORVE oA ETESE AdraR Amidtattion,

antibody fragpmemecanriresrpeticet bymolrjmationcleavage efiznipggies with pepsin to provide a 5S
fragment denoted F(ab 52, Egi%flsa%rpe%ti%ﬂ be further cleaved using a thiol reducing agent to
produce 3.58 Fab' monovalent ragments. OptiGhaiy oth BEhssvagerrisaelisnibaf et feraeiasing a

blocking grobip demttresiswityanyhizatios tivat ek Sulidroproclaarage efdisiiite ipkages,ds @Mhe art

alternative, Matic cleavage using. 10 papain produces two monovalent Fab fragments and an
Fe fragment?‘gﬁ%%%.n@hé%% metr%g’ sstélxrlfcazhél 'crrlﬁ%?i,%P%ﬁd@%?@%?ﬂ%g}@%.%é@ﬁvw
4,331,647, NesbhigHest allonrclonBlicotibodiBitphymdB i 236:i4960 PO ¢ha PIRChB Inck: B mdBods9°9;

Edelman et gl in Methods in.Enzymolo 1:422 Academic Press 1967); and by Coiigan at pages
2.8.1-2.8.10 aﬁ’éqé. oél°§?1s5fr2.e‘g‘t%§rer%’£g§8a % nG-aMADBRes Vet a8GEParkling Rekaan

chains to forha.5(rieno Catent light:bedyyrchaifiaiggents (Rd). durthsr.ciaampg ot fragmentsyar other

enzymadic, ghemical, or genstic. technigqy ay also be used, so long as the fragments bind to the
antigen that'is recoaé%ﬁ%e YA Ietli’ntél{:‘,ét%ah?b‘gn g’g43’439 > ARPENtthH el PG nidprenaapalsettiébagigs,

synthetic or Getradoatiy engineereh pratein1ibRetsdike AR0tbAG:INIRA! iLhiRdS 18 AADSGiG
antigen to f%g&&&ow&lgx( ’ ’ > :

Spring Harbor Laboratory Press (1988); Picksley et al.,

1580); and amibodies: 4 Laboratory Manual, Harlow and Lane (eds.), Cold

“Production of monoclonal antibodies
agamnst proteins expressed in £ coll,” in DNA Cloning 2. Expression Systems, 2nd Edition,
30 Glover et al. (eds.), page 93 (Oxford University Press 1995)), Antibody fragments may be
derived therefrom using any suitable standard technigue such as proteolytic digestion, or
optionally, by proteolytic digestion (for example, using papain or pepsin) followed by mild
reduction of disulfide bonds and alkylaton.
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Alternagvely, such fragments may also be



70 example, antibody fragments include isolated fragments consisting of the light chain variable
region, "Fir" fragments consisting of the variable regions of the heavy and light chains, recombinant
single chain polypeptide molecules in which light and heavy variable regions are connected by a
peptide linker (scFv proteins), and minimal recognition units consisting of the amino acid residues that

mimic the hypesuasiablecpgiphatheastibotihekthe prasaphiavention 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 comprisBeite FAUKLRYpSARNER, Bmibe SblaiBedfuhdeseitorsinaimtlaritgen
binding andexkighds Adiaapmtsie:Obingramaniith anaQr MafefameNalsSeaHeRcRs: N oraRpiterms,

the variable (V) region domain may be any suitable arrangement of immunaglobunn heavy evii) and/or

light (VL) chaRARERIBIE R 8MaIRER AL CTHrBe e IRt (Hergoie gRavEEIa s e kmowe e e and
be a VHor iz dgmaisevhickeisicapaileakindeneaganty Q&ﬂgi%aﬁ_y\gga%{& GERiBRIe AR,

Alternatively, the V region domain may be dirnenc and contain V%:or VL-VL, diners.
Preferably, the Vg idirehirtelieisaiionsesaan heaatminisigredahy anYeort oheeviraiitainehat described

non-covalenil a3sacialed {0l nARIBISERin dl A lileSied. e hains,may R coyaienty

coupled either directly, for example via a disulfide bond between the two vari ains, or through
a linker, for EXAMpIETE SePidaclietiare thfopTeEmingle shairiPadisdhar) bitve variablah-égtenbitatingin

may be any sigiualy geauringariable fomalarann chglageied ersipn hereok B suoineelgd

version is meant a variable region domain that has been created using recom hant engineering
technigties. Siserbeh gmeardirvarsiomeinpiodecthpsatiredite dhfobexamm fle Titohb aspdific antibody

variable regiop asestions delstions oL.hiengesin gitalfe Amine add seduences of e specifc
antibody. Particular examples include engineered variable reglo?ﬁ%mamé conrtalnlng at1east one
CDR and opfiotippere GrhmBréyimnhesytrk annithen1aeidy flom drfigstemstibed yranib e deinaisider of

the variable tegion 9%@1 YRaseeN ntibody.. .The varigble.region domain may. be
covalently aéached%at aC- ermienag?arﬁ%ln acid to g? eatgte one o g?%n i %gyaggrﬁ‘aﬁtno e rgé%n}]uei%t
thereof. Thusthfer dsxiashisl @repsriies Gengirinhbiiiy prespnismetivn yatabléoregiepodmnainagayPdsidihked to

an immkinog J inQy-a.fragn h f. Similarly a VL, domain may pe linked to a CK
domain or a%ggfﬁﬁ%erggﬁ% g{{'hlls%g ys%réegg?n%&e?tﬁé"&‘%ﬁ%gﬁ?‘?ﬁgﬁe & ?—lﬁg o HERYherein
the antigen sirdingtdoriaimenntain syagsivsidted.VspleanglcvllE slamaing e=vadently linkast abthieii<d
-termini to achl F‘Qd CK do%e%g], rglsfjameg}g\{lgl)éﬁThe CH1 domain may be extended with further amino

o Drovide a iNge Tegion or 4 Pori SR S RS refBRHBANEIHS 0 SFH & Fab'

acids, for eanr%S]e to provide a
fragment, orrtorpeoiidiettugtiner ainimtains phatet as lantitet bh2aand<cid aematnst30Ansibes faem of

an antibody fragment.is.a.peptide,comprising for a single complementarity-determining region (CDR).
CDR peptidéd 'mw?if:r}l%/ Peg&l%an‘ft%%otﬂ%gtgqf 1093%1%3 8’6’%&%‘6 LoASHTLHY SERHOR B RS FHaf

encodé@the CDRwbathiantiomywkintendsmSiied). polfruciestiffescateprepasasi fosmxanpte idywising

the poiymerq}gg %hainkgglact(i) ntos nthesize g1esvar1iabl region usin19 MRNA of antibody-producing
cells as a temp% R € observed. single coloni®s are 1solated, and antibodies produced by

% f8se
the cells may be tested for binding activity to the TGF-beta binding protein, or variant or
fragment thereof, using any one of a variety of immunoassays known in the art and described
herein. 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 of hybridoma cultures. An alternative method for production of a murine

monoclonal antibody 1s to inmject the hybridoma cells into the peritoneal cavity of a syngeneic
28



25 example, Larrick et al., Methods: A Companion to Methods in Enzymology 2;106, 1991;
Cotutenay-Luck, "Genetic Manipulation of Monoclonal Antibodies," in Monoclonal Antibodies.’
Production, Engineering and Clinical Application, Ritter et al. (eds.), page 166 (Cambridge University

Press 1995): an al., "Genefi ipulatio Expressi tihodies, . i onal
Antibodie%?c} %ngllap})/l\ée%%lﬁl ’Aap%ﬁ%?ig%%,Né?%g%%???ggg:i"p%%se%%%%wh‘?@ y{?’ f@%ﬁéﬁ‘?f.ﬁ%‘@».
Alternativelastitesaitit ooyt anaydob amesortisiazmtibodngiNeeradoantiothy distaime debyotated sedof

recombingnt. DNA technigues.invalving th nipulation and.re-expressign of DNA encoding, antibody
variable a%g}g?@;g?ﬂ&é’ﬁ? %@’g?&%?%ﬁ%%&ﬁﬂ%&ﬁ% Hegh%?}?slsrggdﬁ?/ %‘%}ﬂfﬁgﬁé *?Sr\ﬁqﬁ&xﬁf%aries
including toomatagepieypvhdge ratdibaddy dribiarsess(se e hiswel mochMaaffertynd ibieekci0:80-84
(1992)) or if desired can be synthesized. Standard molecular. bj y andior chemistry pracedures may
be uobt 15 SRRRC A et A e SACTA! BRI Oe SEone o Ay Steime
residues, erdp, nadificaadd of dalaieeiivdnamihqig@idsiondeamainsmag desiied Biology, Kdlineyic
antibodies, specific for a TGF-beta hinding protein, .and. which include humanized antibadies, may also
be veneréf%%%t?éé*‘é%@fgﬁgé“ﬁ@g eﬁsi\/%ﬁ?oﬁ%ﬁhi ?f&%ﬁ?&t&?ﬁ&%‘: Igl%t%%@”é—b%%@m region
domain deffveiek fearoraafigiaptamidingian speriptand gideastanal aebls regiotdomaiedreved from a
second, distinct mammalian species (see, e.g., orrison et al,, Proc. Natl, Acad, Sc!. USA

81:6851-585FHEMTY (7 Brefedfe PeheBothHBA g?Y%R%c A SPRBEGRRES b SoRlR Qe 4 Bhing the

polynuclegtigeiseaurnae thaie ncedassappoastenedeapaiien egionsaamaindesives igmaregenhuman
monoclonal antibody, such as the variable region derived from a murine, rat, or hamster monoclonal

antibody, IHERECHRBIEF REFRARHE FHRIGH AR BB TR AR Reftb dBS Bl SARGHRHREAR Y Shstant
region (seg; RagmSh st +arghadheMethods Enzyme!. 178:459-76 (1989); Walls et al., Nucleic Acids Res.
21:2921-29 (4993)). By way of example, the polynucleotide sequence encoding the light chain variable
region of a murine mon@&éfﬁP&rﬁfbﬁfﬂV%ﬁ?@ RIOGHRSPIRNGR AR R BSiRIA S RYERSStdRay

sequence @ngadingtheonsRAn karpadightichain GapstRdR0IPRSARMERES. B2 3SePAtatevaglor, the
polynucleotide sequence encoding the heavy chain variable re%jon of the monoclonal 20 antibody may

be clbhed THERhelFHIHgERReWEEs EHED dRRECIRVIRE ATEYE ¥ kEial: s Widr s EmibiE thdHuman
IgG1 consfanhsagigRiuEReRRAticUR: Timan onsiarifegion selectetbimay dapanddmonthggifector

functions desired for the particular antibody (e.g., complement fixing, binding to a particular Fc

receptor, dRPIEratalegdcoltfd 2 6nsRURIBHG Fr&shaistEtc e afiarpbtiaraan Setlisable
expressionfdhe ghiggrc.antifndysAnotharmanad auain 25,ihe c;ng)@{n%eflﬁééﬁélg chimeric

antibodies is homologous recombination (e.g., U.S. Patent No. 5,482,856).

non-humaiTHoMaB MR N (RGP B Th YA dmgamaRey BNy Freire aheee ldueaies. AUPHRIizZed"
antibggly. peh. g.nmanized Aningdy.man SBMUISER RLT@ RLEORR ferived HomAR human

immunoglobufin of a non-human mammalian species, at least one human 30 variable framework
region, andrappaany GHEbRAiRA SRR SRS BIom EABPETRIm T dhat Drvehecsteasmsrsdier Bruibeing
hurnaniznd gripodies.may nsiide; oL Gampls %t%ﬁ@%ﬁ@%‘é&%ﬁ%@? MFoE Rt HNREAR, e RifiGation
of human variable framework regions that are most homologous to the non-human framework regions
of the chintei®eteibBeR. WssenrAseirgedescribed, for example, by Green et al., Namre Gener. 7:13,

}994; Lonberg et al., Nature 368:856, 1994; Taylor et al., Int. Immun. 6:579, 1994; U.S. Patent
25  No. 5,877,397, Bruggemann et al., 1997 Curr. Opin. Biotechnol. §: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



33 be bound by theory, such a strategy may increase the likelihood that the humanized antibody will
retain specific binding affinity for a T CF-beta binding protein, which in some preferred embodiments
may be substantially the same affinity for a TGF-beta binding protein or variant or fraDnem thereof,
and in certain other preferred embodiments may be a greater affinity for TGFbeta binding protein. See.
e.g., Jonegmtakal 386ubkatucerdalus2 Brian Rieftiraarsceiat, RIsAMNAR 333i323:2HhDrsigRing
such a humanized antibody, rga thegefore include determinin% CDR loop conformations and structural
determinants of the Horehufr i BRAETE SGHEDE P BIbRY somBU M ehiineh amehe
comparingtive GiDRdampaiardddaterminants to known human CDR loop structures and determinants.
See, e.g., Padlan et al., 9% FASEgﬁ:lBB-SQ; 10 Chothia et al., 1989 Nature, 342:377-383.
Computer modeling may B85 eHRBe o Vo rifHa Hien Avmeati chirhtheim phardinge Iptstsinbypseidigence
homolsgy wieslmthlemnAﬁﬁmﬂeyamlnleegegiﬁﬂx%réﬁ%ix%g -hﬁ%?rg}éhshalai 188d h?éxllm@"i%v
2:95-103; EP-0578515-A3, If humanization of the non-human CDRs results in a decreas€ in binding
affinity, cor%ﬁ?ﬁ‘é%’d’@tiné% &Failf ity iFEIRg S AbtifietantehasidiresionaiiztiaBeoeldlive Ghranged
by site- 15 glifpaserkabiatbar MuiagenRss aegaamsagpae@au%xh&?ppéﬁ}@mg@f@%r%;% ally (1.

increase to a level greater than that of the non-humanized antibody) restore affinity Those having
ordinary sKIRHREERE R EF iR A Trementcbrrag ecandied deiltifeddily iappreciite siamerobisis

variations anerpadiicatiens %ﬁémg%?igpgggggigﬁd hod for nreparing a humanized
antibady is_called v_e,neerin%.éAs 20 used herein, tﬁ_e twit%%'%gsrlég%?g(? %r%%’%ﬁﬁ 'pr%(%nrﬂbtlencgﬂjtwe&
veneditd PRE" fefibty ffe Beidrmrbbiprnidnselit BrrRoredidngs drommtie T Fabme enintisavyrorlight
chain V regigis i hnlwrr@q Rl e SHRiALARLtQ.RIQYI xenogeneic. molecule comprising an
antigen-bindin s;{e that retﬁr%s substa?ntialllyz’all gf the r\lfg?ﬁeeadFﬁﬂpc%?/%gﬁt%eaféﬁlgfﬁﬁesf?a%iﬁrrnea. o
Veneering PERAHiE) fe S aREHRIFBENORYEE 1AsH cliseadiregdingt thenifamid himding icharacieristieseqf. an

antigen-bindigg$ite Arers 3 desprmined. psippaggiy, b tructure and relative disposition of the heavy
and light chain C§DR se{gj\?‘vithi.n the ‘_';mtigetr:i]-bilnﬁin)gS%’iggr?%aé%l.e %3%%9&) a%‘?f’?fﬁn?ﬁﬁ’éﬂ‘/?%%ﬁ?é a
59:439-73, 209004 Ph isinaritigempiarinag csp ediftitinchritreppresertreniin sphuinaizat antibadyenly

wherain the5RR.5% as, Jheir i | ith each other.. and their interaction with the rest of the
V region domains argcéggrlg%lﬁ? %a%%eg.%%g%g‘ %%ﬁ“efﬁ%‘g e%lﬁlrlliaﬁrg%?rengﬁo?@e’é?g%ﬁye%- 30

accessible pFR $85id esminalaté 1860y encountered by the immune system are selectively replaced
with human residues to %ogégtgv id molecule that.comprises either a weakly immunaogenic, or
' ifl Ié%}%&ilgx k a %T%céﬂ %atp 1S %1 %1%% anf (31: ife

. . en
substantially non-immunogenic veneered surface. procesLOr Ve AR 1T
available séejaeiéeandtdbfolighnenirantibdeyxariabie danaies reginygiladbyl RrbatetakyingSegquences

of Proteins&f&m- nologi rest, 4th ed., (U.S. Dept. of Health an man Services, U.S.

Government Pri ntlrl%g %f&%?i%%%ﬂ%@lat%g}%%eesﬁﬂ%% a‘t%b%%e%r?g}% (:,\grzélq,%595§8|b%g P&Ynd

foreighCtataaee & dinackett dcidrandNorbtdiny. Solvariaseassibilitiesook)) KaiasamHaOreeiEs can

be deduce%{ggghgﬁf gnggﬁrsl ree-dimensional structuyre for human. and murine antibody fragments.
h r‘?ﬁ’f:&%%i

Initially, the FRs of the variable domains of an antibe FroiRal P& TRirTe JHIPRR SRPURIFT
correspondisgHRrecbioed cesipktiynelctiag ableldibnraingrobiaine diframbée, ahaverid i hinds
SOUTCes. I%@?St omgplogous human V. reqgians are then compared residue by residue to
correspondtlng murihegaﬁ%%o %giydzslglf‘rr% rlé%ll%ﬁgegﬁ%’?h%%?ﬁwe%fF?’iﬁ’&PEﬁﬁQPﬁbﬁ]HFfépll?ﬁ‘fﬁlaﬂoPé
counterparsarelepliteibly fhe desituesippesent dishahueatsniaty MSiRGRMARAREL teghaigues
well k@g)wnSineyilgc%rt.al?ﬁesid#%?witchirég IS orgg canied out with moieties which are at least partially
exposed (saent accessible). Andcare s Bk SPEi SEHRR ¥ Yo PSS MG BNTiNGTaRs e RS statiEsethat
may have aslignifitiagt effedtronstheerisarfoilouaire ofdéegianAoMaNs SR P& Jlysne,
and chargeﬁldat@igo facidsl. . A . : _
cthods' 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 antibodies may
30



15In this manner, the resultant "veneered" antigen-binding sites are thus designed to retain the rodent
CDR residues, the residues substantially adjacent to the CDRE, the residues identified as buried or
mostly buried (solvent inaccessible), the residues believed to participate in non-covalent (e.qg.,
electrostatic and hydrophobic) contacts between heavy and light chain domains, and the residues from -
conservechstiugtedal seginng ehthemRFwbigh@ane befevad te 20 inddence e gsapRRIica stersiary
structures of the CDR |loops. These design criteria are then used to prepare recombinant nucleotide

sequenceSthHesIBIRe M eSS RSP ot thE HBABAGIIRECh AR ST A HSFENbRERIZSEEhto
human-apgearingRs hakaande useddodransiactmammalan ¢ollsfacdirienyassien aff te

recombinant human antibodies that exhibit. the antigen specincity of the rodent antibody molecule.

25An addifBiRAGhERIGHFEP e REEEHYCARABHE L85 HER9E TRk IgiPRItes ACrOEMEIR IRGTREOBROtein or
variary or fragment thereoljigayRhaediSBIRY f3eteftd A TS5 SHAldl 89 A AR QYA RSO

12:433-55; Burton et al., 1994 Adv. Immunal. 577191-280. Human or murine irrununoglobufin variable

region gerfdEepAismuiStintniRaeiesayidy bo Sroegaem fineste Tedtors thuis deagbens crachrefitdiselect Ig
fragments {fe20. F¥m3E\n Q1 ulnEr adbereoBaLbind 8¢ spegificsaliuie 1Qkheta Biiding protein or

variant or fragment thereof. See, e.g., U.S. Patent No. 3,223,409; Buse et al.,” 1989 Science
246:1275-8F Sextrgeeteati®@reen RaderoatSasug A dbnsiing-s@poRo tha siHfded szevwls, tBatategies

in Moleculag Biology 3i1:9,(199 &éﬁ?ﬁ'&eeﬁiﬂﬁ{a%%glgg Ofy %%&%d'ﬁcé%%s é@a%%%%%sm

Hoo,enboom at al., 1992 J."Mole:. Biol, 35 22 :381-388; S usch et 97 Hybridoma %6:47-52
and réfereneesircined ubrsrbin. Ifoorstanidied 4riiprenyicontamig i ghealdyroftholfhesientidedsegquences

encoding Igxgrghle fgoignfiaamenisaaedneeted g the aename,of Adlamentous .,

bacteriophage, such as M13or a varia eredf, in frame with the”sequenice ‘encoding a'phage coat
protein. A BisioreprdternsndaZbé d966idtonéthsederprot@hMath i igkt chairetvalridblé/eegian

domain angjox with the he in_variahl d in-According to_certain odi :
immunogIo%ﬁzﬁﬁz%%}gﬁgg%%%{t@rﬁaﬁfﬁgo %%?gﬁye%rg%yaﬁ%gga& Sé?tia %Sggé %e%qka@%g]%%ﬁznt No.
5,698,426)2.10.4. QthavymetitbigHochaaavmpanoibdbeslineNA expressigniidargriesamaytaléothe

prepared in lambda e, for example, usin [ ZapTm(H) liminunoZapTm(L) 10vectors
(Srratagent R e e B e K e S Sh s
create heavireanchlight ghaiit irnininogiohayinle®bbAusedpredsigndibitariesgimndhe himhuntamiigzand

kImmunoZ%E) L vectorsz,?llgeﬁ vectors %%be screened individually or co-expressed to form Fab

k) £COgnl e mtac .
fragments or an I50aTeE (See HudE%t 4 o sup%a; see also Sastry et al., supra). Positive plagues may

subsequently be converted tatébhodn-tyiarpasmid, thdtoalewsihighnthetic or genetically engineered
protein that acts like an antibody in that it binds to a specific antigen to form a complex. For
20  example, antibody fragments include isolated fragments consisting of the light chain variable
region, “Fv” fragments consisting of the variable regions of the heavy and light chains,
recombinant single chain polypeptide molecules in which light and heavy variable regions are
connected by a peptide linker (scFv proteins), and minimal recognition units 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 varable (V) region domain may be any suitable
arrangement of immunoglobulin heavy (Vy) and/or light (V1) chain variable domains. Thus, for
30  example, the V region domain may be monomeric and be a Vyy or V; domain, which is capable of
independently binding antigen with acceptable affinity. Alternatively, the V region domain may be
dimeric and contain Vi-Vy, V-V, or V-V, dimers. Preferably, the V region dimer comprises

at least one Vi and af least one V| chain that are non-covalently associated (hereinafier referred to
31



15level expression of monoclonal antibody fragments from E. coll. Similarly, portions or
fragments, such as Fab and Fy fragments, of antibodies may also be constructed using conventional
enzymatic digestion or recombinant DNA techniques to incorporate the variable regions of a gene that
encodes a antibody specific for a TGF-beta binding protein. Within one embodiment, in a hybridoma
the variables&gjoiisdefiged Atgeheiexpressing samanosioprianiibody-ofijnferestaptcamnplified1aging
nucleotide primers. These primers may be synthesized by one of ordinary skill in the art, or may be
purchased E%ﬁ%@gﬁ‘fﬁ?et}“@i&m’/ YATARIR Omég.tt‘éoé’@}‘é‘é?‘g’ﬁﬁéﬁ’gﬂ@[‘iﬁ% © SokFErifdS ™ Which
sells primesnige Bhaiise, g juman variable regions including, among others, primers for Vila, Vnb, Hc

VHd, CHIP VL and Cc re;l%ions.') These primers, may be used to amplify heavy or light chain 25 variable
regions, which may then'B& YAE&PE AT ARTEH BiPaSHhAHBIAP PRTIRE AR AYZAR PR

(Stratagenehgiasnestivalvn Thess Vesierymaythenis RHdMeed NieIEGolh 4638k hiMas been

arnmalian-based systems for expression. Large amounts of a single-chain protein containing a fusion

of the \TB &R0 SRR BIdd ERBacEERfy erBEEUsetRYER FBEBMEIR] Beralonsdiehls those
242:423-4264: 388 LR.ARAIQRSUGhLEChNAUES PAYRR. }é}%%&%’é}%&%@lé’t@ﬁ@[‘ép LRAgEapfibody
ody.

V region without altering the binding specificity of the antib Jr certain particular

embodimerfts ©f iR Assh SEsTsIPR e rTaF SPeslc| AsrabRsy mBgrasa e ysplgsiirdiuin SREBERsAdOf
non-humam&ﬂgﬁglﬁeéﬁaie&ﬁai%?@m%%%%fé%&t%é@ﬁ%%&%@&g& R HahSwBadghiat al-

1998 P roc. Nat!. A cad. 3d. USA 9 15. A phage library may be screened to select an Ig
variablé redioidsiEgReREbiTRbe dystis) thaummmeridesd tho Menrbls o dndamtim Tt amcapri dagbated

herein, aid the DNA seqq%g%%ﬁ@%’s%%%%%m%vm GriePRRIE SQSEISEIGM Mmay be

determined by standard techniques. See, SambrooK et al., 2001"Molecular Cloning: A Laboratory

Manual, Coté = heaProttber @#ﬁ@}’ﬂ@@ﬁ@é@@d@@ﬂt&@mgﬁséﬁ%rfwmm@ﬁf bEdctqn@dﬁﬁftéﬁ
another sullabien{q!tc oL ERESBI0R AbHE dn IABETERL . AR RRIN: I RPlon AR Bvactor

containing Ig constant regions, forexpression of whole immunoglo ains. In certain other

embodimeniggtheniribentibrSootasi pl e ¢ S@E ey duifiniadtlocdigs dhanmrer mikimerictheribboip

fragm(?gts, h}&;(%m tlhgg%I ies. ar ri e Q rally, for example in Hayden et.al. 1997, Curr
Opin. Immunol. 9:§O?Lo-12; %%m%gea?lg? é%g% %Igt. %?(ﬁg%cﬁ%%%fﬁg%% ?:%lx_# 1é‘)?gerRlpg)l(élgl %ét??ﬁnehric
antibody fragpnients asmyiedcYgatad B phamgeite clovajemty torfordrtnimariivedies (U SCPAtend Ny,
5,910 573) labodies (Halnger et-al., 1997, Cancer Immunpl. . nother. 45:128-130). In certain
embodimen%sgr(xcjl1 the | \%%’ll‘t’l% ',ga?rﬁman I 10%%/%%%5%%8 eét nylvé%[/{]be Ban %%t?ﬁ%déyfﬂ%ae f}sm&%%%ssed
as an intracpthMaleprdtegs Sgch intragelttitar antiboie sameraiomepddfers ool as anfisdb Gdigsandnay
comprise an E ah fr, ent, or preferabl mpri SC ment (see, e.g., Lecerf et al., Proc. Natl.
Acad Sci. ngg%éﬁ%fﬁ%glfﬁih%séﬁ%ggo?lgir%%ﬁ%?% a%ﬁr?én%he CDR regions can be modified
to impéve expression levetstaad Sotubdityaof anintrabbeyniarandniraestidtacsesiicing dowirommeat

(see, e.g., Worn &l Bi9L FS Mo region (CDR). CDR peptides (“minimal recognition units”) can

be obtained by constructing p olynucleotides t hat encode the CDR ofan antibody of i nterest.
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, Lamck 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
University Press 1995); and Ward et al., “Genetic Manipulation and Expression of Antibodies,”
in Monocional 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 variable and/or comstant regions. Such DNA is known and/or is readily
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20 275:2795-803 (2000). An intrabody may be directed to a particular cellular location or organelle, for
example by constructing a vector that comprises a polynucleotide sequence encoding the variable
regions of an intrabody that may be operatively fused to a polynucleotide sequence that encodes a
particular target antigen within the cell (see, e.g., Graus-Porta et al., Mol. Cell Biol. 15:1182-91 (1995);

Lener et abvfubic) BIRTNRAN R8Ai11 901 AR 20000 A ?m@m@m%m@m@mm #ngell by a

variety of techniques available to the skilled artisan including via a gene therapy vector, or a lipid

mixture (e YjcCafEuRetiRTorindRHaStda%BY IngEndssowt perationsystiesBrgo Seagjast ﬁé&@ﬂ’@lﬁﬁg to
photochengigg)dnternalization Methedstures may '9&%9&@%@@&9%%% HADSMHR 39NA, for

immunoglobulinmolecule specific for a TGF-béta binding protéin may be useful to increase the
specificity BrrEmisit)ofaHPOReH0BD thiptghty PrstEin tistdusitar an Bffédiopdd matidaictmathanagiobulins

with higher affinity; for T GEbeta 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 febittaas toihedharsged in forde TGhrmerovadffitp fonhed GFdbetaiding
protein. 37 é%% M (Lgl e 01 92, Biotechnol. Genet, Eng. Rev, 10: 1-142. AIt natlvely,
combinatorial Ilbrar(?ég o? ’ln %aa%lﬁe %e%g?g{%?cc}%\/ffﬁ% tgéelt:‘fa’m rgﬁz?rételrrllggnftor |mmu?1hémlorbulm
fragments thhqm@weﬁlaiﬁmtgﬁ Seetant geg@iaéemetmti;:ﬁ%@f,rdrﬂxm MshandA Z03:8848; Berlias et
al., 1994 Proc. %II ag} Sci. US 91.: 3§09 1 US Paten Ngq 55,792 45?12111 % ector

e r‘= at 2 secon stinct m Specl
functlons m ay also tered y sﬁré irecte m ¥ agenesis.’ S'cc, e.g., buncan g?al“ Y&8 Wature

332:563-64 Murgrantetl alPre@98drhmunbifgy B6.B10-B85 Eghte@@@@dmﬁmmcbtmbpdﬁ%ts a

Blotechnlq es 23: 83(% ?4 Fr%%e%amgl \yi% cgrglr? s%,gltl ns e on the P toretrll%g fth
immunoglobu rInn may erthe abiity ity o Munoz IX é)olmpfgﬂ?eeﬂfe €, e.q., rlght et
al., 1997 Tk@ﬁdsxﬁlmd’mmtcgﬁﬁaa’ﬂnﬁdeewmmmnsnmhemmatammmmc:tﬁm@ynsmkamaﬂﬁer the

ablllty of the immunoalobulin to fix complement, or, to effect antlbody- ndent ¢ellular cytotoxicity.
See, e.g., ISun(?;n e?gé? tl%@?ﬁ% ?ure 32'56%: 6f MO %gg n?ﬂﬂg?é%y %03% vECAF’rSensel

etal., 199%Mtﬂ1ﬂmmumtdla$ﬁdb&b@aﬁﬂceliﬁﬂmnﬂﬂmdmmﬁam memohmeﬁtﬁ,ragmﬂma@ae ,ghtmimn or

humanized heavy, chain a ht c I thel molecules de h rein
mayak%rg constrg(:té? 2’1 4 n@l"@g’h qlaillg %%fb@% %%IHQ erft¥ §fﬁg14($ gﬁaﬁfsan %38 ESee
e.g., Bird eflab31988 Seiencd 242:4:23 -4i26pdiyatonRd®t ¢l sa@&Sdera&d&@g tﬁ@apghs(@hd;ks»anable

85:58793883.. Multj-functional scFv fu |on roteins ay beggﬁerated by linking a polynucleotide 20

sequence SHSRIRG % PEEES, BORAT Hopd%a4vithe IR GorSHQRIEBRe écquH@EOé‘ﬂﬁodmg

any of a va«éqt;e@éd(e@um@gfﬁmw@i@maﬁ@@em%ﬂaﬁﬁ@@w&mém ant; areparaélingiesed, for
example, |n EP B1-03 8534 U.S. Patent No. 5,132,405, U.S, Patent No. 5,091,513, and U.S. Patent

No. 5,476,746 B AT E S HERTO Bt Y BRI BRI ERISBURR HonIRaRerRHN
Sequwesaﬁ%d@-maﬂﬁﬂm&@d&ﬁlﬁﬂe *95sdquences encoding a human IgG constant region, for

exarmnple, the human IgG1 constant region. The particular human constant region selected may
depend upon the effector functions desired for the particular antibody (e.g., complement fixing,
binding to a particular Fc receptor, etc.). Preferably, the constructed vectors will be transfected
nto eukaryotic cells for stable expression of the chimeric antibody. Another method known in

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

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

30  variable framework region, and at | east one h uman i mmunoglobulin c onstant region. U seful
strategies for designing humanized antibodies may inciude, for example by way of illustration
and not limitation, identification of human variable framework regions that are most

homologous 1o the non-human framework regions of the chimeric antibody. Without wishing to
33



25 immunoi. Methods 188:1-7. Other examples of effector proteins are enzymes. As a non-limiting
example, such an enzyme m ay provide a b iolozical activity for therapeutic p urposes (see, e.g.,
Siemers et al., 1997 Bioconjug. Chem. 8:510-19), or may provide a detectable activity, such as
horseradish peroxidase-catalyzed conversion of any of a number of well-blown substrates into a
detectabldprse: Pio thiseign et usEategimaihimcmeantiie sikefibaRythasitre 30mparitednaiioidde

Lo-toxin fusigns, O Jpunpging, whsicipdhe sefhv polypentide is linked o a toxin, fge seiw
et

Or any antibody fragment described her€in may, in certain eml%%gifneh?é% 884 %nep%f)etﬁee or
polypepticEiPOfiBIeTY Ly Avst adtally dre cimp editi G obnTiRE-betniseditherfosiarvpratein and

antigen (e J3Ezheta hindi tein). For.example, the fusion palypeptide domain e an
affinity tag pgll%eptige for dgge}g‘i%\%g%ﬁr? |ﬁlép5 ﬁ%ege%?eﬁloﬁiggﬁsp%%%etg gﬁ%ﬁ%@?&%ﬁﬁ% protein
by any of &%amenging erokwigudsanits. whinks those skiledvimike 31 il e fanilianamxamplesef a

peptide tag,i idin, streptavidin 5 or His (e.qg., polyhistidine). Detection techniques may also
include, fo%%%%nﬂ%%?\ggg? ng fg#% an avi dﬁ%cora;lil%é%%ziﬁgn g%f%yp%%éiﬂl%arg%‘?i B o] g%?&fﬁ?’r‘?ﬁm etic
sequence (¥ leog. chufoenaiokoafl kuBinteshdakAEi2nb andiefesences sites thesainodirest
covalent ”éQQ}gﬁI%“Q”COfaLS}%‘OBVPtei” with a detectable moiety (e.g., a labeling moiety),
non-covalent binding of the Tusion proteinto S spRER BB A1E & D St ArAdife s town
modificatidnmofm 0Bl dtaiplsti@ rdysirate dyrmitusion [Seieiythrédnsludes a10oktion Havingenzyme

activjty, ordmmobilization (coyalent - lent) of the fusion protein on a solid-phase support.
OtheirT(y uss%g]%ﬁiteé ?diy%e%%ti@tsu%r%;@ﬁgrﬁ%gn SRS TSR STHY Al Prchiae Sueimatiein

fusion proteinsnastdiscinsedniphexasepliasdn BWQRER4 280 HoR 5, 481D 28 W3- eidR 69100
93/24631, U.S. 5,168,049, U.S. 5,272,254; avidin fusion proteins (see, e.g., EP 511,747); an enzyme

such 15asr%?gfhiong§8-%%h P a'ﬂdaétab odBeEudraniEas p%@t%ﬁg/&’; pelyBeptide-43-  IfThe

polynucledticementoding dwamibbanor ragmeatiheraofihaicenaeifigaly.ping afiGy; belahirding
protein, as n{jeds ribed here#n, mfz%/ %eapropagated and expressed according to any of a variety of
well-knowR proceaitéd fBf Al ARTRLGBERRSEITR 2gifoRCit dreirsdiane and harsraesdn vsig any

numbgr ofdireoven expeessionuestaesis Tdanigueertainembedinems sxpressian af AuARIPQdY.
fragment may be preferred in a prokaryotic host, such as Escherichia colt (sec, e.g., Pluckthun et al.,

1989 MetHBESERIInioleEr SHGEBIB] it iaibr RABIEIERIARM SHED S r aesren SRS antissely or a
fragment thevenf srede prafeirenking aukanmtic hest erll-Mcudingyeast (6.9 aarearaLYEes

cerevisiae, Schizosaccharomyces pombe, and Fichte pastoris), animaf cells (including mammalian
cells) or plAAPEEIS EREHR nsgmsiiirationsdnivaeh EeRenwialeiBut are not limited to, myeloma (such

as a mouse NSO line), GRSsekiRembiyaridpmase!ls fxpmpies afilan selaipslvdrdghaceg, com,

soyt;%?n, and rice cells. One or more replicable expression vectors containing DNA"encoding a

variahle antifcr SRSl risgion HiageH fiRparsd Hsaqmeaaeliy eskened AFRap prisptiatbecwletiies for
example, 3gptabeR:AFAUNEMNRIomACellling (such ﬂa?mqﬁg@m%i@ﬁ@%ﬁb%ﬁmﬂm%%as
e n

E.coli, in which production of the antibody will occur. In order to obtain efficierit transcription a

translationt HEUSNE el OToViich VERRSERtIO URPISERIRICUPPRSpYEAte reatigardripéaguutechs!
particularlyaapiosietesantjeadsarneanencrIoperAyRlndiRiEH Jathevariable domain seduense:

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 2 humanized antibody only wherein the
CDR structures, their mteraction 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 comprises either a weakly
immunogenic, or substantially non-immunogenic veneered surface.

The process of veneering makes use of the available sequence data for human
34



39 Particular methods for producing antibodies in this way are generally well known and routinely
used. For example, basic molecular biology procedures are described by Maniatis et al. (Molecular
Cloning, A Laboratwy Manual, 2nd ed., Cold Spring Harbor Laboratory, New York, 1989; see also
Maniatis et al, 3rd ed., Cold Spring Harbor Laboratory, New York, (2001)). DNA sequencing 5 can be
performedaasydesaeribest dnidaagetehpildP NS H4: 24683, itL¥gihanddie-senershammintéogational plc

sequencing handbook, a ite direc tagenesis can be carried gut according to methods known
in the art ( ‘57?&%4“51‘?;7@5(9 eﬁtci%é?%égg fi‘?gﬁlﬁ’}”fi %Wj,“?é%%t BRYET: %‘é&%@%‘fﬁ%
82:488-92 (4985 ipkutakel ek Methadsain, ERaysiet: 15436082 {.98:) fthe AnglistnBioteahnology

Ltd handbook). Additionally, numerous publications describe techniques 10 suitable for the preparation
of antibodiBYHF rASHIRRAAOIRBE DIA SR ASHEA LD U SibT OB ABFR AT S s R r?% to %fp m
appropgriatéhegiis, (M esratainnArang Adaikthiz f6r Biateehnelogirandfseoeficingineening Reviews (ed.
Tombs, M P, 10, Chapter 1, 1992, Intercept, Andgver, UK); International Patent S ecificgtior% No. WO
91/09967).Fl%scé’t‘ftameeﬁ‘i‘ﬁéﬁﬁnéiﬁfg?‘fﬁe %ﬁwt’f’ﬁo&?@&%’rdﬁ?j%‘iﬁeﬁﬁ\)@m% iy 2155e BFL5 more

effector or gepesiRnaolenules;atirehed tuihaA tpoHier dvalasyeonRaberamteteciable-maitficor label
such as an enzyme, cytotoxic agent or other reporter molecule, including %dye, radionuc icieti
luminesceriPBitip, AlDrRSHRPGRARAS S BITAR, rifEIMReE T HBF SPHRAS TS Srofsitpdtific

immunoglofdisseniiagmenhtharmeed may baradialabelad far giagnosticaithgrapesticiapplieations.
Technigues for radiolabeling of antibodies are known in the art. See, 20 e.g., Adams 199%‘11'1% ivo

12:11197; HRRIERATO8% ARSESACRY. 5 519 T REFSFR Ul HiSpEatEn T S d S¥BapEGR GPeater detail
below and meshigeiydeuss.ithe dGbriaibindingiatein apeeiie anthodyn afcleagmetitiheseof) in
conjunction with other therapeutic agents. The effector or reporter molecules may be att?ched to the
antibody thPOURRStARPAVATEIESE Heﬁﬁi?f%?ﬁsé@&ﬂaﬁﬂdtéﬁﬁiﬁa?’%?ﬁ??ﬁ%dé%igfeégﬁ%%‘gﬁ%}cﬁa%%ctional
group locategd dnébawrntikadyapravidedighithahtheaiiashine piroastiaahmens Proegssndhesans)
adversely affect the binding properties such that the ysefulness of the molecule is abrogated.
Particular fHERIGH BT SE THGuRRE $BFERAAPIRC &R free amino, imino, thiol, hydroxyl, carboxyl, or
aldehyde group. Attachnieahofiheantioeyaas thereipatonsndfobehortat-metanutela) majthe
achieved via such groups and_an appropriate functional group in the effector o orter molecule. The
linkage maf%@%i%d#ﬁ&%%%%ﬁhp@ﬁﬁggﬁé 'SPmﬁﬁﬁﬁ?t 10 the &é%ct%‘r: ﬁ}%’lé%ﬁes
include, for pxanme antineoplosstitiaoarits, (exinat(Suelasney waticallsastve ¢0xinsaof dswterial

such as Pseudomonas aeruginaosc, exotoxin A) or plant origin and fragments thereof ;e.g., ricin and
gragments tﬁ%rﬁmjcﬁﬁ?ﬁ?rﬁéb%in?lﬁ?%ffﬁ?ﬁ@ﬁ% dréphionie) Gontacts betwoen neavy and hght Ghalt

domains, and the residues from conserved structural regions of the FRs which are believed to
20  influence the "canonical" tertiary structures of the CDR loops. These design criteria are then
used to prepare recombinant nucleotide sequences that combine the CDRs of both the heavy and
light chain of a antigen—bindix—xg site into human-appearing FRs that can be used fo transfect
mammalian cells for the expression of recombinant human antibodies that exhibit the antigen

specificity of the rodent antibody molecule.

ba
@2}

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., 1994
Annu. Rev. Immunol. 12:433-55; Burton et al., 1994 Adv. Immunol. 57:191-280. Human or
murine immunogiobulin variable region gene combinatorial libraries may be created in 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 variant 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. US4
86:5728-32 (1989); Alting-Mees et al., Srrategies 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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Blyonia dioica, or the like. See, e.g., Thrush at at, 1996 Annu. Rev. Immunol. /4:49-71; Frankel et at, 1
996 C ancer R es. 56:926-32). Additional effector molecules include biologically active proteins (for
example, enzymes), nucleic acids and fragments thereof, naturally occurnng and synthetic polymers,
for example, polysaccharides and polyalkylene polymers such as poly(ethylene 5 glycol) and

derivatives sherepf.sadignncliles, pacicyiagy iadioiedide snd shelated mefals. Sutable repotter
groups include chelated metals, fluorescent compounds or conipounds that may be detected by NMR
or ESR spegttsgdepy. it ulenipioseful gffiectoy grd pudyare leatidbaemicineanchcetivgtive s dHetseof
(see, for exampless frican Patent cifications Nos. 85/8794, 88/8127 and 90/2839).
10Numerou?§r%ther t%)%%gst%rﬁlglyu%?nlgsgﬁgdr:%t ergp%eeﬂﬁén éclgoenat f% gﬁ?l ) |%Ca%né’ t%fgﬁnﬁ%‘%t SI,VH’]%UCGI‘S
of apoptosi§{ arirapoigen st fsees wit). (G reqneand fReeding 39hadaiengeRah; 1301l joteirthe
like, are known to those familiar with the art, and the examples provided herein are intended to be
illustrative v?/}l%?’o%? wﬁfﬁlr?a g%%c%%ae gﬁ%@pﬁ%ﬂﬁi‘%\}% Y&ﬁ‘??&f@’% PO AeEeRgaR R clude
zytotoxic antaytastatio agerits;cabexampie aieylating:1b agentSesuchiasHilrogen vLEsEuEs Q..
chlorambucj, methalan n]eclglo etqamiipe, cy Iophos hamide, or uracil mustard) and derivatives

S0 _pe %}} earé}

ents ma Pfidteantide, YosERASHAN or GEpIAtR-

thereof, triethyBNaBHBapAS AR ICiP TYETH

antirnetabolites, such asHrettyoirexaiar thairouraein desvidineDeyiaEabinai sRelcaARRPMEDSIso be
fluorqcitric acid, antibiotics, such as bleomycins (e.g., .bIeorp%%n

thMguanine, fluoroactetic acid o
sulphate), d%)%g?ﬂ%d%ﬂ,ggﬁ)r# rt?tg‘ﬁﬁﬁ’, B BRGNS Y. MANBHROGRPCY Fa c AR rirfamenesen

dactinbinycivecpiicafyaigeneliChaemictuanghterivatives thereod, Rrisseemrmisin and-desbmtives,
thereof, mitotiﬁ inhg)itors, such as e%t%%oside, vincristine or vinblastine and derivatives thereof;

alkaloids, sGeR AE8IHFETAE: PO REUERRA ShARi AT BRgiabiiin cROVh SreksssgrHiREEpIIBGBAS (e.g.,

dromostanolomenas 2es(elactaNEImBIOREHTS (@@ orie geRitel ReeIAIgHY MedXYPICRBRIRINS or
acetate), estrogens é%gzﬁéglmethylstllbestrol diphosphate, polgstradlol phosphate or estrarnustine

phosphate) B SHiE Q7R 1D TRSDIGRIR P iR adiGhbise STusscet Al AmeKarar e, SreEs csakh as
hydroxyureaugiir@gsiase plaln@sRip GarRaAing) PhaRisaZRles (S YGR AT HRGMBAHREA: allows high

Chelated m tali?%seful,as effector molecules include chelates or di-or tripositive metals having a

coordination HEhTBBERTMR SiBaprinrehantibatdmamerinimesiotalich metals 30 include technetium
(Tc.), rhenium (Re), cobal{Giak,caRREEACH. BRlthéAw). SilyerdAg), %Wﬁ%sgméméftgfﬁﬁﬁb&'aﬁéym
¢

(In), gallium (Ga), yttrium (Y), terbium (Tb), gadolinium (Gd), and scandium (Sc). In general the metal
is preferably™Yadlehuldider TEHGEE a Mo FRRTRIGS RAEI LAIE 0#IT e (E8H B8 58 656710500 1DDZ03206

. 207111676&R8qRE (6nSehpSribd thAVARROSERE 187 G2 BRI 1804234 421 R0r &

TGF-beta binding protein. Within one embodiment, in a hybridoma the variable regions of a
20 gene expressing a monoclonal antibody of interest are amplified using nucleotide primers.
These primers may be synthesized by one of ordinary skill in the art, or may be purchased from
commercially available sources. (See, e.g., Stratagene (La Jolla, California), which sells primers
for mouse and human variable regions including, among others, primers for Viuar Vub: Vie
Vhud, Cqi, V. and Cp regions.) These primers may be used to amplify heavy or light chain
25 variable 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 amounts of a single-chain protein
containing a fusion of the V; and V{ domains may be produced using these methods (see Bird
et al., Science 2 42:423-426, 1 988). In addition, such 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; Raderetal.,, 1998 Proc. Natl. Acad. Sci. US4 95:8910-15. A
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,Sc. The chelated metal may be for example one of the above types of metal chelated with any
suitable polydentate chelating agent, for example acyclic or cyclic polyamines, polyethers, (e.g., crown
ethers and derivatives thereof), polyamides; porphyrins; and carbocyclic derivatives. In general, the
type of chelating agent will depend on the metal in use. One particularly useful group of chelating

agents in cylpgates-accqrding Jodhe-inventiog however, campsises. acyclt, and:eyghic palyamines,

especially polyarninocarboxylic acids, for example diethyT’enetrlamlneglentaacetlc acid and derivatives
thereof, and'FHERROESIERE AnMeERnds knesyelie thcazh andddesyrbad dnderivativeke(fON dxsatiptasaef the
described injgietational AR PESIicaiaRNoL WO 92/ ; 80d Rolvam) Cig)
desferrioxamine and derivg Ives iOtgereof eN&yWélﬁesr?ozagtﬁ%?%&roﬁgyir?’ t g%ﬁ@é&??gis%ﬁaghe
point of attaéisieaiethSedfSetobremictde ARy b kitashed avogrdinktoareaddendiat obt Spsingth a

thiol-reagtive;groilpppIese Rt in EQf%ﬁﬁﬁg? Jgsaﬁgggee&ru@@és%e- é%fﬁ@'@%&f such coups incliude an

a-halocarboxylic acid or ester, such as fodoacetamide, an imide, such as maleimide, a vinyl su pehone,

or a disulphitksiTHesexpEandotdresigtadmtinkmgoprovediy esaarsegdnexaihiandemor e asticutady
described m%g&,}ggxg%%nal Pﬁent Sgemflc?thln?el\llos. WO g}g/ 3123& WO 92/22583, WO 90/091195,

and WO 89/014 OIS FReRvention also con é“rﬁ%%ﬁ e gen%sr'ation of anti-idiotype antibodies

that recognize an antibodiy (areaatigerbsindimgddagmment ttheremf)dhwins pecikagd N IS TasHOIET
polypeptide as provided herein, or.a variant or fr, ent thereof Antj-idiotype antibodies may 90 be
generated ag%lgﬁ(/aé%na %nﬁﬁo&‘gglc%egg rﬁ%%%ocqa%aagfﬁ%%%ies {‘Aerﬂ‘%}?ﬂ%%%%%sscﬁﬁé%%&%ﬁfg,
using arf antgei@Hipefer kixaindeprotéaydntitody (98 antigendindingfmagmertdharrafoasmenunogen.
Anti-intiotyp ibodies or fragments thereaf may also be generated by any of the recombinant
genetic eng%ggiﬁggméﬁ%%%}? ggééri{?gé@bc?\%%rx%@ﬁh%u lﬁgﬂ%ﬂgéﬂi%gﬂﬁ%ﬂzﬁgﬁ/b’é&éﬂibody
m ay react withithezantiheiybindinfysiterofitheaatieSQRT. 2atdhodyc95,suchthaihindiegaf tislanibody
to a a SOST poly ide is competitively inhibited. Alternatively, an anti-idiotype antibody as provided
herein may n‘z“%))fl L@%%Z‘tig%fﬁ’inﬁ%ﬁ%nmug? : ﬁraﬁ?glli%:{-% a binding protein antibody to a
TGF-beta binding proteinIn certainlBrabedairresiiadimiantaioh the imetiorpanmnihaydrabay be

specifically binds to SOST may be used to detect expression of the SOST polypeptide. In certain
pa\rticu(lzlzjsrI 30 aélrﬁ%%%?éﬁlgt, gngé‘%rﬁﬁif oy 8P é‘f&ﬁ%f@%ﬁﬁ%@ie%ﬁ@@b’é‘eﬂ‘f@%@lﬁ s
express a SQEdmpolypeptidesbod expiessincohihesS QST polypentise say-heMeiersaineddy scFv
detection usintg1 another SOST specific antibody that binds to a different epitci&% than the antibody or

antibodies firSP BOSH i114h e Sssa5F STA BShy A FAEE PR A/ AGERT &I PN C REA SRS

DENSITY  regions flanking the CDR regions can be modified to improve expression levels and solubility of
an intrabody in an intraceliular reducing environment (see, e.g., Womn et al., J. Biol. Chem.

20 275.2795-803 (2000). An intrabody may be directed to a particular celiular location or
organelle, for example by constructing a vector that comprises a polynucleotide sequence
encoding the variable regions of an intrabody that may be operatively fused to a polynucleotide
sequence that encodes a particular target antigen within the cell (see, e.g., Graus-Porta et al.,

Mol. Cell Biol. 15:1182-91 (1995); Lener et al., Eur. J. Biochem. 267:1196-205 (2000)). An

25 intrabody may be introduced into a cell by a variety of techniques availabie 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. Immunogiobulins with higher affinity for TGE-

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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As discussed above, the present invention provides methods for selecting and/or isolating agents that
are capable of increasing bone density. In certain preferred embodiments, the agent is an antibody
that specifically binds to SOST TOP-beta binding protein) or a 5 variant or a fragment thereof. For
example, within one embodiment of the present invention, methods are provided for determining

whether aftagédtisapapie 6f iAtrebSiAg BWIFHMerQeééht&ﬂg‘cémpr@ngltﬁéZSteﬁdtéﬂ@i)V@bntactin4g
or Mixing BRI AgRAMI R TEBRReARIndIndpialaIR AR AMSMRRLAT e TOFfRlp fmi of

proteins and (b) determining whether the candidate agent stimulates sig g by the TOP-beta family
of proteinsMorunsiosibe fodniabisw ik birdmngltihel TOPdseabirdimgpeotain 180%8ne dmmore!.

members of 4he, FOR-Peta family,of proteinss Within certain embodiment: 3 enflances the
ability of TOP-beta to ?f’n%ﬁon as a ﬁbsglag\l/e ré%CUIator'of}%esgér?rﬁﬁggﬁgﬁ%ﬁq;i?%%&%%' In a
preferbed émBadibtent of the invention, a method is provided for identifying an antibody that modulates

a TOP-beta signaling pathw. omprising contacting an antibody 15 that specifically bipds to a SOST
polypeptide with a SOS%}tlg 58%%(53? frgc ﬁsdﬁayb%tg %Cgtelgnﬁ éﬁft&(’)}{[ﬁé&éﬁeg %8% l(%ggf %%%Xﬁe‘ree?ﬁ’, Linder
conditionsawtfor ettinle Uit topSInitioHatidhiongan antodygetisipBoSb artbhdtBLBOST)

complex apgihen deiseing b leyel (o0 uantiying heamound ol he SOSTIantbad complex o

determine the presence of an antibddy that modulates a -beta s e od
may be pegfprmetitisingi2008 PlReoF anyortimbef dediffereniogirbunoassaysitenomd udvithe at gnrd

disclosed herein, includin ELISA, immunoblot, o the like. A TOPR-beta signaling pathway includes
a sig?]glinglrﬁglt%r\’f\?g%%‘f/ lvI\I/r%i)c BRI BIRs t?oe % fjﬁ)ewh%téz e lr%!:éc%ﬁ %Oéeffgﬁot% {;ﬁlﬁ’?(ﬁgte or
induce the(athwaydhaismodidateshoneginaiaheonteny hieettainmieiesrad cmbagdisppiginishe
invention, an antib?d that s ecé%call binds to SOST stimuylates or enhances the pathway for
75increasing GONB ﬁﬁ%%@?a‘frc ntestt éﬁt&ho ¥ AFRABSEY FERPEE RIERIRRISE it tfef mBHR5AR Higklosed

herein to desegtivinding f 593 satiboskeio SQST spediiepentieess:319-24; Thaguhject ivventden
methods n}gfl als (lja}%?éﬁj fgr identifying antibodies that impair, nhibit (including competitively inhibit),
or prevent RARY ot ‘2 BMPYo a SOST polypeptide by detecting whether an antibody binds to SOST

peptides that are located iadiegigns 3e:ALROEHMIS BRGNS RS Tueuhich a&Bk¥i-Bdbirgsy such
as peptides at the amino terminal end of SOST and peptides that include amino terminal amino acid

residues afitPF FBHtidHERT SRR orRRIfoFF RSk QRES &Y SRS STQlsies BesaEef BEFm 120 ¥epg,
and 47-50)chbguRnethadsidhe Rrese Hcawanioppiay aisahadsaddr Kanithan.antibogy.that

impairs, prevents, or inhibits, formation of SOST h ornodimers. S uch an antibody that binds s
pecuacally #5608 T L&y B rdertiistP i ctisien Birting S Hecantsodires. peptided #5835
derived frosgghe corg@ihaicaRPQXyeAIAAbFOIAN Rl:5 @S bdketuea by INOS: 2/hRMwRE54).

Within other embodiments of the invention, methods are provided for
sequence encoding an scFv polypeptide in-frame with at least one polynucleotide sequence

encoding any of a variety of known effector proteins. These methods are known in the art, and

are disclosed, for example, in EP-B1-0318554, U.S. Patent No. 5,132,405, U.S. Patent

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 € xample, such an enzyme may provide a biological activity for t herapeutic p urposes

(see, e.g., Siemers et al., 1997 Bioconjug. Chem. 8:510-19), or may provide a detectable activity,

such as horseradish peroxidase-catalyzed conversion of any of a number of well-known

substrates into a detectable product, for diagnostic uses. S till other e xamples 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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5 determining whether an agent is capable of increasing bone mineral content, comprising the steps
of (a) contacting a candidate agent to cells that express a TOP-beta binding-protein and (b)
determining whether the expression of the TOE-beta binding-protein in the exposed cells decreases or

whether asiragtiyibyiakthant BEbemrdingdinainratein decreanes. s sherappartarmining.whgiber the

compound is capable of increasing bone mineral content. Within one 10 embodiment, the cells may

include spBhAMOBIRNYRRALFOIRTRY D IR SfoAaith semalyRARBSEHER sisrerrinsoradinspefdhcor rat
parietal bepe, QslgaPIRsS to 2 TGHYRMNNASIRYSHAY be Hseckipy detertipe.and Auantfyiogthe

expression of a TOE-beta binding protein and include, for example, Countercurrent o
Irnmuno-EReetreHEfasiSrecE Pl Rgibmii din Jassaptss reidialemiim Bissdapias ensiE sapnievidinked
Inimuso-Sprientcly, prsRURdiEY! SO BHNOGIRLARS YR LD A% M9 BIR Assays Andalesiar blots,
inhibition or competition assays, and sandwich assays (sée U.S. Patent Nos. 4,376,110 and
4,486,5302'468 AETARHAEi SusIAN RIDETardRyAER LR [ 8 ralinSushahtsemuass dye neay. Use &h
antibody thal {seP9ciie ah T QFAsadidiRgRialenush a8 ihe: ARt acllas I atbadies figscribed
herein, or may use an antibody that is specific for a reporter molecule that is Attached to the TGF-beta
20 bindindstoteroirewatel dFisolypleptivecaxpressiotrbyealsoltiy)determimetitboumifyirbethe
amount of JQE- hindin [ t bi TOP-heta binding protein ligand. By way .Qf
example, birg%%g Fg?eé?:i%ros%r? élgig gg’r%%fg%ggéghﬁfs%ﬁgg’b%mﬁgggﬁgé%ﬁ r gcne%lgs}éﬁ\géﬁ}%@gonance.
AlterHativehpstihetdévet dissoppesisiontivitiiRNAce ncputinopthay speeifiy6 Esthety, bindingopitteiivmay be
quantified other embadli n antibody specific for SOST may be used in a methad, such as
acom petitﬁdgcr?,I galgggyc},r i w %}%ggé?dfgtee%alélgﬁt g?é%%@rne%rﬁg%%tg identi %loﬁt ag%gﬁf‘iﬁ‘é %?l Iac%}ni%ete
with the amébadptidebindiogstothieT GFstiivding qroteiriE meainterhaciio steptacéin Amantirotjnand a

TOP-beta protein may be determined.ysin O@SI?a own. ibed
herein. 30 y%\fbséf)i/ocs)?géxfgfn%ﬁ%r? Eéﬁ%lﬁer%%@gﬁhe O@g% a suﬁ%a%%ég’&%ﬁg%%%éta
binding praieinsor @, VEEbeta Sipadamilidiremiien thatdma (kggnrdeaf AIOR-heda)bmdingynieteict is first
bound to a solid phase, followed by addition of a candidate agent. A ligand of the TOP-beta
superfamify %lél m e?%ﬁgf%lgr’gv%ﬁ%sg ’tgnt%élt 887.‘& PHasEsss "e}g %ﬁmﬁ\ gﬁypepugé.

The polynucieotides encoding an antibody or fragment thereof that specifically

bind a TGF-beta binding protein, as described herein, may be propagated and expressed
according to any of a variety of well-known procedures for nucleic acid excision, ligation,
transformation, and transfection using any number of known expression vectors. Thus, in
20 certain embodiments expression of an antibody fragment may be preferred in a prokaryotic host,
such as Escherichia coli (see, e.g., Pluckthun et al., 1989 Methods Enzymol. 178:497-515). In
certam other embodiments, expression of the antibody or a fragment thereof may be preferred in
a eukaryotic host cell, including yeast (e.g., Saccharomyces cerevisiae, Schizosaccharomyces
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 a2 mouse NSO line),
COS, CHO, or hybridoma cells. Examples of plant cells include tobacco, corn, soybean, and

nice 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 cell line, for example,
30  a non-producing myeioma cell line, such as a mouse NSO line or a bacteria, such as £.coli, in
which production of the antibody will occur. In order to obtain efficient transcription and
wranslation, the DNA sequence in each vector should include appropriate regulatory sequences,

particularly a promoter and leader sequence operatively linked to the variable domain sequence.
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concurrently or added in a subsequent step, the solid phase washed, and the quantity of ligand that
bound to the family member determined, which indicates whether the candidate agent blocks binding
of the ligand to the TGF-beta member. Alternatively, the ligand of the TGE-beta superfamily member
may be attached to the solid phase, and the TGF-beta superfamilv member 5 may be added

concurrentlyPariisulasessieitlyste theiacdifionivbing cangdidaig,malesmieine ameainkoiligandihar

binds to the TGF-beta superfamily member can be measured by labeling the ligand with a detectable

molecule actSHHiRGE ARRIfASITBNFC A HACR ey AEPRetERbas ArsvaipedimeManivinst tle(Maltindaof the
ligand to the(Téambetar supestamil.mambes ea@yd%ﬁcﬁ'ﬁﬁﬁ}tg 6By, 204iBABAS REMYEHeteging,,

molecules, such as an antibody or fraRgiment thereof 10 that specifically binds to the ligand and

quantifying tHECAHRAYE 6t Bhed A GrectRldRRFRITRar be Tt A @ birateay. Al ¥oria28 BuibiRke Sorusseiig
increasing bepe ynipashaeateniRAsseibaskiivieln are hosg agenisthaldesr ﬁ%‘é%&ﬁ‘géﬂ%f

TOT-beta binding protein to its iigand that is a member of the TGF-beta superfamily in a statistically
significant mEHFeEtAmIS sthemsimbbandbents sidkucimstrsrmptegtrsdss are provided fot a&ording

determining yhethesan a0t is.capable.pf incieasing.po ineral conte mprising the s of
(a) contacting a candidate agenteto cgﬁxls that exﬁ?jgg%g%%-%}g%g gr&d%rz ’a&%%%?%‘é%rﬁ%%ﬁfé%@éther
the activity of P& FafetSgr St frSin (HS Bxgoses celllalis Mested, andrtherelfrdfd d6Tesminifgyhiather
the compoung, &?B{?&L‘E}&foiﬁgfﬁﬁ' ing t, Similar to the methods described herein,
a wide variety gxmqthods may be use toggégéggc{%%%%%je% meli%ii%té?gat{)}:% ir%gcf)?dg egﬁcgg’(l fegsion
when a ¢ell prédeieifny therToRsomdsiatihgdroteimisnaxp oseddRNse | ertethtast compaomaectors,
Within anothgremhbadiment o r imvention, methods are.provided, for determining whether an
agent is capable of increasﬁlﬁgg %%%gg ﬁlﬁ%‘%@l@o té%%%&f%?%?n%fﬁg 2}%&%‘? f%ﬁnggﬁr?l%éﬁﬁg enetic
candidate agemnvithing Retepbetedblivdibg-Wi Gteib, Shdresdleidst Fiememberioddh& KN Pabetatfamily of

proteins, an@é@pgﬁg& ini \M%)e{{; S;% cted agent up-regulates the signaling of the TGF-beta
family of proteins o infgﬂlbg%tgb%he 'indfi):]g otg?ﬁe OE-beta binding-protein to the TGF-beta family
member. Within certain efnbaudiare aishdihemolethel ereiihedy cesdhitng hiliticoinachttn-heta faveibnhsnember
to functign ag a pasitive requlator of mesenc al cell differentiation, 30Similar t(%-H]e .
above-descr?ge%) methods, gp\%%g yog%cr%eg?hao égﬁ’%agf/) % U5 TS R S RN BRSPS L APy
family member e teshcompoendysachastanantibatypthathspeeticatyhinesalg $RHHHINE sugh
representativre io%m e(ﬁgrem z%llss%e%yrham S@al.. Endo. 136:13@4-1380%001[2prises attaching a .
TGF-beta family member. SUeh as B Vs BRICC % group, or biotin, or the like. The TGE-beta binding
protein-specific immunoglobulin or fragment thereof may be radiolabeled for diagnostic or
therapeutic applications. Techniques for radiolabeling of antibodies are known in the art. See,
20 eg., Adams 1998 In Vivo 12:11-21; Hiltunen 1993 Acta Oncol. 32:831-9. Therapeutic
applications are described in greater detail below and may include use of the TGF-beta binding
protein specific antibody (or fragment thereof) in conjunction with other therapeutic agents. The
effector or reporter molecules may be attached to the antibody through any available amino acid
side-chain, terminal amino 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, imine, 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 bridging groups.
Effector molecules inciude, for example, antineoplastic agents, toxins (such as

enzymatically active toxins of bactenial (such as Pseudomonas aeruginosa exotoxin A) or plant

origin and fragments thereof {e.g., ricin and fragments thereof, plant gelonin, bryodin from
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BMP-4, BMW-5, BM-6, BMP-7) to the solid phase at a concentration that is equivalent to its Kd. T he
dissociation ¢ onstant ( Kd) maybe d etermined according-to m ethods for m easuring binding rate
constants known in the art, such as surface plasmon resonance using a B IAcore instrument according
to techniques known.in the art.and described by.th cturer 5 (Bjosensar,, Pi \ J). A
collection %?Wgﬁfggwé%% ’é’ér%?&a%ee' %@n%g 'f?ﬁ{é‘%hacgc?@(t?{gg § ﬁf% ' ﬁ'c}é'ﬁ'flrlgffgh (‘{y%@tlﬁ;%a %kf M for
small orgagtie ImbExuleseobe ftions (ARGSAlatetidigamit sifsalbimattemliesandises elegicaligansvihat the
molecule i rgtrg%tar than 9004 pure as detelimineddacco(ridg to methods well known in the art (e.g.,
NMR, melting poi B)raﬁﬁaT% T%nrzggnsc]icflaﬁ%eé%t?ﬁb&ie%}. ?%gﬁgﬁt PN SYALFRLY aRCSHERD A oft his
interactionsyritieniche lsraest fehikiisle) bohdinghatitie BidBdB0Rd: tbpkisrasdecieastyvtiprilevel of
binding is opse ved, béé at least AA%;/o, referably 50% or 60%, and more preferably 80% or 90%
compared f0TRe BRI SFERIHSiInBRFg 0" "fc{}ﬁiﬁfis%%%‘?i?é‘éf irpfpRogiice AR oF BRI SE MEXuch an
agent mayShadbletheoavaliaies ias aipaianiairhibitonerdbelasis ahtil stiesmsivdias decerdipg to
which its inhibition cqonstant and its influence on TOE-beta binding-protein binding affinity is

determine ?Yff%t‘iénobr%aﬁ\%fg SOSCTRERY EUIRYol Sy ST il P HEr B R At liehpfdirthand
selectivity pegfilefer thedeentfietaniansniSRec N eiRartP siteiSsUSing AsSRYS. dependert gmthe BMP
ligand action %e. . BMP/BMP receptor competition study). Within yet other embodiments of the
present indBAd ,gﬁ‘?éthods are provided for determining whether a candidate agent is capable of
increasing bone minerahs@nients 9thsomprising thestepefdetenpiningwhethena sandidateagent

inhibits the binding of TOE-beta binding-protein to bone, or an analogue thereof. As used herein, it

should be BHHEPESoHEHEEEINE BIORRED I LHIBIREPREfef4othSd DIEFATARE Tida SWPfadeierffiposed
of a powdered fosm af bpne trEushed-benswariniasidons M iR the Metheds desribed herein, a

wide variet%/qof methods may be used to assess the inhibition of TOE-beta binding-protein localization
to bone 95HEx ¥eeBiEngedNR Aad BEGRI Cattithors diifing Arooerone pRgaspyyit of the \wHspEhem

ethods desefibadheraindh axileiate theanalsisafienitdividiakicapdidate.agent, the B@%ﬁrg
invention should not be so limited. In particular, the agent may be contained within a mixture o

candittate AGBHts. ASHesEribBHrPESRIIHBEAN dRiGte STEPRRITPRE) DR RiRlaRgaMehisketitaingr may
be antibodigs;gp frapimeids thereatel olhekReptides oi3R RRlPentides Auhoadiesaifagaents may

be identified by screening a library of antibodies or antibody fragnents or prepared by methods

described ensBrerharheearEee MR A fGithiatiso AP abpise psutlisefatinghatregient that
inhibits the pinding af IGR:RER @M&%@,@Q&ﬁ%&%@&&é@%@ﬁH@JEQ%&}[rc acid or f Qr&l’i G

embodiment of the invention, an antibody or antlgen-binding ragment thereof that specifically binds to
a SOST pai§ise piibipisapaite ofcbienpeinel(eighibitrrgiyeisywife)T Gpcbatdamifzmenthan.to the
SOShpolyperiide;sthe capabilityaf te.antibady.aranibgy.i A ing,Pipging of
a TOP-beta fami ylrr;lgm er, suchycas ?SaBIvIP,% S_é)S‘T ‘may b@%@%%]ﬁ%aé%%@égr%%%géwa%@ggthe
methods dESENEEEhBariTeecsPRIBBM O dgmatittctentehansisecifidaliidndedo SESTosTRY
impair, blogk, gr.prevent hindi TGFE: family & r.10 SOST by. impairi ST
homodimer fo_rmsation&lr?igélgt%%goéﬁaﬁ%gﬁ%a%%%n%% §IOS1$ r%ajx;g a?g@@‘g%égg) %(’?éesh‘% asEan
activity of SOSMPy dnhistitg-Br ihepaing SOB Tafremdsaging (oga BiviEstalenativelyetidacioiody or
fragment

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 99mTc,

lgéRe, 188R€, SBCO’ 6OCO, 67Cu, 195Au’ 199Au, llOA 203Pb, ZOSBL 2O7Bi, Mlln, 676& 68G&
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10 thereof may be incorporated in a cell-based assay or in an animal model in which SOST has a
defined activity to determine whether the antibody alters (increases or decreases in a statistically
significant manner) that activity. An antibody or fragment thereof that specifically binds to SOST may
be used to gxa '@e tp)xg eﬁ‘? t of sucl;ban,antibody in a signal transduction pathway and thereby
modulate (stiffulaté, or HhibiIGhessignaling ratheayd Riefe b oivdingnaiiadnkosmhb oy ia,pQST
results in a ggm%{%tigﬂgpr i&du tion of a ségn%qg%?pathway. PRODUCTION OF PROTEINS ,
Polypeptides degeribed herein inclids ther TEGCRFEIEE 28rfodfin SHREPDLARIh T &uflind

antibodies grobagmestsdhetess, that spesiicallybing ta-aoierastinetbs, 1R Rahitiesieptidssiibatancode
these polypgf%tti)des 'nc%de deriv%il\lles that are substantially similar to the polynucleotides (and, when
appropriate, ﬂ%é’célrco eI ERudh S PERIIBS 5R§ 96i mardtedsRedtien by teal in use.

polynucieotiOes aasitiRitderbalivesipAs usrhhies eideRNUCleqljdesa0uentais dsemechinhen,
"substantially similar” if (a). the nucleotide sequence is derived from the coding region of the

polynucleotitf¥ey & FATRIFRE e8RS dAMbIEHS, PObIEEEanfsRecisditioRY aPiRecadnsic avisallelic

variations ottagisRCtienoRAdisfRERsBROVE LldaliRr BtValY.Lar08sSs Amaleculenatinhibits the
binding of TOP-beta binding-protein to a member of the TOP-beta family; (b) the polynucieoficié is

capable of HYBHBIZHiGH FoftytRie@stde R EYIdERT heremplander Arsedbate thighiamaiayehigient
stringency (specSREbrO®s ewab Moterular GlopiigAidabaraicayManuak 3ad.ed- »GOIg S0

Harbor Laboratory 10 Press, NY, 2001); and/or (c) the polynucieofide sequences are degenerate with
respedtoto O eqguences for a particular amino acid of the potynucleotide sequences described in

(a) or Co) Further, the nuglgis, asidonaisgile @é%ﬁ%@}‘%rﬁégdi%lﬁg‘;ﬁomt %%Blﬁéﬁ%%ggﬁﬁ%%rem

non-complementary sequences, provided the sequences otherwise meet the criteria set
Within the cBIREXEERTE P a<uhesrrsAtiing Hghreaehnyetiel ossasms it tardreadindizatiomesmditions

(e.g., 5XSSRE. #8%SE? - t ' ; : PE = iM_sedium. chloride:
10 niM," sodium phosphaﬂ%g;é ﬁnll\%glli%}l% (%%%E%&ﬁ%ﬁ%i%%ﬂ%%J;ﬁgcen??ﬁgltqsgg%% (wWiv)

bovine serufFETbtirms Jodoaaaiaite ot IoadenaughosyRalipealidioneynphdg, 596 SBf)hide. These
Postyerizslon 3hes A: SEIGEAOLAE NS PRIBTEN ) 915G (ROSE  As0
86°C): Polynucie

sodium chloride, 15 mM trisodium‘citrate) or in 0.5xSSPE at 55- otides
encoding SGYTHTRP BRSNS IR aMeAHL Y CIORIA2ABEaMES AN tefisami AMOABGibEGsample,

tissues, or cell lines, and prepaves Naig AOYYBIGHAA 0! (Epifues (see, & 5 ambrook, supre)

For example, a poiynucleotide may be amplifi omc prepared from a su e cell-ortissue.
These polyrigeRasicie sraaiitiodateplifieebybpolipm dramecchdiaree fction (RCEREainigrRquense@Specific
primers that Sighed q&{@gdq%:?g of ;he\%% ences rovided hereip, and which may be
purchased ofcrsynt esized? Polynuc eoﬁﬂgs amay(aél%iscc)’rbea %r}ﬁ%e%rgﬁ screethfrgbo%il tégrl%iéeﬁéﬂ%% DNA
librarieXusiriy sesgeratese prUifidons! prufissian dprsemIcGiendrahtiteifiod $foths aresning diseaites by
PCR are proyided by, for example.-vy etal. .- Use of the Polymerase Chain Reaction to Screen Phage
Libraries," in MetHods i% Moﬁe{gu ar B% 35’)}?%% }irgot PR %{Eigfs"’:\%ﬁre%}érg} B GaE 5 t{’ereog
Applicationsashiteteden. pAges@athir] HiiHedreae Ragssnitnch&808mAjarBo\ter gtaehinidqwesaferdfsing
PCR to isolate rel genes ar described by, for example, Preston, "Use of Degenerate _
Oligonucleoi?[t?ﬂe%géﬁ{ril)mers%eﬁl % é’%‘?fx?ﬁ% éhee%%%asln 852% %ﬁgt%vélé)ﬁe GBI®E W@Wg}ﬁ%@&" in
Methods in MoleotiladiBigle gyiibéoy. hayP &R RrztotelsmEgunesihiieghsids et Applic@inaniivbite
(ed.), %gess%]ég_%ggt (gllylgﬂ?gn% Eﬁgshgxggb&)g 9t%)'a 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 of 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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The sequence of a TGF-beta binding-protein cDNA or TGF-beta binding-protein genom c 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, apalypdciepti M'& aERA ' ”TJ%P? ined by synthesizing
DNA molecules using m%tgl% y prlm?#élong 0 |g%c£)%éu810 eoti es‘g‘%ﬁgtﬁg%g%g\g@%ze sequences
described herein (see, e.4s demisbel (998) tt pacest 8r8dntiBDpriviRARIR MR Borairetintoatigor

method DN s at least two kilobases in length can be synthesized (Adang et al., Plant Molec.
Biol. 21:11:’;6{8,'31199!19%;Lg gg?ﬁsbtcl)‘f%?rgliaﬁé% ﬁiiﬂ%&?lg OE) %{Ep%%%sd%s&f:2%%?‘&9’@%‘3%%@@98}??%}&9 of

the Polymer&se @bmtins Reastitodgrtie Regpif@instrdtion SbS3ynihetrGenesindmMatiess & a
Molecular Biglo t}J/roI.PCR Prottk(l)col%'J Ciyrrent Methods and Applications, White (ed.), pages 263-268,
(Humana Press, Inc 1@8§%gﬁovf§%% Ik'eta xﬁ@%l\)ﬁ’é BaOK FHRORGTSTY 85 8)C RieFaICAAton,

molecules emsgbling are/ariaited G- betarhintipgvpsgieincandae 2 eRialed P SCHRRRIRENGHIRINSSDNA
or g enornic Ii(t))%?ri?s With‘%olé/ﬁcleotidefp o)bes having nucleotide sequences baseﬁ upon SEQ m
NO:55-57, 58. BT 65 BB B SHa 5 e n‘[gi‘ RGPS W SBEFIBE s e iR B A BiRdRE iotein
polynucleotidkndarippisdda and sonbencensif usterrypihetically. Jras8xamnlss dudlgiciasid molsgule

can be designed thg[ encodes a_pol?/peptide having a conservative amino acid change when

compared with R Si¥ifo°5e5 TEPEGFsReBHaEDY | BN Posp, iBRilg0ob 2regins6omanBrz0 O hat

is, variafts camibasahisbigihthal eRMADF Wi YuiBREERANO B SUPSIUIaNs B SERIPINOS: L, 20,
58, 60, 62, 64, 66, 6?, or 70, in which an alkyl amino acid is substituted for an alkyl amino acid in a
TOP-beta biﬁ%fmfm JERIT BininG B SEGHe FERoUR A S ikt a2 ra ki tBe BBiltoted Téabetramatic

amino acid ifuadioabe b Hindi R et D 3RHIACAGHh SESVERES A SWlfyr-containing amino acid is 15
substituted for a sulfur-containing amino acid in a TOP-beta binding-protein amino acid sequence; a
hydroxy-containing amin&bﬁi@geﬁ?gsmgé‘%‘?né%}E?d?)‘f?@é‘ﬁfaiﬁiﬁge@ﬁﬂrié rieidderd 40T Glenbénng
binding-protein aminaasis sRosEaes ATGFidis AL 4O SIAALIAL 30 Akidie aingAckd in a
TOP-beta binding-pratein amino acid sequence; a basic amino acid is substituted fora basic amino

acid in Toglﬂeﬁ%cﬂﬁ*&i%bﬁ%éﬂﬁa%% FORBY R NEE: ©PRSDHpREe. itshistiaghuxylt dmitad weid is
substituted fesadinasicananasrreriaBinO RGN d G- Pela bRgNgRr L0 AN ReAGI o
PEAIETE o antibody plus (+) SOST (antibody/SOST) complex and then detecting fhe level (e.z.,
quantifying the amount) of the SOST/antibody complex to determine the presence of an
antibody that modulates a TGF-beta signaling pathway. The method may be performed using
20 SPR or any number of different immunoassays known in the art and disclosed herein, including
an ELISA, immunoblot, or the like. A TGF-beta signaling pathway includes a signaling
pathway by which a BMP binds to a type I and a type I receptor on 2 cell to stimulate 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 may also be used for identifying antibodies that
mmpair, inhibit (including competitively inhibit), or prevent binding of 2 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 mvention may also be used to identify an antibody that impairs, prevents, or
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Among the common amino acids, for example, a conservative amino acid substitution is illustrated by
a substitution among amino acids within each of the following groups: (1) glycine, alanine, valine,
leucine, and isoleucine (non-polar alkyl group-containing 25 side chain); (2) phenylaianine, tyrosine,
and tryptophan (aromatic side chain) (3) serine and threonine (hydroxyl group side chain), (4)

a.spartate andhllagalgiasealie ackarauRsI9 shaln) (Malviamine,a0d asaraanes eyde
group-containing side chain) and (6) lysine, arginine and histidine (amlno grouB side chain). N making
such substitifibAs 1fertinp ditalstas g hardizmes ibleantdiodsito the tystdineabadkbone fontlited dreFigure

1. 30Consegy%ygﬂgm&g&gﬂ%%%g?gh’é@% é:’arsggﬁgﬁﬁgé% gsfit’éaitg%lng nucleotides for the

nucleotides recited in any one of Os: 555 ’Such conservative
amino acid variant; can b¥ibtairestr formebaimptetsbyodlighautieatitter, dinettads matagpesesis, for

linker-sganny . is, . mutagenesis_using the polymerase chain 49 reaction, and the like (see
Ausube? (1&%%%%%%2%@%% t?)HSEE I and Wasc% &sbnﬁéﬂ)’}%ﬁ%&éﬁrﬁ GBS RIBFE R Lpe

Approach (BRis, Hrénsa9adiheTheadittionabactivite ibf suchexarants Tap-bedeieiMingebidsingd

standard m and.ass described herein. Alternatively, a variant TOP-beta binding-protein
polypeptide%régt(caalgﬁ%s tuél%i%e o%p%%i%%??%%ao {o%%??é\éé L ARE@Lotein in teeexpasyetstion

analyses of dvautesesaoid wistacules cativire pértaented Torebiabmdiuachienah iagraens” ofa puelsic acid
molecule th% encodes a T?P-%eta binding-protei POI eptide. By way of illustration, DNA molecules
SeBter e b <Esio

having the nucleotide-saquence of any of GISTERIBG Dege gHngal pANtET oMEREMbe

digestéd withmBad3hemicleasel itombtainriadt Gpegriascfsnested aalRiiansinthgsfrrgrentane thehn
inserted intg_expression vectors in proper reading frame, and the expressed polypeptides are isolated
%Onﬁp % F% cﬂ%

and tested for actvity, of for the 2ot BT - PBE2BEE binding-protein antibodies. One

alternative to exonucleasershigasiiaays feayse aligoniseleriidendiracies MUIPEENERISIPIERAUSE,
deletions or}s&lp (égd%ns,to s§ecif%/ productjon of a desired fragment, Alternatively, particular fragments
of a TGF-beta 15 i Y81 SIS TR OGS aiRYYS5 1y Rl cRagiRI e o OB%t%t)?Hﬁ?ééiE@Hl\&%?n%lﬁ‘?gWﬁ?@rase

chain reacti¢BHR)addifiomimassaysyandmethesismaiscopadhateinstandarddechpigHes e, fyngtional
analysiL of proteing&zﬁ%ascribed bﬁ/}hfor example, Treuter et al., Malec. Gen. Genes. 240:113, 1993;

Contentet al &% > A BPERIRIrER Geiitb A Aty Rt et apd Bigsenn bipihimkisititnderced by

human interterapetiiiaB iogicanatemesnmSysions L roceedings a2 [SERTINQMESHESQN 50
Interferon Sy?tems,‘ Cantell (ed.), pages 65-72 (Niinoff 1987); Herschman, "The EGF Receptor," in

Control of AKTRAERABSIHerAHBH TS MABG] e Bt abI9R HB WRE 16021 95 Ar aBhadyHreiss
1985); Coungailiaviet alTGrBiak GheRy 629240, 498R; Htkstoaga el Alvodi Biak:GRRIA herein,
270:25291, 1995; Yamaguchi et al., Biochem. Pharmacol. 50:1295, 1995; and Meisel et al., Plant
Malec. Biol, S0PRY1&§e0 antibody that is specific for a reporter molecule that is attached to the TGF-beta

20 binding protein. The level of polypeptide expression may also be determined by quantifying the
amount of TGF-beta binding protein that binds to a TGF-beta binding protein ligand. By way of
example, binding of sclerostin 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 igand 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
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25The structure of the polypeptides encoded by the nucleic acid molecules described herein may be
predicted from Inc 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. Mal. Biol. 157:105-132, 1982). Polypeptides may be
prepared irfeheufimtopaeitiicdombasibseQusattsay, ithaeotidlfiusa . washelgition the divicial amiiaraicid
residues e ified by oxidation .or reduction. Furthermore, various substitutions, deletions, or
additions Tn%%} bkgglrlr%% Ié t%etk%grglrl% Aacaoe (ﬁtg%\euc lenlgdac‘l?ﬁ&‘ééh Ipshicates t‘ﬁgeﬂ’gf eff8ct TR retain

or further ebihelndsraiine ofehs 6 tinel nalegGH aetivityemfibe mitanidvelyjithdpent otein. Paefesably, a

SOST variant; ar a.fragment thereof retains or has enhanced abijlity tg hind to a SOST  specific
R TR B AT e B pL b nbereineid decerices

antibody. Mo}?gover,

encodifg thegarmeadinincoacidrssiiuencebrayerdiry tonaidesablyn of the RiBRIeHAtias ofithe

proteins provided herein include. conjugates of the proteins with other proteins or polypeptides. This
may be acgglrﬁlbﬁtsﬁggﬂ??’gﬁ&étrﬁﬁgﬁ {5’ ﬁgr SRS R BN SO BF S A IRSRRISTE P Y roRSRE that

may be addedligafaciitaiepuciticatpnyiidentiieasiomef #raleinsdseroWSinPae RN Rakiddil, see

also, Hopp,et al., BjaTechno/ogy 6;1204, 1988.) Alternatively, fusion proteins such as

FLAGO/TGEB&ta ?Fﬁfﬁﬁﬂﬁ%te%? R Be olstiraRe 17 Shachts -Rewsuns e ide mATRARORY be

expressionmeacAanalin gldfeoprateidetecting REARINSIesHiRehneIfiBNY Q%g@&ﬁtm&k%@ using

a Wid? varig% of technigues described herein. Further, mutations may be introduced at particular loci
iZf

by synthesDiti GRFFSRBICRETS thafieanaan 4 vaniii e firamen of fte malwels katdindetohsites,

enabling ligatian. tfsaginents.ef thaBalive seaHenteeElowing ldatianhefesuling reconsimcted
15sequence encodes a derivative having the desired amino acid insertion, substitution, or deletion.

Alternative7edRgSh ARBtiRA G feseasr e -Spdmacolor SR biptiegiBrasinadg cifcigapfotiatiifres may

be employeskianeraride ataliniedpeivhuiEAtideaYiBa RAsHELEAdans altered according to the
substitution, deletion, or insertion. Exemplary methods of making the alterations set forth above are

disclosed by Walder et aY" {&n<hor1 $3bedumnis 2 aér SoeetinYeptiehe BYRBIs1986) noysited for
(BioTeshniguesmdany amda85sd 2x8) iSR! 8k (GeeslisFnginesting: Fc’&!ﬁ%lﬁ',eéoﬁl}%%‘gt*%ﬁéjs’

Plenum Press, 1981); and Sambrook et al. (supra). Deletion or truncation derivatives of proteins (e.g.,
a soluble eXFBLHLIEP FORITING A sRe6idRcHssHudRIM)UshHY comvrenienT feEthicdomretriormrdease

- sites adiacep) deuthiiasl oA aRle i, AhsetuRot odesisians e ipng AL e fleddn ang he
gated. Exemplary 25 methods of making the alterations set torth' above are disclosed by
Sambrook EteaF b REETEHEN IR Ie] IS a9 riS 2B E (bl ColceSpgivgieanboeizaloontwry
rPersgiS;] (Zf?gi)gngﬁ 1 ég%l/: E{@%&g% H&é&rﬁaré%ilz Madle, I, the; UClGIE- ALl %Q{ﬁgé‘éef%%r eﬁ@@%@! pIeRgLye the
é}n € qguences. u‘rthermore, the mutatlons Wi pre erab y not create »
complétmerfid)aegio n<TheiheinemBaite G episRs iRybdive 1o piadode pectndBGFHR2 Nilding
protein is exposed to a selected test compound.

Within another embodiment of the present invention, 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) determining 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 Stmilar to the above-described methods, a variety 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 aiso Durham et al., Endo.

136:1374-1380) comprises attaching a TGF-beta family member, such as a BMP {e.g., BMP-2,
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30 structures, such as loops or hairpins, which would adversely affect 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 expressed mutants
screened fasgain, IaRey o EienHoREDIgIaniGe! BE i e InalivelY. IRYRNS ey bentidyced at
particular loci by synthesizing oligonucleotides containing a mutant sequence, lanked %y restriction
sites enabliftg-idatohiscmaden et e meydegdentainedlawingditigation etheisdsutirgsuring
reconstructgqlgggq%&cgogﬁg&g%g\‘qﬁyqﬂg%ka&&g 2 thedesired aming acid (i:gsuertion,&#stitution,
or deletion. Nucleic acid molecules that encode’ proteins o fre presen invention msér)l/ga so be’™
constructedtEHEtaEMigrbaes iehiespolyeackasechairtbee actiand PERYrivet abe nesispahemicar

mutagenesigs( Pyl nd_ Klinedinst, PNAS 83:3402-3406 6), forced nucleofid
misinc%rpogggﬁé?%’?%%a%a‘gﬁ mge%%%lg ‘été?_nL(g?;?{fL]i.aL%?nﬁ@éi’?az?ad)%é%fl F%ﬁ&%ﬁﬂl%‘?‘ﬁiﬁb@*ﬁﬁe&d
oligonucleotierssHaiwittraticliyGenoudé Sot 1mall0dkanit9@8)ecule collddimreaenidnventormalso
provides for, nipulation and expression of the polynucleotides provided herein and of .
polynucieotf’c{llg%e%n%% ‘Iﬁll’ll%at %‘S%CE jectinven ?oﬁ%k‘f%%‘d}}égu&/’éﬁﬁﬁ}% %‘SQt%coeﬁSDE’i?rﬁ%ﬁﬁW&’Hr{Féictor
capable of esprelsing sucthogolyalldieotideis. tAn ex@resIOIR atrrgfsy seeambinaRtMmiRIe acid
construct th%h'%o%?_es apgtr)lle of irecting é?e gxgression of desired protein. The vector may be
composed 0 (J it R G STBREATE SR B D NS ISHTRRGU PR SHFRILTS 28RS (BAS, or a

eoxyr onuc?lé C aclas

combitftiobisfiihe ofith¢BYP aBVSRNAchinekicACRNA palynucigatidy is gsnevallyyndessipod to
n RNA molecule, such as mRNA. These

mean a DNA.polynucleqtide,, prepared by transcribjn \ e
vectors or V%%@%géﬁfﬁ,&?(ﬁgg i?%l%d%r}é 669%%’%6%}’ % L8 Rt e ARBERTG R DD l6uRird BhiBtein
preferably drmndiperabBOfTkeditossiitebledranseriptione of thanatationahkagstatony: elamenta. Seitable

regulatory elements may be derived from a varjety of sources, including bacterial, fungal, viral,
O B R e o SECHREH SR oo BMRS the

mammalian, Insect, or ptan
host cell chosestaandmajsbénfredy ascoT@lishied binang slfonsminanidkl inrhaarts BaasRles:of

regulqtgry e&ements? nclude_a, ,transcriqtional 25 promoter and enhancer or RNA poiymerase binding
sequerice, a (TaRact :B?ié%eérftéﬁéhﬁ?%?, AP D UMaTbiRattg s Jositab sk thang s ianraeis
initiation sigfoal tKapidentfit tieayesiar eyt dnsiudesa ol @R WAIgE SERMRRAE ANROBIMPBLESIrction
sites, as well as one or more selectable markers such as neomycin phosphotransferase or hygrornycin

phosphotraASREPAES JF Ah(PMRdFHRINETeRRBIHAT M art. Additionally, depending on the host cell

chosen and the 30 vectovamilgvestretnenganpliselameyssuehas AbarginRliepl catinpeagdgitional
nucleic acid restriction sites, enhancers, sequences conferring inducibility of transcription, and

selectable MAIREIERgaY gﬁb?beairf@@fﬁé?é?eég% theSpaehly s e dprsatiterbfme Nutlaiel aesatent,
molecdes taatmmcaderanyef shasupiainadeseibed shove.mayde ireadily xmEssed Py anidg

variety of prokaryotic and eukaryotic host cells, including bacterial, mammalian, yeast or other fungi,

viral, insect "RPREPOLIE. IBPRE IS AR (RERIEHFnIRGEOF trAfsIstdimGTSUBhicEIRMS b BRESESRAGIMIDNA

are well knoysidnotmatio(8e eh@ed 5 ke R ahyakolyapaRatent No-r4.2 Q8. 3P8:diftoen &t alek t8emNatl
Acad. Sci. LISA 75:1929-1933, 1978;
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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5 Murray et al., U.S. Patent No. 4,801,542; Upshall et al., U.S. Patent No. 4,935,349; Hagen et al.,
U.S. Patent No. 4,784,950; Axel et al., U.S. Patent No. 4,399,216; Goeddel et al., U.S. Patent No.
4,766,075; and Sambrook et al. Molecular Cloning: A Laboratory Manual, 3nci ed., Cold Spring Harbor
Laboratory Press, 2001; for plant cells see Czako and Marton, Plant Physic!. 104:1067-1071, 1994;
and Paszkowsilci et al., BiotaehenZdodbieB02] 1992)valiBacteriahtiiest cellastijabléntingafmgmnenout the
present invention.include E, cojl 3L21(DE3), DE3)pLysS, BL21(DE3)pLysE, DH1, DH4l, DH5,
DH51, DH Ef#H@ER/T?fﬁ@B?ﬂ‘Xé@?%M&?Oﬁ%%&éR@{ 151 $4R8% 1?%1\?%%6%{“3%0‘@’%‘&%%9,
IM110, 1(38iRRE, of 2088;-¥d08an05 HdBb & Rl s @8 FIRARAT dSeehéospusitiple; Beomtinddg.),
Molecular Biology Labfax (Academic Press 1991)); B. subtilis (BR151, YB886, M1119, MI120, and
B170 15 (s¥e? %%waﬁﬁa&@?ﬂémwéﬁc?ﬁ I MEHh 06 THDREE CIBHINGRAPBFRCERA Robroach,
Glover {Ed.BIRL Bress985)) oS abnonaiia tREHEUR A by AHO UsBRATI e soiihin thg-genat

Pseudomonas, Streptomyces, and Staphylococcus, as well as many other bacterial species well

h .
known to or‘?@tlhoé?’dﬁfaﬁi‘%%ﬂmnﬂ?ﬁ?%tﬁﬁ ré‘?ﬁrégéﬂééiti\?@%&%% AR HBRAF hBSCk e PTRERYERS E.
coil DH5a (Sitatanne « ladliaiCatfainisdméeBacteriat 8 li@nﬁ\@@mrm{%fﬁ@éalyogﬁmmﬂse@
able p

promoter that functions in the host cell, one or more select enotypic markers, and a bacterial

origin of refEERRSY. REFRSSERAIVEBAS HORPS InBlt & 89ebe Atet timagBi fp e antivi S attePiasibse

promoter sxﬁﬁﬁgidﬁg%ﬁﬁgﬁgi godyeins Bimial v 1OERP IR ITMRNA PONMBIRRE PERMelaTLBudier
et al., Meth. Enzymoi. 185:60-89, 1990), the lambda promoter (Elvin et al., Gene 87:123-126, 1990),

the trpt ProntBEETANTEONS BRETRAERBTSHY, aViethDIEE AsSAn SToBy 2Rornmsh mpgghin A8 Q8¢ prsrhoter
(Russell et abrGane 20:231 44982k AElional prAmRIRrSInclue RImGIeEs 5aRabIE PLERcamizing the

T4, 13, Sp6 and Ti polymerases, the PR and P L promoters of bacteriophage lambda, the recA, heat
shock, lacUTE5! el i Bpuaes shapReiyithd fac ZngRsshivter Segmerbhesee mdas ripefiBealibliipdst i

promoters oftherhagteriophadss i BaciMS - SULRIONYESS 20RAMRIS Sothe dRsRIORASE Rl ey

bacteriophage lambda, the bia promoter of pPBR322, and the CAT promoter of the chloramphenicol

acetyl trans?é}fééheg@dem%m@ﬂmpwm@téf&tﬁé@x@@eﬂémme@ﬁ%|iP;k:,f§r4Hd, Pirtosial 277,
1987, Watsqp il Meteerlar Bolagy. el e GeremAlb s (BeNamin Sunpins 1987), and by

Ausubel et al. (1995) Representative 53 selectable markers include various antibiotic resistance
markers such as the kanamycin or ampicillin resistance genes. Many plasmids suitable for
transformin@!gggbg@}@ag}ep\gg}lalﬁq@wn in the art, including among others, pBR322 (see Bolivar et al..
Gene 2:95, 1I977), the plJT piasmids pUC18, pUC19, pUC118, pliC119 (see Messing, Meth. in
Enzymology 102:20-77, S08%pidevidssartned MussingcGenthe T2 1H68ng 982 1k lpiisBAmnd
PNH16a, pNE18a, and BIHGerpt MR (Strak gtsl‘(ﬁxj QRO R, Bind et and,fungLhost

cells suitable for carrying out the present invention in e, among. others; Saccharomyces porn be,

Sacchafomyresmumievisieritieymderthfic hiyorkidsy exondrcésriantvea tivy sspabisantbtheigelios
Aspergillus (Mcﬁrélgg&%@léé‘gi‘%s Pfgx%l,t I\\;Iv%'cn appropriate, to the proteins including peptides and

polypeptides that are encoded by the polynucleotides and their derivatives). As used herein, a

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 'mchides, for
25  example, portions of the sequence or allelic vanations 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 1s capable of hybndizing 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 1n (a) or (b).
Further, the nucleic acid molecule disclosed herein includes both complementary and non-

complementary sequences, provided the sequences otherwise meet the critenia set forth herein.
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10 4,935,349). Suitable expression vectors for yeast and fungi include, among others, YCp50 (ATCC
No. 37419) for yeast, and the amdS cloning vector olt3 (Turnbull, Bea/Technology 7:169, 1989), YRp7
(Stahl et al., Proc. Natl. Acad, Set USA 76:1035-1039, 1978), YEp13 (Broach et al.. Gene 8:121-133,
1979), pJDB249 and pJDB219 (Beggs, Nature 275:104-108, 1978) and derivatives thereof.
15Preferre%pl)érkgm§§7rs 0for use g’n east include promoters from yeast glycolytic gfexneszeman et al.,
Biol. Client. 255°12075°15080° 1 80P T5%r ANGTHSRadieh TUMSRA pHFaese AN Gl §YPBE12668D) or
alcohol dehyddigenagzegesressPuesas i SeastiaErgingeing AbMickaroanisrsier Chemicals,
Hollaender et al. (eds.), p. 355, Plenum, New York, 1982; Ammerer, Meth. Enzymol. 101:192-201.,
1983). Exarrﬁ%fegg ¥ls MotBre FORBE RRRGRRA o THYEIGHE AHEER TdBhi éémﬁﬁésp@]@ﬂﬂﬂs

niduians glyoatytioganes: such asthewach3prameotes{MeKnightist aly, ENBS Trifr09392099,,1985).
The exg)ress‘g)n units may also include a transcriptional terminator. An example of a suitable terminator

is the adh3RRTRARTRIGRRRGhERE &).5%6uSFES 1 ogByst-hybridizationyivrehes tafidreb caoRe.cane y eist
vectors willigergralheisiide & sekestable marker whighmayiie AnsAfany Mnhsiof ganss.ibat

exhibit a dominant phenotype fogwhich a phenotypic assay exists to enable transformants to be
selected. PPEIBRed 3NectABRRafkers are those that complement host cell auxotrophy, provide

antibiotic resistance, or enaRigcf6gilo lizesraeiicicahonisowges.and inchudls lgu2 (Breach et al.,
ibid.), ura3 (13otstein et al., Gene 8:17, 1 979), or his3 (Struhl e t al., i bid.). Another suitable s

electable miieSEss Fo@ celisgariebiolpaispichreninidissertoemaphnteolré sispmeeé wrngany veligyMany
yeast gloning t@s@@ﬁaag@eb%%l @%ﬂgfb%@,as”ugﬁe r@é@'iL}%@l@%‘M&lﬁéﬁo\égo%t%%ﬁéua%gykpe@ased

vectors such as YIp5, YRp vectors such as Y '7,.YEp vectors such'as YEp13, and YCD vectors
such as YCHI® ‘Bheé-gramearss framapsvimtipprdatéstvst Sivsenohnunjeofideitate beetoptigeby

available fopdmeMREESSIN I YRASHREHISq; Eseh for. ing fungi are well known in
the Iiteratu?g agr?él have been descriged, I%‘S(;Irs %%gst%ér?ge, byrlé%g?gﬁsc g@%%g?ﬁ%&% 8?‘%%"‘@?8%&%%}% cad.
Scl, USA 79%:hs250uam3s poonayed Bpasinctnal WmicbommithoAnachaSat o SynBesizz40-RauApdiesitisand

Russell (Nafjie aiso be obtained by screening cDNA or genomic DNA libraries using sequence specific

I5  probes and primers. General methods for screening libraries by PCR are provided by, for

example, Yu et al., “Use of the Polymerase Chain Reaction to Screen Phage Libraries,” in

Methods in Molecular Biology, Vol. 15: PCR Protocols: Current Methods and Applications,

White (ed.), pages 211-215 (Humana Press, Inc. 1993). Moreover, techniques for using PCR to

1solate related genes are described by, for example, Preston, “Use of Degenerate Oligonucleotide

20 Primers and the Polymerase Chain Reaction to Clone Gene Family Members,” in Methods in

Molecular Biology, Vol. 15: PCR Protocols: Current Methods and Applications, White (ed.),
pages 317-337 (Humana Press, 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 polynucieotide 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., Plan: Molec. Biol. 21:1131, 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



5301:167-169, 1983). The genotype of the host cell may contain a genetic defect that is
complemented by the selectable marker present on the expression vector. Choice of a particular host
and selectable marker is well within the level of ordinary skill in the art. Protocols for the
transformation of yeast are also well known to those of ordinary skill in the art. For example,

transformatiQn may adi omplis either reparation fspiiergplasts of yeast vvith
DNA (sc0 MRS TR C R L SO e AP Ciatsenc it Ca e e 2 ica
(see Itoh etwid BasieriotogyWibs: 168), 1988). TaanskyritanemoPtanyiinnay #3p beloaraddiowt aising

polyethylen las d scyibe,q)gy %}géen et al. (Bio/Techno/ogy 5:369, 1987). Viral vectors include
those that c%g}gﬁ%etﬁao%r%prﬁbt‘ér‘thatl ifects the expression of 15 an isolated nucleic acid molecule

encoding a desired proteiueisidesddibed atnbase cAcwdile; vanatianf MGRaterbindy perosed vathiz the

contextof the present invention, including for example, promoters such as M oMLV LTR; RSV LTR (
oA B Pl oE M ABIA ST VA BRI T 1S3 NERTRRILY CHE AR PRIne

e.g., Gorman
promoter (Qhieteefidd. s&gienes 8a5d SlpaiB4AHQM); MeviTysT posphosrnsierase and 69, using

promoter/enhancer; late parvavirus promater (Koering 20et al., Hum. Gene Therap, 5:457-463, 1994);
Florpes Ti BIGFOHEF (SEE0% . THERgh GENS DSBS s AT BRIGE E dro g By

promoter (Besigist@t@bydiatinai?9F8044884d) - meiilothianeidtia-gene,e abanse/Bramaiedssnouse
metallothionein | gene (Hamer et al., Malec. Appl. Genet, 1:273, 1982); mouse mammary. tumor virus

I H
promoter (sB8LGERELAIRAERE He GBRSS Va8 Y r 8TLRsH 51 E FBHEe rehsBr GIBIRER Wi Msideeiddiure,”
in Protein 253dgagisesringQRinkipies and SasicaClriaps 6t alr (BSDaR3gRa 143 181 kdfbmMbtey 8z,

Sons, Inc. 1996)); cytomezalovirus immediate early promaoter, and the cytomeaaiovirus immediate late

promoter. ARSHHERRFER CHSHFORLR ST B EHOSHIBAS HSBRRdpRaz FPRNE fonfihetald:

promoter, can he usedita eoatkol Zfahoheta hisghigrRtteln SENREXBIRSSIAN in Menrmalapicalis.if the
prokaryotic promoter is regulated by a euicaryotic promoter (Thou et al., Mot. Cell. Biol. 3010:4529,
1990; KaufnPPIED AIRG BPICAGHRCRESS 2D FIRREBIO GBI acid is SWRRIRAFS A9tian| AMmaFsrareRp 2cid

embodiments, of thesinyentiohdie-promatemism tigsde waesific, pﬁomﬁt&%ﬁiﬁ%, Wih91/22809; EP
0,415,731, and WO 90/07936). Representative examples of suitable tissue specific promoters include

neural ShecifitPehitsde 85 2praHiBEINBIRBREI R0 EgbWinFab o -Beita PisiRataro6BhaRiBPpABgenic

protein promataletddman, alehakeinARRRINRLEr i SYRARAIEL RPN RIREARNA-SHBARI HnRtometer. hi

addition to the above-noted promoters, other viral-specific promoters (e.g., retroviral promoters

(including th8s@ AGTEDPHBOIBE RTRIFEABHIO 34 M SEUSIP 35rapibiterB)nRaitith SHEHEE Y. 2EBV),

and acidic amino acid in 2 T GF-beta binding-protein amino acid sequence; a basic amino acid is
substituted for a basic amino acid mm a TGF-beta binding-protein amino acid sequence; or a

20  dibasic monocarboxylic amino acid is substituted for a dibasic monocarboxylic amino acid in a
TGF-beta binding-protein amino acid sequence.

Among the common amino acids, for example, a conservative amino acid
substitution is illustrated by a substitution among amino acids within each of the following
groups: (1) glycine, alanine, valine, leucine, and isoleucine (non-polar alkyl group-containing

25  side chain); (2) phenylalanine, tyrosine, and tryptophan (aromatic side chain) (3) serine and
threonine (hydroxy! group side chain), (4) aspartate and glutamate (carboxylic acid group side
chain); (5) giutamine and asparagines (amide group-containing side chain) and (6) iysine,
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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5bacterial, fungal or parasitic (e.g., malarial) -specific promoters may be utilized in order to target a
specific cell or tissue that is infected with a virus, bacteria, fungus, or parasite. Mammalian
cells suitable for carrying out the present invention include, among others COS, CHO, Sa0S,
osteosarcomas, 1C8483, MG-63, primary osteobia.sts, and human or mammalian bone marrow

stroma. ANRREBMAIRhREGAF RS MR (hefTdatmrraad it en S8 menkdrRisrep telis RisrgedTCC

CRL 1587)hyigane & MPBome i dneYeeils (REIHEK B TE CraRhulaishalRRRYi Radpsies kidngy.cells
(BBK-21; ATCC CRL 8544), canine kidney cells (MDCK; ATCC CCL 34), Chinese hamster ovary cells

(CHO-1(.15% e dsicrmies) usnepitanddif depdiedand Ave s dapsied heknsdiemaiadice Gour?), rat
hepatoma-getisyels IididsE '&Ii%cp&%e = }éé{éso'&(@“ﬂﬁg‘ﬁeﬁ@m 5 é’aﬁ&d%ﬁ%’dc{%ﬁ%ﬁ%@éﬁi ATCC

CRL 1650) and murine embryonic ce EI-3T3; ATCC Mammalian
expressiod &6z for use in carrying out the present invention will include a promoter capable of

drrecting the transcriptiof AR HaRGE-INe oL, EreRiteA pramaters Reas il Regelers and

cellular promoters. Bone specific promoters include the promoter one sialo-protein and t
promoter fofupstienealtagmeiral prbmotesisincicidertivécnd cytemeyaldsirasTifirediateadadyppromoter

(Boshart ef al., Cell 41,521 -530,.1985),. cyt galovirus immediate late promoter, SV4Q promoter
(Subraman S K RoL S R S SRS R RS ISR S RO
adenovirue EETEN Nexs pefioterstinchid e e neo vSecmétaloghiombinith Brédhoteri¢Ralmitdrast al., U.S.
PateqfNo..4.579 mouse VK. promoter (Ber n et al., Proc. Natl, Acad. Set USA

17 G- r e T B A S i B T BB st
(Loh et al. r&€lin3 %859 3nl 988) eAiresshbipelnfeptairrotes witidepand, asledssingadtyuporicthttevel of
expression ired qr.the recipient cell line.to be transfected.. Such expression vectors may
also contaiahgg1§ ett%f Aag%l;geggﬁjggalo%adéagd%\?v{ﬁﬁrélg%%%ﬁ% 'theop?r%rﬁ(%?énraé‘r’\ed %)ps?ffcé%?ﬁ???(s)?n the
DNA sequénsstenceding¢hé geptiden Qic3dinprote mwoh getesisto Pratatied RRNdosplcsisitesdnaytde

obtained from adenovirus and/or inum iobulin es. A Ise contained in the express; ectors
isapolyade??ﬁ%?tf%r? ?%?ﬁé??o%at% T 6ﬁn§%§ln%néf? a0, ﬁ'@%’é(ﬁ’ue %‘%%f%%?%’étﬁ %fﬁﬁzio%%' cia
polyalfenylaticimsigradtini nalustEibe edryolelatéepolyadenylatines sigh alsifio reh & \pd O ficedsbmaimand
Sharp, ibid.), the polyadenylation signal from the Adenovirus 5.B1B region and the human growth
hormF())ne grez:ﬁgti%r}‘r%%r{é{éj)ru(é‘e 0 osae%a .,g\\fﬁ%ﬁ%?gsﬁ%%g" é[s%%%fé@g%%g,ti ‘.‘Gfﬁgr?%‘f‘fg%’i%n
vectors maghinghirdef araheodiagsicaiiender feagengts, Sirehtas dhel Adasiayitis 20epartitelessler,
located begé en %Ee Eromot r apd the RNAg;éice ites. Preferred vectors,mag/ also include ephancer
5 sequences, suchPREThe'sV20 SARAHEEF EXSreEs) tSIETHEY ARV GG edaefieas ettoding
the adenovigughvAsR NfscBUlaiRBNrassignoeTtorSEaB des0 Tinias o seomneisiabaapces (e.9.,

Stratagene , California).
%% I&%-‘}?\}Ig eeting o)n Interferon Systems, Cantell (ed.), pages 65-72 (Nijhoff 1987);

Herschman, “The EGF Receptor,” in Control of Animal Cell Proliferation, Vol. 1, Boynton et
al.,, (eds.) pages 169-199 (Academic Press 1985); Coumailleau et al., J Biol. Chem. 270:29270,
1995; Fukunaga et al., J. Biol. Chem. 270:25291, 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 the biological activity o f the mutant or wild-type protein. P referably, a
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Vector constructs comprising cloned DNA sequences can be introduced into cultured mammalian cells
by, for example, liposome-mediated mansfection, calcium phosphate- 10 mediated transfection (Wigler
et al., Cell 14:725, 1978; Corsaro and Pearson, Somatic Cell Genetics 7:603, 1981; Graham and Van

der Eb. Virghgy 52456 rati eumann.et al., EMBO J. 1:841-8 82),.qr
DEA.E-dextran n‘%éo??aj?t’eo trgxr%gﬁggﬁﬁ%g\%g%ﬁét é{l.Ftr}'eg’d‘“ér.’}’,a&‘ff‘r&rleant1 Yoodls i %?ég’lﬁg?gﬁ’i%fogy,
John WilegtaihddSondvitmeoydtY d1987) destruarivay, adethoviralaind qratoflastfusisln- niediaiedotide
transfectio mbrook et al.. supra). 15 Naked vector constructs,can also be taken up by
muscular é%ﬁlségﬁ%t récroéilﬁgaﬁté Sggh%uag% geaahesﬁwg I|?ﬁeec fao\/nvi?ﬁ%“t?]rés%ﬁﬁggcll% of a mammal (or other
animal). To identify cell©that deneabiven stably transfacteebwidbdenectoioaniaiiggdhesclangd DNA,
a selegtab) rtrgglré(eriég gg&gra}_lflxei%r%guc?d in%o the ¢ells along with the %%ene or cDNA of interest.
Preferred Selectable markers for use i cuRired thantHaIEA RS HemRL iehder st Esife diistance
to drugs, sucithasi 26 heamyinial, srygremyiain fanchrpetheitexaiemkh e splestable.prREe LMEKARAN
amplifiableorselact? le ark%g. Pretferred ampﬂ}fgableg selectable markers are the DHFR gene and the
StEhcE §Ehe. BelBHSBR niffkersar Pet\e/fﬁwg@'by"'?lgﬁﬂl’;}‘ﬂ\/lafﬁ?naﬂi{éﬂ CBRPPe&hiblogy,

neomycin resistance gene.

ButterwortRiPTblisheliesy StorEham Sbtassacheaediedl M amaliandehs castainingrassyisabte-wagior are
allowed to}gr%w for a%eriod of 25 time, t¥%§ally 1-2 days, to begin expressing the DNA sequence(s) of
interest. DFOY S a0 ISTAE T ST TEH 18 € B PToF g rowaRstt dalld hHicatdiealines SIsEfOBeBikable
marked in arsiigbledtsigrotEar cells that have been transfected with an amplifiable, selectable marker,
the drug concentration rﬁ%’)f be increased in a stepwise manner to select for increased copy number of

the cloned sequences, tHEER HFEFERSHEERPrRgLiBe ERRIBUC A S URE A BafSVAIS T RS dERIBHHBES
sequencesiaseriselesladiandmataenad et produeiiaeoiihsdretein: of nigrast ithe desired fopm or at

the desired Jevel. C ells that satisfy these criteria ¢ an then be cloned and scaled up for production.

invention. BOFERE Bﬁé%&‘&ﬁl&\‘?ﬂﬁ’é’é&%Wté?guﬂﬁﬁf@sgﬁgﬂﬁ’é‘fémgﬁﬁ@ﬁmﬁ\ HEagu enediEen
insect cellsiggpbeusagnidnsomenalivPesfienSei. 28RIRiR241£4990) nd NeRRGY QIS EYRIAM

provides an efficient means to introduce cloned TGF-beta binding-protein encoding polynucleotides
into indect WAENE LR 2 SR SEHK AR B% MF d9SHSELRTEBN aFiE Imatairaptiass maRtoreTidalaiatiple
nuclear polyhedrosis virusitARMNRY ). onBish GesHain arell kROWR DIpERGIErS sUCh a5 Diosgpbila. heat

shock protein (hap) 70 promoter, Autographa californica nuclear poiyhedrosis virus mme%%\te-early

gene promSERERISE)S AFRFEARC EfeTBse BecPR SO B oFRutas, BaBtatd e prclerotsdrerngmdtivalar

Drosophilacgiallaiiienein aremeies Suitalblginssct healcellsingids sell 'E}&% erveddiom, of
EPLB-Sf-21, a Spodoptera frugiperda pupal 10 ovarian cell line, such as Sp (ATCC CRL 1711).
5121AE, affiSaE (RAISHESE SR SPERGRO S Disgte Th Pya¥ ehéer 25 DrGsaphiia Sehhesdrrizwslls.
Establishedtechiighes forprosiusingriacombinant pIeinaihacylavins sys rovided by
Bailey et al., "Mz?]}ipulation gf BaculovirusQVectors,l" in Methods ir??\ﬂ%\{e%ulngtﬁ)%zn;é®§l rér%een “Gene
Transfer afd*&RErEE6on PrBedists eV ass. )P lsayas Pagst 610 BthiedsdirRambarPolse, dhds499L);
Patel et al. pbgtiHRS,PAGHIAVIEHSIEAREEISION: BYSIGRR ¢ I DNAHONING 2; 20 YSIemE, 42d
Edition, Glover (lat al. (eds.), pages 205-244 (Oxford an‘f'v’ersSit)gEl ll%%?sgt %55@%@3‘%%%(@353%&%@5
16- 37 to 16987 TRAFIRiEHAHBEFIBHCI BHBIBUIHIS. Tdressimscritte ed)eceTihe HumiasizeR risstidnc.
1995); andd,licichRws thseshGelhExpSssion Jechnolegy: in Protei ipeering: Pringiples and
Practice, Cleland et al. (eds.), pages 183-218 (J%;hn W?Ilgé%/d& Oa%%f ﬁgm)?éﬁg}fﬁérﬁ%&%’&@
numetous FEHEssticeRks agetivn alimmairtiseseirfaidabary alve BsassfditoSexpreskingpdiniccidotides,
for exampleggipbagteriym thizogenes (sinkar le J..Biosci. (Bangalore) 11:47- 987).
Expression vgcté%g can also bé? introdl%e%i%% g\f}a{%‘tsé%%%%g?ér%é& %?5%% tﬁ%sssu(egg,o ¢ isolated plant
cells. General methods d¥istatiamsgipiaatctisede smathepmvithi afid exalmples byeMikbist pleséReotedures
for IntrodugipgFarel in “'ﬁg?hin Plant Molecular Biol and B iotechnology,
Glick et al ?ecs.)%pﬁja%%f %};%—% BQ%C?‘RI’%] Eglgélgé%% 93 €Irmore, the mu!fja 10T1S wﬁg re?era@ly not create
complementary regions that when transcribed could hybridize to produce secondary mRNA

30 structures, such as loops or hairpins, which would adversely affect 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

mutanis at a given site, random mutagenesis Tay be conducted at the target codon and the
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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 animal
including m%:xé),ngsf%](,l rgt t?fks{s S Iéeéﬁ?gdo%sgaga QS and plGERLRL ?—éghoi?éf'cé’% gﬁt.lm%é'tureA %?g§éy682,
1985. Palmitarteials, Saiebea@RZB00-814a1i08E3; BithHersehbksiigcoNathulleaddsciohtGiAing a
82:44384442, 1985, Pahniter.and Brinster, Cell 41:343-345, 1985, and U.S, Patent Nags, 5,175,383,
5,087,571, E%?sé%‘}‘*?,%%’i,fﬁ‘ﬁff‘?ﬁ?fﬁ%f’%ﬁziﬁs‘fﬁg&’% 158 en) o p AR S @%p?é%éi@h"%ector,
including a megleicaciBonelesy kgtaide txpeesaac ingeinenwih Rprsagiaiely Rositienadwprassion
control geqLﬁnceS, is introduceg into pronuclei of fertilized eggs, for example, by microinjection,
integation of the THEStSPBRAC t8d %@%ﬁ%ﬁt%l%@@F@NA&F&W%%M%H@%Fﬁ?ﬁ%‘@%rred
that the introdbiead DNADS-iraorpRtatrg iRt theossnadite-afitheapimasagtiatdds PAssEehanadto the
animal's progeny. Tissue-specific expression may be achieved through the use of a tissue-specific
promoter, of BBUGACHE USEBY APHIAsREHie ﬁ%&%r%&%&?%@ﬂ%@%@ﬁié’h‘éif"rl@‘é‘ﬁ‘é“if@§%§oter

(Palmiter et &d:318834suprakayhiskllavssermidlaias Qapession of herliaNsgenPise Gene BFQRINS can
be isolated b)t{r among other methods, culturing suitable host and vector systems to produce the

recombinant ransisd b e RGSBORR h FRLERENRh RYROBIG sefHista e Tin Sudh &arames brdprotein
inclusign bodies,1ogyyhole cells from which the protein is not secreted into the supernatant, can then
be treated by a variety of purification 15 procedures in order to isolate the desired proteins. For
example, the supernatant%ﬂ%\?‘l?éeﬁ?éﬁﬁ%ﬁ'@@nﬁ&fe%rﬁ‘éiﬁﬁ donthsemapinriatanasié pratessLbpcstration

filters, such gs1am.éiargass obMilirare,Belicenulisafifaian Wpitidolauiag omeeRtFgion ifgntion
concentrate mag be applied to a suitable purification matrix such as an affinity matrix, for example, a

specific antil588 SEHE e RURpGRUSAIRINGRIEY, AniveFEF cationb exchiarfy@Nessing gich
size-exclusio ZRunatiiees MaY ReRERINY ¢LiR0rder-lopULi gt AS &frsLAlleraative, one

or more reverse-phase high performance liquid chromatography (RP-HPLC) steps may be used to
further purifyF IR0 r SXeidirestng: MrtPeIsBPRAAtIRGiISE proteins ol hehagstesamtinbemesrreies Wl
known in thegit-Hig Riity: of Akl isphated RYAtRIR OrROlRERS -%ayﬁﬁoqﬁé%m'gk?&bM§Pﬁ%E
analysis followed by Coomassie blue staining or by silver staining. General methods for

expressing ERaBaReRiy fofelly pistinzpRiiacBY by himaramafiarloel systancisticovidarsyalor
example, Etchavany,d EXRIERSION ek eglﬂ@c%gq@gggmwm@@c%s'w%{&éi%gg B0

Engineering: Principles and Practice, Cleland et al. S.), pages 163 (Wiley-Liss, Inc. . Standard
techniques ferr&EdVEMSEEpIOTEH prodeicedobytatiadhataneydtcamidyprolbdedt sygionmxenepliag the

Grisshammeg &2l "E’ruwiﬁaﬁ%@epib@yeéfe?’%%ﬁ%ﬂpqg%ﬁéﬁt%Ss‘fl‘%%‘z%‘;‘%?a?@E%*"'a&n"9 20 )2 )

Expression Systems, 2nd Edition, Glover et al. (eds.), pages 59- niversity Press
Established m&thaiasyitansitingSrecbinbasalatemoelrmdnormmabbedovings fsystenvarre dessntveek by

Richardson (bR HIRHES, REREASIIRN. FEAIREINS. N BRI G8RuN G kN of & ropr R ©

generally, a TGF-beta binding-protein can be isolated’by stahda niques, such as affin
chromatograysigyiafivey ekahssionsciepsndangeaphy,Host extdnge.clird magoby apliilyHRt@mistethiylike.
Additional vagiatians, in. - f?él ing-pratein isplation and_purification can be devjsed by those of
skill in the a?é%or@egé&rh%% gﬁt}lﬁ I?ﬂ-ebégt—%i S%EW%S-porotrg qaaﬁcﬂ o Fer%?ncg tained as (%%sccr%gan@erein,
can be Ised poomolsteatalr gehgoentitidSNG pobteierise immduno=ffirityp arifinatiopt ddarifteationoofand a

antibodies Ofﬁggsgxrgﬁe&kmr\{ge rs]gc?tpex%:ree iﬁ%f&'&%{gda? %r%gglea.%gne{r%!t?éﬁon 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 the 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



DETECTABLE LABELS 10A detectable label is a molecule or atom that can be conjugated to a
poiypeptide (including an antibody or fragment thereof) or a polynucleotide to produce a molecule
useful for diagnosis. Examples of detectable labels include chelators, photoactive agents,
radioisotopgg il QreReent @%&%@&W 'ﬁd’g&%icemyénﬁﬁw@ﬂg RIRSIARKER, FRMeIEs. ) T CF
binding protein glr a‘?\ antibg}gy that specifically binds to the TGF binding prgteiri orucan idate molecules
15 describBgraalenmepsbelabedwnigh aivelrigtest conppairmgssncMdthodsofoetamitenfiuprescent

molecules,tg%%@% dj li [\ f rescent molegules_ include
fluorescein, P yco@l%qﬁfr&oltémg&? %%?)%{éc%ggﬁ r%ﬁ%@iﬁ%,{#ﬁ%ﬁzﬁ%ﬁgI(lj%%rrgs%? 1d

Representaiive Bxamphes 67 8xi02; idbludte ritial,, abréw.diphthetdadoio, dhiders toxkie,; 1Gemnig;s;

pokeweed gntiviral protein, yitin, Shigelia texin,.and Pseudomangs, exatoxin A. resentatjve 90
exampI?es o%lgcﬁ}éﬁﬁ%lﬁ’ e'g 'irgéﬁﬁ%‘ﬁq 'u-6gglég%§p§§%§, f@gglgﬁt@%l%c%@r%%%%%%%mﬁé{%
In-111, 1-1235 1PaRbs Nd. 31 RASIBE RE 188, HiF-1PS8eAUNb09,300.2B3, Rieadd], #ht212arhBi212. In
addition, the, antibodjes desctibed above Isg be labeled or conjugated to one partner of a ligand
X %?&dbﬁ : §mebm($( ot a[n%/ofécuq f %%)qﬁﬁ'stflegflag\%r m%%%‘f%g Eﬁéffg/ir&-?%oﬂavin

binding pair. (heioreée ative examples’include avidin
binding profginng Harbor Methvatsfdarresn|ao@tintyopiahealtiy tee Coleculrs NeseibatdderBipswith the

representatjye . Is set forth aboye may he readily.acc lished by of ordinary skill in the art
(see Tricho é%b@%ii@lﬁbg%4@8ﬁ%éﬁ%%?¥ﬁ%.e Zt’enltoﬁgg?,gzg?ggagﬁ,&%% dy Conjugate, U.S. Patent
No. 3J106,951; FluorogeRic:diatéral s alitdshatietig Taakhiguasid. sreRatant Meiod, t8:884; detal R
adionuclide rateins jlagposis an r U.S, P atent No. 30_4,897,255; and Metal
Radionuclic#e@%?%ggoé%%gg%%%é)%g’ln%%%%)ﬁéi?gi%n H&tic@?ﬁ.&%n%ﬁﬂ,%%& see
also InmanD¥stvOR, IDIET0R/Me0gR/NE0IDBA | Afllrity Tashoiques) dnzymesPurificatip: ParkBg Jakoby
and Wilchek (eds,), A, IC , New York, 0, 1974; see also Wilcheic and Bayer, "The
Avidin-Biouﬁ@o%&ﬁf@gm@%ﬁ@%%l’(éjpﬁe %‘s‘?‘%ﬁﬁ?; Eo GHERR G LS4 g o Arfar
immunoconfigiate iBad/ReIMaskien PePTEINY:aM aBiandBIsLECh ¥BegsaMilGvieta bindipgprotein
antibody, or. an antibody fra%gpent gﬁ%eof, '%é]d a detectable label. Preferably the antibody moiety of

the imimuno&Sh (YA RELIfEEH) b WEhMEB el Wlithdogdire bf Sl feaTRASE:
binding affirGyafteEegnRgAties: as im0 mmkgatpRRIAARMACTHHIIE He GOMRASHI QNS

As noted above, the present invention alsg provides a variety of pharmaceutical compositions.

comprising gﬁ%‘%'ﬂ?ﬁaébSV@@MﬁeH‘%&%@gﬁ%ﬁmﬁBYf'élkﬂﬁd’iﬁ@yo‘Ptﬁ?é berterb gpegaes well

binding-protgiswa domenbeorfiths, Hafi-hetadamily Aloaguiiharharnasryticallyarpysielegically
acceptable carrier, excipient, or diluent. Ang suitable carrier known to those of ordinary s kill in the art
c

may be emmﬁﬁftﬁ@m&?ﬁ AptifigH&osthe p resent invention. Carriers for

therapgutic use are well g aREra5e HES6HBRGIGEENRNE RS IRRSRIRPRASENAHRasRUHGEE
Sciences, Mack Publishing Co. (A.R. Germaro ed. (1985)).
host cell, one or more selectable phenotypic markers, and a bacterial origin of replication.

Representative promoters include the P-lactamase (penicillinase) and lactose promoter system
(see Chang etal, Nature 275:615, 1978), the T7 RNA polymerase promoter (Studier et al.,
Meth. Enzymol. 185:60-89, 1990), the lambda promoter (Elvin et alA., 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 Pr and P, promoters of bacteriophage
lambda, the recd, heat shock, lacUVS5, tac, Ipp-lacSpr, phoA, and lacZ prbmoters of E. coli,
promoters of B. subtilis, the promoters of the bacteriophages of Bacillus, Streptomyces
30 promoters, the int 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. [:277, 1987, Watson et al., Molecular Biology of the

Gene, 4th Ed. (Benjamin Cummins 1987), and by Ausube] et al. (1995). Representative
53



15 Generally, such carriers should be nontoxic to recipients at the dosages and concentrations

employed. Ordinarily, the preparation of such compositions entails combining the therapeutic agent
with buffers; antioxidants such as ascorbic acid, low molecular weight (less than about 10 residues)
polypeptides; proteins; amino acids; carbohydrates including maltose, glucose, sucrose, or dextrins;

chelating agggltescﬁg%h as t::erSTiAﬁ;Ci;hlHtafnione; and other stabilizers and 20 excipients. Neutral buffered

saline or saline mixed With hoRapecHic Sartin BBRIAR &reSsasn JRarF FhuBists AR nkavaRycin or

compositiongwpihidlipnesaninteveniton Nayyoedenmayaiegh RSt raptilEaie: host cells HOSNEIhothe type
of carrier is slﬁle%%eglmbalqu on the mode of administration. Pharmaceutical compositions may be

formulated for any apsprocp"r’%lfg ARISRE r BREEnS tatidie B HeRdm g fdr @iadipie [BPibaltomll Gasal,

int-athecal, rettahivagioal suliiogeaborpargrieral aomiistation, ingludling sHRCHIBRCOWS; 2077,
intravengus, i’gg%mfgjular, intrastemai, intracavernous, intrameatal, or intraurethral injection or
u

infusion.A pharmARRUtEHR A DOSTES (&1gre tde drardfmii&tared sPERear) By Gajatibh fmayde in

the form of aBiysidr{g: y11 anSalbizerun, RAlutiofisMusion or sus-pension). A liquid pharmaceutical
composition may include, for 30 example, one or more of the following: sterile diluents such as water

for injection, saline solutioh®35F<Xd dBREPRY SRigisuirkifrear rinyaesosb s nsestonimsoditnsiwsloride,
fixed oils thatuma Seive RS Ihe-AAYEHEAN W%&m@%p&@ﬂ%ﬁﬁé‘etgb";gér?m%'yﬁ?»?rk% or

propylene glyézol or other solvents: antibacterial agents; antioxidants; chelating agents; buffers such as

61 acetates. CHXTEYBFPhHSpRAESFRFHge Afdle e adirstsidnt MRy steh A5Sobtitant dfdoride

or dexitase. AqrenterakaranaaligRcanPoERELoRCBATRAUIER, CispRRADIeBYINgesor ultple

dose vials made of glass or plastic. The use of physiological saline’is preferfed, ard an injectable

pharmaceutitatéomp8sitih & prerarasiy aérife amdS clppagoeusiiéhs BesbnbedihFeimmiag be

formulated for sesstames) reiRase disan 2 lomuipllonaHchas2 SAPIS osspasgedbas sliecty g slow
y

release of compound following administration). Such compositions may generally be prepared‘using
well Icnown {&tRABIoRhPEnE ZdnSinRtelrad BY 7R alaRAAe, ki FoBR] DI Betmutsimeous iplsataton, or
by implantatipgrat the gesigddargetsite. Sustained-release formulations may contain an agent
dispersed in a 10 carrier matrix and/or contained within a reservoir surrounded by a rate controlling
membrine. Carriers for uS&afFFih STRRdsmm iationsinracastoomingdativienard rray ateatbstycolytic
biodegradabigineseiaianiyhe formulalion prayldas o mlalvalysonsignt kavel ofagtive compongnt
release. The amount of active compound contained within a sustained release ormuEton ‘eré%oﬁds
upon the site’@Pimpigitationl Idfate U3 expeetid! ddehticrn grete aseandihapatiue, ofthe-sendition

to 15 be treatgd; prprav lve carriers useful is regard inclyde microparticles
poiy(lactide-cg-%lycoliﬁej?ﬁpyg%g%ry atgezt%%zﬁ x,rs%?gﬁf%;aIlg?gfs%?néié“gﬁtaﬁl‘a%gs?ﬁé) Illgégo%i‘é}nﬁh Fative

delayed-reled<¥safers/ imorater sksraniotecutar HoNee:aas,, Whish. chraprises ahesdinpidhydrophilic

core (exy, a gkRSST] Rolysageharide or.aligosaccharide ) and, optionally, an external layer

comprising an a%pﬁ?%ﬁﬁiégggm poun%f%%\g%d%ggl rﬂ%%%rﬁngﬁsp%g@%@ egé'cq\% %‘ﬁaﬁ?ﬁ Rfo%‘% M 254

and PCT appireatioas (MckaagR0e7 8l W/BHN 2870109A209D) 90635638 he expressibh anthendllugtiative
e

the compos S o B e AT O B D R Gl for e, i
U.S. Patent NsKan@drepes; &/075 18893 5,928,647; 5,811,128; 5,820,883; 5,853,763; 5,814,344,
5,407,609 and 5’942’252'As with bacterial vectors, the yeast vectors will generally include a selectabie
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), or his3 (Struhl et al., i bid.). A nother s uitable s electable m arker is t he ¢ at gene,
30 which confers chloramphenicol 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 YRpl7, YEp vectors such as YEpl3, and YCp vectors such as YCpl19. One

skilled in the art will appreciate that a wide variety of suitable vectors are available for
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75 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..,928,647 Whi?he&re capable of inducing a class I-restricted cytotexic T lymphocyte

XPressio east cells. . . . . v .
responses mpa hoat %Yn another illustrative embodiment, calcium phosphate core particles are

employed as carriers orfasigiantroftedraabiassp dtics sfo W EkeoMP osHieNB @ At HaVIeRIORen
Exemplary calcium phosphate particles are disclosed, for example, in published patent application No.
WO/00461§C??nlbed’ i 1@8?‘5&&%%%%82?’6}&%8&&8&& %H’ﬁﬁ&%"ﬁ AGRAutTedidd Erddding an

antiSOST afithody sinvknmed|ating agent{sutisthatenalypentide aogior meduatingangat is
gener%ted %gg%# the pol3mucleotide may be present within any of a variety of delivery systems
known’to those dF bPdinaty-skill TIIhEBRERSCRIAMG MastefelAdRiyaReRbaRterigEnglal dafecmimimalian

expressioncsygirmeniteshnituRlefRGaIRaiegRNA (Rl sueiprPressionEysLens Aseiaihknown

to those of ordinary skill in the art. The DNA may also be "naked," as described, for example, in Ulmer

et al., ScieAeY FubFPaEDmaT AR VIR (e ds b REtinaynldnthe 6911692, 1993. The
uptake of naked DNA M@ BeJRaERasedbyicaatnhBe JaNArne bindegradable Rsadsy whigh-are

efficiently transported into the cells. 10The development of suitable dosing and treatment regimens for

using the pEHict &I cBingoEi o ARRIESEMSERIRaIaM TH 4 RaFres) rreampiitetegiimerhs, inapativene.q.,
oral, paren&mémamtmﬂ@ﬁm@é’eiﬁ&fﬁ@?ﬁéﬁé&l@@ﬁ%“k@ﬁt%%i‘?@z@[“?d‘%mf&”ﬁ?%aﬁéﬁﬁ”

known in the art, some of which are briefly discussed below for general purposes’of illustration. In

certain appitathiringealn sprmeehifcdieafpoinbnd: dissiegatyiic /i iohyl BE3L5 Trativimmeriita oral
administrauandaanaing As ugheiese carmpasions ey halrr Ui ulingn ingil dlugnt or
ellg

with an assimilable edible carrier, or they may be enclosed in hard: or soft-sh elatin capsule, or
they may b@fflﬂf?ﬁ?éggﬁd #1188 %ab¥&t8; or they may be incorporated directly with the food of the diet. In

certain circumstances it will b deRiInARIR OIS IMARIRE AR wrical 29 C&%&? [tions disclosed
herein parenterally, intravenously, intramuscularly, or even int aperltoneafly. uch ap foaches are
well khownfo iR EKinaaleiptRsAR Nepssle Rttt ardefuret areles erildest fordeatanvple) imillk Buiratent

No. 5,543, batrbharcRalel Nou B4 BIEANdddck: AR N3 380305 IHERIIRI smbodiments.
solutions of the active compounds as free base or pharmaco oglcaﬂy accebfa e saits maya%lg ’
prepared irPiEEtCE stath R fivk el hld REREMaeTaht, estick asrhydroxypfopyl déttlicsed DispdiSions

ordnary con o T e L O S K kbR
prevent thel§PwtRestmiriroohyapiotansituats apineenptear enbeestic bfo rasysvitablerfondnie clabiengse
includgyStely) | Hum, Gene Therap. 5:457-463, 1994); Herpes TK. promoter (see, e.g, McKnight, Cell
31:355, 1982); SV40 promoter (e.g., SV40 early promoter (Benoist et al., Nature 290:304, 1981};
metallothionein Ia gene' erthancer/promoter; mouse metallothionein I gene (Hamer et al, J
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)); cytomegalovirus immediate early promoter, and the cytomegalovirus immediate late
promoter. Alternatively, 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 eg., 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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30 aqueous solutions or dispersions and sterile powders for the extemporaneous preparation of sterile
injectable solutions or dispersions (for eatample, 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 syringabiiity exists. It must be stable under
the_ conditions of manufacture and storage and must be preserved against the contaminating action

of microorgareiisy, spietriesdericterigranth fingi: The qroiRsSADOR AeayRt-Al iSRRI gRmERIUM
containing, f%{nexa R.‘Lf?’ ater, ethanol, polyol (e.g., glycerol, propylene glycol, and liquid pquethylene
glycol, and RAR Pits af%%&@?@?%%réﬁ?&%ﬂ/wm%% SHB2ARHB e PRI mByaBéitinmiftained,

for examplehbythesuseedf maasiing osushvas 2esitinbniheNaintesasceLiHiRe IraNirRd paricle

size in the case of di%p%rsion and/or by the use of surfactants. The prevention of the action of

microorganisms SR ba RGBSR b i VARES S Wik et ey Rremet apkifopRpiitisg BB be. exdRYle and
parabens, cﬂsd@tr@hutﬁﬁ@amﬂ@iafﬂsi%@r@ig9&15‘1&@1‘}@%@&%@%}9‘%&%@ﬂ@ﬂz%ﬂ%ﬁ%rgg‘?’ig §f$5%on of

preferable to include isotonjc agents, for example, sugars or sodium chloride. Prolonged a
the injectabfe REHISTSiOR LS Bat 1o BrEHsACEBo Y By sHeuseaitneusonpesitions of agents delaying

absorption, for example, RipminkE: BARCSHERIAEAULIRIAWY the presell ?ﬁ%r?trintr?()dci:% 0L 100
parenteral adl;glnlstratlon in an aégeous solution, the solution shouf)d be suita y%u ered if necgssary

and the liquii IR EMTirstionderes iRutomecompr sERtEhidaife arghacyssiePhise partdularaqueous
solutions are@sResiabsHiaRle Ry %éde{gavm%mmmﬁﬂ% 34 C‘ééﬁ@‘%l%‘é?ugé‘%ra eritoneal

administration. In this connection, a sterile aqueous medium that can be employed w & kiown to
those OF skil{PFHiss KAnFY IRGHE 6V e PrESErtRlisefSSlrdumen exdbnpes Givmeiossliye THayHEE digkolved in
1 ml of isotapka N6\ sphutionand: gither adeesis1000 oglerrnaclysis fluid or injec it the
proposed site of infusion, S(}see for exam%le, R%mingtoh 's %‘ﬁggn%gé%ﬁégﬁégéﬁ@é@ f%@@ﬁ%%
1035-1038 4nd-20°(57 841 58 esohamsieniation drlld 6SEHe-Will ATEES LI Deaurpimpendiei (EEhe
condition of ge-subiectDeigy eated; R@@Ci@r uman administration, preparati Il .qf course
preferably meet sterility,gpyrogenicity,_salt(rzd the gene‘r‘g’sa eﬁ? %ﬂﬁ%ﬁﬁ% @?an ardéA‘ ?altsk,(’) ﬁesgxéxifr‘elgdbg FDA
Office of Biotoditdr&rafamedsmonkey kidnexrrstiveCERDodNTEAt GRINGGHVEatid muttisccantpasiiortis
disclosed hqmig_mqy Q@é@@y@ﬁ%gp a neutral or salt form. lllustrative pharmaceutically-acceptable
salts include the acid addition salts (formed with the free amino groups of the protein) and which are
formed with inorganic acitasuetlias cioressampletdydoooicamyhasphotie eidsarsseibosganic
acids as acefjcy, @xalig, JpIsanc, delic. and the like. Salts formed with the free carboxyl groups can
also be derivedufrom%ﬁorganicagé%%sgs%ééﬂg%%%?}eet){%nrﬁ’ﬁ?é%%agu}e%?%Wé}sgﬁ%f’éﬁ??%i ?fo%ed
calcium, or feiPRRY G rKidds, vand mootvorganicdolisies asinofpropBantinpedtingidylareiseadistidire,

procaine and the likec Upan formulation, solutions will be administered in.a manner compatible with the
dosage formgulatign and I?)n %%c@g Bol?ﬁ as cﬁ e&?&%%&%ﬁ/oéf%’g 9Th\2“8 RIGPROLHR vy the

compridé angytaegiievimsntintispetsioramediadmoter  (Boshart etal, Cell 4/:521-530, 1985),
cytomegalovirus immediate late promoter, SV40 promoter (Subramani et al., Mol. Cell. Biol.
1:854-864, 1981), 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 Vy promoter (Bergman et al., Proc. Natl. Acad. Sci. USA 81:7041-7045,

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‘the 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
immunoglobulin genes. A lso contained in the ¢ xpression vectors is a polyadenylation signal
located downstream of the coding sequence of interest. Suitable polyadenylation signals include

the early or late polyadenylation signals from SV40 (Kaufman and Sharp, ibid), the
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vehicles, coatings, diluents, antibacterial and antifungal agents, isotonic and absorption delaying
agents, buffers, carrier solutions, suspensions, colloids, and the like. The use of such media and
agents for pharmaceutical active substances is well known in the art. F xcept insofar as any
conventional media or agent is incompatible with the active ingredient, its use in the therapeutic 5
compositions fsdemyetipiatedhi Sopplamaniany 2etseENDRYIBH 83N RE IRFAIPREAR NI the
compositiortlg. Thet (ph@slﬁ "gh?rvﬁ#ﬂcalIyTacceptal;)Ie" refers to molecular entities and compositions
that do not produieE a ZNIRFYE Br-SiMTAIURFERN A es r&attichidfer BRihintte ASATESSIPR YR FARTS krtain

embodiments;iippsomesdianorapiiies, ickpartialas oiRid RalIesulO ¥gsislesiand thehikg, are

used for thebintrodu tion of the compositions of the present invention into suitable host

cells/organiSth&°Th B ALt R CSRe R Riotict e rdseisrsn ¥Rtor My BEIIRTi s cabmceelivery
either encapeyilateesinsadipid nactigo4e lipgsamee. angsiclsoR RaNGSPhsLe. QL& PapeRatticle arthe

like. Alternative%, compositions of the present invention can be bound, either covalently or

non-covalef§ot sy ALRRE BRSU oA érSve hidisabies exvessirm asoivanernsbeopliposeimEaand
Iiposome-Iil@@fﬁa@{gt@n&@g@gt,egmgggggg’ g@rﬂg@’ i@gg&%@ﬂy known to those of skill in the art (see
for exampl-, Lasic, Trends Biotechnol. 16(7)307-21, 1998; Takalcura, Nippon Rinsho 56(3):691-95,
1998; Chandran et al., Indfi97 CE3§ 1SS | COmBisgtel Donab PN MargatinceyicaRee, PwediDedgrSarrier
Sys.t. 12(23)i833:6124295; 7 1).S ,157:. Patent No. 20
5.565,213: U.S. Patent No.’*‘é‘f%‘é%g é@aif;:\&& 6.%?%zi@%?\l%?%%%%%%ﬁ%%%;C%%E@%Oc%ﬁ%rated
hereint By rensidiatd inarsteriedY igisosomesTrivébdah U838 stetessiatly Rithsam Uinineriof@@ll types

that are normally,difficylisto tsansientibyo € ingluding T-cell su Si rimar
hepatocyte cultures and PC 12 ceIIsa(%gnt%eﬁi{si%gt%T’.},ré%’%ﬁ%%%rﬁfggg(zigﬁ%’?,gg-%ﬁpﬁ%g}lMuIIer
et al., DNA CEMBRR §(3):05MB0 A doth! #14.d dftken, o5 Diidscmesameitecdftesiion éagthbel
constraints Uhal audypleahokiplihase d ARIMEDIBYHIMS, LIRasomes Maye been ueedfigaivly to
introduce genes, various drugs, radiotherapeutic agents, €nzymes, viruses, transcription factors;
aliosteric effSERFS%nieReviNS 2t ie tanirsty fosiontedintsd| time S etioh s Alsnbrarihermiorephe use of

Liposames dagenRAREAIR R ATREIBIIHL AHIPIIIUNE [eppanss Quupacceptable Lol
after systemic delivery. In certain embodiments, 30 liposomes are fonned from phospholipids that are
dispersed irtaiiggtienusionbeimseadspontammelsly foher multiddmcllaidondentis ilkayervedsietes
(also termed mlthamnellar vesicle: @gt .. pharmaceutically-acceptable nanocapsule formulations
of the comppsitlitgns of the present%nvcakﬁlggo%rl)? érﬁ%léa%seui({aog %‘Llrﬁgg‘heargﬁfcet% r%tﬁl ﬁ{pl(%&r?a%r?rﬁaya
stable and r@yiesisciblatnvdy (sde aslonexathple, QuintandNauet istarat. aPrdtrgdRevcfaidle Riasten;
24(12):111378,,1998) &Qy% ide.effects due to.intracellular polymeric. overloading, such ultrafine
particles (sized% a_rouﬁu 0.1 gm ma(?iy}1 e%@sslglrﬁlgg%esi anﬁ%%%{e?g%%er%%%nﬁ%é?a Si’ns\‘?ﬁ;b.a%uch
particlé8 camsanyratie Bguoneibedndonetanpleidy Qiuveeltcebrl. nGriteR ey The D aghCadbier

Syst. 5(1):1'%943 ch?bgfc,&rﬁb‘f Muh?n tal,, Eur,.J. Pharm. Blopharm, 45(4149-55 1998; Zambaux et al.,
J. Controlled Reclease 50&&3): 1= ,%%35}%%%1 %§%§%%%I\T3%ﬁﬁ§§8 ﬁné%%ti&ﬁi?e and the
pharmaceutis@ireysmp asititars ofetine preésaattave ntiork enayatee plaeedd] 6 withiil ¢ qpiainaEsiaal ang/with
packaging nﬁ%r'gkthat rovides, instructions regarding,the use of such pharmaceutical compositions.
Generally, sucgh %ns?ﬁjyét%r%rxﬁﬁ?}%tb(}lé%e%’n% %gh'é‘%rlggass% H&%t&srfbing the reagent concentration, as
well as within certain embdatimmeiits) celativeramnmpisoftexeipiettingrelions ©r ddweois (Sgodvwater,
saline O P B R, P R Dl o A B R e R O S OM selection is

then apphied 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 interest 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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15 METHODS OF TREATMENT The present invention also provides methods for increasing
the mineral content and mineral density of bone. Briefly, numerous conditions result in the loss of bone
mineral content, including for example, disease, genetic predisposition, accidents that result in the lack
20 of use of bone (e.g., due to fracture), therapeutics that effect bone resorption or that kill bone
forming cellg,.and pormal agding. Thraugh lise of the molecules descri%e herein that inhibit binding of
the TGF-beta biné)in‘gg(%)%é‘lrlln l%eé 'Iaé{#-beta%%r%siI§%8Fﬁ§§rr,e§%?f‘%3 |%|i%rr?z° Y fge%ﬁ%‘bﬁ%cres
prevented. A nsed tedleimg that lsedd Atimeral eonteftds unferstead 2bayvessyeases H:baseirdneral
content has jncreased in a statistically significant manner at a selected site, . A wide variety of
conditions tﬁg%%r?renslﬂ[i%qgss%fe 6%%“%%%%% &3 n‘fétﬁ(}ésﬁ%%/ %8’}?83 é%ge Witk %@W@Eﬁﬁ% FBSefed
herein. Patignisnwitiecsideh nenditiensetiay Seitdsptifiestdhioughalinicat diagnogion sRgMRbKRAWN
techniques %s e.g., Harrispn's Principles of Internal Medicine, McGraw-Hill, Inc ) Representative
examplgs 0 é?‘ %{ggeas, tﬁlg{t}%%yrbuec eat%%WHS#ﬂﬁ%ﬂ aﬁgﬁla%%&eiﬁ” B PBR e VR rReatt b f
bone is abnetaiabtie presentalivesghikxamaplenal Shelieonaions Heksie: aghmipRlasBitornica
cleidocranial d SOSt%jg%f nchondromatosjs, fibrous dysplasia, Gaucher's Disease, hypophosphatemic

rickets, Marfal$Eyh AT HEPEH A E0 B PROBINGTIb forhatBs dhesielgyeheary 39K

imperfecta, peienpe{rbsislosieenaidinsiaossleraticleSORsHRUUMESIRAHRISRIFHISGRSE  Suitable
pseudoarthrosis, 66 and pyogenic osteomyelitis. Other conditions that may be treated or

prevented in&ifde 2O%iGE Y APEo R LS SHEssh Hsra i B -8 anditihedraetadiaesnsraaterithn

one standardvaeuiatien Rid)eaenraingmal sgutentr density belonepeak siseletal MRErALCAUERiAt
youth). Representative examples of such conditions include anemic states, conditions caused by

steroids, condRioNERaT€ed By Rl Ba kit osgHiE mes BRdrssrerdls, SstaRishadarnimitars, fapresucing
deficiency, idiepatlicRsReRRIOHIS&ANGRAILAL AILEAPEAIL RN ASIEAROERSIS, alcoholigmhishianis liver
disease sen':lity,u ostmenopausal state, oligomenorrhea, amenorrhéa, pregnancy, diabetes mellitus,

hyperthyroi LeIERiny S QIseade, Yerbrra gy MaeptenRiriegimbedme oo diBtessier Oretiex
sympathetic ystaphy Symbameniransient regienak osieoperesin.ang ealeomalacis ). Paiel, e}t’)\slt.bin
y

one embodiment of the present invention, bone mineral content or density may be increase
adminidtering B abRRHAVISIS CHBEF B AV ¥ Re r e BEAl S amsetive Bmuvusionf Sysrolecate thdifinhibits a

SOST polypep§ds fam @H&d&%é@@(fﬁﬁb@éﬁ(f@m MQ@{&%@@&@@@%&M@{@?%%%;W'S

that may he treated include both vertebrates and mammals; 15 including for exa s, horses,

cows, pigs, shelp ! trads Prdkichaifson {admhidie misprase e oxafplesbf (Fes dheuticantotes ules
include ribozysoes, HozyR e RER-AHSRISGMABRUELERNISEE, 3N BRbadis As.dssehed pesein.

and Practice, Cleland et al. (eds.), pages 183-218 (John Wiley & Sons, Inc. 1996).

20 Alternatively, numerous plant host cells are known in the art and can also be
useful for expressing polynucleotides, for example, Agrobacterium rhizogenes (Sinkar et al. J.
Biosci. (Bangalore) 11:47-58, 1987). Expression vectors can also be introdnced into plant
protoplasts, intact plant tissues, or isolated plant cells. General methods 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 Biology and Biotechnology, Glick et al (eds.), pages 6 7-88 (CRC
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 amimals, including mice, rats, rabbits, sheep, dogs, goats, and pigs

(see Hammer etal., Nature 315:680-683, 1985, Palmiter et al., Science 222:809-814, 1983,
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Within other embodiments of the present invention, methods are provided for increasing bone density
comprising the steps of introducing into cells that home to bone, a 20 vector that directs the expression
of a molecule that inhibits binding of SOST to a member of the TGF-beta family, and administering the

vector contBifigg:c&llg o wafgzblaededanimal %5?%8091'2 thap horge, 10, bone m @%%%eff&%ﬁ ed

directly from the bone of patients (e.qg., cells obtained from the Borie marrow such-as

osteoblasts’ /638yt 8anenthE ik rtemiigse ipErABBIGHRR 105 Ttorm T86IREE S REnTe3e 34875
examples qf,ﬁi{i,t@ﬁ?a\ﬁ P depyiral 23 vectars such as herpes viral vectars (e.g., U.S. Patent
No. 5,288,641); aoleno%?r%l1 ’\F;Segtgcj)iris ?g\%é% %‘Sﬁ?ﬁ%sgqi%‘, \‘i\?fﬁ%é?,%i%i‘?%l%“éff’é‘f.F%FgE?‘?{F&H%‘&ad.
Sci. USA 9f¢L 73215524 90 deiver; Wisis sribrelmraetiplpoRirome attpAesaidn S6httd SAQRMR4); 111 40805024 1993;
Guzman et;gl,, Cirgyiati ),2838-48,1993: Guzman et al., Cir, Res, 73(6).1202-1207, 1993,
Zabner et al. egwggz%%%@fé‘?fg&%; O rar Pl’Jn Y CUSETHS  Be4) AGEA60 POIEE CUFHId et al.,
Eur. 30 Nel¥34cis5¢¢0128 p:1 204!, 10085V intantat doraissGenampie?): 18011 344903 Jaffaist al.,
Nat. Ge”etiﬂt("éh?c%%'%sﬂg %@% angrlﬁ%rert'o tal., Géne /0/(2):195-202, 1991); adenoassociated viral
vectors (WO 95/1336 ;élatte et al. PNAS 901285 6 TS 2 aygEsFo HERLIbHImasTed epdo the

parvoviras ¥eetes (iegming &isducksnenifE enerdfaranmid - 468ie+ 00N bnPAX IEISHELIQLS .-

(Panicali and.Paoletti, Proc, Isiad. Acad, 5th. USA 79:4927-4931, 1982; and Ozaki et al., Biochem.
Biophys. R%%a§§§%m85§(%%g%u§é§1 953); %‘hﬁ’%@f?%iﬁrﬁ?é@o(@g?Pﬁﬂ@?ﬁﬂ&?@ﬂ?‘ﬁ@@@/@?@%;
WO 910288y WBrIR0B620:\MO BH2568) WHIQB4EA34% kh Btdd algntdlen 3249 74000 93/11230;
WO 93110218). Viral veglors maXnIilf)ewis? bﬁ gonstructed that contain a mixture of different elements
(e.g., promoters, envelope Sequences, SHA TR ik IPE O Grrtindis CYIBFIrEnTHERIGiIRIS Gbfces.
Within varioesemiysemenispeither thie: vitabraitanitsethsdtaryimbaasticler that coutains;the.visal vector
may be usesqligl}lr&garrl?e ods ar%d c%r?Positions described pbelow. Within other erhbodiments of the
invention, nucleic acid molecids hat Bt SR B HHTEEING tRdifshmiakdrsgooframs@BiEh the

polypeptideptatanmemitescofdird Tid-hetaufrmiiathemselwes Beayeadii Qi%tﬁ{gg, by & Yarely.9f
techniques inclu irneg,.for ample, adngini tration of asiaioosomucoid (ASOR) conjugated with

poly-L-Tysina BRA Co ST LY CPdekh Be A5T1r 98 N Aey: o Bog 2rampie ¢1m) senemaiake aney Killifst

adenovinis (@ueietatahsidyroiaeaedinobvaiddid Hrotéd, IR navinfentin:mediated intiogugtion
(DMRIE-D Vic I,ljgoga‘éi&f%%gnia),,direct DNA injection (Acsadi et al., Nature 352:815-818, 1991);

DNA ligand (VESE 41° HHERR. Wh: TYSHIRESNCaE b tcansaEsRymay deaippiivoc,

Natl. Acad.t&ej.su%iszfmm&ﬂm?nalﬁﬁ%)icﬂpgs@mﬁ&ﬁégkﬁ%&,e%&' e Wﬁ&@%@é%@iﬁ&ﬁ&%ﬁ and
Wang et al,, PNAS 84:7851-7855, 1987%; microprojectile bombardment ( illiams et al., Proc. I\?atl.
Acad, Set. LRERIGS: 3735k SURRS' ) ANBTATEER oA MRy B SHieR ieXabideaThsihs arcaide theh@0protein

itself cither mkones( Vilgy aschalsy GARCEHIRES. &if?&ﬁ@ﬁ%%.l%%%ﬁﬁﬁ&'%@g&ﬁ?o lcleic acid
complexes. Determinatjon of increased bone mineral content may be deterniined Jirect?y
through thel TISE G PREP & UG T DTN BAYA K7 AT B e (R rABE- D Eopa thaortsyuireié te ficghthrough
bone turnoyeriffanasscieieh asiestaohias sresHisalkaline, p&gﬁ‘ﬁrbaftﬁ?@p ARIEPSA ion are well
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 et al., “Purification of over-
30 produced proteins from E. coli cells,” in DNA Cloning 2: Expression Systems, 2nd Edition,
Glover ef al. (eds.), pages 59-92 (Oxford University Press 1995). Established methods for
isolating recombinant proteins from a baculovirus system are described by Richardson (ed.),

Baculovirus Expression Protocols (The Humana Press, Inc., 1995).
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75 type | procollagen C' propeptide (PICP), and total alkaline phosphatase (see Cornier, Curr. Cipin. in
Rheu. 7:243 (1995)), or by markers of bone resorption including, but not limited to, pyridinoline,

deoxypryridinoline, N-telopeptide, urinary hydroxyproiine, plasma tartrate-resistant acid phosphatases,
and galactosyl hydroxylysine (see Cornier, id.). The amount of bone mass may also be calculated from

body weights or by USi”QI&@eéé%@HﬂWsa(s?éﬁw&”%ﬁﬁi%%Y rt%Qel\l/ll,letgll %%nqsgligécli?eéat,slt?a% ard

5:177-181, 1984). As will be evident to one of s e art, the amount and frequency of
administraliSHRiHGe SEHY 26 f d8nise chPmIetapinrssits thre vatone cinehseveriphof he indicatien being

treated, theidesiiesrgponsse; the ganditiop,of the patient, and so forth. ically, the 68 .
Compositions ma%e administe’red by a varie'ty g} tec gﬁ?’c!]u\éasr}aglso?fbtlend -i%pégg? h{)emf%]ﬁlﬁ\iﬁrr?éem
examples &t Brers Byriicaion tarshatiorisehoiatsb of wiay of timitatidror BEXAMPLES GXAMMPLE |

MODEL | N@i&ﬁxéﬁbﬁﬁQélﬁ&&i@@&%ﬁ@oeés%'%@gg &Qfgg,&%@%"’%””io%(]tg?c“”iq“es (.9,

PSI-BLAST (Altschul et al., Nucleic Acids Res. UEHICU BYEi B SRMSE Biol.
310:243-570%20691)) By gesed fiwittiperticatiey Gl GOG o SRHTdEOE adepisa Bystinerkaot fold,
FUGUE is ﬁlﬁﬁ&%@é’&i%ﬁtﬂﬁgi or detecting homology between sequences and structures. Human
Chorionic Gonadotropin p (bCG-8), for which an experimentally determined 3D structure is known,
was identified by FUGUE (Shi et al., sup-a) as the closest homologue of SOST_Core Therefore, 15
hCG-8 Wawg&ggL@gA%&gtural template to build 3D models for SOST_Core.

10 A detectable label is a molecule or atom that can be conjugated to a polypeptide

(including an antibody or fragment thereof) or a polynucleotide to produce a molecule useful for
diagnosis. Examples of detectabie labels include chelators, photoactive agents, radioisotopes,
fluorescent agents, paramagnetic ions, enzymes, and other marker moieties. A TGF binding
protein or an antibody that specifically binds to the TGF binding protein or candidate molecules

15 described above may be labeled with a variety of compounds including, for example, fluorescent
molecules, toxins, and radionuclides. Representative examples of fluorescent molecules include
fiuorescein, Phycobili proteins, such as phycoerythrin, rhodamine, Texas red, and luciferase.
Representative examples of toxins include ricin, abrin diphtheria toxin, cholera toxin, gelonin,
pokeweed antiviral protein, tritin, Shigella toxin, and Pseudomonas exotoxin A. Representative

20 examples of radionuclides include Cu-64, Ga-67, Ga-68, Z1-89, Ru-97, T ¢-99m, Rh-1035, Pd-
109, In-111, 1-123, ]-125, I-131, Re-186, Re-188, Au-198, Au-199, Pb-203, At-211, Pb-212 and
Bi-212. In addition, the antibodies described above may also be labeled or conjugated 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 iagnosis and Therapy, U.S. Patent No.

30 4,897255;, 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
Technigues, 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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An alignment of SOST_Core arid its close homologues is shown in Figure 1. Among the homologues
shown in the alignment, only hCG-fi (CGHB) had known 3D structure. The sequence identity between
SOST_Core and hCG-8 was approximately 25%. Eight CYS residues were conserved throughout the
family, emphasizing the overall structural similarity 20 between SOST_Core and hCG-P. Three pairs of
cystines (DBpRcHionsy fdrmedtishafide ond3AsRERP withBoirimneecknRigure 1) in eoniprsition

configuratiop,hich is,chareerisis tadths axetinencaat Bldonn sl

dle; bond 2-3?} shown as a
dotted line in Figuré 1, was unique to this family and distinguished the famlly (;??)ﬁroteal’g}ls r(%?ﬁ other ¢

ystine=knétagmiliesthergof, T@RL 13, MKct2BisOBelCorePidsrshbidetee usifigdepBu{Benmanf etial., Acta
Crystallog il C alloge t :899- %00 ) entrv.1HCN, the 3D structure of hCG-8
(Wu et aI.,{%%ﬁ%?é}g@%é%%q?f@%g)1))?%85%%goe %?rﬁ%:%‘ra t%rﬁgéfgtgf’ o%‘cgls? hvr\?eeré) rcglllgéﬁa?ferg%\}ﬁ%d
MODELERi{@alg&aiBhityddity tomlmatBioksA84077 0e8itie£1683)). A snapshot of the best model is shown
in Figure 2. 30Most of the cystine-knot proteins form aimers because of the lack of hydrophobic core In
a monomer (Scheufler et al., supra; Schlunegger and Gruner, J. Nfol. Biol. 231:445-58 (1993)); Wu et
al., supra) PBOStikelydallCogrbesanse rule and forms a homochmer to increase its stability.

Constructing a model fo t@letgérgg(r)ize SOSé S:I'eng%re region presented several chapggrl%?es t%ec use
(lithe sequence similarity batrean SOST Cora ant ReCe P34 RSPt A VAT (3 Ih QRGP RCa
homodimerpinBGitddnformadraihetensdim draviohCGariaad (2)iacaleniter dhrifierentdelgtvethe

confqrmati f monomers have been observed in dirnerized cystine-Imat proteins from djfferent
famils (o B R Tl o SRR P o et B SR EAGERME BN cimer
conformatiginysfoB@Sal ¢ autepetiiatarsign ficapidy fromithenn CEng/ 3 biste cagimameanfesnmations In

constructing the model, hCG-a was replaced with.hCG13 from the heterodimer structure (LIHCN) using
structure sﬁqﬁ{é?ﬁ‘%%%ﬁéﬂ%é%ﬁﬁtidﬁaé/s%:%w SEhith AR IATRRGELER SORROSHHER § SEhTeEsste

homodimemmatphwas fridisaieotiting daih agpsetsdo BIC End@rh ame dirp alestdilr gor hedinal, model is

shown in F)?%lrjnrzengor]i? E%ﬁryalzlézgiczal Sciences, Mack Publishing Co. (A.R. Gemnaro ed. (1985)).

15 Generally, such carriers shouid be nontoxic to recipients at the dosages and concentrations

employed. Ordinarily, the preparation of such compositions entails combining the therapeutic

agent with buffers; antioxidants such as ascorbic acid, low molecular weight (less than about 10

residues) polypeptides; proteins; amino acids; carbohydrates including maltose, glucose,

sucrose, or dexirins; chelating agents such as EDTA, glutathione; and other stabilizers and

20 excipients. Neutral buffered saline or saline mixed with nonspecific serum albumin are

exemplary diluents. Alternatively, compositions of the present invention may be formulated as a
lyophilizate. |

In general, the type of carrier is selected based on the mode of administration.

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, intrasternal, 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; anticxidants; chelating agents; buffers such as
€l



MODELING SOST-BMP 1NI EXACTION This example describes protein modeling of type |
and type Il receptor binding sites on BMP that are involved with interaction between EM? and SOST.
15Competition studies demonstrated that SOST competed with both type | and type Il receptors for
binding to BMP. In an ELISA-based competition assay, BM1P-6 selectively interacted with the s

clerostin-cogig e & HRGR:E gpghgs%/gég)a%tgég}gpi%{f{'%yaﬁ%r:ng% t(.]ﬁ) r%ol\{@é};\%gg%n% %r&?%n s of EM.?

receptor IA (PC fusion construct) competed with sclerosti g«
114nM), A P0-46KFRRBIar e RAEBY R REBWRLpa cerstob wvas @Gscsluifi chamtotdere diigm bibidingof gslexostin
to BMP-6 by, apRieximeata:30%. This.S0mRsakition was also abserved wi EM? receptor II-FC fusion
protein (IC 50?2'%&“\/0 andSDANe(lo%o = 42%%\%): pe%i‘ff&t%’/?é’i Sé‘%’%%y %%é‘s’esﬁé\ﬁ’%eﬁg?iééfédoﬁ
competitionTHicHPIgiRBHN BINPG nsmessiticoierpstiieralng sierletivin R1B-FC fusion protein, a TGF-P
receptoy family member that di bind EM.2. 25The type | and type Il receptor hinding sites on a
EMP poiypeptide have been %%gé%gdgg %%?Beéééﬁfaﬁh’/y E‘eaﬁ'a%%dx%@ﬁg fefstanedipeasihfs et al.,
supra; Nickelfetatlasigpraudizat etcabssimra)sidoggithandtaes kMikvantagenisichias SindsiadEMR with

high affinity B MY.at bath type,.| and type Il receptor binding sites via the N-terminal p ortion
of Noggin (é%%ﬁglgnys&&%).c ggt%vﬁéo 3§ aﬁ&g‘?ﬁat%%eopé%? 'HBArYAE ELeNhisahaniasy

30contact BivERminisetypell feceptap kindiigrsital or subcufuBai RlyIiuaaEn g eRLokLNaggin

and SOST igdi .that the two poiypeptides shared sequence similarity between the N-terminal
portions of thgﬁ%(%%g}ﬁ%géﬁrcfﬁe 1(QV\?ée %%%é%r"éergﬁ’l% g %‘?}fr‘h‘?ﬁﬁ WY BHIR ARA a8k dented

in Figufe 4. Phee atyistendéoresisaesdhaitfonm thecehaiosiedsiadayskneiwesaransevrehBeueen

Noggin and OSGI'Ié. f-'(;?% Sgever.%ll& seg%egce [ entitﬁ was 24%, and the sequence identity within the
i ent pOSTORLCIAS) /RSP RIS reRiduax Histhb NoggreRdasiFainal

N-terminal bindina region (vgtlllgnmen

binding regiprfaaetird fmfujadbaligovitentnesitionl 2 Langkle(E) dtBEsIimA 3 e e Sastepyted to
play importaarxgorl?rllg% in B MP bindin% %Grou%gr et al., supra). B oth residues were conserved in SOST
iR IEGTbR cHAGHRL Aelsas domuipi o de)sRas ueBtho 0%,

as well. The sequenc%csll‘r’ﬁif:aorlﬁyw
but the cys-kinobSoaibidanes, thainirined andacsufiicieprsmbesselkaviesidiesvas conseresd
suppogténg tt};]ee t?ga@gl%gyp?gvtg\rlx?gcg '\&%%gtlrrzllt?v%dcgr?igg' useful m this regard include microparticles of
poly(lactide-co-glycolide), polyacrylate, latex, starch, cellulose, dextran and the like. Other
illustrative delayed-release carriers include supramolecular biovectors, which comprise a non-
liquid hydrophilic core (e.g., a cross-linked polysaccharide or oligosaccharide) and, optionally,
an external layer comprising an amphiphilic compound, such as a phospholipid (see e.g., U.S.
20 Patent No. 5,151,254 and PCT applications WO 94/20078, WO/94/23701 and WO 96/06638).

In another illustrative embodiment, biodegradable microspheres (e.g., polylactate
polyglycolate) are employed as carriers for the compositions of this invention. Suitable
biodegradable microspheres are disclosed, for example, i 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
carner/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 ¢ ompositions o f t his i nvention.

Exemplary calcium phosphate particles are disclosed, for example, 1n published patent
application No. WG/0046147.

62



The Noggin structure was compared to SOST also to understand how two SOST 10 monomers
dirnerize. As shown in Figure 5, the Noggin structure suggested that the linker between the N-terminal
region and the core region not only played a role in connecting the two regions, but also formed part of
the dimerization interface between two Noggin monomers. One major difference between Noggin and
SOST was that the linkeF bepvestrehetivtepminal tregsoroampditing egrel ystidetides amuchnshar tertin

SOST_ 15T - Inal regi f S0 lay,a role in SOST dimerization. The sequence of
Noggin endggsv%té%gﬁ}é%?f cr%%%%d%%%gs%%‘ﬁ %Xél at%a&h%p(%%ﬁ%%gla}leég%n@?rg &%l%%el%géstructure
a disulfide, borahcnimedted tirepGhterniniidd tray Moggisemoritmensy Thusartieey Gitéeiiag] segiar of

SOST started close tq the interface of manomers and .could contribute to dimerization. hi addition,
Hlfien e 1 Or%nar %%/g? Some %Tt?@ﬁ%u%lgo}nfﬁ%l&%% i) r&éaé%ﬂa f €A+ Had a

secondary structure prediction Sho
tendendy torfermmhidicespitssaegipnensS OBEimiaydae fkesponsitados thaldinerization agivigon

possibly through helix-helix packing,. which mimicked the function of t nger linker in Noggin.
Another diffcsa}%qﬁ%lé gt\V/Vveef({an R‘é'nsttr"%t(?t(l’fraeoo1p f\ﬁligbaé?'n%ﬁgl lgg’ﬁfr\t/\/awghﬁ%g%f%%ya@ﬁﬂ) i‘h%e’r‘ﬁ%ﬁgn the
sgsg core deginbeat faiigm’gﬁptepﬂskﬂﬁﬂﬁ' Jasa-.;tsfae(aeﬁjﬁguraﬁ)lﬁmsQ%aﬁ(@)?]@z@%dﬁq @Bazh,airpin.
which pointed.towards t imerization 25 interface in the Noggin structure (shown in Figure 5 as a
loop region?glﬁqge?i%}g%fi@%m@rggm %@%B’é\?@r}fﬁg@éﬁ'mﬂ;e@g%fwéﬁoﬂfg fgited
p-hairpin coottbaizaaeaiablateetal S Whdhdireffieadtan: E260M4REEROPERIGN AND PREPARATION

OF Sol%T PEPTIDE IMN‘JE%NOGE S This Example describes the design of SOST peptide
immunogens that are usedfoP FHHIBMS LT P 88 e FAineARREH FEE RS b GEK HHifgrdifions

between BYracid.SeSbaisbpsaisaisimerdar mation ko6 Stampnomesent | M Binding Bragthents
The overall similar}iég between SOST and Nogi?i_n and the -similarity between the N-terminal regions of

the two polyPBFHEES JUGaER Mt BERF I P IntHFATTHRAH B MBS Rar i e FEF R g Shat is,
the N-terminaloegianief BSOS haaywinter el vHih el Hhe:8 vhise AR iySiasaRiARindingisites on
BMP, and a portion of the core region (amino acid alignment positions 190-220 in Figure 4) may
interact with the type 11 recSHEP BRRIFISRS Wb RarsribsdrEessises disairssd &?S"I"Pé s
may blogk oadmpadt BiBdRg AiBMEHRi2ASan animal. As such, these compositions may be formulated

with an inert diluent or with an assimilable edible carrier, or they may be enclosed in hard- or
soft-shell gelatin capsule, or they may be compressed into tablets, or they may be incorporated
directly with the food of the diet.
In certain circumstances it will be desirable to deliver the pharmaceutical
20 compositions disclosed herein parenterally, intravenously, intramuscularly, or even
infraperitoneally. S uch approaches are well k nown to the skilled artisan, some o f which are
further d escribed, for example, in U.S. Patent N o. 5,543,158; U.S. Patent No. 5,641,515 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 hydroxypropyiceliulose. 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
IMICTOOrganisms.
Tllustrative phammaceutical 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 fiuid 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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The amino acid sequences of these SOST polypeptide fragments for rat and humap SOST are
provided as follows. 10SOST_N_Linker: The N-terminal region (includes the short linker that connects
to the core region) Human:QGWQAFKNDAIEIIPELGEYPEPPPELENNKTNINRAE
NGGRPPIMPFETKDVSEYS (SEQ ID NO:47)

QGWQAFIGHEA YRERRQ RAEN.i TYRTKRVSEYS (SEQ ID
NO4E) T Cofe Bind: Porion o I0g Sars 1hciora s Thety 1 contScr B2 15 fpe 1

receptor bifQINEFSifs @REBIEIRHGRY SRBBH BN EteTRtudettie @XSwésitipanchorsyciuman:
0:49) Rat: .. .

d/
CEPDRYRAQRVQLLCPGGAAPRSRKVRLVASC (SEQ ID | merization &fr’a_aélm%rnts
The C-termiftgFiyforiles SwomsT fuifisiymavihs imebiventih freefempationydhs @8 B 26cdmimodimess (see

E 2 I -hairpi role in homodimer formation. Antibodies that _
sp))(:gi}%gllyngﬁ%ﬁtlg gggﬁé %%%ﬁg%n{fy%pﬁ%i%@%f %gitrug?rﬁlezﬁzlgtfoﬁ %?sgﬁgqmﬁ\%%ﬁw@é},g&gx&%%ay in

turn interfer@dithsifiaesatonbe tveermnSmST thnd BYEL Rolypeptidisfiagmeni i raiansyumar SOST
COfreSpondii?@iﬁ%@ﬁ%%ﬁﬂ&%ﬁlﬁgﬁlaz?gE%UQ"\‘éf example, parabens, chlorobutanol, phenol, sorbic acid,
thimerosal, and the like. In many cases, it will be preferable to include isotonic agents, for
example, sugars or sodium chloride. Prolonged absorption of the mjectable compositions can be
10 brought about by the use in the compositions of agents delaying absorption, for example,
aluminum monostearate and gelatin.

In one embodiment, for parenteral administration in an aqueous solution, the
solution should be suitably buffered if necessary and the liquid diluent first rendered isotonic
with sufficient saline or glucose. These particular aqueous solutions are especially suitable for

15 intravenous, intramuscular, subcutaneous and intraperitoneal administration. In this connection,
a sterile aqueous medium that can be employed will be known to those of skill in the art in light
of the present disclosure. For example, one dosage may be dissolved in 1 ml of isotonic NaCl
solution and either added to 1000 ml of hypodermoclysis fluid or injected at the proposed site of
infusion, (see for example, Reniz'ngtan s Pharmaceutical Sciences, 15th ed., pp. 1035-1038 and

20 1570-1580). Some variation in dosage will necessarily occur depending on the condition of the
subject being treated. Moreover, for human administration, preparations will of course
preferably meet sterility, pyrogenicity, and the general safety and purity standards 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. Ilustrative 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 carboxy! groups can
also be derived from inorganic bases such as, for example, sodium, potassium, ammonium,

30  calcium, or ferric hydroxides, and such organic bases as 1sopropylamine, trimethylamine,
histidine, procaine and the like. Upon formulation, solutions will be administersd In a manner
compatible with the dosage formulation and in such amount as is therapeutically effective.

The carriers can further comprise any and all solvents, dispersion media,
64



SOST_C: the C-terminal region LENAY (SEQ ID NO:52) SOST_Core_Dimer: Portion of the core
region that is likely involved in SOST dirnerization (extended slightly at both termini to include the Cys
residue anchors): Human: CGPARLLPNAIGRGKWWRPSGPDFRC (SEQ ID NO:53) Rat:
CGPARLLPNAIGRVKWWRPNGPDFRC (SEQ ID NO:54) BIVEP Binding Fragment at SOST

N-terminus vehicles, chhtnkgydilberminaibaineliag Hed e i SO k(R e prsiiesnsdor adnfigure 4)
was modeled or'g thbe asis of the I}Ic%gogxin/Blle-] com'%lex structure é;rotein Data Bank Entry 10 No:
1M41.7) andTRe amiHe a G S8 FOSHER 4 R RRTBRP TS e CoH Ry treay fh5dBstny it eia i asdifcgidf the
SOST N-terngienis fhaphiketydaiasacaedile BiEahbie Model dhs@S niseresentaddn hissks Gs inihe
comparative model, ggen lalanine (Phe, F) at alignment position 8 (see arrow and accompanying text)

in the SOST SRHHER BIE MR S HNGOPPRILHE BotkiigitiNe aerrienbithesaiv irdhaspethe
same "knobemigp-haieniaaksiadand-aercopprivestdn thaile BMRiand R eibsare R FaMPeKto

structure (Nickel et al., supra), where Phe85 of the receptor fits into the same pocket, which is a key
feature in |i gﬁo“—?ﬂ?@ﬁ‘?@ﬁ%pt Pe BBt R ERacetEally weprvRbialy rAfern e raQiereliadi e ites axdmple,
TGF43 famibsriiiiamiha: apdéheriabeArCAIEiRg 1 thaimadabwaraling: (o) Jiresied durnqsalso

conserved, which allows the N-terminal binding fragment to thread along the BMP dimer surface,
traveling fro & receptor 10 binding site to type Il receptor binding site on the other side of the

complex. Also conservednilsc@n%h@&B&qﬂ%gﬁ%&mg,%mM%m%%%%&%9{?%JPR&Q?“L

which then connects to the linker region. Extensive contacts between SOS B re evident in

Figure 6. Peffitfachiritie Jkrsarroped fife bl tudignad te commnsieasthb BOSTaNt taveitiahregion
predicted toimakeiaamiagk ith AMRmigieing, TheaeRlide SEANBCRA.AE LSRR RRIGNL 0L
iti

immunizing animals, the peptide sequences were desigied to overlap, and an additional cysteine., was
added to the’tiTRAdk i Wefiiamtariesd SEIRIRMIpRAKLH: Thi prastidies wvépoten Usedsiok, 2

immunization.hib RePIICeSLABRER Tl M0 URRESAR RIS, %%&%&Wﬁms of the present invention
can be bound, either covalently or non-covalently, to the surface of such carrier vehicies.

15 The formation and use of liposome and liposome-like preparations as potential
drug carriers is generally known to those of skill in the art (see for example, Lasic, Trends
Biotechnol. 16(7):307-21, 1998; Takakura, Nippon Rinsho 56(3):691-95, 1998; Chandran et al.,
Indian J. Exp. Biol 35(8):801-09, 1997; Margalit, Criz. Rev. Ther. Drug Carrier Syst. 12(2-
3):233-61, 1995; U.S. Patent No. 5,567,434; U.S. Patent No. 5,552,157, U.S. Patent Na.

20 5,565,213; U.S. Patent No. 5,738,868 and U.S. Patent No. 5,795,587, each specifically
incorporated herein by reference in its entirety). Liposomes have been used successfully with a
number of cell types that are normally difficult to transfect by other procedures, including T cell
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
autolmmune 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).

Alternatively, in  other embodiments, the invention prevides for
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30Human SOST: QCWQ.AFICNDA1EIIPELGEY (SEQ ID NO:2) TELIPELGEYPEPPPELENN (SEQ
LID NO:3) PEPPPELENNKTMNRNGG (SEQ ID NO:4) KTMNRAENGGRPPHHPFETK (SEQ ID
NO:5) RPPHIIPFETKDVSEYS (SE,Q ID NO:6) Human SOST Peptides with Additional Cys:
QGWQAFKNDATETIPELGEY-C (SEQ ID NO:7) TEIIPELGEYPEPPPELENN-C (SEQ ID NO:8)

RPPRELPRETROVAL S (S £0 NO 1Y 10 Ko DRt QR WeAR R IE T o GIREVBERD
(SEQ ID NEMVERPE Pascts N GIMATRALNG G SEQUENG i1 3)stH ENBIGRRRMHINY DTHKENSEYS

(SEQ ID N@1 4 ample, Quintanar-Guerrero et al., Drug Dev. Ind. Pharm. 24(12):1113-28, 1998). To

avoid side effects due to intraceliular polymeric overloading, such ultrafine particles (sized

5 around 0.1 pm) may be designed using polymers able to be degraded in vive. Such particles can

be made as described, for example, by Couvreur et al., Crit. Rev. Ther. Drug Carrier Syst.

5(1):1-20, 1988; zur Muhlen et al., Eur. J. Pharm. Biopharm. 45(2):149-55, 1998; Zambaux et

al., J. Controlled Release 50(1-3):31-40, 1998: and U.S. Patent No. 5,145,684,

In addition, pharmaceutical compositions of the present invention may be placed

10 within containers, along with packaging material that provides instructions regarding the use of

such pharmaceutical compositions. Generally, such instructions will include a tangible

expression describing the reagent concentration, as well as within certain embodiments, relative

amounts of excipient ingredients or diluents (e.g., water, saline or PBS) that may be necessary {o
reconstitute the pharmaceutical composition.
15

METHODS OF TREATMENT

The present invention also provides methods for increasing the mineral content
and mineral density of bone. Briefly, numerous conditions result in the loss of bone mineral
content, including for example, disease, genetic predisposition, accidents that result in the lack

20 of use of bone (e.g., due to fracture), therapeutics that effect bone resorption or that kill bone
forming cells, and 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 2 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 clinical 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, cleidocranial  dysostosis,
enchondromatosis, fibrous dysplasia, Gaucher’s Disease, hypop‘nosphatémic rickets, Marfan’s
syndrome, multiple hereditary exotoses, neurofibromatosis, osteogenesis imperfecta,

osteopetrosis, ostecpoikilosts, sclerotic lesions, fractures, periodontal disease, pseudoarthrosis,
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TEIIPGLREYPEPPQELENN (SEQ ID NO:15) Rat SnST Peptides with Additional Cys:

QGWQAPKNDATELLPGLREYPEPP-C (SEQ ID NO:16) o(:) PEPPQELENNQTMNRAENGG-C (SEQ
ID NO:17) ENGGRPPHHPYDTKDVSEYS-C (SEQ JD NO: 18) TERPGLREYPEPPQELENN-C (SEQ
ED NO: 19) The following peptides were designed to contain the amino acid portion of core 25 region
that was prédieiedaninnateorouplisiet with BNLP proteins. Cysteine was added at the C-terminal end of

each peptide for conjug to he conju ated eptides we for im unlzatlon In‘the
Docking Core N-termin eﬁlgée}ptld!& aré ?r%t%ﬁri%a C)ysttélr?g v%ﬁgp C Pa?{ﬁéal gﬁg f‘o“él id Guiniet

conjugatioﬁams%i|bf|mremmadzsostomnﬁmmacmmqg;emee vt ohe ﬁyﬁdmalduaatadﬁ@ﬂbone

Docki -t | P |PDRYRAQRV CPGGEAP (SEQ ID NO :21) De
clgﬁdlngo%mg&t}re%{mer ept?l1 de%) Fpég‘ﬁﬁﬂg Lilfﬁlgt?ggﬁlfffﬁ SIBRNF (?Zﬁf’u )- Represemat“’e

5 examples of such conditions include anemic states, conditions caused by steroids, conditions
caused by heparin, bone marrow disorders, scurvy, malnutrition, calcium deficiency, idiopathic
osteoporosis, congenital osteopenia or osteoporosis, alcoholism, chronic liver disease, senility,
postmenopausal  state, oligomenorrhea, amenorthea, pregnancy, diabetes mellitus,
hyperthyroidism, Cushing’s disease, acromegaly, hypogonadism, immobilization or disuse,

10 reflex sympathetic dystrophy syndrome, transient regional osteoporosis, and osteomalacia.
Within one embodiment of the present invention, bone mineral content or density
may be increased by administering to a warm-blooded animal a therapeutically effective amount
of a molecule that inhibits a SOST polypeptide from binding to a TGF-beta family member.
Examples of warm-blooded animals that may be treated include both vertebrates and mammals,
15 icluding for example humans, horses, cows, pigs, sheep, dogs, cats, rats, and mice.
Representative examples of therapeutic molecules include ribozymes, ribozyme genes, antisense
oligonucleotides, and antibodies as described herein.
Within other embodiments of the present invention, methods are provided for
increasing bone density comprising the steps of introducing into cells that home to bone, a
20 vector that directs the expression of a molecule that inhibits binding of SOST to a member of the
TGF-beta family, and administering the vector containing cells to a warm-blooded animal.
Briefly, cells that home to bone may be obtained directly from the bone of patients (e.g., cells
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. § ,288,641); adenoviral vectors (e.g.,
WO 94/26914, WO 93/9191; Kolls et al., Proc. Natl. Acad. Sci. USA 91(1):215-219, 1994;
Kass-Eisler et al., Proc. Natl. Acad. Sci. USA 90(24):11498-502, 1993; Guzman stal.,
Circulation 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. Gener. 5(2):130-134, 1993, Jaffe et al.,
Nat. Gener. 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);
&7



: : iCi - [ ide: EAP -C (SEQ
NO:24) NO:22) Docicing_Co N-terminal_Peptide: IP DRYRAQRYV QLLCP GG : .
Docicing_Core_Cterm_Peptide: QLLCPGGEAPRARKVRLVAS-C (SEQ ID For Rat SOST: 10Amino
acid sequence without Cys residues added or substituted: )
Docicing_Core_N-terminal_Peptide:IPDRYRAQRVQLLCPGG (SEQ ID NO:25)

Docking_Core_GtesvecReptielei G GARNPRERK YRV AR(SEQIDNG:RE) AReptids 'mf%ano gns
with Cygsa ed and ub%titu}led: Docking_Core_N-terminal _Peptide: IPDRYRAQRV&LL F’Cfgc
(SEQ ID N@%%‘ ‘StaSL, tochem.  Biophys. Res” Comm. 193(2):653-660, 1993), and retroviruses

(e.g., EP 0,415,731; WO 90/07936; WO 9170285, WO 94/03622; WO 93/25698; WO 93/25234;
U.S. Patent No. 5219,740; WO 93/11230; WO 93/10218). Viral vectors may likewise be

5 constructed that contain a2 mixture of different elements (e.g., promoters, envelope sequences,
and the like) from different viruses or from non-viral sources. Within various embodiments,
either the viral vector itself, or a viral particle that contains the viral vector may be used in the
methods and compositions described below.

Within other embodiments of the invention, nucleic acid molecules that encode a

10 molecule that inhibits binding of a SOST polypeptide to a member of the TGF-beta family
themselves may be administered by a variety of techniques including, for example,
administration of asialoosomucoid (ASOR) conjugated with poly-L-lysine DNA complexes
(Cristano et al., PNAS 92122-92126, 1993); DNA linked to killed adenovirus (Cuniel et al.,
Hum. Gene Ther. 3(2):147-154, 1992); cytofectin-mediated introduction (DMRIE-DOPE, Vical,

15 California); direct DNA injection (Acsadi et al., Nature 352:815-818, 1991); DNA ligand (Wu
et al., J of Biol. Chem. 264:16985-16987, 1989); lipofection (Felgner et al., Proc. Natl. Acad.
Sci. US4 84:7413-7417, 1989); liposomes (Pickering et al., Circ. 89(1):13-21, 1994; and Wang
et al., PNAS 84:7851-7855, 1987); microprojectile bombardment (Williams et al., Proc. Natl.
Acad. Sci. USA 88:2726-2730, 1991); and direct delivery of nucleic acids which encode 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 phosphatase, osteocalcin,

25 type 1 procollagen C’ propeptide (PICP), and total alkaline phosphatase (see 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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Doc "ang_Core_Cterm_Peptide: PGGA.A.PRSRKVP,LVAS-C (SEQ ID NO:28) 20Two 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 desired to contain this sequence had a
C-terminal or N-terminal Cys that was conjugated to ICH. For the rat SOST peptide, a cysteine was

added to thedomerpxynenmysadiings seglisncetSEQ MMl REY, TheokkkHreesejugated peptides were
used for immunization. Zéng{ yman SOST: CGPAgFLgL@NAIGRGKWWRPS (SEQ ID NO:29)
IGRGKWWRPSGPDFRE{SEL BN G SPES ARt SB€R BHIN A IR RWIHSABE DR EES 1D
NO:31) Ratls@8bpeptide with cysteine added PNAIGRVICWWRPNGPDFR-C (SEQ 1) NO:32)

The second region within SOST that potentially interacts to form SOST homodimers includes the
C-terminal region. Peptide immunogens were designed to include amino acid sequences within this
region fsee below). For conjugation to KLH, a cysteinemesidue was added to the C-terminal end, and

the conjugated peptides were used for immunization. For Human SOST:
EXAMPLE 1

MODELING OF SCLEROSTIN CORE REGION

Homology recognition techniques (e.g., PSI-BLAST (Altschul et al., Nucleic
10 Acids Res. 25:3389-402 (1997)), FUGUE (Shi et al., J. Mol. Biol. 310:243-57 (2001)) suggested
that the core region of SOST (SOST_Core) adopts a cystine-knot fold. FUGUE is a sensitive
method for detecting homology between sequences and structures. Human Chorionic
Gonadotropin § (hCG-B), for which an experimentally determined 3D structure is known, was
identified by FUGUE (Shi et al., supra) as the closest homologue of SOST Core. Therefore,

15 hCG-B was used as the structural template to build 3D models for SOST_Core.
An alignment of SOST_Core and its close homologues is shown in Figure 1.
Among the homologues shown in the alignment, only hCG-B (CGHB) had known 3D structure.
The sequence identity between SOST Core and hCG-B was approximatety 25%. Eight CYS
residues were conserved throughout the family, emphasizing the overall 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 Iines 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-f, BMP).

25 SOST_Core was modeled using PDB (Berman et al., Acta Crystaliogr. D. Biol.
Crystallogr. 58(Pt 6 Pt1):899-907 (2002)) entry 1HCN, the 3D structure of hCG-f (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 m 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 2 homodimer to

increase its stability. Constructing a mode!l for the dimerized SOST Core region presented
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KRLTRFFINQS ELKDFGTEAA (SEQ ID NO:33) ELKDFGTEAA RPQKGRKPRP (SEQ ID
NO:34) IORPQKGRKPRP RARSAKANQA (SEQ ID NO:35) RARSAKANQA ELENAY (SEQ in NO:36)
Peptide immunogens with Cys added at C-terminus: KRETRFFINQS ELKDFGTEAA-C (SEQ ID
NO:37) 15 ELKDFGTEAA RPQKGRKPRP-C (SEQ ID NO 38) RPQKGRKPRP RARSAKANQA-C

(SEQ ID NQé%méBﬁé% AR gﬁf %( ULHLRISORT, i
70ICRLTREHNOSELICDF PETAR b} 8‘2‘15"?%& %5 & %ﬁ‘&ﬁ%ﬁéﬁ\l‘w koD
NO:42) SELKISKG @ﬁww@mmmmﬁmdwé&taemm wnmuDGgenswith) Cysmsided at
C-terminus: SELKDEGPETA - ’%ﬁ Nﬁ(; G‘@
KGRKPRPR&%!E?{%: %léfé?\] AR fﬂ%ﬁ DY SR KSECPET AR PO RR R B%SEQ
ID NO:46) EXANMIRE Erdr30ASSAY RORD ETECIING BINEINGNRir ANTHRODIE ST @ dhdGreRETA
BINDING- P%QJ:-}IF sI}Ingestcd that the dimer conformation of SOST could deviate significantly from the

hCG-a/p heterodimer conformation. In constructing the model, hCG-¢. was replaced with hCG-

B from the heterodimer structure (1HCN) using structure superimposition techniques combined

with manual adjustment, and then a SOST_Core homodimer model was built according to the

pseudo bCG-B homodimer structure. The final model is shown in Figure 3.

10
EXAMPLE 2
MODELING SOST-BMP INTERACTION
This example describes protein modeling of type I and type II receptor binding
sites on BMP that are involved with interaction between BMP and SOST.
15 Competition studies demonstrated that SOST competed with both type I and type

II receptors for binding to BMP. In an ELISA-based competition assay, BMP-6 selectively
interacted with the s clerostin-coated surface ( 300 n g/well) with high affinity (Kp = 3 4nM).
Increasing amounts of BMP receptor 1A (FC fusion construct) competed with sclerostin for
binding to BMP-6 (11 nM) (ICso = 114nM). A 10-fold molar excess of the BMP receptor was

20 sufficient to reduce binding of sclerostin to BMP-6 by approximately 50%. This competition
was also observed with a BMP receptor II-FC fusion protein (ICso = 36nM) and DAN (ICsq =
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 2 BMP polypeptide have been
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 hi gh affinity,
contacts BMP at both type Iand t ype Il receptor binding sites via the N-terminal p ortion o f
Noggin (Groppe et al,, supra). The two B-strands in the core region near the C-terminal aiso

30 contact BMP at the type Il 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 core regions. An amino acid sequence alignment is presented in Figure 4. The
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This example describes an assay for detecting binding of a ligand, for example, an antibody or
antibody fragment thereof to scierostin. ' FLAGe-sclerostin fusion protein was prepared according to
protocols 76 provided by the manufacturer (Sipna Aldrich, St. Louis, MO) and as described in U.S.
Patent No. 6,395,511, Each well of a 96 well microtiter plate is coated with anti-FLAG(r) monoclonal
antibody (SORTHARRE e HER b IBEKerRRISTION BBANYPRS: Thedusish ptwtein (20gay) isddded

to 100 ul PSOT2% A A afsatbaskanio {he Sfwelpipie o SOipules koo, S Jempergture

This protein solution is removed and the wells are was 0 remove un sion pro EnR 13MmP,
for examplSSe 121N {25 SV B @M P45 isvaitulddin PBS/G206c8 SAtanNagrled\aceachiwell at

concentratigRg;raneing, from L, AV, 1q1509, iy r an incubation for 2 hours at room temperature,
the binding solution %removeg/and t%g)plate i waggﬁepdp thtee |Hr?1g§8w§fl1u%é G VSRR o PES/0.29%

BSA. Bindiff§ Ot¢A<BNIY ioipeftawstivicls im0 NetdutedinsirGranlycional antiseruboar rasiaesionak

antibody spegificfor the RMB glaprﬁlg [opriate enzyme-conjugated second step reagent according
to standard ELISA techniqueasf see, e.g.??ﬁ\(?t‘%ﬁ%ee%? gﬁ?%lﬁ%ﬁﬁg&%f&%ﬁg}?mi%‘?gf.e\ytﬂoﬁmons

11.2.1-11,2.3D-72808) Spatidibibdirthdscalodated fiylswhirastingnei-spesificrhineingdram tatal
binding and. [ LIGA ND program (Munso and Pqdbard, Anal. Biochem. 107:220-39
(1980)). 15 ind%ég%fﬁggﬁo%%m?o’ gugwﬁggg{?g; q8 éi?e?ﬁ?b%‘?ﬁ’ﬁ SR e Tesolved
fluorescence detection (MVeliSpggialsphBionietaSoreaning, 3:909P ££998 indeRolynuciRatidessrquence

encodipg s gﬁgﬂg} is;qperatively linked to a_human immunoglobulin constant region in a recombinant
nucleic aci construsctdgﬁe é%pré}éssekﬁ)\ggé a’ﬁ@ an C&?ﬁ%ﬁ%ﬁ&ﬁ‘ﬁ%f@ﬁgﬁ&%ﬁ&ﬁg@@ HR&fRods

known in theertemthelbiseribachihepsin. SinilartpraBMbhligantis RAcnginessed aempessad s a
BMP-mousg, Ee fusi rotein, These fwo fusion proteins are incubated together and the assay
conducted §e§ §g§(§r)i%{;a§ %yoﬁﬁ%ﬁg)? e 3{%5%%1_ WREE ﬁﬁ@ﬂ@é‘ﬂa{%ﬁéﬁ%}iﬂnm—@?HAT
INHIBIT BINBINCiGFTIGRBEEA Raddih il BUSE REs Ttk 16T @il BIARINRINGRRAF Ron

and the core region was much shorter in SOST.

15 The C-terminal region of SOST may play a role in SOST dimerization. The

sequence of Noggin ended with the core region, while SOST had an extra C-terminal region. In
the Noggin structure a disulfide bond connected the C-termini of two Noggin monomers. Thus,
the C-terminal region of SOST started close 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
responsibie 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 middle of the

monomers and above the C-terminal Cys residue). This elongated B-hairpin could also

contribute to SOST dimenzation.

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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This example describes a 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
BIVIP concentration is held fixed at its Kd (determined, for example, 30 by BIA_core analysis). In
addition, an antibody or a library or collection of antibodies is added to the wells to a concendation of 1
uM. Antibodé$Pbenitine Batedefars 2 hours at room temperature with the B1V[P and sclerostin, the
solution removed, and the bound Elle IS %}antifie § described (see Example 4). Antibodies that

inhibit 40% of the BIVIP biSCHG BhEEHIBHGRRHY S SiERbare Diogstihany trestplaigeheivssttsnists of
this interactiorermireseraiizosies atedughiep emisaiad-as RRiesESNhiRYOrR LY PEHArBINg tiiration

studies to determine their iriqibiti_on constants and their effect on TOP-beta binding-protein binding
i

affinity. CormPaAbTARRE i AIREEBhtroPAsSayee M5 RERITE HOR IR o maYaBImpctHui ekattvity profile
for the $dentifiad Gantagemistusing assays dependentonie ?MB&Q@P&@EH%&%&’Q&%PA@MP
receptor competition study). EXAMPLE 6 10INHIBITION OF TOE-BETA BINDING-PROTEIN
LOCALIZATHENEEE BOREMATRIR in Figurepd) g iefsrattifiibithmivtd g athentiom tesibene tenatrix
(hydroxyapéiitedisyeandustedysingraedifinatians i { |

57:206-12 (1995)). Briefl ﬁ 125I-labelled TOP-%%?; bﬁﬁn%?%i%§%%%%i§%%§@§gy Nicolas
(supra). 15 Hydroxyapa'l}i/ i&THAQeRCts catrrIsel of HhoB-Gelbmindinep pistdreguippe fowitht sand
polypropylenefiftratign m@m@m Ralyfiltrninc, Weymouth MA). TOE-beta binding-protein diluted in
0.2% albumin in PBS buffer is then added to the wells. The wells containing matrix are washed 3 times
with 0129 albumin in PBEISTHAY. hakstbEte O RmER bhstindiprbidss hehitedinsingi:3dvhta®H and
then quantifiedm?tg@\gbmgggy or other agent that inhibits or impairs binding of the sclerostin TOE-
beta binding protein to the hydroxyapatite is identified by incubating the TOE-beta binding protein with
the antibody and applying the FBE#E: to the maPR 4 ABENARSEEBEVLGERE FRREH KB ADAGRIAE times
with 0.2% albumin in PBS buffer. AdsofetSiergEtT BRYSEESVHRQD MOYEDH and then quantified.
An antibody that inhibits the Ie\igzlltof binding of 1\5 ostin to the]h droxyapatite b@g east 40%
compaked to the level o Lb inding o bs&%ﬁﬁ%&@@@fﬁ 't‘@%}%gﬁg G EMERAEN
localization inhibitor. Such an antibody Is further characterized in"dose rgs 3)nse studies to determine

its inhibition constant and ltgéﬁ?gmeI&%@%mgmﬂ%ﬂgw{ﬂ& ?inﬁéyy to contact BMP at

its type II receptor binding site (extended slightly at both termini to include the CY'S residue

anchors):

20 Human: CIPDRYRAQRVQLLCPGGEAPRARK VRLVASC (SEQ ID NO:49)
Rat: CIPDRYRAQRVQLLCPGGAAPRSRKVRLVASC (SEQ ID NO:50)

SOST Dimerization Fragments

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 monomers, which may in tumn 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: LTRFHNQSELKDFGPETARPQKGRKPRPRARGAKANQAE
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30From 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. CLAIMS
1. An immunogen comprising a peptide of no more than 75 consecutive amino acids of a selerostin
polypeptide of SEQ ID NO: 1, and V\W{}ﬁ% | 5% omprises at least 4 consecutive amino acids
of SEQ ID NO:53. 2. The immunogen of claim 1 wherein said peptide comprises at least 4
consecutive amino acid EQ.ID NQO: 29. 103.The immtmouen of claim | or claim 2, wherein the
peptide comprises a Iea?ﬁqsz%co@r%%t%%g'%fgg%&gé%f %’rgefg%osr{iﬁﬁ%toi%lé(ﬁ%g%?gi%q[g‘%: 1.

4. The immimo2entohdnytafdsdisightiBavvoereimihe pepiitleicdm@isessaiuleastid@sponsecutive amino

acids of a sclerostin polypeptide I : W E', ' nogen of any of claims 1-4,
wherein the peptide conﬁ%@gg'ng&rr?ore ar%} gééc%%fz(ecutv gﬁ#@gﬁ&ég@ ENErgtin polypeptide of
SEQ IDNO: 1. 6. The: ifiGRARGEPNAIGR VKCIAIMBFRIPTERCWEECEID the Baptide 20comprises
at least four consecutive amino acids of SEQ ID NO: 22, 7. The immunogen of' any of claims 1-4,

wherein the peptide comprises at least four consecutive amino acids of SEQ ID NO: 33.
BMP Binding Fragment at SOST N-terminus

The key N-terminal binding region of SOST (alignment positions 1-35 in Figure
4) was modeled on the basis of the Noggin/BMP-7 complex' structure (Protein Data Bank Entry
10 No: 1M4U) and the amino acid sequence alignment (see Figure 4) to identify amino acid
residues of the SOST N-terminus that likely interact with BMP. The model of SOST is
presented in Figure 6. In the comparative model, phenylalanine (Phe, F) at alignment position §
(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-p
superfamily members (including, for example, TGF-B family, BMP family, and the like).
According to the model, a proline (Pro) directed tumn 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 Figure 6.

Peptide Immunogens

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:
QGWQAFKNDATEIPELGEY (SEQ ID NO:2)
TEIPELGEYPEPPPELENN (SEQ ID NO:3)
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258.The immunogen of any one of claims 1-7, wherein the peptide is associated with a carrier
molecule. 9. The immunogen of claim 8 wherein the carrier pohpeptide is keyhole limpet he
ocyanin. 30 10. A composition comprising the immunogen of any of claims 1-5 and 8-9. 11.
The composition of claim 10 further comprising a second immunogen comprising a peptide of no more
than 75 consecutive amino acids8P A dRYDEIIVDIREENGGAREEQINM; 1, wherein said peptide

comprises at least four consecuyf ﬁﬂ?ﬁiﬁ% gﬁ%i%% % %;? 12. The composition of claim
11, wherein the pcptidc compriLs%% at least fo Ff&g i g%ih@o"?)SEQ 1D NO: 33. 13.
The composition of claim 10 furkRAHIIFERIS VS seconsEmmuURogen 10comprising a peptide of no

more than 75 consecutive.amin ;Idﬁ of.a sclerostin polypeptide of SEQ ID NO: 1, wherein said
peptide comprises at Ieagﬁgﬁf@c@? e ‘ERR%%W%%QFSQ%‘P  ID NO: 33.  14. A method for

producihg an antibody that speckEalyARROITIA BaEnRORtimPotyPepticieveomprising immunizing an

animal with an immunogen acc%fgin% to a%one of claims 1-9 or the comg)osition according to any one

of claims 10-13. LGEYPEPPPEL ENN-C (SEQ ID NO:8
PEPPPELENNKTMNRAENGG-C (SEQ ID NO:9)
KTMNRAENGGRPPHHPFETK-C (SEQ ID NO:10)

RPPHHPFETKDVSEY S-C (SEQ ID NO:11)
10

Rat SOST:
QGWQAFKNDATEIIPGLREYPEPP (SEQ ID NO:12)
PEPPQELENNQTMNRAENGG (SEQ ID NO:13)

15 ENGGRPPHHPYDTKDVSEYS (SEQ ID NO:14)
TEIPGLREYPEPPQELENN (SEQ ID NO:15)

Rat SOST Peptides with Additional Cys:
QGWQAFKNDATEIIPGLREYPEPP-C (SEQ ID NO:16)
20 PEPPQELENNQTMNRAENGG-C (SEQ ID NO:17)
ENGGRPPHHPYDTKDVSEYS-C (SEQ ID NO:18)
TENIPGLREYPEPPQELENN-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 internal cysteine was changed to a
serine to avoid double conjugation to KLH.
For Human SOST:
30 Amino acid sequence without Cys residues added:
Docking_Core_N-terminal_Peptide: PDRYRAQRVQLLCPGGEAP (SEQ ID
NO:21)

Docking_Core_Cterm_Peptide: QLLCPGGEAPRARKVRLVAS SEQ ID
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ID NO:23)

NO:24)

NQ:25)

NO:27)

NO:22)
Docking_Core_N-terminal_Peptide: IPDRYRAQRVQLLCPGGEAP-C (SEQ

Docking_Core_Cterm_Peptide: =~ QLLCPGGEAPRARKVRLVAS-C (SEQ ID

For Rat SOST:
Amino acid sequence without Cys residues added or substituted:

Docking Core_N-terminal Peptide: IPDRYRAQRVQLLCPGG (SEQ ID
Docking_Core_Cterm_Peptide: PGGAAPRSRKVRLVAS (SEQ ID NO:26)

Peptide immunogens with Cys added and substituted:

Docking_Core_N-terminal_Peptide:  IPDRYRAQRVQLLSPGG-C (SEQ ID
Docking_Core_Cterm_Peptide: PGGAAPRSRKVRLVAS-C (SEQ ID NO:28)

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

conjugated 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.

For Human SOST:
CGPARLLPNAIGRGKWWREPS (SEQ ID NO:29)
IGRGKWWRPSGPDFRC (SEQ ID NO:30)

For Rat SOST:

PNAIGRVKWWRPNGPDFR (SEQ ID NO:31)
Rat SOST peptide with cysteine added
PNAIGRVKWWRPNGPDFR-C (SEQ ID NO:32)

s
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The second region within SOST that potentially interacts to form SOST
homodimers includes the C-terminal region. Peptide immunogens were designed to include
amino acid sequences within this region (see below). For conjugation to KLH, a cysteine
residue was added to the C-terminal end, and the conjugated peptides were used for

Immunization.

For Human SOST:

KRLTRFHNQS ELKDFGTEAA (SEQ ID NO:33)
ELKDFGTEAA RPQKGRKPRP (SEQ ID NQ:34)
RPQKGRKPRP RARSAKANQA (SEQ ID NO:35)
RARSAKANQA ELENAY (SEQ ID NO:36)

Peptide immunogens with Cys added at C-terminus:
KRLTRFHNQS ELKDFGTEAA-C (SEQ ID NO:37)
ELKDFGTEAA RPQKGRKPRP-C (SEQ ID NQO:38)
RPOKGRKPRP RARSAKANQA-C (SEQ ID NO:39)
RARSAKANQA ELENAY-C (SEQ ID NO:40)

For Rat SOST:

KRLTRFHNQSELKDFGPETARPQ (SEQ ID NO:41)
KGRKPRPRARGAKANQAELENAY (SEQ ID NO:42)
SELKDFGPETARPQKGRKPRPRAR (SEQ ID NO:43)

Peptide immunogens with Cys added at C-terminus:
KRLTRFHNQSELKDFGPETARPQ-C (SEQ ID NO:44)
KGRKPRPRARGAKANQAELENAY-C (SEQ ID NO:45)
SELKDFGPETARPQKGRKPRPRAR-C (SEQ ID NO:46)

EXAMPLE 4
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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provided by the manufacturer (Sigma Aldrich, St. Louis, MO) -and as described in U.S. Patent
No. 6,395,511, Each well of a 96 well microtiter plate is coated with anti-FLAG® monoclonal
antibody (Sigma Aldrich) and then blocked with 10% BSA in PBS. The fusion protein (20 ng)
is added to 100 ul PBS/0.2% BSA and adsorbed onto the 96-well plate for 60 minutes at room
temperature. T his protein solution 1s removed and the wells are washed to remove unbound
fusion protein. A BMP, for example, BMP-4, BMP-5, BMP-6, or BMP-7, is diluted in
PBS/0.2% BSA and added to each well at concentrations ranging from 10 pM to 500 nM. After
an incubation for 2 hours at room temperature, the binding solution is removed and the plate is
washed three times with 200 ul volumes of PBS/0.2% BSA. Binding of the BMP to sclerostin is
detected using polyclonal antiserum or monoclonal antibody specific for the BMP and an
appropriate enzyme-conjugated second step reagent according to standard ELISA technigues
(see, e.g., Ausubel et al., Current Protocols in Mol Biol. Vol 2 11.2.1-11.2.22 (1998)). Specific
binding is calculated by subtracting non-specific binding from total binding and analyzed using
the LIGAND program (Munson and Podbard, 4nal. Biochem. 107:220-39 (1980)).

Binding of sclerostin to a BMP 1s also detected by homogeneous time resolved
fluorescence detection (Mellor et al., J Biomol. Screening, 3:91-99 (1998)). A polynucleotide
sequence encoding sclerostin is operatively hinked to a human mmunoglobulin constant region
in a recombinant nucleic acid construct and expressed as a human Fe-sclerostin fusion protein
according to methods known in the art and described herein. Similarly, a BMP ligand is
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 5
SCREENING ASSAY FOR ANTIBODIES THAT INHIBIT BINDING OF TGF-BETA FAMILY MEMBERS TO

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,
by BIAcore 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
77



10

15

20

25

30

absence of -antibody are considered antagonists of this interaction. These antibodies are further
evaluated as potential inhibitors by performing titration studies to determine their inhibition
constants and their effect on TGF-beta binding-protein binding affinity. Comparable specificity
control assays may also be conducted to establish the selectivity profile for the identified

antagonist using assays dependent on the BMP ligand action (e.g., 2 BMP/BMP receptor

competition study).

EXAMPLE 6

INHIBITION OF TGF-BETA BINDING-PROTEIN LOCALIZATION TO BONE MATRIX

Evaluation of inhibition of localization to bone matrix (hydroxyapatite) is
conducted using modifications to the method of Nicolas (Calcif. Tissue Int. 57:206-12 (1995)).
Briefly, '*I-labelled TGF-beta binding-protein is prepared as described by Nicolas (supra).
Hydroxyapatite is added to each well of a 96-well microtiter plate equipped with a
polypropylene filtration membrane (Polyfiltroninc, Weymouth MA). TGF-beta binding-protein
diluted in 0.2% albumin in PBS buffer is then added to the wells. The wells containing matrix
are washed 3 times with 0.2% albumin in PBS buffer. Adsorbed TGF-beta binding-protein is
eluted using 0.3 M NaOH and then quantified.

An antibody or other agent that inhibits or impairs binding of the sclerostin TGE-
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
1s washed 3 times with 0.2% albumin in PBS buffer. Adsorbed sclerostin is eluted with 0.3 M
NaOH and then quantified. An antibody that inhibits the level of binding of sclerostin to the
hydroxyapatite by at 1 east 4 0% compared to the level o f binding 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.

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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CLAIMS

1. An immunogen comprising a peptide of no more than 75 consecutive
amino acids of a sclerostin polypeptide of SEQ ID NO: 1, and wherein said peptide

comprises at least 4 consecutive amino acids of SEQ ID NO:53.

2. The immunogen of claim 1 wherein said peptide comprises at least 4

consecutive amino acids of SEQ ID NO: 29.

3. The immunogen of claim 1 or claim 2, wherein the peptide comprises at

least 12 consecutive amino acids of a sclerostin polypeptide of SEQ ID NO: 1.

4. The immunogen of any of claims 1-3, wherein the peptide comprises at

least 20 consecutive amino acids of a sclerostin polypeptide of SEQ ID NO: 1.

5. The immunogen of any of claims 1-4, wherein the peptide comprises no

more than 50 consecutive amino acids of a sclerostin polypeptide of SEQ ID NO: 1.

0. The immunogen of any of claims claim 1-5, wherein the peptide

comprises at least four consecutive amino acids of SEQ ID NO: 22.

7. The immunogen of any of claims 1-4, wherein the peptide comprises at

least four consecutive amino acids of SEQ ID NO: 33.

8. The immunogen of any one of claims 1-7, wherein the peptide is

associated with a carrier molecule.

9. The immunogen of claim 8§, wherein the carrier polypeptide is keyhole

limpet hemocyanin.

10. A composition comprising the immunogen of any of claims 1-5 and §-9.
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11.  The composition of claim 10 further comprising a second immunogen
comprising a peptide of no more than 75 consecutive amino acids of a sclerostin
polypeptide of SEQ ID NO: 1, wherein said peptide comprises at least four consecutive
amino acids of SEQ ID NO: 22.

12.  The composition of claim 11, wherein the peptide comprises at least four

consecutive amino acids of SEQ ID NO: 33.

13.  The composition of claim 10 further comprising a second immunogen
comprising a peptide of no more than 75 consecutive amino acids of a sclerostin
polypeptide of SEQ ID NO: 1, wherein said peptide comprises at least four consecutive
amino acids of SEQ ID NO: 33.

14. A method for producing an antibody that specifically binds to a
sclerostin polypeptide, comprising immunizing an animal with an immunogen
according to any one of claims 1-9 or the composition according to any one of claims

10-13.
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