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FOR | NCREASI NG BONE M NERALI ZATI ON  TECHNI CAL FI EL resent invention
rel ates generally to pharmaceutical products and @@ lﬁ,ﬁmmﬂ nor e
specifically, to nmethods and conpositions suitable ng the
mneral content of 5 bone. S uch conpositions and methoéls*nay be utilized
to treat a wide variety of conditions, including for exanple, osteopenia,
ost eopor osi SQOW&SHIII@éSeM‘&p HHEHOBE FORIBNEREASHNG BONDMINERA LITATION
density are a hallmark of the di sease. BACKGROUND OF THE | NVENTI ON Two or
t hree di stiTqtpycasegenh changes to bone mass occur over the life of an

i ndi vidual 10 154: 63-77, .1 The flrs ase
occurs in both %ﬁﬁg%lgagvneg%}dﬁ ° %@%%ls}'e?sp cﬁl%aﬁ% 50 ég 8"571
mass. Thi s here speciicalde 1o snegobs avie@mpbsmu@l’sultab’leﬁfr m@mﬁ@ theQ{nn'EnhB content of

endochondr r dr 0 to a.rate of periosteal
apposi “n%nago nghmgﬁgglﬁﬁ%saggﬁn %t‘g%ﬁémég‘iﬁ I\Eﬁli‘&e(g@ rogt @ Vidsy Yariely f GoPdifons one
( flat b onesuduwgfor azsampld”lesmupemetmma@omck fridirgd SH . ol disdags indat8 cHBwifhe
cortical bone rgledgs bo ez nd in the linbs) and continues to 15 old
age. This phage 5% 1%’% (ﬁheﬁt’:se?leow bone | oss, and occurs in both nen
and wonen. In wonen, a third phase of bone | oss also occurs, nost likely
due to postBaOKPROSTAID OB THFGRIVENTEdN ci enci es. During this phase al one,

‘3’25’3? may |h ose agomFﬁea maulctpmgésefch(aﬁgw tc&?&ﬁ rﬁarspsecmtcgwr tﬁ@hfei &f@h gta@ﬂ&la@nd |
ofromt abe r nt (see supra oss of bone

ni ner al nacongegr#“’%aﬁfu%?%[c %2’2%6%@49%)dgh9§ﬁ%8?%53 OW%MFH%WWaﬁGn,m

- 20: result procesdsgafidiGas offedikaondied el firkt HaseaX AFRVE thﬂﬁl%ﬁ@lﬁ%%m S a
debi | i tatl di sggc?e in humans characterized by fmarked decreases in

skel et al opel R Rlatg s radjal ssavth dueiio rate gEpesiosterl appasitionf Thone
i-ncl udi ng C@@n&ﬁﬁﬁde%@gﬁﬁ aﬂﬂﬁ@aﬁ@ T QRGBS b Ui NG00 Sl AR WAL QB prae and

increases in_bone fragility and susceptibility to fracture in ?% Icted
i ndi vi dual sPelves) pRb RO oA H0ifhr copisalehene (ese. plors: baheel fouyd il thevlingle) an@c@mpeesma

(bone mnerad .ge "I@ﬁst})ﬁaéehg’-khdr&t@girz%y%{oﬁg 1008t 5%'1[}1% %5mgnea\ﬂd%l o
| ess than 2.5 standard deviations bel ow t e mean val ue ror young aaﬁult
bone), a cuMeR"t PSR Bbasel of horgplepoxsaragcarsy npst Hidly dmltog@@qnieeomnsaﬂ leetrdgen t ed
States. Anofdagkncls8 ﬂﬂrﬂnk Q8 p hﬁ@yoﬁy%z‘d i {ﬁ%ﬁcgrgnt Aol 2465 oq'%?gr?e & Ho

di agnosed with clinical "osteoporosis de d as bone mneral c ontent
great er t halie corticakang @agd @%é\?hﬁh@ teaheculbas compartmasnt Gée Ruggsus@ragoung adul t :
bone). Osteopo i i ve di seas t he health
care system cqg“?%noafdtogﬁgng? °8£43| Icgyons o?‘?ggl GRS VERRL 356109‘%% CPfﬂf"ﬁ'ted
St at es. 2¢:n I&MiltliscgiﬁﬁcentheedmahpmbkemsrEIoaeleedndesis&opdmmgls atdebilitatiag idibesnt iial

d | to the f d | t f thi
i seac. | VPIRRTELRRAAY AR Gl i RARH Gos fies S evdir FRRRS ot

ost eopor osidsterioration of bone including degradanon of bone microarchitecture and corresponding

increases in bone fragility and susceptibility to fracture in afflicted individuals. Osteoporosis in

- humans is preceded by clinical osteopenia (bone mineral density that is greater than one standérd

25  deviation but less than 2.5 sta_ndard 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 ¢ ontent greater than 2.5 standard deviations below that of mature young adult bomne).

Osteoporosis is one of the most expensive diseases for the health -care sysfem, costing tens of

30  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 approximately 75 million people are at risk for 6steoporosis.

The frequency of osteoporosis in the human popﬁlation increases with age, and among
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The frequency of osteoporosis in the human popul ation increases with age,
and anong 1 Tutttr ot Fbiidit Ui liiit 12121 tiii iii! *000002*
Caucasi ans is predom nant in wonen (who conprise 80% of the osteoporosis
patient pool in the United States). The increased fragility and
susceptibility to fracture of skeletal bone in the aged is aggravated by
the greater risk of accidental falls in this population. Mdre than 1.5
milion osCaopmesipedrinaites woaRe (WEREIMHRS 8@ 8f the BAEIpBEbsis PatiddEpddDirt B
St at es eac %e r. 'Fé tured t}l:ggésS wists, and vertebrae are anong the
nost conmon Fﬁaéﬁ"rt%g JBETRSRPERTY Auh serppbibydp &actyye 9f seleial bamesia therpged

particul ar glagge¥didiesyethy glditeomekost RBik EntANEILHRE Pbpfatfo! NbE tRAL1 £ BiyiRNd

for wonmen correlate with high rates of nortality and norbidity. Although
ost eopor osi SFRICHEERIGIOPHEEFUES 3A enosted lstbe Unitidnates edeh otarf Frastuadeimgue t o

decreased boRgs RS SerteBRAR reOdmdnbend ﬁl%§te&won%{ﬂhésaggcﬁgte{glmg% 0 toglg.o THip

skel etal disorders can 10 substantially increase t _
adul ts. Thefrectyres i partipuas gresareragly erenfomably bl kxnshsiws for tha patidng endifougsmer e

needed whi C&&ﬁwﬁﬂﬂgﬁﬁﬁggﬂqﬁﬁéﬂ%ﬁﬁéﬁw adults, particularly in the

bones of the wist, spi I'p that are at risk in osteopenia
and ost eopor osi sAlthougly esteoparesiabesgbess defined mearpinercesatih che afk of freoperdosits nmay

of fer sone .t i ndi vi S _but ..cann ensure. resol uti on. of. the
oo oo™ SERSLL b ot L SRR SRR S BRPALLLOR et N
(parti cwl ar $upstamtialieiigidasdrtharbong deodityvot adndty. Witete ishe stbdigeperabtiadwated] age,

i ncl udi ng adequate.cal cium.in. the.diet...and avoi dj ng consunption qf .
product s co%ygllchaflsn%lata B RSIReoEH ‘Y%B%a%’élg DESF° BALi déﬁ%‘%’ B F%’Lsfrérﬁamfﬁlaak' {rthe
clinical osbaepefthawnst, spmbleopamest &ip thitlare £ sl i@REteopchi AP 64dpbrosit.Ugs and

strategies are directed to reducing further | oss of bone pgass by inhibiting
the process of (tj)(lc‘)'ﬁ{fmaﬁ?é‘fgbefi%ﬁ,t&é I‘%&‘Fﬁ?‘%ﬁ OFf AITORALSES GraYt PRETH 3R PERFBHE? i ng

process t haindbidudlk but 2RneCMsdre kasbiuvieh Wi tHeOdisc@%aNHhes stBBdgiRUBEudeSmpRMERET NT
prescribed to retard bone |o0ss. There is, however, . sone controversy over
whet her '3 hePsice &Ry gﬁﬂ“i‘ rith SYfeF-Peage pAEYIRGH Vilinde \amet HéradymsrE 28% any
ef fect at alnklueihgRedquBOESHAY BY the Siel @R SvoRtith codRERANESS, proviRisRbntRiainG QREIH1 | S
believed to increase_the  risk of breast and endonetrial cancer. 25 High

doses of di 8t &°%¢°®al EPTRIIEHF (HeHRIRG MBuEiNGat SHFPIPeRR HsOBsReroBset! SHEHESt ed

for  post mefRRB.SRIGrNe R straldoe MR diretb @ LOARES ket Bs€ bHHBnE HhsOby BRibIAGY e
unpl easant _gastrointestinal_ side effects, and serum and urinary cal cium
| evel s nust T5@™EEMof Rers FBtopPticRphiatRkcrrrepat fhibe PepeeraodRiing Brocash thet @it
Proc. 79y 978s2Btivel®95) . Ot her therapeutics which have been suggested

i ncl ude cal citonin,” bi sphosphonates, 30 anabolic steroids and sodi um
fluori de. Such t¥EcEpen: cEepbikeRpst beipgprsscheletsiretatd| hong lage  dhéreds, fowever,

some controversy over whether there is any long term benefit to patients and whether there is 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.

25 High doses of dietary calcium, with or without vitamin D has also been suggested for
postmenopausal women. However, 'high_ doses of calcium can often have unpleasant
gastrointestinal side effects, and serum and unna:y calcium levels must be continuously
monitored (see Khosla and Rigss, Mayo Clin. Proc. 70:978-982, 1995). _

Other therapeutics which have been' suggested include calcitonin, bisphosphonates,

30  anabolic steroids and sodium fluoride. Such therapeutics however, have undesirable side effects .
(e.g., calcitonin and steroids may cause nausea and provoke an immune reaction,
bisphosphonates and sodium fluoride may inhibit repair of fractures, even though bone density

increases modestly) that may prevent their usage (see Khosla and Rigss; supra).
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(e.g., calcitonin and steroids nmay cause nausea and provoke |an i mmune
‘reaction, bisphosphonates and sodi um fluoride may, inhibit [repair of
fractures, even though bone density increases nodestly) that may prevent
their usage (see Khosla and Rigss, supra). 2 No currently practiced

t herapeutic strategy involves a drug that stinulates or enhances the
grow h of new bone nmass. The present invention provides conpositions and

net hods whi ch Narubetlyprdciidd dhérgpeuic keA%S iHORRs i i thbi FAUIAE, or Ehnb&US
may be uti Ilzed‘g&lﬁétre t a w variet%%egof conditions where it is desired

to increasd BV DORG AR r P e e R B EBID RIS CPBROSHOGY rRfbgetherls gyt

rel ated adeanbagfzed BUMYBRY b&k hirEraliDAVEN BhOudenap Ok %@lhéJaQU Beat LRAJPTERENT
i nvention prOV| des a novel c|ass or faml of T -beta bi ndi ng-proteins,

as wel | as °ASUsirony where ¥l dssrrgiodnrmmse ReRs ot CRrHD Khs-RSeSOB LS IR P ifes
content 5 anrtheheffediditaes density, conpounds which increase bone m neral
content and bone mneral 10 density and nmethods for utilizing such

conmpounds i evention of a wwde variety of conditions.
Wthin one 3@%@2{& (sf{t%rﬁﬁyggg Ni nvent i on, isolated nucleic acid nol ecul es
are provided, WoebRHb&R theMptedei Mvartiod pm&éﬁ?lil &%eﬁél@ssﬁﬁltﬁrﬂﬁ‘gf frcpmpetne
group consisting of: (a) an isolated nucleic acid nplecule conprising

sequence | BIMgRgPrateins; as el g asgays fof seleciing copspoungs weghoines FASA b@mmma akogigaince
thereof, (lhd®bnd Spkal 8hsiy Q:Bﬁb&m%? bliNOh& L so&ef}aﬁleﬁp slﬁcl bohe BERELM! Z€S

to the nuclelc acid nmol ecul e (a) under condltlons stringency,
and ( c)!%an deady 206 aoghipds é@fcuﬁéﬂéll% st compayadsdiasthe U‘ﬁ@ilenieqraprb‘fenmmgf pmadeei n
accordi ng tQri@hs Quditits: Wthin related aspects of the present invention,
i sol ated nucleic acid nol ecul es are provi ded based upon hybridi zation to
only a porti onVGthirgens a@fectﬁéhfamrwetmu@pm,ﬁaowdsmqlmm@ésm(lem@s ,arefpocwmted)

hybri di zat i

nucl eot i desva{s%rﬁgaf(g §6?00%1£%§ eotl sel%&%i ’?O%?%}gég%u gsq "5 028';% is etquence
I D No. 1). nhsleshoidintbldselercemptising wu@emw Nohé, el @sslaily, s} I, agendyenicntabe

Ui 11z Qo IELG L0 pYALY ) BRRSILUPRA, LDSrShe Rl IR B7 8hBsc For
mv: Tri sI pH ﬁldmlolECUWfE@TIA;deﬁxoxmmh%oﬁhlah ,smﬁgenaf,;@,nd (6. at%c(lamﬁd/ﬁuclelc acid that
N-lauryl sar n % NP- .4 ni ght .at 45 rees
C, 25 foll oe\%\l/g%fe ?} 1{(\%@%\%&,%5 SRR cgor @%Sf }a) § %S %&‘E‘ %%te%@sr’&&t(jr gz For
a 100- ner mresbnt invenidkey, isbloted atelein gen molemladaré pmmﬁle,d Basbd ajoineybidighitibh @iy ght
i nclude the fol

12750 degr GO PO IBRBEES T G0 TRLHLE TR (24 SSPR MPRieyn Sevpe 1 Hoiesps
at 42- 58 dagraerast 20025060 of ed)(aﬁlﬁﬂhoaﬁaésele&e&from hBclEdtRSETHS tb 39€ bf Sﬂrto 6l8$ ef at ed
nN(l;gl eic aCI%qlrlrrgllcee %J_E\J% @ar.‘gsr sh%gldpl?ft gid]gr %gh gg%?sapyoﬁogg%f t%%e%%ﬂlzje%nfgf 'D
hybridization may vary based upon the size of the probe. For example, for a 25-mer probe high
stringency conditions could include: 60 mM Tris pH 8.0, 2 mM EDTA, 5x Denhafdt's, 6x SSC,
0.1% (w/v) N-laurylsarcosine, 0.5% (w/v) NP-40 (nomidet P-40) overnight at 45 degrees C,
25 followed by two washes with 0.2x SSC / 0.1% SDS at 45-50 degrees. For a 100-mer probe
under low s_’u‘ingency conditions, suitable conditions might include the following: 5x SSPE, Si
Denhardt's, and 0.5% SDS overnight at 42-50 degrees, followed by two washes with 2x SSPE
(or 2x SSC) /0.1% SDS at 42-50 degrees.
Within related aspects of the present invention, isolated nucleic acid molecules are
30  provided which have homologf,r to Sequence ID Nos. 1, 5, 7, 9, 11, 13, or 15, at a 50%, 60%,
75%, 80%, 90%, 95%, or 98% level of homology utilizing a Wilbur-Lipman algoﬁthm.
Representative examples of such isolated molecules include, for example, nucleic acid
molecules which encode a protein comprising Sequence ID NOs. 2, 6, 10, 12, 14, or 16, or have’
3



75% 80% 90% 95% or 98% | evel of honology utilizing a Wl|bur-Lipnman
algorithm Representative exanples of such isol ated nol eculles include, for
exanpl e, nucleic acid nolecules which encode a protein conprising Sequence
ID NGs. 2, 6, 10, 12, 14, or 16, or have 3 honology to these sequences at
a level of 50% 60% 75% 80% 90% 95% or 98%l-evel of honol ogy.
utilizing a Li pman-Pearson algorithm |solated nucleic acid nolecules are
typically Immslo‘gynwﬂﬁ&%b)udneem & Gaveladtts 0o dobi, s OLROA! Gz, EHOUL BB SS

t han 5. Okb, ’2“\5?1( 016, or even 5kb in size. Furfher, |soI at ed nuc]l%‘éfilg?am d
5 nol ecul edOMYOENPHIZRE AP BABBHIRBAEY It not exist in a "libr ary" of ot her
unrel at ed nucl eisglag@indcloR!BRUh QS typidhll q&@'&% @{% S GLihed in
GenBank Accession No. AC003098 and EI\IE1 y gﬂ %E%\%em\?grwgl SOl a%uéd
nucl ei ¢ aciPAGIMER!H 16 tham 3¢ie: 2¥hntPkbnor Wsnékbets sigé. Fmévleatl@ihtaﬂohmct esd
(e.g.. for shufifeliithin SUENADdInEad /G B Ral 37,438

5 830 701: g R gp i IEsT erdiodinte ok BRGk " <ot o bR R Rl ydd®
descri bed Helesulss fee. n%)ﬁubﬂbnﬁ BACuieh sutss@ibed dic GenBank e@udssion wbl £00e3098aded Dan,

Cer ber us A 263 i ded by
the pr esent(g i nyé)ntl arg gﬁléﬁglf\%% orst C\/\fﬁliﬁmi HIFSa?%? W#&“”%Hg\}g’mrﬁétoéd
nucl ei c acﬂdlalnd)lm;qiwués (egncfoexkpmsglsnm vedt desrivdy thCS)rPlafehSBIoéi pROIMger

(e.g., l-34.0L er abl nked,to one of. the apove-noted
nucl ei ¢ acﬁ?ld 7?¥ecu egﬁq%g Rg%Irlagl Qﬁlg?(?%‘éc'leé&é%%’?c‘ﬂfs B fletBrE eRIT S T s

i ncl udelt i ssdmlempelemfamd nprientet @hsh erodt Mird, @erberub A5r@l1iR 0P SOGE (1S.S( Batént No.

CW- based rs such as CW | -E, SV40 early pronoter, and MLV LTR).
ExpreSS| on vect rs may al so be based upon, or derived fromviruses (e.g., a
'viral vect or" AlsoRapviesed atel pt&eﬁﬁm{l% aRf cl¥ih @hecRE WRIA coRGinUEME BEvPES
sinplex viral .vectors, @“d‘? vectors, adenovirus-associated viral

vect ors andrgt Pt afid rolp @@fﬂﬁ?l%va@amaw@dzmlﬁw T SIImotefoffai fi ng

or conpri siragiAsty @&ueﬁb@Vgpd%he@n%ﬁctBOB& OFngt l!igb\na(noted ﬁ&[eme)éaﬁmn‘alecmgsﬁ
cells of human, npnke rat, or nouse origin). hin ot her aspects

of the pt es%eﬁfeS?W@ﬁtClee%ﬁ Fiefale Fromsiese irclydy trﬁeye-sn@n@s promdiersg anp virelet ns

are provi defsedComblesi @Gt BAVSIER Rbmsidst éﬁul ng e 18 %’\ﬁa@e&l %Qﬁﬂotgpg,kd cel |

contai ning . vector under conditions and for a tine suf f|C|en to produc

the TGF- bet™ubY hdRhgEpFesEien Neciasmey dls be brae?dt Upep. @ HHOEH femtvirusasfegpr Stisd n

produced byetiis MR{HQEn Y Bendhidt thesi.PURRS ]

chr omat ograpehy §af f%ﬂ?nl tyt purification IIaand tge{nglugeehcm% CH%ETI vec?frs

pr ot ei ns V\kﬁdéIFPV“%eréCTéﬁc&féma!sh@atﬁb‘mﬂél’mrednmmrb‘exatV@lnrtd Alwl movilebare

(e. 9., SLIURRCRIY LnPdne & o !

produced given t hendl scl oscﬁr gn&?g E&Kgil%t%f é%tfd gé&,t rgéact%f%%)nﬁqary ﬂ%a]imcflt gﬁugo be

not ed that effamers, soakendos rdr prootearigs). or fragnents thereof, may be 30

D e Aog AR bBLLDs 5ithe FAPhFentith. o ?pmﬁl?e“frét‘%eta%u?aﬁft el ns
proteins are provided, comprising the step of culturing the aforementioned host cell containing

vector under conditions and for a time sufficient to produce the TGF-beta binding protein. -
25 Within further embodiments, the protein pro'duced by this method may be further puriﬁed (e.g.,
* by column chromatography, affinity purification, and the like). Hence, isolated proteins which
are encoded by the above-noted nucleic acid molecules (e.g., Sequénce ID NOs. 2, 4, 6, 8, 10,
12, 14, or 16) may be readily produced given the disclosure of the subject application.
It should also be n_oted that the aforementioned proteins, or ﬁagu1ents thereof, may be
30 produced as fusion proteins. For example, within one aspect fusion proteins are provided
comprising a first polypeptide segment comprising a TGF-beta binding-protein encoded by a
nucleic acid molecule as described above, or a portion thereof of at least 10, 20, 30, 50; or 100

amino acids in length, and a second polypeptide segment comprising a non-TGF-beta binding-
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conprising a first pol ypeptide segnent conprising a TG betd binding
protein encoded by a nucleic acid nolecule as descri bed abgve, or a
portion thereof of at |east 10, 20, 30, 50, or 100 anmno acids in length,
and a second pol ypepti de segnment -conprising a non-TGF-beta binding- 4
protein. Wthin certain enbodi nents, the second pol ypeptide nay be a tag
suitable for purification or recognition (e.g., a polypeptide conprising
mul tipl e aniro@inC itHY cakdifl hBEHEHRS, tie %@ndUFéyReB@&eera NQ. ‘]ta%?&i Bl 2
mar ker (e. - cgreen fluorescent protein, or alkaline p%ospﬁat seﬁ, or a
t oxi ¢ nol egllﬂné‘ FODPT reCPEREQR (¢85 2\RPYRFRILOS RemPRSINZAB Y ERIE awibnit kminpraewiontidues
invention, -ankd bNGl B&edl Ko.PERYI, i g C spect fical,ly.

bi ndi ng t he above-descri bed cIa§§%o¥h%%g?gg§3 %?%ghﬁaep%%tg?%ghC%.%#%m%unan
BEER) . W t hA9SRPARFOUE adomompisee @.g-tism)-ant i body may be a pol ycl onal

anti bodys or a [ : . Of n_or-_nurine.qrigin).
Wihin Turther onpageons oreol BeKksied ifvoncd sl BRG ool P

whi ch ret ai Hsspetigcaly rdnding &haberstdesdribed chrsb! AGHboh iddhgapiotddady. o @ufhan an
F(ab') 2, F(@@Q%z %l&nn J:aﬁg)us %fxbso%\}ll%efngsaqgee %ﬁboggﬁ%/egef %p?%aﬁlgnst&pgr,oc\{rl 29 ed

are hybridomas and ot her ce I Ch are cap

expressi ng méreckhdrawbedyi Greedof amianbadinesne Wigih). n wiglhatiethenepBedimet, thbe

i nvention, ds are provi.ded detect.. a . TG--heta hinding, protein,

conpri sing T é t%pas%r%%&?n?l&ﬁ@%taf‘ dér@&ﬂ?ﬁ%ﬁ@?’%?ﬁ%@“&%@é%ﬁ%? 15

con dibt i am; _@titiodyde.ga at Fae’)s Hgab}ém'raenu{alb,avr pe 'fdﬁ%r_herg,?ﬂr @véﬁ\% ctr?@ﬁ YAOplglideh 40 2
-beta binpdi.n rot.ei.n tecting. the binding. thin various.

enbodi ment'shyt%ﬁ%é}%{agstﬁnf}(%li?T ﬁélj] Wé&bﬁrﬁ r‘f@lp"?’k‘ of Predicing o5 spesingtthe 2foreaentiansd e

washi ng o ransibefiar ati on, a nd/or 1 abeled. (e.g., with a marker selected

fromthe group rﬁi‘s‘{iﬁstin of en é/ges, fl uorescent proteins, and

r adi oi sot opes) . i"Has r’?épre“ésﬂé & SVERLonh Eefiods atst Provideshdtesting iasHFEEbe

ol i gonucl edihdi@s pastén,PE@BrERE the? Gephbe ncivddink HinZL; n ' '

nol ecul e_accordi gg to Sdeﬂgjuenge I_Deild\lw@. 1, 3, 5, 7}112’(81,})?351?&%%6% %%?éjﬁ?eror
18 or the cHRApFEHed Poher o sulfifigrto RsFai tpig reatibgdy Hp dindstor & AGEeja biwdingi n
further enhedinnBiad: hObih AR URHERLJatlSus i

whi ch enco:jﬂg Se uenzzegﬁlf% Nos.,QZ, 4, 6, S%B%fggﬂ%%?h%rd&%y%\%ﬁqﬁ@a
certain enb® iiﬁ%‘ﬂiog,totfﬁ%mé'lei“@ém%%%ﬁ)m%§n@/Pf]Iab@lsﬂ’c- (a8, with, maBer BBotedr
100 _nucl eot el thelgoup@B8kidling ¥Y dbirhes! Mhidkiedn: SR HBN Soisdid}s)0! | gonuc eot i de

is 25 | abeled wi th another nolecule (e.g., an enzyneg, ?C{tﬂ%r escent nol ecul e,
or radi oi sot ope)Withip sgher 3prsgiE (8 dheaprssest imwspiionyfsolated snligowmiratifes 20é provided

20T ol e e B e B REl ot e FRRAID B P 7eh elei n.
the term "shedferckl orythe agmpleryent dreresh ouliet doeditioment sighosridgeneyef Within et mer s
kDT 2 R B8 PRI 08 B 2 1
Pat ent No. Mos730% 95233)1_0, 12, 14, or 16. Within certain embodiments, the oligonucleotide is at least 15,

20, 30, 50, or 100 nucleotides in length. Within further embodiments, the oh'gonucleotide is
- 25 labeled with another molecule (e.g., an enzyme, fluorescent molecule, or radioisotope). Also
provided are primers which are capable of specifically amplifying all or a portion of the above-
. mentioned nucleic acid molecules which encode TGF-beta binding-proteins. As utilized berein,
the term “specifically amplifying” should be understood to refer to primers which amplify the
aforementioned TGF-beta binding-proteins, and not other TGF-beta binding proteins such as

30  Dan, Cerberus, Gremlin, or SCGF (U.S. Patent No. 5,780,263).
Within related aspects of the present invention, methods are provided for detecting a
nucleic acid molecule which encodes a TGF-beta binding protein, comprising the steps of

incubating an oligonucleotide as described above under conditions of high stringency, and
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Wthin related aspects of the present invention, nmethods areg provided for
detecting a nucleic acid nol ecul e which encodes a TGF- bet a |bi ndi ng
protein, conprising the steps of incubating an oligonucleotlide as

descri bed above under conditions of high stringency, and 5 detecting
hybridi zati on of said oligonucleotide. Wthin certain enbodi nents, the

ol i gonucl eoti de may be | abel ed and/ or bound to a solid support. Wthin

ot her aspectsedihg t hpbripizeiantori RMENtOLBHhuckbtRZY MBEHAL €0V dadanhich are
capable of ¢l eavi ng RNA whi ch encodgghugne of the abO\C/e aITEI’ltI ong% %’Gitﬂ{)eta

bi ndi ng- pr oPligoRucigofidgmay bejabgled sad/erbqupd fassolipsupgort.8, 10, 12, 14, or 1;5)
Such ri bOZerES n%b%ﬂﬁ@zfﬁﬁ&%e(ﬁ R % in 01( 'rﬂ{'}i}}ﬂ@sg& pgowgedgﬁ{xﬁ%/‘a\;e cagable

ri bonucl eic acids), nuclelc acid anal 0gs ., nuclei‘c aci
phosphor ot hPlogleaving Bk glich cgpodss feplice tahé’pwhtlonﬁ\ﬁ J & Fovetay biddidg-proimyek.ei C

acid nol ec Ub&ﬁleﬁ(ﬁ T8 NOs, %,qlb PPI\IIQ‘ Cé].\cg eé H'Ssg% {‘ﬁoél%%%%ir@?%@ %A

vectors which are cagab e of expreSS| . ucin
Repr esent at {igduding gpParctiol ripentcinis atids)| mdcéelplaas randogs 18g.r @hslet raaids pasEens,

° | t d at | t i
o, Bl e A B e

provi ded ar BNdogtcDd¥!)|véhicheengnde thdsel niboryn@agnd ¥etors ShicHaeSBpab@) dfekprédding br
contain the&%d‘%( ectofs. 40 C%{ta'ﬁ enbod‘lgmants the host cell may be stably
transformed W th 1 he vBetSr W t NI FUFt fer*aipet & ofectore mAbdnt FlgRids,

met hods 1@r erqotarispesdnsf crsmiitspaHCTinlbased QEYoTE ., NBraPhédiRE gebfiddek 1Galih Yart OF
by in vitro 98 in VI vo transcri Etl on. Wthin furt her n‘godl ments, the

(i bozymes saoPrbHaRANSANSHGES oF HERC-PRIPGiAdetimgh gAjso d’rm"fl@ﬂdrﬁﬁ? Besegelisrie.s.

phar maceut i hahan, dﬁgjrderﬁltcﬂﬁHSceﬂ@ Which édiaid hHBRAMEBrsOlin PdHalrEnthopfiedisME f&u! €
encodi ng the ribaqzy yne a sgg wi.th a pharnmaceutically acceptable carrier or.

diluent). SFHTPRes WF@“ gmed @itk dhesierigbnuct eoti des and  anti bodi es or

ot her sel eCt ed nwiteie Angkr ReG bPaE iMRABIN) mEBYILE. b Rﬁiﬂéh?& e;ﬁodu@ﬁlg nbozymes
pharmaceutical 20 compositions. Wthin ot her aspects t gésent

i nventi on, ST §5é#§8°%1|5’4 YoWUE BBe o8 d%s vive éfﬂb%%}?/tioéedWﬂb@lnthhgl m@omnrreltbc c
aci d 1ol ecukisoMhi€ho mf&mcsh z&g to f@rﬂ(&'%xﬁ'ﬁ‘@d aaﬁa ﬂomcl Qiée‘é g) &ma&g

Sequence I D NGs. 1, 5, e conp ment ereto
and w her ei FPTaPOsitighs @Igv é‘&?rﬂh?lz%? P?d@@%@cm {*1916?%6@2@1%@@1 ghezynd alffngGFlﬁbet a

bi ndi ng pr op@irRaRucatle 8&EptRd cs}ﬁ&ebrﬂm{&mg Sm%ﬁﬂ? Uﬁﬁ@%@&éﬁ% ohomchﬁ‘de‘é%a ous

enbodi nents, the oligonucleotide is 15, , 25,7730

nucl eot i des a‘iqli’oﬁléh@ft er pplectedrraplpgulestdeecriopd @émm,umaﬁ bt fatemiated| inte phiraceni@D,
75, or @9 npgl ltﬁloges in length. As should be readily evident, the o

| i gonucl eot i de e conprised of one or more nucleic acid anal ogs,
ribonucl ei ¢ aci d thl@roﬂtfemwtﬁ lo6 thecpregent mcmiisn, datisenkre vligontrdecniésgan polvided | de

Y, 5 o R e LS L R SRR,
met hyl phospemvareedD| Nokdgé, 5.a7, 9, 11, 13, 0r15, orthe complement thereto, and w herein said
oligonucleotide i nhibits the e xpression o f T GF-beta binding protein as described herein (e.g.,
25 human BEER). Within various embodiments, the oligonucieotide is 15, 20, 25, 30, 35, 40, or 50
nucleotides in length. Preferably, the oligonucleotide is less than 100, 75, or 60 nucleotides in
length. As should be readily evident, the oligonucleotide may be ¢ omprised of one ormore
nucleic acid analogs, ribonucleic acids, or deoxyribonucleic acids. Further, the oligonucleotide
may be modified by one or more linkages, including for example, covalent linkage such as a
30 phosphorothioate linkage, a phosphotriester linkage, a methyl phosphonate linkage, a
methylene(methylimino) linkage, a morpholino linkage, an amide linkage, a polyamide linkage,
a short chain alkyl intersugar linkage, a cycloalky! intersugar linkage, a short chain heteroatomic

intersugar linkage and a heterocyclic intersugar linkage. One representative example of a
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met hyl ene(net hyl i m no) |inkage, a norpholino |inkage, an amde |inkage, a
pol yam de |inkage, a short chain alkyl intersugar |inkage, 'a cycl oal kvl

i ntersugar |inkage, a short chain heteroatomc intersugar |inkage and a
heterocyclic intersugar |inkage. One representative exanple of a 6
chimeric oligonucleotide is provied in U S. Patent No. 5,989,912, Wthin
yet another aspect of the present invention, nethods are provided for

i ncreasi ng chhant olipREabidza réved BANPIBa&hNGo |¥HAIICI Ng iNto a war m bl ooded
ani mal an effectvbve anmount of the ribozyne as descri bed above. Wthin

rel ated aspect s, SH Kot FRYPS FEPch pipthe Beesanh sventiop, mﬁthgismmpro@dcﬂ fog incrdasing
“patient an wif ﬁﬁﬁdréh@alﬁﬁpdd)ﬁipn%o {RS u%g v@a(ﬁ'nq)léq%la(?
described herein which is capable of producin eS|re
condi ti ons P&BPIAY 25 dpsAB 299V¢-oVithin tﬁﬂﬁéedwpd:cm suchcnethovs | compiti® the sqap educe
the ri bozyng |nv ntion_ t eni c,

animals are g?%ﬁé%ghﬁo%ﬁﬁﬁt @%ﬁgﬁ%’%gn%mg%? elf ?cé(ri]rsn [eﬁ‘iﬂ% Y?F%"I’S‘fé beém
provi ded whi¥ssan geliieh dselchpablendf yoodating tbe eielsmad fiBozytne) ahder acontiGbR Favdeihg

nol ecul e e [ n rotei descrlbed above which 1s
oper abl y I%@g@ggﬁgﬁg@gﬁﬁ%ﬁﬁe écugtggm e nl? HE%XPressi on of the gene, the
gene being i nt rYdithic ether pspects hd taaiuehtiono trar8Bendd) aRE h@ma0 fanih® 281 f¥Bdidedat an
enbryoni ¢ s§age. n\éll lgo& e I Vi SO . that said %g rr}gjl is not. a human, Wthin-
ot her enbodi ment & FPANSGEr FRRG Bl Pratdedhese grpy selisdnd egppicsilhg an

ani mal  Whos@ngér smokid z&ldan@leaﬂnmicbdlng:s IrGB-ve@ iidireepratefli o8 kbR LbHe Rhicd
| east one allsloelereabOf]_g]% gnd enous Eucl ei c acid nol ecule which hybridizes to
a nucl ei ¢ aci TRy BELH & GHTEROEH EBHEYe LorTEE BPIEtgOh st gsnn e eess beinped

herein, mhan&oducéd’hﬁtodhémmﬂ] 6hn ANESRNEHL the hﬁﬁﬁ!}h gtfdtnl%gxiﬁg}%nfdafsgarg?%iéﬁor}%@ﬁroﬁ t he
u | u |

fromsaida{tllesﬁ@ ardtowamm&lwt
provi so tha (i & a Wit Rthen/grabodrmepssy: ransgerigrisenskont muimalst dre
di srupti on prévided) tishhiRisitig A6 laBinfA€\wBbde FBrm §é1'l|§§£d Eddhduie Qellsq{omphgksae&%]ﬂugﬁbn Al E hi n

ot her errbogll ments the 20 transgenic animal is a nouse

dog. W thi n®#hrEhaiels ehar erdogenoun ausleig apid i mejeculy Wblchrlwbrphmltdeomcmo achde

det ection oholdédte blﬁfcﬁ- enéﬂdeﬁ'an]gi}lﬂﬁiﬁalﬁé Q)rcgﬁﬁl%s %)é&:'hgéds V\ﬁ'&n &fﬁé}?ﬁ tﬁé 'Ei% tlon

cont ai ner that conprises a nucleic acid nol ecule, erein e nuclei e acid

nol ecul e i sPTEPECRRYRE A Wéseageé@ﬁlkﬁﬁé isaid ia¥iee of cofrpred narcingha veithiodt the

mol ecul e cogBupifngith Be ecastlt(é)@axﬁﬁgll{? E Saim2its, the O

11, 13, 15, 10% or 25 101 (b) & nuclel g&:dcﬁ%“%oggé%ew%%“ﬁﬁﬁbgmmh? nge

conpl ement  YFURRE iheardee peid deledrre mbstifion; ay, -inseftioh. AVithic bkicensoidnam ke ul e

that is2@ fe&a05@Rtnefa £ Dmdke, R)shd t 15, 20 30, 50, 75, or, 100

nucl eoti des i nééﬁgngt . "Al'so epr O%/SI %dﬁg Arﬂ%sts for the detection of a

TGF- bet a bi ndi ndylﬁld-@)ﬁ@ihﬁ aspgitscof tho impention, kits eonpravidet for Iﬂa:tdeceeuimlrdfsmmhﬁa Of

t he TGF- betg,hi t erein. 30 Faqr

W thin one Saphetelf SREbEHAsERLRARLaR CRBRE! IBECIRES s Raen ey
wherein the nucleic acid molecule is selected from the group consisting of (a) a nucleic acid

ctor a
(f’ﬂvé% e mﬁ%n 0&nder

molecule comprising the nucleotide sequence of SEQ ID NOs: 1, 3, 5 5,7,9, 11, 13, 15, 100, or

25 101; (b) a nucleic acid molecule comprising the complement of the nucleotide sequence of (a); -
() a nucleic acid molecule that is a fragment of (a) or (b) of at least 15, 20 30, 50, 75, or, 100
nucleotides in length. Also provided are kits for the detection of a TGF-beta binding-prbteiri
which comprise a container that comprise one of the TGF-beta binding protein antibodies
described herein.

30 ' For example, within one aspect of the present invention methods are provided for
determining whether a selected molecule is capable of increasing bone mineral content,
comprising the steps of (a) mixing one or more candidate molecules with TGF-beta-binding-

protein encoded by the nucleic acid molecule according to claim 1 and a selected member of the
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determ ni ng whether a selected nol ecule is capable of increasing bone

m neral content, conprising the steps of (a) m xing one or |nbre candi date
mol ecul es wi th TG bet a- bi ndi ng- protein encoded by the nuclleic acid

nol ecul e according to claim1l and a sel ected nenber of the 17 TG beta
famly of proteins (e.g., BMP 5 or 6), (b) determ ning whether the
candidate nolecule alters the signaling of the TG--beta famly nenber, or

al ters the BEmbktafuodly of bfbta&@%e beBRIP Dbl @?d&érﬁﬁﬁhg"'wﬁéﬁxe? he cﬁdﬁ@h@l&nﬁéﬂ ly

menber. Wthin certain e i t he ecule alters the abili of

TGF- bet a totl]t ‘Eu iy %TD tg 5@3‘(‘7@ famdly| memberofr Histetie Wﬁmg elethe 133’3‘/ beta

di fferenti anmdmg eretnhtonth'e MG - B e&tily e, Wlﬁﬁﬁ%ainné@&ﬁn%ts ttlllls.hm‘c‘j%@\ﬁé date

nol ecul e(s) aI t ling or binding by, for exanple,

decr easi ng Srsg mfﬂg@g*keta g? fpprtioa aas ﬁg’oélé“’g regulaggn heineiesrgyhysiagnakll ng

or binding. dlﬁﬂ,{rélﬂiaﬂory ertﬁiﬁQBlQ@Epe&%@%tpres‘@ttlﬁ%ﬁoﬁ% Rh& téjﬁgleglﬁg(s)dlﬁ&%l [ ni ng
a

whet her a selected nolecule is capable I ncr éasi ng one m ner cont
conpri si ng Sgreling epbigding dy.eforieximrmie, efbﬁfvxﬂ@tdaeng ée.s.einbibitisg), wolimcedsiagi(api b| ts
t he bi ndi ngmgincmgmgehao@mﬂgg protein to bone, or an anal ogue thereof.
Representative exanpl es of bone or anal ogues thereof include hydr oxyapat| te
and primary hunifitiyet anehst espeebmathpdg ari Iao‘bdemipfvy detdibfiting wietteflia nselected

nbodi ment sy, t ted ol
contai nod wre ik BB S LEGRAR 00 ili FabROSE Ry of trgminine

conpri s& t hehedieep Sel‘ecteflﬁloﬂesmlbamhlm;q tbmblrxdmgmir'mm’ﬁﬂtaebmﬂlﬁgphﬂmm:lﬁo 86, or an
functi onal thin ther e i etafamly
of proteins ISB{)OUI’] enfam Q{ goﬁlﬁ ofﬁreaoﬁl?‘fotge §°fbtf°1“ﬁ@by T9Eyagatite
bi ndi ng- pr (fmépnlnae'hmasbmedmnpleﬁdﬁt?mtaaétvm omgi ng- protein are bound to a
solid support a he bi ndi of TGE-beta proteins are neasured. Utilizing
net hods such as%?ji 0S6 1'ctfmécrl %Sggh é dgl ‘gﬁeéll"g 5, dhe sPecded melecigyis be
20 assayed doowintheiithirabintikie dfmxolamudgaﬁle tBO RRHIHN Bap furheN L&t Wnd Bl RELI g
t he b|n ngs f.the TGF- bet lll’ldl ngﬁpro e n to the TG--beta fam |y of

eg glﬁ‘iﬂ B

prot ei ns. 08 T i e RalRes SV wasek ifhiasths gesey deWphiat vt wthepr

pepti des, cnrlg:adnncenﬁpTeEmthSaml@rui pRIEhLIsbodsd @ IBRLE Giph6r® andMhl BindiQlREGE-
rel at ed as e ch th%g,:’nventl on, -ﬂﬁ:th()d are provided for increasi ng bone

n ner al e Bt et BHFILLR A bpvrs tetaesgligpupport and
admi ni st er Ithgbmdln@oﬂ(HBMbetZErowu@Q&Qﬂea&ﬁbdfm a ther apeutically effective
anount of a nol | e |dent|f| d fromthe assays recited herein. Wthin
anot her aspect, 178 dRethnds spah 5 ithpse) detsribeheosad Yige Bairey af melearlecmay bat

in a wasm hisegeetr airmblity ©OARELS bite thiteras LERnOhy AR :
war m bl oodﬁg aninmal a . ther apeutsl cally eaf ective amun%ﬂe@g&%ﬁg%glrrgl:v\hl ch

i nhi bits tMSPPRSOEFTGHD itk dher ESFhetaafapiynefi Prgteis oR exiresentefivtehexaffi@les bt mich
super - f am | yoleduldd il Bfoteihs Ipbﬁl'd@@o}égﬁl@ cﬂgé) gleRraggi%J'gcuiseg (BVPs) .
u

Representati ve exanpl es of suitable mmolecules 1nc e antisense nol ecul es,

Within other related aspects of the invention, methods are provided for increasing bone

minera] content in a warm-blooded animal, comprising the step of administering to a warm-

25  blooded animal a therapeutically effective amount of a molecule identified from the assays

recited herein. Within another aspect, methods are provided for increasing bone mineral content

In a warm-blooded animal, comprising the step of administering to a warm-blooded animal a

therapeutically effective amount of a molecule which inhibits the binding of the TGF-beta

binding-protein to the TGF-beta super-family of proteins, including bone morphogenic proteins

30 (BMPS). Representative examples of suitable molecules include antisense molecules,

ribozymes, ribozyme genes, and antibodies (e.g., a humanized antibody) which spcmﬁcally
recognize and alter the activity of the TGF-beta binding-protein.

Within another aspect of the present invention, methods are provided for increasing bone .
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ri bozynmes, ribozynme genes, and antibodies (e.g., a hunanize% ant i body)
whi ch specifically recognize and alter the activity of the |[TG- beta

bi ndi ng-protein. Wthin anot her aspect of the present invention, nethods
are provided for increasing bone. 8 mineral content in a warm bl ooded
animal , conprising the steps of (a) introducing into cells which honme to
t he bone a vector which directs the expression of a nolecule which inhibits .
the bindi ngirefal tchgent Frabeid vdasd RgnR biksi J ' '
protei ns and bone norphogenic prgdot ei UEQ%EBLk/%Sg?ng%pS( g@%@%@%ﬁ"n% he
vect or - cont ¥Peh Agme & 1he bow avegior whish diteeselthd cxpresvieh of Asnalecule wigch bibias the | t
shoul d be updghrsta08et Pat-H68! LiSqindd . ot I G ., localize wi.thin the
bone matri x a]iat%r perei p_hergltlg %%%nﬁn@gt&rﬂa?? gﬁ?%%ﬁtanq%ﬂ eor’rbporcc)ltla1rIrlls=':nefn,d WiEn
met hods f ur BR@hogssieppPsEs (BMPa) and (b)ledmirtiggringf the neatarchooiaingng ttioltata wgmeel | s

fromthe;ma . Bo I ne. Wt hi further , .. _
enbodi ment , BI'E) dgd%{gﬁa@ \l%ﬁ iu\gﬁieﬁg}l ﬁ%%[;rgt %‘glrl]lg %gruglger%%?d\é%%teﬁil? ?lborﬁ’et tﬂg)oa? b ey
consi sti ng lfalieb3vthinctht beneamatrio sfieqltiplstral .admbhisitidhi MWethinedne 25PBEEHSOfuch he

present inventi | ecul.es_ar rovi ded. ef er ahl i sol ated) which _-
inhibit the bi %%ﬁnfﬁ’aﬂegrfc%ﬁ?‘é“r&?@&ae %mfw&%wwﬁa%@ %eﬁ% froprthp gagow e -
fam |y of pbaiesihic howetthitie Houe.t WathinenfaedérreaibbGimehth @ie FOlisOGMEIE Borh@ JoBe are

provi ded as osition, and.ca rther conprise a n inhibitor o fb one
resorption. S%Cgeégige%?eth? %’iofl’_?/%onélﬁ .gg)fag-r]ce ?&E‘ﬁoﬁt‘?ﬁ’?ﬂaﬁf‘-t ors 15 include
calcitonbn, estrwiki, oterDhsppitOSP N Bietent An@OYY, m1BRARN arBaMbNGed (preferably

I Represent ati ve exanpl es of

anti-resorptive.activity . and tanox|fen. _

nol ecul es V\ﬁ?%ﬁd%ﬁ’%‘%én%}?‘it %i‘ez fho’% He TEoree haninegnegn torbe disddesta super-
cont ext s i ngddigef p®teghs, i bozynmes, ribozynme genes, antisense nol ecul es,
and/ or anti bodi&%e@g{r, humani zed anti bodi es). Such nol ecul es may
dependi ng upon t 5 expestimentyy thesaefequies mayeie proyifed o 8 crmpositiona gshyian e
t he signal | fuf@eontbirigéli Mohn@itofo flb d6T ELHAOR. RN fe%fﬁ&@éﬁf%lesfo%@uhkym%r as
described herein Wthin various enbodi nents of the invention, the

above- déscritsRe AHfiEEE, s8togey 2 hisnhpwhanasy, ot srewhrfesier lavingraavientormive ratvitpe
utilized onggardbtifeans such as osteoporosis, osteonal asia, periodontal

di sease, scurvy, Cushing's Disease, bone fracture and conditions due 25 to
i mb i mobi | i zatReEesemieivet&amples o mglsculghwhish awayrite tdizehin tie absangptioned des
anti bodi es iaabasReGhldGantuididld iR ImICTRERA oHeDILRG-RL H&idies andor
sclerostin. (SOST), and provides | munogens co'rrprigS| ng sc? er oSt p’efﬁl des
derived fr ofitibedirofese. ofumesized ardibpdies) hSuch mokerwest mayi ddpemdimentrertheif sdidvion,

TGF- bet ggsu fam; : ni.c .prot.ei ne. .
erbod: mant . Ehe TavLar e foar B BERBEILGaRt 3 S anite Shlirseiang
fragment t hégralyfmembsnes dsamdted lpiwi fi cal |y to a sclerostin pol ypeptide, said

Within various embodiments of the invention, the above-described molecules and

methods of treatment or prevention may be utilized on conditions such as osteoporosis,
osteomalasia, periodontal disease, scurvy, Cushing’s Disease, bone fracture and conditions due
25  to limb immobilization and steroid usage.

The present invention also provides antibodies that specifically bind to a TGF-beta
binding protein, sclerostin (SOST), and provides immunogens comprising sclerostin peptides
derived from regions of sclerostin that interact with a member of the TGF-beta superfamily such
as a bone morphogenic protein. In one embodiment, the invention provides an antibody, or an

30 antigen-binding fragment thereof, that binds specifically to a sclerostin polypeptide, said
sclerostin polypeptide comprising an amino acid sequence set forth in SEQ ID NO:2, 6, 8, 14,
46, or 65, wherein the antibody competitively inhibits binding of the SOST polypeptide to at
least one of (i) a bone morphogenic protein (BMP) Type I Receptor binding site and (ii) a BMP

9



sclerostin pol ypeptide conprising an amino acid sequence set| forth in SEQ
ID NO2, 6, 8 14, 46, or 65, wherein the antibody conpetit|fively inhibits
bi ndi ng of the SOST pol ypeptide to at |east one of (i) a badne norphogenic
protein (BMP) Type | Receptor binding site and (ii) a BM 9 Type 11
Receptor binding site, wherein the BMP Type | Receptor binding site is
capable of binding to a BWMP Type | Receptor pol ypeptide conpri sing an

. [ d 1! tS €, €r 9]
NG 102) | DagEIar FeRpe ikl fe) e B e IRR iR SR ShRh Pt o |
NO 105); N\Windeseg BME@ype! N@emspelmsmmsaqg B0 pDiNGcikisB)yenddReODith 9

d
(el o 1 oStk RGNS G051 RO 80 1o pRR 103 m OB ) W’g&%ﬁi "
BWP Type H REQH BO:1p6t FPdP i(SEQ &0 iND:169) gt msammabmb $@ﬂ;wem)ez

NG 112) ° 2abo30 (REST YR G 1 M uhd B Kiprdligy %) b

(SEQ | D NO (BE®)ID Nox1 mj@nmherm tmmmmypm Retepeor bind@iatsito i @pdW FemARAR to 2
ant i body, I[V@nr p gen tb| n %‘{ ment thereof, that binds specifically
to a scleros Spt P e BT, pFﬁﬁ'a S5 364 Fesense sg fonth @y GeBiepk

honodi mer, Mterrm)sn UQJSEIOS(SJBQ oS tNO:1pD) ymmsa_% @B@mme@ 1@121) I@m;m @edm
n certain

Ceauence Sehot 3a Tl RS TS Mbntincer S Dot a1 o e

anti bodyo  drfibddfinddt, ey ineeHtied iR an hiEbof) tor RA MMt heh- Iﬁnc[ﬂimﬁ‘a‘énﬁ’e’ﬂﬁ he@l% pedy,
whi ch is a nouse, human, rat, or. hanster nonocl onal antib ody. The

i nvention ab&d ﬂPeG\ﬁFﬂ@s‘°aahiﬁiﬂr?sﬂérﬁf’li@é?tldeo@dathﬁbﬁpﬁél formptipn plsa %thmbllle of
produci ng t AendiRAQCH ARG tRcidrady poﬂyﬁep%b@crm&ﬁ@som FRRb Siefdfs g&nﬁ ol OV RRE 0N,

the anti bod%/ i s a humani zed anti body 'or a chineric antib The 1 nvention
further proVFQERNYsho&t8. 1646 ondPat produces the hunanized o r chineric

antibody. | n caeptalah Zﬁﬂmﬂi Qiﬁ%cﬁn&d&eoﬁh%{r&ﬁgn 93 Q&@Q&Q 51@&5555?&[1&88(1 he

antibody is a F(ab ' Fab', Fab, Fd, or &PPAvent ron
provi dess anInagtharis PHs esanab@dynghmocmrnl mmbpfbod&ucanda p1oDSE] hhamnarah@st

cel | that g, capaRheiRh a8l 5%k Beldf 280 g&'vﬁegm&d%a&'cgp ahoLt ce@@&tl?ef

enmbodi ment, the i'nvention provides a conmpdsition conprising
ant i bodi es eapréble op mpsiwnmH e caprioplond capbaly) éncéhquembodmarrdtﬂmmvambmduhcrent

the inventi I |agm,H§1 conprising at
| east 21 co%ghggl}&}(\%g%ganﬁﬁ%g acl g%?géﬁ&g}?{mén?ﬁg&tgyh;}ggg&e%%% ecu rlp\r/ogpc%sahosg
acids of acd @Eﬂ?rwimib%hemwedmmrmﬁmppdm ypepttaldenfoodtmentstmmgenam no
aci d segyen e 5. wherejn the
pept i deg?js g]g%%‘b & %UEDE 681” a%uﬁab édaoﬁﬁ:’r‘r’a agg‘ﬁm ﬁ[t% F BYERIOP Rl
bi nds speci piowidkd 3n ambd:dyethﬁ%a' smgle)ppaptanmimdﬁanﬂ pﬂoaides:a)ﬁmtcelt thdtels apablahvif bi t s

bi ndi ng of the SO5 tide. | east b
orotel n 30 LRI Be HERCER I8P ai R erte CARECTET) o BB Ry Rt s |

Recept or bi oahpogitish teegprisihe Slﬁﬂll’anﬁﬂitﬂles and a physiologically acceptable carrier.

In another embodiment, the invention provides an-immunogen comprising a peptide

25  comprising at least 21 consecutive amino acids and no more than 50 consecutive amino acids of
a S OST polypeptide, said S OST p olypeptide comprising an amino acid s equence set forth in.

SEQ ID NOs: 2, 6, 8, 14, 46, or 65, wherein the peptide is capable of eliciting in a non-human
animal an antibody that binds specifically to the SOST polypeptide and that competitively
inhibits binding of the SOST- polypeptide to at least one of (i) 2 bone morphogenic protein

30  (BMP) Type I Receptor b'mding site and (ii) a BNLP Type II Receptor binding site, wherein the
BMP Type I Receptor binding site is capable of binding to a BMP Type I Receptor polypeptide
comprising an amino acid sequence set forth in GenBank Acc. Nos. NM_004329 (SEQ ID
NO:102); D89675 (SEQ ID NO:103); NM_001203 (SEQ ID NO:104); $75359 (SEQ ID

10



BMP Type | Receptor binding site is capable of binding to a |BW Type |
Recept or pol ypeptide conprising an am no acid sequence set (forth in
GenBank Ace. Nos. NM 004329 (SEQ ID NO 102); D89675 (SEQ I D NGO 103);

NM_ 001203 (SEQ I D NO 104); S75359 (SEQ ID 10 NO: 105); NM 030849 (SEQ ID
NG 106); D38082 (SEQ I D NO:107); NP0O01194 (SEQ ID NO:108); BAA19765 ( SEQ
| D NO 109); or AAB33865 (SEQ I D NO:110) and wherein the BM Type ||

Recept or bixdiing); Wﬁnb@%@@@bﬁN@ﬁm@s-%%Qz &%%6%@?&?:&‘5%%00@?24%&%&%& |

pol ypeptide conpri Si nR@St he am no aci d seque
NOs. U25110NPHE8): IBA5 R (SERQ ID NiP:06933 dis AASEERASD(SRQ: L1 R)): 1 154 8Q2 R hérSaQnt D

NO 114); CARGS N L5) . Qf  NWL 001204 | D_NO: 113).. The
i nvention al so@?%gﬁggg{ogﬁlﬁ%%éoée?aggg%ﬂg%gcba gﬁgﬁaﬁ’lﬂ Hspefeﬂi’é&r PelypsRtidg es
at | east 21c@wmisieg ks veiraniaid sepiets sendorp TG@BEAABONOSOUSAGY (KRS AN NO
acids ofsa i-dg, 1 d,-SOST bal ypept i onprising an am no
aci d seqsuenlggﬁ-s[é)‘?%%’? %Ailﬂ]&glgéﬁi} %’(}\@)ZQ‘&@X? é,gé(?j,g Iﬁ@fﬁ) i COBS8IRSELHID he
peptide i s Bapab) er 6IM 11204 (SEQ MY NO:183)NOMhd) uRBRiANEBbrofBes2 Y RNt

bi nds specifically to th OST pol ypeptide and  that inpairs formation of a
SOST honodi ‘l’;‘r’é“rp.“‘“f‘% aesr%ttdsﬁ%a%aw i S&ﬁ%@?ﬁ% b GERSRBIIE amingeackig Brdore morpvbart Son

i Munogens @necabsagint @sviftalSOST felpchde, Bk SOMIT 1>Jp9pu‘&§E$rﬁ§r&FlgrmoagAiggent s,
i'n " particul ar

t he carrierac | ecul e ig}rt%.cg rier §0| yﬁgeptide, an .

embodi ment s2°'¢ WE CET ¥ € gd Ey:Be@t]F %% SKKEA/ 81 @& O5i Yrprseln thermeptidens erpatils ol he

i nventi on  adlishing ioyhabemnan ARiA0sh f@body B8 Baide d sﬁ*g]% ;

speci fi cal I% hinds to .a SOST pol ype?)c?ir de, co%ﬁﬁ%?ﬁgb?ﬁn’%@m |h'56p§1de and

non- human a Ptﬁﬁ‘PmWf?rﬁlaﬁ?P.?frﬁﬁﬁﬁg@ﬁdepri sing a peptide conprising at

| east 21 consecud be#BindAtidRIaPGhshi AR . 1.ha consecutive an no
acids of a SOST pol ypeptide, wherei n’?lg)sﬁﬁcglrg@gbng%fn;‘}ﬁ%gﬁﬁ aéeeasé%cﬁ%%@% an
amino acid % Frokecdlet I esrtedn embodiments Bhiu@urir m@ecuB, is 4 darridpolypeptiab; anfly) t he
anti body 20,euRethldaenys iHahibi LOgir e T pol.ypeptide to at

| east one 8;1" (i)_a bone nrfqi){rhgﬁédlggtrﬁ%?mﬁp@g%elegﬂo(%@ﬂé%ﬁ%%@%ecept or binding
site ant®f (ii) a lBfmPeTippalsp proRulcepmethodfongiodgeisg dreintibady thad epeciBbRy Be td

Receptor bindigkg SiilSoli®. CARaRLE, inding to a BVMP Type | Receptor
pol ypept i de cqnp?igﬁé f he leﬁ‘b acl 1snéq8e][rlloélehmsne"ﬂ"f1 ?#@hwﬂ B BAHCER .

Nos. NMVD043PUPLSEDa |meptidyCeop@zising D8 @752 1 StrEedubviNanid 3cids NvD @b 20&e (REQJ D

1D N0 107) O RE OO TIEH CRG 13O NI FaikTsPas FSSENk poRedsyTe

AAB33865 ( SEQURID® A s¢@epceased fout) it RBQBIPNOT D@, B) 1Reqwpt @5; () M6H Agibsaf e i S

o no. o o SRty i MG e o R e RATBEER el ¢ mmeRop oDl 1)
NM_ 033346 (18BEnI(BMRIT b2 )R e D2 g SEQ AN BME4 ) ype GANBEAG SiddBEQd: Ry 30 NO
115); or N'\ﬁﬁg T%'EQ 14Re§c§pl':f8 ‘t')%r?diﬁtg%ite]ig' ggphble of binding to a BMP Type I Receptor polypeptide
comprising the amino acid sequence set forth in GenBank Acc. Nos. NM_004329 (SEQ ID
NO:102); D89675 (SEQ ID NO:103); NM_001203 (SEQ ID NO:104); 575359 (SEQ ID
25 NO:105); NM_030849- (SEQ ID NO:106); D38082 (SEQ ID N0:107); NP_001194 (SEQ ID
NO:108); BAA19765 (SEQ ID NO:109); or AAB33865 (SEQ ID NO:110); and (d) the BMP
Type II Receptor binding site is capable of binding to a BMP Type I Receptor. polypeptide

comprising the amino acid sequence set forth in GenBank Acc. NOs. U25110 (SEQ ID
NO:111); NM_033346 (SEQ ID NO:112); 748923 (SEQ ID NO:114); CAA88759 (SEQ ID

30 NO:115); or NM_001204 (SEQ ID NO:113). |
In another embodiment, the invention provides a method for producing an antibody that
specifically binds to a SOST polypeptide, said SOST polypeptide comprising an. arrﬁno acid

sequence set forth in SEQ ID NO: 2, 6, 8, 14, 46, or 65, comprising immunizing a non-human
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I n anot her enbodi nent, the invention provides a nethod for #r oduci ng an
anti body that speci f| cally binds to a SOST pol ypepti de, saijld SOST

pol ypeptide conprising an anmino acid sequence set forth in SEQID NO 2,

6, 8, 14, 46, or 65, conprising inmnizing a non-human 11 aninmal with an
irmunogen conprising a peptide that conprises at |east 21 consecutive am no
acids and no nore than 50 consecutive am no acids of a SOST pol ypepti de

sai d SOST aﬂmayﬂﬁatahd@nﬁ@crgaﬁ EsthpBingh @épna@mapwéap%eémt&& zfi%nie%ﬁda dnfne®
I D NO 2, 8, 14, 46, or 65, wherein the antib I mpairs ormatlono a

SOST hormdlaﬁésr and; nppEeks AR S8t NBIECHY P cEpigo Fids 16 apS SErrolypantidst isdd SPIT
becone evi §eRbeptRO Borhysisa] Qﬁuﬂooamdtda&uéngé LR\ aa%ﬁb%'ﬁ@ HeS¢r{ Pl of) (3nd

attached draw ngs. In addition, docunents including variodu$ teferences set
forth her el“ﬁle{eﬁh@ea@@@ﬁywmﬁoﬁ%ﬂﬂ@@@§05Télemodamnr procedures or

conposi tid ons (e- t ren n.their
ot rety B tr s ald B8 dies S el BHGL AT BBl MM EWBLERTS el

il lustrat i éth? &)dinw'axgi dripileh desariptivn and i atktasled ubmeiagof Inl—lu.ddarcvnDamt;umehhsrmﬂuding
Genin; n u B Arrows indicate the. Cysteine
backbone. |gur Jf g{scgsfmgtr ?%rgsg%n% rﬁglgu(lletgmbgb{ a1 %atlalgn?egt %W’ﬁ ¥ or
vari ety of chmpesitidns §sgiggastnids, dihk aexpoegsitetbyatfefenddGrtHeteatiliyndi ng- pr ot ei n
gene, specifically, the Human Beer gene. A sem - quantitative Reverse

Transcri ption- P@#)érrerase Chai n Reaction (RT-PCR) procedure was used to 15

anplify a pPorEF OFSERHASNJENEHE PBAWRYGS - st rand cDNI A synt hesi zed from
total RNMA (descFlgbadl 1sra scmmaac dblsmtllonlqomlﬁmrgﬁh&arﬁxﬁ)) .aCIEIS(:}:leBﬁ& o Aduddan Dan

summari ze t ai o 50 si.tu h i.on

enbr yo sectﬁlhgrhaél st n’g ﬁgpr Srbc{%‘?lﬁarf 7% ég%ﬁ'é%ﬁ gﬂ??y tSmFﬁ%Ck se Beer
transcript ( deEIgureb?shmmnmsrthe detlai dbtiined HXaVRirkey2ig)a vaRetelf haﬁa? Sissies for f
transverse ,section o Pane s..a sagittal section o
12.5 dpc erdry8 An %falg@gb%%&ﬁﬁ’ﬂ §%J?ed¥§e%e ﬁﬁef‘f%ﬁ:}ly tbeeg’t“i“?fh Q8RS . 45 STic

enbryos. FI@hﬂtﬁﬁwé/R—eldﬁsd Trhnssiiptiah @olybigrase Shaf Redbiod (FARENY)SirScediufdGvas used to
specificity OI} three differen quc}l ycl onal _anti bodies for their respective

anti gen® (dBREP} HRYUPHOLBS & stysfrapepRASA ynfiesized{rom ttal AN A AR B AR i C
react|V|tymcfrea¢taaamIEXAd»APReA) anti body for H Beer antigen, but not H 25

Dan or H. Grem e 4B sho ctivity of _an anti-H Genlin
anti body for %n:[ ﬂm’?aﬁ‘éﬁ\ﬁﬁ ﬁﬁB‘EmPF‘y%?éFN&’”FFW Bypridizetien efanopee

shows I’eaCtdmblr}tOYS&flor@[l ugifif la-dRNDatbba nhitbie dymbRinentkly HaRs nfdube BOdr khnsBger or
H Genlin. %éjre 5 illustrates, by western blot analysis, the selectivity

of the TGE-PEFE0; RIPFTG el de & MBR 2B)f Jlandivd. &5 mfepsEwe: sctiouel AdE dBP- 4
(descri hed dnbrigor RadEI R a st @MisFor 805 @)c embryo and panels 3C and 3D are sagittal

sections of 15.5 dpc embryos.
Figures 4A-4C illustrate, by western blot analysis, the specificity of three different
polyclonal antibodies for their respectiVe antigens (described in more detail in EXAMPLE 4).
Figure 4A shows specific reactivity of an anti-H. Beer antibody for H. Beer antigen, but not H.
25 Dan or H. Gremlin. Figure 4B shows reactivity of an anti-H. Gremlin antibody for H. Gremlin
antigen, but not H. Beer or H. Dan. Figure 4C shows reactivity of an anti-H. Dan antibody for
H. Dan, but not H. Beer or H. Gremlin. _
Figure 5 illustrates, by westemn blot analysis, the selectivity of the TGF-béta binding-
protein, Beer, for BMP-5 and BMP-6, but not BMP-4 (described in more detail in EXAMPLE
30 5)

Figure 6 demonstrates that the ionic interaction between the TGF-beta binding-protein,

Beer, and BMP-5 has a dissociation constant in the 15-30 nM range.
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Figure 6 denponstrates that the ionic interaction between the TG beta

bi ndi ng protein, Beer, and BMP-5 has a dissociation constant in the 15-30
nM range. 12 Figure 7 presents an alignment of the region cantaining the
characteristic cystine-knot of a SOST (sclerostin) polypeptide and its

cl osest honol ogues. Three disul phide bonds that form the cystine-knot are
illustrated as solid lines. An extra disul phide bond, shown by a dotted
line, s unique, his fan-lily, which connects two R-hairpin tips in the

t
3D structure. T 'b‘g“%oﬁ} DFEREpt it aermicEen]ithe waion peptabare the shiraqtaistic AysHSEQOL of
NO: 126) ; CGHR)YSTHERRsn) BRIy RS afd 2NACRL IRk, ThRER: hm_?géégs)that FsahdB:

follicle-stinulating hornmone beta subunit (SEQ | D NO 128);
t hyr ot r opi ribbepanecimef e flusEiedassolidmms) Boneira @g)iphidafond)\abawinby |2 dbiteirihe,

factor (SE u ity i ontle U612 Pr [ eIDN'eléL531_;
C ER 1: (Oe%){él_?asé\dipﬂ%%(%)ﬁo%& ag-l\!l}l §r{ﬁ§?t#%g§l u?%’%égﬁc%l; ﬁ% Ti%e'Z) ; Iﬁ%}/'lp pgrdem |) n
( SEQ | D SNO.deBBled 2BpARDST:SERrdstin [\KE:Q:M)I‘?TO:J;@G)CEGEZB: dmnne Cthovienit Gaaudtgpiat h
gene pr ot et Rand a5y Bt TRkt on SERhER RRRIENON B GESS S
illust [ at esthﬁofscipémrbetelch?ifﬁ preeers@O(SEQ HYiNM123h), BRET \(ogmﬂl_e%?g)fgtorﬁisggrl?oi
resents a e core . region i Eer . i gures
gnd 10B pr o@&&g&éﬁlﬂ%ﬁ: rﬁlﬂ)‘mﬁ%fndmgnggﬁ%%org#§%$ggﬁ; K& iﬁeﬁbPlib‘anf(iX?é’Pus
diff t  dnbvasHosiol NGOG HVAM: (cfmtnl (BE 3133).aPAIK@BQUINGiES: §4 CK,
SIEQ elr%nNQ K 9)0?10A({‘g?[(?:2n, cl awe%jj fro (NOGC(E X%I%_i@%éggqlﬂgq%EMO ; I{&S
FUGRU, 8EQ ‘NG & z i rsoEEREQ  SRQ ; QY SoST
& CﬁfN@O&%ﬁ ve distye 2 BRPAE fg%oz NCESErsPEEREQ  SRONDL I Mng Novdl

from human JastdMANe . in T A . , rand
mouse 20 (S0 Noune, e T NG A T R UAC; atbs The T

Noggi nBVP- AN@dAPr ex structure. The BMP honodiner is shown on the bottom

ortion of the f@ 49 } i {S shown on
p i G 1108 b BB G i 8he gee‘rg??%?f Sbﬁo@@lg'rl;[;é%rﬁj

top of the BWP diner in cartoon node. T es ou e N-term nal
bi ndi ng regi on, Figwe S prgvents pdhinmie] efiilee ¢onerepion kEFOonealimérhe N-t er i nal and

ragnent | ooat od e 0d & 8RR B HRaBUE o end A BalR T e ™ e o
n surface ndifferent aginekls Prempo@NEYG ATUNBAMPSER IDANOY38)r ageken (NOSCs DEIEK i SEGt i ck
surface |5 DONGH PbRiFR R dar WP B s R AR neBR Gt e °
Prior to seftiNtyl41gy bt ébeafish(NIMG®HXEBRAJSEQ IID NO: 142y £6 $edpfitm heman
understandi Qe thetEPIN, SEQ D NOw46), rat (SOST RAT, SEQ ID NO5), and mouse
20 (SOST_Mouse, SEQ ID NO:143).
Figure 11 illustrates the Noggin/BMP-7 complex structure. The BMP homodimer is
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 ;egion, and the linker between the N-terminal and core regions.
25 Figure 12 depicts a 3D model of the potential BMP-binding fragment located at the

SOST N-terminal region. A BMP dimer is shown in surface mode, and t he p otential B MP-
binding fragment is shown in stick mode. A phenylalanine residue fitting into 2 hydrophobic
pockef on the BMP surface is noted.

DETAILED DESCRIPTION OF THE INVENTION
30  DEFINITIONS
Prior to setting forth the invention in detail, it may be helpful to an understanding thereof
to set forth definitions of certain terms and to list and to define the abbreviations that will be

used hereinafter.
13



to set forth definitions of certain ternms and to list and tg define the
abbreviations that will be wused hereinafter. 13 "Ml ecul e" |should be
understood to include proteins or peptides (e.g., antibodies, reconbinant
bi ndi ng partners, peptides with a desired binding affinity), nucleic acids
(e.g., DNA, RNA chineric nucleic acid nolecules, and nucleic acid

anal ogues such as PNA); and organic or inorganic conpounds. 5 "TG- beta"

shoul d be under<gii@edhie oshotal Bd%n@dﬂéfodﬁn%%cﬁﬂe Y els r@%ﬁdéaf(etoh%m%%es bet a
super - fam :%8 whi ch .a).so i ncl udes, bone norp cgenl C proteins (

"TGF- bet a Bg -biading PSE. BRIEFSFEb @ @Qﬁ“‘? piding pffinily), r@@@m %ﬂldss(@@ol fic
for a partmmathAn&ﬂB@f el i d Frehalsa |

nor phogeni ¢ protej ns (Bl\/Ps)c)e ITG:ebetSamgi:Jﬂ%Feﬁ{ggcgar[S%{aelééﬁgﬂlﬁ ?gNg‘Z’nﬁld
under st ood OF&3UiE 6F BPrEAwC PR n with specific 10 bindi ng affi ni ty for a
particulsar menb b pRf r Py -
(incl udlsng bone%&gﬁﬁc bgr“é‘?%%‘? r?é%&’scﬁe%ygg ?ﬁt govgf;lgl%}%?eég }Fyrlcé: bet a
bi ndi ng- phetesinysfimily] weieh Peoineliudas bereonutpibgbyic Setpims By PD Nos. 1, 5 7, 9,

11, 13, 15, 100 t ing of the T eta d| ng
protein to the @%Mﬁﬁiwe%ﬁ%{%dﬁ%r%ﬁ Og’g A RBY %’ﬁ% fer aerl ns
BWPs) " shomqmbbeofmhﬁj&&bmdipbnfarnwéncmmgMnemmh—;ﬁswgexﬂﬁpmhine [BMPd)ow t he '

activation of T . hao nmprpoh ni c tein BMPs),.or.allo
ot ny o Sor Cbhe OGP RAROET S ! €' Bl Yo s b o |
(BWPs) 100 thieling aﬁimwpbcblpamcnm:ammbasrs;r shyser 6NM¢nBes F tHRI BWRBéth Bghed Emiliet a

from bi ndi bi ndi.n rot inhi.pition may_ be_ acconpl.i shed,

for exanpl ngbgmﬁoazge goaho \g(ffr 't Hmf ‘?ﬁ‘ﬁ @ﬁjsghe f irgeples pfd Grostapupding-

bi ndi ng- pr greéins mﬂu&gﬁﬂbﬁls mca'&amh@r&eqtﬁﬁcetrbm&q:ab%t%1ISU.lBelra- faniddyio 20
"Vector" ref ers{néi(?J an'r‘ﬁ 1h I' bl e of di rect| ng the expression

of desired pro ¢ ta, Smding-nroteip; 19, the, T1iF-be f

el ements t hadteigy ﬁldQEﬁE atinyholsbiik gdtdird (BMP@)”%BIQG E’D)c lﬁflerbt%c?{oer%fer toli6leMB&L OF

may be corrp%é?g %eoxyrl bonucl ei ¢ acids ("DNA"), i bonucl ei ¢ aci ds

("RNA") 13 &EFEINeR of RETThRY oF dore IR hpRGRipOTRS (HMPEK e pllow the

Optional |y bidd sreEERbetf B mily elehBigrs %cmmgaaﬁexhﬁﬂ&gemé SHHEAC BV YeiTOT €

restriction sites, as 25 well as one or nore sel ectabl & markers Such as

neonyci n pRERAHSE FeSFRIqTS (DY SEMONE S ey PRFEE 1 GFﬁw&%sfmmbmdwgﬁ@Tﬁ%mdmg Protem
Addi ti onal Igach dRpari e adfBpiRast ik %Hmlﬁg‘ Qr'%fq{}olé&‘ijestvhﬁchv]ﬁ%g@ Ehegﬁgci nucI oi ¢

ot her genetic _elenents such as an origin of rfeplication 1t
aci d rest rites TEFrber biading-peaigin rewpsdfic %@Eﬁf@rﬂf&e gr pupsyfamildluci bi | ity of

| b ed d h
transcription, apgdiier8etablg JRAOE! Sat | ggx pfdleS 6t m%ﬁ%&%; ﬁl}g%gs?ogof: (getsgedt e

vectors descrl bed herein. 30 An "isol at nucl ei ¢ aci
nucl ei ¢ aciretEsi deeVectar st inslude traseripdignal teaindter di¢reentstbaiond cpeh lokediv
organi sm Ry g&fé@;m& %ter@st.%enpéc%g "H:a? l;ehgotmp%&%ogie §eo§y&iagr:1ﬁctféicn glclzurip (‘@I\PA’%} n

ribonucleic acids (“RNA”), or a combination of the two (e.g., a DNA-RNA chimeric).

'A&-.a'-'s &y O

Optionally, the vector may include a polyadenylation sequence, one or more restriction sites, as

25 well as one or more selectable markers such as neomycin phosphotransferase or hygromycin
phosphotransferase. Additionally, depending on the host cell chosen and the 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.

30 An “isolated nucleic acid molecule” is a nucleic acid molecule that is not integrated in the

genomic DNA of an organism. For example, a DNA molecule that encodes a TGF-binding protein
that has been separated from the genomic DNA of a eukaryotic cell is an isolated DNA molecule.

Another example of an isolated nucleic acid molecule is a chemically-synthesized nucleic acid
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that has been separated fromthe genom c DNA of a eukaryotic/ cell is an

i sol ated DNA nol ecul e. Anot her exanple of an isolated nucleic acid

nol ecul e is a chem cally-synthesized nucleic acid 14 nolecule that is not
integrated in the genone of an organism The isolated nucleijc acid nol ecul e
may be genonic DNA, . eDNA, RNA, or conposed at least in part lof nucleic acid
anal ogs. An "isol ated pol ypeptide" is a polypeptide that is essentially

free from anséamitRats fogintearidduh @l fendAETRE BlginissUahe i%o}%te@ n@cﬁé?@&)(&'ﬁl@feé{ne
ipid, or other p rotejnaceous i rrpurl ties a ssociated

pol ypept i dén?yrjf’ergﬁ‘t"H?%D Pr A4 0 Wﬁ%@%mﬂﬁpwclwmsﬁe at | east
about 90% pur e, ARDHRIASIBIRPhL" 3 a%o@ﬁc?ﬁd@ RO o QeRUP L Gom AhafRAng
preferably a t 1 east about 9 996Exure hin certain enbodime
particul ar GFHIMPRRBEFaP thiass 200 daatfnélpemor g thlenip @@upewperppurmes a$socmtt:d
appears {qiong, d b o] e
st ai ni ng. Thlg}él {hlte %af)ro ﬁqﬁep?ls%hg?%&e \;\%h%ﬁg@eﬁeq% Fgﬁﬁ@dgp%%% des C% r{% gt ag’gﬁ(%).@. ,
or gani ¢ snaiure, poireplefesad)y atd aasta bduhf 5%©utdnen<tmmpmmf¢mbarraelgalsm:toer%t%ame%%

pure utili zy#t nown_in rt (e.qg., NWVR . ting
poi nt). "Scler ostgé%glgrg %&% t% \é@ﬁr e I%Paraltl 801'@?11%-75&%06\%“}( H@thﬁ%
(Hansen, H.it @pears Skrlnmabxsaemsmglelhand QDSDS-PAH}E gSC\hﬂtﬁ Goorhassie B&RCHﬁajﬂhg d&he

Ki nder hei | nde. .Bey, ringer ub. 6 1967. P a
G Sor dor s GsoifIEF it SIS bk BE BiolooniSs (grareslt i GrlrHlep e Bt 15
possi bl yo di thé esipgndsnare @ekatet dgnwoappﬁﬁnﬁlmg abthbiewhiol erechangesmandhd gt t he
presence of tric cuttaneous syndactyly of the index and m ddl e
fingers in %ﬁ%éﬂ aw has an wunusually square appearance-in this
condition. " Humi‘ﬂd:lé‘redecai’st’l 9ogli tles tRdtewhe GERIIANBPLHALEL €1969) I(Haﬂﬁahch ngrine

or other nog-human _anim % %%engnt ary determ ni ng} regi_ons of nonocl onal
ant i bodi es PATEHEE A (G e de k- ofdgn ey s mgh Betliny SaTnesT OHBY ns
of the nuri@eoerPmBREESI)aNa Mildrad saMia"R vah BIURAChREMLLES éd QL foenBHNT: but

vari abl e domain. As used herein, an "antibody fragnent” is a portion of an

ant i body® sURTSINY ¢ifime) ; radmiogly appepgpce of- 41y bamfd chanees| idein FisgRTRrnes ©f of
structure, apmabiicbRdveohd S4aRRNy & tRdfdeM b8 rifl8e 3@ En ALY 888 Th8law Sis an
recogni zed by the intact antibody. For exanple, an anti-TG--beta binding-
25 protei n WORSEY HvaTe 2BPRT e thiF sRjHEAT bi nds to an epitope of TGF-beta
bi ndi ng- pr ot ei n.<iifenibQr HiBsHidsd ARV redFRHIRNroRns 3 WhlE Inth o di Merfrf]?lgﬂﬁﬂﬁ
al so includes any synthetic or genetically engineered protein that acts
| i ke an ant #B8l\FoBplenpRay determpnias Sﬁﬁ@éﬁ" ¢f reonealongantiadies bavmbean Mﬁ‘ﬂ‘pﬁ@d(frorﬁor
exanpl eyq anfd.begy hf LAGRBNL §ha!uﬁ(6|f HQ R0 bALED foh 8 %@ﬂ'&:&n&qgﬁuﬁéﬁ&hﬂf «%
l'ight chain variable region, ragnents consisting o vari a

regi ons of Bieaniyepapje domel. | ght 30 chai ns, reconbinant single chain

pol ypepti de nol g C h h S_a
connected by a Kesuél del?"ll%}n\rllwlgJj %ﬁa&%&‘éi %2&’}6013{1%5 ?%ﬁafltrlr% reécho n?{%b(gzn_
units F(ab),, Fab Fab, and the like. Regardless of structure, an antibody fragment bmds with the

same antigen that is recognized by the intact antibody. For example, an anti-TGF-beta binding-.
25 protein monoclonal antibody fragment binds to an epitope of TGF-beta biriding-protein.
The term antibody fragment or antigen-binding fragment also includes any synthetic or
genetically engineered protein that acts like an antibody by binding to a specific antigen to form
a complex. For 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
30 chains, recombinant single chain polypeptide molecules in which light and heavy variable
regions are connected by a peptide linker (“sFv proteins”), and minimal recognition units
consisting of the amino acid residues that mimic the hypervariable region.

A “detectable label” is a molecule or atom that can be conjugated to a polypeptide moiety
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consisting of the amno acid residues that mmc the hyper vajri abl e region..
A "detectable label" is a nolecule or atomthat can be conjugated to a

pol ypeptide noiety 15 such as an anti body noiety or a nucleic acid noiety
to produce a nol ecul e useful for diagnosis. Exanples of detectable |abels
i nclude chel ators, photoactive agents, radioisotopes, fluorescent agents,
paramagnetic ions, enzynes, and other marker noieties. As used -herein, an
"1 mrunoconi o : i sing.an _anti-TGE-beta bi ndi n
protein antsi‘i%g%g%,n é(r)nrﬁbdg% %ﬁgéoa%u%%g%ﬁﬁ? gtygtﬁﬁm U BT ‘ésefugf?é I‘hag?osgn

ef fector rixamples of dfeasdbls abdlyinclade Cimiatomcphvidagtive eptias radosighdpes.t ierseame, or
only slight)] : ilLity to bind TG beta binding-protein after

conj ugat i onagg%g’ﬁ%ggmg%ﬁﬁjﬁa | 8‘?1.“‘%6%%‘9? eSS TG- beta - " Transforni ng
Growt h Fact or - betsaiispd TGeinhBR “imthiceosifgdte R0a Giodshld doaptifhg Rt Mti-TGF-beta

bi ndi ng-pr %tir?',n;_ rgtone repr esent at i ée T%— bBP i s designate 10 "H Beer");
BVWP - "Bone norphiogenit grYOtoéi H antSegy fragment, g 4 detetabien abela o jap neffectrT- PCR
PCR. pr ocessolédulanh PeferdBINA ah Simbriuh6donful 20 Sk irbtlyi 1 GankdNAr WaiyNgighBY 85d86ed.

transcri pt ase. X -..any DNA nmade by copyi ng an RNA sequence into
DNA form @ﬁ:ﬁ%@yd&(@%@@a ]Plﬂgn%l’r@?é‘h%ﬁqr ﬁ%ﬁ%aflﬁfhasﬁ’ﬁ)%ﬁ @eigeationovel cl ass of
TGF-beta bi ndi nguwbprRii@isns, Tés-bve! L ai‘r&ﬁﬁ@foﬁﬁgé BRAVIE PRROSLE ORI @I -
i ncreasing, Fﬁ%gé mneral content i n warm 15 bl ooded ani mal's. Briefly,

the present FES SR & aeisisty Ripdine-preciineRpepreetiatyes EGH-BY it Heatenated
mut ati op i NH BRegR BRMhiRhe RBGAGRSProaye! Pd@ﬂ'%!iyxﬁ%ﬁafés %%mﬁ%i‘u@?t- %ér)-PCR ;

binding-protein famly results in a-rare condition erost eos
char act er i Z&R ByPcBorid WhitheRNA is dhstetranscrilied ghio dPNA omieg réverst Gransdriptase RDher

than i n nm‘mlw*%aé®°°;§E€§fmA%e&le§§%§%%Afo\?ﬁm ore d etail belowt

his discovery has led to the opnen assays ich my be utilized
to sel ect nol ecuyiserotsghibone, 2be ipreénbiinventien pravilieng mofelt diess BPEEGRbaa binding-

bi ndi ng- pr Lot T 1 lY..of -pr.oteins.and bon nor phogeni ¢
pr ot ei ns (g&rl\/geg > %n& %t%%@%?dgggﬁ%ﬁlo%éfgﬂg FCRERR T BEFY P OTRT g the
bone ninerdpodedmuwals. Bfieflya therpdsers dedntorisraed wsddiupod thelungpbaed dscanpl Gata

humans) . DI SS- DI SEASE K AS S | S. Scl erostepsjs is
a di sease rei at _ed%% E?Fﬁlﬁ% © %cgar%é “mnera Ig‘Heerflc;’lsfi%%eyg 1:! E%ﬁgﬁﬁ?.g'pr?%m family

Scl er ost eogesults ¢ araresamditihm (sclsmsteasyy) Ichadctyzetan @tk nfidQ Ehnieiia RGN, ardbneG. |
Skl er ost eose.d n: L.t H.:. Schm . ndbuch der . Ki nder hei | kunde..
Berlin: Sp?t?nflg)%rfo}(dgﬁé%}f%ﬂgni@gimag}p%ivégﬁags‘ %@’f’;’tso isoussed i mare ‘J;qt‘?fhej W Hgs van
Buchem hypehsstay has lebottheddvelopman ef alshygattachuiy RasiEidalty seléht flofkhiBOwhibh

radi ol ogi c .a rance of. t e changes .and differing in the presence of
asyrmet?dl c 18%5 lgﬁ'éegbﬁ% °r€a%?2f‘§}1t1§eq%‘?mﬁlﬁégfﬁaﬁﬁ° tﬁﬁFerﬁi%ata HEnify, ofPEEIng FdheRs
cases. 30 Sabrph@pehie @sdtend BMIBYY akid BistholOob@ilidihg 3ethGssWbhles &R Ther&hQikk R Hone

di sorder that el y,.di ssem nated sclerotic | esions of

he bone | RS SPHRLOr VEHE G TN RacHGing or e, mmans).

DISCUSSION OF THE DISEASE KNOWN AS SCLEROSTEOSIS

Sclerosteosis is a disease related to abnmormal bone mineral demsity in humans.

25 Sclerosteosis is a term that was applied by Hansen (1967) (Hansen, H. G., Skierosteose.In:

Opitz, H.; Schmid, F., Handbuch der Kinderheilkunde. Berlin: Springer (pub.) 6 1967. Pp. 351-

355) to a disorder similar to van Buchem hyperostosis corticalis generalisata but possibly

differing in radiologic appearance of the bone changes and differing in the'presence of
asymmetric cutaneous syndactyly of the index and middle fingers in many cases.

30 Sclerosteosis is now known to be an autosomal semi-dominant disorder that is

characterized by widely disseminated sclerotic lesions of the bone in the adult. The condition is

progressive. S clerosteosis also has a develdpmental aspect that is associated with syndactyly

(two or more fingers are fused together). The Sclerosteosis Syndrome is associated with large
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progressive. S clerosteosis also has a devel opnental aspect [that is

associ ated with syndactyly (two or nore fingers are fused tjogether). The
Scl erosteosis Syndrone is associated with large 16 stature [and many
affected individuals attain a height of six feet or nore. The bone m neral
content of honobzygotes can be 1 to 6 fold greater than observed in nornmal
i ndi viduals, and bone mneral density can be 1 to 4 fold above nor mal

val ues (e. LRMHARR RESH o me. occurs
primarily %am,g\§ ra?kaane%fsfé%%?%ﬁg%édescenth-g&ﬁt é%u?%e%?éxe%?ﬁ'e gp“p tely
1/ 140 i ndi Fouligetl of hpmozyeetesafap bkém@fokbelpathﬂhum’osmﬁ maonm@nsh\mduatshaeld bmmt at ed
gene (heter The taf Q 009% etran e There. are
anecdot al n%é%lgﬁegﬁ fca?%clrtjggsegag&ebgn\e\gm%lﬁeesr5 enS| E’Z‘P%Spozygot es
with no associ afléd Spialtomsmgﬂyeérom(ssvymlapnmhMym Aﬁﬂaahﬂersoafeblgclo&ﬂsbém ilN\Sbuth

abnormalii ty, f t h uitgry: tha XIS h _as _.been observed i n
patients vm‘?iﬁ‘ }%Paotgél%/ elc/)%OSm :?w‘f1 aaf‘?ﬁe?"é’“%ﬂ?)’eé’fe ‘FHTHE ?
over - pr oduohmtetad (géneg(menatolaygbtes)noﬂihe &mdatloﬁ Qh&wgsmm% péietradd tTIRR ars Qﬁﬁe&d@ﬂéﬁone

| evel s are norrra ted i.ndivjdual s.. However, bone turnover narkers

(ost eobl ast” %Qﬁtécqfflf“’éeaﬁffdk e “Bmﬁi‘}s SRR delEpigals ik Py assogiled pathologies

rocol | agen (@ndactﬁpempmbﬁegréﬂhﬁ) and total alkaline phosphatase; (see
Cornier, C, . .in Rheu. 7:243, 1995) indicate that there is

hyper ost eobl ast N? aé’G?WP’P’)P fARe RSPy PRfhe MY it 254eR0 Brerved h&lpawer‘@th s

15. normel deRrcileb@it Iy pHeGNLAGER SpLLOG 88 ho %%rlﬁfb&u)ftl@hg of'?i% § e OB kers
of bone resorption (p%rldlnollne deoxypryridinol i ne, elo ept| e,

urinary hycdCEBRT olbiaddition seis ermorg levels ete nogssldu aﬁﬁ@cteéen@vxgh@s pHawe@eéooamd
gal act osyl thﬁl@{?é?ﬁﬁirye?é flﬁte&b‘i%@ s;g%fff&' a%ahn@l:‘%s?ﬂa)tase GleBEASH qgﬁé ls}g #%)goll en C’

characterized bg he continual deposition bone t hrough et on
. during the BPReEHANEIG. @HéOtélfaﬂL@élPeﬂhqshthfﬁ deralCGomidryCh 6oz Pgiot ezsRhtehe7 243,

conti nual d@@%&w@mg{ 80 Rhyp & stbio et Alosl BALS L SHALA N 19f wBane in

areas of the skeleton where yRere I's an absence gefi q'Eanor ece torser(esT(uII
j aw, crini mmall o fighthy Jegreesed asteoblaBactvins tsemsissred tiyemarkers guf dwhé rasbrptivhe

bones of thg skl Sl Q =S g{;ﬁg S di.sventual |y to death due

to excessi \t}g [ﬁ &inos?atl pc}]}e;éslg%re (t)en eﬁbﬁglﬁﬁwsp XyFm ar| p%frﬂer parets of

t he skel et (ﬂqSlEtIﬂFéraeldphosahagveqsﬁeqnélgalzfédsyl mddomﬂyﬁlhu@see Guier, ogire)). Cortical areas

of the long bon I Lesy ntjal
S S{%OQ{ E‘E’ﬁ#&’g%g% K%H?gm 1ecfi ?pgﬁgona&e Of“h@’lr a’gou&%]eﬁi(&eton

i ncrease in bone stren on
t hi ckness whiriob therilfettmﬂ of thereffectad eshvnchmlss T Bamgyizhigonds theh@ntimeb @giokidon ofbage

Scl er ot | e uhu uaII que to descri.bed i n nor
detail 50C & af%gf% & & PR 1(fzjen nnaﬁ?aétoﬁpﬁ ?ﬁ%{?n% égﬁf)ﬁss?‘no‘l‘béemf SF the
Scl er ost eosmsclmehemm (klmﬂ Jlaeecraﬂummﬁl ]nZlﬁﬂxo‘rzygotehenthsgleﬁﬁteaéls R TR R LEWHR IFP'S O ITe
17 that ode t he TG--beta nd| rotelnfamly :
(one repr esﬂe1 TV t%e)(r]cr%qeadgf \ﬁﬂ“@ﬁc‘?%prﬁsé’gfl ‘gfee&ma §ue LREXQBEEE | bed
in nore detlwdi‘oshab owssubaeitle batmstéhl $n dil SBEVIREY of the skeleton there is a generalized

and diffuse sclerosis. Cortical areas of the long bones are greatly thickened resulting in a

E

25  substantial increase in bone strength. Trabecular connections are increased in thickness which in
turn increases the strength of the trabecular bone. Sclerotic bones appear unusually opaque to x-
rays.

As described in more detail in Example 1_, the rare genetic mutation that is responsible
for the Sclerosteosis syndrome has been lecalized to the region of human chromosome 17 that

30 encodes a novel member of the TGF-beta binding-protein family (one representative example of
which is designated “H. Beer”). As described in more detail below, based upon this discovery,
the mechanism of bone mineralization is more fully understood, allowing the development of

assays for molecules that increase bone mineralization, and use of such molecules to increase:
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t he mechani sm of bone nineralization is more fully understodd, allow ng the
devel opnent of assays for nol ecules that increase bone mneralization, and
use of such nolecules to increase 17 bone mineral content, and in the
treatment or prevention of a w de nunmber of diseases. TG BETA

SUPER- FAM LY The Transform ng G ow h Factor-beta (TG--beta) super-famly
contains a variety of growh factors that share commbn sequence el enents
AN ot et b ot bl e kbimer? oPAEANMAL ¥r AU BERLL B oY ™1 ©) - TH S
protein famly is known to exert a W de spectrum of Dbiologlcal responses:

t hat aff ect Terlpato@r¥pikhglky of cell types. Many of the TGF beta famly
menbers have 1 nportant functions during the enbryonal devel opnent in
pattern formati orreahiansiqrming Grosyiie Fadiorcata (TrGqu’na)aaﬂtptrtfsmﬂjneorftam hwaﬁﬁprhér S
are invol ve n ai_r bo e el |ng,
and in the f‘grrgggf g%c}oéén Ehc?‘gms%{ %g %&ﬁrﬂmdﬁegggi}%?%%% nts tS i onur‘%1 P (rbgot?‘

TGF- bet a%s, chma@uip@rtcﬂam lﬁyelb)nclfhdd@sotbihefaﬁﬂmes merhugemnCa Rhmet §petisurh BYPS) ,

LIS SRS 08 P SL B AL 905 (T Aty

est abl i shedmembersl g#vegmpmmt fupetipne dmmgftﬁaémhs@mal batelolpinlantan pSREC fohtidprat ei n

into a gene sub=f ratification wthin the sub-famly
is possibl E%He Séneflﬁca lf’?’l %taglﬁgqéq%@ﬂ%g‘egl s é’ie\}‘é‘fq?mq B&t RERnABFANBE a0dhone he
smal | er grotepair kil bk tréchetelibg, 2R tathe @foduBtiéNofthe WhtninBMeeR. BMBdfioRBflthe

BMWP- 7, a0| d iden can_ be_as_high 75% anmpng nenbers of the
smal | er gr 03?5 ﬂi‘ee@éﬂer%?“ %’d%‘ﬁ]fliietgy hén%‘{S‘Fglédoﬁ’hggeﬁ‘{j’i Brofeinsr ENMRY aicihans,
sequence t Oluhldirds G’foa‘ItE ahd ®ik@dhtRi ACHRBC@DIR), SRR - Qtsn\teGQ\Ie%l-ero?ﬁlg gRcrblat
separates i G£ gsn ther nenbers of the larger famly. The crys

b

structure o ey, glesyficationyistcsiebiishedy throngh  gsasral seRucpes &a@festthfé bcE- 20

bet a2 NMONONEeciEo f}irélhﬂﬁnt@ asg@fﬁl-a@ su@ﬁﬁﬂﬁ%CtAdd%Eeéﬂﬁﬁgéﬁgﬁ ofih %E MG EGE is
formed by three d| sul p nerization, stabilized by one

di sul fi de bPPsggk, duplo S&Fﬁt@ﬁaqwqeépnsemwﬂa@meg IgrRERs of {heispilasigraypt Fecertain
formatiqe OfnstafdegrsAciPhd HRBIMICS CB?@'G%@%I\@ 7ttx9%ninoaa§fh idbfiEedh! be! a@%?%xtagr .

Transduction of TG-beta signal’s involves these two di stinct type
type 11 subPaforregenpert phihe fratst gaw- shig lned phidewiiy mrebles naivgle racepitgive. At

| t 0 L e € €S 1 >
| donti 11 ed [ane lo MERSRAE FoviocdBficll skbcb BE tl spb-ef R RPLchodBY & 0y
(1998); M yBFghws efthalarger Ravly. | mi nunol 75:115-57 (2000). TGF-beta fanily
menber s i ni i at epdohedst Giebduit} BF T@ﬁu&fh&ybegﬁ | B ds0 TR 90 e b TaE-

intrinsic serine/threonine i nase activit of
fam |y BPndBeted mpnoihenr gomntein st stebleordimatt |ca$te1oé kubilise strueing foymped Ibly three

eceplors, bobbel oWl ol DeRdedfol s uplimey i Lhscugent model for

30 TG beta receptor "activation |gan
|1 receptor (ToRGH-pstasighilehy indwingshe forniatien officterorpligimatie corplents of fypolati ¢

formw th a%é ﬁ%c%&oé' %ésngduc-ggr? 5feﬂitth-§terté siénbafs in_volves these two distinct type L and type I

subfamilies of transmembrane serine/threonine kinase receptors. At least seven type I receptors

25 and five type Il T eceptors have been identified (see K awabata et al., Cytokine Growth Factor
Rev. 9:49-61 (1998); Miyazono et al., Adv. Immunol. 75:115-57 (2000). TGF-beta family
members initiate their cellular action by binding to receptors with intrinsic serine/threonine
kinase activity. 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

30 TGF-beta receptor activation, a TGF-beta ligand first binds to the type II receptor (TbR-II),
which occurs in the cell membrane in an oligomeric form with activated kinase. Thereafter, the
type I receptor (TbR-I), which cannot bind ligand in the absence of TbR-II, is recruited into the
complex to form a ligand/type I/type I temary complex. TbR-II then phosphorylates TbR-I
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type | receptor (TbR-1), which cannot bind ligand in the absence of TbR-I1,
is recruited into the conplex to forma ligand/type Il/type | ternary
conpl ex. TbR-11 then phosphorylates TbR-1 18 predom nantly in a donain
rich in glycine and serine residues (GS donmain) in the juxtanmenbrane
region, and thereby activates TbR-1. The activated type | receptor kinase
then phosphoiyl ates particular nenbers of the Smad famly of proteins that

;reﬁgzl-ocateoo\l&ig% I%:\I? &Sﬁgﬁyﬁls m)du te transcng%ge n of. SEI%C\IgfIC

DETERM NI NGuRGNEnbrafleNEE AN, DENBIhY athaHlsJM&RIS. A hmicﬂVata’ﬂCtVW'lIC@cdpfbr tditRise then

o ehogon eSS pRTIOL i ASTLbLIGRL 25, Dbl aeonn ch
regul ate cwlrerd theygeodulete tranaiptioh bespeifid gaheHn i n vi vo. BMPs/ OPs i nduce
endochondral bone di ffer entiation 10 through a cascade of events that

i ncl ude ¥ or BENEIMORPE 9 1 PPert Kap Recandoeabreofting &t Dereinmd BENE
cartil age, Vv EH! Bt 0y dlfferentlatlon of osteoblasts, and fornmation
of bone. m@'escﬁhﬁ%éfc@}—ag%—the BMPs/ OPs (BMP 2-14, and osteogenic
protein 1 and -2, nBank P12643 ( BMP-2); :
GenBank P12645 ) adv@% é%‘%ﬁ“?dl %ﬂgb%‘beeg’“@%wvﬁﬁdﬁmf entdiseiion oidhe
factor 10) qo@aﬁmmpgem@ﬁam@ 4o k&ml)as ofeepBas ko2 00Bs O)la'hfdﬁ'\@é}late
GenBank P2200: nBank P18075_( BMP7); GenBank P34820 ( BMP8)

GenBank @Lﬁéﬁg g% I%%gg rie d% BaikoDe 393 BN O indessmadneheorgiss dong dfffrentiation

G owt h/ d f f@foRgH i adsbdaB of BehTihal lnoRiie S @n &f%‘la]gl,)l-}m Elf 088920 of

(BML5)) are_nmenbers of the TG--beta super-faml
evol ut i onar{° CEHE8E REPEH BERYRe filEmbate Pﬁ@Ste@MﬂiSOan% d@lﬁaam I09? nggast s

that they ageerbed biohal thi BMERRORQBIBI2- ii?\éﬁé SREZYAhic 3R g Jékl/g@ @@)ﬂ A Op- 2

ani mal s. Moreover, the Sresence of multiple forms o S ral Ses a
i mport ant qg¥est§- penBani ﬁ2Q4ﬁdBMPOZ)o§¢I@Irﬂ< 3 PeASaBMEP 30f Geriiask APTIAT BMP-3b,

r edundancy. i e e s e t he

BMPs/ OPs pl %1;/, lﬁﬁtﬂ%&ﬁl&eﬁﬁ %(}%@&?%6)5 gﬁéeingagk ?ﬁ u%ﬁg %ﬁggﬂ‘gvg 2Z)B?’Tent

of cranitbf a@l\’&IS),aGd!Bi!ehtP@BOM @tﬂé@) GarB:hnkrPleﬁ‘bir BVIPT); deniink [(IrBaB20 GBMPS) :

organogenes y S ans th ne

under st ood ?%@g&; @gﬁjes@%’% co%ﬁg% ﬁid\?g)éw)gﬁ?éfug‘cﬁ%?@bém@\gﬁ

tail ored toGthﬁ\/dlfferent[waoemugem@&cmior (@Deeulay GéﬂbnkIC@SQIHS(BaﬂG))CH’rQﬁx@&beJhe

BWP/ OP super s_an f nature parsinony in

pr ogr ammi ng’ foif ?bg%%ee SPe %Tﬁﬁg glthF lﬁwg{‘%oeﬁ’g UHERATY Y PREFY HHOR et e5R TRESRREY e

with mnor BMHIOPaﬁubcfamllf/l sePefto thacihely AP thifical M tHRI HArhd] BBV YopaRAS &1dVBELtion of

car boxy-t erm, n% )E{Ie | ons, BMPs ar (fe%l)ént hesi zed as | arge precursor proteins.
0

Upon di dher 9% OTeOREr, BfpPLesges © BlegPee §f BMPY QP Taisas, erimuortat uessien cel |

to yield caibexynhet dicigial wBRbANCE T @Iselaﬁﬁaxénhaqfed\ﬁ{dﬁnc} heny a%ﬁﬁ{foﬁt gd hipm the
cell. BMPs, |ike other TGF-beta fanml|ly nmenbers, initiate signa
transduct i Oﬂnondroqenesw and osteogenesis, the BMPs/OPs play mult1p1e roles in skeletogene51s (including

the development of craniofacial and dental tissues) and in embryonic development and
organogenesis of parenchymatous organs, including the kidney. It is now understood that nature
25  relies on common (and few) molecular mechanisms tailored to provide the emergence of
specialized tissues and organs. The BMP/OP super-family is an elégant example of nature
parsimony in programming multiple specialized functions deploying molecular isoforms with

minor variation in amino acid motifs within highly conserved carboxy-terminal regions.
BMPs are synthesized as large precursor proteins. Upon dimerization, the BMPs are

30  proteolyically cleaved within the cell to yield carboxy—teﬁninal mature proteins that are then
secreted from the cell. BMPs, like other TGF-beta family members, initiate signal fransduction
by binding cooperatively to both type I and type I serine/threonine kinase receptors. Type I
receptors for which BMPs may act as ligands include BMPR-IA (also known as ALK-3),
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by bi nding cooperatively t o both type | and type 1|1 serineAthreonine
ki nase receptors. Type | receptors for which BMPs nay act as |igands
i nclude BWPR-1A (al so known as ALK-3), 19 BMPR-I1B (al so known as ALK-6),
ALK-1, and ALK-2 (also known as ActR-1). O the type Il receptors, BMPs
bind to BW type Il receptor (BWR-11), Activin type Il (ActR-11), and
Activin type JIB (ActR-11B). (See Balemans et al., supra, and references

Cequence of ML pe Lor et b o pal s et AGk A% KERARGAROr RE s B

sequence of BMP type | receptor rovi
dat abase, ﬁmp@mﬁﬁ?ebm@m%wml\ﬂ@@emw | BetiNa §yp2 11 (altRene dndyctSEQ | D

e T

| D NO: 119) SGQ\Ml@BOthlghe( 8E®1eld[}:mlm> ol mqﬁ@dedf BVISERe | Drdeptor] pél)peptdid 38082

toog | Drncmntiades Ba Ry aibgee: 0% Aetielsn Seprrih Mt B0 R GEE 02
ype | rec&p ar

NG ?98)19%@5&‘36‘“ PYB"MB)NOBﬁ?%SZ@B%%@ﬁ? B L tboadaney SA° ?2‘}‘1;‘%&?3%} >
ohp ype 117 G L P e eaaed b S5 Nag TP Srned BRONO Baratase. and
i ncl ude, SECENPNG;118); RS bEhstSksEd HDN@) Q&d&%d%@ﬁ@éﬁ@[ﬁw PEE) 4dd N8B82122)
NM_ 033346 112 encoded bglN D NO 123); NM 001204 (SEQ I D

NO 113 15 éﬁ%&d@&‘%Wﬁ@dFM\@Q@a @mgmsmemsﬂm@mwm by
SEQ I D iO rovid@iditte BhnRL a)b&%gﬁo'r @wm@n@mw 858;%%@5 ds??%%h%és are

al so provided in the GenBank dat abase, for eXanpl e,

115) . BVPs,(SEQrD AI0:108); od ehAR3ASES {SERNB No¥ b0k Molynficetida sequenetisrmed the
tructure at1d seqytence Mlvbcbp or es € n
fo gvorutl %ﬁ%&'%@ge&gn q?%/Sl gf]%erfor rrlgidpgl(')pt %ﬁlépé‘pgg ]Ba?ﬁ:};&?%%g@’f A&f”% I g
BWP type | detabesstand insiudeli fage xpmmée, ARG 1 1§/p¥EQ 1D Nék elpteocodrdrvgi Sﬂgqgnmaom)e
dtot t

13B36. 47 (SoTDMe Gl Neby B NRah e SO B NE LB S Chopo RGBT, e
was | at®r coedded o SBOYIN NO: R24); aapd sA48023 (FES) 89 N(BMR- @8dMedRecSPQ aD N(Alzgrrpl ex
(Ni.ckel et ,@cld'mon%l Pollgﬂeg{ldes gén érnof §3'%( ﬁulggept rs( gl;c} rov1<§ :cli41n Wﬁ%z 08?2%?) The

predi cted type | |ng si'teis tn ood agreenent -ray
structure ZEtabﬁseTﬂz‘sX(a@BVeT@A%&?SSrymeCemépt or corrpl ex (Hart et al., Nat.

Struct. Biol. 9:203- (,2002 . ich is hi I lar to t BVPBMP
Receptor |1 A system g"é‘%ﬁ tﬂﬁ%&&ﬁf%é’rﬁw Qﬂﬁ‘ Akf:(‘LHil et %CW%W &t e
subj ect to ai gridli Bah28TpStI5H(1HW0P| atccondily t6 egltiahdrpiiace aaulgds pafobedidafhdet a
bi ndi ng, pr i system exi sts, whereby

' i.ntri e extracel lular control
30 a high %ﬁ’ﬁ@y@%ﬁ? %ﬁ% i&?ﬁ?ﬂ’i‘&bﬁf% st Yo Feegptonbinding pleatfient | y
conpl exes seipped tosfat yurfkd bF tBé\/E’MPosftma@Ed (lmﬁlssettap BlosiPhg. 1B8BY-4P i R00Y] ¢ad
activity (WC, S”}ﬁ,hqé,l?ggg IbG 15(1) 3- ?\/}P
location recéptor binding sitc on BMP was later confirmed by the x-ray structure of
BMP-2/BMP Receptor IA complex (Nickel et al., J. Joint Surg. Am. 83A(Suppl 1(Pt 1)):S7-S14
_ (2001)). The predicted type II receptor binding site is in good agreement with the x-ray structure
25 of TGF-B3/TGF-B Type II receptor complex (Hart et al., Nat. Struct. Biol 9:203-208 (2002)),

which is highly similar to the BMP/BMP Receptor IIA system.

BMP ANTAGONISM

The BMP and Activin sub—families are subject to significant post-translational regulation,

such as by TGF-beta binding proteins. An intricate extracellular .control-system exists, whereby

30 a high affinity antagonist is synthesized and exported, and subsequently complexes selectively
with BMPs or activins to disrupt their biological activity (W.C. Smith (1999) TIG 15(1) 3-6). A
number of these natural antagonists have been identified, and on the basis of sequeﬁce

divergence, the antagonists appear to have evolved independently due to the lack of primary
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nunber of these natural antagonists have been identified, arld-on the basis
of sequence divergence, the antagoni sts appear to have evol ved

i ndependently due to the lack of primary 20 sequence conservation. Earlier
studi es of these antagonists highlighted a distinct preference for
interacting and neutralizing BVMP-2 and BMP-4. In vertebrates, antagonists

i ncl ude noggin, chordin, chordin-like, follistatin, FSRP, the DAN Cerberus
protein fag aptlesatdl TafieP studi G}Hgﬂ%b i d
refer ences_cdlu{):ﬁgg ?%eﬁei(ﬁ_._ %hgsﬁgﬁgﬁgﬁaﬁg@%gﬁnt ag nﬁgr%%%}]n?t%mq{g?r{cfgd%
seerms to dift¢ragtinggnd my g EMNE 2adtBMBré sinsveftblratgs, cantagonits infch@e @pegdn,oc.
Nat|. Acad 37393 e ' pe, recept.or ..
bi ndi ng si 'F }éos?gfgh %t gj% é%i% %ﬁ%&g@h?ép’n-ggég Pﬁlﬁﬁge\,/r{éergﬁng(r)&té(]'gefg%hﬁ’a%rbdgg‘?ler%uagi n
bi nds to BI#SSTi tske Malpmans i @il-t yirZi amdrefemnces citbd thek@8)6) . Tha mbaheyisofof t he

noggi nBIYP- ex St I eveal ed_ t bi ndi.ng interactio P%t en the
two pr o!tygi- %nstg%g‘?wo%%éﬂﬁ %51?‘.5 I,EO (}éla%?rufr%{athﬁ%f:f 636° &g% F’ig e "é&gz %Sj}g\’% fon of
t he noggi nNBNR4éadsicr UKW @38he2a nodel of the BMP signaling conplex

showed t hat noggi n._bi ndi effectjvely. masks bot irs of bindin

epi topes (i.e. ,?’éﬁ\/ﬁfpergﬁ%dn%p%ﬁcfeﬁ?{poé%}ry esétgspfrbﬁ‘_egqlﬁgi ag%”ilsttélg§gl%ha”%h9¢597:
The c%/stﬁlbaﬁrm?pphd.ssraéghﬂb. mﬁedwﬂm. 'émﬁigm?ﬁ'gltﬁ(mﬁmﬁﬁﬁﬁﬁﬁf eg, 1?96)am tbdﬁa}ecsfml _nalll
segnment of _about. m nQ aci d, resi dues at, are referred tg as e "clip
(F oot dues. S5 Rgp BN CBReT ShERED E ATt AR B RE Sthet (i qSaPByThe
N-termmal (gepbt &l ONalRe2063R4t@uB)N SipehiBSgbdor tROEbeRER P PasrhinrellBGQPt OF
binding site is occluded by the carboxy term nal portion of the cli

) . P
domai n. TwdRqdsL ofdthy Sl mAlRE RO PP e BAL treER bindireciegiirmgkebothagi n
al so cont ack bEMRig epitbpds TE- ! BRE T%’pe_ F&Rﬁ@f@rn l?éc@;S’tblnginéinF Qites] oI BMPITNHIY
node enabl es a noggin dinmer to efficiently b lock all the "receptor binding
sites (two VsgiRe-Tichfrafelsequgnee qf| noggiadp Prreedst hyliandN-ssmmins) segment E\ibow fer .

20 NOVEL TGhmRFdA RlsMNM NG P%I&ér%% BSsNAL egipat{’ﬁyiﬁuestﬂ%&?r &% Hpel Imége@{oir-on

t
provides a novel class of TGF-beta binding- proteins that possess a nearly
i denti cHl djsing sie iy eckdedrtydby Neemaina pdrtinh ehthe el ereain pHNpgaimand baKpe Hui nan

Genlin, an FTO IR ITAVES csves - : » 480 g?@ th.

al nrost no ﬁ“éﬁ%?gg‘y At t{%e ﬁﬁ%lrae ti deﬂ%%léfmﬁg%ﬁ%g%a}%ucég dfon or ma |[(3)n,
see gener alstryndsisio, theDedRe regith een Hent-tasynud oflnpgdithnplge cintact EBIVIBAT, at Phdviype O

Harl and, R . . X . | i zkn or_.Grenli.n ent.ifie Novel
Fam |y of égéc té)'f -égg&lglgg? g?ﬁgs'gﬁ%@%ﬁé leaeg%nnalggegég1 §|8%5”A8 TP f%@?eﬂhyk})%%ﬁf}éﬁ

Cel | 1:673-1688tor b2} siteREPD &pe i hadt twody@darepdpeor dindingeitespuweh ByPasmerof nucl ei ¢
acid nol ecul es encoding TG--beta binding-proteins are disclosed in SEQID

NGs: 1,205, NQVER TGFIBETA BINDING-PRDOAINS and 101. The 30 pol ynucl eoti des

di scl osed herein e de a | ypepti.de call ed..Beer i.ch i C%l ef.erred

to herein as sclr}\‘eS rﬁ(}g%i aﬁm‘éer’ R%Oé%s 8 epresentar 198% & oy e‘f)%ss oqfsli i"ée%c :Eglg?g'of

bi ndi ng pr aireteins timhpaskals a nearly identical cysteine (disulfide) scaffold when compared to Human
DAN, Human Gremlin, and Human Cerberus, and SCGF (U.S. Patent No. 5,780,263) but almost

no homology at the nucleotide level (for background information, see generally Hsu, D.R.,

25 Economides, AN., Wang, X., Eimon, P.M., Harland, RM., “The Xenopus Dorsalizing Factor

Gremlin Identifies a Novel Family of Secreted Proteins that Antagonize BMP Activities,”
Molecular Cell 1:673-683, 1998). _

Representative example of the novel class of nucleic acid molecules encoding TGF-beta

binding-proteins are disclosed in SEQ ID NOs: 1, 5, 7, 9, 11, 13, 15, 100, and 101. The

30  polynucleotides disclosed herein encode a polypeptide called Beer, which is also referred to

herein as sclerostin or SOST. Representative members of this class of biﬁding proteins should

also be understood to include variants of the TGF-beta binding-protein (e.g., SEQID NOs: 5 and

7). As utilized herein, a “TGF-beta binding-protein variant gene” (e.g., an isolated nucleic acid

21
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- binding protein genes,

al so be understood to include variants of the TGF-beta bindijng-protein
(e.g., SEQID NGs: 5 and 7). As utilized herein, a "TG--beta
bi ndi ng-protein variant gene" (e.g., an isolated nucleic acid 21 nolecule
that encodes a TGF-beta binding protein variant) refers to nucleic acid
nol ecul es that encode a pol ypepti de having an am no acid sequence that is
- a nodification of SEQ ID Nos: 2, 10, 12, 14, 16 46, or 65. Such variants
i ncl ude natypal| rohi sne_or . \ TGE-bet a
ot R L P B TR R S B etia 5h 650 FrosHEG YLt | ve
5 am no acwnlcowbwiypcmtld@hsvun; art mgeacamwuer&em@ht segtedifesion Af $BQI B NoPh,
_crlterlak e dlnthe i cat e.whet her am no acj ds at
a particul grBV\{[;ZOs?t fé(;(r%gi i f?pé C?‘ Ry mﬁ‘B ¥f8°°u§1ne pgfymo{pélismsl'—(ﬁraueh" .

exanpl e, a vafiantd cﬁﬂ(ﬂhbd@bmmnglpmtenagdﬁwwalabs yathafid fReAfit Qo ThhdeRlatiph S
one 1in whlch an. a ng acid_residue is replaced with an am no acid residue

having & siHiICatYsTHaRMLqRsof thefh R0 ATHE STRYSRSER Mo VaRRE cfiferin kpews éo doge
chai ns (e. gkilied MSheet indic@k Wh@iﬁer ddisd dcflis B€9 parB&didipesidh 18 'a%@ptﬁ@%f ﬂ&y}(ﬁ?tl&
aspartic acid, gl ﬁ]%am c acid); .uncharged polar side chains . yci ne,
aspar agi ne i &ni Aecxeapis émﬂ}aﬁi“é‘aﬁiaﬁé OT § GPRFETVARRVE %@ldrf@bswtm iwore) ;
nonpol ar  siigle hehahAmifEa dd resuﬁle éi@f Eﬁczedvﬁlltﬁ Ek?amin%u&idnx%s d SkgiL/ﬁgCa' ﬁﬁula:pglﬁ)é I ne,
phenyl al ani ne, met hi oni ne, bet a- branche hai ns (e.g.,

t hr eoni ne, Spaim ach m%léqi%%l@inﬁéﬁlds ‘éﬁ}dbaéﬁcérﬁﬁtch@n%(% It arginine, lystidine)y aviiine,
phenyl ajpanisi, chhiny .20 gtk | i h der. LPfhgult to
classify, ssharces 1@ %Eoperﬁ g('g&)w;%uz;vn\%%% 3*&?%&?%34 ﬁ%eﬁ%géggfl “Site
chai ns (e. @sbaragig, glytainine) segne, dhreonieatyrosing cygeint, diistidipe), cenpsliasideshains (e.g.,
substituti qp,pk an f a agine for. a ti.c acid
may be consi der egéﬂgﬁes |né rﬁ@ﬁa %Oﬁgélg %&?t)lfgnc?h%&y?%m?%gﬁnet ant me t%YHd’Pg%ﬁa 5§| ne
are ami de d’@ﬂmPMétSIdvebaJn&ﬁe gg Ithrecpiriecvading, dsoencine)s prer dromatia cidel chairagpec tyirostdey .

Addi ti onal bet .a, hi ndi n r ot ei ucleic -
acid nol ec&’}éa@ % %{;&E alp-rEqFlrelse CFdsnsco%srl&és%l oﬁgﬁlﬂ?%‘f ﬁiasﬁ ¢ 1588 de
sequencys dnmrtnebmthrwmm racldél' Giat bmeahphntmctld@gemm@t(egnmar\raame gedegacan be
identified nin t.her .the bridize with. nucl eic.acid
nol ecul e ha\Q/]%{ar]lIgL% eg%r%% g%lm g o & éltr?%%lo % T %:“pffag?e%f mTiC“?lS,
15, 100, Cmayjlié Tomsiribead ss¢imilmgmbdtinciondi thaghstamine afd diphdagific ard @niddedefivatives

bi ndi ng-pro e variant. genes hould ncode a protein having a cysteine
backbone. Rsamécac ra%%atr??/%’l tE)eefa bi ndi ng-protei n vari ant genes can

be identified by&d&&qmuﬁmmntﬁmﬁpafi $GlFLbeTé~$midl§%CbrbL%fn€geﬁb arb W1 ThdM® nRGdctles
sequences t{gt " 100% m no uence  identity" if the am no acid
ten o

resi due® o tf“\’%dn it aucleptide spauelcesdesgrbed hergigndF-bsz

maxi nal Commmﬁdeﬂ%nmﬁlg@ds&ﬁﬂ Ve idéntiied b @@ i, ﬁrﬁéﬁk@&f’e%@ne@@a @ndd@@"tﬁ
nucl eoti de se@uence i de ?h if the .nucleotide residues of

t wo
nucl eot i de AFBGEEACEmYeen %nwlreﬁd%ﬁqmcaﬁéﬁ%? Nesix s r?al7 0,11, 13, 15,

correspondeoeor 92 qLRABC Srif QAP 36dRRAS GRRIRGND TCTFYRESn teitt ARARI Benes
software progranms such as those included in the LASERGENE bi oi nforngtics
conput i ng Sh q%mcodeaprotem having a cysteine backbone.

25 As an alternative, TGF-beta binding-protein variant genes can 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% nucleotide
sequence identity” if the nucleotide residues of the two nucleotide sequences are the same when

30 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, W isconsin). O ther m ethods for c omparing two

nucleotide or amino acid sequences by determining optimal alignment are well-known to those
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whi ch i s produced by DNASTAR (Madi son, Wsconsin). O ther mjethods for
conparing two nucleotide or am no acid sequences by determini ng opti nmal
alignnment are well-known to those 22 of s kill in the art (see, for
exanpl e, Peruski and Peruski, The Internet and the New Biology: Tools for
Genom ¢ and Mol ecul ar Research (ASM Press, Inc. 1997), Wi et al. (eds.),
"I nformati on Superhi ghway and Conputer Databases of Nucleic Acids and

Proteins," Jkb; ogds J {.0 10! ages, 123-15 [ ess,
o, - 1097) & S MEHINAS (bl P Banglerh B0 M BB i b g P

Edi ti on (Adadenfr Rmewms, ahd d{ol&9RB)Reseabch FASHINPredHnbet ®7hI Wili &g alpr(edsgj n
shoul d have:at | east, a 50% am no acid s nce .dentity.to SEQ ID NOs: 2,
6, 10, 12, T12°™fgon %é‘?erg‘ Y 5‘%1‘@03?‘ ‘%8? W@?e@,r"éa’g‘é@‘i 566%9 5" 0oy
75% 80% 958hoddQReGene FAGRGlindIBYY, ipages 1413t NARICY Ble)s, 1&(.359@?; @nd Bishop (ed.),

bi ndi ng-_pr ot ei riants can be ideptified by having at | east a 70%

nucl eot i5deq‘1'sué‘if3% ail@*&ﬁ‘%“i’%?"’{lpdm%%%?%dlﬂ&%.(f*%, emgjc Peess, dng- 19P8N13, 15, 100, or
101. Moreover, BherfahteS@Fbeta Miditzipadleit MRbEATHA 8SiekCE-5004 anib NidNGqRLEL €i n
gene varlanés Jhavi n%%rﬁétser than 75% 80% 85% 90% or 95% identity to

SEQ | D NO 1991t gl 5106: I%éﬁalﬂdi%s‘&é: o 03 49 mrdprebly urester Hen O, 65%d t o

i dentify a 706G 7bRt godk) 859h,00%, BF 938 idanii@! Aﬁ&hétﬁ@l??T@F-b&Q'ﬂrﬁﬂIg—pT%m alifhts

bi ndi ng-protein, a variant TG--beta binding-profein or a polypeptide
encoded by °& baidraiHicd prbayas & lfﬁsm’fq%’(gywlmng@ Pragense ideaty beSFQRR N@naI 3.9, 15
ol anal i g of ras SBer 3R Blofeord e Fpichttenth Mokl A0 Bhe bbbk s

i tg abi | igt \BSRQ VAR hepiag igfaaten iy 75%. #1%6.a30%,-9P%F or Bé%eigdmﬁn’digrﬁﬁqmbﬁ\@:hor Y
anti body. W) B5 &0, ! ' el Hies, | [ f of TGE-beta
bi ndi ng-protein g\gﬁg@. Rg\ﬁ‘ea?ﬂ%sg%{h%cdcont g’f(tn%gﬁhtlﬁlg@% 1%\%%%??2#\@ géta' ﬁlﬁlél i onal
fragment " @fotein Pafanh geng dbivearknh §GPbet bindingemetein 20variefitsFGF-boa hindingdpeiten aci d
mol ecul e tha M apdGh-het.a.bi ndi ng- protei n _pol ypept i de
T T R b el PO T
specifi ta earmEe tifs-d @ pited § £ Vsele
exanpl e, a it bPARrGRAATER, Of pflalChor p0GE 2l | DELAG BILE! A G20y
descri bed Rerein conprises a portyon o Ches AeYdoprdersdiytionest 5Tk 1 b
Nos: 1, 5, betabirdingiBptelbmntid®d), or 101. 25 2. Isolation of the TG beta

bi ndi ng- prot ei n.gene_DNA nol ecul es gncodi a T G- a h.inding-protein c
an be obt ai ned E;gf EECP%I&H}V%%‘OS lﬂcﬁﬁ%ﬁ‘ngﬁ{lﬁn‘gﬁmﬁ@ﬁ831T§?heﬁlr%é‘}‘{}1“5]%rgﬁ genes.
pol ynucl eotWilisin firecdoetex trefsieslinvanion, af GmcesanfhenenSna MBFNGIbindifeproRawRd €,
the first st [n_the preparation gof a c library_is i so] ate RNA using
met hods§0 Wé?fégk o_\%nmfcbeg)ct ﬁ§§em%1F°“2ﬁ<ﬁﬂ e??‘f’%f’Nﬁﬁé‘ BYTHon Ph ag@hg'rbﬁia, b‘R%ﬁBE‘P’é"Eﬂ“ht i on
t echni gues ml}gb‘%tme mmmﬁm)]tmsea@s thé ﬂibkzb-lﬂgteﬁ aigl:ta}n a@ﬁﬂ@@&iZﬁpeéiﬁm@;}ﬁlﬁﬁg
RNase- di r ect. eqr ion. of RNA, an t ho separating RNA from
DA pr ot o HE HRIGERSE B A S AR A SRR, A¢RHARRS FoBBEAIo? KA

beta binding-protein gene described herein comprises a portion of the nucleotide sequerice of

SEQID Nos: 1, 5,9, 11, 13, 15, 100, or 101.

25 2. Isolation of the TGF-beta binding-protein gene
DNA molecules encoding a TGF~beta binding-protein can be obtained by screening a human
cDNA or genomic library using polynucleotide probes based upon, for example, SEQ ID NO:1.
For example, the first step in the preparation of a cDNA library is to isolate RNA using methods
well-known to those of skill in the art. In general, RNA isolation techniques provide a method for

30  breaking cells, a means of inhibiting RNase-directed degradation of RNA, and a mefhod of
separating RNA from DNA, protein, and polysacchéride contaminants. For example, total RNA
can be isolated by freezing tissue in liquid nitrogen, grinding the frozen tissue with a mortar and

pestle to lyse the cells, extracting the ground tissue with a solution of phenol/chloroform to remove
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can be isolated by freezing tissue in liquid nitrogen, grinding the frozen
tissue wwth a nortar and pestle to lyse the cells, extractijng the ground
tissue with a solution of phenol/chloroformto renove 23 prjoteins, and
separating RNA fromthe remaining inpurit i es by selective precipitation
with lithium chloride (see, for exanple, Ausubel et al. (eds.), Short

Prot ocol s in Ml ecul ar Biology, 3rd Edition, pages 4-1to 4-6 (John Wl ey

& Sons 1995). . - . al el p 3208, B OL | ogy,
bages 33 a7 ek AR Bfirated 30N iy Iihin Bt i ML B pEEEREAEY BRGSO o &
RNA can be ¢himidatised, fw eeamnlao%tisnlg;pl Gt @U(eldst)j Skeue Pruidchis g aMbMiulirUBivlogy, 3rd

th i ti f
Cont A nant 2, B RTIL DS dhdwal] Q30C 188) VA A00 7RG & bt Beratibel
(199?) at p@gesBzdtec_‘hgdﬂngﬂpfges |VW4,(A\ lgﬂa)Pras;s mag@fm)?gsigz;ﬁx)wmb’r]) ?Aqdk&?aﬁvely,totalt |
const r ucg i br.ar ol y. \ is preferably isolated froma tota
RNA  pr epa%ﬁ% {D%S?l?a}f(ﬁih xﬁ\‘é"%é‘i’uﬁ%%ﬂ’g}i isgitioryarila sactiag Wil t he
peatey Al N i T G i T e o
exanmpl e, Ausube 0 ubl e- st rande
nol ggul es ITWDB{S é H?%éggéé‘g"ag?s St 19685 (VRy (L ORMiA RestsRd4lechni ques  wel | - known
to those i nmtdigeras tconsﬁﬁ@% N4 miﬁﬁﬁ%gm)w&%z&fe%lyp@a%%%m@}m RNA

Mor eover, conmerci al %gval | abl e kits can be used to synthesize

doubl e- st r aRFERERIEBNROEY e KPetan br dtolatesidznm taial RNA by wus olstigiass teclminve of
(Gai thefs bUélEbo(dWEéﬁhﬁE@):hmﬁi%Wb@f %&Qﬁ\weesAush&? (1599'%% da'?gJ gsﬁl 4P 4
son sSconsi n

California); Pronega Corporation di at agene
Cloning Syk @r?Ebl(i‘E‘aanS‘@ﬂ ‘PI%NA wﬂch@? mERpY synthesized goimcpady(p) CRISA thiog teoltiieni ng

TGE-bet a bi pdi-Robwhy @ 8bR HRNW k! 828, @%@% ;%@(Léﬁfjat gxgg9%@4%§1l1%or&9

subtracted eDNA library that is enric F ot el fi- Speci f
cDNTA nol eeameacialifogiatiduliss ¢agrbecened tte lamthqalge doude-sichéd ¢DKAandlesleanfor

ool ation BB o areratieschs; [BEeRt Ma8na) CLARATY RapetofE e

1987; and WPakt Ald,. Califuisia) ;Prdfrﬁgaitqrpmauwrﬂ\aﬂdons Wiseewintgard $trabagerat Clagihgd

and C onpl eg% CM£%%§9€%?%Li braries,” in Methods in Gene

Bi ot echnol og pages Press, Inc. 1997)). Various cloning
vectors are appr’ﬁprbam @pfoac:h fohebtzinng TGHetlabinddf-paotaDBBNIA ddsri2s Yan beaiodifidd
exanpl e,

r ardlna det.i ved from,
bact eri ophag}e Ongtﬂlgﬁn ped ?Tf%‘ ﬁP ’(sse%cm‘ﬁ? IE% %Pmﬁmﬁm%% DA
"Constructi mgleand; S“ea:lm&uaesrfgr c[omtb%cthzigtm’aﬂfaces libiaride aregidll-howmdo K@kd ofbkill id tBe DNA
Cl oni ng: APr ach Yol %Me )%r e496%IRL Press,
1985): (‘i‘é ? iy & Aﬁ‘Es GEF > °1a'7sfrnt°ef W% b9t GOy dn et Ergrol
mol ecul es cafe:498, 198nsardt Wd e at Qem)p‘lcaammﬂummrcreeﬁmm@ﬁb@c@ﬂﬁtﬁ@&ﬁma&
vector (St rEt agsene %gﬁl&% 225 d % olla, 30 Californi a) a_LanbdaGEM 4
(Pronmega CotrfP™RRd dﬁ shodyin Geneeiioe eipéﬂehz é\fﬁRF&B?S@ Inc.
vect ors. Sumsab;l e cloning vectors also can be obtained fromthe Anmerican
Type Culture . . . .
Various cloning vectors are appropriate for the construction of a ¢cDNA library. For
25 example, a cDNA library can be prepared in a vector derived from bacteriophage, such as a A
gt10 vector (see, for example, Huynh et al., “Constructing and Screening cDNA Libraries in A
gtl0 and Agtll,” in DNA Cloning: A Practical Approach Vol. I, Glover (ed.), page 49 (IRL
- Press, 1985); Wu (1997) at pages 47-52). Alternatively, double-stranded cDNA molecules can be
inserted mto a plasmid vector, such as a pBluescript vector (Stratagene Cloning Systems; La Jolla,
30 California), a LambdaGEM-4 (Promega Corp.; Madison, Wisconsin) or other commercially
available vectors. Suitable cloning vectors also can be obtained from the American Type Culture
Collection (Rockville, Maryland). |

‘In order to amplify the cloned cDNA molecules, the cDNA library is inserted into a
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Coll ection (Rockville, Maryland). In order to anplify the clioned cDNA

nol ecul es, the cDNA library is inserted into a 24 prokaryot|ic host, using
standard techni ques. For exanple, a cDNA library can be intrloduced into
conpetent E. coli DH5 cells, which can be obtained fromLife Technol ogi es,
Inc. (Gaithersburg, Maryland). A human genomc DNA |ibrary can be prepared
by nmeans well-known in the art (see, for 5 exanpl e, Ausubel (1995) at

pages 5-1 t es 3 327 DNA can be isolated
by Iysing ti %ﬁg w?sh(’%ﬁéz%‘d%% rtgce %‘?W led‘i?g@gf*llﬁ&’XWébFWQP‘é’emt%
pr ot ei nase démpetehteRicb/NDHE nals| whick cdeﬂibr biaited Gt Dife TYHAbI8zIRY 16 SHalthdribgat | ON,

preci pi tat 'M%y @I eic acid fromthe |ysate using isopropanol, and
purifying re g"ﬁ nded DNA on a cesium chloride density gradient. DNA

fragment s that a[mn&ulgémeDmhﬁr@cﬁ{Mﬁﬁake@%y%eaﬁs Qanﬁ{@w&xﬁtﬂafaﬁf(yeecﬁp be
obt ai ned. by E};H Eﬁg?f{ﬂa shear | n% ‘%ﬁnom c DNA or %/) the parti al

di gesti on oefxm@ spbe tH3ersest Pidck (Van(19%n agieees 39438 G%WHAWIDG
fragments ciadlath® bi hEek ttRbhel WHD tiR JRGLE SakbGh (ﬁéesﬁlobﬁ@tl ﬁﬁ teHase ?(OS”‘ d
vector, in accor dance with conventional techniques, suc as t use o '

restricti orfl&Bg Mol deksisi fm ths lpﬁaéfvbldéengﬁb%ﬂ@pm i paecdpitEmisicic acivefromethof
al kal i ne phosphaRa&epbAal ﬁﬁ'})hnfyﬁxg@éégééﬂndeiﬂ' BRESL] éa&%ﬁm] cﬂoﬁﬁ%ﬁ% Iggélla‘nth
echni ques such 15

nmol ecul es, and |igation w th appropri I gases
mani pul ati on ar @Ndefrpgments ket fra suitable forithe eductidnont a@mampt bbrar&umh@@bta(rﬁ@%) at

pages 5y5l Qe Rif 7 es that

encode a TGFe %gt%m%?ﬁgéﬁgg%}gﬁ?ﬁﬁggﬁyégéﬁé dl%a'fﬁ ai’ n %PO u5|1ﬁ6“fnhées :

pol ymer ase @Wetiuglepsen disnomic(IRORfragnenks aah beymsaned g0t & dectqoysuchess s baastiophage or

nucl eoti de ;Qg . nucl eot i de ces of the

human TGE- beta mgxeng pro glgl{r;\VﬁEg‘?rﬁ'g%é’ntesChﬁg%eéﬁuﬁléﬁ %’8 %éﬁ

met hods f ordigestieem pgvile Bpmopres tarm:hx RERuser ef plkaline dedspbytase &@ﬁnem(adn:ﬂnﬁd Yu

et al. "Us 0l S ain [Reaction to Scre i es

1 %ot hode bl Bl HTREARECNR, B TRE B fdroniiE Skt A RRR e

and Appli camempgation Weivted-khedn n, thpag@se, 2ot kxazde, (AduitRN@993) eSiges! S0Cto 51898 -

Mbr eover % que {) SI ng PCRto isolate related genes are descri bed
exa@p Fe

by, for "Use of Degenerate A igonucleotide 25 Priners and
t he Pol ymerase Ghgleiv alaﬁnmbleomst thaChiebd: SAGF-Uet bindinprddes San alkd) bdRbARES i N
Mol ecul ar Bi Olg\/\ﬂﬁg Yol 15h PCR Proto | s; Oérrent Met hods and

Appl i cat i onSRERPtReLsERsq chaip Teactions ¢ 3"7“}( Bglepidesrimry, havigg gugleotide

Al.t er nat i vedeyuenotstad a@dagsdivpod tematib@itle Caflel?es Obhahngsh TERHE ORERE SHAlin
sources_such as dg %cCh Geneti cs Huntsw ll1e, AL) and the Anerican Type

cul t ur e*tol FBEL &R &enera o [forrRaReening PPW@?r‘ylﬂbB% aremragdedoNA or
genom c cl ofeexaiile, DR & QI EANG S Wiel Fb1}RMRase (CHIR TEaPRnD l{'ﬁ}e@xpi)héé@ L2085 shased

upon SEQ 1D N?ods in Mosllecgt ar Slgzg‘lro]gyarlfdol rTJ.e5t %%%SP%?OCSES%L;BEdMQSJdE Ia?zd a}lgglzcatzons

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

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

25  Primers and the Polymerase Chain Reaction to Clone Gene Family Merﬁbers,” in Methods in

Molecular Biology, Vol. 15: PCR Protocols: Current Methods and Applications, White (ed.),

pages 317-337 (Humana Press, Inc. 1993).

Alternatively, human genomic libraries can be obtained from commercial sources such as

Research Genetics (Huntsville, AL) and the American Type Culture Collection (Rockvi]lé,

30  Maryland). A library containing cDNA or genomic clones can be screened with one or more

polynucleotide probes based upon SEQ ID NO:1, using standard methods as described herein and
known in the art (see, for example, Ausubel (1995) at pages 6-1 to 6-11).

Anti-TGF-beta binding-protein antibodies, produced as described herein, can also be
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known in the art (see, for exanple, Ausubel (1995) at pages‘6-1 to 6-11).
Ant i - TGF- bet a bi ndi ng-protein anti bodi es, produced as described herein, can
al so be 25 used to isolate DNA sequences that encode a TGF- beta

bi ndi ng-protein fromcDNA |ibraries. For exanple, the antibodi es can be
used to screen 2,gt1l expression libraries, or the antibodies can be used
for i mmunoscreening follow ng hybrid selection and transl ation (see, for

exanpl e, ) 2 olis et al., |

" Scr eeni ng gédg‘?g%‘%%% 532\%{)% Encgsla%%t %c?‘%’ %&éﬁ%‘eﬁgﬂ?f% Ol ﬁ%f’o‘b@%ﬂae in
DNA C oni ngoR exampps; ﬂ&&lnﬁbocﬁh&&hﬁ%use&ﬂdsc&é@ntl 1, expheBNB 1iRhried] or thd HDodies
pages 1-14 % ford Uni versi t% Press 1995)b The sequence of a TG beta

bi ndi ng- pr ot 2PRUEDORA G FEEr g iiowanenybpd selestion apd HelatoT (sag fenexawals be

det er mi ned Aiﬁww(@@&ﬁﬂe}:ragesmim%d§16 W48 ONLEt al t RErde BRI dxlofellidOfbr ies wgpom ¢
fragments containing a TG beta bi ndi ng- E)I’Otﬁ‘l n prondter or regufatory

el ement ’carf2itpdy andpmiclebess ihgVadlious ¢ dBprastienSisenh hnd Geiion, @avd ebs.
del eti on ar'(@dsyjsf; es(1S PE(CHERE UalvkXit/ Big égb@b@%( 1995), supra). As an

alternative, %:S bet a bi ndi ng protein ne can be obtai ned by
synt hesi zi ng DI\I7§\he M@é‘iﬁl ek ayd ﬁ'@etﬁm1uéhgvrqw1m raDINA Iann’ngbetgdnmrhh@pxto'teﬁies

and the nu in ee "e Ausupel
(1995) at (;;ggg(g%bg& gﬂlg?aet%st abl'i gsffng‘{rchncfh((qoues rselmrﬁe %‘ﬁré?éﬁ%ﬁ??SP?ﬂgrase
chai n reacteéeumip rﬁ@gmekés téngrizhg b TOF-Hen Wydihpesieiepobddtenot egulhies eaémérﬁa&i t wo
ki | obas A PI ant | e Biol. 21;1131, 1993; nbot
et al. ﬁ)SCFSQ I@Eﬁﬁgg QS&a%ﬂH%f)&TI}S@egtthongu? i%% %515 . aB?lP'Tl%ﬁeeeﬁe”Sﬂa;z
the Pol y ner(&%8), Ggaizn Reacti on for the Rapid Const ruction of Synt hetl c
Genes, " in Methqds |n o Vol. 15: P Prot ocol s: Current
Vet hods and AppfT EafiBH: \7\;*?Er %bdm?gyg TR Bepg sA S btaner, by svathenaag DNAnc
20 1993); Hudlemwks hsikg ﬁlfutua]ly pririeER]dE bhigsticleptitles aft BOBuclebB@Dequedeesieqdiyed | on
of TGF- bet Ehﬁbl n prot cleic acid nol ecul es encodi ng vari ant

[

n_gen
TGF- beta bifitih eep?%teé é”h‘g% @R%é‘ﬂ BRACA ST 8p)) Establishsd trehminss wsing thONA
Or genom ¢ goishicas eai rteﬁbuaﬂlptcswé gotdsiey PEOBSBAAY DG, iUkl k%t o
sequences hased u or usi ng
pr gcedur es%@%;ﬁlﬁi@g@&%ﬁwﬁ P%@':MB@faBlB ﬁéﬁlh’tj b‘%%t%‘inf‘fm@@r@b Wﬂ’&ﬁ’@és can

al so be CO%HW@h@&oMBQB@W%@'EMm BOLL, ‘VRR iR PAyMbEd A ihiPRLAHEPEEGHL ©
can be devised that encodes a poéégeptl ‘de havi ng a_conservative amno acid

change, corfAieHOREHPHY SyRtiFEC B lethods ¢t MagonlnD Bigegy, Fol 615 BER 10,
12, 14, 16 P;%cozprc:ﬁ&m Modbad aSszibﬁﬁdaamssmﬁt@ @8 9%%@263%8'[@&&:189?&@ fcone

or nore am no .acid substitutions of SEQ ID NGs: 14. 16,
46, or &5, PROwHPlowachks! Ry PCBMethoduénnd 43@)991 $9%ubstituted for an al kyl

amno acid in a_TG-Dbeta bindi n}g protein am no acid sequence, an aromatic
anmino acid i s substiPHER PLTCEPetabBHEEPIOENERSS acid in a TGF- beta

bi ndi ng- pr q\tluclelc acid molecules encoding variant TGF-beta binding-protein genes can be obtained by -
screening various cDNA or genomic libraries with polynucleotide probes having nucleotide
sequences based upon SEQ ID NO:1, 5, 9, 11, 13, 15, 100, or 101 using procedures described
25  herein. TGF-beta binding-protein gene variants can also be constructed synthetically. For
example, a nucleic acid molecule can be devised that encodes a polypeptide having a
conservative amino acid change, compared with the amino acid sequence of SEQ ID NOs: 2, 6,
8, 10, 12, 14, 16, 46, or 65. That is, variants can be obtained that contain one or more amino
acid substitutions of SEQ ID NOs: 2, 6, 8, 10, 12, 14, 16, 46, or 65, in which an alkyl amino acid
30 is substituted for an alkyl amino acid in-a TGF-beta binding-protein amino acid sequence, an
aromatic amino acid is substituted for an aromatic amino acid in a TGF-beta binding-protein
amino acid sequence, a sulfur-containing amino a'cid. is substituted for a sulfur-containing amino

acid in a T GF-beta binding-protein amino acid sequence, a hydroxy-containing amino acid is
26



am no acid sequence, a sulfur-containing amno acid is substlituted for a
sul fur-containing amno acidi n a T G-beta binding-proteinn amno acid
sequence, a hydroxy-containing amno acid is 26 substituted for a

hydr oxy-contai ning amno acid in a TG~ beta bindi ng-protein am no acid
sequence, an acidic amno acid is substituted for an acidic amno acid in a
TGF- beta binding- protein amno acid sequence a basic amno acid is

DS Lot ehihuch RP3 G A ALY Ao EE PR I B BT,
a di basi c ropecas dnoaqdm emaoianid idsibdtitutedor: -ﬁ:achﬁct amipo add rmg a-TOIobe Bindifg-NOo

acid sequencs am.no ldS - tive
am no aci d "SR annﬁt S@q“egcemg?slfsm? &4 Wugsngg@sfgﬁ ﬁ’ﬁic@ﬁmﬁ%ﬂé éhﬁ‘(ﬂg
aci ds wi t hibata B&ﬂblgqﬁ'otélh@mirfd deid\sbdign@! 6teP@bas{cinor@taroxifs amiab all Resubstiadddne,

Ieucine a d i sol euci ne, henyl aJ ani n rosjne, and tryptophan, (3
serine &géﬁlﬁ FEnoCH, léeg%%%ftc Téféﬁéﬁé&déw-weymm%ﬁ?légwem( :
aspar agi ne.A.ri\%ﬂ;(gl th6 kot¥Sh NhinA ks meexmlpend “@bifsbrvtive Bmihd) afiBKduBEinfHee™ is

substitutigns, it is inportant, when possible, ' to maintain the cysteine

backbone odusiraEd LY ’1‘15‘#’?%‘}1@ among gmine AFie B-AFie thedHovang Srpers: ((h gycine,
TG beta bla&ginegvamﬁ@t@acﬁ}legemeisaamuke@ lfr%@%&é%% %Qﬁémé %ﬁt&ﬁ%hé}g (3) serine

nucl eoti des for the nucl eotides reci NO'1, 5 13, 15,
100, or 10nd thoesiner @haspatajeand ghitamais 65)taming and asprraginearndl6) bppaiarestine for

exanpl &y by ®hi@eaHCIHE b sheh le'é@cﬁﬁ@& fPut %Qg&&ﬁﬂ Svhed ‘rpgé‘sﬁﬁe, %8%’[%9{(%%

mut agenesi s, nutagenesis using the polyineras ain action
li ke (see AM%@D@EHCKQC@QQym&Qdeﬁw@ 10 to 8-22; MPherson (ed.), Directed

Mit agenesi s: A BLAGHGa ARPSARBH LRk SNRS5 00 proe LG Lonaboabl ity

of such variants can termned using a stan suc
assay deschylserbtihging nucleofidesefontat hmoyldesaremtﬁdrhh 8B ITEO:het, a bi, nai Ifg1¢M ot ei n

pol ypept i delO?aE &e‘cbﬁjsgggﬁjel a%'Qnobéé d’ vgn tgs! éa}l t%necp gog: f ! C té allgonuclegtp

anti - TG~ be ndi ng- protern ant |ne yS€es o
nucl ei cisacidirecred enndgemesmahnhe-s@mmhg)mnnagehamsohmmrenemé fmgtthmlpalymfefaacgnmm s"

of a nucleic cid t hat saTGF

"pol ypept i déSFAE AR %“i uset St i B‘chubg[ﬁlgx f BRETF &5 aV| %M?@gﬁg%?%& %&vémd
sequence ofMBEEnkdd: fNP}achcal approbe (amgesdsewM)t IThB&insfiorali adiBE e sheh bbkm@s N a
series of nested del. et| ons 25 are then ipserted into
expressi on C\?’é&?'f g? tgrmiped ’(S’}Sélrswf“gaé% ’rsgi as tﬁ%?f%%@“é‘?ﬁﬂ&é@%dg‘ﬁm‘ﬁtﬁ’ébt? des
are i sol at edriand aresdiesindiog-poedd polip¢ptidcat eéldtetheaby thie ayilityOto Bpddekically bind

anti - TG bet g ndi ng Er ot e| n @HE chbodl es. One alternative to exonucl ease
di gesti 6h | WHPT-pRRBIPGBMI BHPPUS: di rected nmut agenesis to introduce

del etions or st ®uskl@sietido asddRed bY mERRUEH Gholuled AR Sier Bekfdrin@g N8 Ndbtain
Al ternati Vel{é‘& g%%rltl cul ar_f agrrents of a TG beta bindi ré% protei.n gene can
be synt hesi gmeEs't A2 FUHGRErdsBOHs e enrefisoh TS ety Bndine REHR ques

for functi C}ﬂ)@peﬁﬂﬁl yA&d 8n fusRiRLEDNR AbRcEeSE irade BYolectifd s@pahiR! &7.SEQ D
NO:1 can be digested with Ba/31 nuclease to obtain a series of nested deletions. The fragments
25 are then inserted into expression vectors in proper reading frame, and the expressed polypeptides
are isolated and tested for activity, or for the ability to bind anti-TGF-beta binding-protein
antibodies. One alternative to exonuclease digestion is to' use oligonucleotide-directed
mutagenesie to introduce deletions or stop codons to specify production of a desired fragment.
Alternatively, particular fragments of a TGF-beta binding-protein gene can be synthesized using

30 -the polymerase chain reaction.
-Standard techniques.for functional analysis of proteins are described by, for e xample,
Treuter et al., Molec. Gen. Genet. 240:113, 1993; Content et al., “Expression and preliminary
deletion analysis o fthe 42 kDa 2-5A synthetase induced by human interferon,” in Biological
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Treuter et al., Mdlec. Gen. Genet. 240:113, 1993; Content et’\ al .,
"Expression and prelimnary deletion analysis of the 42 qu' 2- 5A

synt het ase i nduced by human interferon,” in Biological 27 Interferon
Systens, Proceedings of ISIR TNO Meeting on Interferon Systens, Cantell
(ed.), pages 65-72 (N jhoff 1987); Herschman, "The EG- Receptor,"” in
Control of Animal Cell Proliferation, Vol. 1, Boynton et al., (eds.) pages

169- 199 (Acaden ¢ Press 1985): Co il]ea et ‘al., J. Biol. em
270: 29278, ’%’%@‘g]"’"lfﬁ ‘ﬁ”rﬁsagflé{"cee iy s ?f“ ‘S%él("g)l J.‘er"(‘,‘ﬁérﬁ" lé"fd’:]e%’z@ffe’"fgg?}te“s(ed-)’
\I\(/glrragucg! .lqiagéd 651-7Bi(thﬁm” ot gl_&r?bxaﬂafaﬂm{an, 5%12@1_53&@3&3 bbt’z‘;ﬂlr-olledf ABlimal Ehant
ec. Bio 1, : e present. i nventi al so conte ates |
functional ¥7 g/%f?é’ﬁ’f" sl;LtoJ - BRI %é’f ARBTG5 ?%g‘%qaﬁe%’é H&es ng@;k%fi}‘g‘aﬂlea“
conservat i v&é ANNGicacChnt rangeso, AodsFruk@iaga Bi AIdi N0BBI Qt7RlxN 2YRE48NL 1@8Ne
can be identified.on the basis of structure b 10 determ ning the | evel of
identity wifHRagUeY Sbtl Fecasy %W%Oééﬁ#%%d%%é@sebﬁt BEdiq : Bigl 381, 9
11, 13, 15,1990, or 101 and 2, 6, 10, 12, 14, 16, 46, or 65 as discussed

above. An alternative approach to identi fj%/l'i?qn_g a variant gene on the basis
of structure is 16 PEReeré ipHeRizon Han protemplaiesciurdtional frdgments| of aUT@F-bete biiding- a

potential VabieANeniFinbe! @nR-RaldNSmRS g&@jﬂ,{gﬂ%gne can hybridi ze under
I mol e

stringent conditions to a nucleic aci ul e having the nucleotide
sequence of SEQA DGRibsta birBling-proteingvariqrt, geded¢an b8 iden@ified on thk(ksis of staucpior by on
t her eof , pf [ e | | enagt h. AS __an.| tjqQn of
stri ngerllt h%rl I a%%lgﬁqugﬁg?wgkntggﬁ%%ﬁﬁ% gi%&ggﬁc@ Sr?%‘feélgeﬁlogbiﬁé\l‘[/h? %Cgai’%’
vari ant TGh-1Bet& 1bi196i ardOpradt 2i6n 18.8quEhE e 460 651 andiisaiidsér] abof¢. afimelrdmatife a

nucl ei ¢ . acj I | e-havin se nce. from SEQ ID.NO 1 | buff er.
cont ai ni ng, Apg Bﬂ%ég&%ﬁ@%&@%ﬁ%g ex‘%’éﬁ%gaéls. Nk r%%f 69sS 5%19%?%‘3% ‘gl?e%é? micgelcrn\ﬂ
sodi um phosgiramelecdle pivo&EBT A pohtial .vajiant FGPebata dirdiin pSpre@inlgene Ban?if)/bridize under
(100xDenhargt.' s = 2%.(w.v) bhavi ne .seru | hum.n, 2% (w v) Fical % (W V)
ol yui my | oy iep ot h Rt ae iRe s BBt b apfPie shhuenss S50 B 16
Post - hyhs i di,zap;1an13, wasloesoranl,hir gosibii tegendat RE# 15 ¥PREAldepti@eid RAARIAS N

0. 5xSSC (1xSSC = 150 .sodi .chloride, 15 mMtrisodiumcitrate) or in
0. 5xSSPE at a”séi-‘%%%."n 5‘3?%%5@”&1‘“?%‘:%‘ e I8P AT C BPiegEe @d’&ﬁet)ﬁé’ém&f a

vari ant TGFTGBibatabindihpheptén edq@bnte cADbigEREL a frilhegesra R0ERACH ndbifalepand 4 de
that can be chara%ter' e&nl[ggs_i,ts functi onal g}ctivit the ability to

, or b

bi nd_speci  FEAPES TP eyt By B Y FBHRY PXARRE DSSEE RofbmM
speci fi cal | yodiuny @Rlbad, 10 Givibeidamb bhsibids, Ar Ve EDTAEHES 79N CHRARnPAIERIREIbLIES

whi ch exhibit at |east 50% and gr ef erably, great er t han 60, 70 . 80 or

90% of 22 heIABXRSHAEG: ©f = poioy PEIY i BRE erfElige RIBYPRhS *huleiy) Fregt b&a (W)

bi ndi ng- pr Oﬁﬁyﬁn}gﬁjﬁ%lj%@)‘: e DB DT heufedtoventi@duat 5080%0f  BkEhid@zation

bi ndi ng-protein’in Cultured Cells To express a TG--beta binding protein

gene, a nuchashes athigh Fingensy eare himirdin gerfhmep dn YP3aEpSE déxSSC = 150 mM sedium

' chloride, 15 mM wisodium citrate) or in 0.5xSSPE at 55-60°C.

Regardless of the particular nucleotide sequence of a variant TGF-beta binding-protein

25 gene, the gene encodes a polypeptide that can be characterized by its functional activity, or by

the ability to bind specifically to. an anti-T'GF-beta binding-protein antibody. More specifically,

variant TGF-beta binding-protein genes encode polypeptides which exhibit at least 50%, and

preferably, greater than 60, 70, 80 or 90%, of the activity of polypeptides encoded by the human

TGF-beta binding-protein gene described herein.

30 4, Production of TGF-beta binding-protein in Cultured Cells
To express a TGF-beta binding-protein gene, a nucleic acid molecule encoding the polypeptide
must be operably linked to regulatory sequences that control wanscriptional expression in an

expression vector and then introduced into a host cell. In addition to transcriptional regulatory
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nmust be operably linked to regul atory sequences that control
transcriptional expression in an expression vector and then introduced
into a host cell. In addition to transcriptional regulatory 28 sequences,
such as pronoters and enhancers, expression vectors can include

transl ational regulatory sequences and a marker gene that is suitable for
sel ection of cells that carry the expression vector. Expression vectors
that are suitable fq;agroductlon of a foreign protein in eukaryotlc cells

typical ly coHfah 1) %pr RBREPSSt 7 BRIANST e FERESIOBOYCREG ©8 inclyda dfaarlatignal
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pronoters i de the pronoter o f the nouse netallothionein | gene |

Hamer e t al., JFor MaaBEnalidpRbst, {66 NRhscriptiodd3and 18BdlhtionhNRadikol SRk §hayObe 25
Her pes vi rus [NtKnl ht, Cell 31:355, 1982], the SV40 early pr onot er
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[ Gor man et \alluch thPfthQatorN@fgnils A6 abocinbd mﬁi—%rtlcz@a:r 8 %@m&ﬁﬁ;l 61& Reel of expres

cytorregal oviirus_pronoter [ Foecking et al Gene 45:101

mouse mEhmMEHSE t SHEhle WIF&%PU@P%} i éﬁm%@e@al r@%ﬁ&fhﬁtrqyenca éﬁfe%rhey' btamﬁs% émsu on

of Engi neer@ghmiaR bled) such s M%HJE%M 3 a%hk&[l@&u diflgdaeOt €1 n Engi neering:
Principles and Pragtl ce, Celand %w’ng%dl’ . (eds. ,Onpaéens 163- 181 (John

Wley & Sons, | rfeanscrigrgR) resmlplon; srqnmees| clude %)rpmt%ﬂ’f?grd’@xl@n prfbeiert do dirsaiche as
the bacterigphager ﬁ%@%ﬁé@i’s Y 8%1t8n&e ukaryotic p romoters include the promoter o f the mouse

metallothionein I gene [Hamer et al., J. Molec. Appl. Genet. 1:273, 1982), the TK promoter of
25  Herpes virus [McKnight, Cell 31:355, 1982], the SV40: early promoter [Benoist et al., Nature
290:304, 1981], the Rous sarcoma virus promoter [Gorman et al., Proc. Nat'l Acad. Sci. USA

79:6777, 1982], the cytomegalovirus promoter [Foecking et-al., Gene 45:101, 1980], and the
mouse mammary tumor virus promoter (see, generally, Etcheverry, “Expression of Engineered
Proteins in Mammalian Cell Culture,” in Protein Engineering: Principles and Practice, Cleland et

30 al.(eds.), pages 163-181 (John Wiley & Sons, Inc. 1996)).
Altemnatively, a prokaryotic promoter, such as the bacteriophage T3 RNA polymerase
promoter, can be used to control TGF-beta binding-protein gene expression in mammalian cells if

the prokaryotic promoter is regulated by a eukaryotic promoter (Zhou et al., Mol Cell Biol.

29



pronoter; can be used to control TG beta binding-protein gene expression
in mammalian cells if the prokaryotic pronoter is regulated by a
eukaryotic pronoter (Zhou et al., Mdl. Cell. Biol. 29 10:4529, 1990;
Kaufman et al., Nucleic Acids Res. 19:4485, 1991). TGF- beta bindi ng-protein
genes may al so be expressed in bacterial, yeast, insect, or plant cells.
Suitabl e promoters that can be used to express TG beta binding-pretein

pol ypepti de f c to those of skill in the
art and |nc1F0u4d’29 ?rggﬁo@g?@%%a% C(Pe%‘%a%’ Res; }odgﬁggq%)t he T4, T3, Sp6 and T7

pol yner ases, t h&@ERetnisinddhe- nzmt@mgemas snayf aldoaint xpicapd aagﬁcteﬂxaa,r’#éds%,, in$dd€ of Hiknt
recA, heat g Océ(mt acU\Vh and | acZ pronoters of E.

coli, pronotér?d 8#’16 ot t %Ft g Q%)ngg? %?gEgé&Ftath@nB REUER PelYRERGides ipp

Baci | | us, Sprokepyaicmpstese well-anoietoSthodeher dkilt inPihe ARt84 1&fud@%€6fzﬁc¥tér@l%l§';?a9ﬁ of
pronoter of th

| ambd Ih bl d the CAT
cﬁl or :rrp%eﬁli Ecﬂ%lzgrbetgg h@n@‘%e*}%ggé }b‘g}r‘]f@era?ﬁg’o‘l%?y&?il &L prosbere of bpgigorbeen 10

revi ewed bylafbis kne i, rédagheaMeeiQ Ricolys, Aic 27 4ack98 5 AV%dSIQ&' 3 ul ar
Bi ol ogy of the Cene 4t h Ed. (Benjam nc m*nacnlg Zm b§/n &%%ﬂl;ée)f%

al . (1995).PPRaEE PEF pﬁué‘%’éfr}‘%ﬁ P’EPHWH%% <f wélm@n@hami ¢f émll@aos’tmuw;»ces
subtil us. %ﬁaﬁisethgt,%&mﬁﬁ&%f@aen abe m%y% %&%?53%%%@%@#@5

BL21( DE3) pLysE, DHI
DHI1S, CBOOPOmRED P! the\pieramphenios) acsmgrgnsfq;ssemmqo Prm@on@mmom&sye Vc‘bﬁ89

CSH18, E(Rl%%ew@@gv gﬁg@&?fmf %ﬁgvbzt)P'] 2?9/( airgéb GW%th( ]vgollzedcu)af B%?ol Y the Gene

Bi ol ogy Lab/ax (Academ c Press ralns o &
subtil'us |ﬁélEdd@eBRPBHOHM%S@Wdel@AMubQI&talaﬁa953170 (see, for exarrpl e,

Har dy1 BaCI l l U Bé%%% ﬂggilgldﬁhg ﬁI)I\Ioel % g‘acr}gls SZ%IZZMSI_ C%ugglﬁg SA%BS Ofaé:

G over (Ed.) (I RL Press or expressing p
pr okar yot i cc%ﬁtcbldar%u/l@m)kM(Dﬁé)pily@%eBbil(DEB]pLysEn DI) DHel, abH5,( pEe], f or

exanple, W r o] n I Si ng

ol asni o' vepriofe DgaCe, pritfl SREUOR TbrZk o SRRt AN Brsfestut

E)QA( g( ]9r1n gngIOE)I@ISfBBﬂ,OHIO&S,y'S'ﬂ@@B CSHnE, ER1451pmd ER 1042 (see] foalexmﬁ}lﬁé,tSB&)wnpage
or % i ation an

Expr essi on {%& )A%“)tr ? ! Ew%gy i f%b%ﬁb‘ca%/%‘}ﬁﬁr?&ﬁ?%%@dl sé’éetgbq?’F A{’g%&’t}lu&ﬁ‘dmlus

A]E)pl icati onmplupaemmmz(m Imyw,umszo |and . B170 9%} ; foﬁé}dm@faOH&waamﬁwgmgon

of Proteins 5,B Pr.o er Principles an

Practice, dvfe&lggs W&"(‘Qﬁs’i?mc% nga’@ir}?ﬁwﬁr@w (IBY Bress &89 | nc.

1996)). The bacuVetbdsusr e&pﬁe%ﬁ[g m6teMb deproriryéifcltiosts anRtwdllBaBS kP tHobd §MICE

cl oned I din into insect cells. Suitable

a, bi tein
expr ession g‘ & &re fgrreé‘ %ﬁg ei"ﬂﬁfs&iﬁ‘roé&ﬁ%‘%%me%w 8l pEing plgsraid
nucl ear pol yd&eﬂf asd %ui\(ﬁd’aﬂﬁn oASPINE D lyclaad asatiai M iveIN4 @%n%&OWE%QﬁB%er S

o o oS R By B U s Bep e Gy B o et e 1)
and the del ‘W@éﬁc Manipulation and Expression of Antibodies,” in Monoclonal Antibodies: Principles
and Applications, page 137 (Wiley-Liss, Inc. 1995); and Georgiou, “Expression of Proteins in
25  Bacteria,” in Protein Engineering: Principles and Practice, Cleland et al. (eds.), page 101 (John
Wiley & Sons, Inc. 1996)).
The baculovirus system provides an efficient means to introduce cloned TGF-beta
binding-protein genes into insect cells. Suitable expression vectors are based upon the
Autographa californica multiple nuclear polyhedrosis virus. (AcMNPV), and contain well-
30 known promoters such as Drosophila heat shock protein (hsp) 70 promoter, Autographa
californica nuclear polyhedrosis virus immediate-early gene promoter (fe-I) and the delayed
early 39K promoter, baculovirus p10 promoter, and the Drosophila metallothionein promoter.

Suitable insect host cells include cell lines derived from IPLB-S£-21, a Spodoptera Sfrugiperda
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early 39K pronoter, bacul ovirus pl0 pronoter, and the Drosthi | a

netal |l othionein pronoter. Suitable insect host cells include cell lines
derived from | PLB-Sf-21, a Spodoptera fi-ugiperda 30 pupal ovarian cell
line, such as Sf9 (ATCC CRL 1711), SJ21AE, and Sf21 (Ilnvitrogen
Corporation; San Diego, CA), as well as Drosophila Schneider-2 cells.

Est abl i shed techniques for producing reconbi nant proteins in bacul ovirus

syst ens ar d toal, . ! i pul ati Bacul ovj rus
veotors, ° Pa a8 lodlanog VG PHLE" LN, S0 et BB
Expr essi on Qélrmmoni Sa,n Disga, é,\fx) (a8 vell, as [Rg el Sctihbier (2TdeHs HE@BIRNEY ©&iqubd1C-
1991), by Pgtel et al b % atcul owb expr essi on systen(‘i in DNA C oning
2: Expressi onP OSSR AE m&’ﬁﬁ‘ E87 THA" GC%Q‘Q’F“Se?'St%fFS aeerovifed by jRailey (ot aby g

(Oxford Unl“mnﬁ)ulayoerEQSculcQ/%é Vebyrs,” AuSMbRbds( I8 crdr &age)s Miamdd 7t Geddd- 57,
by Ri ch §o%{ﬁ;ed 21, Bacul ovji r.us Eﬁ)resm Qn Prot ocol ) he Humana Press,
I nc. LGSR T 9Be R (clhphagsss i nl6Fe o a"Prpss, ¥g

Pr ot e| n Eng991€;ebv Pgtel E’mncm BfcuRRusPERREsEEE ysvsgn?’l’ angpat C%Lzzna(ﬁ%cp)essz@iages
183- 218 (J?}hn Wle Sons, Inc, 1996). Pronbters for expression in yeast

i ncl ude pr OHBEED §"%/ IESMOGA‘EP"?jéIaéé?‘EQe?agCP@é 24419t WW@B Jress I%P?ﬁis@)
ADH ( al cohq{useieh M@D%g@%@)ti%f@(l% i7at>§; mla.rd%' (E’c?l)S Bheuidat ﬁxfrms%gefﬂbtggl&

dehydrogenase) and th Zeast cl onlng vectors esi gned
and are 15(F EW%@@FEI defl é995i7héf§3e Y éaeknoy, ‘edctifell Hxprebase deshnelpgy,5in such

as Yl p5y Ya}ol\éﬁzcﬂ%{n%erz%u%n@zﬁles pe %)%ctzc%EeleYaﬁﬁtepﬁ V&eﬁ'ﬁcg F%g lgﬁfé(J&H-ldWYC}?er e

vectors, such as One skilled Tnthe art reci a
are a w de & apiseky- 1(995)SU| tabl e vectors for expression | n yeast ceI I's.

Expr essi on vect t
pl ant tissues, gﬁﬁlolq%gfgljtg’%rgﬁgﬂh{% 88%:@&&'&3 é Bteme{I ods o u ur)i’ :Péﬁél ant
ti ssues ar éplwdmghfe@ratefbnase)xa‘lml{ e(alcblgol Midbydro@Base}, 40X] (all?dshm‘,eaiuﬂae@ g4 -
I nt roduci n n in I\/Et hods in Plant, Mol ecul
Bi ol ogy angblgl ot ecﬁhﬁ | eﬁasg)tﬁnl g%%([% Many g8t omrhajggrsélﬁv%@e e‘ﬁ@“ﬁ‘?é%ds”
1993) Bn. exa}dﬂgsw]@hlevémsewemm ifolmdé WL pi-bﬁkﬂd:e&tdrsjkﬁbhh@%pi} MR pSvedidtsN Ehch as
vari ety of technl u cal ci um S e nsf ectl on,
| i posone- ne ‘ﬁépgt egﬁPrvgcﬁg &ct h?aéﬁysﬁplrgn crgldlg’g‘feétefsl & ﬁggg F bB%F]fl @r‘? he art
el ect r opor atillappreciaid tahiaerk tce. wilk eafmtyablsrgﬂtabtehectbfs ddrskmredshal i€ dabiceRH are
sel ected and prgpagated to prov nbi.nant host ceI | s, that conprise the
expressi on vect %?prgss{ogb‘fec’toﬁs &qs%ggé‘ﬁf“ﬁuﬁeﬂémﬂ&apt PEloPlagfe 1R Plapk HifFy B s
for introdusdlngl plﬂﬁtcaIsSGexmfaDmemik@royeﬁlhﬁmg@1ahtst1ssu%§1ﬂ-eFﬁﬁﬁ@&%ﬁe&aﬁnﬁl@ salmet i ng
such stable é}:a,gf{f or mant. s _usi.n dom nt sel ect abl e marker are

d,

describ ARPITES o JRfeTseforeige B4 dntey PRI UR Ag7hads o YPlansdfpdecular

Tr ansf er armoﬁg@pfrﬁwmnoz@p@mc&@ (EdUIBIRas d%tm@Ré%%a 19943t hods for
i ntroduci ng expression vectors into bacterial, yeast,  30°insect, and Iant

cells are al so ﬁlno?fpaﬁﬂmb)}' ciTsEBele iToguprd ipia hostapelliatsing o VATAY o e
and recovertdifich®@r engladips Okﬁhﬁknprpﬂxgw BanedHBAMM Bl dosdtne-mediated  transfection,

microprojectile-mediated delivery, electroporation, and the like. Preferably, the transfected cells
25 are selected and propagated to provide recombinant host cells that comprise the expression vector
stably integrated in the host cell genome. Techniques for introducing vectors into eukaryotic cells
and techm'qﬁes for selecting such stable transformants using a dominant selectable marker are
described, for example, by Ausubel (1995) and by Murray (ed.), Gene Transfer and Expression
Protocols (Humana Press 1991). Methods for introducing expression vectors into bacterial, yeast,

30 insect, and plant cells are also provided by Ausubel (1995).
General methods for expressing apd recovering foreign protein produced by a mammalian
cell system is provided by, for example, Etcheverry, “Expression of Engineered Proteins in
Mammahan Cell Culture,” in Protein Engineering: Principles and Practice, Cleland et al. (eds.),
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cell systemis provided by, for exanple, Etcheverry, "Expression of

Engi neered Proteins in Mammalian Cell Culture,” in Protein Engineering:
Principles and Practice, Cleland et al. (eds.), 31 pages 163 (W/Iey-Liss,
Inc. 1996). Standard techni ques for recovering protein produced by a

bacterial systemis provided by, for exanple, Gisshanmer et aI.,
"Purification of over-produced protelns fronlE coli cells,” in DNA

S0 05" o SRR TG P R oo il Qo ﬁ%rdwﬁ%veﬁ%gmfe&w PRebPART g

r econbi nantbagieni eystesn if pmmdad by dort exerple SGrigisdrener ar €. dBl&(ﬂch@@ﬂbfbyerlﬁnfdﬂaerdd S 0 n

(ed.), Bacul qvi l,on col The Hummana Pre Inc,, 1995).

More gener &t (F%/ms #ﬁ?ﬁ%x & ﬁjg\;fg?o{"&? 2 é’ﬁ’ﬁ”ﬁ@" LB é’ﬂf Binien, SHersF ¢ ol

t echni ques,(e®l¢ pagea ssoadf l(cnxﬂopd Chuiversey ORERPNYS). S| EQaMiXKddUfle@Bds for isolating
HPLC and the |ike. Additional

chr omat ogrth\{ﬂla ion exchg %e chr omat ogr aphy

vari ati ons THTPERIRIOES IR A RECHPHTUS © ‘%W&?ﬁcﬂwdatﬁ’dhﬂ?j’ﬁsw&eélt)l Bru¥rean be
devi sed by AxpRS&00Fromkbil [THeMdh@a Breks, IkQfoggxanpl e, anti-TGF-beta

bi ndi ng- protein__anti bodi es, obt aij ned as described below, ¢ an b e used to

i solate |arge Yifanemerly 1F-byp Sindingprotein canrhn iselaied pisegdand ecimiqugs. iserh. 5.
Producti on f .t bRethAserkshyT Sze kLR @ﬂbﬂ%g&ﬁﬁ;ﬁh&? eliEn Y ﬂ@&ﬂ&oé{;@bﬁx‘?m  on

provides antibodies that specifically bind to scl erostin as ScCri
herein i n d&§ld: nd thgikeh ddidiional yartenyiat T Rbetadtindingypioted iolatian apé pertficationed,

for exafpl &an Ui AGistN By tﬂ%s@d&icglq]?fm e P se!x%pl%egﬁtp Gﬁ%eé”blﬁ‘&%g%%nb

Ant i bodi es that specifica bind to sclerostin So be pre
usi ng pept iaEkodgksy phpainpdf 4So¢ﬁ5%1ﬂ>)¢d drlewof antteer sedt cewso}@tq 1|argpqh§¢rpmp$ ¢ ffeotein by

sequences an?dﬂn?ﬁﬂm EQID NGs: 2, 6, 8, 10, 12, 14, 16, 46, and

65). Particul ar 5@?{%}5& gﬁtl - TGF-beta bi ndi ng protein anti bodi es " bi nd

specifically" vmthT ence ID Nos. 2, 6, 8,
5! 1%&1&%‘1 oPAI%'o&Qs (;1‘2:% 6%1%251 %ggyt)r%?e i

10, 12, 14, 16, 46, or ut not to ndlng protelns such
as Dan, Cerber ugye e 1n95nt1g1 Sfavidas arfdBbdiestRd Fl?b%lﬂegll}t $8a Brs%ﬁeﬁ)@ﬁ LeRbLPn

(incl udi ng fragnents and derivatives thereo be a po ona or,

especi aM y hergimmaieladnAntibpdics poEGE-bFth bindimgpidigie gannwyoblréded fgr @@mah:yusmg the

o 196 whi GR e g RRdal Tt U DR s B2 pbufgh g Bg5HPeS

]Ic gVC\jS I gG4)ma}1 21 bQﬁEGPW bmrusmgmeameﬁ lslotiyed f]fmn ant ohody thmlebstimlpblajnapa’dle from
ow or o r

ot her prl mat an%S?)EO%fgaﬁ%ﬁ Sfé§3| r é§a1r(1)f ?B?ﬁ@éﬁrgéi gGS)a%aﬁtlﬁ‘p%r?ﬁg Flsi ng

anti body. PRatiyEFoad biadlihi;-lpmﬂcnesnﬁhmdleetfbmd:)sp&aﬁtalmthér@F bd:tﬁlﬁmﬁglc-pfcm&lﬁbf\ c

an b e epar d I Qse of t he a
oee, B CEBEERLTS NG 2 BER T2 A | g RO 1% 18 G0 Rl p8Kingh Hoigatfedhs,
n | ni nunoc I“ﬁmnh ealDakr Otrbaod, SSQG&Bmxoﬁ;emhnd Antibpdiesges tht présefitHinh@itian Rih&isding
élgg_;)’n dV\(/LL%aarrg Lg;[,] dia Aen’vatlves t%g:r%c%? Ll%{r] be? e]; pc])cl\% o%lal epspec}aﬁgl Iz’1l§nolnci;]c10nal a%%%odyu%
antibody may belong to any immunoglobulin class, and may be for example an IgG, (including

isotypes of IgG, which for human antibodies are known in the art as IgG;, 1gG,, IgGs, IgG4);.IgE;
25. IgM; or IgA antibody. An antibody may be obtained from fowl or mammals, preferably, for
example, from a murine, rat, human or other primate antibody. When desﬁed the antibody may be
an internalising antibody.
Polyclonal antibodies to recombinant TGF-beta binding-protein ¢ an be prepared u sing
methods well-known to those of skill in the art (see, for example, Green et al., “Production of -
30  Polyclonal Antisera,” in /mmunochemical Protocols (Manson, ed.), pages 1-5 (Humana Press
1992); Williams et al., “Expression of foreign proteins in E. coli using plasmid vectors and
purification of specific polyclonal antibodies,” in DNA Cloning 2: Expression Systems, 2nd

Edition, Glover et al. (eds.), page 15 (Oxford University Press 1995)). Although polyclonal
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purification of specific polyclonal antibodies,” in DNA C oning 2:
Expression Systens, 2nd Edition, dover et al. (eds.), page 15 (Oxford
University Press 1995)). Although polyclonal 32 antibodies |are typically
raised in animals such as rats, mce, rabbits, goats, or sheep, an anti-
TGF- beta bi ndi ng-protein anti body of the present invention may al so be
derived froma subhuman prinmate anti body. General techniques for--faising
di agnost i caLAﬁ%ognd theri(aéqeut.iﬁ%al ly. Fsef ul anti bodi es in baboons may be
found, for exanpre i W GO S8HHF ghEelsafich a3 Fise MHeR FERHS, Batgaarsheep, an anti-

publ i cat i onTSB-beMbifdihd drbfen (AGDEY ,of ARE Prdlerdt OSVBRoE! AL deri peer
46: 310, 1990... The anti body .shoul d corrp.rp:rse at Iezci)stmfz;SJ \?B%rbi@a%ﬁné’edr %lmoﬁ d

omain. T he {PRUpsLpymats agihogy, Gepgraiteehmayester wisingngiagriostivaliy amintheropentivally

conposi ti onukAd awiidddied SN BEEIoLY nfa® BRIThRR, &r dx&ASE. ANEo1alYREr ¥ay i abl e ami no
aci d sequence responsible_for ant?i enﬁgi ndi ngﬁgnbedﬁcél n%aet%?ahng%ar goal

s e.quence.5 | R ﬁ‘é‘?hé?ﬁotné\lw(? R L1ASP %@Qﬂb?{d\i)l Logrgaroth akldmal. ICanesy 458 1@1990.
TS ot RS 0 (L i

chain variahl e donains.  Thus for exanp gi on
nonomer i ¢ aftnakmgy Yrobrmy\sizeds aing agiderompodiegeand rvell gapedllyeofibrise at least one

i ndependent {; LGy ant. L. i table .affi.nity. ternatively the V
regi on donai %beﬁ;lgﬁﬁég%n%?tﬁ%@%gqﬁgﬁ%mg%ﬁ%g@%%{7@]{7?{’1 W}lélf% N ?dd‘{F[“\ﬁ_ ,f‘?’af"‘ﬁ%f}(s in
which the Vigaege Vo geherlfsmasrthe maiable (Y mekion dbyaia SEayCeaing ShifaBle RBYdeAkRthT
her ei nafyter P R I i.red,.. however, the chains may 15 be coval ently
coupl ed lgi tlﬁg? é’ig?rog%lw&;‘e? %{‘@& gglfgc_r)ﬁt)l}ggt %&%Y%ﬁ?lﬁ BB ohiPs Bt kemRletireY t wo
vari abl e dorrgionsiomgin iy dughoranletinkd be fa0Vy @XAPdnadn REBle! tHRe | k1 kSlable IR
forma sing i domai n. (abbrevi at ed reinafter as scF,,). The

vari abl e regl??%n%gﬁ}élbﬁ&ﬁlﬁﬁn " 31 aﬁ%FPr&g]ﬁl Yo PTGy bate esor domein ey an

engi neer ed vedigiennartdventeinf Vy-By, BAYL,REVI-AY, URESIHORhicS HEBA Mnd &, \L84iheRl Son-
regi on domagnalt ht?t has %re@gb 20 ch)eat ed. using reconbi nant DNA engi neering
t echni ques. ~SGEN ehgIHE THEYEG bRenaliseas lie Vhskedesieh heveven theeshaimpmay f r om

nat ur al 1ant bboehplently icalle i@ ARSRY for s@hbIeOAS = ABIISHEEL BShdOberFANEESwh N OF
to the am no aci d _seguences of the natural antibodies. Particular exanples

of this typ& eREIGEEDSy FollEough gi Frker doF TarPient acrtisgilaiierd smfirmsa singleahmnng
at | east onéorRRaBhrEviapd hamiabtey 200e,)0r nore framework anmino acids fromone
anti body and thiﬁg_erm,i nder of the variable region domain froma 25 second
anti body. The varfafelf d5gioh daB#a HOMRy a% neBvalyeprciyng varabledbuzin ar an

C-terninal aifideae@vdnfort Beradf, ByRAShecRNGObDR a4 RAMM. ggﬁgg&?%qe 8 al TNt

t hereof . Thus, for exagg! e where a VH domain 1s. presen vari abl e
regi on dBmafFREhIse Ferpmswant INA gnslescrne teeamatiey| Hick kiginedied versinms inclode those
fragment t hgefaf for sRbdthle HohynatmlndbBiR 2 ¥ K. domai n. or - a
fragment t her eof or S%ﬁ})n this way fo{riwexgt_;n%%égg&%’ lg%ﬁgbn%j@ﬁlgnn%nfl%%a%geﬁg’bor
fragment whirtBs aminp acig wequgadss Iof Edinagratl entivpdies. cPartiaulan sxasmaoif atie typYhhcaidd VL

domai ns ?Ovﬁbﬁ%gﬂee}édmﬁﬂﬁl@fegibg %&ai&'c%%@iat fegst gne%R %ﬂcp op%}énally one or more

framework amino acids from one antibody and the remainder of the variable region domain from a
25  second antibody.

The variable region domain may be covalently attached at a C-terminal amino acid to at
least one other antibody domain or a fragment thereof. Thus, for example where a VH domain is
present in the variable region domain this may be linked to an immunoglobulin Cy1 domain ora
fragment thereof. Similarly a Vi domain may be linked to a Cx domain or a fragment thereof.

30  In this way for example the antibody may be a Fab fragment wherein the antigen binding domain
contains associated Vy and V. domains covalently linked at their C-termini to a CHI and Cg
domain respectively. The CH1 domain may be extended with further amino acids, for example

to provide a hinge region domain as found in a Fab' fragment, or to provide further domaj_ﬁs,
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domai n respectively. The CHL domai n may be extended with furither am no
acids, for exanple to provide a hinge region domain as found in a Fab'
fragnent, or to provide further donmains, 33 such as antibody CH2 and CH3
domai ns. Another formof an antibody fragrrent is a peptide codi ng for a
single conplenentarity- determning region (CDR). CDR peptides ("m ninal
recognition units") can be obtained by constructing genes encodi-ng the CDR

of an antibody o nes are prepared, for 5 exanple, by
“using the p%‘iqﬁfﬁ@‘?‘%{?gy?ﬁg ?ligg%‘%h* to synthesize the variable region from
RNA of antl bodx&n@thacfbm mganczahtboﬁy(ﬁa@ﬁemf@a SRR Bne oA 5111;511% c&thp@ihentarity-

I\/bt hods: Conpani on .to s in Enzy F 2: 1086, Courtenay Luck,

"Genetic I\/l§l1f°1‘ie BT fC B P5Ptides i( |IB’é'éH1 sfecogmp@fl WHH O e obgirddoeydi es:

Product i on cofsa@t chdG: edm@h Gm, obRa t Mg
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Mani pul dt i GhaBRE YYOS % fregelmssothaimerdsion iteaynthesize thovrsigble megionAfier BO of
Principles aﬁﬂ%d?@mdh&ﬁu ¢S fsee, %rreﬁg}nﬁg ].?Jmck et (ﬂeq\%et)tdds 9?8976}%10;1 e?IYOd_Iv‘ LSS

Inc. 1995)) bodi es for use in the invention na
nmonocl onal &pmebesy el 08y 199¢ oheusisrdydmak. TGhamati Mam;mimcamd Melotlofial sﬁmnhodles

procedur es), @fgrzbﬁoﬁaﬂx@nt%éﬁs %Oé{ﬁlgﬁoglng’g%aeg{ ’ge 'Emyg'fj inicdl Hﬁ%{ecf 501 %é %%1‘%8/ or

sui tabl e stan em cal such as’T n or enz I'c c
15 di gest i ®age éehCamheige UnivewitaRpise 1B95)t raacathmet m t mepapsmmpmﬁ@u and

speci figal | 0 1 bet rotelnatlbode
gener at @d %Pf@&ngm?édﬁ%gt%% 9:0’1 ?A‘?mg (&L %gb‘pé’ﬁfs a"ﬁﬁ‘% CBRE H?H 3, ’dl es
t o speci fi dedninagehd’ (Waileydssdhd. apm)d by met hods known to those skilled in

- the art (see, f%gﬁawrrp} e, Kaohl . Nature 2?% 495, 1975 and Col i gan
et al. (eds.), rrent oprist 6%0 Vﬁmll?ﬂ*rﬁf‘?éfl Bggenerp! e gugrioglopal 7 (prepgied Wy | ey

& Sons 199tpnyehGolal gamiisatidh) aki edﬂB ﬁsi)bneﬂiroéﬁdm;es) d?hﬁdh&&ds@fbf Gfa Cde@m&i

ant i bodi es nst rot ei %?? "%’ﬂ ﬁs E. coli," oni n 2:

Expr essi on %ﬁc}l %?’r}ycfu i §4har Sé‘{’h S red‘(%%%"‘)enz}%ﬁ%@ %V‘(c@@f"y?fd

Uni ver sisty dPge@&cm t&&xﬂﬁl)lés, foBex@fpleby ﬁ@t&t@éﬁt aiRbeRt NRREIERSACAR, REnRRhAI Mg by

i njecting r%&e f)h a co aslgli @ c%rrprl Si ncg a TG--beta bindi ng-protein

gene productS 0%} IF‘W%QIQF RUETB bE R hyHiFine 2y afisty gl eeeiitHehy Redsrbyi ng

a serum sarmdmRclohif EHoaRs tdesint 8RTeAsOmBPbAbHiRx by HRIARAY k&swm tfotiﬁds@gmhaﬁ

B-1 ynphocyt.es with nyel oma cells to produce hybridomas, cloning t

hybri domas,™® ﬂéeeF‘ééieF’n@r GERERLG. \Feohler Gﬁé% W@nziﬁ'@éu&?%m@ beldian <t tab (P¢$é
antigen, CUbidrint Hohbhes ¢ QRREndINBL 1:009. pduCe (Rih i Wad) &Ss&% g%tﬁt) 8{“&&&%"?} and

isolating the antibodies fromthe hybridoma cul turés. ion,
ant i - TG betigkslsy shiringProdestien gf alﬁmc%f@alyarélbo@lhveag@m@mmn$ mpequan Emyllbex 30

derived fraomya (ﬂgﬁm@ ZnWlﬁfgsﬁé)taSys%&' 9993@&%‘:”@0@?%9 8 C{Qc?s' %Q% QOQbe%rcf’i re

-obtained from transgenic mce that have beeh engi neered to
speci fi ¢ hUiveratirgsd?%Ly i n response to

Briefly, monoclonal antibodies can be obtained by injecting mice with a composition

comprising a TGF-beta binding-protein gene product, verifying the presence of antibody

25  production by removing a serum sample, removing the spleen to obtain B-lymphocytes, fusing

the B-lymphocytes ‘with myeloma cells to produce hybridomas, cloning the hybridomas,

selecting positive clones which produce antibodies to the antigen, culturing the clones that
produce antibodies to the antigen, and isolating the antibodies from the hybridoma cultures.

In addition, an anti-TGF-beta binding-protein antibody of the present invention may be

30  derived from a human monoclonal antibody. Human monoclonal antibodies are obtained from

transgenic mice that have been engineered to produce specific human antibodies in response to

antigenic challenge. In this technique, elements of the human heavy and light chain locus are

mtroduced into strains of mice derived from embryonic stem cell lines that contain targeted
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antigenic challenge. In this technique, elenents of the humdn heavy and
| ight chain |ocus are introduced into strains of mce derived from
enbryonic stemcell lines that contain targeted 34 disruptijons of the
endogenous heavy chain and light chain loci. The transgenic mce can

synt hesi ze human anti bodi es specific for human anti gens, and the mce can
be used to produce human anti body-secreting hybridonmas. Methods for

obt ai ni ng %9nan.ant%%%di%s from transgenic mce are deseribed, for :
exanpl e, by RIGRS 8F U5 crIoseHPYs, Rearis hatt apd fight hgigylocy o Jhe trgnsesnig pmigg can

Nat ur e 368:sfiifgsizkIdian aittbodiay dpacifie forahuman lfMgend, BRiRe nficSda be o produce
Monocl onal anti bodj es can.be_ iso]l ated and purified from hybridonma cul tures

by a vari ety™MaBs aghbpey-seereting MRS ¢ hAMeinds . for pblpiniag | ap nattibedies dises

i ncl ude af fuaRidelic GREOFBUOGRRANSr Vhadntble, Ig?@r@einréf 4, FeRPAGRRE: 7:51 489 ,&%h%g% on
chr omat ograeghy, and i on-exchange chromat ography %see, for exanple, i gan

at pages 2.t7alyNuure 363:808¢1994:78€ Toylor et ab, Jor. Brmumapiads 1894.a1 ., "Purification
of 10 I munog! oknoflo ies cah e Mol i, Al -1 B R0,
9! ORMloBlofa e och Be MofAd3g Wﬂ\/g gﬁﬁ%ﬂﬁﬁa&hf%@&y@ bY@ber %ymay

pages 79-104 (The Humana Press, Inc. 2)) rtrcu uses,
be desi r abl% vcl-gsteblishpdeteeinigypte nfush éfolaginn iechmifueb axchidp affgitn ghroprtogephy with

anti bodi es.p h ' Yaide! i nec xanpl e, .by

prot eol yti % r§'ké1{§/ld‘6rk ?%C%afggosg eteggﬂﬁér}% ?hgg%%ogr%%@?%@d@ﬁ% ’r‘%%ﬁ%en%gmgga%ﬂgg’eh yéf)eteai ned
by pepsi n der gxapaion Cdiigpe ot pages 7.125 . 1thaldepagastd. Hba P 8s Bhivecany £iuiidubn of

et Nodsye Afp@flnblibbiihy 810D AR MANIBHL 2720 Do Bl 9SSR 1B,
enzymatic cleavage o f antibodi €S W ith p epsih 8 bPovi uBAF® § ¢ {&Rrent
degot ed F(Pébhta)nZPréﬁhlhg. tmgmagt chln be furt Ihertc:c eaved using a thi ;): .
reduci ng agen r ce 3. : oval en ragnents.. i on Y, e
cl eavage reacti tgﬁr E%Ifﬁc e 'Per 8%*‘%3’8 dﬁ%’i%ﬁg g PBEPFS&?F%%“S 8# H%%%‘Petﬁ %E‘d%g'

Si.l![ f hyd [ yl pgotgimpmibbxﬁts. réfth :tntifmdyrrﬁeg:ﬁemsa_ o® f othised, ffbﬂ@xﬂﬂ%ﬁaﬁeﬁrote&&i?n .
Fab f r agmenleohin LRl RrL AT HED Bl i of flisesd Binots cppti deereB et
for exarspl eyhdy afiiodnbgrognvebkidhal patids. Nes aftilRBtath’ antibdiiy ¢RShénetardbe ,
Arch Bi ochemdBlcfﬁhvs. 89: 2130, 1960, . P(grt(—;r, Bi ochem J. 73:119, 1959,

Edel man et PAPSUS°q Y REDHEHC 'PH® °zf$ar"r'?8? By™ 2 RSN ARAETN & ° Privgwenigisnyted ang

by Col i gan Htb’),p apesiragmnt tabSfutBeraldvel ds@;g-a?chilaﬂreducir_?g&g@uh@?roﬁﬁée@%agf
cl eaving anti bodi es, such z)sp,se aration of heavy chains to form nonoval ent

| i ght - heavy PRt FaggIFRT OPupialynte clqexags AeastiesF can beghfafarmaed wyingot hlopking

enzymatic, greleft tekulbiyagBRaips that RENNrEMREafBY ofisfrdginksRd, AsH LIRRGHRS the
fragnents bind to the antigen that is recognized by the 1ntact anti body.

Al t er natl veFRZYIRRIC SIFRYA8R P REDSIH Broguges EphBprpaplent diab Sngmentseand an Hp fregvesay

- obtained bygity. BRssiB6thefs aFERRHYeA IO XMLl BEGRLGIES, g&\!gh&{t LR 647

mani pul ati on and re-expression of DNA encodi'ng anti bo ar1 abl e and/ or
const ant r SYFEHeE etsple himolRieckenin Bignian $P380.i W6PeBeftdry Biochem. J. 73:119, 1959,

Edelman et al., in Methods in Enzymology 1:422 (Academic Press 1967), and by Coligan at
.pages 2.8.1-2.8.10 and 2.10.-2.10.4.

25 - Other methods of cleaving antibodies, such as separation of heavy chains to form
monovalent light-heavy chain fragments, further cleavage of fragments, or other enzymatic,
chemical or genetic techniques may also be used, so long as the fragments bind to the antigen
that is recognized by the intact antibody.

Alternatively, the antibody may be a recombinant or engineered antibody obtained by the

30 use of recombinant DNA techniques involving the manipulation and re-expression of DNA
encoding antibodyl variable and/or constant regions. Such DNA is known and/or is readily
available from DNA libraries including for example phage-antibody libraries (see Chiswell, D J
and McCafferty, J. Tibtech. 10 80-84 (1992)) or where desired can be synthesised. Standard
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(see Chiswell, DJ and McCafferty, J. Tibtech. 10 80-84 (1992)) or where
desired can be synthesised. Standard 35 nol ecul ar biology and/or chem stry
procedures nmay be used to sequence and mani pul ate the DNA, for exanple, to
i ntroduce codons to create cysteine residues, to nodify, add or delete

ot her am no acids or dommins as desired. One or nore repI i cabl e expression
Vectors conhakdiABididy Abbr SRERSH EodbdURL &@ag 1 usl RGGRL cggﬂé&%gmat%%eon
may be prepared and used to transform an appropriate el

non- pr oduci An{pE el dp [intrqdyes cosigrshtoawmeate exstons TRiISMCk, menmlfyaadﬁamt dridtal
such as E. @@ bmirRcia¥WH dolhalk Qduiction of the antibody will occur. In or der
to obtain efficient transcription and transl ation, the DNA sequence in
each vector shodnd or medredeplinghle cxpression veetgts! @htah;in§&ﬂuléNAe®podlmat\iaﬁnﬂlarl y

a pronoter gggg bly linked to a variable d
sequence. 1%3% I cu tIrre lgg%a&%gqu%%egﬁp g iy tﬁ’S‘r an@%gﬁlag%roﬁ’Wtet i h%fma? e.
general ly vwlnjrprdducmg\ narﬂldma@vaﬂ iling|sych assethoudeNS@Xiaerpt € badd@Hil, GudiDAsek. bdiafin

bi ol ogy pr u CI‘I e Mani a t al .ecul ar { ani ng
Col d Spring uﬁ.ﬁ%é’r eo?ﬂllt?’ g% WY 8P ;L@é’é‘%r t‘ﬁ)ﬂk\ta&b JEiRY; ‘i‘?@‘s‘if’é’ﬂo%énd
per f or med asanﬁlemlr th @INA Bequaimgei eeh vattof o0 . indMalel apprdgasle replatory Sefuctiies,

5463, (197 the Aners I nt er nati on pl.c_sequenci ng handbook; site
di rect ed mﬁ"é&&ﬁg& sPra’a?Fefb%nJg ??%fif SHUERe W%@c%&? Y atV@nﬁh%%%?@%lﬁ FEaugRCe.
Kramer ed abartiduld@letbods BE pdSudi@Santibaiiesdd s wéﬂ-&%@éﬁeralfg@@elﬁﬂﬁ% @hd routinely
Bi ot echnol ol%g Lt.d handbook;  Kunkel Proc. Natl. Acad ci . USA 82:488-92
(1985); Kunkef €tor XFmple)Bisifo QI HAERR|Ags | Procpguren @te. dgsoritpdghy) Maniatis et af

Addi ti onal | @oleRECREHe T Bedtd IpRsor d8bathtbry, Ki&S *mh@,l W6 ST A @Q{u@ncﬁr%rcah be
preparation of antibodies by nanipulation 6f DNA_ creafion of° expression

vectors, anRfiPraise &FW&P?"OW e H FoBTParNsicéedds Scif B4 éﬁaiﬁéﬁe(la’éﬂ} ad thoved
by 20 Mount ging: g
v ous( od B BaiRgnD oo Ph Al B e Bl ARl BB S B ARY

i n | nt ethat 6MaRe tathsrretsgee] Kta@at plogh N@ClelCVBZQIR@Q%PMI (1980t ﬁlenAnc’han
enmbodi nent sg;olBfoRBY !I,Qpﬁa\(ldﬁ&%ofﬂm&gprtog dNt ?ACQGY X0t 'ﬁ%esfﬁ?%s @QV%SQP%{L{‘M( P to

effector or reporter nolecul es attache oit and vention’ex

such nodi fi®d M?tbftdéllnsE"ZJ"Bel ASF8pbBE é198Tb| ebddidonatly ienezoud epublicatibhe deteil et y
or label sughas y C r or

i ncludi ng a dye, efgﬁﬁgﬁu ¥&?u%1%he%f§%§tg 5%%0‘?%?{93%?%38%%?\% r%%a%gn o

bi otin, or @@@Sﬁl‘iﬂke’cctqfheaﬂﬂaframrmamnndf rgpIpprdie icAlss fec iekdngplé mnraﬂgdmbhyl n

or frag f and i PERT; eled f nost i c 2 th

app! i catl ons i %andues fg%{ lﬁ@do%c‘ﬁp%o |a‘ﬁld(&3}fngjﬂc gl’tglni%%ncf‘ evgyé%?fiag LT ﬁwt he
art. See, ePgll, cmmm 1993 Ilhtnrcaﬁt,vmndbﬂerlm Bnd bl Inteutieginnal PaEnSHeeifidio@Nw0!| .
32:831-9. THRY & % c applications are described in greater detail bel ow

and may include “useé of the TG-beta binding protein specific antibody (or
fragment ther eofly cérmircempadimaént) thevantifody according to the invention may have one or more

available fromDNA libraries including for exanpl e phage- anai body l|ibraries

effector or reporter molecules attached to it and the invention extends to such modified proteins.
25 A reporter molecule may be a detectable moiety or label such as an enzyme, cytotoxic agent or
other reporter molecule, including a dye, radionuclide, lumninescent group, fluorescent group, or
biotin, or the like. The TGF-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, e.g., Adams 1998 In Vivo 12:11-21; Hiltunen 1993 Acta
30 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 fraglﬁent 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, where present carbohydrate
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ot her therapeutic agents. The effector or reporter nol ecul es may be
attached to the antibody through any avail able am no acid si de-chai n,
terminal am no acid or, where present carbohydrate 36 functional group
‘located in the antibody, provided that the attachnent or the attachnent
process does not adversely affect the binding properties and the

useful ness of the nolecule. Particular functional groups include, for
exanpl e any, t | ; Y, r

T © ey ka8 B Bk sk o PN Bt nEBURGIK. 0 S B

mol ecul e( s ogrept wesela@ﬁp‘é\ih@bmmap Blumtlyrmdpbe aedilemss efthe mpremae e Pértiogssri onal
group int PRt The.link be .di rect or
~indirect t%gﬁ% aF aél %hlg?’ %IEI gégnlipr%g%fo%é%)gm toﬁ}u‘ﬂbﬁ‘édga?ﬁ%s afq%ylu%fe

f or exanpl aldelgut gmpphasﬁmnmj@mmbeanm&xe (eﬂbmdsr and/or eporiimblecdbkymacid ve

t oxi ns Qqf cterla uch as aer ugi n e xin A ant origin and
fragmen'(tg s '?1 ?Vg((i) 3’ P A o5 afid Wg%‘fﬁg%%é" ﬁ?f@fe%’ful’ % 'g?lte ofif r’iep%B?ryodi n
f r om Br yoninsldiles. cme Iiiagermaytve djrecker mcS&et thﬁough spa&'xlﬁg uﬁtﬁhdging@foups 1996 Annu.

Rev. | munol . ]_é g 71; . Frankel efa 9l Cancer, Res. 56:926-32

bi ol ogi cal |y actfSETpFSlegiRs e T FHIBPLEn AHReCPlaG o heePls, Aiipks (SR as

fragnents teh@lirﬁﬁéall? li@th/e&&xm.‘i}%acﬁ%ﬁ\ (RRH ad PAGIRIL S50 leREEAR]A) of Blabf & iy and
pol ysaccharjdes and pol yal ky Iene

|
ol yher o s ABATELS BTy n e GRaReoi hsirl PIde e pam besin Rendargie dicie
radi onugl | deshe 1p@I tSes W Artirushodiadi 896 My ats. GhehAL 9d.40081 aﬁl&keﬁw atlal?bs% 15

reporter groups i ncl ude chel ated metals, fluorescent conpounds, or

conpounds  t4&EEe Fey 192620 ielesicably 28VR BPICRSHOE pemploSeErpss; nEdeie aeids and v
usef ul ef f aRLEENOHEMPSsuRA 85 TNA F0E W LCibmARdnd&dd m;rm;ﬁn%cw%%ml 5(&@@0 for

exanpl e, South African Patent Specifications NoS. 7/ and
90/ 2839) . NAHBEBUS otrebiracehaxidas and prbjalicieng pelyaerst tvek apmly(p@ylag@ glysol) and

ti-mtotigy t Brereof 0 rAf X o
Hpopt ogensTPars: Berecd i BUhOMEL SRS EEERaRE: ORRABLT By Puisle
the 1ike, daFreriRmoarpst mclvh@s}@elatqirmletaar Tlygresqentt ompptnds,asrdeotipeuraix dthas| resy be |
DoV oed BB o PRt U SO By | PMBULAL Loty Wi Q&%Odé,' Ll daflghaleflEsS COPe

and spirit of the invention ar antlneopla I'Cagent s 1 nRe
cytotoxic and denynagvesathéreofagen tfer, expmple.eXauthp Adricen| Raydna Spavificatage MNes, 85181194 as
ni trogen mgsgpgziu;.pl&d(g%&ggg chl oranbuci |, nel phal an, nechl oret ham ne, 25

cycl ophospham de, cil nustard) and derivatives thereof,

triethyl enepholeummm d@her ttqmmst hiptledied héhopltsphartic angeds, alnu-smtqnbalgenmr

ci splatjn et abol 1t hot r.exat e,

f1 oxuri nea%llb Gr abi ne, ° Bms‘ pur?or?té &N SGUSRT rq'%eenfalngg{'efs‘;cl@? PO or

f | uor oci t r |281aa®9e|1313};br ﬂuednnca @qutﬁ)wnlﬂ) tsselflueiny with the (a8, Hid ﬂleblxe:ﬁﬁuﬁpﬂawded

sul phate), doxorubl C oru i CI mIo CI ns CI n Q,
acti nonyci NS e & mte?fp t| E %%{lrtq}léri“ ’i‘fém %’H é’}ﬁt %Hﬂ'en on.
derivati vesPaI‘th&]l’aEﬁlfu,neﬁp’lases [agernasrlﬁcmdemymldaud (v’ﬁ&statiesocinlftefcﬁ@f{amﬂb taldylaGing

inhibitors, such %s et oposi de, vincristi n% or VI ﬂnl ne and derivatives
t her eof : alalgg:}t%l &5 c fittogen mustards (e.g., cl orambum melphalan, mechlorethamine,

25 cyclophosphamlde, or uracil mustard) and derivatives thereof, triethylenephosphoramide,
triethylenethiophosphor-amide, busulphan, or cisplatin; antimetabolites, such as methotrexate,
fluorouracil, floxuridine, cytarabine, mercaptopurine, thioguanine, fluoroacetic acid or
fluorocitric acid, antibiotics, such as bleomycins (e.g., bleomycin sulphate), doxorubicin,
daunorubicin, mitomycins (e.g., mitomycin C), actinomycins (e.g., dactinomycin) plicamyein,

30  calichaemicin and derivatives thereof, or esperamicin and derivatives thereof; mitotic inhibitors,
such as etoposide, vincristine or vinblastine and derivatives thereof, alkaloids, such as
ellipticine; polyols such as taxicin-] or taxicin-II; hormones, such as androgens (e.g.,

dromostanolone or testolactone), progestins (e.g., megestrol acetate or medroxyprogesterone’
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el lipticine; polyols such as taxicin-1 or taxicin-I1; hornones, such as
androgens (e.g., dronostanol one or testol actone), progestins (e.g.,
nmegestrol acetate or medroxyprogesterone 37 acetate), estrggens (e.g.,

di mret hyl stil bestrol di phosphate, polyestradi ol phosphate or 'estranustine
phosphate) or antiestrogens (e.g., tanoxifen); anthraquinones, such as

m t oxantrone, areas, such as hydroxyurea; hydrazines, such as

procar bazi ngsiaQy, iticdRZ0L C8meth i ne. d. netal s include
chel ates of i bt & pgs%ti ve %e@%ﬁ"ﬂ‘g@. ﬁg‘gge gbg%ers%ﬁégﬁ%ﬁh%go ERemiEs o o
to 8 i ncl ugihpephat) erranfiesgpeens @ea ipphedfen); fntbraghinores. aheh dsnoitaxdatrdne et suetm

(Tc), rhenijy . . (Cu | d u silver (Ag), lead
(Pb). bi smit ﬁ&?‘ﬁé@eai ndi urrrl1Es( %L%Rl‘s PTS%P?%% % }d,ag"@ 5t Sr“%ﬂliﬁ'i)‘{aﬁ',l"a%er bi um (Th),
gadol i ni um ( Gd) Chgltgd sstaisdnalude C8dites dindi-genpostivetneeals iwirdla dosrdpfatibehiaiey a

radi onucl i B .ardi] . Fonuclides include 9 9"Tc, 186Re, 188Re, 5

- 8Co, 6%00%& 2(3%“1‘8@%35 %ﬁ%&%ﬁrﬁw%&%ﬁﬂfg‘%1“‘2’89%}?“16?%?@&%@@@3} 88Y
90Y 160Th XB8Kdobald(ColCeoffeBdCu)T geld el adilwer (%), akad@y), esrh Ok (B aRBue @fe of

t he above types al elated with any suitable | ydent at e chel ati ng
agent, for %x%%a)’%c i@’otfr%@%fﬂé’ %S%Wr{g‘g): a‘b‘iﬁf‘?&ﬁﬁ%‘r@@- (‘8. ggneral thg own
et hers and mlesi i grifvtetty bhedient)de. Frtyaid:d e onuBiep Menide 8™ TaNASTe! gy edci,C
derivativesgln ener aly the type of, chgl ating ept. Wl I, depend on the
metal in usgeé.o’gé" éa&f’iwé‘ﬁll’ar ’ﬂgg’gf J?B1154P@,(%‘ 6%% gcgﬁéa}/%‘{i g E(? nt <Gd, jap

conj ugatees *@gording to the invention, however, conprises acyclic and
cyclic polyam nes, especially gol yam nocar boxylic acids, for exanple -
di et hyl enet r i amiheREREMTEY 48 4 exarepleeng Jfdicahers e pewptal caldtedudthanycl i c
am nes, sucdlitde pSlydeniate chélhtidZgerd Yo &:8hdpfs @?@10%?&%@5%5‘%51}%%%15%&%% ; as

described in International Patent Specification [

pol yani des, &b EEEE g dgevtings thegef). mohemidrg: propliyuing iané sarbpgyctih demofiveshen a

~thiol groupehétal A8 @pd ba@Eid B ept it o Bl fin @td @ o be

achi eved tr%rcougﬁ r etgié%i on vvi_lt%ag_g&t hi gi&q’r eagt %&e%eéﬁéﬂgg%rgggﬁglflﬁmy;uég%y

ef f ect of® or8TeWpRfrahalatinerigarts ineconjumtemgsicerdingfto ghediv egtian pswewee | cotheriges acyclic

a- hal ocar boyyl i ¢yagi d Blv.A5LEr . N AS 8939% fde, an, imgde, such as
Y poly: 5 esgla’cgglbﬂ pQI a g‘ggﬁg aplflsh for eé%?pée

mal ei m de, a vinyl sul'phone, or I sul ph and ot her "suit

| i nki ng 25 d¢thdenpiieasnapersaagaiseacs| ind derivativas dheyenft irsluinacrbyyctie soidekhegich as

| nt er nati onaly;Pat ent &6, i : 3/.0 WO 92/ 22583,

90/ 091195, ané{ WO B P o o A s B8 et R e A 3R
BONE DENSI TSpepidicationdis $8@ 93423%63), ank epofyreasdest espaviatiy tederripxamihel esi deivitods f or
sel ectipg apdLgr isolating conpounds that are capable of increasing bone

density. For exanple, within one aspect of the 30 present invention
met hods are prowWwhkeda floel gletpemnthaiangbodyet eed & thelpeit ed atblheet is(RaPbs a

fﬂ‘gdis?g;g g%ﬁl@/gd thr%ughalgg‘cglox? wﬁg a ;lgglrrgaac 11»19 &ogpoyprgserqti ur1] ﬁxre%lffeg(o)rnc}rer}er:}}o’rtercmoﬁycrllie.si no
Examples of such groups include an 4-halocarboxylic acid or ester, such as iodoacetamide, an
imide, such as maleimide, a vinyl sulphone, or a disulphide. These and other suitable linking
25  procedures are generally and more particularly described in International Patent Specifications

Nos. WO 93/06231, WO 92/22583, WO 90/091195, and WO 89/01476.

ASSAYS FOR SELECTING MOLECULES THAT INCREASE BONE DENSITY

As discussed above, the present invention provides methods for selecting and/or isolating

compounds that are capable of increasing bone density. For example, within one aspect of the

30  present invention methods are provided for determining whether a selected molecule (eg, a
candidate agent) is capable of increasing bone mineral content, comprising the steps of

(2) mixing (or contacting) a selected molecule with TGF-beta binding protein and a selected

member of the TGF-beta family of proteins, (b) determining whether the selected molecule
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(a) mxing (or contacting) a selected nolecule with TG-beta bi ndi ng
protein and a selected nenber of the TG--beta fanily of prateins, (b)
determ ni ng whet her the selected nolecule 38 stinulates signaling by the
TGF-beta famly of proteins, or inhibits the binding of the TG-beta

bi nding protein to at | east one nenber of the TGF-beta fam |y of proteins.
Wthin certain enbodinents, the nol ecul e enhances the ability of TG beta
to functi oRtislaRs BRSlihd MEtht TEULERLEmiI0 bf PREGRCHIIMbitCEL binihf bEMeMaFafl.0n. 5
Wthin other aspects of the invention, nethods are provided for determning
whet her a bESmgcRragingp| % dgptePne cafhes 2f dha §Ehtoptai fomily phmrateint.  Witkireesstang |
bone m ner t d & : : i ant.acking,
X NG, | COhLa e the ERAERIC Shatcs M RRTERTIR ok SRARELS] sha Rl REh AR

bi ndi ng pr &f slesenetnehal ¢5il dfEerabigioni ng whet her the expression (or activity) of
TGF- bet & - bi ndi ngy:pE Of.L£1.N I e [, an
2ctivity of the e B asieBe sy BuaaaStt kil L AR3FR: dBkmilIFL REEnE"

det er mi ni ngeledied melecilh andadatroagedt) iscapaplalf ecohsing barcensimycdnene comprésie)

content. W hin one. e i 1h | | re. selected fromthe gro

consi sting ﬂré)ef Stgqfe&g(@oe%?%g’go@sl yn%?’gﬁu(s}(?nd;f r%r%ra ore u%tser%%tcnes orived® ﬁoo?%élwtiﬁ%n

bone from bkamess DoBHps: bmdapgratat apd(h)eleetmihngeviedi-e el aptessionVidt hetilstyf ©f

detecting | evel ..of expr.ession of TG-bet a_bi ndi ng protejn y. be

acconpl i sh?ﬁ'%e%aﬁwa%preg Bt %lposée%ggk‘f FEEHEL ST, af‘%"‘?"ﬁté 0%‘6 Bl

descri bed heddeignproteimmisterassaysl theefibe daethidigy wieheactht ngmpaehddiy aapdbiey bing.

the expression o:f a T GF-beta bhindin otein and include, for exanple,

Count er cur rlg‘ﬁ?as’lnﬁﬁﬁ??oqunggé@fi%tp h;‘gftg@ i°§‘g E%F‘E%‘?nt’rt & PGt RIS EieS g the group

radi oi NMMMUNQRhEGInEIof &lel POHBancFRBY HRrstibEe O ultiAIARTeSHoRBN thuASs BYE: £&h by .

i mrunobl ot assays such as_dot bl ot assays and Western blots, inhibition or

conpet i ti o' PSR ¢ rah peyietal R estroledtsy Methads foy dstectng WA devRod exaressi® i1 and

20 4, 486, 53GF-68£ bRk Opditr A ELfcorpIlsBROMAWAY vAYRAUSH assa$ BB knMER the

I mmunoassays &ng%/ use an antibody that is specific for a TG beta binding

“protei ntsuckt &t dpreTiRet herde| SPBRITORSSHISt MBO AP a¥ed ders detpdiied e rarwifyine - thay

use an antihedysidhata T 8r-508 6iddirfy fréfeinta TdERALAL For RbEENM! Coliddurest Bt Ached

to the TG-beta bindin rotein, The | evel of polypeptide expression nay

al so be det@psHopkaIssy (%&%’émqafhymﬁeumh@wmwﬁtommmwmwi efizhge-pindedei n

t hat bi nds m@ok%em%séaypmﬂs&g itRQh A addys dubidot Bt 8 %—Id Wés?&?{)ﬁts,
ted by sur

bi nding of sclerostinin'a sanple to a BMP may be detec ace
pl asnon r esiohibitior of SPRpetiling taggayin tang sknydwiet asshysviste BFS. Sepent 3of. ¢ 764 1 trivddA
encodi ng, th cipi o= het.a, bindi i) R : ifiel

Repr es e%ot at L?‘\ll-sﬁdgﬁb%g f%%@ogg'sﬁg%%ggggyfg&%%g S%b' lr%gvsluggb& gﬁ{eb%éos\%\y sﬁﬁ'ag ué?(?'inrrpl es
"5 and 6. Bmitibfdwthatas frenific yome & rbewf binding PGFibeatch as Wpemifglvrdsyn entibadies

TG bet a bi ndi eln i ' .30 : sol i hase, ..f ol l by
addi 1 on of ot BhEh it bt Shiogclo A Bitelad o S %borls BUASRe eblolS )
super - f am | tp oy TGF-F@FbibéingpiotendiThg lgyelbefgolypemide bemessidl edy tlso bdztasiay by
(i.e., the quantifying the amount of TGF-beta binding protein that binds to a TGF-beta binding protein

25 ligand. By way of example, binding of sclerostin in a sample to a BMP may be detected by
surface plasmon reeonance (SPR). Altemativ_ely, the level of expression of mMRNA encoding the
specific TGF-beta binding protein may be quantified.

Representative embodiments of such assays are provided b elow in Examples 5 and 6.
Briefly, a family. member of the TGF-beta super-family or a TGF-beta binding protein is first

30  bound to a solid phase, followed by addition of a candidate molecule. A labeled family member
of the TGF-beta super-family or a TGF-beta binding protein is then added to the assay (i.e., the
labeled polypeptide is the ligaﬁd for whichever polypeptide was bound to the solid phase), the
solid phase washed, and the quantity of bound or labeled TGF-beta super-family member or
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| abel ed pol ypeptide is the ligand for whichever pol ypeptide |was bound to
the solid phase), the solid phase washed, and the quantity |of bound or

| abel ed TG beta super-fam |y nmenber or 39 TG beta binding protein on the
solid support determ ned. Ml ecules which are suitable for use in

i ncreasing bone m neral content as described herein are those nol ecul es

whi ch decrease the binding of TGF-beta binding prot ei n to a nenber or
menbers of tdeptFHiniias ar | Vi ni f.

manner . Oowd(;)!ﬁs?&S;‘,):1 asgsg;?ﬁgﬁﬁhthggmg s}{%ﬁrd&u%éer&%%% e}%f% ‘%hel:he t S‘iu%v%ﬁ%ﬁ G 5
shoul d not 1B ircrepsipg honeg@inerapeanitant endrsctibes rhbmrdareﬂmm melécuMstvbthfh fecraaspies 2

bi ndi ng TaP et o TR SR AL ATE 3P of P P L8 4o Bir e

entirely. \Atatisfiqallysibeificans pemles Goviohsdy, |ama9mm«alsng féfaish@ﬁtﬁmalﬁdapr&reﬁwnd@rﬁmﬁor
determ nin r t | ecul e i a e of_ ipcreasing bone

m ner al cogst é@?glhﬁooerrlp%tgl tnogt(%lte mbo Bpys Sf“sm;?fic‘(’gﬁi nLixameleng a’(“l:énthéé’t'iﬂ’i@]af

m xi ng, cormmrqug)paxamsefsemhﬁdie rml:red: u;lueh s BN diktad L TEYDBh )to ta0soB€ I ghs Mt &
expr ess TGFehbe a@ fd (Ogé }tc)i er. m n| ng whether the activity of TGF-béta from
said exposed Ceft S I¥UaP BPEYTnd t her ef rom det er mi ni ng whet her t he

conpound -is cap‘abmeomér aspé’tﬁd’ Gfalﬁb ﬁ@erﬁibﬁemﬁihﬂ@sr Bt pFRMHE ;- det%'rﬁfhin wﬂeﬁle} he
nmet hods desc#&tggd her %g Vv ariety o f nethods nmay ilirzed to
[

assess the € é%“l??f’ T’@:""Bé}il‘é IBIFARE poBE aninerek spree eﬂmp@a@g ttbe &teps of
sel ect eth t @} ex@@w@wﬂmﬂd‘g @an £ NdeaBinigyyta QJlecEéaembl@Mﬁé‘&daRJidaté henpapdigat e

agent is an antibody _that binds to the TG- beta binding prot e‘i’n scl erostin
di scl osed h&¥ ﬁxPr?sﬁ BG}E)P%tPeﬁﬂfie@ TR ftheler thveadtinipe of IT6T-bete MREheddi s

provi ded f ogxpésd@nkiid ¥ Bered) andNthibedy Jer%n@d%@ﬁlgsth .C %ﬁ)l&ﬁtﬁnglggr{qg ldeng

pat hway conprising contacting an anti bod specifica
SOST pol ypePtraieionh manegthspiisalnt $igdlar Ion“éP orefithegs lﬂmcnh@theteurmatvenietv(aneﬂye £20

pept i des dl@&h&@%ﬁﬂ%ﬁhm Aades £oadh eg%ggg;i;@ MBlaifk étffllg@%é;e!sio%' at, 1o

permit formation o ant i body pl us Fd%and
t hen det¥ectselsgied tget compeund( dn gne ernhspémmf qﬁthgmvtntt@naihmmﬂmateﬁgmhs an antibody

SOST! ant | bog yLR X TSLA0RhENELIC BLARSNSE .01 A, ant | bOdy  hat

modul ates a TG--beta signaling pat maybeperfornedu

sing SPRoO r amy, r t (o) rt and
di sgl osed her ei Ew |p?1é§% ?\Iggoéiﬂh%%%g%% 5%%%%%?%3 15 Bpw%ﬁé ?cfr 1Eem1 ne an

TGF- bet a si&jfibedy ﬁ@ar peaduiatey ai Hel-bele sigraling gathiven gorma’(smgmpntbgunw ahubcalyahé?

binds to a uce-
Che pat vy "eRiely B .4 ¥BST bhbBREELAE « 3t £Rhde e BinsS e L3¢
ermbodi néht spepfides Hisclosedeetdim inderrconditiny ady fort e Syriciedtite périt fbhﬂﬂﬁ)ntdf aipOST

sti nmul at es t i ncre si ng, bone m ner al cont ent .
Such an antﬁ?1 bo tihﬁjlussg%b %%agfbglﬁm@é)sﬁg?o%nlﬁxhaé Fenng e dpyst ok YRR ERIng o
detect 30 thé Ianhblng) of tenS@sT/ititdity tanBe6To $Bteﬁmf1¢ GhePHRIeh&test anl BBIHRUPIRE!

I nventi O.n mt(ﬁ%ges anf%F %let%%lg%ghrygspea vs]:a(}?r Tlh(g%g]etztilgdy I 2\9 b 3 Il’)l tegfo?'x?lgc{ ssingt Sh lglt{ olrrarlggl r

number of different immunoassays known in the art and disclosed herein, including an ELISA,

25  immunoblot, or the like. A TGF-beta signaling pathway includes a signaling pathway by which
a BMP binds to a type I and a fype II receptor on a 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 increasing bone minerél
content. Such an antibody may be identified using the methods disclosed herein to detect
30 binding of an antibody to SOST specific peptides.

The subject invention methods may also be used for identifying antibodies that impair,
inhibit (including competitively inhibit), or prévent binding of a BMP to a SOST polypeptide by
detecting whether an antibody binds to SOST peptides fhat are located in regions or portions of |
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inhibit (including conpetitively inhibit), or prevent binding of a BV to a
SOST pol ypeptide by detecting whether an anti body binds to |SOST peptides -
that are located in regions or portions of 40 regions on SOST to which a
BMP bi nds, such as peptides at the am no termnal end of SOST and peptides
that include amno term nal amno acid residues and a portion of the core
region (docking core) of SOST (e.g., SEQ ID NGCs:47-64, 66-73, and 92-95).
The net hods of the fesent invention may al so be used to identify an

anti body t HEEORWRPPST 1) aigk 4tBMP binds, shtthas meptides fantheatimnenfind@sd of SOST

honodi mer s. anSUehi @R 1t ids..specifically . to SOST may be
i dentified by qu%gtt‘%gt i n5ﬂ°§@ﬁ‘éﬁ“§qﬁf@;ﬁﬁ§§%ﬁ°§’%%(’oﬁ§l 186 %%6??’585 #@wgﬁ geion
derived frdfPeking ewp)ecfo$OThér 2.c3ED AR YNOerionass-T2 ghdB2-0f). SERT me@iods of §EQ | D'

NGs: 74-91 - t hi not her, odi nent of the present invention,
met hods ar eﬁ%g%t\gngﬁ%%}’ CI#% agggt% éer%rsﬁéntlonlae Fﬂé?%d%gabﬁpéﬂs’r%w@éﬁi gr ngibits,

capabl e of ﬁomt eagif rﬂ@)ﬁolmfnm;mds.as?mOﬂlt Qﬂt%body gﬁa G{ﬁﬂpéﬂeéihi?zglytrbfsh@gpgﬁy et (@)

m xi ng or cqotacting a_.selecte ecul e (candidate agent) with a '

TGF- bot a. bi ¢ P%‘&‘E BF S SR inding of eeat Ro b pRRidep hat e er@-)i femahe gore biythof

proteins, . dathoxyeemal BEbgotdEEIheL., the malested cathe up-regul ates the
k. 5B 1'&5&%&2.

si gnal ing of thayiliGh- betre: feabdikeniObs REOUELES: Qb ANL RIS, the binding of
t he TGF- bet a bi ndi ng-protrei n-to frﬁe TG-- bpg%sgaf gl(r%l nf/)H’o e{hﬁésbtagf o™t tﬂ’fn
certain entfsHRBMS Whether aprelselad audeshibmée sanable efbinkiebsjngo borEGRitpeilacdnent,

functiofy IBnRsisiAe RRSids\ ‘ Jaepsen | . cell differentiation.
Sinmilar to tﬁ}g zsstboye_ é%ﬂéc?i(%ggﬁng%ﬁ%?g%ugg\% S&%aﬁgﬁoleef@e 6@%??‘:5&?“%&5}‘ be
utilized tolCbgedndingimetkiat ingn 208eleTEE- betrbed wd the TGEBteClslyt 65 tproteins,

conmpound. FEANeL ol i dis proyided bel i.n _Exanple 6
(see al so &fham Ebtl ﬁ%ﬁﬁ@%ﬁ\“&%%%%@%‘%&%wﬁw ﬁ’ﬁfﬂ@%@ °g&ﬁérrGFag% Y of

t he  pr esentofipmieingicoghilitstthobisdiag ef fhe RGRibet bpfingptdiitohe TGEAEREEeE a -
sel ect ed : i.dat ent).is able o f increasing b one .
mineral co tng[%l;d %‘qvgc‘%ﬁg%%?%ng”? ecnét Ton}??ecg]g{t aﬁfqﬁi&ﬁdkme?ftﬁF' et3 ko fupatiey

mol ecul & i resialpptiBve feguligbnafinngenohiymb(Felbdfiarentaitioali Ng- protein to bone, or an
anal ogue thereofy As tgtﬂ:ilel ib%gddherbei n, é{lt shou| d. he under st ood that_ bone or
anal ogues t her eof T efers 128 hyaraRy FFatqdeed Wifle wney, of methodsfsn e dtitized do

powder ed f aissesoftimietie, of TGBied dwone Deeclididat L@PBundS Oht ahic Rptdgraheove
descri bed ods. a.w variety of 25 nmethods may be utilized to assess
t he i nhi bi F‘?%tgn" of pFPéﬂf‘P%g‘fq&WHiM&%F%ﬁ%ﬁﬁ?&%ﬁa&a@ﬁd&d3?837%%8@- matrix. '

One such repr es&fitli iystetie bipocls bSthPprevir ek eRInOMehsis BX APl Bed fof J8EALEO

Ni col as,, et al.. Ca,)ﬁcg% ol%sstze Int. 47:206-12 (1995)). In one embodi nent
of the FnveafTish2 Saiscsh oty (Grdidere iagent) & cmatiee Finergismet onparingtl qontent,
speci fi cal lepmpiisiels tHeGtep o5 @di@fnQSikel wheRRk ¥ BEBLEASoILS1GRARRR! GOOPREELLyel Y
"nhi bi 11 ng binding of - 30 TR bera fani |y mohas to_?rﬁe@c‘?lggosu#ng&g

pol ypept i deb.m_ SPIEEPEBITrE §F B nphetedhtrepiodls Wiizeherdrp ifyhsvidbrrawiertiaditmpai r
or bl ocki n@oké sictinaBgads ﬂf’er%@%f@%%y&@ﬂépﬁt@?&%ﬁﬁacé Ucﬁ-xtbo@e% cﬁ"a%lé@dered form of :

bone, crushed bone or intact bone. Similar to the above described methods, a wide variety of

25 methods may be utilized to assess the inhibition of TGF-beta binding-protein localization to

bone matrix.” One such representative method is provided below in Example 7 (see aiso Nicolas
et al., Calcif. Tissue Int. 47:206-12 (1995)).
In one embodiment of the invention, an antibody or antigen-binding fragment thereof that
specifically binds to a sclerostin polypeptide is capable of cbmpetitively inhibiting binding of .a
30  TGF-beta family member to the sclerostin polypeptide. The capability of the antibody or
antibody fragment to impair or blocking binding of a TGF-beta family member, such as a BMP,
‘to ;clerostin may be determined according to any of the methods described herein. The antibody

or fragment thereof that specifically binds to sclerostin may impair, block, or prevent binding of
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|
to sclerostin may be determ ned according to any of the net Hods descri bed
herein. The anti body or fragnment thereof that specifically |binds to
sclerostin may inpair, block, or prevent binding of 41 a ;I'rjEF beta famly
menber to sclerostin by inpairing sclerostin honodi ner formdtion. An
anti body that specifically binds to sclerostin nmay also be used to identify
an activity of sclerostin by inhibiting or inpairing sclerostin from
bi ndi ng to & Y t. . eof be
i ncor por at edTi@%]ABgta?g%W l%ggig&egssscg%dg grrlabp dng%ﬂéﬁ%eri)yn %ﬂfﬁm&v\r’ﬁ %O%H%
- sclerost i n 3Adkedy e srepifidalbidiridy ta splerastinlatap rlsd heusaﬁhanhemfy freactiniry dfsclyrosdrt er s -

ot vty A afBARE R Spunstt B okl SR8 St SARaTPH0 o abiBBpior

sclerostin ﬁmmemhus@dnamb@mmpnmteﬂ he aecfetlemiedcnfssagtmhn an aaiitﬁail hmﬁyl inNwhach

signal .tr duct Qn d .t her.eb dul at e or hi bi t)
the si gnal ?Sg%mps)n dg?n% A n[B Idf/temﬂf“hépgge ﬁ:f aﬁﬂbqgiﬁta’ fff)&‘?cr?%? CIPRSEUl t S
in a stinuliatd @ﬂaumballyneigmﬁcamn rmafnna) shagrhahh@g AbOadbinay . fradhhtethbdasr et hods
recited herein is of an |nd|V|duaI test nol ecul e,

S r;ﬁ%/ g er 1t 0 tt he %/3
that the pre&aiely ROSHPiERSHon erﬂ§ eexaging fhgiefiagt Of fych gn aptihody Hya signple
sel ect ed nutaaelibfonTRyhbEy afd MiddbReRodilibi (Brirulffe Xdr UmIbeS t&ORRAMBYSpattiRHCE,

the recite urth conprise the step of 1solating a noleéecule
t hat i nhi bﬁ?gtg ftaﬂ‘é! ‘b‘PﬂHg H{;af’offn“ _BSOR Thierdts 2 pretlaion ordnductierofisetignaling
fam |y menmirtwalzANDI DATE MOLECULES A wi de variety of nolecules may be
assayed for thelr abllltx to inhibit the binding of TG beta
bi ndi ng- pr ot ei n Wiileghermpthofsirecitedhgrein max mefesrto thraprlwirer{rn indiadusk ssphaiesule,
di scussed itfat tﬁ@ﬁr@seﬂﬁh@énﬁopﬁkﬁlﬁ' of6d ébdﬁnf?édQQH i8R eﬁlglsgﬁcté m eculé)fngxagg ¢
snmal | nol ecul es), proteins or 20 peptides nucl el ¢ aci ecu
Al t hough i tcoBtBEd Withie aanixaesal cpmmﬁnflh eHmcsélapsrsmﬁ nigéiodsvmay fuather, dotpprise the
- candi dat e rRlefWoRSinge HidchIE thaP RhBD HIB, | DGicfs :

descri bed %IPEI no |Fg cfﬂd 6? I so Le rea %y&g‘gﬁabﬁegaﬁ?‘h‘?%ﬁ%?ﬁlcﬁ%ﬁm Fet():eﬁ es
can al sb& befarlempmbﬁ in a variety of di agnostl ¢ and therapeutic settins.
. Organic Ml ecules 25 Nunerous organic small nol ecul es nmay be assayed for
their abi | i$ANDIRATEMQIECYLEShe bi ndi ng of TGF-beta binding-protein to a
TGF-beta fam |y ATRH8h e Ut nﬁffé{’ﬂaé Gray We%@%?ed%fth‘ém H#\ MR niv@md ﬂ%dm
invention suitable organic nolecul es" may be se ecte fomerther a ch em cal
library, v@FFéE -B¢tp binHiagipeusis teg EGE%PSTafml\I mefiver dBegrbsgntative dxampies disbissedtmor i al
chemi cal &grd ssayed t.hen
deconvol ut o For B, EPEN Pncllh blel? SAERRMNIS, Mrlinll® SO B Rien R0 e
Repr esedt atnep‘edeémdrmuelsw@ﬁldmm@@ nbltinate iti shduld heevidak fbinthadis@ssiomiglaxde

t hose '

that the candidate molecules described herein may be utilized in the assays described herein, it

should also be readily apparent that such molecules can also be utilized in a variety of diagnostic

and therapeutic settins.

1. Organic Molecules
25 Numerous organic small molecules may be assayed for their ability to inhibit the binding of
TGF-beta binding-protein to a TGF-beta family member. For example, within one embodiment
- of the invention suitable organic molecules may be selected from either a chemical library,
wherein chemicals are assayed individually, or from combinatorial chemical libraries where
multiple compounds are assayed at once, then deconvoluted to determine and isolate the most
30 active compounds.

Representative examples of such combinatorial chemical Iibraries include those
described by Agrafiotis etal., “System and method of automatically generating chemical
compounds with desired properties,” U.S. Pateht No. 5,463,564; Armstrong, R.W., “Synthesis of
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described by Agrafiotis et al., "System and nmet hod of automalti cally
generating chem cal conpounds with desired properties,” U S. Patent No.
5,463,564; Arnstrong, R W, "Synthesis of 42 conbinatori al jgrrays of

or gani ¢ conpounds through the use of nultiple conponent conbinatori al
array syntheses,"” WD 95/02566; Baldwin, J.J. et al., "Sulfonam de
derivatives and their use," WO 95/ 24186; Baldwn, J.J. et al.
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al ., " Pr epaseattiratorialfariay Bt»m&ireyes;ij@%tOlS&wBﬂdwﬁr D&t 41G “S@AFdABGIE bérfvatives and
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10 phar macewto esild7yz; usiefias, MON-BERE iRiGe CATROHBHS: E%p@amah r
di verse universal iibr ary,” WO 95/ 842677 SumTertoon s &C}Sé&%uzﬁﬁ

" Mor phol i noSRgBRfst on: GrtPlihtYPROEY” 1Y-Hr 8?‘9m Nacd A% Hdd, 1561€l§r SE. RatlentNdvel
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Tet. Letger ;Sm%ﬁac@&ﬁznyg&eﬁﬂ]- 98 pegndD lcgcfit?m c%%tg’n a ETP%L.EI %rsle %m%er&ﬁﬁé%a%?’

Conbi nat or i aI g/nt hesis of Structur Ver se
Chefn. Soc. WRI/%337; Sumpoegign, [.Bownd @DCW@IPI éMorphb‘lih@subudre rbibibaaral dibragg

cl ooxygen |»» ohi ria :
a/br ari gg " ﬁ%ﬁ%%%d gﬂs tija&eg{ﬁ%hel n: thgéséb %8’7&1&@ g&p é*FJg}eI?F 5 and
Pepti des ZOTWWIéIléoneaﬁ‘é@atbfazzpwomsemDmvdtlmpiier@é,éi W@wsmokmmpmlpbecr@t lahd zed

B nch ng- pr oC&1 1 ‘Co ayaaien Syl B pSlfuiliealeL” 28! R0 a2esl i Rk CRoe

Li brari és PEpettlak:ié‘Somi-mppdr&ﬂ debnmoameswm&s@ddﬂsmbﬂnmplﬂlwr@ pofactah” 0i pdng of
TGF-beta bj.pdin pro |nt G- bet.a f nmenber may be obtained .
t hr ough theb};cr e‘%nl h %13 Z@ 9@0%% aqeéar thf nfentifgion ph&yclagyygenase-1

| i brari es nimtibébrs feom Bahpreldias Gomtiasoraf Lf-bkdriels 1 BobrB€and Med SOLmE L8rers U- S.
Pat ent Nos. 6471?@@28,1 6 and 4, 359, 535, and Patent Cooperation Treaty

Publ i cati on 92/ 15679 WO 92/ 15677, WD 90/07862, WO 90/ 02809, or
pur chased from cormgrr ci al I% il abl e sources (e.g., New Engl and Bi ol abs
AR

Ph. D. TM Phage Di%spl ay " BEB brary Kit). 30 b. Antibodies The present

invention provi desideniigbod prseifshal pefasd by dlkbwisObodtiliRd @s sLREOHoldules
for inhibitors Qf the binding of TGF-beta binding—proteih to a TGF-beta family member.
‘a. Combinatorial Peptide Libraries |
~ Peptide molecules which are putative inhibitors of the binding of TGF-beta
binding-protein to a TGF-beta family member may be obtained through the screening of
25 combinatorial peptide libraries. Such libraries may either be prepared by one of skill in the art
(see e.g., U.S. Patent Nos. 4,528,266 and 4,359,535, and Patent Cooperation Treaty Publication
Nos. WO 92/15679, WO 92/15677, WO 90/07862, WO 90/02809, or purchased from
commercially available sources (e.g., New England Biolabs Ph.D.™ Phage Display Peptide
Library Kit). '

30 b. Antibodies
The present invention provides antibodies that spec1ﬁca11y bind to a sclerostin

polypeptide methods for using such antibodies. The present invention also provides sclerostin

polypeptide immunogens that may be used for generation and analysis of these antibodies. The
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pol ypepti de met hods for using such antibodies. The present ﬂnvention al so
provi des sclerostin polypeptide i nmunogens that nmay be used for generation
and anal ysis of these antibodies. The 43 antibodies nmay be useful to bl ock
or inpair binding of a sclerostin polypeptide, which is a TG beta binding
protein, to a ligand, particularly a bone norphogenic protein, and may al so
bl ock or inpair binding of the sclerostin polypeptide to one or nore other
| i gands. A ] .hat - i nhi bi.ts .t he .bindi 0 he
TG bet a bindae. prbtern s SRR inBRMabRbs Bl Polmigi P ie s Tk Ty

. of prot ei Msta bindizigwpaitein toadisud, pasticuiapyrdonenopiogeiti protgin Gind iy a(sBWRS) or

shoul d be er. f exanpl e, a lecule that allows the
activati onlﬁgg%ﬁ#@g%et%&% goﬁl?éa%eﬁ@([eerto(gf’g%w,e Oglg}r-)hgﬂ#ows bindingof T
GF-beta fani | yAmestbelesutinglandntipdpthet ihibt e MR of ercl - betd BHHABE bio¥
receptors r enovi ng_or reventi the TGF-beta mepber. frombinding to
the TGF-bi E%i"ﬁ%% r‘%‘?gf’_’ﬁ.mbi‘g #htge Sﬁggﬂﬁ ?aFHVe?ﬁ PIOIIng SoURg PREEs EptPEe and
pol ypept i dendrpimigerig prosirts(BMPEREhdM belGRTkrstbAAE REEAIE foR RN e | 8BEDY that

ant i bodi es Ar fia ment.s tEer th?t .are capabl e of inhibiting,

preventing,* OF® hﬁ%ﬁf‘Y*‘Pﬂ‘QO P Y o PAmillpy e ereiper |56 Bavdhon @lipys hinding o & T$H-kstost i n
to one or Mahify mBiMbes inclddie HicesCRbrel BMPHIh ARkid)3RchVeOMEERs BERLLAG AR

pol ypepti de i nmunogens_that na used to _generate and/or identify’

y .be . us ral .
ant i bodi es PETeRtg et bein@rmbi fompindipgtodhg BEFdingmeipritéini t i ng, 15
preventjong, or THDBckdnn Svéifiof also PREARR Pepte! 138 4l Stk gant
manner) the fornmat ?ﬂgn of ,V _sc?l grsgsjti n homdiendésg).o%ﬂ%ﬂdgafﬁgxy |r§sﬂhgtpﬁl%};hge
present i nés fosisnepie apder ipntify antibadiese s fragmeantsctherni frthat ate @pdtienf inhibiting,
m neral densdiMmingl oPMRRirda"GE A+ &F ald : S..fondi tiaons that
result in tri)?\e I_glgsoof bo_r?tg mc%gé?/g? coltlﬁﬁ%tw’lﬂlr?%%?%gl ?c%?osgl§§?rb)P%,°r§?°§eease,
genetic pr édViBpobhetnresant ingrntiomialey Brovifes papdubnd patypeptaielimoknadenuthet mby bone

(e.g., due & {ragq ' ffect 20 resorption or
hat ki || e e o) PEAAD RS, b Lo e RS e Saeop! Pt oo
usef ul For prevantingzert inpairiag (. or darradingsins ghtisscdliyrsipntficant peaérd tle fommtbbetli es
may al so b c N iAg . the.orimary,. secondary, d.tertiary
structure g? 1§§L&T@g%d§%{g§b?lﬁ% %ﬁ@’q’ﬁl rot gﬂnﬁ pargscz%‘? di Hg ot Brer%te I?fgg"sr IRABRR et ﬁe

t hose ski | Imigerkincontent amd manechl dersgy iob &dne, Hiedretiynamdlioratingl @imérousdein@itizh ehafllli NO

acid seque Jpre likely to generate .an aptigenic .response 25 jn a. host
i el Soaceet s fug bl el SRR Rl BB s Pt gy BB diep
Sci ence  220ci@38-tHD r¢si®86thy lachbitiat bitgna (k. Xdueay fraduys), tblap@itiaiy: RétdonRy
al so be,used to predict. and/or . identi whj ch portions or regions of a
TGF-beta birgsgfpglﬁgBrrtgfltg?%g?nﬁtfw&rﬁce ’%J'&%ﬂqéta%rti ons of ~ a TG beta

bi ndi ng pr ot ei nPblypmtides cstpeprides useiBNE: inhGimibaion abi/adinagsiP oo taibstReptdige

i mmunogens r’rg.%dt%e de%]lﬂ ed aqd 1E)rep red that include amino acid sequences
wi'thin or SUrY SRS 3’ets?118° PPt TBRENg fhe RIneH Seondams ad Eeian FTucTFR el

ant i bodi es TGB/bdaebitgiag plotdiadabat 16 methoPRbdwro s g ®d ih e FHChuhRiRibed
bi ndi ng pr%t ein.to the sane ligand and may al so bl ock or inpair
erein, in order to determine amino acid sequencés more likely to generate an antigenic response

25 in a host animal. See, e.g., Novotny, Mol Iminunol. 28:201-207 (1991); Berzofsky, Science
229:932-40 (1985)). Modeling and x-ray crystallography data may also be used to predict and/or
identify which portions or regions of a TGF-beta binding protein interact with which portions of
a TGF-beta binding protein ligand, such as a BMP. TGF-beta binding protein peptide
immunogens may be designed and prepared that include amino acid sequences within or

30 surrounding the portions or regions of interaction. These antibodies may be useful to block or
impair binding of the TGF-beta binding protein to the same ligand ind may also block or 1mpzur
bixiding of the TGF-beta binding protein to one or more other ligands.

Antibodies or antigen binding fragments thereof contemplated by the present invention
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bi ndi ng of the TG~-beta binding protein to one or. nore ot her‘ | i gands.

Anti bodi es or antigen binding fragnents thereof contenplated by the present
invention 44 include antibodies that are capable of specifically binding
to sclerostin and conpetitively inhibiting binding of a TG beta

pol ypeptide, such -as a BMP, to sclerostin. For exanple, the antibodies
contenpl ated by the present invention conpetitively inhibit binding of the
sclerostin y h i ept.or._ site

BP Type 1 ey Bl e gl ol BB R 1 bR AR b r iRy of
scl er ost i n i%kgbibpg hinfing of ¢ ﬁé}Fl-be‘ainwlmmdd budhersetBMP to lscladstng Ecbrteﬁ;Smﬁlla iBe BVP.

Wt hout w en an.an ) i bady
conpetiti v?lay | n%ﬁ%gaamﬂg gt’ ng p(})%é&? necqmpéfﬂ%lv i?'ml%y]ﬁgmgt gtﬁr} i:fr%gf”t es
of the BWP Pobtpbgﬁ{d@m ﬂ:d@l\ﬂ)'fsmllew@gbr site dirhaJBMl?L ociks itOBNIP @'y T &1 oS bin€in

P

activity, of cler ding sites on BVP are avallabeto

bind tot heSIt%’ D m ngmlht rec(g"Bt’ 8?§aert’ﬁglrt85’9&1tbe ??‘Pc?rhfp i T8¢FRtor

m ner al i zathntdmg ditdaenba BiMIdl Ngthbvtt ®fsAlHgi ©Mbdob@hiveS thedry] v@ﬂ%nbﬁtt ﬁattbdc[b%sﬂﬁ

protein suc scler ost pol ypepti de such as a BWP

general |y oaghff’?ig' C\Rﬁ@f‘t‘tgﬁlg Sbr‘fg"“% ?%tg‘ﬁgryﬁ%ﬂ ad/or Jypss L dindineodienef the BMP

Ther ef or e ipeSpegidicad sﬁl’erdsﬁh afeh blb&ding @hd!ShiRehnARe ABHVItY U VscieRREE! fhk Crecfe for
revent bi nding of sclerostinto a by

sclerostin _to,. bl ock,
conpetiti v AR, FiS; 4 ﬁgﬁb?ﬁoﬁvﬁb& 5t tos Bjnd igsthe ypo I BRP, Tyae Jt rasersersi ﬁler?b}
speci fi @ anhdrOQEY bFBY mIerdtsfthn. ThetbOndthOtfertioh gp@v'eén 2% @r‘t%%t 19(119&’?%{%‘3 r

formation. By way of exanple, one dinmer of human Noggi n,
ant agoni st PHa Firosimend 5 - PPy PRl eptifeisugh wBbﬁPtglqnqwtqufrs whf:rt gach of the

Z a () €'l lO 1 S1
(Zi mrer man ighn@bairs fokRE @)homdAsn tS@h@te%t R R B oty faatt L& e %)m@&dgu”a”

BMP-7 and anal yzed by nul tiwavel ength anonal ous raction ppe
et al., NatSBpefuter edgosty to20log,)impak, dir seravese dindimgedin sclerbstn &t adpMrPeveal ed

that 20 NoggnResH/aB" mﬂfﬁﬁnﬁlﬁ&ﬁé mtzlle%s{?_h dM?' d scf Eb ik SHeSRE %BN?IBQ | Adl ng, 5 Lgs

(two type | and two receptor on a UTHEt &F
| ocat i off oftotatvekamelra@erdem@mnm@gxfmmm cont act BVP- 7 may be useful in

nodel i ng the intgracti-on bet e Igi% bet a_.bi ndi eins, such as -
"sclerostin (SOS% 9 Ie,’ thus al 5g1f1 W‘““e‘%tgn ot ﬁomtsuaatg‘a‘ctﬁfét
may be useckbdiy tq mnd@éﬁwﬂldugem@nm éZmnmlnamleteﬂ wipad), bhooklacd ih epaplkex such

an Lt er 20t e k) @GRINA IEL 808 10" SRR O S RO

IpoI yt)ept i ddl\/b@hnétronfpewedgyNnmm 42|0t6§6{4i2 rtaltmg) afs dishessedfsTn, @O ycﬁ)@mel 9 vﬂ?dtt&t at
east ope a 0 pe or

bi ndi ng 5| ﬁ{é%%ﬁ f\?ﬁ’yfﬁﬂ:mﬁ%ﬁg&g@t ?pg‘?i?b “é% i‘tgg ftwgttyp&rleaq%o 2t%®F Bn a
BWP. The epted;eptmebmdmlg siE6pdn & BMBhdimbr. tMacamt bihbelirtiso BiMob MR gin Bt Us@ar be

i ncluded WI con%ﬁ S_am n&é&egﬁe sequences thgt are | ocated at the

N-t erm nus o thESBET 48 % JuE REU A Peeeen otheh § GE-efroipding peqiemy  of
SEQ | D NO 4f}h asTalerqsiih tamcn) iafl@BMPayand|the didisd ﬂié@es@,n%hﬁdbhdés‘ﬂiﬁ?%ay@)@ REdade

immunogens to generate antibodies that block or impair such an interaction.

25 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 I Receptor
binding site and a BMP Type II Receptor binding site that are located on a BMP. The epitopes
on SOST to which these antibodies bind may include or be included within contiguous amino

30 acid sequences that are located at the N-terminus of the SOST polypeptide (amino acids at about
positions1-56 of SEQ ID NO:46). The_polypet)tides may also include a short linker peptide
sequence that connects the N-terminal region to the core region, for example, polypeptides as

provided in SEQ ID NO:92 (human) and SEQ ID NO:93 (rat). Shorter representative N-
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|

sequence that connects the N-term nal region to the core region, for
exanpl e, polypeptides as provided in SEQ ID NO 92 (human) and SEQ I D NG 93
(rat). Shorter representative N- 45 term nus peptide sequenies of human
SOST (e.g., SEQ ID NO 46) include SEQ ID NCS:47-51 , and representative

- rat SOST (e.g., SEQ ID NO 65) peptide sequences include SEQ I D NOCS: 57- 60.
Anti bodi es that specifically. bind to a SOST poI ypepti de and bl ock or
conpeti ti vabying eRbduekted f t. L& .
exanmpl e, by bl ockﬂlegt(lf:;H Ol‘(il nhi g{f}ﬁg“r?g Sogﬁﬁa?cg?o am n &‘@ lgcg]?d q}@ﬁlﬁ} 9{
cor r espondi 3§ rersessHave At (62 SHQ IpyNe: 6b) paptideTsegeenicts 1nd§1&dBG$EQ)ED Nosdizng
sites may &ajgso specifically. bind to peptides that conprise an amno acid
sequence corresponding to the core region of SOST (ami no acids at about
posi tions 57- 14@\wngibodiSEge!| @emaﬂ@)bm@m ¥[8 peigoeptidd and1Bloticlor tifpetivedy

region a o] cids e end ng.at either or
both the ko A8 iRl e BYAsr SNRen®iE B B i Silency R g o ditgting

resi dues t Hatdim@yo beinuseids lof h(BMan;res@aﬁdlﬁgtotm ®ahyReRtthdeylor hdc @lnar

nol ecul e. S I V. cor of human and rat SOST,

exanpl e, c??r‘g ?sgb (ﬁt@ r%aya%fs% %&ﬁ%ﬁ?’cg’ﬁs‘&tp@?‘}?ﬁtmﬁl GPBEeS PIDaN@OQ@Chnd

SEQ I D NO %quencesqmqiomﬁeg Yo th&leere ragidrl BOSHSIS (Ao &idOat RbOE poshRk 1581146 of
resentative human SOST core peptide Sequences are

pol ypeptid

15 provi dessg(fi%gé%??% I@@E}B% dgothatpelpds,the oA regiqn,Bay also Deigte adslitonalagiiences
are provi dedtidsRxte®iEE 4t BitNOSE Hodh 3 N-tiniBRohh @Eteﬁﬂmdfo‘i‘% lé‘ﬂntlhaﬁ’cfy c‘?&mhé‘ at
speci fi cal I glggd to a SOST g} | ypeptide inmpair (inhibit, prevent

bl ock, e.g.” thahmay bemsgfubion eqmiyerting thy palyrepiide) te & sarmipmmelesue. fP@pmtaane of a

SOST honodi dses pol #9448 81 fubianl aﬂH et %@S‘TO For l@ﬂn‘f@@ '30 L AR08 g& e[&ﬁ&-tcksnsepl ve

a 20 honodi rrer OST and a honodi ner of an ant|
prevents orforthaiSEQ Thdifi #rsk SEQ ARENPYA GﬁSPSPt@'Y néugh teh ey naiytm Hohe

m neral  dengik, B@gﬁvbﬁc{eapcl Medc@scr qe%kegﬁma&g%d% nEh&t nSI L ¥e se%uegcets are

enbodi nent, anti ies that bind e core regron o

homodi mbt  fRIPYiERG BrSEGSHR ANQefo-Eotidetsproeeptagiv s ot BOSTE doge mp&ncehesrepi‘natdedm
conpri se 9HeNS0a81 no aci d sequences corresponding the core region,
for exanple, SEQ ID NGs: 74, 25 75, and 98 (human SOST) and SEQ I D NGs: 76
and 99 (rat SOSTy anothsr iepberlimentt MIbocbcmﬂiatt&pecaﬁnallepuﬁdpea JQRTapaghepiitietipair

TarChoo o EHRICHra R B YRR 18 o ApBRY RS AER BROTRE on

Repr esent at $QeT }@mémm nalBCCpuﬂethe pniedesombeﬁvedrw SeSTand &aBMBQRIy idwlve a

exanpl e, d t t forth ipn SEQ ID NO 96 and
SEQ I D KIO g rdggpe(tgfsl@ﬂ %ﬁ%oﬁno ggﬁ%?@fmﬁl agt?%yothﬂ i A SftofT Bpparrs
pol ypepti d dxcslmqluaﬂd esnatlaep)f SO8T UMyI ﬂmellswﬂ’&n b&@hﬁn@i-at eér¥ity) PrefBERY firLeasing
gf'?g?nmcﬁ:ll atgo%e %Bgrlaldgenmlt}n ]%E(g ! bN%ne ant%boﬁles that %{n%stg rlc%ea E:ér\éef\egrloaﬁt ofSSF())SSTT

- prevent homodimer formation. Such antibodies may also bind to peptides that comprise

contiguous amino acid sequences corresponding the core region, for example, SEQ ID NQOs: 74,

25 75, and 98 (human SOST) and SEQ ID NOs:76 and 99 (rat SOST). Antibodies that bind to an

epitope located on the C-terminal region of a SOST polypeptide (at about amino acid positions

147-190 of either SEQ ID NO:46 or 65) may also impair homodimer formation. Representative

C-terminal polypeptides of human and rat SOST, for example, comprise the amino acid

sequences set forth in SEQ ID NO:96 and SEQ ID NQ:97, respectively. Such antibodies may

30  also bind shorter polypeptide sequences. Representative hﬁman SOST C-terminal peptide

~ sequences are provided in SEQ ID NOs:78-8]1 and representative rat SOST C-terminal
sequences are provided in SEQ ID NOs:86-88.

The SOST polypeptides and peptides disclosed herein to which antibodies may
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sequences are provided in SEQ I D NGCs: 86-88. The SOST ponpeJtides and

pepti des disclosed herein to which antibodies may 46 specifically bind are
useful as inmmunogens. These inmunogens of the present invention nay be

used for imrunizing an animal to generate a hunoral inmmune response that
results in production of antibodies that specifically bind to a Type | or
Type Il receptor binding site or both | ocated on a BMP include peptides

deri ved fr ogetiRg ;,ﬁrafgdg@{mgsqginﬁg reven SOS
honodi ner fi?rer;atl gl-r? Such SOST pol ?/pept es a%\%géenﬁg?ﬁlegref‘ fnvgf‘@nﬁ’%gﬁl as

i munogens ¥&Y fat dempezing em mHmaini igegsatd aer hmmrelennmgnesmspdrss tied eAltniing

anti bodi es, f,8f d | i es sera, or cell
culture superné:%lg%(l?ﬁsm%}% éergl?{gg% §1ﬁg%ly%i%l t?éa g?ﬁt)#yge ﬁ%ffptﬁhag}“‘%?ﬁﬁtﬁloﬁbo%ne 0
r more antiob%@ﬁ ersa SpEt irklude peptidss @Fved ‘n‘oimethe Noeephinalesgio@wf 80SD obehatisRg i N

met hods ;orprw g@@lﬁiéon%%’dﬂger%nlgnaﬁgrll ecting froma biol ogi cal sanple one or

nore B cell's ucrng an anti body that specifically binds to

SOST (e.g., pI acﬂueh $®$”Frp<uigpe@s®maﬁd pepdddshigat biekedful aER@mBndpehd fiay 418 e LibNL bE
used as sour ¢ speci II c anti bog}l/ encodi ng pol ynucl eoti de -t hat can

be cloned ang?c%r foﬁoscffe'refngﬁ BYPIE cHRBREn Athotisey foar 3 cofpmplet [9Ai rpudisd

known in thmtlhdidlesaﬁtdlserﬁleﬁ@,élﬂ blﬂﬁllreh@béihz{iantsl& Ay 'oRleP bR Bl sa ﬁl@%a? aﬁ%oﬂﬂaﬁa’d
herein refers in cert ments to a sa erle Contalnlng atnlleast one

anti body sp8ti%FiROr e & Wc 6119pe BT o & PestrrePHddsi Tetogiccke ussdpimethatsy for be

provi dedo byldahifﬁhgl haftUseecth® 6ImSABPBloBical b YOn§ REGhJIIER: ceh% b &e %SCR% %
or gan cul tur ?Kgr any . ot her tissue or ce prepar ation roma su t or a

bi ol ogi cal Yefhat Apeifiepinebigds o He & P@ﬂ‘éﬁr forrpipg gsseysomd ehedlke)célrhle B cells
pr epar at i onmhythehibe hséd% SBRHcP 8O BBISEabedifitt ﬁ@l’bb&)yen(%dl %}f&gﬁ.\%iegécfeathﬁ g been

20 disrupted, for exanple, by dissection, dissoclatl i zat1on,
fractionati ﬂ?f’edr?é‘ﬁ‘ﬁb@%‘?id@ﬁ%’nf%o@?l@?@hmeé@m bllolqghémhuaheselmomacmtmart and

pul veri zat i @3erivey 8REL! | zati on, sonication, or any other neans for

processi ng a sanpl e derived from a subject or biological source. The

subj ect tdr bi ol dyi‘balogicslo saepie’t nﬁgl uad berbin mefersoin ra:enn&ummmndm&hta&b a 3arffle mary
cell culturg)(agn t 18sCELe! j r cul ture.a dceII
i ne incl uding b “not ﬁ rfalﬁl%dé %%ﬁfg{ ?(S:aF‘Ir %gpn%éearng& Daglpgic is ©B5%Yt hat
may cont ai nbeMPEAWSymlayng mbl@gda@aﬁb brope/papsmmaﬂl tis@e@Rbiad Adtpan tuithre)] & aa id
sequences, o hdmRL z Jines, somatic cell br| d
cell lines, di ffeu%g%l%%lgqug)hm af%uirue%t% i & logqgéca BHee ﬁﬁé@nﬁeﬂaé

cell |ines,toantsseher ¢ellkmepaBOET 1qnmwh|ﬂWembrpmsiugwagemﬁgﬂmwr physRalstfe RAsCHRBE ed

by synt Q@S%&rg f ides that, jn.total, represent the entire

p ol ypepti de sgaﬁef%%%hg Plp.t (%%g%?n AP f&‘gﬂ’ﬁ?ﬁﬂmt fractipnatign. fromegenization. 5

portion of blh@e@@lTorammmalmtrahnsmmnmuom lpphitigstion] dohicamat fehy BRRLhegs i n

t he series. fo;rgllo QY verI ion referab be at Ieast f our

am no aci ds ?%Yfﬁyé%n %l ec or ologlcal source. The subject or biological
source may be a human or non-human animal, a primary cell culture (e.g., B cells immunized in

vitro), or culture adapted cell line including but not limited to genetically engineered cell lines

25 that may contain chromosomally integrated or episomal recombinant nucleic acid sequences,

immortalized or immortalizable cell lines, somatic cell hybrid cell lines, differentiated or
differentiatable cell lines, transformed cell lines, and the like.

SOST peptide i mmunogens may also be prepared by synthesizing a series of peptides

that, in total, r epresent the entire p olypeptide sequence o fa SOST polypeptide and that each

30 have a portion of the SOST amino acid sequence in common with another peptide in the series.

This overlapping portion would preferably be at least four amino acids, and more preferably 5, 6,

7, 8,9, or 10 amino acids. Each peptide may be used to immunize an animal, the sera collected

- from the animal, and tested in an assay to identify which animal is producing antibodies that
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7, 8, 9, or 10 am no acids. Each peptide may be used to im‘rJni ze an ani mal,
the sera collected fromthe aninal, and tested in an assay to identify
whi ch animal is producing antibodies that 47 inpair or block binding of
SOST to a TG--beta protein. Antibodies are then prepared from such
identified i munized animal s according to nmethods known in the art and
descri bed herein. Antibodies which inhibit the binding of TG- beta

bi ndi ng- pripai 6r Hak dindick o DEOIT n‘oarﬁ(]i}“ybetmmbmr Ammtyodueeacéithqn meapddparsech gi ven

the disclo rovided herein. Parti us - TGF-beta b

i ndi ng- pr 6€°§f‘ﬁ ‘g B gy eoring Lo %F%dgﬁcf‘%//mbmg%ﬁ E%SCS%C%@% s ng- protein

of SEQ | D NOs: Aztibddies hich Gyhitithe mdeGf T@B-beta bindmg-pioaséin o TGH-betalfemily

TGF- bet a bi ngi ro |ns suc Cer ber u , Wthin

the cont eﬂmgﬂ“ gﬁg B?EJ fiadd |nv ‘felnélhe AT &0 e(fsedélflgm U er"‘gflgr%éf@o i ncl ude

nmonocl cnalanmt]Fbﬁdub&ﬁdmgmbtymlamnbdmamhat bqﬂmﬁsallysmmijlmltbm hi,ndmbipmamm of

CDR-gr af t i 0g S I.C S bindnd ant

fragnents%t@eﬁsgﬂ&' 8§3u bqg Eagg 4I‘§d°r ‘ch’t ahd hﬁ‘(ﬂgﬂ})é‘ab mggmte"tlﬂ e

regi ons, @& DaRqektRAR/BCGGH, byGreilier wlthmnge df(ﬁ@lxm’fsl)e prd!%nt inMesitans sreiodbroare,

ant i bod| es are under st ood to be s fic ai nst - bet g bj ndi ng- protein,

or agai ndpdersteyh o yplpderpengpignal ?‘rgﬁf"%‘ff ﬁﬁ@%&?ﬁl ?bq( heé’ysl qﬁ&*‘ﬁ”t% a of

greater thlﬂR@faft&ﬂMﬁ:hunbglobuhﬁgs Mtﬂldlqﬂ}lp&f@fl‘ﬁﬂblheﬁ g eatitedy frhgnents theeafdb.gt 0 108
or _bi.nd h a Ka

M 1, and do n bi,nd t TGE- bet.a bi ndin rote
MR N e oA o L T R S T O
cognat e arfiscgeed ab‘@valastﬂ)odmmmhyersuqmrte%epbcm agaidst SEERchetet bioding:progdirgot KD,
and an anti - SOST ificall T am | nber
T £ b1 naSst e RO e EE S iy ngﬁrﬁ iR st gt e Yl ©
pr ef er abl yof M‘S pfekbadbl)ogremlﬂ&h ot ezquall:mut)8 fndMo et bihd tormheeTﬁFeieBrbaidhxyg- | ess
t han or eual m)re ef erahly s _than to
10-8 M F f‘i finy r%}’g‘d W‘%'ni ?B(S’&? Bap of ﬁ%“ag{°efs°§n’?‘b| ri‘s\‘/ilgrr]ftl otilanp?nél &r; %F?Lbl ock,
I mpai ris Ofcogratel dntigen( i@ .ajo coxdaonﬂgas;ﬁcsszd & Rdisstiationstonstant K, gnd fn ednR8@YT t he
bi ndi ng of TGE-bet di TGE-bet.a fam |l

9 ttgdmﬁ%@a %L}rntrmcgﬁ? tﬁ%e beg}, I‘aﬁnlﬁ ber ﬁ" mc% w1tl¥a rrJ[}GI‘ess tha.-rln- Q)?

affinity 8" ner, I'nhi bition
of bi ndi ngqeAm feut 10Sadj inyrcdﬁferab’ry tesﬂthhyormqealmcf ahonlePaMy stsslkmbrle pquferatlﬂe art

(see Scat ﬁ%gg:% yfb‘ é];ﬁ?lft%&%y% cﬁ %H ofe refc?a%lgq?sgg%; %t ﬁ%%‘lig )10 8 ﬁgf*upt'h&%o%ay al so

be deter resonanc core, Biosensor
Pi scat avxa;annM)es dfakie pietena treyeqitlon Sprefarable ek capair ar gmibitr(;d @£ cddcesseawish 25

i mmobi lize soli e .and S | i gan

runni ng alsgaﬂ ??mmcfgﬂf%lqdfngl 3?@3’ %q’r%ﬁ)n Tt e i mmelggo{g}"L gggp%r get
occurs, thme Iaffm&y of £fbmectonslentivder mhcalmmmer hsesadl asgnitivition oftawiies dan bSPR '
angl e, whic tore i,n real cha

c g
i nt ensi ty S %étewé'flﬁ’de &% P giranikd! %na 6s o?‘vee E%anChéx%of‘mf' hlgqggﬁb $i gnal can
be anal yzexd:660-673;i 1@149) amﬁ”aﬁtgnﬁayr atce b@dﬁsmamidsby sufabhelaamsmmsammm(sawd

gi ves.t he HIBBAF SR et [TBIT I SNt ant tarArey ookl ARl mblifaf 48 tes
al ., fBandemobitized &@i3a ABAGphade a(nd@%b)sM to hgands in 2 mobile phase running along a flow
cell. If ligand binding to the immobilized target occurs, the local refractive index changes,
‘leading to a change in SPR angle, which can be monitored in real time by detecting changes in
the intensity of the reflected light. The rates of change of the SPR signal can be analyzed to
yield apparent rate constants for the association and dissociation phases of the binding reaction.
30  The ratio of these values gives the 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, and may be any one of the different isotypes that may
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| |
An anti body according to the present invention may belong to any
i ' mmunogl obulin class, for exanple 1gG IgE, 1gM 1gD or IgA and nay be
any one of the different isotypes that may 48 conprise a class (such as
lgd, 1g&, 1gG3, and 1g&A of the human 1gG class). It may be obtained
fromor derived froman aninmal, for exanple, fow (e.g., chicken) and
manmal s, which includes but is not limted to a nouse, rat, hanster,
rabbit, or Rihate 4 QHERLch B ILAVCH!  an@ ARG AL 7 LePt her
pri mate. The Igntl bod @may be ar% i % g?nagﬁl Si ngftt%(r?llta%%no%y SS)I\/g%%@bbt%f&)
known in t HEPmapx dargd fem s exmelofog exrminie, dovelr(r.eb ddékew), ang ehaprghadn alhichritdlwies a,
or nonocl g f d| n tein
SUch a5 SCRE " o badl oaou o iRt iintiethal sihu Fhd, Rl LA oG
i mrunog| obutvmes, qrpél)?fnmmatengmgwymaybdesu@m@dsmmhmd@ desi rabl e

propertigs. For oA lLust Iy t| on n
ant i bodi'es may Ihﬁéé}?dﬁgg@% rec\(l)@ngllenar’#ak' beés enlersa%aanté%o(%ﬁeé’rﬁoéy%}oﬁgli a(?ﬁsebi}’ 8tein
having at I@odoglstl gmigodier ihablae épmﬁlcegxrom Itd}}nmanbfndmg] profeinr sf&chmmlsiran

speci es and one, ¢ons nt., re onai.n froma sec isti
manmal i an s%’gé‘P%%? albgsrtma &ﬁlmed as P%Hf?']? en%’?ﬁefeﬂowmﬁ’ﬁgloﬁﬂinis n&g N | cabl e
regi on sequessoestsaksdgted nmhawemlestahmpmmmdan FOE Grepe By wakl I ildustrBfibhl 48/natiman

chinmeric i Iobllnrra human zed rafting the co Ierrentarlty
det er mi ni nyué"’g‘l% yé‘@ﬁﬁdﬁéde“f’ gt Iﬁgﬁ}?agé PR dYsionproEr haymeat
bi ndi ng1s peleast osd fla‘laﬂ@ (‘f’})ﬂ’egﬁﬁl dehih G a iRk eatiXBar Setibya[d &Y 128U Ronstant

framework regi ons and_hunman- de[{; ved constant regi ons Fragments of these

mol ecul es nEYOB&OFEHe FIP et ST r BB epEmalin scicon, Mt copReal 4 ghimery
pr ot eol yt i CanfibgBStiaks @frihe Ivirﬁﬂ@de%&h §gh&hcbLsiaGihRR c&{stam &gioh's%eQ&E‘d%ué}PQ

al kylation. Alternatjvely, such fragnments may al so gener ated by
r econbi nant HEHERPRL SHFcRe BEHG SlobEB R bR @M%Z@e rbb’ & Qfmm' ta¢ egmpplgmentarity

ant i bodi es- &&@mhhwgsl%ﬁl A (0PRQ Estivbd @bmi DR abodd @@%&&h@é@ Qq g
protein actijvit inan in vitro assay, as descri erein

propertites ©F a&r‘i‘méﬁ?ﬁ @@d@lmapﬁeraveﬁdh@gprafrgmmlhgemtagd rhumaydgewércaﬂldtqlt be
assessed USioBgnd MiBRCat e leban i

enzyme- Ilnkgg1 ?m’runosortg)ent eas%lg<§ﬁ£%?be gggéf%%u 5?%@% gém&gor Btionally,

i nununobl ot ¥y mEpteddigndigestion rfaltrwed by moidd aeducioyrh of elsutfjder h@hdm emduaﬂh&lsmmys

dot. bl ot asgANSatveR. iRl £l gal=ls a I ike, which
may be readily piarf?orsmed bgir/ﬂe?ﬁorgév %gw nglg&{mq%hd %f?@’i?bﬁﬁa ‘ﬁleefus%e
e.g., U S. tPehedves-Nos. 4,376,110 and 4, 486, 530; Harl ow et aI Ant i bodi es:

A Cabor 3 ory, Vel oL L0, HAUASE b ARLARATNG SO0, A0 LITHGOED,
or parti al | grofgur dctivigowita a @t véird tssdi, agdqsghhppéxpmmd@ndmgpmpfmarufm@fmbody
o0, G o OREL o BB PR S S O
a | arger poinylpdipg, fdeexadnple,rmommmm]an&d mhemsbrﬁént assay (ELISA), immunoprecipitation,
immunoblotting, countercwrrent immunoelectrophoresis, radioimmunoassays, dot blot assays,
25  inhibition or competition assays, and the like, which may be readily performed by those having
ordinary skill in the art (see, e.g., U.S. Patent Nos. 4,376,110 and 4,486,530; Harlow et al.,
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory (1988)).
An immunogen may be comprised of cells expressing. a TGF-beta binding protein,
purified or partially purified TGF-beta binding polypeptides, or variants or fragments (i.e.,
30 peptides) thereof, or peptides derived from a TGF-beta binding protein. Such peptides may be
generated by proteolytic cleavage of a larger polypeptide, by recombinant molecular

methodologies, or may be chemically synthesized. For instance, nucleic acid sequences

encoding TGF-beta binding proteins are provided herein, such that those skilled in the art may
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|
met hodol ogi es, or may be chem cally synthesized. For |nstanqe nucleic acid
sequences encoding TGF-beta binding proteins are provided herein, such
that those skilled in the art may 49 routinely prepare TG beta blnding
proteins for use as immunogens. Peptides may be chemically synthesized by
met hods as described herein and known in the art. Alternatively, .peptides
maybe generated by proteolytic cleavage of a TG~ beta binding protein, and
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12, 14, 15 tive am no bet a bi ndi ng
prot ei n. AR ér%h%%leégrﬁ grpcépetr Sg’earqnﬂﬂﬂ]ﬁgﬁg%gﬁ?gﬁeﬁHsgfﬂq:aéﬂmf“@%%g@% but
no 10 nore W@Mymy@avermomnc @nSSeqnetmeeofamlm a6 SlsOrQécuﬁvJ whrmb @tids BbfAdi ng

rotein sequen and her rred e de | ens conpri se at Ieast
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Ot her pref drvest lﬁmtpd i7de, 4, rmunogenm o;sznm 1$a9%12<250ns8&m39m§a8 “acidPof §’13Gl40
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41-50, or | e integer
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pol-ycl onal anti bqdi es may be readily generated by one ordinary skill in

the art fr ol PIFEeEPEPUEs I%WWSGB‘B@HSC&HC%%b‘étl?@ﬁncé%ﬂl%ﬁ%@%lsecé@wnuno

various f owcids of 2BOBT Bolypiptifs. SMELRefcHOBbHHIDRRNAH hy,
t he TGF- bet al ls)londl nga§?gllt5@gl n_or unlf%age %%S‘tjl de t g?nes'%mf’%esu 2-%%&?3'1

aci ds or as> de&tdit Oﬁé‘i%‘i*’}FPlf wﬁeéﬁré}umeyof@mwaiﬁ erween Rdyiriding) snd kot

henocyani n &Mse@lﬁt%smﬁﬂon&‘uﬁgaﬂﬂ borwBlui gy ﬁldd%y&%gec{lﬁ"veuéﬁq %91 HF? Gé'-ebettzpe
animal thr O@ﬁ%g intraperitoneal, intranuscular, Intraocu L n er nal

or subcli arfd I?T?FFléé?qu@FF@ al ong with an adj uvant such as Freund's
corrpl ete or i ncggniks@lto&d e'rﬁ/ gylafyc 0951 aLH@od%s %%gjrya\éﬂ?tgel}er St em (6C9 ordxma.ry

Cor poration, Seattle, ri-ow e
general , af g} in thh@ﬂfﬁqnsta Vlanffectf |V(ﬁrm bamdﬁhhlsmal@csmh/a lmrgs,ocompwmolooﬁs’tler

i muni zat [ Orgﬁb @Cﬁﬁg @hé}g éogtsab;ﬁggrke %?;E % tg Il'eﬂ:tbh?l E Irqdﬁ%]@/’?tem orﬁ}é.yuape t he

according t o, intér a e ah avant
particul ar mtldraﬂhersqfsxf i18<20 aftheo amdﬁ,meas rdesz:pbafdsh:rmy(prb@rabiymohmgmﬂ foykeyhole

peri odi 9@' | Yo edi I'1§ ni anchepr r.i.ng .and_anal yzi n ain
| Munoassay, l';s)e{tjgh a Lfrg or n@.lwh egrhﬁgaldehyg?)f Fu’éﬁ%% ak?é%‘gl,ze 3{“’ aFi ke,
t o det er m nibroupie 1memttbneal amttaniursdyart |1mtﬁabcu1zﬁ>aurttraduhﬁr lot pubedigfeb@dinjections,
pol ycl onal tiser e ecta i on .one of t ssa
such as an %}1 §§Al\ ha\éﬂ[uv?nstg as% 56??13 gﬁe f g’ggrf‘plf"r?r‘ag@vﬂt i dhe gla‘%%}“’af’ an
backgr ound. Sy@eme(Cotver Garpeationf SetahE Wm)rrmae :has ek HaNe et ., kAt Babndral Nhfle! M5
ofitsr eatgtlﬁ ;(_HY & o t.he protein, uantities 0 fp a ntisera nay b
e readily st 1mection, animals'recelve one or more oost mmmumzations according to a preferred
' 25  schedule that may vary according to, inter alia, the antigen, the adjuvant (if any), and/or the
particular animal species. The immune response may be monitored by periodically bleeding the
- animal and preparing and analyzing sera in an immunoassay, such as an ELISA or Ouchterlony
diffusion assay, or the like, to determine the specific antibody titer. Particularly preferred
polyclonal antisera will give a detectable signal on one of these assays, such as an ELISA, that is
30  preferably at least three times greater than background. Once the titer of the animal has reached
aplateau in terms o fits reactivity to the protein, larger q uantities o f antiseramay ber eadily
obtained either by weekly bleedings, or by exsanguinating the animal,

Polyclonal antibodies that bind specifically to the TGF-beta binding protein or peptide
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obt ai ned either by weekly bl eedings, or by exsangui nating tl‘j ani mal .

Pol ycl onal antibodies that bind specifically to the TGF-beta binding
protein or peptide 50 nmay then be purified fromsuch antisera, for
exanple, by affinity chromatography using protein A Alternatively,
affinity chromatography may be perfornmed wherein the TG- beta bi ndi ng
protein or peptide or an antibody specific for an Ig constant region of the
particul ar 4 'geeg]n@@ I itabl.e solid
support. 5 A%??lgbﬁodl esﬁ o?gﬁssga?ﬁﬁ%&% f%nﬁ?/ﬂg% r?J I nc %Pon%t%%ﬂ% nare prolt

ant i bodi es 4hatltespagvely, éﬁ@ﬂ@’dﬁhﬁynatwmﬁnmaydrmpeﬁomwnwhaemm afﬁiﬂ -‘teel bindinsi on
pr ocedur es r oc antlbo i es
may be readﬁ%ﬂgozg)eﬂrtg?gﬁggéﬁfﬁgdc ﬁé\}gég ona {]etcatnr% uest?‘ al% : ozﬁ(?er
et al., Natawmal 356ied 35mmpbiliged @@ci sugabte wiid atppofteds. ), Current Prot ocols in

| mni uno ogy, 1:.2 ohn e Sons .1 Col i ga

Pat ent Nos. ugoﬂ fﬁr ‘gsﬁin éﬂi mngvrh%ﬁ l%gmﬁ‘bg%is %@?W#@W%ﬁ%

i ncor por at e@n&mﬁmahnﬂmmaﬁm enice]! fam ﬁb&duﬂ&ba@aés&nﬂh herfiAt in0@QiwBSn the art.
Hybri domas si on n %‘ i ca Anal ses, PI enum Press, Kennett,

McKear n, n%oﬁ)ggoﬁ?l@fl{? gﬁ’é n)ay AR PSP ETion]! [eohiquss (5eS; eigm phler
Har | ow and dt ah eNated$61495,Qor s, @Flfglaiﬂgt 418(eRQY, Qupdent BrloficYls ior @ﬁ;ﬁunoﬂo%?sl :2¥hich

are also in r at herel referenc Pi cksl e a Production of
nonocl onal é??r?pﬁ S?gleé’gé‘l Sp1r98’t)ei“r¢§1§3?gjr egssedPﬁt ¥I§‘10513Ee%ypil *4,002.004A

Cl oni ng1@: £34B 489S k@4, BYSIBMHhick Rk ﬁ%rgbx%d WV 8Y r@lredle; sdeClS> hionPASIS O3
(Oxford Uni verS|ty Press 1995)). Antibody fragnments may be derived

t her ef r om u&Hi9g%ignyatidenas| e4 aﬁmfﬁﬂmt étﬁmlqurél duelveash g Bissy Kegnett,
di gestion, MEKeR, 'aﬁ@@e&ﬁf@l (lad/s P 60 @hdy ki) AbodieBES kbw}atgjp](lanﬂg-f% ol a Si 9

papai n or pep5|n follo by mld reduction of disul'fide B
al kyl ati on. (edsap Pdn§P’|‘I%f=’eH9fb°"s &é‘PP“FtP%gEféﬁt 498%ayvhighs are U@Og@n@fpa‘a@éi hb;bln by

recombi nant .genet. 'Pﬁbkﬁ@}gétrh?e‘rpr%ctu%poftrﬁﬁgabﬁlﬂ%bo@ §§%t rﬁt rx\ﬂefnp E)Ebrc%ggd in E. .
enbodi nent a subj ect animal ‘such as a rat or nouse anst I mmuni zed
wi th TGE betod: Bn Wr@lowmt?eﬁpr@woa%msi v: 1 Eyﬁﬁca, Bleyeron ak haés h@fwﬂ 9$CGQId1rd\g

. peptides 5L:hl a 'Sﬁg tej

dm xed w tnu%gérgaaa%ﬁg %&ch%ggo n g?ngldo%%lre%rg%np % tﬁ@%nt

or Ribi adj%iandard tr:qlvmau@emcht@ mrn@ple@ss élgt:ﬂ’hlen,r esenttoaadty 2% protealytie dlg&poms{fm

Bet ween one, ol | 0

be rei muni z’%glgwi Hu?ggjngiﬁﬁ%?p 5 zt%%lﬁou’gm\zﬁlggﬁug@ﬁu&d %[ddgt%cédpfmgaﬁ(ngc T VI ty
to the prot é-ltwnﬂuiyiﬂmg Sucasﬁmnaemylabedbdwgcreraned onaecotdbmantn pemelic leaginéetiaghed
a plateg % Jeactivity to the injected protein, it is sacrificed, and
or gans i ch contain | arge nunbers of B cells such as the spleen and |ynph
nodes are har vedirefly, Witlen lnas viebddireers pl saaactanﬂniarb sudhysIahran@d@owse lok hamster is

suspensi ons. are. fus sui tabl e is.drub .
sensi ti zed llrﬁrEm%rlzfégr @oﬁ%r ﬁ% Emgm.,wroﬁ?ﬁl 86 r%%\%lrr? & Ie%%‘b?th gfsquhﬁglgmgatgies
anti body. Swiﬂhiablreginggalsdmnlbemle&emnﬂflhaqjeoteﬁm{ay@eamﬁ&dvNﬁr Bh adpiR2a; sifp-ad

Frel_md’s'complete or incomplete adjuvant or Ribi adjuvant in order to increase the resultant’

25  immune response. Between one and three weeks after the initial immunization the animal may
be reimmunized with another booster immunization, and tested for reactivity to the protein using
assays described herein. Once the animal has reached a plateau in its reactivity to the injected
protein, it is sacrificed, and organs which contain large numbers of B cells such as the spleen and
lymph nodes are harvested. The harvested spleen and/or lymph node cell suspensions are fused

30 with a suitable myeloma cell that is drug-sensitized in order to create a “hybridoma” which
secretes monoclonal antibody. Suitable myeloma lines include, for example, NS-0, SP20, NS-1
(ATCC No. TIB 18), and P3X63 - Ag 8.653 (ATCC No. CRL 1580).

The lymphoid (e.g., spleen) cells and the myeloma cells may be combined for a few
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(ATCC No. TIB 18), and P3X63 - Ag 8.653 (ATCC No. CRL 1580).' The |ynphoid
(e.g., spleen) cells and the nyelona cells nay be conbined for a few 51
m nutes with a menbrane fusion-pronoting a gent, such a s polyethylene g
lycol or a n onionic detergent, and then plated at | ow density on a

sel ective nediumthat supports the growh of hybridoma cells but not
unfused nyelonma cells. Following the fusion, the cells nay be placed into
cul ture pl ahRs i3 At St nedi N 0 :
(Dul becco's 5 tl\e/ggfﬂ%l elg Eagl esﬁk/ﬁéggtﬂ%ﬁﬂ?g 5%8%%@%%%2%@%5%@?%%@@ as
wel | as addietergmiland High edptedhatsow depsity epsa sdective npdiunethgtesuppor(sFBS grdwtle of
fromHyclo QA 2SOl eN o iLronal Ly, the medium
~shoul d con?g}ibﬁ a réeégag{%t?g Wh icﬁas%Sie?gita ic\%lelgyﬁcgf%%ﬁstﬁ?gjrs{oph@eﬁ?l?)/svﬁ‘%moefplacﬁjsed
spl een and Fpetudimg pbasds| conteininis aasithiAT medipo weaht 43i RRVI B30 N@pDRIEM) (Dwbdco’s

t hym di ng)- ' o ] ok LOui S ssouri ) ... After. aQout seven
days, tg rl\él(géﬁg | nﬁggﬁ?%éﬁ?ng§£]%eﬁy e?qxﬁol\ﬁn%lgasxaa@%"ﬁ%assacdﬁgléﬂfgdnﬁr‘?ﬁ??mer
to det erm nwch ke fprlebemeesapim dABS.bodj] EemwHiydbnead @gare dititi, W@ JRM Hiostichcebet a

bi ndi ng- pr o} gi.r ndi e antigen used), and ich b Iock, irppair,
o r inhibi ‘%“?‘%‘ﬂ%‘*{&@ﬁ% "ﬁ“&d}‘%? %ﬂ‘%ﬁw B"é%?aé“ Bi ﬁ%%e?{g%%*bfezl?ﬂv%al&’“‘ﬁéﬁ ﬁ‘étga’“fﬂé ly
menber . Hy biubedospien tahatmyepnadestie soenas FRKhyDotanba®] esidopRtin SRRCHK kBl ¥
bind to scl rost&n or vgr'anttl\gslereof re. preferred. 15 A wide variety
of assays n@ig% Rl g%‘d ‘th"‘&% RS {*ﬁ%r BrEseyRdagy thy resuivpafesed ok on
are react i VigybaigehaSiaythd ecrbined & di8er@f ddrbiehitdy 188 Srabentd WRRLHALs wWhith! iy Or
exanpl e coun]fﬂgé%grrent I mmuno- el ectrophoresi s, radi ol munoassays,
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r adi oi mmunoP roetat hinde-prasin (Geanfng o8 the Argse 16w eA v hiddbpek, {Bpaisay |
dot bl ot asiaBws theMashif of TRIF et bihdRBRBREAS la AIGF i Pfmi) MBLL HRRHIRE
conpetition assays, and sar]dvvi_crll assaysﬁﬁggge u. S Pa%%nt Nos.%?S?G‘ri,sflfb and
4, 486, 530; Redrsgneposignahantipadips dhat sretifierdly dtingd yo melprastin, omHarvagent athetedfzare
(eds.), Colglefegd. ng Harbor Laboratory Press, 1988). The hybridomas are
cloned, for exanple, by limted dilution cloning or by soft agar plaque.
i sol ati &n, and ree@isapady offpasays mpyibyhitilighsita deteneine thegreerce b ditbodieewbith ve
agai nst  t hg. desiiJaaiRL Ll BieiBY s BE J o TE LEBE L onal  antibodi e
fromthe hy.brei dorr;e%ﬁl ttur.egl!ér tr?a_y ge iﬂé%lgllg?{éﬁq??ném%% e QE%S suﬁleercr?gf'tgrr‘f S7Pof
hybri doma cimppoesiecraghorghis.er radioirpmunpasdapd  fredioipmouopreéipitations, a emaymalinked
monocl onal  gntiRady.i '@'ks‘?@t r s into the per.it.oneal
cavity of a syngenéffg%ssﬁgsudge, ’o(rl&tlg%ta%%esj ggsqgn%g@(tas ?ﬁ?ﬂ‘fnoﬁrg?pg%é’ﬁ’ lf’f]lglg?réd
(e.g., pri sesgempplitionaseys endseodmick afsaysrieadei b, Patdnt Nogi41396,110 ardH, 43636 saé ng
t he nmonggl o it 1Lbhod I |, angi I €5 n jSol a a i
pur 11 08 by 2 {ATRUR0 S LalPRo R, REhOBRI R AT SRR HEoB bgpon

t echni ques Pmes U8RS8).afThé hytridoRes oh e, dor expiplenwby imRedtibition Alobiigha b Se

cxanpl 6. ot P RRITLRE, 8B asy 5. 10 SRPIRANE erch oS B Rgea i R st

the desired protein may be 1solated.

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

25  supernatants of hybridoma cultures. An aiternative method for production of a murine
monoclonal antibody is to inject the hybridoma cells into the peritoneal cavity of a syngeneié
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

30 chromatography with Protein-A Sepharose, size-exclusion chromatography, and ion-exchange
chromatography (see, for example, Coligan at pages 2.7.1-2.7.12 and pages 2.9.1-2.9.3; Baines

et al., “Purification o fImmunoglobulin G (IgG),” in Methods in M olecular B iology, Vol 10,
pages 79-104 (The Humana Press, Inc. 1992)). Monoclonal antibodies may be purified by
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et al., " Purification o f | mmunoglobulin G (1gg," i n NJthods i n

Mol ecul ar B iol ogy, Vol. 10, pages 79-104 (The Humana Press, Inc. 1992)).
Monocl onal anti bodies nay be purified by 52 affinity chromatography using
an appropriate ligand sel ected based on particular properties of the-
anti body (e.g., heavy or light chain isotype, binding specificity, etc.).
Exanpl es of a suitable |I|igand, inmobilized on a solid support, -i-nclude

Protein A e {.region |.i.ght. chain or heavy chai n)
ant i body. " A erhoshind Uhhe GE B3 ARkl o QRsiedia Bt FiP ot GRaFTES 05 or
fragment orthyatibadit (efghdeaypbr lighn cledidisttiyps) binding aprcifictidetche BralpBeb MNOuRiHRs ei n
anti body of: the .present, i nvention e human_ nonogl onal | anti body.
Human nonoc]'ig%lﬁ(gln%énr?? ?%%dd?ne% g%élysug%orﬁg)e{ Cg?dﬁ?Péﬁte’ByA&WteWu Bt 2 confia HegiRfue s
wi t h whi ch (ifuskaihavheaagy i) asibydss ki briti-idiorjpa@nitotty, Whd b TOF-Bet bihdifY protSinuch
net hods | noc%l ude tbut are not. limted to, Epstein Barr Virus ( EBV)

t r ansf ormat¥ GREBFRUARA & ¥ bher al 10 bl ood cells (e.g., containing B

| ynphocytes), i fln wdditiof, ety TGFaetO5n@hg-Pid iR anBb &&df She jré&éxiltq{?veﬁifion rﬁ%l tF'e .
cells from. i muni zeq? tranﬁ%enl c mce Cal‘l‘fll ng i nsSerted human 1 nunaogl obul in

genes, i sCIEPP GIRRPGBR) AHRAL HiemBenesinme] antivodies giay e persted tyna ity obr
ot her proceeuhRSeRwitk RO théde nhil8g BfdinaAN th’?%?%@ a?ﬂ%tv)%uﬁ?e Agﬁ O UELBLE! N-
0 e

For exanpl e, human nonocl onal anti bodi es may be aln romtransgenic
mce that H3RMdepEEere AR Hetsdaes Ersiehy Bar ddrus §8BYY ransfyomativn anfthiuimen periphenal 15

response t Gl@AldeIS L, Rl HEmoMRLROHS, 05 ﬁ%ﬂ&%}l}ﬁgﬁﬂ%"% @‘cg.fsi C’lﬁggfzr o

fromtransgenic mce are described, for exanp een e

Genet . 7: 13Plesmoeils fosm empepizerd teghsgeniNaios eardBR: i866¢d hui@@4mrimytlobuliat geads, |
Int. | MUur 501802 £dm A2 immundatb&iit vNO,; .397.  Br emann et al . . .1997
Curr. Opin. “Bi ot echnol . 8. 4_%%-%%’; %a%%%v?@ég%%g% 5T Oﬁ’gg%m ﬁﬁr.esﬁlm?‘.”hﬂbad.
Sci. 764: 528 @5anqd paseq ¢ni the disclastire bersine [Fenermplep huthdnamdrionianal hedboyieamedy bd ght

chain l'ocuspEgyl ed .0t ins_of 20.mce derived fromenbryonic
stemcel | | i_nel{,:a tf{%%{ c%%]ﬁgfdﬁl&ttgart%%{%&e%@ﬁnﬁgﬁi g’]rP§°d(’)’1°e ?pﬁ‘ég%H‘ﬂ}B?j‘ear’i‘B}Efgh SHeavy
chain afd |regghuseehaitigeriomillengSddetadds orBbupiemmmam aiibedies, ol dnsediRintlce are

Bi ot echnol ., _8. - 997)) .. For exa e, b I nogl obul 1 n transgenes
may be ni niqegcgﬁgééog%}s{ﬁ%%t% §,}3}e(§1r1 oty aﬁt?%%%f".et' gﬁgag%"é%eﬁg Eftia?’il\éﬁ”‘re 368:856,

chr onpsonesl994Tayler eredefny dmBue 6t479 s96¢] Ki Bat@hNAol £8T7,BNYBARRmand Rbal., 1997

hypermutation in .t use.,l 1ai d. ti.ssue. Hupan nonocl onal anti bodi es may
be 25 obt ai 2k i Bobhia ﬁ'égf‘ggc}?lf%%‘gseﬁ%ia{f %%y’ggf’"-myc#%;‘iﬂt Hé23P8d it e
hunan ant i bbiditesnigpe elefubitts of e hivhsn Baty geNlicht YiophRkE £8htsdwd hiestayni zed
transge%' c.m Cﬁ can .be usbed ‘1o ELoﬂHce uman anti body-secreting hybri domas
accordi g tB°F AE YR IRE FICHR0IE SteBeefl HEPS A copiin freeptfisryrtions of i erjogrmens
human ant i beekyehaimmayd Bbis ehaelo6lb i(Sde ARE Hrii@enbhitet Al Q06 Apit. Dok IMBING- 48055
ani mal s. mﬁ%%sz)r t hod L?O{h}n%enerati ng human TGF-beta binding protein
speci fi c nonocPondP’ EPEn CIHHHH IR ROy S2RsERRSS Ay b TR geRtasPRRICSp Rk al
bl ood cel | srabylodiEdd yeagnsdmiaRhlofBsomeswhick ufdergdB %‘ell-?;?écﬁﬂltDMjr eﬁ'raﬂge%leﬂp 6.

e

Such an imortalized B cell line (or |ynphoblastoid cell Iin
and hypermutation in the mouse lymphoid tissue. Human monoclonal antibodies may be

25  obtained by immunizing the transgenic mice, which may then produce human antibodies specific
for the antigen. Lymphoid cells of the immunized transgenic mice can be used to produce human
antibody-secreting hybridomas according to the methods described herein. Pblyclonal sera
containing human antibodies may also be obtained from the blood of the immunized animals,

Another method for generating human TGF-beta binding protein specific monoclonal

30 antibodies includes immortalizing human peripheral blood cells by EBV iransformation. 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,
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produci ng a nonocl onal anti body that specifically binds to a TG beta

bi nding protein (or a variant or fragnment thereof) can be identified by

i mmunodet ecti on net hods as provided herein, 53 for exanple, an ELISA, and
then isolated by standard cloning techni ques. The stability of the

| ynphobl astoid cell |ine producing an anti-TG-beta binding protein

anti body may be inproved by fusing the transfornmed cell line with a nurine

nyel oma to for egupe, &Hﬂlﬁﬁaﬁwm isBMRA I Stfﬁﬁ&h 10591@ 1@6ighdl %eégb‘gﬁ{ J_‘;Lkggg))

known in the art (see G asky et al Hybr "doma "8: 377

Still anot h¥mrhabiasgH del 1@@3@#@&1@ Wﬁ%bmblgﬁag pratein muo@squ impuived o
i muni zat i oy fuhi i &aﬁﬁ‘oﬁ'ﬂﬁ%e@%h%ﬂg amﬁﬁ% Iﬁpep]&ﬁu t%éﬁ c@ %?x}o\ﬁ’lélum%nt gner

foll owed by fusion of primed B cel eter usi on pa
See, e.g., BYdmeracerding to methods kpowp mﬂwmﬂ (seel 4. 9;6859‘;3 et 4ln Fybrid@rn8:377-89

enbodi Mt Saoge)P. ceil &Bﬁ'&r' RGO @B TREG AN L0 5 Sel5ed e

and 10 the lig chai n and heavy chain vari abl regions are ¢
the B cel | #@oewizdiiongwhish ingdidse plimmg thumamggdemeﬂmllqw&s akt[gawrfolldswé:dl"l@ @sibn (WO

92/ 02551, Gook et d, Sci, USA
0 3: 7843, ﬁ@p%%%@%ceﬁ%%ﬁ%3215%08%3%%1} B e s @ okt Pof Hlpitiah
i muni zed al7f&@l95are i solated fromthe spleen, |ynph node, or peripheral

bl ood sanple b sel ectl n a ceI rodu0| n antj body t hat
specifically bi #I"?Pﬁﬁv 5?1%31’03@ 1‘%&Taﬁn83°¢yrl§)f'ﬁ1??§ﬁéﬂ%

for exanpl ethe flrgﬁtm:laurpellid [hb@lyadhzubl\&ﬁﬁblé aggdie. arbRiAed SrofOthe KRR Gletdiling lt619| e
B cells that ar‘ﬁzﬁg) gdum an_antipody wth the desired specificity are

vel | known™@P§e ueé}‘ﬁ??fj‘]l B ik Wgﬁa@zfﬂp Fateaish .627,052; Babcook et

f I uor escencst, @bd \Watietlcdeb ti. 5GA BBITG43-88) MobY) @nd & bcAMddletdD ¥ Ridramed dais
detection O%‘_?SDECIfI G antj b %yé%?nd the |like. Methods for selection of

specific an rBGHf}mB‘r“B ped fromp the giseny ymph nadenpreeriphess) Aldod gamaple

singl e cel | bpsisR@MSs 64N @k 1Bp?cﬁu&ﬁ>é hrSartiBo&Othht @Q&ﬁcaﬁl?%hdg%nﬁéﬁ‘sB%%T 9% a
peptide fragment thereof. B inding of the specif ant | body pr oducegl1

the B cél| £8P phisoked; %@ﬁ hugans, £ gxamplee sy ?rﬁ’?lilmrabibload é@ﬂpibeXMe‘ShMScf@r may
be visible @éecﬁ% LM T REIRCh R a{rébfoduﬂé &t aﬁt&%d@vﬁﬁl t’hé d&ﬁ@@%ééaﬂﬁxt& N well

specific antibody are selected, the specific antib gene
cl oned- by | ST e 2in T SRl By m@ﬂqm\ﬁ‘er@ﬁtlw?ﬂwresammmvn@d tal mrtgodaswtmovm

in t he art I S r

R ARSI L, A3 5 DRELL UG 0 RIOTE Bl o
fragnents, wReaifc ymtibo@apsodicing'B cofly include, ferkxamplesirepatinga single g@lnsulspmsiomgr Bite
of the anoézé?ls ‘H‘Eéfpg&iay ﬂ?a@(émggﬂg gbgfgr rﬁ}g &eofrgé;]rgen§ﬁ)%ofa ngt%% t0 é -trhgeg%’%mpor

anti gen-bi ndi ng fragnents rrve n anti body can
exanpl e, byﬂlfﬂbedyam%¢d:bmt§1€ii3cﬂe¥rm {§e gftigehesafstin B@dyqnanémf ae:ompmxewmphapmyn or

papain dig (0] es onv tlon 30
hean i 11 sty sEmsnis A BBl BEOSL ) B BaGRN S SRRy Epy
cl eavage of sedaatell Bbalspesifinatbodpeqmss mayt twe ®0mdb¢ao&ﬁMdrmﬁwg DIFAGE &RNA

F(ab™) 2. Thigo i3 W R MR &R0l HE 18l £LERYAL YR N9 2
25 For particular uses, fragments of anti-TGF-beta binding protein antibodies may be
desired. Antibody fragments, F(ab’), Fab, Fab’, Fv, Fc, Fd, retain the antigen binding site of the
whole antibody and therefore bind to the same epitope. These antigen-binding fragments
derived from an antibody can be obtained, for example, by proteolyiic hydrolysis of the antibody,
for example, pepsin or papain digestion of whole antibodies according to conventional methods.
30  As an illustration, antibody fragments can be produced by enzyrﬁatic cleavage of antibodies with
pepsin to provide a 5S fragment denoted F(ab’),. This fragment can be further cleaved using a
thiol reducing agent to produce 3.5S Fab’ monovalent fragments. Optionally, the cleavage

reaction can be performed using a blocking group for the sulfhydryl groups that result from

54



thi ol reduci ng agent to produce 3.5S Fab' nonoval ent fragneJts. Optionally,
the cl eavage reaction can be perfornmed using a bl ocking group for the

sul fhydryl groups that result from 54 cleavage of disulfide |inkages. As
an alternative, an enzymatic cl eavage using papain produces two nonoval ent
Fab fragments and an Fe fragment directly. These nethods are described, for
exanpl e, by Col denberg, U.S. patent No. 4,331,647, N sonoff et al., Arch.

Bi ochem Bi ddahyts-of d8Af&3Bnkad6 Ws Raltbr@htiveBirD&R St ichleatabe ke pdRAROprofdied man
et al., in Methods in_Enzynol ogy 5 1:422 (Academ c_Press 19%9); and- by

Col i gan at Pagemowlt Fabiragmentsing ap Fe gragmentlingotlyoy Fhsse mefhedsgasdeseribed, téavi ng
ant i bodi es; exapl, REGSIBRBER! UMD JABAVNG. LB 837 1QisERiEe: WPNGYA! BiDLkend BHBhys
heavy chain fragnments (Fd further cleavi ments, or other

, ng of fra
enzymatic, €M &A0; Perer. giopkrt o Yé&dHhi @é%sgmrymaﬁ - e Metheds insBrdodiggas
the fragoe nf:@Zb{Algde}ﬂ?c bhe adH7h,081 l:;yr@chiglm? at %%999.@!1225.9.1?&/11& N80 1AL fher
anti body. 10 An antibody fragihent may al so any synthetic or genetically
engi neer ed Petbedsifar elpaving apdibadips, |gechaas sparptingdieainn chidmattojfotm bionelaland light-
speci fic anfd 0 U o) i f.r nt.s
i ncl ude isg%gf@gm%}g%%%%%?ﬁﬁgﬂg#f%fﬁgfﬁf°?ﬁﬁgﬁ%%hﬁr?h§f§ aPP%S%%EFgQPBn,
"Fv"  fragnemtts tdmsjust my abfo bchesedaso &ok easrtbgifiepmennd bink ao e uytigam dhdt iight
chains, rec i nant single ..chain polypeptide nolecules in which |ight and
heavy varia%ﬁ%mFg£WG§%m%%%m%§%ﬁ%cted by a 15 peptide |inker (scFv
protei nd), and mMmanthddyrfeapogni map Alsube ity Gothsicor gpetithlly berhmsicd @ragh that

| mventon prst B REnE P R Co B oG SESR AU AT § EOVOR: dbfie) P fe.

vari abl e r egitibodycesiets yudb esolafed aym &ty neibtingaoTitivdi g€ ¢ incaARDS iekiod T Fand
will generally conprise at |east one. hypervariable amno acid seqguence
responsi bl ehf%?enﬁrff’?s@%‘ﬂg B% fhsi Wj‘a}%{%"g{# 8ﬁﬂie 12 aé@é’#g%‘f “&rre?WtW?‘ghﬂnWt h
one or noreckdf HAFEBIMRS KolBOERCHBich lighggiekaby baidiE, rdeidfs WA doakdced(B) a
regi on domai n may be any suitable, arrangenment of inmunogl obulin heavy (VH)
~and/or I} ghP?PP%‘ijmlﬁqﬁéf‘ﬁV\PéP‘ie’él&: &P FHBITHS Tecrruion pyls copsisiingl &, the Hning A& on
domai n nay ReidiRRRARnG BB hypeyaiaMElr@ionVLTHORBbddy oWt GResk:t iG2RAR! RerBtbbly
i ndependently binding antigen with acceptable affini tg/. Al ternatively, the
V regi on doffErRSTHEy 58 OB YERPIE refifd demRtaiThe vaTaviR reala dopein rery bylof gy, sizgi dfer .
Preferably, ahie Mdr &sipedtisH AEJ “s@rgaﬁeraﬁgswa{pdze% at Fc@ﬁton_@rl@Féf%rﬁﬂlg Alind gagt
one VL chain that are non-coval ently associated (hereinaiter referred to as
F). |f desPyaeence rrrongplaifersmniesn Wedirerpd vavgh iy adianepl e & fravee with pecen oref or
exanpl e i agsamdickRfibmes. BPBheREINRE nd MRiabMQvY ok @Dl EOREY BS 1an|395uiltag'1@OUgh
a linker, for exanple a peptide linker, to fornia™ single chain Fv (sckF").
The vari abl amngeeshoidamainpglapin heavy (Y vmdier sty Vocban vemapledemams| dheofodi n

or an 30 e @)glicrﬁlyfe,eﬁl@q/_ rﬁﬁ{)xag%% gﬁ%g%oncﬁyerig g gde\'?}?gr \\/Lec{oﬁl Nehidh g%%%%leaof

variabl e regi on domai n_ _ _been created using reconbi nant D
engi neer i ngdenshdeniuindingSindigereviigi avcwiabl affityi dhernitivelyubieV réptwalomain may be
dimeric and contain Vy-Vu, Vu=VL, or Vi-Vy, dimers. Preferably, the V region dimer comprises at

25  least one Vy and at least one Vi chain that are non-covalently associated (hereinafter referred to as

Fy). If desired, the chains may be covalently coupled either directly, for example via a disulphide

bond between the two variable domains, or through a linker, for example a peptide linker, to form a
_single chain Fv (scFy).

The variable region domain may be any naturally occurring variable domain or an

30  engineered version thereof. By engineered version is meant a variable region domain that has been

created using recombinant DNA engineering techniques. Such engineered versions include those

. created, for example, from a specific antibody variable region by insertions, deletions, or changes

in or to the amino acid sequences of the specific antibody. Particular examples include engineered
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created, for exanple, froma specific antibody variable regijon by
insertions, deletions, or changes in or to the amno acid sequences of the
specific antibody. Particul ar exanples include engineered 55 variable

regi on donmai ns containing at | east one CDR and optionally one or nore
framework amno acids froma first anti body and the remai nder of the

vari abl e region domain froma second antibody. The variable regi on donmain
nmay be covahgiMid ¥eigh basd@dobinde G ' ' | .one

ot her anti body do%lrai n or a f%ﬁg@#&ﬁ{%ﬂg@& M‘IQ uosfniﬁ%%}eggg%%p?%f&g’ﬂ%&%omi n
that is presedion p firsenibqdy m dhe eglatnder oftie rvariabje trgion drlusdh fromam second

i nmunogl ob%{igdeI domain, or a fragnent thereof. Simlarly a VL donmain
may be linked to a CK donain or a fragnent thereof In this way, for

exanpl e, the anflhdudirblyaseitvedomaipaiay becovelantiywdtieched at 4 Baemiihdl gemobichictb Ry

domain .co j ! - L d in ovalently |linked at their
C-termini '[1 %ﬁa&%ﬁ%%gibg{if%dy Jg‘oﬁlna?ﬁ}/g‘%%‘g%gré? t?v%uf‘f%ﬁém\éﬁi ag}érfg’frﬁ‘ ¥ be

ext ended wiprdserftLin ttrevariable megicacdodmin ey be Xialtgdl te ah Gmmpiicidbden &NidogeinS &G ON

or a porti of hi nge. r.eqi o omai n as f.qund i Fab' fragnent, or to
provi de fur erentg%mrrtﬁ?ngl,mlg%c {}Ia R \ile F‘S?.’)g?/[‘%-‘i’%toa%g“ %Iﬁauﬂgnaaﬁ?é?enhﬁﬁﬁ?feﬂn form
of aln anti bhislyvap,(rjmgmnipki the antfpepy inde be @Ak gt fvﬁéréiﬁ ﬂ&i(éaﬁg& bin<|ijng domain

conpl enentarity-determpin jon. (CDR). CDR peptides ("mninma

recogni ti oncoﬁtﬁ]?\gf ?S?CIEtggn H d@i%ﬁ?‘&éﬁ%@ﬁ)y@%t et GiprmaY yo a G tddes
that enmodelobdai, feRRc@felyaThaOHi Bedyin afay bB bRERIE wittDreHerReling wids St Lassied €
prepared, for _exaggl e, by using the polynmerase chain reaction to

synt hesi ze FFREISAMPEHICEIOR 8P BAFIRR Phy 2GR daRER B g o el Fgemaltics ias a
tenpl at e ( sR6vidd fofiner BxAMR] fich ddhtibdak Celz a6 crs Wehfigds: A Conpanion to

Met hods in Enzynol ogy 2:106, 1991; Courtenay-Luck, "Genetic Manipul ation

of Monocl onal AARPHEdife® "ofj A vtibedyoAREmARt IShadP@side 2onmrisiecfdrom, single

Engi neer i NGoaRRrichiaflyCRlerARRL 688 DRIV EDR Mefitde@l“mini 3 _

(Canbri dge 0Ugi versity F?r es.sglrg%%) @%n)? éV]\%\r geg.degtﬁlﬂp%g%g%%%%ggﬁi on
and Explesdicomwtasted A ¢omaaictng polyiuglepfises thay sagodptirel GOR| don #tibordyi ¢f iewsrestnd
Appl i cati ongch Bofyah&hiagd ) v G BY- ok | RS 23

Al ternativel ; , %'f)ﬁ'g ant | bogfl pQrT%;!/l% g’efoég?{g%%%’b?,?’ng‘ér%’ g’% p@%ﬁ%aeseer%%ha%%%ﬁ%é?
obt ai ned bysyithesizedBe yarmblgfregiercesits mBNA diNAtibwiviprridgeies céliswes laviemplate eee, for

mani pul ati of,apd R &8s m%&ﬂ; ,P'\&ng,;gl;as?% e R IS: lgog,gzgé?{oggp{él%gfgﬁglg;m

constant regions. Such DNA I's known an I's rea
libraries i®uirtgedyrigick.oGenstiadfrnéputatiay ef MohédmdyAitibhdies, T msM el msibedids: and

M Caf fest y, pLlhtgsh . 80- 84, (:1992)) or |if ire n,be s si.zed,
'St andar dot rmlre_!é%lgf’ & cffa%g%/g’ging 'Zlﬁglc# (r?ﬁcast Of1yﬂlgtr%168te%ufegss')’np§§e ﬁgé E@gﬂf’r{% ¢
sequence arlduivasiypitatl@DhadDNAd of alr, “Genatix Mupipelatitroardriixpedsios o Atingies, 0
create cyStgipsiotaikioliBon! ARcPRE hy upffidndl, B4 % LRSS, AR 1% (B ds ©f

Liss, Inc. 1995)).

Alternatively, the antibody may be a recombinant or engineered antibody obtained by the

25  use of recombinant DNA techniques involving the manipulation and re-expression of DNA

encoding antibody variable and/or constant regions. Such DNA is known and/o'r is readily

_available from DNA libraries including for example phage-antibody libraries (see Chiswell and

McCafferty, Tibtech. 10:80-84 (1992)) or if desired can be synthesized. Standard molecular

biology and/or chemistry procedures may be used to sequence and manipulate the DNA, for

30  example, to introduce codons 1o create cysteine residues, or to modify,.add or delete other amino
acids or domains as desired.

Chimeric antibodies, specific for a TGF-beta binding protein, and which include

humanized antibodies, may also be generated according to the present invention. A chimeric
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Chimeric antibodies, specific for ‘a TG-beta binding proteiJ, and whi ch

i ncl ude humani zed anti bodi es, nmay al so be generated according to the
present invention. A chinmeric 56 antibody has at |east one constant region
domain derived froma first mammali an species and at | east one variable
regi on domain derived froma second, distinct mammalian species (see, e.g.,
Morrison et al., Proc. Natl. Acad. Sci. USA, 81:6851-55 (1984)). In

preferred enfidy MRt Seast@ne EdtisiaBY regordidh N d¥riveR ¥robs SRNSLEMEE L0, BYeGLOR NY
t he polynugleotlde_sequence t hat, encodes at 5 | east one varlabFe regi on

domai n der iSAE'QPTIEEHRA BT HERER IRBIFE T gm asecant: idkag masmyeHiap spackes (seg.ard-abl e

regi on der M&gsdd Q1. APABHINIHE AcddBBoi. 054 NGRS €155 TTRAS5! W BlefdilicRBI¥mADLO 2
vector containjing a nucleotide sequence that encodes at |east one hunman

constant r SHTRSHC (A8kRkody gay be capfrctedapy gloning e nrbwclEptidpispariencelh: ens@iey 6t
(1989) ; VAalidag: Gle wkiable Nofoh UbmaifiCeSsedResin asbnddmin i f
exanmpl e, the pol ynu?:l %o_tci de sequgn_ce encSﬁ%ﬁégﬁ%éaﬁ%?cécﬁ]%n%g%g%oﬂd}ga?c%Iﬂ% 10
regi on of &2RaM¢ MEgFOIRBEEDHEN AMUIBO AL reayhabste; mesedled] jantitwdp Wect orctor
cont ai ni ng : Lide: i h a light chain
constant re g‘.“%ﬁ% 2‘3%‘%‘%‘?‘3 N §%ﬂé{§@ ghgb%reg(%g aglg%sit 8‘?6, h%qﬁgo%%ﬁgrﬁ ger gsg Fi‘de aid
sequence erstoadi Mytholie Ehomely 1GREDHR 74 498 Watlegi eh, bfciéihedcbnial anad21-29

ant i body e i rane with s.equences encoding.a human |
constant 1A Fuarrsxheld Y paeR FORNGER el RRpe /o) B cham garat e
parti culoar régioranf zomstanbnockgilontisdy ecdyest ingyted mtele pene dopamidghemeidaat or
functions desired for the particula ntibo e.g., conplenment fixing,

bi ndi ng-t o “Ssar e g BE e iane R B s FafitsnieRok vE Tt et
vectors w lthe pelyhuickiosifie aéqmehce | anta@liiguiizr yeavy chde | adatlo regém bl eh XipheSsHapn of
the chineric %gtl body. I%Ehgrr rret.r?lod known in. th% art_for generatin
chineric afflBgyiRy Gee P UEB6 Y PSEOMBrRFruiing & hyman {gGoconptaptrggion, Ny
5,482, 856) .ex@@plé) the Burhah MG/ RoseAt £BOAE Mhe pafibilR0thalBYnshft fegioh RElEcted may
genetically engineered _to create a . "humani zed" antibody. Such a humani zed

ant i body{y neElfPRGHEPT dhé effeqion fragtiony degipeddorthe pavicylaentipodyrie.4n compigmeny | fisngl i n

of a non- hwmindBEFkicaR: BPREIRS, ctd), PRARDIORE BLFRAY MctADHAI bd £ARBVIRS K
region, and at | east one human i mmunogl obul'l n const ant regl on. Useful

strat egi es MPGFEFEICFAINGT Heu fPrstionAt he simese prPonce r paghoddseanplie by
‘way of illusgdrat fo@rkheﬁéi‘ﬂjng%ingéicl anfibd AL thorﬁdj@%&lé fréc%ﬂ)%hlgﬁ‘onog]e.%luw Pﬁ?e&{ abl e
framewor k regions that are nost honol ogous to the non-human Tranmewor

regi ons of Xh&-48Ri¥ric anti body. Wthout w shing to be bound by theory,

such a g rategy ARoh-Hieheaas éhlﬂﬁ'erlci a.lﬁﬁlgdd Qﬂg-be tf\ﬂ'ﬁl%]{)%éﬁ@ﬂ%?ﬁ%@lﬁ%@d ?dqéréz}?é)ady

will retain_specific binding affinit or "a TG--beta ndi'ng protein,
whi ch i n soREmpRiasde apigwdend ianbelmaslze%wlbb@ wahermzpmist alpluyalinhe! CRRedaived | nty

for a T G:‘iﬁ% %1%%5@oﬁﬁiﬂto?ianndﬁ-ﬂum\én%m%ﬁag srpectiésagp?eggt o?xg E“:).FlQ%;iableand
d e a ity for

in certain other preferred enbodi ments nay greater af
TGF-beta  UFamhweEk pseonednd . at Sest one hyman Jomewgbbulal constagSegibiat Usgul3dhteiz?- 25;

R echmann &t ﬂémgnm’gglﬁﬁnm&y bftibodies may include, for example by way of illustration and not

25  limitation, identification of human variable framework regions that are most homologous to the

non-human framework regions of the chimeric antibody. Without wishing to be bound by
theory, such a strategy may increase the likelihood. that the humanized antibody will retain
specific binding affinity for a TGF-beta binding proteiﬁ, which in some preferred embodiments
may be substantially the s ame a ffinity for a T GF-beta binding protein or v ariant or fragment
30 theredf, and in certain other preferred embodiments may be a greater affinity for TGF-beta
binding protein. See, e.g., Jones et al., 1986 Nature 321:522-25; Riechmann et al., 1988 Nature
332:323-27. Designing such a humanized antibody may therefore include determining CDR

loop conformations and structural determinants of the non-human variable regions, for example,
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332: 323-27. Designing such a humani zed anti body may therefore include
determ ning COR |oop conformations and structural determ nants of the

non- human vari abl e regions, for exanple, 57 by conputer nodeling, and then
conparing the CDR | oops and determ nants to known human CDR | oop
structures and determ nants. See, e.g., Padlan et al., 1995 FASEB 9: 133- 39;
Chothia et al., 1989 Nature, 342:377-383. Conputer nodeling nay al so be

used to compab@pRematiclits, latE tHeh @bmbE ﬁ%'t@é @R&%ﬁ%@det@ﬁ&u&ﬁ&%@&ﬁ&vﬂ‘%ogy
with the na -human vari abl e reqgi ons. et al., 1995

Ther. | murtdtR logp goucies angdeisamigaps Sge, e.q. fPalﬁilﬁ‘?ei‘hPlzalP%’bﬁA%?B 9-hE-3% Shotiman

CDRs resul tes a1 989 demreame 373kl NdoRgudf &b@ém% mdyOATRM L fise MRS Sbrhige mmal d
in identif g specific am no acid residues that could be changed éﬁ
éﬂc y or

si t e- di r ectsBECTel GriRies sqERdquEseacethampiiey dth %mpmhwwwayablwaaﬁn%t
supra-opt i rgl, |I¥a brhth €t al.| 1905 EB8L Iﬁzﬂur?ol | ?yﬁh()l}h%%bggljt[@nlft niZati Eh}? the

non- humani zed antl body) restore affinity ose having ordinary s In 10
the art ar @opdmpky £DR resple He fedecrgseningbinding affthitw Ic¢mm(1n¢d,¢hwopxam@;cmre

numer ous Ve}ﬁénﬁ%’lr?g' e@i'ﬁg arﬁrlﬂg Jcldc ?etsfdﬁ)égsth O o3& kbedf?ﬁaag& B sﬁé gggc? or g 8rSUCh

met hod for prepa humani zed anti1 body Ts cal veneering
her ei n, t henttegenssis" tﬁei“nwleedo Eﬁgﬂlbamdmbmmonbsmab;btmaﬂgr@er ardreEdEstb & dzéver to

the sel ecti r.epl e t of FR. residu fro odent heav

li ght chai rFYQ?te?réhalg(t)h%? In{g?ﬁorhurran Zﬁ%anf% g3’§sr‘?s‘6|°ues 't o-p%?é? gﬁfddnﬁé lé
xenogend ¢ tm)hxewl fanmamyrth sheag) tealmi@ues, | apeé Rvibd ireudily gpBeciate hiliadrousrvatigtions and
substantiall dnatuﬁf ER pol ypeptide folding structure. Veneering
t echni ques ar <mBg§e ﬁ e ﬁﬁ%?%tandlng that the |igand binding
characteristics Oak sath mmhbge“asr-lhrbpmdmgng Kinia@izad entikbal es Uzll]&@dleﬁﬁ’ehﬁ@.r lsyusky t he

structure relative dis t t he he vy and | t chain CDR sets
o i Tt e TR G TR g e dd PR Sfence g St i B PSS

59: 439- 73, r&ﬁg&meﬁtcbf-ﬁm&mdﬁd%tﬂcﬂﬁr& gblaﬁddéhghéd@?@t fipt@ich¥in CoRgL WHERLIMER I N a
humani zed ant.i body only wherein the CDR structures, their interaction with

each ot frer TeSighgs i Qrqer t%ﬁ’@r"é?@t*i BFPOGFIEIT PPECHie SpmpHsingnan YtignspingiAg dstriizhs

are car ef U|ﬂel‘ﬁ1n§§1hH§{a§ixd]1@(ill oBYhe WEHRFRVIMARHHdRGo liBIE R AUE S V e¥l tb@xh (8 Be
sol vent- accessi bl e) FR residues that are readily encountere Xx qhe i mrune

system ar e %R g BRdprsiandige Lk thejeand mﬁfﬁ%"%}e&ﬁf& of an piige-BiadiBg FiEYFE d

nol ecul e t h@derBRRP bHSASy B tiefirsnuaak lraranva QishSRHRAFERY HeavyOind HYRShARIAIR | Y
non- i mmunogeni c. veneered surface. The process of veneering nmakes use of the

avai | abl e s®guEHEe Rfatralerobindingavriaant Lssiey o vardrabRe. dirdiens) BRI é%POby
Kabat et al Tpysi Haté@iﬂb‘i%&ﬁ %&fﬁcﬁy %ﬁbaﬂﬁregefwédm%ﬁmzeémb%%ﬁf twherel%ttpl o

(U.S. Dept. of Health uman” Servi ces, U. S. Gover nnent ing O
1987), upd&PBs trp@tmtehéhmbmrac@a@ Al sach ath@r, e telr anteregtivnbrith the Sst ghthe V

forei gn dat 1%91@1?@(5)?1&9951@ citt lﬁhﬁm?agﬂeg %g ca% ﬂ% 9%\'%,' Jg'c}chg&%% g)&éﬁ%é%{ solvent-

accessibilitres V reglion am no aci _ | omt nown
t hr ee- di mengscesainle) SR tﬁelrimsethﬁtome IreptiEin eaemimieradi bre thenininpmd \sydtera gree seisstively

Initially, lregl?ice%%ﬂ?fhulrng}? residues to provide a hybrid molecule that comprises either a weakly
25  immunogenic, or substantially non-immunogenic veneered surface. ,

The process of veneering makes use of the available sequence da’éa for human antibody

variable domains compiled by Kabat et al., in Sequences of Proteins of Immunological Interest,

4th ed., (U.S. Dept. of Health and Human Services, U.S. Government Printing Office, 1987),

updates to the Kabat database, and other accessible U.S. and foreign databases (both nucleic acid

30 and protein). Solvent accessibilities of V region amino acids can be deduced from the known

three-dimensional structure for human and murine antibody fragments. Initially, the FRs of the

variable domains of an antibody molecule of interest are compared with corresponding FR

sequences o f human v ariable d omains o btained from the above-identified sources. The most
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vari abl e domai ns of an anti body nol ecule of interest are conpared with
correspondi ng FR sequences of human vari abl e domai ns obtai ned fromthe
above-identified sources. The nbst 58 honol ogous human V regions are then
conpared residue by residue to corresponding nurine amno acids. The
residues in the nurine FR that differ fromthe human counterpart are

repl aced by the residues present in the human noi ety using reconbi nant

t echni ques j rt. i due switching.is only carried.out

wi th noi et iﬁe@k\iﬁﬁu&g%agwa% é‘gs“{e %%‘5?"?%%1?33 %ﬂi\%‘lﬁsé e%%‘bel g AT BON G BUrip e,
and care i smexescsssdbe fesidueshe the @piriac EReld diffef fraumi thohweh dowRGhAU@s rdpldded M
ay have a i.gni f.i effect, on the tertiary structure of V region

domai ns, su ﬁgealjs%l%u(régpllte?leél? g %/}:(lﬁn}?g oMY SR IgE dnaﬁﬁﬁeﬁﬁuqélﬁsi el knpopynyip fhe art.
nmanner, t heResigseiiahing ivene exrédl ouanith gedietisé WHich gresit 188 padtiall) Hipdsedgsii@ned to
retain Stheac‘r: odﬁgt CaDR resi dues .t&g resi dues substantially adjacent to the
CDRs, the r&<UEs FUEHE iIFT%EH5°q i the T pRipsemgnicn amyeq #9)4 pasidueet beB Py Bftte 2

i naccessi bl stdnjfickiesfiesindihe Serb@l isedte to® VP eglonCloRALR, §ubh RO PrdinY Adifie, £ J-
el ectrostatic and .hydrophobi c) contacts between heavy and |ight chain

domai ns, anget aém’rl%g‘}ﬂ%ues from conserved structural regions of the FRs

whi ch are bel i ewedistrianné thd@aERak PRnecr&PNAMIcE Mindideiibd A6 Yous bEHGLYTESQf the
CDR | oops. These design criteria are then used to prepare reconbi nant

nucl eot i de BeEpdeR EOR rridiesdBaispideessphstaniinily adiacens tohthe RBRahwesidnes iflantjfied
chain Ofo a sk%uAls bORDs! 16l Goohlohinbddl Qivll "O: ARREA! ddTED iR AN o
used to transfect mammalian cells for thé expression of reconbl nant human
ant i bodi es OHHeNt és&i PPITOStAEC ansthygeonhabin chhitaws bgtwedn ltelie anddight chapinddnizddy

nol ecul e. [ : ' ' ' hat.specifically
bind to a {%G@%g%dugﬂiﬁ\é\% %SQ%?%{%&#& g%e%gbg% P%lrll?ﬁlt{ogr 9&?%%%8%1{&%%&%0 nc|e§ﬁleby
phage di spl &§poniGale tertgaryystrucyigstod theeGDRy floops. 1 Digde dpn/nifemia afdetien dsadl muprepare

12: 433-55; Bt - : . ) ; -280. Hu r, murine

i munogl obul'i n b\%{a}? f%uﬁ%!éndreesé%ﬁceg\gl\étewco% P‘ﬁ%‘f%rﬁuzaﬁgﬁjﬂﬁ é’re g‘?%@?“%?qﬁgm% P%aat ed
in phagt \astigarbinditgsite gein himeansappesing #RS thaseh de tisddgo framfporniBmilzalkelld s
sFv, or nulg]j . f).that bind. ecifically ta TGE-beta hi ndi
protein or %%%%E?E%grg‘%%ﬁ’%ﬂfh?%?%b %%Sé%,at %‘&S’F,txif“ége“ﬁaf% Vel s rodet:

5, 223, 409; aAibddyamldouleHuse et al ., "Generation of a Large Conbinational

Li brary of the I nogl opuli.n Repertoire.in Phage. a," Science
246: 1275- 1281, c%ﬁ%r“%ﬁ’ﬁg?é sf‘gese?%il% aptiodigs thay Sg?"‘“l:ffaf;? q""’é ©Ont d§torea he
| runol ogi cehdikeyreteinair Iveridnn o prent thdbef i€ BY phake BisplGe Nk, ad d. OWirddr eManqodonal
Catal ytic Anti bqgdi es: nsfructiaon of a In Variable
Regi on- %Q;ec’ﬁ"f"cg%v ""ﬁ’l’c‘:‘z'r %’{#"SISP ggon Rb?lmgé%ég’wf uno Ué%l%]ﬁg@ng‘-l@?‘?,%
August  1989nurirremmahsglotvlia hatidte Algioh RgndVbdtbiitoral librardRSChOABAed\RH pHASSY
Expression Libr ies:bA Ralgid 3 ternative to bridomas," Strategies in
Vol cout ar BB ST 8 g O ETRAR (bt P, of OB reo e Pindac ad.
Sci . USA 88spéifichilp & TEROGRMAUNY wbteidl or,vad 89 dr daghbh EereoBi Qde; .62 7.8 Ghtent

No. 5,223,409; William D. Huse et al., “Generation of a Large Combinétional Library of the

25 Immunoglobulin Repertoire in Phage Lambda,” Science 246:1275-1281, December 1989; see
also L. Sastry etal, “Cloning of the Immunological Repertoire in Escherichia coli for
Generation of Monoclonal Catalytic Antibodies: Construction of a Heavy Chain Variable
Region-Specific cDNA Library,” Proc. Natl. Acad. Sci. USA 86:5728-5732, August 1989; see
also Michelle Alting-Mees et al., “Monoclonal Anfibody Expression Libraries: A Rapid

30 Alternative to Hybridomas,” Strategies in Molecular Biology 3:1-9, January 1990; Kang et al.,
1991 Proc. Natl. Acad. Sci. USA 88:4363-66; Hoogenboom et al., 1992 J. Molec. Biol. 227:381-
388; Schlebusch et al., 1997 Hybridoma 16:47-52 and references cited therein). A commercial
system is available from Stratagene (La Jolla, California) which enables the production of
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388; Schl ebusch et al., 1997 Hybri doma 16:47-52 and references cited
therein). A commercial systemis available from Stratagene (La Joll a,
California) which enables the production of 59 antibodies through
reconbi nant techniques. Briefly, mRNA is isolated froma B cell population,
and utilized to create heavy and |ight chain i munogl obul i n cDNA expressi on
libraries in the % |nmunoZap(H) and ’>erunoZap( L) vectors. Positive
pl aques may, I | agym d which
al | ows hi ghangwea?/%ﬁﬁgﬁ%rrée/cg@?gg&wc }‘}?onoc t‘s % 1%}§d g?‘ﬁ@%??ﬂ@%‘ﬂ?t%m E.
col I . Alt erandutiizdyq creaté hdavsam;d lmglnntlmﬂummaglpbunh&mme)qﬁesaeﬂl YhdEésa0 thede

sequences encodi ion fragments. may be inserted into the
genone of a %%@o%’g \5‘3‘5‘5‘ ?2198{%&%%0“ 3 %tﬁveégaqm%m@f subseyentlybe comerehf |

in frame Wtbhridﬂﬂyﬁcﬁﬂhlﬁﬁ@@hﬁ:ﬂ&@ldtwﬂﬁl@IBMUQprGééﬁB o@h%ebwm aAhtlgoH%FﬂEm%aOt ein
may beafu i on of the coat. Brotelnwththe ht chai n variabl e regi on

domain “a Ey§oin ARBatYERY icARtiRIng Aplusaliteef Roby I pRiidA seqpenses eticeding o
certain eﬂﬂgdﬂaﬁm ® oﬂ-@ragrﬁéﬂt'{'ﬁﬂi' gg)‘tﬂséﬂ?edﬁﬂg the %ﬁﬁ'x@tﬁ a%ﬁ%{i&g%ﬁﬁe&gpﬁ cayed

on a phage particle (see U S. Patent ege tvett or s
may be scre@fedf Vhtipis ‘éﬁﬁ&‘lﬂlt}?ﬁréﬁf ’@cﬁaéwpﬂéstbedequmw onaerliEgls phigeagaEmosinon

anti bodi es {86€plHAEME} bk fusichWRiks

Simlarly, portl ons I(l)lr%t f ragrﬁant S, sclj)c &0% If:&@ d'{gét &%Jrng!éarrrl%}ﬁl srggmr% domain

ant i bodi es aREApr éZYl@othe H@a‘é’omrr yerable wglom d_mragl cdrwgdmganadertanzqmmmIs

di gesti gn qu{uggg I NA Si: t he

regi ons of a gene enco Iée‘ﬁ Ss%g%l sltpggﬁl g ﬁﬁgﬁffﬁ&fy\{?évpt%f‘ﬁlh one
embodi ment ,Ne. h?e6Q§e1ﬁé)s Bhese lveeinsodey bh ecreerad |1ab+1euailegirom> dxprEsed 16 Ryl Fstona
pr oduci ng |nteres re anmm lified using nucleotide: .
priners fo?ﬁat @gﬂt\gg}r%ggr}de&?%f;?%g%t% & Seea?’ng? bé”p§§/ t hesi zed by one

of ordinary ski ISlilmilanlyIIbDeticms or ﬁ\agmmesysm qsmabhﬁcs}éﬂfrﬁgrﬂms COMAB6 @Bk also

avai |l abl e u t ene La Jol fornia ells rlners for
nouse and ;% %%r&rrauﬁtegarll A g ‘é}TOBﬁlsenFSHEEH‘I‘ honaf’rfﬁﬁ “ESJ'T“F?@FQ AP TRrques Foor
VHa, VHIS, \hédepordfy/id varGible, reo\{bnmd ger@lwhﬁ@g&natﬁt&s a SpeBiESAlybikdikEIEbEEY MBthin
utlllzedtoaggjmn%hgg\g l%lgéchalnvarlablerelon i ch may
t hen be inserte “BF’s ]%16 RUeg8e Mg NEeBH TSR 2 frEsBApPincng a
(St r at ageneponocpagentibodgbyintctéiear amplfied SsikfPyciebtdt fenditdr aduaaghit MopnE.
coli, yeast., or . mamal ysteps for expression. Uilizing these

t echni ques, "1 %‘ém%{sl@h%%sya ngeegl e oberdmpmyskilldp diecitt O BAY be RrHhgsed ffomsi on

of the VH admdnﬂékmﬂ@rmm{h‘élermyrcbﬁ QAL 2(18RE ABlifkhi®) seBd primers$hr&AGRe and
242 423- 426h 1988 I'n addi tion, such techni gques nmay be utilized to change

[vje]

a "murifl TEFOnS G EHRE, AmenE QBREH PGS 9Nk Yib-YionYue-HarbVneichg
speci fi ci tycpfeglolﬂe ﬁﬁésb?ﬂﬂx\érs m@@@ﬁa@wtm@w%% SRR BRI SiaBfe rEHGS,
i nvention, i natorial phage braries may "al s6 be ‘used for unalzatlon

of non- hurra‘ﬁhlagln?aﬁbtp@ P& dpssried n%eevectewgsuch R JBIUaeZAP™ H1 g9 BngunoZ3FTBilo)| .

Chem 271: 288dtdgchd), rRpatavelpl Bhese w398 BEP C
95: 8910- 152( A %gag)e |bra$§i/3 mayes%e screen}gd GF(I\){?ﬁtshentreo??&gn ﬁgrvgéil Q%ﬁase regl on

f r agment ome“%lfaéé’?seéﬁysF%fWoﬁéfeé%% Jfilizing these techniques, large amounts of a single-
25  chain protein containing a fusion of the V7 and V1 domains may be produced (see Bird et al.,

Science 242:423-426, 1988). In addition, such techniques may be utilized to change a “murine”
antibody to a “human” antibody, 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.

30  Biol. Chem. 271:22611-18; Rader et al., 1998 Proc. Natl. Acad. Sci. USA 95:8910-15. A phage

library may be screened to select an Ig variable region fragmient of interest by immunodetection

methods known in the art and described herein, and the DNA sequence of the inserted

mmmunoglobulin gene in the phage so selected may be determined by standard techniques. See,
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met hods known in the art and descri bed herein, and the DNA sequence of the
inserted immunogl obulin gene in the phage so sel ected nmay be determ ned by
standard techni ques. See, 60 Sanbrook et al., 2001 Ml ecular Coning: A
Laboratory Manual, Cold Spring Harbor Press. The sel ected |Ig-encoding
sequence nmay then be cloned into another suitable vector for expression of
the Ig fragnent or, optionally, nmay be cloned into a vector containing Ig
constant  rgggi I ' Y i i Nechains. In
ortain of harPanp sy Ga 0Bt M ARRRT (e ok P NPl A ESEuR aipor et

ant i bodi es Tbhaselecigd deredodingeseneengm midyo then fheagiomadt siro l@sethetl suieblhodebngoes

are descri ke er-al Iy in Hayden.et al. 1997 . Curr in.
| munol . 9: Zgrffg%;c’f@)el Iﬁr’%&lg%m gf(%gmfgg)f’ R OC Hnse éni%?lg?c.t or Cf%t%-l%g‘%mﬁtor
exanpl e, mitgionsefor expagssipefivhoferimgmioglsbutimyhdiss. cr eat ed by phage techni ques

to form mniantibodie U S .. Patent .No. .5,910 5 i abqQdi es (Hol liger
et al., 1997, c%“n%eét?m 0?1% F%%%dr% nﬁs’ ﬁ%ﬁﬁﬁﬁe&P%?@%&@.}%&S\Qgimgﬁ a‘&‘ﬁ’f’%‘&? fhat
enmbodi ment sreofukiberic avibndy Sagmean. aAbiuba@ihosIaEdsidredds@ibSQREraIRYfob 8xadible

ant i body tha&@ii expgelgﬁ_gd a$0tapn i.ntracel | ul ar‘gr otein. Such intracellular
ant i bodi es “AFBYERSS ol 8F &r ¢ P Jeminly SRV gt Colame Hed) d8HpNeis Bloktehrodh
fragment, as:159468Y. Goablahpldfiphinttic antihoby FagridhRGHEHE cfeiRE by Bhdde tekﬁﬁcgfei 1t
al., Proc. Natl . ,;\r(é!gd Sci . USA 98:4764-49 (2001). The framework 15 regi ons

f1anking t HECRRRirEidPdrs (LS P4t N9aP P 473 ri dighesioe (Holliges €5 Ronl W bv&nserand

sol ubi liot y Bbnundinminiinb@bods1dsoi3an i ntracel lul ar reducing environment (see,
e.g., Wmet al., J. Biol. Chem 275:2795-803 (2000). An intrabody nay be
directed to a p& £t §PPRIENI af thedrvantion asrantibedyametifie forf HPSE xeaecarby

constructi i - i cl E GE o odih
structi ngtigbdyahd:qf ekitadsed 2R iﬁg&lﬁhap?w&&! saod hﬁ%cél%ﬂpﬁg'@%dle?gﬁt %&oag

the variabl e regions of an intrabody that nay be operative use
pol ynucl eot'figeedty scgthediss enhmap semmpréss aa Fahriragmantaer n rferpdly comtririgen st hi n

the cell (SB8meR (e e ta. gt : I b Bl R L 182- 91
(1995); Lener g? (ale". e%%é&fgpﬂ B?’oogh]g%}' Aﬁ%d7&glg%£§%%76(§2%(§69§1§ ’khe T é%ody
may be 15nt regiersdlinking the £DReteionycan by apoidifiey tadifnpteve lexirepsies laveizhdilhwbilitpof he
skilled artgjs; [Pialc k i r vector,.or a lipig mxture
(o g. - proveor iorhf oL B bAethan S Bng LRLARY MEF PR R Do B g ey
accor di ng tAd53AdT-#BnEWal Aoningrebralyi may ibeniiretth dds. p&beulat ¢etidiac largticimbno

acid nutati Ot apl Lin l.ecul e specific for a TG~ beta

bi ndi ng pr ocggiﬁxﬁﬁé;afgr be @2‘2? E%E{X%Q#H{@raegsgort g{ag%ﬂé%rfsfsi &i RYPTEFCYF 5T or
TGF-bet a biendedigg thpvatablerregonstod am ittebodyrtha frfag bt operfitivelyt fugdd.to a polynucleotide
gener a2 Byoishge et heleda Tariulst Redel avBi S B Crbct b OB kBt
assi sted t hrele Cell i s1orial-omgl WSy lznemmde) Eng. nBycls. eapl Byeds (Booogents f y
the TG bet e BrRaTRg hPEbREH &l 37 vaie A el o fgogalin aristn
Bi ot echnol .inékedigd viabi geneRivrapyl Oectck; $432. lipl he%tBAt de\e| Brovee@ii Aah@lch@ld by

Imgenex Corporation, San Diego, CA), or according to photochemical internalization methods.

or

25 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 binding
protein or to alter an effector function. Immunoglobulins with higher affinity for TGF-beta
binding protein may be generated by site-directed mutagenesis of particular residues. Computer
assisted three-dimensional molecular modeling may be employed to identify the amino acid

30 residues to be changed, in order to improve affinity for the TGF-beta binding protein. See, e.g.,
Mountain et al., 1992, Biotechnol. Genet. Eng. Rev. 10: 1-142. Alternatively, combinatorial
libraries of CDRs may be generated in M13 phage and screened for immunoglobulin fragments
with improved affinity. See, e.g., Glaser et al., 1992, J. Immunol. 149:3903-3913; Barbas et al.,
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i braries of CDRs may be generated in ML3 phage and screened for

i munogl obulin fragnents wth inproved affinity. See, e.g., daser et al.,
1992, J Immunol. 149:3903-3913; Barbas et al., 61 1994 Proc. Natl. Acad.
Sci. USA 91:3809-13; U. S. Patent No. 5,792, 456. Effector functions may
al so be altered by site-directed nutagenesis. See, e.g., Duncan et al.,
1988 Nature 332:563-64; Mrgan et al., 1995 I nmunol ogy 86: 319- 24;

Eght edarzed@&lrp%@rm!zw A&‘M 8. USAlge%E‘osttﬁ%émyﬁ% 2P0n88: 34. For exanpl e,
nmut ati on of the glycosylation site on Fe portion of the

i nununog! obul i nE%%ﬁP T AicuensTRRY alspibe Flff‘}ie(b‘Py qxwélmeﬁ%np@@gms i Feet qog-f Pymcan et
conpl enent o Seks. Kudhe 33 IcBls, Shordth-or k99009 URGIRIGOh €SB E&%ﬂ%@ed%@
Cther mutations in the constant region donmains na ter the a of
t he i munodioaruptiah, %Q?ﬂﬁl%e@éﬁmséﬁrém -34.oF ortegamplf fraetationref ﬂb@@y@@@emim

Vor gan 6t A% 1 45BR 8 100 Epafodbopih B6T b EL R e ot 7 el

34:1019- 29 compplernetoSel ng- Nbﬁgbéqrttdal 199 fapds Biereckiol.no rzébanﬁ]’aher hmMm;s iaithe

humani zed h h I rla,ble r of the Ig
nol ecul es %%}é# %é% @8?%?1?1 mngqn%e ec%nét?'r & 1%1?0%%%%% h°8 leggnte gLy )
pol ypept i defféqtaguit&dy ﬂe;(esdangb@lukahewomzamy hdj €8) Dukae et £, §988 Rk BL:583-.

L2 SaBE RGBS PR a1 O Aot i B,

| i nki ngloa pol ynAedoedaig thecesieif Libodimidis, efva aflinag, ias CovhupRhiyeeRdak-flendinada ane

Known- o | GREBy AP GPBFE SRR ST RdE AT E A TPRR FHn HeY be SARTarE! &

gl scl OSﬁg sink1Rr ch&iX EAVIs€Rv) IpBlyE@hEﬁer&le%%@mgié oﬁmn%h@&ﬁesj\'oSeeSe 333405 1al U S.
at ent

786. B of
ef f ect or pr1§§§e%ﬁ§’1cﬁa%f'2 4%%1“3@@?%‘?5(?6# dBss |Pﬁoc M’st“‘éﬁ’t’ ‘%ég(t’% 8%@%7)}2
See, e.g., Miotilf@RBeb8cretfudibe p roled3mal; bd PERERR- by'\@ﬁcﬁ%@p&%c}@otﬁe s%eueg,é"er

exanpl es of effector_proteins are enzynmes. As a non-limting exanple, such
an enzylfe °CRENEBFerdvasPidedpiiene Wi (gt one SplyRUrsodrtaReEch ecpding &Y see,
e.g., Siengrg v@rtietyal)f kno&z%%?fect@ PG, U&es%%ﬁﬁbdﬁax@%@ovangﬁ theOdrt, GHY arld 'Elgwoggﬁ a

detectabl e activity, such as horseradi sh iperoxidase-catal yzed conversion

of any of dorfABRle. BEPER- 931@%‘\#\14 SsPiasent Nt é§3? 5 UsS. BetertdtoabPRL.5 15 erfiiés, for
di agnost i ¢ paasNoSS k1d 758! N8y wayaiik&spRf A&k Jrueﬁ@@n 19&&? ”ﬁmhﬁli%' W98
lg-toxin 25 fusions, or inMunotoxins, wherein the scFv polypepti de I's
linked to @oBAH ﬁegldph‘@qwneqsv %e re. garf%@nbﬁulsbéyalf,r@@ﬁén@mdmelsdfeﬂtwdd 1p8:&fei n
may, i c [ 0 e i ns

t hat pe%bm tqﬁsthﬁee?gg@p ch bin |énsg %g{)&éelgﬁn{? %9)93 ST g‘%\é gar%o%‘g%?\e and
anti gen (e.mgy, proviteR- bletoalcm mmvmg fqyrtberspauic Hﬁmosgx%teqole@; Simert usti abn 1997

pol ypeptid n ffi o] for d tec ndlng
o T her sorifoTREn Bk BRIBNSP & bbb B, BORRER: ol oL 5 h et

vari ety of pt@mtdm;eemwzad tdnveviot lof idyod e rsikiblet efdwell-hlomesumtewdtd a baectable

E:mgl Lar. %&{I‘Eptl, %gr 8i gnostP egd%tlh%gherler)]{%p S 0) SC A4 HlSlOg tpli'o%gt ayl Fldre] I(g)-lioxﬂ S

25  fusions, or immunotoxins, wherein the scFv polypeptide is linked to a toxin.

The scFv or any antibody fragment d escribed herein may, in certain embodiments, be
fused to peptide or polypeptide domains that permits detection of specific binding between the
fusion protemn and antigen (e.g., a TGF-beta binding protein). For example, the fusion
polypeptide domain may be an affinity tag polypeptide for detecting binding of the scFv fusion

30  protein to a TGF-beta binding protein by any of a variety of techniques with which those skilled
in the art will be familiar. Examples of a peptide tag, include avidin, streptavidin or His (e.g.,
polyhistidine). Detection techniques may also include, for exaniple, binding of an avidin or

streptavidin fusion protein to biotin or to a biotin mimetic sequence (see, e.g., Luo et al., 1998 J.
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pol yhi stidine). Detection techniques may al so i nclude, for exanple, binding
of an avidin or streptavidin fusion protein to biotin or to a biotin

m netic sequence (see, e.g., Luo et al., 1998 J. 62 Biotechnol. 65:225 and
references cited therein), direct coval ent nodification of a fusion protein
with a detectable noiety (e.g., a labeling noiety), non-coval ent binding of
the fusion protein to a specific |abeled reporter nolecule, enzymatic

modi fi cat i @Ry Qfnd 3208 ot RSBl Ak Y of 54100 mo@fﬂ%%t?dn%f%%ﬁ?on'ﬁ'?&,mﬂdes a
portion having enzyne activity, or Imp Ization (covalent or

coval ent) dfithildeteptahds @lﬁleb’r(élgeial*@bélﬁlgangetb'] doxphta@bntsm@pwqfth@h@rpre@@ftgla
affinity p L cl ude
St ept avi TR Ra e pore; T, Sl BlinSgich or dakeBRE AbEHEREE sl

UsS 5, 489,13@61;1 ﬂlat 31011@65?@06@11 haV@g Qﬁtﬁ%&m,wtw . lrtﬁmbﬁﬁam%cmtdlﬁﬁt or non-

5,272, 234, n ei ns 511 an enz%fe such
as gl ut gt hi onaeen Ofghlré%ég e rggée - affg hétp%h‘?le ug%d(gt(‘:c tglerauﬁr eh%f)i%‘fyo? é}(pﬁp for
pol ypept i deonsﬂractﬂih(ef pelol fysiorc preainsdes mﬂtmchmgtaamnamﬁmbgdgem, 15 dischgere hidr

t her eof that eci -bet i ndi r i ribed
her ei n, ma %@g@(@ézg&gg Wéggergga%l@%r%?n@%t%/ﬁéﬁyﬁoﬁ%iéggﬁé‘tg of
wel | - known smggmwvm&l ﬁﬁronr;uedeﬁs GseaCl g, BPS1$)70TY; ah iefBiiecOdich b gnsdiosmeed-i on,
and transfection u5| ng gny nunber of known erresm on vectors. Thus, in
certain entGBisRE 09 SERBY a0 FuesHs IRt PRIFRRPURT agment may be preferred in
a prokajyotic hosdpolfichRotifes E6ARE A6 RNBLAS o6 PldombHi@Bered 1 Bat s pddifitals BB aCt
~al., 1989 Methods Enzyniol. 178:497-515). In certain other enbodinents,

" expressi on I berebiadRE BOHD: GF daSCFPeég*r?é% RHheBPPAFG B rPERES :a%%rrc}nﬂfs Q
eukaryoti ¢ anhesd vacislylor whilkhdtel Bocet@dStor hitlde amcﬁa&ﬁﬁar@g‘am B8nsERMBYInS hRiE

Schi zosacchar oi nyces poi nbe, and Pichia pastoris), animal cells (including
manmal | an cd@nsiediopusipg #AY nE@bersol MmewRsKBISSSI wagiorabiTaus, imperain eeddiments

i ncl ude, L!atx pksfon hna gféﬁg;opfﬁa%m%m méﬁtegﬁfe&é%ha BRI GRUBE NEPad EfBrichtOS,

CHO, or y r| l'es of TS 1 nclude tobacco, corn,
soybeants amdllr(}f@e egel Plycktiomcet 8lui l%BIMeté |Emplels I8 87-ban blb@ﬁiﬂ@edthelt hey

may be i sol p }gﬁ L9t
ordi nary ské?‘fb%&fn(r%ﬁtf héé%%%gl&dosfg%e (;)gl es %g?gita rlﬁ nua ;h&l% W and
Lane (eds. )hosuﬁllldusmdmggye&m(bgr Snwbmoawwweﬁrveszs, Sdz%@)cchamytabkcenbe and

t echni ques L [ 8. Of
anti-const a}?]?’C % é%?%r% %‘i anta{) @”@gﬁm tac e Léﬁsfﬁjepq ﬂ%n%%#@%sg%sldﬁﬁll_ec

RP- HPLC, pwmﬂxdlcatsilmmcbnblpmtnet hmitedde, myplama(swch@s @mlouwﬂiSO 1me) &P, CHO, or
conbi nat i o f..thes chn qu d roteins As
descri bé%l hnh r%récliorllIl ana 165 n @ﬁ%%&wé%tmb}% CO%EX}% Q‘f es a%% 9),

altered versi ortimcoﬁuxfEE{E abmioalebhamhmgn pbtained, nhewrmayl‘beomﬂqmi @ pmﬁbﬁ bra tniawye

bar i1 curar Wty EAPYS dnelar ortitrt e e repatbaihs b SArarent .
Thus, nut ani/anual, fHéFloG:a:thlLaneb (ddnli 0gld Fﬂpbitnglfﬁhrb%rhiabhrafbry Peksé, W8Bhe SifEbidet a
famly

techniques include peptide or protein affinity columns (including use of anti-constant region
25  antibodies attached to the column matrix), HPLC or RP-HPLC, purification on protein A or

protein G columns, or any combination of these techniques.

c. Mutant TGF-beta binding-proteins
As described herein and below in the Examples (e.g., Examples 8 and 9), altered
versions of TGF-beta binding-protein which compete with native TGF-beta binding-protein’s
30 ability to block the activity of a particular TGF-beta family member should lead to increased
bone d ensity. Thus, mutants o f T GF-beta b iﬁdjng-profem which bind to the TGF-beta family
member but do not inhibit the function of the TGF-beta family member would meet the criteria.

The mutant versions must effectively compete with the endogenous inhibitory functions of TGF-
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menber but do not inhibit the function of the TG--beta famly nmenber woul d
neet the criteria. The nutant versions nust effectively conpete with the
endogenous i nhibitory functions of TG 63 beta binding-protein. d.
Production of proteins Polypeptides described herein include the TG
bi nding protein sclerostin and variants thereof and anti bodi es or
fragments thereof that specifically bind to sclerostin. The 5
pol ynucl eot.i des that encode these pol ypeptides include derivatives of the
genes t hat YSiadinditggretifial |y similar to the genes and isolated nucleic acid
nol ecul es, and, when appropriate, the proteins (including peptides and
polypeptldes) that ate eﬁ&@&@@nwﬁp@ﬁemgenes and their derivatives. As used

herein, a nucl eoti dep SEANERE YedcTbieEIBS 1&5?“&36%" sihstamhl E,Htéin%l:?} %tﬂnr

(a) the nucl eoti de sequence is erlve fromthe coding Tegion o
above- descrvapeus Q@weé arginatib odiesues] leag)meam thlermf |tieet sp@&ficalid bind gb derwstinf 0The

exanpl e, p Q se ce ok vari.ations ences
di scussed o?;\l}mé] hqereﬂ%ct%lgstg?se poe}r? 8 ee§ %Chr’rgl %ecnﬁ’ wveing {]? i heﬁfsoggg Hhe
bi nding o fsuB'stiﬁia]ﬂ)}esﬁmﬂdr té thﬂ@laﬂtﬁgﬂm Béistea niiclde sridmeletitds, indf when Wpprbpfdite, gt a

famly; (b)_the ucl.eoti de nce | abl e of h ization tQ .

nucl eot i de Igeta’&eﬁtué]é‘d‘(?? Heﬁgdcﬁr@geh‘t yaent}%ﬁt aﬂgah T §Bode t%eneshia@‘%ﬂ B very
hi gh stri ngRneives €8s Saaleldk BtucRbtide Mahepbd!saeerbdOn lfbg“su&ténﬁglgr sy 145
Manual , 2nd ed., Cold Spring Harbor Laboratory Press, NY, 1989); and/or (c)

the DNA seﬁh@ﬁe%waﬂesea%@éﬁerd&%eda@% thegsoging Tegfonioh debavs descrisd genep 2rthe

DNA sequencggieftefcldBledults GRd iRludes| By exHPIL, %ﬁtoné Bemp E'&;Iu@dc@ o?-gl'léilic R Rk €
di scl osed herein includes both conplenentar non- conpl ement ary

sequences, ‘bfr B9 | sgeneeh dlissesgefe AbWS, o Ry @Y,rr@e?deﬁ t?eII@telCtﬂe rwhichs eﬁlltﬁfe rthdy

her ei n. ]Qd]gg r ans
standard hybri |$z§lt§?§%%%ﬁ %’ttgll5 8§éqﬁmﬁwv§g§%§@a§%‘%ﬂ$§@ thé] dém

t he equi val snuepce Fhepseily uﬁtﬂmrehzaﬁort hnenlpn@tléq muwc&)dedlebyesetmmmmmumﬂeam d
mol ecul es de§&e’taltt%§gﬁ :i/egrl\pfpk]u |93:‘!1’|“‘1an°5? m%ro Etra?gq/lt E IB &' m%p rl%g I on

products using BT 1 Gene
or | ntel$i geaeta, cmdSed 1 €oldl Rprixig| ngmeumatorb/b}hastsam Vi%m aﬁa/lot f(@rﬂm @)NA or

according to the nmethods desc te and

o b S oo e SRS B oot e A% B RO B sy BB Bt pba. 1
the form of (cFdiier, G duakiccackiahélssulediscldsed n@m Iic&ludf:@t!id’m cdoiipléfihicdry e, non-

i ndi vi dual am no acid residues be nodi fi OXI ation. or _reduction.

Fur t her mor e“ORBITTHHY EIBLCFS: AL the §eausPES ] er“ﬁ Bt BiEiesgy fopR PRgte t o

the am no ®aGihth @k dddekebHL th&Cpléseﬁﬁﬁﬂ&ﬂﬁ)ﬂ,S high ttatﬂgetcyatléa@gtstaﬁtaxmmy&tmaaot o
retain or further enhance or decrease_ the biological activity of the

nut ant 8P whITEEP&-spPEtel . O- b PRE L CRidheregui@either acy in the 30 genetic
code, for exanple skil@i6 ofMBY pR&IEASIEE HRARE BudlaE i IndiRcldk RNEHE P d&Emay

sequences encoding the sanme am no acid sequence.
‘be predicted from the primary translation products using the hydrophobicity plot function of, for
example, P/C Gene or Intelligenetics Suite (].ntelhgeneucs, Mountain View, California), or
according to the methods described by Kyte and Doolittle (J. Mol. Biol. 157:105-132, 1982).

25 Proteins of the present invention may be prepared in the form of acidic or basic 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 rtet effect of which is to retain or further enhance or decrease
the biological activity of the mutant or wild-type protein. Moreover, due to degeneracy in the

30  genetic code, for example, there may be considerable variation in nucleotide sequences encoding
the same amino acid sequence.

Other derivatives of the proteins disclosed herein include conjugates of the proteins along
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O her derivatives of the proteins disclosed herein include conjugates of
the proteins along 64 with other proteins or polypeptides. This nay be
acconpl i shed, for exanple, by the synthesis of Ntermnal or Ctermnal .
fusion proteins which may be added to facilitate purification or
identification of proteins (see U S. Patent No. 4,851, 341, see al so, Hopp
et al., Bio/Technology 6:1204, 1988.) Alternatively, fusion proteins such
as Flag(r)/TG--beta binding protein be 5 constructed in order to assist in
t he i dent i f¥8pathes protensr eelspaptidesa fdisamey| bpscenplistehdopeatmpienby e sjmtiesis oD

t he presentyl LOP 0B Y : ted. using, a wide variety of_techni ques
descri bed h%?%%é%gf uptther @%ﬁ%{‘?%&g&n&%c eln?}%P?o uegetﬁ %fljhbaé PREfEHe Phci
by synt hesiigintifjcatioh bfpmigals e L@ sPatanNai iB51g34a, svaladnt HomogtQNCRo/7Eabked by
restriction.sjte abl.ing..ligation to . fragnen f the native sequence.
Fol | owi ng Inél'gg%H z%é%qt h‘lél%err%dgﬁ?l?’i NG oF EBHEE é‘ﬁﬁ%@ﬁ%ﬁg&'@m Tordinecpraied: be

deri vatisve doastiungd tohueded exsdssidn enetidvatifiiOn, ieRg8dsioh Ohd aBlRsd d i 4r@Bin. OF
deletion. Alternpatively, oligonucleotide-directed site-specific (or segnent
speci fic) nut agngéeéﬁ‘SSOf s ESSRUPRIAR fPap & sorsirBSfesiising wisivareetn Al whhniquey
gene or nNuUCeSiribed Gb@inTOF@€Hd}, emiaNdnd il QARRGAL S Sd i ng
to the substjtution, deletion, or i%gae}ftg(igté%h%gléﬁgifed. ﬁ%xﬁé%glbgrﬁgﬁlg%s of
maki ng t he Aiepwicieptidsh sonERing @ mpans seanancsr Banlipd by tosigtionysité bubbling tigation tdl5
(Gene 42: 133,86k 31 weorailc

(Bi oTechni 3%%5, J%J%é?g&fiégg&ue%e i1:95; %ﬁnﬁF%‘%& 1?ngISr.@"lzt et T $58RF !
Princi plles eapeflenp datyaisye hpyiag thedpyired smind @8id insewding, sulSétionak dettial . (supra) .

Deletion or tru ' ! [ _of ot ei ns .0...a soluble :
extracel | ul ar p%@%‘%&lﬁg}g%lﬁé%& Ec% d%(%cr%s Fuc 8‘85‘%3% By 5"%@&’?&%?@%5
restricti orrresedaru ciap s ecmmoyteé So guipddeat attered fpendd s nticélc deldeinblefule having
Subsequent taq.restri.cti over hangs be filled jn and 20 the DNA
rel i gated. péguec%q acroiilonrsregﬂ%eéls a%%"’ﬁ%&?it%g&% hsé‘%%ﬂt?té"r“atdie HEL 8% 1P6THOR E9B%RE- ar e
di 3 cl 03 ed M| dlaﬁ)ﬂhlbthﬁcks & If)lalﬁhg tHeMMetibiksaget €orthOsboig) 'arefdiéekﬁ@cpb?-t\?@ﬂ?f%l\@ﬁ‘lﬁm :
2 Ed, Spli dar bor  Laboratory Press, 1989). Miutations which are
made in'Y th%’ffcf‘?efsé’ Q@Pgﬁﬁbﬁf&ﬂl &%"6? 7 hd OpPeSeit Bialeiqush Japemt 98a0Ry
preserve t o) sail gLl (GRrRicOknditverifd dIFigcHRE URN QLShodf, UPIERRE RIS, 198 D€ and
mut at i ons \égl I 5 pLe{:er_aslgl y_not create conplenentary regions that" when
transcri be _3&5’_{1(?0 thebr F4Te t%elffi"’é‘dﬁfcE‘u’é‘@%‘hd‘ﬁ?‘fﬁuﬁﬁw}%\m@%ﬂﬁg-e@, saildh as
| oops or hadxéradeNglar pdrdn) Wkl dboastv@nhsbid &l f@Glind EaRSliahk rMH@bn eﬁ&%u%@@“
a

Al though a nutation site may be predetermined, 1t IS not necessary t the
nature of SiFeadidrenitte &g dseredslslefien. pYubsrarent it resirictiqnopvasheaapiney bé filloridend t o
~ select jor ’BPM%gﬁéﬁar%'Bfabsﬁlhtﬁéds%E' rr%ﬁ'@%esal@% tiGhs &t/ %&P $hvrard ROGOM
nmut agenesi s nay be conducted dt the target codon. “an he expressea
- nmut ant s scrigeyrmbrécire t gl Molseuldroskonivg: et ebratory Mbmlal, Glddtd. 0@bld Sptiny iHaybor
Al ternativel y..mi LI ONS ey be introduced at particular |oci by
synt hesi zi ng ol onucleo?fdes contai ning a nutant sequence, flanked by
restriction sité&utgvapwhing iregatdeoin tho dukigneaid snoddculeh@f the present invention

preferably preserve the reading frame of the coding sequénces. Furthermore, the mutations will

25  preferably not create complementary regions that when transcribed could hybridize to produce
secohdary mRNA structures, such as loops or hairpins, that 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

30  codon and the expressed mutants screened for gain or loss or retention of biological activity.
Alternatively, mutations may be introduced at particular loci by synthesizing oligonucleotides
containing a mutant sequence, flanked by restriction sites enabling ligation to fragments of the

native sequence. Following ligation, the resulting reconstructed sequence encodes a derivative
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native sequence. Followi ng ligation, the resulting reconstructed sequence
encodes a derivative 65 having the desired am no acid insertion,
substitution, or deletion. Nucleic acid nol ecul es which encode proteins of
the present invention may also be constructed utilizing techniques such as
PCR nmut agenesi s, chem cal nutagenesis (Drinkwater and Klinedinst, PNAS
83: 3402- 3406, 1986), by forced nucl eotide m sincorporation (e.g., Liao 5
and Wse Gene 88:107-111, 1990), or by use of randomy nutageni zed
ol i gonucl ebvYiegthe d¢sined ging a@d ing¢rtion, Gdystitutien, 8r deliof17, 1989). The present
i nvention al so j Lphul.ation and.expression.of the. ahove
descri bed genesﬂgﬁﬁ&%ﬁ?ﬁ%@%mggﬁgﬂﬁghggﬂ 8§QL$;@ﬁ@f@fﬁﬁglﬁ%§?m%5PV§boqw
cont ai ni ng censtregedntilzaypabiheiqots suelk py BERI mgagdnesisbbunted @atageeid (DeiRBBaterSUCh

vectors or yect.or..c S, A ither synthetic .10 or cDNA-derived
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| inked st 0asdiiWRbl@nt rasioes1i pt 1990%! oroby tus i3S IratidoSNAknutReHieat Msn&l SHBAL S

Sui t abl e regul at or enment derived -froma variety of sources,
i ncl udi ng BARETEEE %{ F’tﬂ‘(@fagl'l,slzgﬁ%/’alpgg manmal i an, insect, or plant genes.

Sel ection of appEdpreisat @veRBHbL B Brdidk SHRAL ) dnHulERe AIEShrllot BEHA%BLvCel |
chosen, and nay be readily acconplished by oné of ordinary skill in the

art. Exanplogsribd geagipdpenge 2 Bplesisitty dulieingdestaclisanisipmeptiesnatapprionit er
and enhanc %Rpr@gsmg% dggl'é{&@&:;rﬁﬁ@ gcgl!eg dSlRQ ve&iGid %PG@%IOI F%&He@ﬁ&ﬁc‘l@éﬂh%&%ﬂ&ﬁ\hc

term nator, and a ribosonmal binding sequence, 1nc Ing a trans
i ni ti ati%on or ePyhederiveduurleicecid giodecnios erallies the datireé potxite whith acfopetably pinkddei ns

descri bed . i kFes a W variety of prokaryotic
ona cukar y ot s BBl BRI BERA AR MRl S8Rl iR aBRGISRAC! ' ©
ot her fungibg denvedl from psettty ob soypdeanincloding dactdviat, Hatpal, fvivsl, tamnsliar, ikseg, 6
transfectin uch cells to.express foreign DNA ar Il kno in the art
(see, e.qg. ,pgalnf axar a§ee1 0%3? of appfgpgate f’eﬂ%ﬁ?& E}Sme%s ?dﬁ?é@?‘ B4 t ggll chypsen,

Proc. Nat | .and\aag.beSeidily Wm8mphsht® B9 040 38 orditfdhSBskill MAhE alt. Sxambles olreBulafdat ent
No. 4,801,542; Upshall et al,, U S. Patent No. 4,935, 349; Hagen et al.,

U.S. PaPentlsisnts scieg adgmpserpiquel nrpmoypr andgnhgnces,gr BNA nefymezess grdmg gequenssddel
et al., U S tdRekigtiénalleriNaaod aﬂcﬁ:ﬁﬁ@c%%aﬁﬂﬁlﬁ%ﬁgﬂéﬂ@éﬁ iluddle- 2 MRLIBGH iBftiation

Cl oning: A Laboratory Manual, 2nd ed., Col pri ng Harbor Laboratory

Press, 1989&4%or plant cells see Czako and Marton, Plant Physiol.
104:1067-1071, 1Q84ic asladndiasick Qb Kicofd af oﬂﬂm%r@%eﬁ& RescAfea3BbySRidy bé'ge%aﬁy
ou e

Bacterial host cells suitable for carrying e present invention

i ncl ude E. <pressed By 2 svidn vanedy, oSgrokemielic and wpkaryelie ihosizcellanthcluding dustesgeci es
Wi thin jhe genena, PREUAGT iRk g, w (R BIEE Rells? 'ifgﬁ&g S
wel | as many othgﬁ acteri al s&%cig§§%g$£(ﬁﬁ%§h%?g'gﬂg§%%p§% |nar@£§iffl in
the art andragefeciing pesl chlls tejekpresA foreign B3Wh tra twell dnewainpheardfsea elgadtelors etlalhost

cel | incl uyslesphen G0l s, 738, (FRhAA! LN Broc- MR LBua @) 10T 9h-8920.1033, 1978
Murray et al., U.S. Patent No. 4,801,542; Upshall et al., US Patent No. 4,935,349; Hagen et al.,
U.S. Patent No. 4,784,950; Axel etal., U.S. Patent No. 4,399,216; Goeddel et al., U.S. Patent
25 No. 4,766,075; and Sambrook et al. Molecular Cloning: A Laboratory Manual, 2nd ed., Cold -
Spring Harbor Laboratory Press, 1989; for plant cells see Czako and Marton, Plant Physiol.
104:1067-1071, 1994; ana Paszkowski et al., Biotech. 24:387-392, 1992).
Bacterial host cells suitable for carrying out the present invention include E. coli, B.
subtilis, Salmonella t)pizinzu}-iunz, and various species within the genera Pseudomonas,
30  Streptomyces, and Staphylococcus, as well as many other bacterial species well known to one of
ordinary skill in the art and described herein. A representative example of a bacterial host cell
includes E. coli DH5a (Stratagene, Lalolla, California). |

Bactenal expression vectors preferably comprise a promoter which functions in the host
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: |
Bacterial expression vectors preferably conprise a pronoter whi ch functions

in the host 66 cell, one or nore sel ectable phenotypic markers, and a
bacterial origin of replication. Representative pronoters include the
(3-lactamase (penicillinase) and | actose pronoter system (see Chang et

al ., Nature 275:615, 1978), the T7 RNA pol ynerase pronoter (Studier et al.,
Met h. Enzynol. 185:60-89, 1990), the |anbda pronoter (Elvin et al., Cene
87:123-126, 1990), 5 the trp promoter (Nichols and Yanofsky, Meth, in
Enzynol ogy oglh1 o gr Byg35clectably Rhgectypie mpkemomsr a( Rgtesial prigp of Teptiation.

20: 231, 1982}resdReRive s Rilotdrd MBneCe PL.abls é‘rﬁ&ﬁmﬁs@f OB iy Pliﬂﬁter system

anti bi ot| c resistance markers such-as th e namyci n” or anpi c:}5
resi st ance ¥ferfésng Hhly Nagira gAi- 6, é@u?sﬁ,atblbeT’/‘f BNAtpmffr@ﬂeergothtoéﬂfudmldtal ,are

wel I known tyosl u B I

Gone 2+ 95, QA B T eSS SRy SRR Eh bR R SAE 8 G 1R
essi ng, SMetthe tvprprﬁn&ztym@ﬁci@is alﬁlY@@fSIZ}Z,M%&naEﬁyMo[bgi 7 & Evsgl 10439 s ardgthe Gane
19: 259- 268, 1982 H 8a, . and uescript ML3 :
(Strat agené’ ropg© %(gflfsgﬁjep%gge'?onggg%gzﬁ? 2%’?13& SR USF taﬁ%ﬂmgeéﬁ %“Q%Yaflﬁ‘bgl e
for carryi rugt1muﬁc td@ﬁtaﬁ&feemtarslsmﬂ:ea{ ﬂiankdnaﬁa&diﬁi%r a&ih FAOn r&iAecs ,ﬁenes Many
Sacchar onyc Sacchar o eV| siae, the genera Pichia or

KI uyveronyc?zassm?‘%§“§aﬂ’(]f§afri”5.?§nr%p§8§té SFe WAL e s igludingmong RIFSht et
al., U S RErent (Ne.BAivE38aB48dne 535, t@b’veﬂféxw@;ﬁsﬁmsvﬁﬁm@ sutes, Mﬁ% and
fungi include, anong others, YCp50 (ATCC No 419) for yeast, and t

amdS cl Bhi MYGRE (&e Mywsing M?’fhﬁﬂ i nzymglegy vk F?ﬁﬂl7ob%83'ﬁ nﬂé@euﬂlgsteSSmRﬁ?"e

(Struhl et @hasp 2880@8 Natd pNEERALNERGL - PR 7 Bid Y
(Broach et at, o B 151135 ClD1979) ppJD§2491%§%C%@%\%1231é§%%g%n&&@t ure

275: 104- 108Cahi<91718); and 20 derivatives thereof. Preferred pronoters for use
in yeast includ rd Y ze et al.

3 Bol. Chem  aeB MAObEEBonsE 4573 oK bl By dRRER oA R Fpo®
Genet. 1 41®h6434$accjz@®21ycegmoaba;&@Wartdmhwlroe@waeehggmm& Kidowong Kétyveabmyced N
iggt I) CISEngaﬁgev%{y%gs ec1es %ﬁ{eoor If%%‘glus%éd %hgg}, 8 M%_‘Olg | %ﬁ mﬁﬁ%j%)f

101: 192- 201Su1t1198$)cpreﬁmn‘{ﬂcess fot yrmeimd ﬁmgomtxﬂe,Sarﬁmg dthgi YOOt YICC Nacl ude
t hose deriv. r IIu ni, dul ans col yii epes, suc a
dh3 pronot eﬁqlg)l\fékﬁeaéﬁ t S THBIC ftogflz\fédgg%éblgﬁogﬁ)%gﬁ’lo ﬂé Q%?ﬁssi on
uni tsbln'ay aYEpﬂ '(Snmhhetal a.PrdcrH&’tsC/tcbmtScﬂnﬁfA Veunﬂsnangrw%\n ﬂpaermaa)aaf ettul., ,.
suitable te term nator McKni et . 985
30 Ao wit h B By dor S0RHE e bghe, GrE st bHI0% | HoRL e

sel ect abl e dwiviBLs thetdb Ch may be one of any nunber of genes that exhi b|t a

dom nant phenot g)pe for which a phenot ytpl C assay exists to enable
transformants t 6 rHeTEepaReEH, fopuss &y yeagt dslude radsnierpreiore yeash glycolytic genes

(Hitzeman et al., J. Biol. Chem. 255 :12073-12080, 1980; Alber and Kawasaki, J. Mol. Appl.

Genet. 1:419-434, 1982) or alcohol dehydrogenase genes (Young et al., in Genetic Engineering
of Microorganisms for Chemicals, Hollaender et al. (eds.), p. 355, Plenum, New York, 1982;

25  Ammerer, Meth. Enzymol. 101:192-201, 1983). Examples of useful promoters for fungi vectors
include those derived from Aspergillus nidulans glycolytic genes, such as the adh3 promoter
(McKmight etal., EMBO J. 4:2093-2099, 1985). The expression units may also include a
transcriptional terminator. An example of 2 suitable terminator is the adh3 terminator
(McKnight et al., supra, 1985).

30 As with bacterial vectors, the yeast vectors will generally include a selectable 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
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t hose that conpl enent host cell auxotrophy, provide antibiotiic resistance,
or enable a c ell t o 67 utilize specific carbon sources, and include

| eu2 (Broach et al., ibid.), ura3 (Botstein et al., Gene 8:17, 1979), o r
h is3 (Struhl et al., i bid.). A nother suitable s electable marker i s
the cat gene, which confers chloranphenicol resistance on yeast cells.
Techni ques for transformng fungi are well known in the literature and have
been 5 described, for instance, by Beggs (ibid.), Hinnen et al. (Proc.

Nat | . Acad.vi8gg speqifigcaron fourees, angducludedad)(Brovel etah, iid.)atra3 (Butgtin ekt GeneAcad.

Sci. USA 81 1177{@79; o4 4333( 98th1et QInCJbIBLjS §xex{olthe{< L\ﬁu’dfe eg‘tgﬂie gIﬁaZke} ?sgt’he cgtB g’e)ne The

genotype of the host cell may contai'n a genetlc
conpl enment Q@WOPﬁﬁCbbmhﬁmoémﬁk@mnwﬁssm on the expre55| on vector.
Choi ce of a par ffaahuﬂqaes fohdansfenmhlgélrgctafeb{veu rmb'kﬁrmltﬁe Wik dturéd dnfitavéd Beenl evel

of ordinary n the art tocols f nsfor tjon of yeast
are al so vvee?“% O\X% IPStantcﬁab Bes chllbdg RPeR oF 34 ( Jé ClergAeQalﬁﬁ%/
t r ansf or natlioah mfg Ytttoti eedi (Pyocalva niphd. sheds,em mwo w7 n@e@aﬁx@tﬂmn Rhture
spher opl ast PNAS USA 75: 1929 1978)

or by tr eat'@éﬁ{s’/ ¥@a%§8§1 ki}‘? ﬁ%n"gﬂete%fHé‘gg}%g‘aggl Lg’lﬂ’ contaia 4 gaptierdefert thatyis

Bact eri ol 0gymphsicdieBby thd 8lgctably Bt &dr QFd¥BrtioR Mhe & e@éﬂﬂecﬂ?yc@dl&cbf Q%m@i@ﬁlﬁr‘ ed
out using oneth | ene glycol as described by l1en et al.

( Bi o/ Techndlo8 G & @CQ@W}SW#W%&V@@OF%ﬂ@PW t hat corrprl se a

pronot efo t hat d!Pfo‘i‘&B@ frBe @ARIoBRRIARS PastBe alkSOLPLRINIYBE & oﬂﬁxﬁagy 5@1# geule
that encodes a desired protein as described above. A wde variety o

pronot ers RS a’Be Fgr iexqmndel tamefAmration anay drst sdilyodecerhplishedosither by myeparetianof
includi ng fs@ﬁer@iﬁﬁﬁmf Seast 91?9 B £ Ss%e ?Mﬁllan s MY iR 18?% llﬁ)gg or b& é%ﬁkgxe% LV

LTR, adenoviral pronoter Sci ence 2
neonmyci n pHoEpHEingsaltp é%@éLﬁldmtl@hﬁ‘éﬁhérﬁ:@terwlOgt &53: 18y LaB9). r Trensprrmmtidrer

(Koering etordhmgi Misd3%R st 4§c7iye as |ELRGS: )E/_}{KCuﬁé hers

SV40 pronoter, rret al I ot hi onel n Ta géne en (]ﬁ?%r onot er, al’ OVI rus
i mredi at®e e(QFO/@BC’mO&&nﬁé@ 1880 t he cytorregal OVI rus i nmediate |ate pronot er.

Wt hi t t th t

'S 8 i shue- spectTL L branerer o (Renpie B g b3 B hiffali SR 21
WO 90/ 07936}01&t%lpmb§@ntdamlmleetkawp¢0655 a)desuslmrbtahlaedesmweb&pem Wide variety
pronoters i J}fplrch%?erpﬁlgy ﬁ‘é tﬁ&gg t/ tinﬁ t)?erl:%l %ﬁt of i) qgs?egrmve% 1%% E‘}@d&o grlh%%aﬂle

growth facto ta prom) one nor phogeni pro el n
al phal - chi niemétars sm’rwdﬂeMLVstF&rﬁﬁ\h LTRpFoendtMnL @AARS yempsita plomopt gOBicer .

0 iy on, L S sbaebeed oMo sty BUET ARl Soecll) g promiers

(e.qg., et rovir AT oot ér
ot hers suci‘paas&vh-lhsvpmmmt @oeding heqﬂatHﬁmsGehwrme&p(645746581,99,4) aHepes TK

bacteri al, paraltl arial) ecific pronoters. may be

utilized i r°m§ o £F°d‘é‘1 “a ’%%‘%@P’??nc?‘“ | BT E‘Eliag BRORRIEN YIEmPE e R d

w th a vir usmdiaet esrlya prdmosglnd Ohe Fb@r&ﬂ’fdgﬁleylrus immediate late promoter. Within
particularly preferred embodiments of the invention, the promoter is a tissue-specific promoter

25 (see eg., WO 91/02805; EP 0,415,731; and WO 90/07936). Representative examples of

suitable tissue specific promoters include neural specific enolase promoter, platelet derived
growth factor beta promoter, bone morphogenic protein promoter, human alphal-chimaerin
promoter, synapsin I promoter and synapsin II pi'omoter. In addition to the above-noted
promoters, other viral-specific promoters (e.g., retroviral promoters (including those noted

30  above, as well as others such as HIV promoters), hepatitis, herpes (e.g., EBV), and bacteﬁal,
fungal or parasitic (e.g., malarial) -specific promoters may be utilized in order to target a specific
cell or tissue which is infected with a virus, bacteria, fungus, or parasite.

Mammalian cells suitable for carrying out the present invention include, among others
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Manmal i an cells suitable for carrying out the present inventlion include,
anong others 68 COS, CHO SaCS, osteosarcomas, KS483, MG 63, prinary

ost eobl asts, and human or nanmal i an bone marrow stroma. Ma l'ian
expression vectors for use in carrying out the present invention wll

i nclude a pronoter capable of directing the transcription of a cloned gene,
nucl eic acid nolecule, or cDNA. Preferred pronoters include viral pronoters:
and cel | ul ters |ncIu t he pronoter for
bone- si al o%{orsgt(glflﬁngtralgé’t Stg%gr%%éﬁ%t g&@g’r R@(g 0 EGPEPn Ot q’ﬁ’é ‘g sor

i ncl ude t henamyadiae yadeawirrars suomaedMamelaﬁaf txprepsiOiToécRiTs fdr Bes hﬁéelrryﬁltg cut the Cel |

41:521- 530 19 5 l.ovirus imredjate |ate prom)ter SV40 ronot er
( Subr amani Vem‘]\% fméﬁ’lde anongterfa@gif g’ﬁ ectige ¢ ranyeRptpn of RCIORE\EPFR
net al | ot hi mnaela -atid racledulyy ior usma aPréf&HdU;Lr@ﬂhotEstﬂﬂhw Sird! PEomiiciers laRE cBmUSE

rretallot ionein-1 10 prom Palmter et al., U S Patent No. 4,579, 821),
‘a nouse’V R'Brdfroe onf’ B‘EP‘@ otegf includsy ?}E Pf‘f‘%‘ﬂ“ foxchgge s@iq-prolgigaand the

81: 7041- 704Bomct&8&; os@.‘i@ﬂin Q/ﬁraﬁ;kromot%ké(iﬁcﬁl gﬁemgtﬁnéé@;ﬁ@ eaty3fomot@nd 2
nouse VH promoter (L 33:85-93; 1983 The choi ce of pronoter

oh

will depengoshat gt élas{?el{ ﬁ’f 68}1530’ub?§ﬁ) { Fréomegglayirust U@R?shaéﬂss},@temr@e@ﬁrs &V46r t he
- recipient Gedhotki (MbiaRafiCet ol F A3 BB Chly; 1Bss3UGh. S¥Re t Rk al so

contain a gg(% %f %ﬁNA spl |%ea sites Ioca’?ed dovvns’tream W@ﬂ]% prom) €r and

upst r eam f refialoMEonERA. SdmaimseEle. nEdltilagprometers ingidedibe anquspmeptiehiongnfl

i nteresf,. %E&Il&&r(@gnlﬁ%t%plﬂl%el’ﬁfeﬁtq@o W79%Hogtrﬂlﬂgg fprrgmoteldﬁineg\“ an' Iand/ or

i romunogl obulin ‘genes. Al'so contal ned ¢ expressi‘on vector

pol yadeny| dreiagi4pad|Scl. 365t & 7 0dbrpvst t an{ranf ettahgNVigdelt AjdssRee OLIETH06, 1@87) [

nterest. S Uit Vi 8 n n Fhe earl y or | ate. .20

pol yadeny! at | gﬁaélﬁanifi%?&?& M@P{]Ka n%’lng%adr%dqgﬁgr oo 0% oge i of p pEgrRpter will

pol yadeny| deband, &ilepshin parompon b léckd b ekpresiob dEéleroegh@fbc@mdt tdileliteutorse

grovvth hor 5‘%6 ne termnator (DeNoto et al. Nucl ei ¢ Aci ds Res.

9: 3719- 3738 ? The expression vectors nay i ncl ude a noncoding viral

| eader sequence Sucsxwxprewbnt xhetoﬁdﬁnmléordmstaﬁl d det @BRNAtsﬁhde&&ékelbcatédleaIn@tﬁEam

between th ronot er and .t he ites ferred vectors may_ al so

i ncl ude en%&dﬁcgar i nE s PSSt r°m%eh]8%§\féfﬁuef§e %Ihcl‘? 8 Lipe P PR YRS O f

vect or s nayntatesto Areferrad RN A eplikenttesmangochitsigedt fien adk@bawis I‘aj:j&’oMﬁanobulm

Sui t abl e expressi.on vectors. can be obtai ned f commer.ci al ces (e.g.,

St r at agene, 4 N4 ?‘ lﬁolcomami‘gﬂtP o &y " V7S gcir%’is a@8{¥§$%nﬁ]€?‘§l %%ﬁblf’?aé? VOFEHEI  DNA

sequences aﬂmhdxe:ding&e@u@eﬂfm&mt Qikitable@@lyadengaBdd ApnlSntisdddhe by olelﬁeeﬂm e,

| d |., Cell 30 14: 725,
To75; " SBiraiemcy uf roah SR (ki i e ey Goisemistionspl somn

Van der Eb thé/!AﬂéHoOﬁ)é HE1H BérionldhdIhe mRARCErEWRNorhdfRbehNRHARAL: @3eNato ot 2BEMBO
. 1:841-8 9 r _DEAE-dextran medi ated transfection (Ausubel et al.
( eds.), ﬁ?‘@(ﬁ '%r‘%t%&ogi 319 7R%11881)1 Jihe expression vectors may include a noncoding viral

leader sequence, such as the Adenovirus 2 tripartite leader, located between the promoter and the

RNA splicesites. Preferred vectors may also include enhancer sequences, such as the SV40

25 enhancer. Expression vectors may also include sequences encoding the adenovirus VA RNAs.

Suitable expression vectors can be obtained from commercial sources (e.g., Stratagene, La Jolla,
California).

Vector constructs comprising cloned DNA sequences can be introduced into cultured

mammalian cells by, for example, calcium phosphate-mediated transfection (Wigler et al., Cell

30 14725, 1978; Corsaro and Pearson, Somatic Cell Genetics 7:603, 1981; Graham and Van der

Eb, Virology 52:456, 1973), electroporation (Neumann et al, EMBO J. 1:841-845, 1982), or

DEAE-dextran mediated transfection (Ausubel etal. (eds.), Current Protocols in Molecular

Biology, John Wiley and Sons, Inc., NY, 1987). To identify cells that have stably transfected
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Bi ol ogy, John Wley and Sons, Inc., NY, 1987). To identify cells that have
stably transfected 69 with the vector or have integrated the cloned DNA a
sel ectable marker is generally introduced into the cells along with the °
gene or cDNA of interest. Preferred selectable -markers for use in

cultured mammal i an cells include genes that confer resistance-to drugs,
such as neonycin, hygronycin, and methotrexate. The sel ectabl e marker may
be an anplifiable sel ectable er. 5 ferred |ifiable selectable
markers arée" {hﬂ.ﬁe ﬁﬁf’f’ﬁobgaﬁ’g %%g?%é‘e ﬁEBF&gﬁ\ﬁ‘ raéglie@‘f’bz?q@gkerglé r%gr.‘erslgé}“é?fit“%ll e
mar ker s ar énto e e slodpywitth itk Igyne Y baintdnat. | Pripabh sdl@gpble Brrkére Foraisé

Publ i shers, Stopeham .Massachuysetts, ich is i_ncorpor(gtled herein by .
ref er ence) SRR PTHS 1RSPHCE R Eeh CRFT: IBHFANCH &R 1 BYESa W] BRBHCIRo

“grow for ahpgbingéinQhd tetBirexatey [Th6 adibdfable Radiadifiay YeQn REGIRIX MR ESINGarkdde DNA
sequence(s)_ of 1 nterest. Drg}g@sel ection is then 10 applied to select for

growth &f cetfeediamplifishlesclseispiesaikigs tmdhesBHER gty 20 iy ReepuyFi resilangp .
fashi on. Faeee@blkSmidtat HaVRVRGEN by mfyeqmﬂmwégnh_c@n b bibiAPEGterworth

sel ectabl e marker, the drug concentration nay be increased Th a stepw se

manner to dabkshersiYpnehaeMassashuseids Whishapiaeorpdratedierei boreéatenselquences,

thereby iIncr easw E5F1S o BlaihiBY Pabsﬁi};tab@!zécﬁ)r SRPIESS @g%rﬁxb%lj Q{:Jn%ﬁ ‘_b‘fﬁfhe,

sequences are selected and screened for production o e protein’o

i nterest irynitedlydesdaysdo bepimexpsesong tie e sehusice(@do] interskt. IPug bé¢lsctiph &t then
satisfy, these:ar I r. i gn.
Brot ocol's. Foysei ek Rl BRP AL BiterBNP uB RALEMI ancl ip s BBIERIAT.
of ordi nar yFor s¢eilf | thitnhavieebegnt tranRepteé sweith ani emplifiebleo dslectadt udaekeal the uimg
phosphat e nedi ated transfectian el ectroporation,.lipofection retraviral,
adenovi r al q’gﬂ" n%ér%c? GEP 2SS 4h 2 SERT R E&R[Ee? gonss?%%t&ff) i lgnreﬁgﬁg(zgpeyedugg’ﬁb?o ket
al ., supr a)clonkidkseghenest GrerebpnsdreasingSexpansion devee Cakerxpipssing thesmubducedel | s
or other suitable cells. subsequent to.inpjectjon jntao.the nuscle of

mmal (or RIS &7 e S REeHae Forchl pight Rl S CE RIS Hant
host celd s drat tirdediugitican OfelipayiptyitH&S caitetia k AOVMAN bB cldhed ahd s @id up for
descri bed herdeiﬁ. Numer ous i nsect host cells known in the art can also be
useful wit ¥ present invention,. For exanple, the use of bacul oviruses

as vectors for PZho@kplessitagsfOtibe oo hRgenisaDbs SreehltlE REEHm o thodeNF@edingy €l | s
has been reyviewed b Atkinson et al. (Pestic, Sci. 28:215-224,1990).
Numer ous ve%{lbf%ﬂ&nﬂx pIRﬁﬁies gave matods it ‘ia}?“{“h@h%spﬁat%é’ﬁdéﬂt%&f“ﬁgec%@ef ul
Wi thin the QécaspithtionNVSdTEHHOR, refr®ViralXeasidivial ddEnrotSSlad frudH-ABAGHEE fabldfection

rhi zogenes as _vectors for expressing genes and nucleic acid nol ecules in

pl ant c# | stsgea@oralickdl HAjoS N%#R%Yec?oétcor&wets oD afsp B8 ¢ken PR BEFYaE cells or
11: 47-58, 188 )kuitaBf}: M fbRqiel RliGE:RE RS iR nfifscit BE RERSENDr dthM Ghinl A,

proteins of the present invention may be expressed in_a transgenic ani nal
whose ger m cel | SMeibpdls &5 vaing mseckhess cdls gadplantdogsplls fopnredictienefgybpentidas are

?ﬁz ired protRig iR Mhing BedoSbARRFAR | WurhdriticGhkelithodt JfiORIWE in ®lef £C4ah uRo HOT

useful within the present invention,. For example, the use of baculoviruses as vectors for

25  expressing heterologous DNA sequences in insect c ells has been reviewed by A tkinson et al.
(Pestic. Sci. 28:215-224,1990). Numerous vectors and plant host cells known in the art can also
be useful within the present invention, for example, the use of Agrobacteriz!zm rhz'zogenes as
vectors for expressing genes and nucleic acid molecules in plant cells (see review by S inkar
et al., J. Biosci. (Bangalore 11:47-58, 1987).

30 Within related aspects 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 which
encodes the desired protein and which is operably linked to a promoter effective for the

expression of the gene. Alternatively, in a similar manner transgenic animals may be prepared
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expression of the gene. Alternatively, in a simlar manner t'ransgenic
animal s may be prepared 70 that |ack the desired gene (e.g., "knock-out"
m ce). Such transgenics nay be prepared in a variety of non-human ani nal s,
including mce, rats, rabbits, sheep, dogs, goats, and pigs (see Hammer et
al ., Nature 315:680-683, 1985, Palmter et al., Science 222:809-814, 1983,
"Brinster et al., Proc. Natl. Acad. Sci. USA 82:4438-4442, 1985, Palmter

5087 571, A 158, Bon 5 357, oy e 0O Sl BhScl My @ fediile

Briefly, af2BsHosasi-Brmaeimals. inedingriining, catsn erbbigs, @hm,u dbgmodostLbmel igs Ber
expressed HQgeLNeh Wahle @Bpés‘é%rshafﬁFVPﬂx%ﬁ% eft%”%%’e% 59%&%5‘4,‘3@3 reg‘gq‘é.ﬁﬁ .

sequences s I nt roduced Into ronuc el”tl | ze
by mi croi njeéelt, iftrac. Napit é@rﬂanﬁql dﬁSAoeBZ 4438-441], 085 Palifer usd Mm; €dl! by343kd40}f

anal ysi s ofioPNAT A Licious. SA9BLEs s db oS PrEfeErrefd thats the int fodjged

DNA be 10|ncorpora |ntothe
passed on tapd 611@5.384) mBtisy, pr @g)&myon ve'EtcS&uﬂuchﬂ@ﬁ:micﬂeﬁc RINHESSIION HIRYprEged

achi eved t ue-specific pronoter, or  through the use
of a1 naucy T i SRRl Bt d R R oG Ri-Gaen eRes e
(Pal miter offertilized edA80r exanpleay, miskting Ectiah| Divgratieg ol Aé RifkcR¥ PNSS fideRced byt he

g ot her nethods, culturing

transgene. bli’ro ns galglﬂge isolated b ErD
sui tabl e host 5 et from Hsstiee fAHIS pliotiuRreteres ﬂ?"éé%“rTHﬂWéH‘tedt]P%[ﬁs‘Peatl on
product ® asndgseatedmeb e reein lindSe@E Bﬁfn@l_ﬂ%& tifaf @M pAskaorCR| the brhiR@Bs pREeny.
protein i nclldu5| ons,. or whole cells_fromwhich the protein is not excreted

S

into the sUPBFRECE PSR ABND %%"h{eﬁ’é‘él&éﬂlgﬁ)ﬁh%lu%ﬁ’a?ﬁ lispueyspepifie ipForeeien en
procedur es thidug ﬂie ﬁlSEt 6F dnSiBhRIbE: frbBoted @84 %C{h@fngtraﬁéﬁéneul: Qéne%@zﬂ%‘}ere(ll?amgr
al

supernatant may be first concentrated using conmercially av e protein
concent r at i%#- f1P§-t’é’fP§“) which alipsvs geguimtadcexaregsionyf ithe) tisagesnePel | i con

~ultrafiltrationp2feisbdn. beF@&Lr@dWoann%fgC&ﬁl%rrﬂét&daEhcﬂtﬁﬁngcaﬁt%&@tx{ L&t ﬁd%é‘toxbe

applied to a suitable purlflcatlon matri x such or ex
ant i - pr bt eishstems osefjcy ke gecombipans fransiadien pradugts @pb@qrfopftbﬁrhy Sumtma ftolre

pol ypept i deutidcdd€ides A ﬁf"o?é%) m@ﬂﬁgﬁjs onwﬂolé Ui %lnggﬁlgf? aQ rpg-oteaﬁ‘llg &t Q:Q&*L, ‘é(?HY]d

anion or cation exchange resins fray be enployed In o
protei n. Ash®supgmetpey cag|thearb estedkby oyrsicprof porikcatipeyrorsiarep hr:wéerho g;hlate the

per f or manceyekij r | oyed to 25
further pu‘r%lefllg/eq'tB ﬁgte%%"o? ggla%]}&glg%her S%%%?%?%ﬁa?? érqeag%e[ﬁgﬁgr TrAE 81 t he
present i nespiablepraiein copegnfrationdiliers, suchies @rAImc?ﬁn er pliltipdry Feflicam ultsblatied

pol ypepid d Woﬁ&vﬂgtcﬁ{e Qﬁtﬁﬂg% li% éoggebl@ra knov‘ﬁ'ed tQ %91 a#g%%ggggn%a% | bed

herein, . as ge ctrophoresis an c rona ogra
Pr ef er abl y susluesh fori exeinplecth ml-g;ptemtand‘emiya(eg ah ahetady ﬂ&b@pﬁmﬁ%ﬂ% Phdeto thdr e

preferably era I at | east about
999% pur e. \Rﬂyrq!srﬁﬁ%g? a?ﬁ&e%em 1@ aesll%b%g F}%’R{’% E‘Je{g'ﬁ?%ﬁ’f’léi aﬁn or RO ghange
"i sol at ed" reditshinay bhemployﬁdentordmf tct i fp riees priotein. NXE B tfin@ier klkeri@ivetdieror more

undesi r ed [Q te|n i.s .det ect ed nt to S nal ysis foll owed b
CooMmassi e EF erse- g.sienhI]%ngerWPafW?l ﬁ &promaiography (R%g) step% may be employed to y

25 further purify the protein. Other methods of isolating the proteins of the present invention are
well known in the art. _ _

The purity of an isolated polypeptide may be determiined by techniques known in the art
and described herein, such as gel electrophoresis and chromatography methods. Preferably, such
isolated polypeptides are at least about 90% pure, more preferably at least about 95% pure, and

30 most preferably at least about 99% pure. Within certain specific embodiments, a protein is
deemed to be “isolated” within the context of the present invention if no other undesired protein
is detected pursuant to SDS-PAGE analysis followed by Coomassie blue staining. Within other

embodiments, the desired protein can be isolated such that no other undesired protein is detected
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enbodi nents, the desired protein can be isolated such that no other
undesired protein is detected 71 pursuant to SDS-PAGE anal ysis foll owed by
silver staining. 3. Nucleic Acid Ml ecules Wthin other aspects of the

i nvention, nucleic acid nol ecul es are provided which are capable of

i nhi biting TGF-beta binding-protein binding to a nenber of the TGF-beta
famly. 5 For exanple wi thin one enbodinent antisense oligonucleotide

nol ecul es rqu DL OV §9A&ﬁ'aﬁ sofeﬁ('w]:zéd%al llieééphl bit expression of TG~ beta
n

bi ndi ng-p tel A nuct el ¢ acdl & sequences M¥nerally, Hrashima et al. in

Mol ecul ar B| ol ogy of \ RNAY [gpectives (M Inouye and B. S Dudock,
eds., 1987 Acadgm C 1E>r essAé\gW'[m%ulzgo p. 401); digonucleotides: Antisense

| nhi bitors of GavighirErtberespiconof Be Svefdidie Aucléid acid HB&uMsaM i)ﬂoalﬂed/:){vﬁﬁzﬁ,are
London); St a |e ce 261: 4-1012, 993 WD 95/10607; U.S.
Pat ent )| No. C’E %%egnfg”gﬂf‘g]%%g%/tﬁé RSB é"%ﬁg 6128f er B thefliGF-bety, fapuly.
nol ecul es &fog crasd, rw:lthirednesanﬂ:hdﬁﬁeaﬁ artiB@ide an@nﬁasmﬂdem&mrey are &gow&eradvrﬁm eto
f orm Wat son- Cr. b, £ pairs. V\At?@regl on_of transcribed TG beta binding
protei n mRNA® %%“c?h%rfg@ 19 Rrep QY of JFEF-REfE b RdiRE-PRItHe AUFIGE | ¢ saqyerces (see
i nterferes gahtAinsrhaasdental iRNAIQSS mgoz%yta PeH);%z%Psy(wﬁEA{@@Taﬁd"E
in

protein synt hesi's. (see Exanpl e 10) ot her aspects of

i nvention, TiBe¥fkedsarldshrsotaes P\'M’FF’C Rarp Riegoapa il b cﬁllgoﬁ#ﬂlﬁobdqsi n@ltlfelﬂee
TGF- bet a_bimgbngp (o 'G%ha) ERraGion AT 5O CondiE B o MDAIEAPRE! PodaBfl Skein i Used
s

herein, "ribozyne are intended to include RNA nol ecul es’ that “tontain
ant i - selfse eaaenica 264 5P04s10a2 1P WRASHAPAT; BiS. Pativer N SREAOT; &V PRGE693;

enzynmatic aphipplAye12B8. BBl ¥hittnsitiARdElEavRRdRucSREG, 'a9e Sk

target RNA at greater than stoichiometric concentration. e Variety of
20 ri bozynes, ¥gyabiseto fenn Watsgn-biich base s wihit segion fof MCpb@sﬁﬁﬁ -bitmberdingon,

i ncluding fo5.8%AR 21008, I escrj bed
by Forster ang Syno%gequ F @8%#@%&1&{6 S?‘B@%@Eéég%ﬁn%p e S(‘;”e&1 glshequ ture
328: 596- 60@rocksRE; ofMIDb\ﬁﬁAahdekB(rmwhmprNaimsyreheBBAqSei%ampm9®8 Hasel off
and- Geyd ach, 8. inh riboz for exa
descri bed by I—lase]l%'ffo a%?és O%J%‘é? Qnﬁ’ent rrl]tf\cfoy’%%g fgfr%‘?§%e‘iﬂg§lhéﬁ o s %BF 19
1993 and 25nkbrpe ItheeTGFalbeta blE(lmgrp@aﬁm E‘ia:ﬂmntto Puizirbenatf the TNB beﬂ fa61y. 25 fsed
publ i shed 0 Te: i bos sed ri boz
(see Cech él\{?e E%IQ %gﬁyégg F%? %to %Clbg%ﬁ%g‘ﬂmm% Chg‘% ts?ﬂge ﬁ?qélgrlfﬁi
i nvention t&psr@allﬁb yecogmntsmsfmdcah RRMAclebitig ereymatcsoti By cmﬁpzﬁsgtﬁt srtind EBMAkes a
nucl eic acid an ( sphor qt hi oat.e .or _chinerics thereof . 9.,
DN A/ RNAI Rl\i‘li)e “%“a e RN g géeeagé os&ti&*t“”%ﬁ tric, RSPCEFTafipR, F YAESY bf
ol ecul 5 dmymébeﬂayabﬁmﬁzeamdthbﬁh@mntdiayf thepredediiat e onidchideg\fed du@hlie Ghe
conpounds, . ncl udi ng. for eé fl u8 sce?int;t nol ecul es, toxins, and
hamm erhead bozyme (for a.mple as describ y Forster and Symons, Cell 48: 211 -220,
1987; Haseloff a:_ld Gerlach, Nature 328:596-600, 1988; Walbot and Bruening, Nature 334:196,
1988; Haseloff and- Gerlach, Nature 334 :52.35, 1988); the hairpin ribozyme (for examplé,’ as
described by Haseloffetal, U.S. Patent No. 5,254,678, issued October 19, 1993 and

25  Hempel etal., European Patent Publication No. 0 360 257, published March 26, 1990); and

Tetrahymena ribosomal RNA-based ribozymes (see Cech et al., U.S. Patent No. 4,987,071).
Ribozymes of the present invention typically consist of RNA, but may also be composed of
DNA, nucleic acid analogs (e.g., phosphorothioates), or chimerics thereof (e.g.,
DNA/RNA/RNA). '
30 4. Labels
The gene product or any of the candidate molecules described above and Below, may be
labeled with a variety of compounds, including for example, fluorescent molecules, toxins, and

radionuclides. Representative examples of fluorescent molecules include fluorescein, Phycobili
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radi onucl i des. Representative exanples of fluorescent nol ecyl es include
fluorescein, Phycobili 72 proteins, such as phycoerythrin, rhodam ne,
Texas red an d luciferase. Representative exanples of toxins include
ricin, abrin diphtheria toxin, cholera toxin, gelonin, pokeweed antiviral
protein, tritin, Shigella toxin, and Pseudononas exotoxin A.
Represent ati ve exanpl es of radionuclides include Cu-64, Ga-67, Ga--68,

Zr-89, Ru-97, Tc-90m Bh- 105 . P%OQJ In-111, 1-123,1-125, | 5 131, Re-186,

Re- 188, Au- &fQée}nsA?}ﬂiégp, yﬁ’ﬁ-“%ﬁgl; rhedaming, Tepps rpq andyWgifpse Representatividéxainples t he

anti bodi es dfsging DEddeaRy ebifpdpiehs than | Aheh etk xR l’lrb‘i@&zge‘il a}ugvir%{‘ﬁro{%a” ner
1'n- r

of a ligand,_bindin pair. Representative exanples include avi Iotrn,
strept avi di BB FH§Ha 'S 2P HEFAAWES xatorad BaRapraseiative gxqummesaifmadidvat lesls

for conj ugainchnge Ct-ck.abeb7, Th-dsn oA 8L S JIES Gl dep_%geith% gﬂ%idqggo 0

representative_labels set forth above nay be’readily ace¢onmp ne of
or di nary® skiil Rerl8¢.Hke-188y Au(18BeATL PG Kbt ARR! 1ARDI2DD dyd BoRj LIght Siditih, She

Pat ent No. &ti%%es%%gdﬁbéﬂﬁﬂob@ﬁu 99@5&19@ 1& or C%JH.S. tP to%gé{)%g][ﬁ %?1%6, 1 %@P@B 4:

Fl uorogenic Materials and Labeling Techni que:s’,l.lgalf
Met al  Radi oPA¥e| i Represertiative dexpmpieei msludeoravBiraigotisi sreptadidRRgstapyand UriSoflaPat ent

No. 4, 897, 28 Fiavid Bth ..Radi onucl i de Chel ati ng Conpounds for |nproved
Chel ation Ki netaivcs, d%%tp@%g Pat ent No. 4, 988,496; see al so I nnman, Methods

| n Enzynol ogy, VWd¢thodg4for Abdnjugating of elehelingues, nfoneyiee Redribbd Cakdi® NwitPakt B,
Jakoby and 30, 1974; see al so
i

" - . ademic Press, New Yark, p. . i
W | chek and%%§%?5vé %ﬁ%’ %E(‘/f"dé:ﬁr?-g SV PG a5 omRLises By ane qfijordipary skill in the
- Appl i cat i onst (stATathotiscaeheribody’ Codingite, UL 88rent RAARMACERIT | G0 &PMRGSHRM 20
As not ed abg\éepattcgeNéarSefo%% i ﬁventi on al so provides a variety of - ..
phar maceut i CAT * 2EamposT IPons, FEFREFRIsMalran and dabelias Jiseipiaige &8 Pasent No.
rr;)l etr:] ul es MDtﬂ:BS::lnMebi Rﬁdibﬂn&ﬁa'&aﬂbwd@ﬁoﬂainﬂ%miagﬁc{a%s%@ I‘%ﬂﬁﬁ}, ﬁﬂsi‘f"atéht Pber
of the TGF- amni ng. wit. pharmaceutically or physiologically
accept abl e @gé'f,igsgr ?“Jeﬁ%%%égﬂf’gu‘%‘ge Snaine Gomppinds & nprayed Chelation Kirstisshoul d
be nontoxiU.St PateaciNg endss 488, bhe 4o SRaRS han o)71=Te Py
Ordinarily,, the preparation_ 25 of asuch cong%glﬁ%?gﬁ%@é%@éS\éog'gg%"n%éﬁlgq he
t her apeuti c %fg’@ﬁ St P UG a kT % ‘gt smd (Echsls (edag otvaimaic fisesdl, Névow
nmol ecul ar Webghp. 10| €87, Sdeamkoalastick 1Qd !B%?ir,d%é)Av@cHﬁ-)éﬂﬁiﬂt(f%%x BTGk %Ca(lj

amno ac arbghydrates includin ucose, m altose, "sucrose o°r

ids, ¢ ar b ,
extrins, c %@-‘Tb&f‘ti‘% AryHpdiewyt 1232 1888YA, gl ut at hi one and ot her

stabili zersPand excipients. Neutral buffered saline or saline mxed wth
nonspeci f i c—%ﬁ@r@%ﬁ‘—@é‘m IHO¥Senpl ary appropriate diluents. 30 The

phar macgutical conposjtjons of the present inventjion may be prepared for
adnmi ni s? (Srjati on WHEO%FI’%“& RF PERSTN SRERIOR i eRIOVIORF gevsictyl of phasmageplicabf

carrier is selpostiad, BagLBin@Mne of the above-described molecules which inhibits the TGF-beta

binding-protein binding to a2 member of the TGF-beta family along with a pharmaceutically or

physiologically acceptable carrier, excipients or diluents. Generally, such carriers should be

nontoxip fo recipiepts atrthe dosages and concentrations employed. Ordinarily, the preparation

25  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 i ncluding glucose, m altose, s ucrose or d extrins, ¢ helating a gents-such as

- EDTA, glutathione and other stabilizers and excipients. Neutral buffered saline or saline mixed
with nonspecific serum albumin are exemplary appropriate diluents. |

30 . The pharmaceutical compositions of the present invention may be prepared for

administration by a variety of different routes. 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, including, for example, topical, oral, n asal, i ntrathecal,
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the mode of administration. Pharmaceuti cal conpositions may |be fornul at ed
for any appropriate manner of adm nistration, including, for exanple,

topical, oral, n asal, i ntrathecal, 73 rectal, vaginal, sublingual or
parenteral adm nistration, including subcutaneous, intravenous,
intranuscul ar, intrasternal, intracavenous, intraneatal, or intraurethral
injection or infusion. A pharmaceutical conposition (e.g., for oral

adm ni stration or delivery by injection) may be in the formof aliquid
(e.g., an eFFRs vasieal, P3na) i pEpnteralpdminismtion. Wokidiop silomjaneolis) intravenos,
phar maceut | GakmELIRO firhdt&hal Mnd¥cal Bk XAIRl or more of the
followng: sterile diluents sucgh asug\j\‘]g%&rl&%al e nj ecﬁtorl%uecnzgflloﬁg‘ﬁégbqnuﬁ on,
pr ef er abl y Biayraceitisyicerposition (ae, fqnorﬁgeMmstrsmﬂmm ideliveryi tydhjection) sadbé!f the
chloride, fixpd,Obl g, tdat Ve, as th t. or sus endi ng , nedi um
pol yet hyl ene gl ycol 13‘“‘5 ﬁ‘y%”%n,&%&pr opyFens ﬁl&?@/cfﬂlqﬁ?n o‘Fh%’f’fS DFPPent4; dqud
ant i bacter |Ehama@elmcsl corr@mmmwndﬁmcm,de dhet ﬁtntpmoagexnin&e diuhd eNRBwaE Nt@se
acet at es, h“ uch aktleors hate ge for t e 10 adjustnment of
tonicity such as sodl um Chiof ¢ °’br %&EX g,prgfe Hr@ﬁ%@P&FalﬁaklﬁpBﬁw@ﬁ BN

can be enciobsien lsaoﬂmGdIhJﬁSchl&ldspﬁﬁ@bbﬁ)s Wl Mag@&vgrasqyg LiPl® RS eNiAd S
made of glass..or use, of physiological saline is preferred,
and an i nj eCt4HP edp b’l‘?@?’t"fﬁ% Scﬁwcecﬂﬁlni’f@QYl?T}ecﬂlb’cho r offiee padyeatst gntibeclerial egenfhe
conposi t i onatieEssks; bmhuhgagdn& B@érsbs%cﬁ & 4Bl krafeR gﬁb’éﬁlﬁeg%id Eih{%%ﬁha{' ’
e., a 15 formul ati on such as a capsul e or sponge tf1 ects
rel easelbt EHTEsBhat P&C}%\ﬁ}i"ﬁl?gas sReiRmnshderidg o deytross @cﬂ*ﬁr@mﬁ@smamnscmye
general |y bécRERRARBHMHS ni st for
exanple, oral, rectal or gg%dgﬁ%lg%}g%g%rnp %?g%?)glnalsé&ggde anlass ip! ?sgf Eﬁé at
t he desiredsg a?fg@tys@liogléal KUt 45 meaferred] aad elnfmjentalblatphmcmyalccnmh;ﬂ»suﬁoxaﬁs
agent di spefsefpiRieflle Carrier mtrix and/or contained within a reservoir
surrounded by a rate controlling nmenbrane. 20 Carriers for use wthin such
formul ati ons ar dbp cpmpmﬁpmsldgkmechhetemmasalbsﬁoﬂmu&téw od egsadabdkdease (e,
preferably ftoPE ;n%r a on vides a %%I vely constant |evel of actl ve
conponent ease. el Spg%gte ‘HN EBFASGOh &empgIng i fplloyving

sust ai ned r%ibmastzahbmjr Sui_chb bmposﬁtememds oldmﬂlythiwprqﬁtddals Tg ﬁp@%ﬁ%&t@%g\%
e conditionto

rate and exs cted tian of rel eas d the nature o

be treated or% pr evsg dala’.’?r S ERRIP, aotrg %Q o7 SHReuianeaus frgplantanonn prbyr iggpiantption

i ncl ude ni catdpaddsirel ﬁgeoineZ‘fsdaﬁln)é& kiakd SemEiards YR dofieih: anPREMAGEN BT gl

| atex, starch, cellu dextran and the like. Oher illustrative

el ayed- r el eXTET Talp; ‘?”éﬁ’é CPRIEREH WITRIR FrrasRpYoF cyrakDded éwéé@teﬁgnﬁdhngdhemhimrl se
a non- bd quCdri&ty drophivithén §Rh €orifions zﬁ'eglfde%?a{tl'bfékﬁgd rHQy Xﬁé‘ﬁ%@?cfd%%ﬁda%fe

ol i gosacchari dej and, opti onalva}/ an external layer conprisin

anphi phi | | cPfE%’ﬁb‘asah*?d’on%t Hetion psovadep b aal# vty consient bowel of agfive cumsmenu?amat Thio.
5,151, 254 afcbuli(oF s8R dofRbhriNntAed 44R R0/ &tV 39 6(,06638) .
30 In another illustrat F@e enbodi ment , %%ategr a%fgﬁ%efzgnnuéaﬁgggﬁ% 2 uF(°é1q

pol yl act at esite ghiRianjasion.dheyateand epasted duthtian ofmiersceng tHeamtutdyer thoandiioh kNS

of this i n\/t%ntgréa%@ or%fé\;eﬂﬁgh.e Nlustrative carriers useful in this regard include microparticles of

25  poly(lactide-co-glycolide), polyacrylate, latex, starch, cellulose, dextran and the like. Other
illustrative d elayed-release carriers include supramolecular biovectors, which comprise a non-
liquid hydrophilic core (e.g., a cross-linked polysaccharide or ohgosacchande) and, optionally,
an external layer comprising an amphiphilic compound, such as a phosphohpld (see e.g., US.
Patent No. 5,151,254 and PCT applications WO 94/20078, WO/94/23701 and WO 96/06638).

30 In another 111ustrat1ve embodiment, biodegradable microspheres (e.g., polylactate
polyglycolaie) are employed as carriers for the compositions of this invention. Suitable
biodegradable microspheres are disclosed, for example, in U.S. Patent Nos. 4,897,268;
5,075,109; 5,928,647; 5,811,128; 5,820,883; 5,853,763; 5,814,344, 5,407,609 and 5,942,252.
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|
bi odegradabl e m crospheres are disclosed, for exanple, in U S. Patent Nos.
4,897,268; 5,075,109; '5,928,647; 5,811, 128; 5, 820,883; 5,853, 763;
5,814, 344, 5,407,609 and 5,942,252. 74 Modified hepatitis B core protein
carrier systens, such as described in WO 99 40934, and references cited
therein, will also be useful for many applications. Another illustrative
carrier/delivery systemenploys a carrier conprising particulate-protein
conpl exes, such as those described in U S. Patent No. 5,928,647, which are

capabl e of Mudifei rigpzmnc[Bawe Iprateis toniriet @ghtents, G3chOds Qdek&ibdd hiy 'de@§yzi0§34 and
responses i kaeren ﬁl anot hglr 1| | |Lustr | ve enbodi nment, cal cium {)hosphat e
core particles are Cléeﬁlp Gyed A a&%lellégF dpr many. dRrlicationed Aepibers dlusative ces

for the conpamd:rtdleh)\rwy Qfstetnhbxﬁplbw erHairi@flcopr’&smM pericul %&&m&ﬂa&&?%& a
particles a di sc| for exan'g) ubl’i 'shed patent application Ro.

WO 0046147. éwbgialr%c%ﬁw it é%ﬁx%ﬂswgicbﬁ@ c@pAPIsr afgndnging apsdrsy hestrieted i de

encodi ngs ancmbxlc’i%ho@@éﬂe%ﬂyes%ngﬁ&{ modul ating agent (such that the
pol ypepti de and/or nodul ating agent is generated in situ), the

pol ynucl eot i de rﬁéfn‘l?féefrﬁl\é%@h‘fe leasiment raplcpfn ahnﬁahatest:qre phrtxiel areednyployes e s
known to t h@ﬁﬁeeror Qg g&n‘ﬂ@fléﬁ %ﬁaéel mbificds"8r #etcond 51 ig d'o%%%lnuc' St & %';e?npla%‘d

bacterial, viral and I an expressi on sy ARTGERE

i ncor por at | ﬁ@ClDNAPthb@IC Padiclesrapr disdosed, 5 esgns;ﬂerm ;ﬁbﬁshwlpbtektn@mcdh@n tNyose
of ordi nary“;*(g/b(l)% i the art. The DNA may al so be "naked," as described,
for exanple Ilrrer et al., Science 259:1745-1749, 1993 and revi ewed by

Cohen, 18ci ence Rﬁgh&ﬁﬁdeuﬁmzomﬁ&ﬁ&ns Eoreprispizak golpfucRakRAnEM TRY aRESOST

i ncr eased betl gtl ng 1 ‘ﬁNA ont o, bi,odegr adab] e beads, which are
efficiently transporte Hlofi FH8; PR &Pty thapithe d’@%?pé‘ﬂ?ré’ﬁfyobfm@ﬂ-lap%laéﬂ’ﬁd%l ng .
and treat Meptnera@ginEnS, tﬁ@psolmble@ldeh@ymﬁ:}ds&iﬂkﬂhm 280 oPQUQQ%J 6ﬂd@ﬁ‘§er>d§z§t%k bed
herein in avarlet% of tr&gtment |rrens including e.g.,” oral

par ent er al kriqwn; 90,9087t Wr%% aétnbnci“ﬁ%nré’dhﬂﬂ@@uﬂl%d and rHiaptesAly witdl end and

f or mul at i oNmainfai@l bxpkRQUM sidledidre Teaﬁﬁ ues WFeinp hDRIAS S'sﬁ{h Yy ?és?%?ﬂssed
bel ow for general purposes of |IIustra ifon. In certain app I cations

phar macéut i SAEme g Pwnde tosccefpsdieprn skilbimtherary. Fhe DNA| maseslgdbev/inaked)” ab
admi ni st r at §Q&ided, B e@RipBn Uﬁ%r%uﬁhsc{ekk%%9 @? P@bt@@%nmlet&%dfb ({“ﬁ' at ed
e may

25 with an inert diluent or With an assi ml e carrier
be encl osedSFerch &t HLo9br 6% 9235 Hidle[upigkd @ftnpkﬁddﬁm miap be crebdvd py n@aying ehe DNA

conpressed pht glog@%pidgglgbeagg V&Mm%mg)& 3?19 ‘ﬁﬁo ecegl rectly with the

f ood of the diet n certain ci rcumstan es | eésirable to deliver
t he phar maceut i cBle devetprsdnt |06r$sltabd3h doingsand teemesnn rqpanientfer atihy the particular

appr onchgs SrE P ARH Pl 1 oY RE gt B el RO il G BB ¢ her
descri bed, MV@mmhmwalmﬂ iffraniati@a tadinistratidrdand ¥6@iulddom. is Ral &AEwNG: the
5, 641, 515 aar%i some of Whléh are brll\k%ly discussed below for general purposes of illustration.
In certain applications, the pharmaceutical compositions disclosed herein may be
delivered via oral administration to an animal. As such, these compositions may be formulated
25  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 compositions
disclosed herein parenterally, intravenously, ‘intramuscularly, or even intraperitoneally. Such
30 approaches are well known to the skilled artisan, some of which are further described, for
example, in U.S. Patent No. 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 commpounds as free base or

pharmacologically acceptable salts may be prepared in water suitably mixed with a surfactant,
75



5,399, 363. In certain enbodi nents, solutions of the active conpounds as
free base or pharmacol ogically acceptable salts nmay be prepared in water
suitably m xed with a surfactant, 75 such as hydroxypropyl cel | ul ose.

Di spersions may al so be prepared in glycerol, liquid polyethylene glycols,
and m xtures thereof and in oils. Under ordinary conditions of storage and
use, these preparations generally will contain a preservative to prevent
the growth of mcroorganisnms. 5 Illustrative pharmaceutical fornms sui tabl e

- for injectafkle aSeydioxghrupi@cesiiBEd. | EDBEHIGOS maf Olisd iben e}SHreddllf%%rc&'opn
sterile powders for the extenporaneous (greparatlon of steri I'n ec a

sol uti ons OONFW}sET EVois 2 M EssheEes andsimeoily), Bndspardivary mdltlsn&lﬁ&m)md I n

al | cases the, dleqs Hroatoeasihly | GaBshlss fhRadbiicdid Q. he £Xt anlal BAC

easy syri ngabl ity exists t nust be stab & Under t he con I ofis

manuf act ur erméEFf@T@PJém&ge and nust be preserved. agai nst the 10 cont am nat| ng

action of m Cro%ﬁlﬂﬁﬁé%&gﬁé&mlcﬁs RAC LR R ?@dle{?gt%}e useragﬁlc I’I’I %r can oe a

sol vent or dispersi on nedi um cont al ni ng, ClniEtiloinde

pol yol (e. gsoluhghwoedcpermmsopyﬂ etorile pgbvylaelfpr &mdeﬁtd:rﬁpurd)eml ryreflalﬁaﬁloﬁrtﬂ’ ol
and the |i kly}e ﬁgsoﬁ )| € orna X ur es é{zher eo [agé]% etable oils. Pro er
fluidity may Ba mel Rica ned PoFHs EonrpmRle: aff§ st WOL48% i cases

| eci t hin, bfprm thet Bepdieile aenmestafe ﬂulftBrorméIUktExﬁdhé?%aéyl $hifpabllifLerlifls. t h‘%nus?@ée of

di sper si on ;%163) / or Xt?the use of 15 surfactants. The prevention of the
action of mMEroBIYhMeSHARIERRs BE MRaMAJTHE And Flosesey K BEY bea?f?ﬁeﬁ’&@taé?msélth%md

antifungal agemisting Mo $ERRtRrzaRithd BehS:s bﬁé?érﬁraﬂ@wofhe c% be §
acid, thinergsal andthellke In many cases, it wll pre era eto

i ncl ude i so?r&ﬁpﬁ“s’%éfmi%m fQIfainipg, JoRFxampIs.vers efbﬁnoéd@il}{srh{@@hlgbyccme prévshonged
absorption @fcol, gd ligti& E&l?&hﬁerﬁmgﬁ hid @0 gk%aﬁm@lﬁe %fﬂllég Gl%regp%&/orb\%éétgb%e use

in the conmpositions of agents del ayi ng absarption, for ex
al uni num mofilss PeReiuditymepydre|neaintzined, for @Fﬂelpéﬂ’rb!)dle renofa q‘oarmgpaclemst levithin, by

adm ni st rat f,on,4h soI shoul d. b i tabl
- buffered if neces%%hfag#gggﬁ]eﬁ%l g%ﬁhﬁgélz uent. frT s?&sgerﬂg? g&d/?et@'t i'ge
suf fici éht whétands. oﬂhg Ipryesten dihths eu:tpmr oﬁ nmdrmrgaweom tOfatilita@d SbyakBious

especi al l'y o] ~In rav N scu subcut aneous, and
i ntraperi to%lgg%(:% rﬁnﬁil %‘ oo Ort% b?\eﬁ PP St oﬁ{or%mﬁc’lsf’%efli’ll’ éOIQﬁL?e’élus
medi um t hat thowanoshle mm:ﬂedyed Mminybaesek,rnow‘ﬂl be pidiasile @8 irhidk lisotoRict pent@rfor i N

i ght of the resent d| exa dosage nay be “di ssol ved
in1n of 70 ohslugmf\lardo %’E‘Eri%(? nF rzg{?&geéji %Ef@?mﬁ’dgé@ 1puse @?P‘?HOSIBPHS can be
“hypoder nocl yreught fabatit d)yOﬂhe g e tiedcaipobilensP6ORRER ddetdyir ﬂ)fsorpﬁd?lf Y& g(esee

for exanpl e, Renzington's Pharmaceutical Sciences, i15th ed., pp. 1035-1038
and 15 1@%‘55“““1 SIRALYF 219 &5H9Pn dosage will necessarily occur depending

- on the conditiofin @he tBodderst Uik ?@ﬂéntgﬁl! Afhihik@Abedn a%ﬁ@é%\ﬂ?é’ oluttogrtﬂalégﬁlﬂon
adm ni stration, preparations w of course preferably meet sterility,

pyrogeni Ci tibomﬁrm PPy OMEral ik ascstsyy avd thediard dtugridBisdsndged isqioniceditiby

sufficient saline or glucose. These particular aqueous solutions are especially suitable for

0

intravenous, intramuscular, subcutaneous and intraperitoneal administration. In this connection,.

25  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, Remington's Pharmaceutical Sciences, 15th ed., pp. 1035-1038 and
1570-1580). Some variation in dosage will necessarily occur depending on the condition of the

30  subject being treated. Moreover, for human administration, preparations wiil 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 be
76



FDA O fice of Biologics standards. In another enbodi nent of’the i nvention,
the conpositions disclosed herein may be 76 fornulated in a neutral or
salt form Illustrative pharmaceutically-acceptable salts include the acid
addition salts (formed wth the free am no groups of the protein) and which
are fornmed with inorganic acids such as, for exanple, hydrochloric or
phosphoric acids, or such organic acids as acetic, oxalic, tartaric,
mandelic, and the like. Salts forned with the free carboxyl groups can 5

al so be der iforechlftedoimn 4 motrgasnisalt hﬁ\ﬁ.emlﬁﬂﬁhveaﬁhmﬁx&'éut%@g%%mﬁﬁglailtg_rglclude.t%e

potassium a m. or ferric hydroxides, such organi ¢ bases

] i,.um _cal ci ,
as isopropylagﬁioaﬂ@,tm’%?’il ?’FHFHé{‘fﬁhﬁ}é‘iffequ grovrs of hepri¢imemd mdhidhruee foiriel wittpon

formul at i on,ind@dnttd dc@e Sudhiak | fob&k ARG NaSdBed o nner  conpatibl e with
the dosage formulation and in saﬁlgh gyrmunto gé’kp'?sﬁ?%g‘?gg‘gsuﬂ EHPI%ABAEEE P e.

The carri er $°88ano¥alie.(tHrEFIcCaApielis andidy lded Saltd fosmbd/eith the frlieSRMOSYI QRoFR dird,

vehicles,s h},aRaddH i : [bacterial and antifungal agents,
i sotoni ¢ and absor pt%ﬁﬁodel%lgg?%cabésgggedﬁ?s%s’ ?ruef(?‘nel?alg’, SOCHTY iPAFS LY HAY U,

suspensi ons Calgiwi, oir districalndraxkdes, | inkdesuch hergatie bades 281GEbprERaia) driRg@ HkSinef O

phar maceut i active. angces. i s | | .known in the art. Except 1nsofar
as any Con\%)gsh?i?l gr#ééf(cgjrlr% |§£h8?&%ggﬁ?n ﬁE@PﬁEW%EP?%F &ljipe pdraimistesed in\aemanner

i ngredi ent, compatibvevittrihg feage femapeioh ked in(‘sﬁmuﬁfﬁ@ssmér%eﬁﬁ&h? @H%@itv@d-
Suppl enent ary aclﬂxye i.grgredi ents can . also be incorporated into . the
conposi tions. The phta Ga'bﬁﬁ&?‘?ﬁégm”ils@a?‘}yy%@éﬁ?lﬁﬁfse"dlapetfwnsmtxba,mﬂlam ar
ent | estoandoatbagpilsints, eittoat bl a0t Oingal AHE SR bACIAbEAO B Bl

n enbodi )

unt owar d re%cgi on when adm nistered to ~a hunan. I'n_ certa
| i posor nes, HATOCARSLIREIONs:SispeRsions.icelleids, and fhedikp aFhe wk o6 such weediacine agenand
the | ke, afe pdackica NE:eNLHAGAEL 0N O hilfy GPTROT! T QDS0f, Lhe present

invention .20 into sujtable host cells/organisns. |n par TR Tt ™
conposi t i onSOHFIHWAl Prdisseragent i aprureiblanithiske dctvermbatient, fiouse detheigkpeid her
encapsul at edodpbostichd R 1.6l i .a vesicle, a_ nanosphere, or
a nanoparticl .eﬁbor O%l_ér_lfeg élgflﬂlgggaklﬁt §}1 %‘g%r%l%/e %Eg,g n%%fﬁso%g 2l be feoposAlghipto
i nventi di  &grcogwopbensd, Thei ptiiee "plowmbcentidaliy-accepiable'cad NnbMeuthOerdkiles and
surface of i vehi ... The format.jon and use of |iposone and
|i posone-| | Eaéiﬁ%}sg%ggr {gtgt{dgn@tlg%hg%tagr? 78° % F’&Bl‘” grioward raghion when pdpnisierpq to
known to theswmef skill in the art (see for exanple, Lasic, Trends _
Bi ot echnol .- 16(@ ol 261 bo .9981; ‘Ié.yakakura, Ni ppon R insho 5 6(3):691-95, 1
998: Chandran et al- "1 nai SRRt gipfsomss,, nanosagsaics, gmicreygrticies g 7ipi lebst
Crit. Rev. Vbsidles, Brdue Moy, ieaisedSps the idit{ddctibh o2 8@ bmposh AP of fe ?resgxﬁl%ﬁ%ﬁtiogo'
_5;567,4%@; U. S, .tl‘?@téglnt l\ﬁ) 5,552, 157; U. S Patent”RIo. 5, 565, 213; U S -
Patent No. 5 738 OBt dhparigasthe gompgitionsefithe prsewt fuvertidnymay
-incor por at ede Hemeilaeddior BBvereleRie? Mabuapbilatbd $n &Nidid ?Eﬁﬁ)ﬂe, lz'h?;% QTFéESa hayg b een
- used successful IR/ w th a nunber of cell types that are no mal y ’
nanospiere, or a nanoparticle or the like. Altefnatively, compositions of the present invention

can be bou.nd; either cdvalently_or non-covalently, to the surfacé of such carrier vehicles.
| The formation and use of liposome and liposome-like preparations as potential drug
25 . carriers is generally known to those of skill in the art (see for example, Lasic, Trends Biotechnol.
16(7):307-21, 1998; T akakura, N ippon R insho 5 6(3):691-95, 1 998; Chandran et .al., Indian J.
Exp. Biol. 35(8):801-09, 1997; Margalit, Crit. 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 No. 5,565,213; U.S.
Patent No. 5,738,868 and U.S. Patent No. 5 ,7195,587, _each specifically incorporated herein by
30  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.,
77



difficult to transfect by other procedures, including T celll suspensions,
primary hepatocyte cultures and PC 12 cells (Renneisen et al., J. Biol.
Chein. 265(27):16337-42, 1990; Miuller et al., 77 DNA Cell Biol.
9(3):221-29, 1990). In addition, liposones are free of the DNA | ength
constraints that are typical of viral-based delivery systens. Liposones
have been used effectively to introduce genes, various drugs,

radi ot herapeutic agents, enzynes, viruses, transcription factors,

al | ost eri c 1&¥4 dedlloPi9l a¥8):22A@%] i1RYW). | It edditionarlipedoynes are dugk tafr el IICA | lehgines.
and 5 ani r . se .of li.posones. does_not appear to be
associ at egBCI \?mﬁst%aﬁgﬂtﬁg?nﬁ%ﬁ@mﬂr gfs E’%ﬁlé%agec{ord Wee S5 S0l &IQOSW% g@veaé’fﬁe@rused
system c deffiecterely. td nntoendeagenes nhadsredrigs, rhdiphaaymtc agents, 0bimaied, I Afises,
phosphol i pi that are di r.sed in an _aqueous nedi.um and spontaneousl|y
form mul t i Itgairrseﬁnlpg?n %Stﬁﬁseﬁ]ﬁgg ¢ B&F“&%ané%fiqg?ee’snt? %_V%%etyf’g? weehialtlineaaat | ar
vesi cl es (|anirhd¥s) Furhmfrd, @ et é/V§oYorndsmtod R fap bR HeBEHchited Wigh hAYEMLON
provi des for pharmaceutical|ly-. acceptabl e nanocapsul e. fornul ations of the

conposi t i orf€PERSSE Hemascsrias orisiieftsr systemingsiyempsul es can general |y entrap
conpounds in a % adHaf MHYIGLRRE | W Care di -

- Quintanar-Guerrero et _al., Dr-ugﬁjd[()%é\)/r?ésﬁﬁd. P%](grﬁ%m p%ﬁ%%%lﬁfﬂgteaé%mqﬁgg)m To
avoi d . si demefqueeussmeiian wrad sprofaaeaislyufosn putilameldr ccongeaatricobithyeg yessias Halso
ul trafine g@[qﬁehqﬁma&ala;@ic%gg\@gs)ql 15 m may be designed using polyners
able to be degraded 1 n vivo. Such’particles can be nmade as described, for
exanpl el0 by Couv¥liematiedy, ah . othe®r ¢mbodReents, Tthe rinveblierg pfavides efor Phatmacaficdltyd - 20, -

Zanbau ot S0} EhalmpieCobemigh 56 gpe “PROTEs o8k Vil e meR ont
No. 5i 145, _e.rgatmoc.e1p|s1u1eso|c:lainéI 'gen_ax:,[alrllj_oleaﬂiapaommdun:&d i:carm;&i ﬁxidOf@{dﬁhcibféﬁw@j @€ Mor

i nvention nay b ace in _cont ai ner along wth packaging |
material thal 81?30@ g f?ml'%\%{l?rﬁé’f iaﬁnl%"”lg rgidngh‘fr Fi‘ezﬂg@‘]&fm'ggch”g? To avoid
phar maceut i sid efoROS ot itidEllulERbIPmatd YverlDkhhl, bubs tutkhGiht PRECIM {slzel RGLMOER] @

t angi bl e ex}gﬁr}esm on. describing the reagent concentration, as well as
withi n Ber t4Pdnbsalsrigpdmsing P‘&V‘&W@%‘eé?r%ﬁ%@d@fw vieg.c S¥benatticles grmeR wfess or

diluents ( iegoribelyebdxampld) iyEouofewPBY)., Whi. Gv. 1BY- b?ugp@&%é?ﬁsy :1-20, 1988:
reconstitute the pharmceuti cal cpn%a tion. 25 ME S TREATMENT The
present i nvARMEHFISE alo By ovPEreE: Risphains /6@ 145y 6908 Rembaves srlnel &brreadied ent

and 1 ner akeigENSH(i ¥).91 4D, ol i1 8f bifen: NENBIAYE4CONdi ti Ons result in the

| oss .of bone m RgLalis&O Leeut: - r, @ | | seas enetic -
predi sposi ¢ on, | Seaiyah PReieenicanEatioeths e PR GrerbR TP pfR Sy
due to £t actonteeners, elng wik pedkegngimiathiakhhtmbvillksnastuetsos pédaating e ushbLducki | |

bone 30 fory : nor ing. Through use .of the nolecules .
descri bed h‘SeHra{e}lgEhcg C%ﬁﬁ%ﬁﬁ?%fﬁ?ﬁ%h}rdy By %u f)rrllsd‘fvﬁlgl-nﬁllug? aff ﬁngbkiq%ﬁ’fmﬁslf)% a
. TGF-beta f adeséripimgethbergauahcantatitinl 2sons] asyithin ertain embodiments, relative amounts of

excipient ingredients or diluents (e.g., water, saline or PBS) which may be necessary to

-reconstitute the pharmaceutical composition.

25 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 exampie, disease, genetic predisposition, accidents which result in the lack of use
of bone (e.g., due to fracture), therapeutics which effect bone resorption, or which kill bone

30  forming cells and normal aging. Through use of the molecules described herein which inhibit
" the TGF-beta binding-protein binding to a TGF-beta family member such conditions maybe
treated or prevented. As utilized herein, it should be understood that bone mineral content has

been increased if bone mineral content has been increased in a stafistically significant manner
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treated or prevented. As utilized herein, it should be understood that bone
m neral content has been increased: if bone m neral content has been
dincreased in a statistically significant manner 78 (e.g., greater than
one-hal f standard deviation), at a selected site. A wide variety of
conditions that result in |loss of bone mneral content may be treated wth
t he nol ecul es described herein. Patients with such conditions nay be
identified i ‘known techni ques
(see, e.qg. (éﬁar%?égéhﬁﬁgh%%ilﬁ%gnq}rﬁ ?H?i?‘i;d{eirir?ie%{eggll\%’él cine, MG aw Hill

Inc). Represent dt iide veseirpl @Eldmbnajﬂlsterawgn idsanf maqc rhigerhY @atoatdmay bectraatie d
dyspl asi as ar rowt h r vel o nt. of b

Repr coont al' e BRBalaalehrb® AARR Fhiodt L iR erblSusORATIR et BFove:

cl ei docr anPlahcaiiydsxgmsasutél,zmgevmlmammgseé |elgr dimsdysmrﬁﬁip&s ofanterhigr ' s
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exot ose3, )r({geg{%o gbw (E)lllélli:sfn t%‘é}’@%@%ﬁ?}‘? ?xr%ng%/ 3t Seaieﬁn%‘ B‘gb rB&E, o

st eopoi i | uslud¢d Sytsblemm wberkinshede1 i, abfioraal gHow, or [devdleant éf bod. SRé}ﬁr&entanve
pseudoart hr.osi ﬂd ﬁ ogeni . ost eo I itis er condl tions which nay be
treated or ’f:ﬁ‘ nt & udée tl‘Wdem eta?“)é‘fkoegﬁ‘@’e clspdocrguipl o §IESIE | e

a conditi Oancﬂmh@troﬁﬂb@s@&ibgi’ueﬂty@lasiahﬁﬁudhaﬁs Bisaid ahbopishiaidnaP rigkerd QB aRIsNer al
content -or _.density bel qw Eleak skel etal m neral content at youth

Repr esent ab YRAEBS a fiERle o ferpditary c RoiQ5RYi MPYRRDIPHEIOHSe QfeRineslst HpRssiecta,
condi t 110NS ogadpe@EkiDY stSdRIGLES s c1eRNE iIds] RY SfraL RS EFbrdMonth ER&AIN psRRIARNIRE I OW
di sorders,  scurvy, malnutrition, calciumdeficiency, idi opafﬁ

ost eoporos?‘édpyeé"i"?gfe‘r‘ﬁet%llyel%t eopeni a or osteoporosis, alcoholism chronic
liver disease, ssiirlchidftions MEhTRIMRMESRE o%@eﬁted%&hﬁﬁ%ﬁé H}E%ﬂ ofRHRBOSS hea,
pregnancy; diabetes nellitus, hyperthyroidism Cushing' s diséase,

acr omegal y OStPRPSEE dhadh SPRAMBHi tapsen Eresier thip i standard degiatios ¢feb@nsymp%{@lhet ic
dystrophy synd Qﬁr@cns; @a@%e;ﬁrak Elém%erg%gﬁgr@ 8§ﬁtﬁ) R esgrﬁgtﬁ'%r@ Esao

Wt hin one aspect of e present 1nvention m’ner cont ent density
may be 15i nercdagpaditioys mhrdmasmmsmgest corglitigas lwbbfbd)d@@brads, rahdifions caused by

t her apeuti C a of, nh t s bindi ng. of
the TG berd Bindrng TBroY ornibes ther para e ekl Suiicldel Diopdi

war m bl oodegeeporassl songtrattal cmgopb;ea br w&opokosmdlqsntlehsluotchronerltvebdmaes semﬂmty
manmal s, 2 e gens, hor.ses, _cows p| sheej 0gs,
cats, rat siogtﬁg%%gﬁesgp g{ﬁr e)sggg%}n Ve aiaxarrpefmmmf PrEr anﬁ)eut eﬁ%l e%lglih%lé’
include ri bhypeytnesidisn, bowshing’sgéiness, mumegﬂnshypogbnagmmuomembihdﬂmn_ @ndisuse,

anti bodj,es ed ant bod| es.or _any jother anti body descri bed

nor 61 ny 2wt Re BB AOGORE kS Bl e R e BER G

pr ovi ded for i ncWgkisiong akpmt—;of ﬂie p@kﬁﬁﬂlm\ymmﬁprhspﬁa ﬁimtgaltcbﬁeﬁtcepﬁn@ﬁy may be

i.ntroducing_ i nt cel | ch hone t vector t. é‘fl rects the
“expressi on " of o8 rPl?i A&H{u WS 'O VAT BY go?‘geg&%lﬁgt%ﬁtﬁpetuﬂéﬁr ey gmount of a
bi ndi ng- pr (ﬁtoﬁadcnlettb)at dnhibits binding of the TGF-beta binding-protein to a TGF-beta family member.

Examples of warm-blooded animals that may be treated include both vertebrates and mammals,

25 including for example hﬁma.ns, horses, cows, pigs, sheep, dogs, cats, rats and mice.
- . Representative examples of therapeutic molecules include ribbzymes, ribozyme genes, antiseﬁse
oligonucleotides, and antibodies (e.g., humanized antibodies or any other antibody described
herein).
Within other aspects of the present invention, methods are provided for increasing bone
30  density, compﬁsing the steps of introducing into cells which home to bone, a vector that directs
the expression of a molecule which inhibits binding of the TGF-beta binding-protein to a
~member of the TGF-beta family, and administering the vector-containing cells to a warm-

blooded animal. B riefly, cells that home to bone may be obtained directly from the bone of
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menber of the TGF-beta family, and administering the vector-'containing
cells to a warm bl ooded animal. B riefly, c ells that home to bone may be
obtained directly fromthe bone of 79 patients (e.g., cells obtained from

t he bone marrow such as CD34+, osteobl asts, osteocytes, and the |ike),
from peripheral blood, or fromcultures. A vector that directs the
expression of a nolecule that inhibits the binding of TG beta

bi ndi ng- pr%ﬁ@gng (L.9., EiiBBlaRkd %mﬁﬁ@b&ﬁ%aﬂ% SLRM EYsBY DS, 'stgthpagWi djgnt o

cells. epr esenfative exanples of suitabl e vectors$ |nc
such as heﬁ‘%?é&e)/iﬁplalpevﬁ@r%bbo(i@r om ctiges. Pat ent No. 5, 288, 641), adenovi r al

vectors (e9. VLA 0. S8 800 KOl s B Ao BB Prcglss? 0

1994; Kass-Ei sI er et a PNAS 9 znan- et al
Circul ati orbnﬂg(g@)ot@sBBL 418 men®es: of Ghg nﬁﬁF@btaatfarmbOmay Re&ntra’d&(:cﬁi) :1did02elk207,

1993; Zab 216,, 1993: Li Th

4(4) - 40 n%"”%‘?@“ ‘&"gﬁ’:‘ E%@lﬁz‘%‘”fdnﬂ‘l% e Vil \{Htofs 8%1 “5‘(%;5 15 g‘(’aef?ésir
%293% Vlngéelgr?@ts Rhtent Wat5,288e3¢), adén¢2pal &?ﬁariwg msz;%igaﬁfwog?/%%h K‘i%%ﬁ
I SR e TR ATl PR T 2 I RIS p et A o A

90( 22) : 106Ra11@@w1atz&9me) 283bag LllJ993/IG’uuﬁ1a1V€t(‘all ors, Ré}aV3(69V1|202l$20779@¢9(3FZabner
(Koering et %I g&b &@Ther 5:457-463, 19 94 Vi rus_vectors:
~ (Panical i OB 17820 BNAS % 1y 67 Hem Geng Jier 4 6(’&%0199@& Caillaud gizghchem
15 Bi ophys EuRQ,S NefBan 5(183.6,87)1@5319%0\71:1&&9%9 al, A G&ll GV AU ER, (199% JaffEP
0, 415, 731, V\D 90/ 07936; 85, WD 94/ 03622; WD 93/ 25698; WD 93/ 25234;

U.S. Pat enttt g/ 555211‘9]@2{372 \?@ 9%9211‘21319@“%39@/’ rpa 891 2ME% 202188 Do péerpmy

. likew se bes@eiashdel edcihi ¢WO 0908385 Fotiti éttaqr epiohs @b{zﬁ)efo%@é 164198055 -
(e.g., promoters, envel ope sequences, and th e like) from different

Vi ruses orbaﬂB?]VnVF VEALOTs, GAFFYONEYS YRCIOFF @09%?8 ?fli‘é Huwso fereeHiterap. a0 Hé63, 18¥)iral
vect or 'Ci;o§ &lrhis veRlorAPUhit R ardPablefl BANEI76. IZQ?P@}”}' gt akiBdt \z}v]y elﬁgé?{emnay

be util | zed in the nmethods and conpositions described bel ow I n ot her
enbodi nEnt BieFws hBesi v dA3CHEEHEc 1423)d and| eatavissene.ghERAGDTE 1a WO

.ol ecul e Whjogfoddahigli t §1/6ﬁé‘5d' Qe 0d4/038%>. T%ob@‘élﬁs?ésndw&%d%s?%' 2{150 PhidJETOEr

of the TGF-beta famly may be adm nistered by a variety o ni ques,
i ncl udi ng, Nop. 6% 9é/dﬁr3?ﬁ>£ %Q %/loéhS)OanZBV@mrain@Dbkﬂmmbpdor(smt@hlch

ConL 02, 2 Skl Bl 00RO TP SR S1908 Bl vy BRI, g

Gene pi er . @ffaynt Mmses.] sAnot G spurcspt OWelpini vazimed bmb@iinents, remhhndha gimal vector

(01 & 0T G B o PP ST AF L oyl
264: 16985- 1698BFitickd 8&cribdd pofvection (Feigner et al., Proc. Nat . Acad. Sci.
s 0417413741y, 3% p PISOTTS: CELBNETLOBLE Bl O S BOLL13 2.

bormbar dmentméiwitld w}aoh;mhtbua lbinding A e S&F2e26biAdid B-prat QR 1o 4 mamber of the TGF-beta

family may be administered by a variety of techniques, including, for example, administratién of

25  asialoosomucoid (ASOR) conjugated with poly-L-lysine DNA complexes (Cristano ét al., PNAS

| 92122-92126, 1993), D'NA. linked to killed adenovirus (Curiel et al., Hum. Gene Ther. 3(2):147-

154, 1992), cytofectin-mediated introduction (DMRIE-DOPE, Vical, 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. .USA 84:7413-7417,

30 1989); liposomes (Pickering et al., Circ. 89(1):13-21, 1994; and W ang et al., P NAS 84:78.51-

7855, 1987), microprojectile bombardment (Williams et al., PNAS 88:2726-2730, 1991); and

direct delivery of nucleic acids which encode the protein itself either alone (Vile and Hart,

Cancer Res. 5 3. 3860-3864, 1993), or utilizing P EG-nucleic acid complexes. Representative
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direct delivery of nucleic acids which encode the protein itiself either
alone (Vile and Hart, Cancer Res. 5 3: 3 860-3864, 1993), or u tilizing
P EG nucl eic acid conpl exes. Representative 80 exanples of nolecul es that
may be expressed by the vectors of present invention include ribozynes and
anti sense nol ecul es, each of which are discussed in nore detail above.
Determ nation. of increased bone m neral content nmay be determ ned directly

thr 0U9h_ t Qﬁgﬁpﬁ gif n?(fe&ﬂ:.ys ’be?e'sl( reséE Q&9 &e&@% d%%? Qsegtt 1%%3%}( mclude

" DEXA"), erence t onhe tur nover
ost eobl ast rdpzeids and ealhimtq Mequta@,sqabtaomh;:h s tivossd @i mpretdyqaﬂ aBovpr ocol | agen

C propeptlde ( ot al kallne hos hat a r.Ni C.
Curr. Opin. %%na 0120 crf?f@ "S‘@ é?aéf Sfde Cfgg%c ?8'?@1
(pyri di nol |ﬂib9use®eﬁnypr(yg|, Duamilnengg ,X~Ny Alﬁbx@tm&mtry ee“DEXA’ T),aj’r)bylikyféi'éﬁbéy]m'bﬁghl ne,
plasma t artrate-resistant a cid phat ase, | act

hydr oxylPysi%iBe MRy é#ﬁmédﬁﬁ’g”g- émaﬂﬁhﬁ@dg?Iﬁ%ﬁgmﬁﬁsgﬁﬁﬁﬁhﬁ1§666e .
cal cul at ed préRMEBOAY prbPeptitt GICHE), &id bl AkANRE phRbIRALS sk OMhiet, T, IR Tpln. frSee
QUi nness- }¥6uhbtab Bone Dis. and Relat. Res. 5;177-18], 1984? As w ||

be evi dent 0fid*pfLO%Ni P15y MaiFE o Pone; FeorRliAR RYTIRRIDS. ¢ ingfine, N-

adm ni st r attk)ghkntid, lukind¢ ROBExypRiing, 0;5159?@&taﬂﬁtesr'éﬁaaﬂct@&H%'h§spﬁ§ta§e9§n@§51&ﬂi&yland
severity of the i ndi cation belgg ‘treated, the desired response

conditi on didoKEyRs Fesfomignurd Ty TRoUTTgHhona Rs mayHso b ﬁﬁ@&at@(i @W@ bﬁ%w
be adm py stefad. QrYbfou\ée?He%b{s Sowheh MY HUESe GRAndRHEd 1R Bond BB, L ke ng

exanpl es are. offered of illustration and not” by way of I mtation.
EXAMPLES E%ANPUElﬁlsﬁﬁﬁRCSTECSIS MAPS TO THE LONG ARM OF HUVAN CHROMOSOMVE |

17 20 Geneti c mapplL o OfideiG gﬁé?ﬁsﬁmfﬁ %%Sor oﬁ:ﬂrranﬁt?ﬂﬁgt[eﬁé}@f%ln id n&}‘mans'

| ocal i zed the gene respon5| or t er to region o
chr onosone Wil depend, efivowske on auchdadrs TOhe nptecand sewdiitypf theondi¢ation herng yearnénber :

In sclerostego el 2t I e I ntd al _..J RGr " L.nera
donsi ty 1ol 3 ged BREREG B SR G R bR YR AT TRy, RE SRR
di spl ayss owendguirostérbd Bysa veeikty of Schquestas asied alpat.i ent s are gener ally healthy

al t hough t hey na¥'g %HI Bl 2a15n g‘rarleabl%Ilereddo g%\l;ae%%l usﬁafcignna%%%ow?y of. llmrltaﬂ and
vari abl e degrees crangdf npression Yan ve conpre S1on E

skul I . Li nkage anal ysi s of the gene qgkg&%L§§SOC|ated with sclerosteosis
was conducted by applying the honozygosity mappi ng nmethod to DNA sanpl es
collected from24 South African Afrikaaner famlies in which the di sease
occurred. (Sheffield et al., 1994, HBERAMEBEdcul ar 30 Genetics 3:1331-1335.

"Identification of asBateletsdgdkr ﬁaf@éiicﬁwmzyg%mcﬁ%m RpTe 3 and

eval uation of an eff|C|ent appr oac osity mappi ng”). The
Af ri kaaper  popul (é_ememmmmpmg of the defect responsible for sclerosteosis in humans localized the -gene

responsible for this disorder to the region of human chromosome 17 that encodes a novel TGF-
beta binding-protein family member. In sclerosteosis, skeletal bone displays a substantial
increase in mineral density relative to that of unafflicted individuals. Bone in the head displays
| overgrowth as well. Sclerosteosis patients are generally health}.' although they may exhibit
25  variable degrees of syndactyly at birth and variable degrees of cranial compression and nerve
| compression in the skull.

Linkage analysis of the gene defect associated with sclerosteosis was conducted by
applying the homozygosity mapping method to DNA samples collected from 24 South African
Afrikaaner families in which the disease occurred. (Sheffield et al., 1994, Human Molecular

30  Genetics 3:1331-1335. “Identification of a Bardet-Biedl syndrome ldcus on chromosome 3 and
evaluation of an efficient approach to homozygosity mapping”). The Afrikaaner population of
South Africa is genetically hbmogeneouS' the population is descended from a small number of

founders who colonized the area several centuries ago, and it has been isolated by geographic
81



South Africa is genetically honbgeneous; the population is Jescended froma
smal |- nunber of founders who col oni zed the area several centuries ago, and
it has been isolated by geographic 81 and social barriers since the
foundi ng. Sclerosteosis is rare everywhere in the world outside the

Af i kaaner conmmunity, which suggests that a nutation in the gene was present
in the founding popul ation and has since increased i-n nunbers along wth

t he increas t The honoz ng i s based
o tho neeuims ReklErREP Al OB E Sofseusd TRany bl B bl surgate

mut ati on ar éﬁtﬂfala@dryommumé/ wbith Zygpetts thana afufatied @ithé fehie Wiad lpads&ltfuﬁ meoundmg

consangui ne s...and |soI at ed ulati g A set of 371
m crosat el | Péﬁlahogk%eé gs?s(s 58 SKTRH R AL Erga'{og‘éfmtg)theflf“ifﬁ?s? i thy Ropwiatias - The

chr onpsones ussas ls)aioexgbsd mappinx febaseDbrs the fasdaipedn WWAQﬁdgﬁﬁ@%&rﬂa%dc@rﬂt
sanpl es. ; The DNA came from 29 scl erosteosi s

TeEssive ta 0 e{ﬁlff&)f z ?nal - Ss affest
patients’in 24 Fam1ies. n§§ e ﬁ‘l‘W Totrdtfberulsiem sonsenguippous

unr el at ed cfmhhalandmdlateﬂ@b;aﬂﬁoﬁg om the sanme popul ati on. The pool s
consi sted of 4-6,1i nd| ual.s, either affected individuals, affected
i ndi vi dual s fronf* S&bﬂ o B Aedtedity Mmeriere Resesrihefenstion Seufh fibwc the russistrhalngss,

or unr el at echre@Bidnk Sras kil o HPOhSHILIF DA Iﬁ%hﬁs&:ﬁ%ﬂ!@% ﬁYéﬂgﬁ{asLxﬁPlgg d’l‘ﬁeﬁ?ﬁRSt

of the pools vvlth af fected individuals or anatysi s of the
mar ker s shoSERPIS oS ey sapme §Pmed sFisrosisasitpatientidens f@m&;esrréfﬁ kmffectElifZaSﬂl299

15 showad amehBehs Cal i 08 @f uhﬁm%yaﬁ%blt Yo vRdUEs tﬂe safre S Hgle ot?ﬁ'z

of affected indivi dual s. Al 24 sclerosteosis | 1es re
total of 19°Raistedr o A-6t H%dJYlé‘gﬁl%ne@fer @ﬂfngsdmamalq?gﬁ@wz mdlmwecﬁad

i ndi vi dual scdds \écﬁfs)fanf_uﬁgg H:)Xrex\ﬁ@gfd SNE4 lepwgs or Qnrrrgl%%g%ﬁrgtrcilnt%}g% poof

and 25 of the 29 individ wer e honozygous for a core
each had thénf§1&ﬁ’é la‘iJYlé!l?éﬁsaItﬁemvme&ﬁ ADHESHIBY with GFBEFESRIBTidudh or bty nfeﬁilbérs

i ndi vi dual s had 20 N8k tc hi s, ha econd
which did not. 1Isn sum tﬂ% Qat fE'éve\M} aiﬁh]l F%S - efféd%ag}feéd%égggﬁaﬁgﬂés”g
megabasé’ r egflovied en mdizativad! hbreozsfg¢sayamb(baml 1ﬁsd§thaB<bﬂthbools$$@ﬂ@fﬂ&ﬁn@ﬂﬂhM§' s of

nost of the exongyi a ase re dentlfl ed a nonsense nutation
in the novel T 2Q Stc%}ét ?Sﬁsg%gﬂrlose‘?'eﬁe 5%’386’6 BB BT e & O Barrer R 4b Bigiogtof

posi tion 11D16$179$e(q0éﬁ@1é Q20D Nbffectedr aglididualsi fo &leBP EAHO0Rkre Thdvn IRt I on
At iaanor  Slgalfle il S8 oRd oS HPE: RSB i R AP etionye
i dentifyi ngtbay pachabd ta sinme dliekes bmédnrDl(7Aﬂ'87rm& B 78930 Atrh @Bt h@Inda@ds Hah e
L Ton) LB ESRAS R SRS IR SESSSL N U S 0L el o
TGF- BETA Bl MdhyNGuRRCRigkzdoGENE: EXPRESSIBhe AgiohbERANBE e GABBERT RE8LGD bY
RT- PCR Sequence analysis of most of the exons in this 3 megabase region identified a nonsense mutation
in the novel TGF-beta binding-protein coding sequence (C>T mutation at position 117 of
Sequence ID No. 1 results in a stop codon). This mutation was shown to be uin'que to
25  sclerosteosis patients and carriers of Afrikaaner descent. The 1dent1ty of the gene was further
confirmed by identifying a mutation in its intron (A>T mutation at position +3 of the intron)
whlch results in improper mRNA processing 1n a single, unrelated patient with diagnosed
sclerosteosis.
EXAMPLE 2
30 . TISSUE-SPECIFICITY OF TGF-BETA BINDING-PROTEIN GENE EXPRESSION
A. Human Beer Gene Expression by RT-PCR:
First-strand cDNA was prepared from the following total RNA samples using a

commercially available kit (“Superscript Preamplification System for First-Strand cDNA
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Fr rst- strand cDNA was prepared fromthe foIIovvr ng total RNA sanpl es using a
comerci-ally available kit ("Superscript Preanplification Systemfor
First-Strand eDNA 82 Synthesis", Life Technol ogi es, Rockville, MD): human
brain, human liver, human spleen, ‘hurman t hynus, human pl acenta, human

skel etal muscle, human thyroid, human pituitary, human osteobl ast (NHOst

fromC onetics Corp San Di ego CA) human ost eosarcoma cel | | i ne (Sacs-

2, ATCCH HT& ¢ h 918[3 r ow, hu n cartrl ver vet
monkey bone, saéc%grgo%rryces cerevi si Snﬁﬂ;ﬁé e‘rvﬁﬂ’ g gpleen,
monocyt es. mrixanFﬂlesampiae $:1amm hmpwsklalaﬁle;ﬂus‘cteomxﬁarc@yfﬁﬁ[ Bin®dn pHOMHTE Guman
(C ont ech, s the.faql.l ow whi ch  were prepared :

i n- house: hgsﬁ%’ﬁla%ts(#ﬁog nﬁﬁ%’n O&T%%F@oﬁggmmloﬁﬁ%smﬂﬁ P}p‘&fn@ao%’rurran

cartil age ahdﬁT(e@#/HTBmﬁ)) Ihemaﬂnbcm huhka@ $8nd mmlﬂwsmmﬁbl/&aﬁ@dgphéﬁzetﬂ%ﬁceplbeﬁ)@f ed
using a com rciall Y, avai | ablde kit ("TRI Rea ent", Ml ecul ar Research
Center, 1nc @ REFRnEtT 1" Iilﬁnaﬁ('ﬂ(%‘% PRERFYEh b BN AS spilesswerand

addi t i onaI Iyuramsea fraira reog bRt Gomad It ientass, @aloC&lEB rd), e@é‘%&ﬁ@@oﬁﬁ&%&m
ol i gonucl eoti de prinmer had _the sequence 5' - ( SEQ

ID NO: 19). Y& PX f’ﬁe%érhlg%lseé’@rﬂa’aPrt@&Hatc P %Féﬂosam%reﬂﬁa@ quwnsb@qnéwen
5" - CCACT COCK A CAHIAMLr et ménRERbbhd. NPhel) in-nbiscARRAL | Eﬁ%ﬂes WER od €tisi

using priners for the human beta-actin gene, as a trol sense eta

15 actin ol SERGEANAVRRRIeH (BRI Reagent”h MolsewlardRasearsh Cong
CC -3' 14SEQ | DR @ﬂs)peﬁgﬁ?ed%ﬂtﬂlég%%ﬁ a?%héallﬁu%' k&ﬂ% Eeg%kfl%me)re%E had

t he sequence 5' -
per f or med u%IniFgl st andesr d Sellfmdr B?E‘GnsOthWCES’ﬂdﬁ meiawt i olesl, et hsamemanet-i ng

tenperat ur eC@f}G@ijﬁ%ﬁ@ @‘E‘%ﬁ? g?)ﬁycﬂh%san seuseFl)ggr gpnpﬁggt{dggmd |

with the Beer priners an twent orme
bet a- act i n prmerded thergfienod ﬁgG@hﬁFGGCGQGIAﬁQA@XCGB K$maw120)eanraddmon4ver e

I db thid b t
See i our o B M BGrAR wifh SEMDRY B Bl BE S B MRS IR SBrd it
full |engt haqm@eoraebotltbmdﬁpe(r%qutEm@ehﬁ NeAGGLLCAMCCELOAGH AGNTGA It pCR2. 1

usi ng the nimdt SLGRY ¥kl il M BERAGLA B BRGE LA

anti sense t C@Aﬁ@crq&ecmecaymt(m 2 §d:223. POR wal perfdrned tidigy saidirp tebiitions

peagents SUEPLL 0, Bl ERLBY ARS R T 02 iYL o0 s
111: 2427- 24BGR vi&&ﬁérforﬂibda wiith U5 BEe @rimefsNAd ﬁﬁv@xﬁi&f&ﬁb@@l&ﬁd erd p%ﬂ&ﬁ‘lefi WGt Sage

expressed ip e neural tube, 30 Iinb buds, b |ood vessels and o ssifying
c artil 4ges G FG& B pi ng nouse enbryos. P anel Ai n Figure 3 shows

exprelssr on in t elepingadmmicaster mal ulr frélgCeatR8tdctioh Whe ahhl?%bd(ﬂgs) abit6he QélOOd
vessel s

electrophoresm and ethidium bromide staining. See Figure 2A.
B. RNA In-situ Hybridization of Mouse Embryo Sections:
~ The full length mouse Beer cDNA (Sequence ID No. 11) was cloned into the pCR2.1
25 vector (Invitrogen, Carlsbad, CA) in the antisense and sense direction using the manufacturer's
protocol. **S-alpha-GTP-labeled cRNA sense and antisense transcripts were synthesized using
in-vitro transeription reagents supplied by Ambion, Inc (Austin, TX). In-situ hybridization was
perforrned according to the protocols of Lyons et al. (J. Cell Biol. 111:2427-2436, 1990).
The mouse Beer cRNA probe detected a specific message expressed in the neural tube,
30 limb buds, blood vessels and o ssifying c artilages o f d eveloping m ouse embryos. P anel A in
Figure 3 shows expression in the apical ectodermal ridge (aer) of the hmb (1) bud, blood vessels
(bv) and the neural tube (nt). Panel B shows expression in the 4™ ventricle of the brain 4).

Panel C shows expression in the mandible (ma) cervical vertebrae (cv), occipital bone (oc),
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(bv) and the neural tube (nt). Panel B shows expression in tJhe 4t h
ventricle of the brain (4). Panel C shows expression in the mandi ble (na)
cervical vertebrae (cv), occipital bone (oc), 83 palate (pa) and a bl ood
vessel (bv). Panel D shows expression in the ribs (r) and a heart valve
(va). Panel Ais a transverse section of 10.5 dpc enbryo, Panel Bis a
sagittal section of 12.5 dpc enbryo and panels C and D are sagittal
sections of = [ arch, .h=he e=t el encephal on
(f orebr ai n)® iage @aﬁ&ﬁ ﬂ[@cgd?’%?]stegﬁ)gggf a%%ac@ssgow TSyl mtﬁ H@S& and;a heat valve
“li=liver, |2l dhgel ofs=otrinsveressection of 405 dpsemsgbn@bnswh@la s@ﬁms&ﬁb@bﬂlzs

-muscl e, =na Si =t to=ton |.=forelinb, di=diaphragm
EXAMPLE 3 E@Pﬁﬁ?@@’f’é‘{i&] %ﬁﬂﬁs&ﬁﬂp%ﬁ%ﬁo %S‘i“?%%eaﬁs% RPOFFBEER PROTEIN  A.
“Expression in C®§-b‘ta:f6&ial srch, 118=h¥4re t@Mex&eﬂuRﬂC@oxaﬂ@ﬁﬂlb&grainh%ﬁ-dﬁkdnaiaﬁ RGLH
human Begr L0 was_a |f|ed using the followwng P CR O |i onucl eot i de
p rimers’ TE_ g‘ eag Pjﬁ‘b’n{'i ciNght Jughung, ‘Pt— vEsicke AORe SEERII feBl skm=skeletal
AAGCT TGGT AGEAEECASRIRRIGEAE, tB=th{rREQtd=RnNE:, 2R ¥oraish, faslraii ' ?gda Hi ndl Il

restriction enzyne site (|n bol d) fol lowed by 19 nu es of the Beer
gene starting 6 base pairs prior toE}hagvjpmgurred am no term nal start
codon (ATG. The 3' oli %ﬁ%ﬁ%l “had the 15 sequence
5' - AAGCTTCTACTTGTCATCER IRSSEBEPONBINATPRIBR PRBOTRISEQ | D NO: 24)
and contai ned a_Hi ndlH restrlgtlon enzynme site (in bold) followed by a
reverse con%i enerPrestgn SSPohCEsTA) fol | owed by the reverse conpl enent of
the FLAG epitopge Omdeighéddeencosing R fifll Rhjt ﬁlﬂuﬁ%Beékmtéﬂ%& )edtéu?ﬂ{ﬁ@d by
na

the reverse_conpl enent_of nucl eotides coding for the car term
ani no aci dsf8¢Wing & (Berigonygieotipeprigersdl de 5\A/8é1g%1°¢%t149lpdﬁl€fdhed meu Sgﬁmte TA

d oni ng Ki t AacomidaegenaTEenteredcaesy) @ s@? ﬂﬁ“Nbdzé?' arf! A HindIl
screened by DNA sequenci ngn A s%guence veritied clonée was then d| gest by

Hind ]I andrestBefianfeneapeoyie &in bokld/folemeddyyel Sguikletiden gf the Eeﬂfngmtaaidgﬁ weapdirabl e
reagents ("fAAGHnE kreSRhed Rfkihg © o This
f ragnment wa}? t hen |egat edgﬁ%ﬁ%& H ndl Ffﬁd‘%ogg%@%% prhhosp a %S%H@ }g}ﬂ%)id fhe
pcDNA3. 15 (| ssqiamengen, ChABEHTCONTHEESS A CCA TONA MGGQRGTTEICB E.
coif were t t

Col oni es gg??fr{gjr t!E : gkll(?% a?@éon%élmﬁ %Rﬁnﬁ% Pe poiﬁgg) n%’r&m’osrltle2nt a?cl{)gflno\)’\v/eefle
identified Wy2 eveSRedrasigders stopendon (GEANlawbd bpthenevereaomprmendifnge FIOAG he

SenCroeooc Rt e e PR ts S Fas Mo PhekE by BeooveimeopERGeT
- corrpl ement wicldondesrendihg BEEER: @dﬁpmprmamaﬂbmmmdmthﬁmehem PTR grddnaorse nt

was 30 gom‘r rcrlrcgl%d ?%)n&ma% %‘?.hqgl%nm %gt’s,slln oi'en @arls%a(gpgzgc# dc%wclt Oon\é\ée\gveereused

for transfec ion.
screened by DNA -sequencing. A sequence-verified clone was then digested by HindIll and

purified on a 1.5% agarose gel using a commercially available reagents (“QIAquick Gel
Extraction Kit”, Qiagen Inc., Valencia, CA). This ﬁ'agment was then ]igatéd to HindIT digested,
phosphatase-treated pcDNA3.1 (Invitrogen, Carlsbad, CA) plasmid with T4 DNA ligase.
25 >DH10B E. coli were transformed and plated on LB, 100 pg/ml ampicillin plates. Colonies
bearing the desired recombinant in the proper orientation were identified by a PCR-based screen,
using a 5’ primer corresponding to the T7 promoter/priming site in pcDNA3.1 and a 3’ primer
with the sequence 5’- GCACTGGCCGGAGCACACC-3’ (SEQ ID NO:25) that corresponds to
the reverse complement of internal BEER sequence. The sequence of the cloned fragment was

30  confirmed by DNA sequencing.
COS-1 cells (ATCC# CRL-~1650) were used for transfection. 50 pg of the expression
plasmid pcDNA-Beer-Flag was transfected using a commercially available kit following

protocols supplied by the manufacturer (“DEAE—Dextran Transfection Kit”, Sigma Chemical
84 '



pl asmi d pcDNA- Beer-Fl ag was transfected using a conmercially avail able kit
followi ng protocols supplied by the manufacturer ("DEAE-Dextran
Transfection Kit", Sigma Chemcal 84 Co., St. Louis, M)J. The final nedia
fol | owi ng transfectl on was DMVEM (Life Technol ogies, Rockville, .M)
containing 0.1% Fetal Bovine Serum After 4 days in culture, the nmedia was
removed. . Expression of reconbi nant BEER was anal yzed by SDS-PAGE and

V\ést ern BI 0 nocl onal_. anti bo ma- Al drich Co.
Loui s, % 52 ufgils' faﬁla ? quelggaepg%’inﬁé‘ﬂ?s BEERVB gi(’g‘g % Terdpelogiered

g SI ng man anRoc;kFilLé,(di\/ﬂm car[tmmng 103& % Ed:thﬂrmbvuﬁe" i |A[f@flz|1 AaANS |c§mre ﬁgpﬁ@&g [Woly

- Systent, Si e colum e was

~anal yzed vi amgb@ PE&@JSSSI% owescf"élplﬂargl %@E%ﬂaﬁ@n% ¢ DEISRS- ]NgGﬁt?ﬁécw esteat Blot

‘ant i.body. &Sl@(ﬂh&&ﬂ@@iMZFmG:EQlohﬂSaﬁﬁEoc@QBﬂgﬁm-P&@'lc-ﬁ@ @nmlsBW) %Bﬁcatmn
sequence, was, anB Lfl e(rJTl% nq(% PCR with standard conditions and
Fapbin ﬂﬁ%

fol | owi ng p? ﬁtglp was performed using an anti-FLAG M2 afﬁmty column
S - '"‘ §A1dr{c§'é9 'sPLNQ 210y A
ot mer: 5 - T OT CARGOTTCTACRT T AT CCT T aAa 1s2fi0) MThl B0

GGCGTTCTCCAK%&’@GE% gralypesEria) PROASH a%éNqs@gu Bﬂqt ngngNA -Rlax(t aVih enbrbtienal
codi ng regi gmpedy. Beer with two nodifications. The N termi nal secretion
si gnal was rem)ved and a FLAG epitope tag (Signa) was fused in frane to
the CGtermpal engrsdiodiNSFD BE&% tensBantH and H ndfl1 cloning sites were
added and the gene was subcloned into pMel Bac vector (lnvitrogen) for
transfef®into a%ﬁ@ﬂ%ﬁf%ge@mwﬁ whs geplifid usig® POBiwith stmsiadadditiatshads.
Reconbi nant thb asidbvihgi ri expressi ng Beer protein were nmade using the
Bac-N-Blue transfection kit (Invitrogen) and purified according to the.
manuf acturers i n%ﬂ%eum@né -GHOGEER (4 TOOAIGGGEREPC A CEGTHICA G ARTGAT-3’
TNM_FH rredl 599 rzgpen) containing 10% fetal calf serum For protein
expressi on, cultures in spihmer flasks were infected at an MO 25 of
greater than 10.ASamst eprioér: t ieGTHEATEAAGCTASTACTRGTE ATOCGITCIRIGTAGTTGTA Ve

days, and Gzpi-g 0 tern bl ot using an anti-FLAG M
nonocl onal B%%tl bo ) Eél E 5 @ﬁgantl rabbit pol ycl onal antiserum
After five days "theeSblaegub@VArcu@amcdmcb@tﬂngSEgomeﬁBeﬁrmmﬁv&tﬁbd&ﬂé‘eﬁleﬁb e N-
centrifugat ociate rot was extracted fr mthe cel |

i fug {eﬂﬁnﬁ@gﬁe‘&% gngls@as temove I'g.’,AQ:( qpifepe g (%‘gﬂﬁbvas 4y e do pH

pell et usin saltoext ractl on
7.5). The e&lt: ICal@Itml(sz@nde)ftpense&OOBaﬂleanidIﬁm&m clésngGlteywdrk edlieBYnd the gene was

: (S:SP;[ L'ef z"%g‘gé %@Pﬂ%‘ a oy équ%ch L& or Vltrogg}%a%op $(:rtansffeguur1tolal {[)fcgllsovgzl e-gc;)}egsmnufrgctef){' ed
20 using standard methods. ‘
| Recombinant baculoviruses expressing Beer protein were made using the Bac-N-Blue
transfection kit (Invitrogen) and purified according to the manufacturers instructions.
SF9 cells (Invitrogen) were maintained in TNM_FH media (Invitrogen) containing 10%
fetal calf serum. For protein expression, SF9-cultures in spinner flasks were infected at an MOI
25  of greater than 10. Samples of the media and cells were taken daily for five days, and Beer
expression monitored by western blot using an anti-FLAG- M2 monoclonal antibody (Sigma) or
an antl-Beer rabblt polyclonal antiserum. .
.Aﬁer five days the baculovirus-infected SF9 cells were harvested by centrifugation aﬁd
. cell associated protein was extracted from the cell pellet using a high salt extraction buffer (1.5
30 M NaCl, 50 mM Tris pH 7.5). The extract (20 ml per 300 ml culture) was clarified by
centrifugation, dialyzed three times against four liters of Tris buffered saline (150 mM NaCl, 50
mM Tris pH 7.5), and clarified by cehnifugaﬁon again. This high salt fraction was applied to
| Hitrap Heparin (Pharmacia; 5 ml bed volume), washed extensively with HEPES buffered saline

85



_ _ |
mM Tris pH 7.5), and clarified by centrifugation again. This high salt
fraction was applied to H trap Heparin (Pharmacia; 5 m bed vol une),
washed extensively with HEPES buffered saline 85 (25 nM HEPES 7.5, 150 mM
Nacl) and bound proteins were eluted with a gradient from150 nM NaC to
1200 mM NaCl . Beer elution was observed at aproximtely 800 mM NaCl. Beer
containing fractions were supplenented to 10% gl ycerol and 1 mMD TT and

frozen at - Sz 3 PREPARATI ON AND TESTI NG OF. = _ |
b voL AL AR BORRIER R tap Aol o iR R BRI A eiorom A5 gen:
The DNA sequdhdeG! tofl 20qumisiNRae Beertdlutinn was ebicrved abapdoditanely SDAMMWERE], Beer

anplified l.hg standar thods with the follow ol i gonucl eot i de
primers: 10&%@%&%%&%%53‘3?5%% P 5%&%’%% ﬁ?@%@é&%\“ d frezen adpp( p
NO 28) Antdegpenrs€. 5' - AGCATAAGCTTCTAGTAGGCGITCTCCAG 3' (SEQ ID NGO 29) H.

Genlin Sense:. 5 -GACTTGGATCCGAAGGGAAAAAGAAAGGG- 3' (SEQ ID NO 30). 15
Antisense: 5' - AGCATAAGCTTTTAATCCAAAESGEMIEGA4 3' (SEQ ID NGO 31) H Dan

Sense: 5' - ACTACCAGCT CCCECCOCACCAC JTCAACAAG: 3' (SEQ I D NO 32)° Antisense:
5" - ACTTAGAAGCTTTE "e""‘"ﬂf'i?ﬁﬁ‘u"c‘a ER SREMEN; And¥eh case

the listed prinmgys agprllé al;ﬂed the entire codi ng region mnus the secretion
si gnal seguence. ese 1rie1%8e restriction sites for subcl oni ng into the

T ot e i e A =
- Ba i n | r and Gemin, and sites Sacl/H n for n. p
contains a %S%S%&défgg{%ﬁt@gm%w%the@ vang ofigomiclepide BImMeEyd of  the cl oni ng
regi on. 10The conmi.ge@d constructs were transforned into E. coli strain

M 15/ pRep 25 (Qagen _|I nc) and individual clones verified by sequencing. -

Protein expr essis%ﬂseiﬁ 'WWWC%%QT%WW@E&END@) tag

bi nding to Ni - Nhticouph eAGtATRARRIANIAGIREECOETEPEARE. 3"1‘%13(?%%1?:%2‘1 by the
-derive

manuf acturer (Q_agen, The Q Aexpressionist). The E. coll er
protein was rec n significant quantity using solubilization in 6M

guani di ne and di@h&ggqm@ﬁfﬁﬂﬁ@@ﬁ%@@%é%@d(?ﬁG‘E\g@%@%@f age. 30

Gemin and Dan protein were recovered in her quan
sol ubi | #zat i on i4FHEWEY dadiCHATAAGHBTET HOTECHAAATICCATG @ 3(FRA T Ne:31)
concentration ofﬂ)ﬁM
Sense: 5' -ACTACGAGCTCGGCCCCACCACCCATCAACAAG- 3' (SEQ ID NO:32)
Antisense: 5' -ACTTAGAAGCT’ITCAGTCCTCAGCCCCCTCTTCC-B' (SEQ ID
'NO:33)

2 . In each case the listed p rimers amplified the entire ¢ oding region m‘inus the s ecretion
signal sequence. These include restriction sites for subcloning into the bactérial expression
vector pQE30 (Qiagen Inc., Valencia, CA) at sites BamHI/HindIII for Beer and Gremlin, and
sites Sacl/HindII for Dan. pQE30 contains a coding sequence for a 6x His tag at the 5' end of
the cloning region. The completed constructs were transformed into E. coli strain M-15/pRep

25 (Qiagen Inc) and individual clones verified by sequencing. Protein expression in M-15/pRep
and purification (6xHis affinity tag binding to Ni-NTA coupled to Sepharose) were performed
as described by the manufacturer (Qiagen, The QIAexpressionist).

The E. coli-derived Beer protein was recovered in significant quantity using
solubilization in 6M guanidine and dialyzed to 2-4M to prevent precipitation during stdrége.'

30 Gremlin and Dan protein were recovered in higher quantity with solubilization in 6M guanidine

and a post purification guanidine concentration of 0.5M.

B. Production and testing of polyclonal antibodies:

Polyclonal antibodies to each of the three antigens were produced in rabbit and in
86



B. Production and testing of polyclonal antibodies: Polyclonal antibodies
to each of the three antigens were produced in rabbit and m 86 chicken
hosts using standard protocols (R & R Anti body, Stanwood, WA; standard
protocol for rabbit inmunization and antisera recovery; Short Protocols in
Mol ecul ar Biology. 2nd edition. 1992. 11.37-11.41. Contributors Helen M
~Cooper and Yvonne Paterson; chicken antisera was generated with Strategic

Bi osol uti on&%dRaHDna . CA% 5.Rabbit antisera and chicken egg Igy fraction
were screenetC FOPOENRGStAPIRTE BrolREals &K i RiAgtibodyEgapwend, PH stardase protacolyfons
was separ at etibibjmiiAeatiednend amaibed RE6RE; SRorPPARIE: M Moeak] BbRSE %xgd\@dt‘?&. San

D ego, CA). b€ menbrane was cut_into strips with each strip contarning
appr oxi mat e}} 75 -Hg ot Srngaers Hrlen M. Gogreriad & vering Plaistson; rehB¥6rBimistri M@s

G ade Bl ockge(nB,ianRagsug@g@wsglﬁlﬁ@rg;%ng}ﬂé@s, CA) and washed 3 tinmes in 1X
Tris buffer saline éTB_S) -10.02% TWEEN 10 butfer. The primary anti body

(pr ei mmuhi zat i orRaBbibanyiscra and,phicken fgd lgw fraction Wehd ekesneddigupctiyily vim WediehLiilbons
rangi ng fromach:okQR: eelindi [ [ uf f i bated w t he
strips for _one hour y%l?%gergﬂﬁses }r)%%%ic%?gg%sleng% S%%% {é)g&g%m% W%@%el{}(’lg?ﬁes
1X TBS/ 0. OZ@SP_\Y\EEI\ﬁaRaEWg%oFg@\A%P bypmérano rveas how rinfonsitifsa it reavti stiipt ftaining
i fo Soi oncdPrratel BonE bt R, A e RS R Pl SR Plofl PpBad.
chi cken, JakibouteriesniierroResea) @l watled B titesire] X PA} buffr fdlina TRSY 00, @0 TWAREN

0 :
W th Lum - LR vesp Y B R St bRothE: fbubar Arcisroshaey oal s
Mannhei m  GBluttemsygngilg frémti: 0ddy 1CI0M96 i Biacitihy biffert watincub@bd Avh Sk S for
D0 ot i n S 1556 Wi rtete sEE R o st B e GO AN LA TD TG00 e
their respebliowe byadhint hoaritdubetion véih thdicekiarye@gbddd Yoersidsd donfiSat@ 4k} Ser a
or chicken g gfgbgtyé%gi | utions_1: 100% and 1:5000) made to the renmining two
anti gens. Tzﬂjgl Phet eés&afneglgﬁ SFICenGIRRRCH NG ARTBMrConiugaied siopkeyraniid t o
det ect how ciidiemiayksbi Melinagorstedrdh) FesB b ROBAES A Rk é’%ﬁé 8338 SR AN fY1 2t

i ncreased cww%&% The protoco] and duration of "devel opnent i s the
same for alT-Vhreg WAt REFEreh e e spstwae gevsiped vith dawiilighy Westre.
There was nBloaiﬂg'Sgl&;&aﬁr(RG&cm&hiﬂﬁ%ﬁeﬂmmﬁﬂxeﬁ@@eﬁﬂ%ﬁg the antigens
tested. EXAWMPLE 5 | NTERACTI ON OF BEER wiTH TGF- BETA SUPER- FAM LY PROTEI NS

The i nt er acCi on AftibEBetoseirdabtivifyatsei ns from di fferent phyl ogenetic arns of
the. TG—-R 30 superfamly were studi ed using i mmunoprecipitation nethods.

e o < oldTl Bl oo BMEe Broviit scbtiofs rcellulise amvs of Be,
' 20 © Gremlin or Dan were incubated with dilutions (1:5000 and 1:10,000) of their respective rabbit
antisera or chicken egg IgY as well as to antisera or chicken egg Igy (dilutions 1:1000 and

1:5000) made to the remaining two antigens. The increased levels of nonmatching antibodies

was performed to detect low affinity binding by those antibodies that may be seen only at

increased concentration. The protocol and d uration ofd evelopment is the same for all three

25  binding events using the protocol described above. There was no antigen cross-reactivity -

observed for any of the antigens tested.

EXAMPLE 5
INTERACTION OF BEER WITH TGF-BETA SUPER-FAMILY PROTEINé
The interaction of Beer with proteins from different phylogenetic arms of the TGF-B
30 superfamily were studied using immunoprecipitation methods. Purified TGFp-1, TGFp-2,
- TGFB-3, BMP-4, BMP-5, BMP-6 and GDNF were obtained from commerical sources (R&D
systems; Minneapolis, MN). A representative protocol is as follows. Partially purified Beer
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systens; M nneapolis, MN). A representative protocol is as f'ol | ows.
Partially purified Beer 87 was dialyzed into HEPES buffered saline (25 nM
HEPES 7.5, 150 mM NaCl ). I mrunoprecipitations were done in 300 ul of IP
buffer (150 MM NaCl, 25 mM Tris pH 7.5, | nMEDTA, 1.4 nM -ner capt oet hanol
0.5 -.%triton X 100, and 10% gl ycerol). 30 ng reconbi nant human BMP-5
protein (R& systens) was applied to 15 ul of FLAG affinity 5 matrix -
(Sigma; St i ) HtigP d en g

epi t ope- tag&’%gl éalee mtI'Oﬂe prgt Fg?ﬁ%%mgsragﬁ'l n?gga ed I?ﬁ 011% g&@“ﬁ’&a%p} hen
the affinit PieRIPHAIODE Wateatine plr%ﬁ()eulrm” v el S0 et NaCl, ressmih THPpUL S, er -

(1 n per ro gl ut.ed the affini mat ri x
in 60 mcro e%ﬁ&‘ 11><m§%§p @Oetg‘?ﬁ) f’ftEF %’H@O’p?‘@t E(i)ﬁsg%‘@?c%y PR&8| ved
by SDS PAGEreamdblﬁeemums BMIRS @ebtm&mmteﬂ@) ¢at apbidy twastardr mlat a8iHg
anti - 10 BVP- 5 t| seé f:éR@g)s tg D agnostics, Inc) (see_Fi ure 5). BEER
Li gand Bf ndfnﬁt&x | ARNED) By 1B Bresence g, ghsencs 05&8 (%?gtBL*ix (FN}PPGIHBQCQ 2%
BSA and adSBédﬂedmm@teﬁﬁﬁrkbre WCltlate® ffor20 nves m(faﬁ@?HCE &Hhe ﬁhﬁﬁ}emgﬁ'ﬁvds&'dﬁ{eﬁ
coated with_anti-FLAG monocl onal anti bod Si St Lours MD and. bl ocked

with 10% BSEOPHSPSE Waphedsy fmestp fobitiertd mtper v T@ﬁwc&mrme@sme @ured Som
- mnutes. Thits apfiRtyShitig h @b'rﬁl&oht@rsr& n@xe(jslﬁ"ﬁAt}@esaiﬂ?iel buff, eT‘ﬁ@?ﬂﬁgnst Qere

renove unbound protein. BUT-5 is added to each i n concentrations
rangi ng f r offf8VEsiet 3PS §8GRviad rBerpssriated BYR-5 wasldstestadiat webtdnp blo? ukiogi pwi-at

room t enper g €aniilhem R AL AOD SOl Jdtid d and the plate washed
w th three ti mesanv&th SROUI vol %mes Sgl?lcjlig%eselrggg%/ BSA. BWP-5 | evels are then

det ect ed UgEEﬁLMIdﬁuﬁﬂrIgIAs%% umvia ELISA (F.M Ausubel et al (1998)

Current Protoco I n . 20 Vol 2 11.2.1-11.2.22). Specific binding

i s cal cul ated byfls\{Beeraroteg (%hg)slbédﬁeﬂlt@lﬁﬁ RPBRY0LY0BRA ud adsotbied ditngachnd

anal yzed by yifigcdd CANDIGR B QeheN (i, 107,
t & M’f?‘ﬁg rl:ogtgﬂjwf ﬁqgtgi‘%ﬁG'%?o%oclonal anti é&S gy

p220- 239, (1980). a varl tlon 0 hi's eer 1S engi neer
expressed a8t IefmliﬁMQh ardeblgaied with 1356 BSAiin PBEI Kwnissendueed i lgamdexabﬁtms for 60

engi neer,gd gagd.ex k6. The rot ei n ar.e
i ncubat elg t ogetﬁﬁe?&Q%ﬁgﬂg&g@?%ggn&u@&f Wl GRS Sh@a BY° VR %Pd(?fc’teé?
usi ng honogBNEokis adaggo pabatell émicobtantatasis mgmgdrenﬂopmn 50@EM/in PBEI0®RY, BEAal .
J of Bionol SCREE | N Y FOR
| NHI BI TI ON @C‘%‘@%@ﬁ{ QB%@ ﬁ%&ﬁ%?@%%%%onﬁw §€1‘% f‘—"ﬁl\’ﬁi@l‘* te
MEMBERS The washsdyittl ¢sex tidhedvitl®00d vosmeepf PRSA0.2% BSA. fBM]MS levelsepd themgetectsldr St |
ool corrent Lt 8-S Suellnds kRIS A e b0 Rulitel & PO CueRhiMoRies i M BRI 2
) 20 Vol 2 11.2.1-11.2.22). Specific binding is calculated.by subtractmg'non-speciﬁc binding from

total binding and analyzed by the LIGAND program ( Munson and Podbard, Anal. Biochem.,

107, p220-239, (1980).

In 2 variation of this method, Beer is engineered and expressed as a human Fc fusion
protein. Likewise the ligand BMP is engineered and expressed as mouse Fc fusion. These
25. proteins are incubated together and the assay conducted as described by Mellor et al usihg
homogeneous time resolved fluorescence detection (G.W. Mellor et al., J of Biomol Screening,
3(2) 91-99, 1998). |

EXAMPLE 6
SCREENING ASSAY FOR INHIBITION OF TGF-BETA BINDING-PROTEIN
30 ' ~ BINDING TO TGF-BETA FAMILY MEMBERS
The assay described above is replicated with two exceptions. First, BMP conceniration
is held fixed at the Kd determined previously. Second, a collection of antagonist candidates is

added at a fixed concentration (20 uM in the case of the small organic molecule collections and
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added at a fixed concentration (20 uMin the case of the sndll organic
nol ecul e .collections and 88 1 uMin antibody studies). These candi date
mol ecul es (ant agoni sts) of TGF-beta binding-protein binding include
organi ¢ conmpounds derived fromcomercial or internal collections
representing diverse chem cal structures. These conpounds are prepared as
stock solutions in DMSO and are added to assay wells at < 1 %of final

I d ) 5 canditi . Th ' bat ed f 2
hours. at oottt SReRal Sl il Gt Bip iy B erostiie) oL SPhTFB P EOTEnand
t he bound BMRding tpuldt i dredoid casipoericr i&Bdd AaeNtemhbafal | GHhihit14Q%Lfionks he
BMP bi ndi ngreobser.vegj in the.%Psence of __conpound or antibody are consi dered
ant agoni st s "SI TRE SVPRE SR SHUCTFFRe s Thess epngrRdicire pigaied peslodkssopGersHni al

i nhi bitors Dassl aam afd hdded itOnsSl UkIRSatt @ 10418k &l PQukhb Sirkied &Qh&%ﬁ&g%my
constantg and their_influence on TGF-beta binding-protein binding 10
affinity> COMSLIoRD|TRessHE: FRFRefedyfor & hows|at Fegnipaperateayith thseBMB rdd Beedihe o
establ i sh t bautsRlr86svel bhdthe Bual BV f el ifdae ' roligh
studi es usin as,s:rays edepen%lent on tﬁgﬁﬁﬁwmﬁdiagg%hgégb%ggﬁ&%g?@n%gﬁk#’@f}ég
recept or cofpHt Pipdiag obseryad 1n thegagopeerof copppin| oF | a@ibady afeCFonBiEdAd antagonists of

BI NDI NG PROEE] koGl | BAT SNATQBOYE. . ti.on of.inhihition of
| ocal i zation to _bone matrix Chyar oxyaigg‘}lg{#ee&tlglsﬁ}é%hgﬁcbtase onu%tfaﬁ%n Sq“&leé to
nodi fi cat i oAgerBne fheir fithider ermstite ahd sheiinfwdnas pn T GFGstc bihdihp-sitiein biafling

57: 206, 1399 9hinity. BEdlat Mie shapdc -#, &H/ - beta binding-protein is prepared
as described by N cng asl_C(Séuprzla %Q 13%%%%%5%){% gg?ns%u ta‘g@oes‘taﬁh%gwekx&w of a
96 wel | ni cpisfiietfer thelidentfiedcpniagpmet timotigh stufied weiipCisyal e teendent 6 fuk IBOMP TRABY ane
(Polyfiltrogi TGE-bet a bj nding-protein is added to 20 0.2%
albumin in PR ﬁlgeu%'ﬁer. ﬁdﬁer%\%gof%omc?ﬁﬁ%rf%‘iﬁﬁg matrix are washed 3 times with
this buffer. Adsorbed TG~ beta bi ndi%gﬁgi nis eluted using 0.3M NaCH

and qua ntitated. Inhibitor identificatrom s conducted via incubation of
TGF- bet a bi ndi ng- PHBTENDAGGFRBET: @sINBrErENesCAanh TRIOB MG MAR Xt ure to

the matrix as d i.bed above. T trix is washed 3.tinmes with 0.2%

al buni n 1|Bn PBS S%%\[ugr& %\%g]gl\rﬁlé)a %Q% OnbtP?{Ja}l?]&LaBPb{hé(ﬁqu@a@F)u{Se"@n@g}eﬁg 25
0.3 M NaCH asing odifititiont &dtheAgethds of Nidolas rilicbiat, VM0&aies 2z FES7obardvisndi ng
-protein bigdi 1250 in the absence .of conpound or antibody are

consi der ed %g%\ '] oggﬁgfzeémﬂngﬁt%ﬁﬁgﬂgﬁ%@m I?Wé?érré?r?ﬁidﬁﬁr@?% by THCcqlay tsprre).
characteriz Hddlbﬁyapmghisfd@@él t6 €RPORE efsﬁ@di:l@ﬁﬁdr(git&@la@é’ Suipped gﬁh g pol&ﬁl‘@é)?énte ion
constants apd their in nce on TGE-beta binding-protein binding affinity.
EXAVPLE 8 3 ﬂ@%?ﬁ[‘)é‘f‘f‘bﬁ%ﬁ%ﬂ% “moﬁﬁé; FHEST PSR PRAGTIRNproTeia, 15 added to. |
Miut agenesi s0.2% 4lbilrhin kePRS bufféer The Wwaldidaeing: REak aldw oD iR PRIt eICHimRt SK -

serves as a,tenpl for . . . :
AdsoqpedaItG% -beta binding-protein is eluted using 0.3M NaOH and quantitated.

Inhibitor identification is conducted via incubation of TGF-beta binding- protein with

- test molecules and applying the mixture to the Imatrix as described above. The matrix is washed

3 times with 0.2% albumin in PBS buffer. Adsorbed TGF-beta binding-protein is eluted using

25 0.3 M NaOH and quantitated. Agents that inhibit 40% of the TGF-beta binding-protein binding

.observed in the absence of compound or antibody are considered bone’ localization inhibitors.

These inhibitors are further characterized through dose response studies to determine their
inhibition constants and their influence on TGF-beta binding-protein binding affinity.

- EXAMPLE 8
30 CONSTRUCTION OF TGF-BETA BINDING-PROTEIN MUTANT

A Mutagenesis:
A full-length TGF-beta binding-protein cDNA in pBluescript SK serves as a template for
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89 nut agenesis. Briefly, appfopri ate prinmers (see thé di.scussion pr"c").v_"i:'dé:d

above) are utilized to generate the DNA fragnment by pol ynerase chain - -
reaction using Vent DNA pol ymerase (New England Biol abs, Beverly, M. The
pol ymerase chain reaction is run for 23 cycles in buffers provided by the
manuf acturer using a 57C annealing tenperature. The product is then exposed
5to two restricction enzynes and after isolation using agarose gel

el ectrophorgsi. i d back i nto. P4- 503 from whi. t he mat chi n
sequence h_ang&% g%SESf %%De\?/lébapgf/c’pgﬁ{zéf r%'%e%ﬁ%a? ﬁﬁ%ﬁcﬁsﬁ?m plr?l‘flé%r oy e pHEeHiR ant
is. verifi egnéygte BNADNAfgmentrigy. polymdlaseMARAREdCASh Gehd VE&QDN%?O%@@BQ(NCW

| sol ati on og([g?/ua n T%—b?t?\&%’gn i ng-protein: The nmutant TG~ beta

" bi ndi ng- pr ot& R ?ﬁﬁﬁﬂ&é e f cr%’&yq“?ﬁsﬁ ch4ip r936NAS T o1 83 Ryciatan pulfers
expressi on pteﬁﬁ@]rbydﬁsmﬂummérmiﬁg%w&a&eahcﬁ%g&ﬁ ek f YhdihodiREis $1’f‘e91lé§;§tfé€d the
resultant constructs are transfected into -fcel | s, and secreted protein
is purifi ed®4¥° FECEIFEH ™S gD fetign ugmesgoamope gl elapiopperesmbEates bapk mip
GENERATI ON (BEBPERMIIEENWGiM ©F £MEREXRRESSE NG RERR BN aGiic t

ki | obase (kﬂl;?g BAC cl one 15G5, isolated from tEggCI B rmulé\jg geng%%gg%%ll\?ﬁ'
library (di8tesiyef bampmine seicdiry B esqeencingunt sville, AL) was used to
determ ne the conplete sequence of the nouse Beer gene and its 5 and 3

f1 anki ng r &g ondMagmatign fgjl Bpressiop saddspletion of dfitant ﬁﬁﬁg"é’éaﬁéﬂ@mﬁrmmiﬂgene
body, - pl us -17 kheohuimnt T i NG @i or I f | S 20 was
sub-cl oned into the BanH d}?igtge gi%ﬁtﬂ gm%gn ec?%l algogir#%%%gtgtgrﬁgﬁr@bg\%ggne,
La Jol | ¥, Crgmmalig ypispsegatestyr idgsorhed L&t ¥ aiAdteDMerdBing Freosequdrics tbosmi d
construct, & AVdr : i CfJ (S n .. 0), -

i ncl udi ng tﬁ%ﬁgﬁt% igrrlsgfléll érfié)aurge Beéeclrtedglfeﬁﬁ?dgag&é\}\lg’ﬁnd g({sc %; iEé}e&iﬁ;ﬁ%ﬁﬁg%ﬁ?b@ and
3' flanki ngndee\Mhide3. respectively, was then gel purified, using
‘conventional means, and used for mcroinjection of nouse zygotes (DNX
Transgeni cs; US Patent No. 25 4,873, BXAMPEBRAnder aninmals in which the

cl oned DNA fragnment was integrated AMEMC%E{]E{}EO t he genone were obtained
at a frequency of 5-30%of. |ive-born pups. e presence of the transgene
was ascértained by SENERNTIEONTT TSaNsGRICMISE QIVERERXRESSING TBE BgemGENEC DNA
extracted from S : j c he tip of. il.
NA s ext 1 act o uarneioPhe oy fac RS Fecs, BOHE sCe FErt Al Badig' @
over ni ght alibrgg@istnbeied JsResetngh Genetoen faitswillegARD@agddeMaCasterit® tBOcomdidie i S

pH8.5, 5 9 S Pr.ot el nase K. The, fol L ng day,
the - DNA \%eﬁ% 3&%58 0(?%%0%%\?“%68]6 p dg?;{)ﬂag% I3o';a('ﬂ‘l%lr°rrrf%lglbs:‘ 5 )4,1 %nécaglv%\ﬁg?”ﬁm’
chl or of or nvémanyy tk ewhokene(@Rdy, Plusarid kbrefd| Parkaigedd w20 kb ef Biahaeking t4aashce

of or nvics shofene(i2dy ) 22420 b o Bt
a0 0 er Betpelida ot RaseRals 7t shCHbid wibs sdytmeda 15k 04"

and propagated in the E. coli strain DH10B. From this cosmid construct, a 35 kb Miul - Avill

restriction fragment (Sequencé No. 6), .including the entire mouse Beer gene, as well as 17 kb
and 14 kb of 5' and 3'> flanking sequence, respectively, was then gel purified, using conventional
means, and used for microinjection of mouse zygotes (DNX Transgenics; US Pé.tent No.
25 4,873,_191). Founder animals in which thé cloned DNA fragment was integrated randomly into
the genome were obtained at a frequency of 5-30% of live-born pups. The presence of the
transgene was ascertained by performing Southern blot analysis of genomic DNA extraded from
2 small amount of mouse tissue, such as the tip of a tail. DNA was extracted using the following
protocol: tissue was digested overnight af 55°C in a lysis buffer containing 200 mM NaCl, 100
30 - mM Tns pH8.5, 5 mM EDTA, 0.2% SDS and 0.5 mg/m! Proteinase K. The following day, the
DNA was extrgcted once with phenol/chloroform (50:50), once with chloroform/isoamylalcohol
(24:1) and precipitated with ethanol. Upon resuspension in TE (10mM Tris pH7.5, I mM
EDTA) 8-10 ug ofeach DNA sample w ere digested with a restriction endonuclease, such as
90



- 90 EcoR , subjected ,to gel electrophoresis and transferred'to a charged
nyl on menbrane, such as HyBondN+ (Amersham Arlington Heights, IL ). The
resulting filter was then hybridized with a radioactively labelled -
fragment of DNA deriving fromthe nouse Beer gene |ocus, and able to
recogni ze both a fragnment fromthe endogenous gene |ocus and a fragnent of
a different size 5 deriving fromthe transgene. Founder aninmals were bred-

to normal ngORLr pcmce. enerate_sufficient nupbers of transgenic . .
and " nont r SR ABRAES kel Rore BRI Fibicit ik e PR RSO aeREgh Hhene
gver expres sleBnéldeyr(Amhszm,sirﬁﬁét@sHeigm,nﬁbsTﬁﬁ rgmgﬁﬂgom&r ﬁbggetgexf %ﬁgd%@m g, 1
ay, 3 weeks,. 6 weeks, nt hs)..are subj ected to a nunber of different
~ assays des iklg%%lé) 5°t1t\<’\§1y ii%g o %%Hﬁmg%f&?g‘g SRuYag E‘me B mericoirer BERdows.rad #ble to
density, bomeoguizadotla famieanfomald @E6EaDhs ?éhé 188 @8d £ @hbask o@%td_il_f\#r&b{ size
ag e

extent o eged.ocggirgdrél? ossification, carti e formation, etc. The
transcripti ONAFEaEET Vit {658 t Feniy magenaeralredio aepmel Mmsabstpicenicedet i ng

RNA from vagenets sufficRBti@snbeRg rb&baite A ﬂzfaﬂ%eaﬁéﬁbéem %c‘hel$ ﬁ&el%gm%?a@ age

of single n%?I eoti de pol ynorphi sns _ between the nmouse 'strain from t he
transgene i S°Q8f Fed EAOYSTRDYSSHRg Fonthess stedies, efimals gevarigeseates (for GNaple, 1

ni cr oi nj ect d9n3 [veels! Blyddeils, ¥ mdiths))afldubickRdAN S - 11 Dl SRUPTI ON OF
THE MOUSE BEER GENE BY HOMOLOGOUS RECOVBI Nﬁ%a%!m%noa %IS%TS&S%% égﬁ%gnr? tf on

i n enbr yoni BeE@EFPESKelse] fosmetion. brneusiagral densita dohe mineral henterénebtgelanzad
nouse Beer @eRBiaand: Seqeanbl % e ! S Lr VI t he

| oss- of - funct i oﬁ “nutation. A #e%g(%?g&%leﬁ%?ﬁ%ﬁ% (?aagtﬂ%%ee?c%naté%’l’i cte.  The

/ ( 3- gal act OSIRgRPEORE Adtivitidkymethe iTAwsesne dnaynbeodetdrmin2 by axtepetng RINKefedro Faridfs t hat
its express§Qiksi £4500L PR NS enous Beer. gene' s pronoter and
“transl ati onal is_n??lti a%llgc%{r?\hsi gnlg¥§s£I n ?E%‘g%v\%}'?n%ﬁ‘?é) §B F“éﬁleoéfﬁﬁlp&oé%‘@?”é?‘s
patterns ofbaBersn thremeuse gkgin dowi winclcthn thaesgeet i@ detived d 1193 vANANTRhS stéad 65hitg a

targeted al The. get | r nstructed by first cloning the
dr ug- sel ect%s%g’“’p‘%@%@éﬁ@%&f@éﬁ%’ﬁﬁé@%ﬁ% pronoter driven

neonyci n-resi stance gene (neo) cassette from 25 pGI-N29 (New Engl and
‘Bi ol abs}® Beverly, MA) into the cl oANManMebES-—{ISP72 (Promega, Madson, W).

PCR was used to flRgketbs F%]ﬁ&u @? BN ]&%Bo e | oxP sites,
whi ch are recognition si tgs or t%e %?Ng\%fe}g%%%ﬁg{sﬁe ﬁgg@%ﬁ al ., PNAS
USA, 79:3398, THygwjozorhiesombihatins i etblsmyouie steny @Sbvells caf bé hedne dnactsitsthance
mar ker in taphgehed S |.l-derived ani mals (US Paten .
4,959, 317) . pee pmﬁﬁ‘}s?%%’sge%éﬁgds %“8%%}1?%@0868%6 _ & ee@fﬁ‘ﬁiéﬁ”e%lf’a)

| oXP sequenmowtaticks- 25epvrter gorpdueimentha®y cob ffifasidaRdgede, R dsgaterthRiPEENe0
cassett el 1 as restricti on.enzyne recognition sites (BanH in the
sense prg‘f ngtrérg\éﬁ“& ‘i‘é&%ﬁf"’ ?’ﬁ" 1S PRresH R 1S %%Wé’l%edp‘?x f%%md%ﬁp%%h BPR§ SIPFRTPtTImd 2.
The sequenciearsiftidiak iseatioe simblTeIn @S wly,- théApatial and temporal patterns of Beer gene
TCTGGATCCATAACTTCGT. A{@%@TACATTATA(}GAAGT TATCTCCAG

€xpression can rmined 1n animals carrying a targeted allele. -

‘The targeting vector was constructed by first cloning the drug-selectable
' phosphoglycerate kinase (PGK) promoter driven neomycin-resistance gene (neo) cassette .ﬁom
25 pGT-N29 (N.ew England Biolabs, Beverly, MA) into the cloning vector pSP72 (Promega,
Madson, WI). PCR was used to flank the i’GKneo cassette with bacteriophage P1 loxP sites,
which are recognition sites for the P1 Cre recombinase (Hoess et al., PNAS USA, 79:3398,
1982). This allows subsequent removal of the neo-resistance marker in targeted ES cells or ES
_cell~derived animals (US Patent 4,959,317). The PCR primers were comprised of the 34
30 nucleotide (ntd) loxP sequence, 15-25 ntd complementary to the 5' and 3' ends of the PGKneo
' cassette, as well as restriction enzyme recognition sites (BamHI in the sense primer and EcoRI in
the anti-sense primer) for cloning into pSP72. The sequence of the sense primer was 5'-

AATCTGGATCCATAACTTCGTATAGCATACATTATACGAAGTTATCTGCAG

91



91 GATTCGAGGGCCCCT-3' (SEQ ID NO 34); sequence of the anti - dense pri mer.
was 5' - AATCTGAATTCCACCGGTGT TAATTAAATAACTTCGTATAATGTATGCTATACGA

- AGTTATAGATCTAGAG TCAGCTTCTGA-3' (SEQ ID NO 35). The next step was t o c
lone a 3.6 k b Xhol-Hind) | fragnent, containing the E. coli 6- 5

.gal act osi dase gene and SV40 pol yadenyl ati on signal from pSV(3 (C ontech,
~Palo Alto, CA) into the pSP72-P&neo plasm d. The "short arm' of honol ogy

fromthe no O GU erated b wlifying a 2.4 kb
fragment fromeRe G oRobes! Sien, SRIShEsEtsY, fobe mlighin poornoruds
- with the traASCEGANAICGACEEETEERAATT A AGTANGT TRIGTA YRS T ANGSCT REA BT - Sense
~ prinmer usedajft [MpTe} t enentary to the 5' end of
- the 8-gal ac?@F@%ﬁ%&?&Ggﬁ%@%dgpﬁmgn could be fused to the
Beer initiation Hictnexi stef wasme cldhe BBRORES-Hih@KeFhefoskt g:d}lttghggélc&jen . Joﬂ%

-"short arsm'oilnto, he SP72-§gal -PGKneo plasnid was to Iineari ze the
pl asmi d At &*&7P%Aa5p8e et 80 palvadenylagian sigas droayieh MBr{Ekontesh,Rala Ao $Trmm t hi s

fragment W ths pEhE2-PGRIGY flasphid THRCR oRPAUGER ech ik QL plasmds in
whi ch the PCR product wali‘1 i nt e%r;at ed by g 00%?0%%821%%%%%%ﬁ%{%eréenf_&uls%as
sense pri nmeferEGiedt tyeamplHying agd-fikb Sragiehti from i thn BAGC tlomke tfB0 hel 316nd of the

‘conpl ement afryprhdt ChiRciB With MR DHsiali Shal bdi@Moh Ute HLPHE B QD) gx?‘& %h%nan e
The sequence of the sense priner was s -
OnApAEin erfEACA TR Chd JIEAEC AL sidase ( SEQ

5' - ATTTAGGTEACACFATAGATTIC S GCDAGEHGAAGT:

I D NO 3 a e of th i-e ri.rer was _

5" . AACOAROO A S FL i Rcreatr ot BiorsiRdnany: Thomepre:

NO: 37). 20 Then fof ongdving thé rshon bine' 16 e FEHTE-PrRREKINE IARIAGH 216 Gnbi¥ize the

~anmplifying a 6..1 kb f,ragrrent fromBAC c lone 15 G5 with p riners which
also intr odﬁé%méﬁéars&?é‘ TR R P A8 §uE 2B thep 29 Aertransfora ghiSdragmentFwig! the Asc|

and Pacl . Spaeit binC'atdR/ proliii® aseR¥EH%E Sorfiashi 15 SASE 1R i
ATTACCACCGC%?G? COCGTT CCT CAGAG 3 or FlasmiVs i Bl ule Ptdr%rgéé%ﬁ"ev%c‘é“eé’%m? i

anti-sense %%bmmA@quvmmmmmm@@@@@@@@mw ntd
AATTCOCEECCARHE M tothe bﬁﬁ@ derN@aﬁ&)J 'for-EIBF Sr{)cgglﬂin&cg;\%vgl@T BL gdll'llg&ce W?%.F e

cloned into the TA vector '(anItI’O en, Ca as an I nterme
step. The nifli¥% BR®fT g¥Ae ParGEIAGETEHRMTURAGHACTCGAGUAEE TS ASSECHIAAC

sel ect abl e gREkEGGEdECTRRERRBCAirP! Vv Aant 1 di_ne _kin ene
" (HSVTK) under the control of ?gégrﬁgég%%n%jm%@ Zlill?{gﬂrl\egs Fnrﬁenogflsgl?gaﬁ‘gﬁfme
el ement ( RRFIETR)Vas ExpréSAGpGOEACRGA ATSINEGTAAtA BCEROABGCAACCACIATC @G

sensitive (aRGdd@VYA3bkeh HNE2 cyclovir; it is therefore a convenient way
to select against -neonycin-resistant cells in which the construct has

i nt egrat?®d by a Frsilagnoh'ogouedeangent lo8us Wast gendrattd Wbadnplifddg 2 FN&b fragment .
Cubsequent T an aG 1ot o TAg B a2 R BhbarSieie et or
pl asmi d. sites SgrAl, Fsel, Ascl and Pacl. Specifically, the sequence of the sense primer was 5'- |
'ATTACCACCGGTGACACCCGCTTCCTGACAG—3_' (SEQ ID NO:38); thé sequence of the
anti-sense primer was 5'-ATTACTTAATTAAACATGGCG_CGCCATATGGCCGGCCCCT
25 AATTGCGGCGCATCGTTAATT-3' (SEQ ID NO:39). The resulting PCR prbduct was cloned
| into the TA vector (Invitrogen, Carlsbad, CA.) as an intermediate step.

The mouse Beer gene targeting construct also included a second selectable marker, the
herpes simplex virus I thymidine kinase gene (I-ISVTK) under the control of rous sarcoma virus
long terminal repeat element (RSV LTR). Expression of this gene renders mammalian cells

30 sensitive (and inviable) to gancyclovir; it is therefore a convenient way 1w select against
neomycin-resistant cells in which the construct has integrated by a non-homologous event (US

Patent 5,464,764). The RSVLTR-HSVTK cassette was amplified from pPS1337 using primers

that allow subsequent cloning into the Fsel and Ascl sites of the "long arm"-TA vector plasmid.
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92 For this PCR the sequence of the sense primer was 5'-ATTA /
GGAATTCAAGA TCTGA-3' (SEQ I D NG 40); the sequence of the anti-sense priner
was 5'- ATTACGGCGCGCCCCTCACAGGECCGCACCCACGCT-3' (SEQ I D NO 41). The final ‘
step in the construction of the targeting vector involved cloning the 8.8
kb 5 SgrAl-Ascl fragnment containing the "long arnmt and RSVLTR- HSVTK gene
into the SgrAl and Ascl sites of the pSP72-"short arni-pgal - PGKneo

pl asm d. Thj arget i Ry " s liLnearj.z Y odi j i i r
‘Ascl or -'_Pa?: [S-be olggﬁ’e ec%/er%g%ongé a%?glr? %ér;lg?eo pﬁgl%ge 4955 %}Eﬁ%’&fﬁé&&m

ANT| SENSE- MER ATEDABEE R ATWCT | (VETIIONQ@0) Therngqicact ofttbe aitt-sepengemer was 5'-

‘ol i gonucl eqti i i.ng, t..in such a way that
the s end B AT S e e G R ORP P SBRIBvgi &t Ton i i ¢
ating AUG of t hEhe B step iamscronfitucti@ndf thhearpeting Ivdstonfnveived e®siny @he 8.8 kb

ol i gonugl eqt i des cur in 5 nucleptide inc jng i.n the 5

di r oot on Ca i EE el BaprebE lad S ard FVEL T B iha iz Se2AT e

Cor r espondiAREr sGed Wi pSPl72-OMbH Ghe O alPSKas 1408 MR taAREn PYRRR WA MG AY

equi val ent base 15 conposition_but redistributed in sequence to inhibit any

si gni i cantY Higewtioamitheithsh Asd of Rl Beferersipetroprigion e rillsdel i very to the test
cellular systemis conducted through _cationic lipid delivery (P.L. -
Feigner, Proc. Natl. Acad. Sci. USAB#AMELBI01987). 2 ug of antisense
oligonucleotide is added t@anE9SsEvESiATESOIERARASSFMBNTRdI @ (Opti - MEM |
reduced serum nedi a; Life Technol ogies, Gaithersburg MD) and this is m xed
wi th Lilof ect i nlT-aegdrsfide gisampg oligopycieotidesigrrgrengied dn apovedapringkiospirig sWbe i n
the 100 ul ol #2dkcod,3SF WD AEdLRonERSES Weﬁaﬂptﬁ@gans?altil)ggﬁgatﬁg AGERE &

for. 30 mnufes at roomtenperature and the mxture Is added fo previously
seeded MC3EBERirangeript, k84 88 X ends of supc¢saize okigonndleptidescocow in Grradleetifd panananisRNA
recover ed. Bngel il Ml birudiDthd 68 ndibieRalafORctasih. o G el QT LR
B eer specific ™ riners. n addi tion, separate eXperinental wells are

col | ect ed &rnarepnondieg reohteal eblsgontdectidese ate zdadighdulr end) Iprepest eesingo kqtivamt frosks

described in 25.Exanple. 4. The cells are harvested resuspended .in lysis
but fer P50 RPRTS arsbivuly Tp ifbrdel! S EES R0l BRGRERAT b B <
prot ei n colthRSteddeagkhi &livery artha test @lhdapiyster ist condu@ted 2rodghgrationie Hpid delvatyur i ng
SDS PAGE. T par at ed pr.otei a r.apsf d,to nitrocel l.ul ose ...and the
west er n bl OF Te SRREy e Lo uStd Sl DRy st AL, M B Rl oE alisdRe oleiifuad™, |
paral | el , tddéed todn nbdf ralucgicanal wediz (si-MEN lacihec teoun dediaj Cifd Tehlolagiees and

experi nment al, . rati. are. repeat ed. .30 Decrease | ee 0 rotein
Cevel s ar e GHREREE DT A e cBrobd it LsEaBhaeetl O IR At Rhciells

ol i gon:md eoceziiaherlsnsﬁg u}]:p)s‘n itHe 1Iza)0 ED%EM%QMmGJ&E.hE?ese msﬁaﬁtil;ellmapaw@blm- t he:
~control scrapbl ed ol i gonucl eoti de. i s et ogy .enabl e iye gene
Chact i vat ; oAb s BUB GTRPe R S AR B LR FOBET BT LAY Seq

nodul es in x$us3tdess UBhGH L Ellia@e BB and the mRNA recovered. B eer mRNA is monitored

using R T-PCR in ¢ onjunction with Beer s pecific primers. In éddjtion, separate experimental
w_ells are collected and protein levels characterized through western blot methods described in
Example 4. The cells are harvested, resuspended in lysis buffer (50 mM Tris pH 7.5, 20 mM
NaCl, ImM EDTA, 1% SDS) and the soluble protein collected. This material is applied to 10-
20 % gradient denaturing SDS PAGE. The separated proteins are transferred to nitroceliulose

8]
wn

and the western blot conducted as above using the antibody reagents described. In paraliel, the

. control oligonucleotides are added to identical cultures and experimental operations are repeated.

30  Decrease in Beer mRNA or protein levels are considered significant if the treatment with the
_anﬁsense oligonucleotide results in a 50% change in either instance compared to the control
scrambled oligonucleotide.  This methodology enables selective gene inactivation and

subsequent phenotype characterization of the mineralized nodules in the tissue culture model.
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93 EXAMPLE 11 MODELI NG OF SCLEROSTI N CORE REG ON Honol ogy r%cogni tion

techni ques (e.g., PSI-BLAST (Altschul et al., Nucleic Acids Res.

25:3389-402 (1997)), FUGUE.(Shi et al., J. MIl. Biol. 310:243-57 (2001)) ,
suggested that the 5 core region of SOST (SOST_Core) adopts a cystine-knot
fold. FUGUE is a sensitive nmethod for detecting honol ogy between sequences
and structures. Human Chorionic Gonadotropin (3 (hCG0), for which an
experinentally determ ned 3D structure is known, was identified by FUGUE
(Shi et a 1., supra) a s the closestEhomdEdyue of SOST Core. Therefore, :
hCG (3 was used as the stru 3D nodels for SOST = ..
Core. 10 An alignnment of SOS %Géﬁ%ﬂa@&ﬁg{@o&%ﬂ%ﬁ ogues is shewn'in. . =~
EI gurk e 7. Anong Himlogyoamkutoresctiown (d.4, 23IBIAITYGIBRE U] e WuHQ@A@z&a (RESG‘B) g

a nown 3 T t n SOST Core an CG P
was appr oxi rEr)Sa %%ggﬁ/@néi PﬁgU%i(gﬁl g’l'éﬂ‘i@ %Xéqgémgg? VLY Brassyerb et tpe
fam |y, enpbasieiongf SOET csnmabbr@ hcrdp@tawyalne%m bRl FUGUDE h WeeRv SEShe Rk €
and hCG (3. ,Three pairs stines (1-5, 3-7, 4- 8) formed disul fide bonds
15 (shown wd?tFF“%hg oPgh %tw BrdyeRces 7pd |Sl"iu°&mﬁkn Stumag driforiguie ZEdnedntropini 8 h
was char act (i B), Gort Whitihen egyetibieARiTK A0kbrliflddsp Afugttid kﬂb@ﬁ"vlzls ?exl?i%?@' by 4

(2-6), sho as_a dotted line in Figure 7, was unique to th

di st i ngui sh&8HCUR Shigtiaf-ys 45r9) a5t bt epsest ffcrfmi?@PWétSQST;@Qnenérhkwﬁlre hCshp Iwaes
(e.q., TGCruedas BMBuctdPR m%@ (Berman et al., Acta
Crystall ogru Das Bi ol . © %ﬁ&%?ﬁﬁlﬁga glgg)tr%?sng§£ggg 907 (2002)) entry
1HCN, tHe 3D st rt‘éﬂ@:ﬂmeréfOf ROBT (Gpr¢ wid itstclast homolSgues Gtshoen b Fidbe 58A(n]:ﬂ§ﬁ))

B undel 1 3 R RF RS YRS RS 4576 {CBHRE Mk bl Themsatt éso

i s shown i nseqi¢ngeiridentlty BAvetenoBOBNeCry :hd MEGP Obaspaippr@dimstelly 059, di BIBKtSCYS

because of ck of hvyd hobi ¢ cor.e a.nmononer (Scheufl er et al .
supra; Schl t@nga%sgver%ﬁ SE?r(' {t%g?ug 3u fﬁﬁ:lyolmpg@%@e% er(alﬁgg-ggn)ral s
al ., supra) betﬁ%'lSCbS’lkébxyb ahohtovis Tﬂa& RETBf dystirRs angl, $-9r4p fanﬁe@mdlﬁla%oﬁd@

increase_it st abj Constructing a npdel for the dinerized SOST Core
~ region d?eszﬁ? tb\?%lldélfnesé‘h 1B gb?&ﬁu%‘é‘ﬁm“‘?%&hé@dﬁﬁéﬁé@a@?WF&lﬂlﬁy

bet ween SOS3ystind-noafvtt. NACeAt diﬁ&ide%hc( Mshowﬁaé a 1OeddeRd iPFikud 7hw
CG (3 forrreg]fa hlg;,gtlgdl mer wWith CG a; and (3) a number of 30 dif erent

r eI ative cofff FHngYTBefe the fﬁ%ﬂ\%é"lié‘éﬁ“’éﬁm gthgr ¢ ysuirs-imet fazailies (e.g.,
cystine- knotrGry, eh@)ns fromdifferent famlies (e.g., PDGF, TG (3,
Neurotrophin, IL, -1/F, Gonadotropin), _which suggest ed that the diner
conf or mat i on’ of SBTCewuMEs d’éﬂﬂﬁ&ﬂeﬂsﬁl«%gﬁpﬁ Gennday ef rbmdrire Che@logd (I3 Biol.

et er odater CHARIBETEAHOR rub BoSGBRIS) Y feREN IS sollFikebe OB [wERl 40 W

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 8.

Most of the cystine-knot proteins form dimers because of the lack of hydrophobic core in

25  a monomer (Scheufler et al., supra; Schlunegger and Grutter, J. Mol Biol. 231:445-58 (1993));
Wu et al., supra). SOST likely follows the same rule and forms a homodimer to increase its
stability. Constructing a model for the djmeﬁéed SOST_Core region presented several
challenges because (1) the sequence similarity between SOST Core and hCG-B was low (25%);

(2) instead of a homodimer, h CG-B formed a h eterodimer w ith h CG-z; and (3) a number of

30  different relative conformations of monormers have béen observed in dimerized cystine-knot
proteins from different families (e.g., PDGF, TGF-B, Neurotrophin, II-17F, Gonadotropin),
which suggested that the dimer conformation of SOST could deviate significantly from the hCG-

/P heterodimer conformation. In constructing the model, hCG-o w as replaced w ith hCG-p
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94 fromthe heterodi nmer structure (IHCN) using structure sgéerinposition
techni ques conbined wth manual adjustnent, and -then a SOST Core

honodi mer nodel was built aceording to the pseudo hCG 13 honodi ner
structure. The final nodel is shown in Figure 9. EXAWPLE 12 5 MODELI NG
SOST- BMP | NTERACTI ON Thi s exanpl e descri bes protein nodeling of type | and
type Il receptor binding sites on BMP that are involved with interaction
bet weenBMP and SOST. Conpetition studies denonstrated that SOST conpeted
with both tippethe Iatedoduygestmmrer(éﬁém ©sisg fstrucﬂmerndpsmgmbmtuﬁNEchﬂq‘uealaombmed

ELI SA- base ectiv ted with

- scl.erosti nqg%at e %&%§?§%gmng/ \@]s%of‘m % PR ?{I%ﬁdf:% f?ﬁﬁ“‘m{? tﬁﬂr@ﬁ

“I' ncreasi ng: paMuhC@-ﬁ)nonBiﬂHmretmqnlrarTﬂeeﬁ:(aFﬁo&ﬂss shewﬁﬁmgmuﬁt) conpeted -wit h
sclerostin. for ‘binding to-BM-6 (11 nM (1C50 = 114nM.A'10-fold nmol ar.
excess of the BMP receptor was suffi {_ é) reduce bi ndi ng of sclerostin
to BMP-6 by approximately 50% This E%‘F%E}? ion was also observed with a
BWP receptor I1-FC fusion proMebELn(dSBQT-Bh&GDMRmmNDAN (1C50 = 15 43nM
Specificity of g assg | ack of conpetitjon for, binding t
BMP-6 between s¢f° ef‘%’%‘f%lﬁesﬁﬁif qu%f’%é GrPEriaYReC afr;‘E@fPS T5¢Bto8 Pipding 5"[‘@:0‘(3
recept or fmmanﬁahﬁblvém&ﬁhuﬁrﬂu&%enbbﬁchﬁh’%dg@ﬂtype | and type Il
receptor binding sites on a BMP pol {pe ti de have been nmapped and were

spatially separ @Het{t@Eﬁé’d‘fe’F&m@’Pmé ed that 3PSF comprted with jeth tyra peed tye dkel

et al., sups@proHafd: bimfhglo BMP. SUPLA)ELINRGGED AREAG! @Mmg%ﬁm&eﬁ hat
binds to BVWP with high affmty contacts BMP at both type | type |

recept ol® bilPigieagd siithele (legrostimesonted arfich &3 00pes/ weLDrwigs hislo gfinity (Keroppedet
al., supra t t DR n
al so cont azzhtmag})El Mﬁéeﬁt%hgg rigcl%pﬂrcgcl:%qﬁccﬂi 8@& '59@. te. efﬁhhﬁth aﬁﬁﬁg%uﬁrd

al i gnnent dindigeygiBMEBfd! STET Cadt d:la‘tné@ t4 40-folth endlanexqses qm}mnBMﬁescep@Bwahar ed

sequence Sijrd ani %W::Rf‘c%‘ﬁ%%ﬂ: &%cl%#ogt%{{g %ﬂl’ & U%Lép%lxs z(i)telhk@‘zt pth;[ eflgl’géegﬁ?%d in

bet ween the core regions. am no aci e
Fi gure 10. st@lsoylbsmadevittesBNﬁesceptdnmtF@Mdﬁmemmﬁétﬁmm&ma@bo%

were cojsery, b n in _and S v sequence,.i den was
24% {dl' th\eénigI & r?%:lgm den S%‘Yaﬁl nmfvﬁe ci‘ef’ C?%CHB?%EQ H’dndr"réggfo hi\’h’y‘s
(ali gnrrent l;&mehlsﬂﬁssﬁh 48R rMSurBB%-F(EVﬂGsNSxEﬁﬂoinESTUF A Reeephdo gghiry Mrhesr fanal

binding re ly Leu (L) at alignment position 21 and Qu (E) at
position Zgigﬂgrb@%%eted to play inportant roles in BMP binding (G oppe

et al., supra). TBetypeTasd el Wedbtor GORASRY el oh B BMISHolyRet¥ehave bddemsBayEnce
S:Sm larity a\gldtwré;enspgt?a?ly%gpra.%.terde(gcl;hggﬂe(r aetl al.].g Q&ﬁg tlmrl)l(s?gtl z;[ll .8:?778 a; N?c%ce]ze%%) s\zlz\?rfz I%Er? u
120 et al. supra). Noggm, another BMP antagonist that binds to BMP with high affnut}}, contacts
~ - BMP at both tybe I and type II receptor binding sites via the N-terminal portion of Noggin
(Groppe et al., supra). '_The two B-strands in the core region near the C-terminal also contact
BMP at the type II receptor binding site.
A manually tuned alignment of Noggin and SOST indicated that the two polypeptides
25  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 10. The cysteine residues °
that form the characteristic cys-knot were conserved between Noggin and. SOST. The overall
sequence identity was 24%, and the sequence identity within the N-terminal bmdlng region
" (aligoment positioris 1-45) was 33%. Two residues.in the Noggin N-terminal binding region,
30 namely Leu (L) at alignment position 21 and Glu (E) at position 23, were reported to play
important roles in BMP binding (Groppe et al., supra). Both residues were conserved in SOST
as well. The sequence simnilarity within the core region (alignment positions 131-228) was about
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- . . s |
20% but the cys-knot scaffold was naintained.and a Sufficként nurmber of
key residues was. conserved, supporting honol ogy between ggi n and SOST.
The Noggin structure was conpared to SOST al so to understand how two SOST
nononers dinerize. 'As shown in..Figure 11, the Noggin structure suggested
that the linker 5 between the N-term nal-region and the core region not -
only played a role in connecting the two regions, but also forned part of
the dinerization interface between two Noggi n nononers. One nmjor
di f f er ence 206t hwiethe pykyioh seaffold SGE Tnsiairteh and t vafficienkeymive tofiden rdsilges was

N-t er m nal i . - e reghon was .shorter in SOST. The

C-t erm nal C(E]J:Sglllvg_ﬁgu _ %Bgigrﬁ%lggqeéwfeg&\fgﬁlga?dg% T dinerization Th

~ sequence of ~ 10 RbggFf e %ta%vﬁe‘fsh PRRATEL % SPE G B, W‘{?ést@é)sﬁe“héﬁogc‘ﬁsgxtra_ -
- G-t ernm nal nogginen. diderideheANag@h in Fedubel ¢ Uhe Nagglh Sthdnird @uiendd @ennrainge the
- C-term ni gf tWO'Nﬁ\ggi n. nononers. Thus, the C termnnal region of SOST -
start ed”cl BE&eFR MPHEITRPETPETEEhe ¢R5e FstRSOF SURRIGYHaols 18 GATIeP st tRe B

di neri zat i edpionsNowddib FdrRBd paiest ARARLYIALbY Slddhe YRR 6d RBgHNRWEShdr abneS OME

portions of the C termnal_region of SOST had a tendency to form helices.

Thi s regi o3 d5fmeaRgtwisen Nogeeangdot{dy bives thalrthe Heken betweqnzthe Notgroaieal iregiqny |

possi bly t hpoughokeldist Malhn BReks RGoghi ch m m cked the function of the
| onger -1i nker in Noggin. Another difference between the structure of Noggin

and SOST was t h&hakriereningd region aESPET oayipkaytalrele SCRIST dimeriratipno A haseqn¢ncy plirent
posi ti ofgs . i - 10) 41 TARS T i y - irnin,

Bt ch pat nt A oaas 2R L b kich, Mrute BOST HITE] SO BHARNIRE, SRR 0
(shown in PFirguwre a1 disgd§debingmenrecigil dhe Crtetntinl ¢fi hd| Moggin mheords. ndiresdresC-and

above the G 1 I | S: - hal [ pi oul d 0
contribute %Jg%%&@& o%r%isg g‘ta'#%& %ﬁiﬁf‘&%@%@éﬁ%@%ﬁ@ﬁ%ﬁﬁ#@%%@g
PEPTI DE | Mird¢2aEdts Ihhidditibx smqpindaryl eeatiol esedichien shesied) thad SorSORIMt prespdfi tiskeC-
i mmunogens .t hat .are us re 1251 ni zi nj. mal sqand _gener afi )
ant i bodi es t%rﬁlé%al brock Of(étofesﬁa%atdi %ﬁ?ggﬁeé?' mté)e{rgfgﬁ%ﬁh%ﬁ'ds%‘feg%élnﬁl gbﬁg‘ﬂ%’ Bei mer
L ormati ﬁg _mﬁ_sp&&éilf\b lﬁawnhmdamméza&?]ﬂcmm :pngiﬁy ﬂugmgmh@lbcméx @n[\tfdi@, Wwhith mhitnidiced y

et ween nd. inand.the simlarjt en.the t erm nal...regi ons
of et vo Tol i disco BRGNS phen g RS SR e RS ohee
simlar 3CGnA®OSErwdsahd\mgn avid hieation i8 thd $BSNedretepion af alipagiemposifior5A63-18mY

interact with hoth the type |. and type .receptor binding sites on BMWP,
ind 8 por 1G5 P AD) cohE TRl DA Ao BETRE ST ONEEE (HoREe TS0 20
in Figure JLOkrfARRYinithé Wo%@.ﬁ stichie (hBwh ViR Figure 1 EGERUCYD fREiOA i heSinidieSarGhe t hat
96 anti bodi es specific for these SOST regions may bl ock or inpair bindin

" of BWP ¥ <Sugspmers and above the C-terminal Cys residue). This elongated B-hairpin could also

contribute to SOST dimerization.

ExampPLE 13
DESIGN AND PREPARATION OF SOST PEPTIDE IMMUNOGENS
This Example describes the design of SOST peptide immunogens that are used for
25 inimunizing animals and generating antibodies that block interactions between BMP and SOST
and prevént dimer formation of SOST monomers. |

BMP Binding Fragments

The overall similarity ‘between SOST aﬂd Noggin and the similarity between the N-

terminal regions of the two polypeptides suggest that SOST may interact with BMP in a similar

30  manner to Noggin. That is, the N-terminal region of SOST may interact with both the type I and
type I receptor binding sites on BMP, and a portion of the core region (amino acid alignment
positions 190-220 in Figure 10) may interact with the type II receptor' binding site such that
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The am no acid sequences of these SOST pol ypepti de fragrrenti. for rat and
human SOST are provided as follows. SOST N _Linker: The N-term nal region
(includes the short linker that connects to 5 the core region) Human: Q GW
QAFKNDATEI | PELGEYPEPPPELENNKTMNRAE = NGGRPPHHPFETKDVSEYS (SEQ I D NGO 92) Rat:
QGWRAFKNDATEI | PGLREYPEPPQELENNQTIMNRAEN  GGRPPHHPYDTKDVSEYS ( SEQ | D NO 93)

10 SOST Core Bind: Portion of the core region that is likely to contact BWP .
at its type 11 receptor binding site (extended slightly at both termni to
i ncl ude t hea@ySliesspeaiiicefor thaseHHEIST) regibhsriady: bldck BPRYRAQRM R EBFHERARRARKVRLVASC

(SEQ | D NO 94) PRSRKVRLVASC (SEQ | D.NO 95) 15
SOST Di neri zati on I‘—‘Flmor?ﬁggquﬂ%v%'k %Alp°¥y8@u8ﬁﬁﬁﬁ‘n%®§qf ragang jhrmpn/ SQIT be

i nvol ved mm'ebﬂwfd@dlmt)ﬂm of SOST ‘honodiners (see Exanple 12). T he -
el.ongat ed ( 3- hai r pj so p.lay arole i n h onodiner formation.

Ant i bodi es t hat sp%&f]l\@o[ﬂ‘%‘ e &Y teoninelaRsiere (fRdwdss fteyshort dinkerttha conmreptaito

di meri zasi on ﬂZergfrecﬁ%T nmononers, which may in turn interfere with
interaction between SOST and BWMP. Pol ypeptide fragnents in rat and human
SOST correspondi ng t BYREse regi ons @@W@MKNDABWELGBMP@ELEMMM nal
regi on Human: . LTRFHNQSEL KDFGT EAMRPORCRRIZRRRAREAKEHQAD NELBNAY ( SEQ | D NO 96)
25 Rat: LTRFHNQSELKDFGPETARPQ(GRKPRPRARGAKA E LENAY (SEQ I D NO 97)

SOST Core Dimer: Portion of tHR&%cor QG AP GEREYREPPOEL NN EMNRAEN SOST
~dimerization (extended slight St HEEYR ﬁWﬁ(S’@@DPH@Fs’éHe the Cys residue

h H 98) 30 Rat;
?:Q;IgAgLi)ﬁNAl %&m&gﬁw ¢ H§ Bﬁgt E:? ﬁﬂgcgrﬁta&b%tat H3 YROST

N-terninus Th& keesptdy-tinding nad (Hitended glightigi 0o 1B td #duGENROCYROs:LLONS
1-35 in Figure %0 was nodel ed on the basis of the Noggin/BIVIP- 7 conpl ex

structure (Pr(%?el ‘Data Bank Entry No. 1 MU and the am no acid sequence
alignment (see HugneCPORYRAQRUGNLEHAGEARNARRVROV A @FHFiRT0oMh)

Rat: CIPDRYRAQRVQLLCPGGAAPRSRKVRLVASC (SEQ ID NO:95)

15

SOST Dimerization Fragments

The C-terminal region of SOST is likely to be involved in the formation of SOST
homodimers (see Example 12). T he elongated B-hairpin may also play a role in homodimer
formation. Antibodies that specifically bind to such regions méy prevent or impair dimerization

20 of SOST monomers, which may in turn interfere with interaction between SOST and BMP.
Polyp_eﬁtide fragments in rat and human SOST corresponding to these regions -are as follows.
SOST_C: the C-terminal region

Human: LTRFHNQSELKDF GTEAARPQKGRKPRPRARSAKANQA
ELENAY (SEQ ID NO:96)

25 Rat: LTRFHNQSELKDFGPETARPQK GRKPRPRARGAKANQAE
' LENAY (SEQ ID NO:97)

SOST_Core_Dimer: Portion of the core region that is likely involved in SOST
dimerization (extended slightly at both termini to include the Cys residue anchors):
Human: CGPARLLPNAIGRGKWWRPSGPDFRC (SEQ ID NO:98)
30 Rat: CGPARLLPNAIGRVKWWRPNGPDFRC (SEQ ID NO:99)

97



s o _

~ 5 the SOST N-termnus that likely interact with BMP. The nodel of SOST is
~presented in Figure 12. In the conparative nodel, phenyl al ani ne (Phe, F)
at alignnent position 8 (see arrow and acconpanying text) in the SOST
sequence projects into a hydrophobi c pocket on the surface of the BW
dieter. The same "knob-into-hole'.' feature has been observed in the BW
and type | receptor conplex structure (Nickel et al., supra), where Phe85
of the recegtor fyts |nto the sane 10 pocket, which is a key feature in

| i gand-t ype=2Mt iinding lypomp ;S TGF- (3 superfanily nenbers

hecor di ngi of?Lemg’éfb‘*‘mMa &%ﬁm&@o&%@ﬁf@aﬂm ttpa?ﬁc‘?rfsé“%lgkk@%en@méd
whi ch al | owsodigsl dﬂrthebmsnaﬂ th iNvg EinBMH-7 Fagmﬁm sfr@c‘lﬁrbr(hadmﬁbﬂtﬂghﬁlh@n%odl mer -
i g i ¢ SVE) B o BT R b o SRS st B Ll ooy B o due R,
Pro 15 di r etht 8OST N-rerntieax thhthikelyaia@atyviBMPS Théobd RE5OST {FRAGERAL in MREN

t hen connecé_é %P the |inker i O Exten5|ve contacts between SOST and
BWP .are evi the, CEEPRSTAIXS T’Z’deng?ﬁ“ obetisligpent pesitioned (seelempyred t o
enconpass tmomng&&@mmmasomq&ﬂc&m@agwahfa:@&lsg GO Affhe Wulile %’P

proteins. The tide sequences are presented be I nmunt zi ng
ani mal s, thge flignsr. s BRfusece Kook f@é@sﬁgﬁﬁ@é h@&)bm@bi;ea\pd uaﬂdﬂ»ﬂ’antﬂtype onal

cystei ne Wagecdbild @6nbi6x SR8 b6Em B3, S5 P& 85%%%&“% i 0kipg Lo KLH

The peptides were then used - |rrrrun t1on. se Gehc&S*Bf. t he
i nMmunogéhs Bgeketawhithliy avisy framrarin @S- W@WWMDWM%EUGEY‘GEE&E@@@M 47)

25 TEI | PELGRYRER) E NKT | D NO 49)
| CTNNRAENG%PPHH gEéTh‘%Ig( %"E%‘%’IE‘HW?*%E % FE?QMW%EQ‘* ‘%&?%’190
Human SOST mefsli alpwlivd (Rro)Adicticted omal is @ss co%rv@MElKlﬁl[fMTﬁé NRRelfRY- GindiSEQ | D
NO 52) TEI PEPPPEL ENN- D P PPPELENNKTI\/NRAENGGC (SEQ
| D NO 54) Mﬁ% 7 ﬁfﬂ %@w %&3’% FerHSPPET REEEEE ¢ ( SEQ
| D NO. 56) &ed nsasgrtor WWEEI&HB&;EE&@EPE’O&@EQ Wi2oNehserkd isPanother Pro-
PEPPQEL II:%\I N%ected a&%EQcalrb%xl;'Kgng }the binding fragment, which then connects to the hnker

region. Extensive contacts between SOST and BMP are evident in Fi igure 12.
Peptide Immunogens
Peptides were designed to encompass the SOST N-terminal region predicted to make

LU

contact with BMP proteins. The peptide sequences are presented below.  For immunizing
20 animals, the peptide seqﬁences were designed to overlap, and an additional éysfeine 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.
Human SOST: ' |
. QGWQAFKNDATEIPELGEY (SEQ ID NO:47)
25 TEINPELGEYPEPPPELENN (SEQ ID NO:48)
PEPPPELENNKTMNRAENGG (SEQ ID NO.:49)
KTMNRAENGGRPPHHPFETK (SEQ ID NO:50)
RPPHHPFETKDVSEYS (SEQ ID NO:51)
Human SOST Peptides with Additional Cys: _
30 QGWQAFKNDATEIPELGEY-C (SEQ ID NO:52)
TEIIPELGEYPEPPPELENN-C (SEQ ID NO:53)
PEPPPELENNKTMNRAENGG-C (SEQ ID NO:54)

KTMNRAENGGRPPHHPFETK-C (SEQ ID NO:55)
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ENGGRPPHHPYDTKDVSEYS (SEQ | D NGO 59) TEI | PGLREYPEPPQELENN (iEQ | D NO 60)
-Rat SOST Peptides with Additional Cys: 10 QGAMQAFKNDATEI | PGLREYPEPP- C ( SEQ
| D NO 61) PEPPQELENNQTMNRAENGG C (SEQ I D NO 62) ENGGRPPH. HPYDTKDVSEYS- C
(SEQ I D NG 63) TEIl PGLREYPEPPQELENN- C (SEQ I D NO 64) 15 The fol | ow ng
peptides were designed to contain the am no acid portion of core 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

‘conj ugat ed peptides REPEHEBEIKDVSEY$-@n(SBiQZINO:36) | n t he Docking Core
N-ternminal Peptide an internal cysteine was changed to a serine to avoid
doubl e conjugation to KLH. 20 For Human SOST: - - Amino acid sequence

Vii t hout Cys. resiRr86SEdded:  Docki ng. Core_N-ter mi nal Pepti de:.

o PDRYRAQRVQLLCP Docking_Core Cterm Pept i de: o
QLLCPGGEAPRARKV %@@@%ﬁ@%@@ @’E@%P %re N—terlron nal _Pept i de
| PDRYRAQ?VQ_LCPCRERBECENBEQVII@\AEN@G Sk @Q@ﬁ%afbre Cterm Peptide: -

QLLCPGGEAPRARKV SEQ 1 D NO 69 0 For t SOST: Ami no acid sequence
Wit hout Cys resi ?K%ﬁ%@}’ﬂﬁﬁ%@l‘fo 59)

Docki ng_Cor e_N- tesiric RIEYPepbhEENY LSPGG (SEQ | D NO 70)

Docki ng_Core_Cterm Pepti de: - - PGGAAPRS (SEQ I D NO 71) 99 Peptide

i nmunogens with Cys added and substituted: DOCkI ng_CoreN-term nal Peptide:
| PDRYRAQRVQL L SPE&3t EOF BEDLIdE W ARljitionBbCid: ng - Core Ct er nPept i de:
PGGAAPRSRKVRLVAS- C (SEQ I D NO: 73) 5 Two regions within SOST that
potentid?ly interact QWQ&FWMHYBEPEG(IEQWUNO the amino acids with
the SOST core regionp Human SOST pepti des
designed to contain t I's sequewq(gpmﬁ&@) N-term nal Cys that
was conj ugated to KENGGRPPHHR¥DTAD\EIVS-NEPEQ e Na6HYst ei ne was added to

the carboxy term nusggfq)mhﬁ%w_gl%%ém%%gf) The KLH conj ugat ed

pepti des were used f

15 " The following peptides were designed to contain the amino acid portion of core region

~ that was predicted to make contact with BMP proteins. Cysteine was added at the C-terminal
end of each peptxde for conjugation to KLH, and the conJugated pept1des 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.

20  For Human SOST:
Amino acid sequence without Cys residues added

_ Doclqng_Core_N-terrmnal_Pept1de: IPDRYRAQRVQLLCPGGEAP (SEQ ID NO:66)
Docking Core_Cterm_Peptide: QLLCPGGEAPRARKVRLVAS (SEQ ID
NO:67)
25
Docking Core_N-terminal_Peptide: IPDRYRAQRVQLLCPGGEAP-C (SEQ ID
NO:68)

Docking Core_Cterm_Peptide: QLLCPGGEAPRARKVRLVAS-C (SEQID NO:69)

30 For Rat SOST:
Amino acid sequence without Cys residues added or substituted:
Docking_Core_N-terminal Peptide: IPDRYRAQRVQLLSPGG (SEQ ID NO:70)
Docking_Core_Cterm_Peptide: PGGAAPRSRKVRLVAS (SEQ ID NO:71)
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.10 For Human SOST: CGPARLLPNAI GRGKWARPS (SEQ I D NO 74) | GRCKWARPSGPDFRC
(SEQ I D NGO 75) For Rat SOST: 15 PNAI GRVKWARPNGPDFR (SEQ I D NG 76) Rat SOST
peptide with.cysteine added PNAI GRVKWARPNGPDFR-C (SEQ | D NO. 77) The second
region within SOST that potentially interacts to form SOST honodiners 20
includes the G-terminal region. Peptide inmunogens were desi gned to include
am no acid sequences within this region (see below). For conjugation to

' i ne yesi dde t he C-termnal end, and the
Con ugat od pept FoER Rt R AN e e 5 At Sor Human SOST 25 e
EL KDEGFEAR (0BEG-tbmitD FeBlid o: B SRRERERY RRQSGRKE PyNO
: EE&EEE&% RARS '_C('ségl D T.gag%lde RARSAKA ELENAY gEE Qlﬁg Noﬁél) 30
Pepti de | m_nogm °ree§§m& HIstP @S AP RPREY! Vﬁﬁ@lﬂﬁh\é"@ﬂﬁwg EAA- C
(SEQ I D NO 82) .- ELKDFGTEAA RPQKGRKPRP- C (SEQ | D NO. 83) SERP%G?NngE .
N (5 PR e AR SR OI C (0100,
KGRKPRPRARGAKANGRELENAYt{ BERASY DR 87i0n S5k SRR IR K RISER it $56% 1 D

NO 88) Peptide i mmunogens with Cys added at C-teérm nus:
RL TRFHNQSELHEPRESSETCAIRRRY. 1 ¢osia (tps Neyugnye had) 2 KGRRIPRPROARG ehiGANQATREL EA el

SEQ | D NO &89, 1 MPREPEFARPRKGHEP - MPLE .14 ASSAY
I(:CRQDETECTI %ge}“ BB G A B Esﬁig%ﬁ%{’ a%’céég‘g?}/ip %‘H%)E)?‘%%f %ﬁltm‘%’f
exanpl e des®p pagBerca SREDNOTE) Thetkddi conudaten demigesoherauded garnimufianticexanpl e,
an 15 anti body W aRti 8¢y fragnent thereof; to sclerostin.

CGPARLLPNAIGRGKWWRPS (SEQ ID NO:74)
IGRGKWWRPSGPDFRC (SEQ ID NO:75)

For Rat SOST:

15 PNAIGRVKWWRPNGPDFR (SEQ ID NO:76)
Rat SOST peptide with cysteine added
PNAIGRVKWWRPNGPDFR-C (SEQ ID NO:77)

The second region within SOST that potentially interacts to form SOST homodimers
20 - includes the C-terminal region. Peptide Immunogens were designed to include amino acid
sequences within this region (see below). For conju'gation to KIH, a cysteine residue was added

to the C-terminal end, and the conjugated peptides were used for immunization.

For Human SOST:

25 . KRLTRFHNQS ELKDFGTEAA (SEQ ID NO:78)
ELKDFGTEAA RPQKGRKPRP (SEQ ID NO:79)
RPQKGRKPRP RARSAKANQA (SEQ ID NO:80)
RARSAKANQA ELENAY (SEQ ID NO:81)

30 _ Peptide immunogens with Cys added at C-terminus:
KRLTRFHNQS ELKDFGTEAA-C (SEQ ID NO:82)
ELKDFGTEAA RPQKGRKPRP-C (SEQ ID NO:83)
RPQKGRKPRP RARSAKANQA-C (SEQ ID NO:84)
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A FLAGS-scl erosti-n fusion protein was prepared according to protocols
provided by the manufacturer (Signma Aldrich, St. Louis, MJ) and as
described in U S. Patent No. 6,395,511. Each well of a 96 well mcrotiter
plate is coated with anti-FLAG r) nonocl onal antibody (Sigma Aldrich) and
t hen bl ocked with 10% BSA in PBS. The fusion protein (20 ng) is added to
100 gl . 20 PBS/ 0. 2% BSA and adsorbed onto the 96-well plate for 60

m nutes. at roog&mg@gr&}zﬁ r$ jhesolution is renoved and the
wells are w ashed t o renove ur@%uéégégfg?\i&‘]ﬁssérot ein. A BWP, for exanple,
.BMP-4;, BMP-5, BMP-6, or BMP-7, .is diluted in PBS/0.2% BSA and added to
each wel | at cor%%ﬁﬁ&rsgsirpns_rangi ng from10 pMto 500 nM After an

i ncubation for ours at roomtenperature, the binding solution:is
renmoved and t he KRIARFENQSESHRGRETARP(Q (SEQIDWOB6Y00 25 pl vol unes of

PBS/ 0. 2% BSA. Bixdi t lergstin s detected using polycl onal
ant i serugm' ‘or mr@%%@%%ﬁf@%%hé%w and an -appropriate
enzyme- conj ugat SELKOFGIRTARPOK CREIFPRARRGEY I NQ:8kp St andard ELISA
techni ques (see, e.g., Ausubel et al., Current Protocols in Ml Biol. Vol
2 11.2.1-11.2.22 (1998)). Specific binding is calculated by subtracting
non-speci fic bi rrdpiitg ilhmafddeds Rlth B vdb&ht @0dmanal yzed using the LI GAND
program 30 (l\/Uga?;n and Podbard, Anal. Biochem 107:220-39 (1980)). Binding
of sclerostin t o BHBNQENIFGRRIARFQCKEQBNDGHBous ti e resol ved

f1 uoreseence demmmmA@ENA&ic%ﬁg%N@@eeni ng, 3:91-99
(1998)). A polynucleotide 101 sequence encoding sclerostin is operatively
linked to a hunerFRFHREGASEQKNGRIEERRAEE (PEQIDNO:PN a reconbi nant nucl ei ¢
acid construct and expressed as a human Fc-sclerostin. fusion protein
according to nethods known in the artppnergescri bed herein. Simlarly, a
BMP ligand is engineered and expressed as a BMP-nouse Fc fusion protein.
These two fusio H@W%@GB@%PWWDF%%AH@F‘WBﬂﬂwca%@a?ﬂ\‘conduct ed

as described by TRl &xampR! ddbrineEANR RN - B

THAT | NHI BI' T BI NDI NG OE' TGF-%ISTA FAéa LféﬁﬁEW:Rg%ﬁéséﬁééﬁifﬁ%%’ §§
PROTEI N!Thi &tibdyipp peibgds Ergoims tharepptorsolgrobidr.  det ecti ng an anti body t hat

i nhi bi ts bi ndi ng, Bf 8- ' .%Fg?je - rostin. An. ELISA is
performed essenti al I?@géﬁao-eggpgﬁggrc{tn anpl e z{fﬁl&gl)l(lggép?r Ott%%%{% PP ﬁ@edB ©
concent r at | Banufasties| (Sighaxaldrielt, SttlpukdMQené raidesedbed nrU.8xBawak &lo. 6,305,511

Bl Acore ana iSh- it .antibody. or..a lihrar r .coll ecti.on of
ant i bodi es i|3§saia e()(fjg?%%ﬁﬁael&(ve\)gﬁef gla °o %oaéc%g‘ﬁ%%r%trkg{“‘f‘to}@%f’%cﬁ%m ?@?’ 8rés

ar e i ncubat alfriflyran@than bloskesit wittoldyh BEAMEPBS. UTte fusibd protehe(2BNE) iantles 6 W0Qst i N,
the sol yti V, and. t he. bound BMP i s quantified as 15 descri bed (see
Exanpl e'%14§)£8%§'?i9 %%Sg? 3%&??‘%3‘[1)6‘51 ART 5% ZL‘@%%‘I‘& ?‘Hgéoéﬂiﬁutﬁf' AdPIY toHsEWedTHA the
absence of mntithoiyionieraavsd dot &d veallk agoNishiédt otferdohé Sniothef@hipdteinThesE

ant i bodi es urt he :
BB, LYLtnele Bvp.a, 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
25 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 techpiques (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

30 (Munson and Pbdbafd, Anal. Biochem. 107:220-39 (1980)). |
Binding of sclerostin to a BMP is also detected by homogeneous time resolved

fluorescence detection (Mellor et al., J Biomol. Screening, 3:91-99 (1998)). A polynucleotide
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‘eval uated as potential inhibitors by performng titration studies to
determne their inhibition constants and their effect on TG beta

bi ndi ng-protein binding affinity. Conparable specificity control assays
may al so be conducted to establish the selectivity profile for the
identified 20 antagoni st using assays dependent on the BMP |ligand action
(e.g., a BWMPBVWP receptor conpetition study). EXAVMPLE 16 | NHI Bl TI ON OF

..~ TGF- BETA BI NDI NG PROTEI N LOCALI ZATI ON TO BONE MATRI X Eval uation of

i nhi bi ti on SEAUCRGERFIING CIGFPsER IS RPR@LYRk Hnled (g frpsn mpaunoglebulinscopgaduegied 25

usi ng nodi fih ¢ LIPSt AutBR LRI i ' Tissue Int. 57:206-12
(1995)). Briefly, 25/ -labelled Tg%{%lgte%%?%‘é?’%hﬁélo Ecloletgstip fhbion grefn
descri bed I#cordiesn foamethadsp kegwn in-fhd ragix gralpdestrited i leread d Sinilolye a BMPElgand s a

96-well m itar. pl i it h ol vpr | ene .filtration.rrenbrane.“{‘
(Pol yfilt r‘%{ﬁ%‘%@,&%\%g r?n%rt%ﬁgﬂ% ?Fﬁ‘@fmﬁ‘éﬁ%ﬁ%ﬁ’ﬁﬁ%{ %{:}oq%)r{'o&gfsﬁ BYP FERPTPising atsyy,
al bum n i n iRBBatHLDEather awd thiewnayaadadtet as tidverivedbly 34elldhe avel | s containing -

matri x are washed 3 30 tinmes with 0.2% al bunin in PBS. buffer. Adsorbed
TGF-beta binding-protein is eluted udxage{k 3 M NaOH and then quantifi ed.

An anti body i_nhi.bj r | i.rs_bindi of the sclerostin TGF-beta

bi ndi ng pr otsgllg%wg A%f’g{élg %&%@B@%E%QNG@EEEF FRESH FAVLY VERYBERS Ty t he
TGF-beta binding protein wth theresHmBadine pisteappl Ying the mixture to the
matri x as descrjhed above. The matrix is washed 3 times with 0.2% al bum n

in PBS buffer. AYSGFBRERC SEIcBPTst IRtbpS £ drfssbmani Aotody ipiNmbbita Rindingef a
quant i f iced. T EardIQ ferthbi tio isBBloBt S AL NG 15 & vE! [alol - tin
to the hydroxyapat i tlg b&/1 5 at? SI 'egst 40% gégﬁalfggagérge?ﬁ%g{ﬁ%%é%g?&lgig%ﬁlﬁlng
observed i F*eRBledfsuseeE @fth“aﬁWb’@Wﬂ‘F@Oé@h&' dExeddt itaKp (deterhiped | forzextinpla,

i nhi bi tor. youghk, ' i r ' i e res

A R e A B T N e L T
‘bi ndi ng- pr dkevellsie naenegnizatipn af 1 M. Pmthvditrearé scegidey, 2 mutdro ugim spperdafurec
enbodi ment s,:qf ¢t K&\b [ : cribe her ei . pur es of
illustrati ?ﬁ% ?grl ou}\ﬁrﬁrgg |e?¥c§?|¥lgﬁ§ﬁ§r§nyg?§ovﬁkﬁa%’%vﬁhf %8‘61?‘{'8&@{ 4t ﬂ%ﬁgﬁ?“i?ﬁ 10
the spitit dassdbsicegebaimpiched)i Mngihtdisrihat Aatglir di% @k Yhe RMP bindit@nibkedved ig 1ot

limted ex L t nded claims. .103 CLAI Ve claimth

fol | owi ng: %ﬁ%ﬁ"%&%ﬁ?qﬁg% &gnrgﬁ%rgf%“r‘ﬁg.°’é%%95fbhsd’i“ﬁé“ ?‘g/gﬁﬁﬁ% “ﬁ‘h&‘%‘l&so?f? e

bi nds specicvileadd 3 paemial sditdtonstyi perfoahiyipapiatice studiad ¢ SetdrBERSthER inhibition

pol ypepti de ¢ risi.n anm Ci equence set forth 5 in SEQ ID NO 2,
b, B 4, FeRugp ud W BRe T brdity ionpatre rly CRRPBRISTSPREPRG o
t he contrpl assays may also be conducted to .establish the selectivity profile for the identified

20  antagonist using assays dependent on the BMP ligand action (e.g., a BMP/BMP receptor
competition study). ' '

EXAMPLE 16
INHIBITION OF TGF-BETA BINDING-PROTEIN LOCALIZATION TO BONE MATRIX

Evaluation of inhibition of localization to bone r_natrik (hydroxyapatite)_ is conducted

25 using modifications to the method of Nicolas (Calcif. Tissue Int. 57:206-12 (1995)). Briefly,
125 labelled TGF-beta binding-protem 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 '(Polyﬁl.troninc, Weymouth MA). TGF-beta binding-protein diluted in 0.2%
albumin in PBS buffer is then added to the wells. The wells confaining matrix are washed 3

30 times with 0.2% albumin in PBS buffer. Adsorbed TGF-beta binding-protein is éluted using 0.3

M NaOH and then quantified. :
- An antibody that inhibits or impairs binding of the sclerostin TGF-beta binding protein to
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. ~ | :
~sclerostin polypeptide to at | east one of (i) a bone norphogenic protein
(BMP) Type | Receptor binding site and (ii). a BMP Type |1 Receptor binding
site, wherein the BMP Type | Receptor binding site is capabl e of binding
to a BWP Type | Receptor polypeptide conprising an anmino acid sequence set
forth in a sequence selected fromthe group consisting of GenBank Acc. Nos.
1o NWMD04329 (SEQ ID NG 102); D89675 (SEQ I D. 'NO 103); NWM01203 (SEQ ID

NO 104); 5 : s - .NMD3084 | D.NO 106) ; D38082 (SEQ ID
NG 107) . NRaTRr PRt R by B R, 0 Sels St elbin ihr smiBESB65
(SEQ I D “NOandiamp)yinidle wiravreitntht mextBMVR deg@idbed hbdRe.C Eps Rtk iDNallBd S thiss budin

capabl e of Ripdi 0. a Type .|| ceptor pol ypeptide conprising the
am no acid E'ezgﬁgir%g%lhs]élt P%Ar%tuﬁeri ng‘gs%rg%éﬁ%%shfgs SO EE 43 O NaH gnd dien

‘consi sting @hangEnBahk aibody NOSnhibi2She PeveSHDiddRNPsdidrbitin tol‘ch@ﬁﬁ%%a;(aﬁﬁ@ I D
NO. 112) 2%81%{",4@@E 1D NO, 14%; CAAB8759 (SE%ID NO. 115);” and Gfo}
1204 (SEQ | F 41 gympased R fhedpyet pOkipding possrred i iheyeherise afrmipoty gmsiered

t her eof t hat bbrenidealisgaiifhiiatl.] uchOn antildal & j Redyheptd 1 hat
inpairs for{ra ion. of a,scl erost icr: hon%di !rymri?ﬁ]\s/\ékgg?aéi n tﬁlgB dfgeerse%fbg?eosgfdileﬁ

pol ypept i de cERPTIRE &S miybiipnicapstantang 1is effget we § GRehetatbinding-nrote SR iy M@sty. 2, 6,
8, 14, 46, or O6from3he HhGodARAGY sOfi R ; [ : claim2 er.ei.n
the antibody is a pol yc%%gn.a[l;1 ant i bo%%{?fﬁ; Jgﬁg%ﬁgﬁgh%%g&%ﬁgpe}%ﬁWg?g%xékfeﬂ] 1
or claim 2, BHRBIE; Prrpdtes inilisFeidsp. ivariaus mendifichidora lmay dmtrhdie ohitho@SdeSiatid fom
ant i bodylo of thelspiriady WoSY & thk ; poN ti s | ected fromthe
group consi-st?n of a n@t%keﬁbnﬁlﬁg;gl%géﬁg&lg%%?%olgg%gén ﬁﬂﬁgﬁmﬁfj‘#%%ﬁép}me
ant i body, aaI?P&Pde%ﬂh’éféﬁf-onal anti body, and a hanster nonocl onal antibody. 6.
A hybridoma cell producing the antibody of claim4. 104 7. A host cell
that is capable of expressing the antibody of claim4. -8 The antibody of’
either claim1 or claim2, wherein the antibody is a humani zed anti body -or
“a chinmeric antibody. 9. A host cell that is capable of expressing the
anti’body of claim8. 5 10. The anti body of either claim1 or claim 2,
wherein the antigen-binding fragnent is selected fromthe group consisting
of F(ab')2, Fab', Fab; Fd, and Fv. 11. The antibody of either claim1l or
claim2 that conprises a single chain antibody. 12. A host cell that is
.capabl e of expressing the antibody of claim1l. 13. A conposition
conprising an anti body, or antigen-binding fragnent thereof, according to
10 either claim1or claim?2 and a physiologically acceptable carrier.



14. An i mmunogen conpri sing a peptide conprising at |east 21 consecutive
am no acids and no nore than 50 consecutive am no acids of a SOST

pol ypepti de, said SOST pol ypeptide conprising an anmino "acid sequence set
forth in SEQID NGs: 2, 6. 8, 14, 46, or 65, wherein the peptide is
capable of eliciting in a non-human ani mal an anti body that binds
specifically to the 15 SOST pol ypepti deand that -conpetitively inhibits

bi ndi ng of the SOST pol ypeptide to at l<gagfs one of (i) a bone norphogenic
protein (BMP) Type | Receptor binding Si nd (ii) a BMP Type 11 Receptor
bi ndi ng sit é¥e vler @k RplbkegBVP Type |/ Receptor binding site is capable of
binding to a BMP Type | Receptor pol ypeptide conprising an am no acid
sequence set, for i sequence, sel ected fromthe group consisting of

th | e
GenBank Acc.l_' Nos f““l\lﬁﬂ%B%A’Bfé 4 S8 PTHPiRging ofpagmenty GiepgH 6that PBEY shdifiualiyl 63 )e;
NMD01203 ( SEQetoBiNe31ibegt)de, s2its3Rbs; E@E#i i oL%él)sl o %1,181%0 49 (SEQ |
- NO 108) ; Essgbéﬁ &%@%D NQ 107) ; S{ﬁg 0 %91% _ EQnI’I%N | 0: 1%5?%“%%?5%@
(SEQ | DNO 180y EQIRIN XA S84 4¢- 965 Premien theotikadsl cowpetisively tihebiBMR T E tHel

Recept or bi ReleRghshdpepttle (AR f el ndj Tv. ecept or
pol ypept i de cor_rpri,l?sirﬁéz)tehe amsﬁ%ﬂaé’g?%q?@ﬁ%@%@%@%@%ﬁ@w Ey%eg[ SRS

sel ected fr it GNP JyPnl RekeramiBadike 96, AbesinNGS BMI25ktQ KeSERrl D
NO 111); NVBOIR3AG. § : 3 (SEQ 1D NO 114); CAA88759 (SE
ID NO )115) !vtband NM gméé’%%%@&%ﬁé%ﬁ?gypigﬁ“ tof H%lﬁ%e@éi%g%?ﬂ?ﬁ%é? ﬁf@me(st °

pepti de t hafCldSrpensses farth ncssquepde wirewe duti the ganp bensahglsr GABaniaAE. R@s NDr e
t han 50 jgon j I hd | ypentide. said SOST

pol ypeptli de%%{_jr%??sclsgg‘ %nﬁgﬁlﬁabﬁgg%f%s?%g}n@@'@g} %F?q'}z?fh(w BONG4):2,

6, 8, 14, 48750¥ 6FQ WheV@i0r)t MR_3eptoi BEQ IDCRpabbe misoet |(SE%|@gngma;);
non- human apipTg) i-bogdw. t-Bat -, bi S i fl |y to the oST -

pol ypepti de and ltlﬁgt( | Igi gé'#ogﬁn%gﬁgﬁ%gf@E&S&%E)@di@ﬂa@m?’%@ (Sfife ID

i mmunogen oNGi ihend eheeimtiielBMP TypailhRddeptehBi@hg st RSMd SehildnAgSosipt ed
with a carrier pplecul e 17. The im*runtggen,of claim 16 wherein the carrier
nol ecul e is ¢arri er-'%%ol BEsPHdfe Compytsing  he' apinon arid §eqyence) set dortiyingh sequeneet he
car (rj i er 1pol ygeqed domi e k@mbobmsisti?go% cl;a@meb g@ej Nos1Q@525910 /(\?E@%h : 1f1(i’f-
produci ng a i specifica inds to a SOST pol ypeptide,
conpri sing Ww@?%ﬁ‘é@ﬁﬁ?ﬁ%ﬁ%ggﬁﬁ Jl# M YR 149): CANMSROYEERID V@ Hy; and
claim 14, WMre8iz04((aRQ MhE0SA@8Y. pol ypepti de conpri ses an am no acid

J P
sequence set forth in SEQID NO 2, 6, 8 14, 46, or 65; (b) the anti body
conpetitively inhibits binding of the SOST pol ypeptide to at |east one of

(i) a bone Aor phdgemtieodyr ot @hmﬂ(tiBMDbinEﬁy@e"ra)lgmaﬁCmBﬁeaL BitNBinAg s&icgtﬂ@a@ng) giji )
~a BMP 15 Ty . i-ndi ng si.te; ) the BVP Type | Receptor binding -
site i's capgﬁfgg’gu&%%?pﬁgﬂ?g%do%ﬂagw 'Ii(?’ﬁléa%fm F?gcaeﬁ"‘tl?f?s“&op%@ﬁf‘i’rdévhéréﬁpthpsi ng
the ami 8 asdlerosapebpesids etmyfrised n imind a5i@ QEYRBXR set forth in SEQ ID NOs: 2, 6, 8, 14,
46, or 65. . .

3. . The antibody of either claim 1 or claim 2, wherein the antibody is a polyclonal antibody.

4, The antibody of either claim 1 or claim 2, wherein the antibody is a monoclonal
antibody.

25 5. The antibody of claim 4 wherein the monoclonal antibody is s elected from the group
consistin_g of a mouse monoclonal antibody, a human monoclonal antibody, a rat monoclonal

- antibody, and 2 hamster monoclonal antibody.

6. A hybridoma cell producing the antibody of claim 4.
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sel ected fromthe group consisting of GenBank Acc. Nos. NM_dO4329 (SEQ I D
NO 102); D89675 (SEQ I D NO 103); NWMD01203 (SEQ I D NO 104); S75359 (SEQ ID
NO 105); NwD30849 (SEQ I D NGO 106); D38082 (SEQ ID NO 107); NP_001194 (SEQ
D N 0:108); 20 BAA19765 (SEQ I D NG 109); and AAB33865 (SEQ ID NO 110); and
(d) the BMP Type Il Receptor binding site is capable of binding to a BW
Type Il Receptor polypeptide conprising the am no acid sequence set forth

i I i .copsi st fiGenBank  Acc. NGs.
B5110 (SEQ 1D RGNt Ba05Ee PURPRE oS a0 75" (o0 1o 'No 114);

CAA88759 (SEQ ID NO 115): and NMD01204 (SEQ I D NO 113).T 25 20. A method gor
. , _ b i _ . e
produci ng & anThd@tiodyndleitd @it 11 R biadn B vAtlFeid fheBn iRy %sgﬂ%%lﬁ%%%%bf%, NOY

SOST pol ypeptide conprising an am no aci d sequence set _ _
2, 6, p8, y?f?aﬁ}@fnen‘b?nﬁé%d,y- conpri sing i muni zi ng a non-hurman ani mal with an
~ immunogen according to claim15, wherein the antibody inpairs formation of

a SOST hombc.j' ne[k’hogi%gll that is capable of expressing the antibody of claim 8.

5 10.  The antibody of either claim 1 or claim 2, wherein the antigen-binding fragment is

+ selected from the group cohsisﬁng of F(ab"),, Fab’, Fab, Fd, and Fv.

11.  The antibody of either claim 1 or claim 2 that comprises a single chain antibody.
12. A host cell that is capable of expressing the antibody of claim 11.

13. A composition comprising an antibody, or antigen-binding fragment thereof, according to

10 either claim 1 or claim 2 and a physiologically acceptable carrier.

14.  Animmunogen comprising a peptide comprising at least 21 consecutive amino acids and
ﬁo more than 50 comsecutive amino acids of a SOST polypeptide, said SOST polypeptide
comprising an amino -acid sequenée set forth in SEQ ID NOs: 2, 6, 8, 14, 46, or 65, wherein the
peptide is capable of eliciting in a non-human animal an antibody that biﬁds specifically to the
15.  SOST polypeptide and that competitively inhibits binding of the SOST polypeptide to at least
one of (i) a bone morphogenic protein (BMP) T\ype I Receptor bindiﬁg site and (ii) a BMP Type
II Receptor binding site, wherein the BMP Type I Receptor binding site is capable of binding to
a BMP Type I Receptor polypeptide comprising an amino acid sequence set forth in a sequence
selected ﬁdm the g:rbup consisting of GenBank Acc. Nos. NM_004329 (SEQ ID NO:102);
20 D89675 (SEQ ID NO:103); NM_001203 (SEQ ID NO:104); S75359 (SEQ ID NO:105);
NM_030849 (SEQ ID NO:106); D38082 (SEQ ID NO:107); NP_001194 (SEQ ID N 0:108);
- BAA19765 (SEQ ID NO:109); and AAB33865 (SEQ ID NO:110).and wherein thé 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 a sequence selected from the group consisting of GenBank
25 Acc. NOs, U25110 (SEQ ID NO:111); NM_033346 (SEQ ID NO:112); 748923 (SEQ ID
NO:114); CAA88759 (SEQ ID NO:115); and NM_001204 (SEQ ID NO:1 13). .

15. An immunogen comprising a peptide that comprises at least 21 consecutive amino acids
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and no more than 50 consecutive amirio acids of a SOST polypeptide, said SOST polypeptide
comprising an amino acid sequence set forth in SEQ ID NO: 2, 6, 8, 14, 46, or 65, wherein the
peptide is capable of eliciting in a nop-human animal an antibody that binds specifically to the
SOST polypeptide and that impairs formation of 2 SOST homodimer.

16.  The immunogen of either claim 14 or claim 15 wherein the peptide is associated with a

carrier molecule.
17. The immunogen of claim .16 wherein the carrier molecule is carrier polypeptide.

18. The immunogen of claim 17 wherein the carrier polypeptide is keyhole limpet

hemocyamn

19. A method for producing an. antibody that specifically binds to a SOST polypeptide,
comprising immunizing a non-human animal with an unmunooen according to clmm 14,

wherein (a) the SOST polypcpude comprises an amino acid sequence set forth in SEQ ID NOQ: 2,

- 6, 8, 14, 46, or 65; (b) the antlbody competitively inhibits binding of the SOST polypeptide to at

least one of (i) a bone morphogenic protein (BMP) Type I Receptor binding site and (ii) a BMP
Type II Receptor binding site; (c) the BMP Type I Receptor binding site is capable of binding to
a BMP Type I Receptor polypeptide comprising the amino acid sequence set forth in a sequence
selected from the group consisting of GenBank Acc. Nos. NM 004329 (SEQ ID NO:102);
D89675 (SEQ ID NO:103); NM_001203 (SEQ ID NO:104); §75359 (SEQ ID NO: 105);
NM_030849 (SEQ ID NO:106); D38082 (SEQ ID NO: 107); NP_001194 (SEQ ID N Q:108);

BAA19765 (SEQ ID NO:109); and AAB33865 (SEQ ID NO: 110); and (d) the BMP Type I

Receptor binding site is capable of binding to a BMP Type II Receptor polypeptide comprising

' the amino acid sequence set forth in a sequence selected from the‘group consisting of GenBank

Acc. NOs. U25110 (SEQ ID NO:111); NM_033346 (SEQ ID NO:112); 748923 (SEQ ID

NO:114); CAA88759 (SEQ ID NO:115); and NM_001204 (SEQ ID NO:113).

20. A method for producing an antibody that specifically binds to a SOST polypeptide, said
SOST polypeptlde comprising an armno acid sequence set forth in SEQ ID NO: 2,6, 8, 14, 46,
or 65, compnsmg Immunizing a non-human animal with an immunogen according to claim 15,

wherein the antibody impairs formation of a SOST homodimer,
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