-MODI FI ED. . AND STABI LI ZED BMP- 11 PROPEPTI DES AND USES THERECF . Field of
.the Invention This invention relates to inhibitors of Gowh _
‘Differentiation Factor-8 (GDF- 8) proteins and nmethods for their use.
More particularly, the invention provides nodified and stabilized
propeptides of GDF-8 proteins which inhibit the activity of GDF-8. The
invention is particularly useful for preventing or treating human or

~ani mal disorders in which an increase in skeletal muscle tissue would be
t herapeutically beneficial. Such disorders include nuscle or

neur omuscul ar di sorders (such as anyotrophic |ateral sclerosis, nuscul ar
dystrophy, nuscle atrophy, congestive obstructive pul nonary di sease,
nmuscl e wasting syndrome, sarcopenia, or cachexia), netabolic di seases.

or disorders (such as type 2 diabetes, noninsulin- dependent diabetes

mel | i tus, hypergl ycH@GMFIER AUBé‘éIiMSI)JZ%RIBBB’sbI ER@BE{ET Efor ders (such -as
obesity), or bone degener ati veAYDIEEREEHEBEOR as ost eoporosi s).
Background of the.lnvention Gowh and Differentiation, Factor-8 (GDF-8),
al so known as ostatin, is a nenber of the Transfornlng G owth.

Fact or - beiigld ofdfe faveatiBBr f ami |y of structurally related growth factors,

all of which ptic
properties (Krﬁgiﬁ§§“kﬁnga&§?gmg %ﬂhﬁ%&%&%ﬁ@éle%ngﬁ%%ﬁﬁﬁgggﬁﬁgs et ‘a

(1998) OB)rpmt&‘mplan:dSthodmfurdielr usanriviood par&@ﬂar%ﬁae?iﬂ&ent@lﬁ-r@wd& a negati ve
regul at or nuscl e .nmas there |s,can erabl e |nterest in

~identifyi rﬁaglﬁa‘i%i fpedrpropegflss Sfé“lf?fng BrO35iB3 whick b Q&Eﬁ}e\ﬁw

exanpl e, GHF-@ i by icRiaRsgdstal fo?greveﬁ | R ARG t Skel et al

. muscl e. 8 null nutation I'n transgenic ce Is characterized by a
mar ked hqumh;rcbmwerandzv}hybem plceesscainckelethbmeiol tetsad woukidlee ( McPherron et -

al. (1997) Nature. 387 -90)..SIm reases in skeletal muscle | mass
are evi de%sfapwtﬁalbu'?egﬁg Vagcs)d‘ﬁF E}Sﬁéem%{? cgRUsCEt or@sEINY=RulRE fsprdersas hivor e
et al. %QMS ﬁ%@ iS Bl R kis, Mn’lﬁ'@l stadpily ) Khﬁsf.cfl@:ﬁtrc( 94) J. Anim -
Sci. 38: 752-757; herson ‘and Lée (1997) Proc. ) cad. Sci. US

LA, 94: 12@2@@@46@@?@ PEmionals rdlse@seamusqel‘@@ﬁ)lg &rntbmems‘mp?m@,m- 911 5).
Recent st é’la(gfugga)hr%\c/t%bcﬁlcsﬁseases or disorders (such as type 2 diabetes, nomnsulm—
~ dependent diabetes mellitus, hyperglycemia, or obesity), adipose tissue disorders (such

as obesity), or bone degenerative diseases (such as osteoporosis).

' .Backgrgund_ of the Invention
Growth and Differentiation'Factor-8 (GDF-8), also known as nljfostatin, isa

member of the Transforming Growth Factor-beta (TGF-g) superfamily of structurally
related growth factors, all of which possess important growth-regulatory and
morphogenetic properties (Kingsley et al. (1994) Genes Dev. 8:133-46; Hoodless et al.
(1998) Curr. Topics Microbiol. Immunol. 228:235-72). GDF-8 is a negative regulator
of skeletal muscle mass, and there is considerable interest in identifying factors which
regulate its biological activity. For example, GDF-S 1s highly expressed in the
developing and adult skeletal muscle. The GDF-8 null mutation in tra_nsgenib mice is
characterized by a marked hypertrophy and hyperplasia of the ske}étal muscle

" (McPherron et al. (1997) Nature 387:83-90). Similar increases in skeletal muscle



that muscle wasting associated wwth H V-infection in humans is
acconpani ed by increases in GDF-8 protein expression (Gonzal ez-Cadavid
et al. (1998.) PNAS 95:14938-43). In addition, GDF-8 can nodul ate the
production of nuscle-specific enzymes (e.g., creatine kinase) and
nodul at e nyobl ast cell proliferation (WD 00/43781). In addition to its
grow h-regul atory and norphogenetic properties in skeletal nuscle, CGDF-8
may al so be involved in a nunber of other physiological processes (e.g.,
gl ucose honeostasis), as well as abnormal conditions, such as in the

devel opnenty ok afeRRies iflnd 1@%&9%@91{@&%3 bF 533e8 tH s hmopdi&nl as
obesity. For exanple, GDF-8"nodul ates preadi pocyte differentiation to

adi pocyt es ({ Ki4nGeowshl 38:50¢ 2001 wlanB anRKicifer 21 81) 902100 S6) 3817PkE5STG - p- |,

-2, and -3,,,the GDF- r N i t hesize ] __protein
consi sting %?%HO%WE%%@?%QX'PE&%ﬁéﬁ?‘?é@ g{’lgﬁasézfz%?@r nal Imatt ure
domai n ( McROSHBAR AAH (1999) GEAHe REUPHAD-92S). IRdcdenBstudlesShaBalsoSREWENCE
which directs the protein to the extracellular domain and is al so

cl eaved f r dhattniusclp wastrigassaciatedswith BTV dufedtiorhint huyedns isacepmpenigebnf t he

propeptide,. the pr or GDF-8 protein forns.a.,h [ he |
ani no-t er mlﬂ(gFaSB{llnggﬁ"?d)émFlg ERETU ‘(P&%l‘e%'?éﬂ?‘f‘ﬁé%)ﬂgﬂ&@%’;}gi n and the
cl eaved propepiohsiesy By 8@ HE, GINRBCaY HodllaleythB eHiithctioh dhAudBi-eifidomai n
dinmer, inhibiting its biological activity (Myazono et al.w§[988) J BioL

Chem  263:e8407esga g5 cregtnedfinast fandimedulat¢ y8BlastcelBiroliferagioa fvo
263: 7646-7%23?1437ggd Brown et al. (1990) Gowth Factors 3:35-43). It is
believed th two™ GDF-8 propeptides bind to the GDF-8 nature diner

(Thies et al. (2PGdditidd ©WsEr&hlegBatb; 21 napldgenetie picpertieBirSskeletal
i nactivating pr ogert , the propeptide is known as the "l atency-associ at ed
peptide" (Pl GRHP mavalse hpinvpived imapurker 08 eghas Phyrdolpgisplapedessesi s

comonly r re t the "s e " n and Nash
(1950) 51 odrEebbeyhotautelS st & bR (SRIRLR bl e, 77 o

316. 701- 703evelopndir o569 e diabBR6 hind'iiposRedsue@bdrd8is Quch asl@bedaily -Bekl) .- The -
mature domain is believed to be active as a honodi ner when the .
propept i de *amplen@ES mahiates preadirate dffercatiaiondradinecyies gHiAteteb GDF- 8 or
structural '(%061?'8%&%.Eﬁﬂb@-@ﬁﬁ)‘f’md inhibit their biological activity. Su¢h

i nhi bitory
Like TGF-p-1, -2, and -3, the GDF-8 protein is synthesized as a precursor

proteih consisting of an amino-terminal propeptide and a carboxy-terminal mature
'clpmain (McPherron and Lee, 1997, supré) as well as a signal sequence which directs
the__‘protein to the extracellular domain and 1s also cleaved from the protein. Itis
believed that before cleavage of the propeptide, the precursor GDF-8 protein forms a
homodimer. The amino-terminal propeptide 1s then cleaved from the mature domain
and the cleaved propeptide may remain noncovalently bound to the mature domain
dimer, ihhibiting its biological activity (Miyazono et al. (1988) J. Biol. Chem.
263:6407-6415; Wakefield et al. (1988) J. Biol. Chem. 263:7646-7654; and Brown et
al. (1990) Growth Factors 3:35-43). It is believed that two GDF-8 propeptides bind
to the GDF-8 mature dimer (Thies et al. (2001} Growth Factors 18:251-259). Due to
this inactivating property, the propeptide is known as the “latency-associated pep’tidé”
(LAP), and the complex of mature domain and propeptide is commonly referred to as

the “small latent complex” (Gentry and Nash (1990) Biochemisiry 29:6851-6857;
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proteins include follistatin (Gainer et al. (1999) De.-v. Biol,
208:222-232.) and follistatin-related proteins. Further, a nunber. of
human and ani nal di sorders are associated with loss of or functionally
i npai red nuscle tissue, including muscul ar dystrophy, nuscle atrophy,
congestive obstructive pul nonary di sease, mnmuscle wasting syndrone,
sarcopeni a, and cacbexi-a. To date, very fewreliable or effective

t herapi es exist for these disorders. The terrible synptons associ ated
with these disorders could be substantially reduced by enploying

t her api eperhadk dt RIC( 189S ENEME: TPMNLT0H, apdiMdsaohb $5199) j1an, Bk €t Biguf fering -
fromthe disorders. Such therapies woul d si gnificantly inprove the
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t hese di sease need e art ify new
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need by provi ified and stabilized GDF propeptides or BWP-11
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activity eins. The nodified propeptides of the invention may
be used lfglfhs{%PFa?latﬁ%Hé)ﬁel%sr ani mal disorders in which an increase in
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“Invention GDF-8 is involved in the regulation of many critical biological
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di scovered that the circul at orci/ hal f-1ife of the natural. propeptide may
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be too sHdettenible symptons aseqriaied with fhese S}Saﬁierwlcweﬁuaﬁaeﬁqﬂd rgguced
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The present 1nvention thus pro i des conpositions a s for
i nhi bi ti mous@lafissue in patients suffering from these disorders.

The present invention fills this need by providing modified and stabilized GDF
propeptides or BMP—] 1 propeptides that retain their biological activity and inhibit the
activity of GDF pfoteins. The modified propeptides of the invention may be used to
treat human or animal disorders in which an increase in muscle tissue would be

therapeutically beneficial.



proteins, as well as nethods for identifying, making and using such
inhibitors. As noted above, the present invention is also based, in part,
on the discovery that the natural CGDF-8 propeptide has a relatively
short in vivo half-life, which may prevent practical therapeutic or
prophylactic utility. Thus, the present invention provides nodified
GDF- 8 propeptides and nodi fied BMP-I | propeptides having inproved

phar macoki neti ¢ properties, such as increased circulatory half-life or

i ncreased protection fromproteol ytic degradation. The presently

di scl osed GDF-8 propeptides or BMP-1. 1 propeptides nmay be stabilized by
any neans known in the art. For exanple, in one enbodinent, the nodified
propeptide is a fusion protein conprising.a GDF-8 propeptide and the Fc

regi on of | gG nolecul e. CGDF-8 propeptide fusion proteins may conpri se,
as the. a%%’ga%ﬁtﬁﬁnvf'ﬁé"%r opeptide of a GDF-8 protein, or an active

portion of the GHER isphRipeatihdR, reédl&ﬂﬂl dfonahy oﬁ@wil%l@glcﬂfpr@@ssbﬂ Gue
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proteins, as well as methods for 1dent1fy1ng, making and using such inhibitors.

As noted above, the present invention is also based, in part, on the dzscov'ery
that the natural GDF-8 propeptide has a relatively short in vivo half-life, which may
prevent practical therapeutic or prophylactic utility. Thus, the present invention
provides modified GDF-§ propeptides and medified BMP-11 propeptides having
improved pharmacokinetic properties, such as increased circulatory half-life or
increased protection from proteolytic degradation.

The presently disclosed GDF-8 propeptides or BMP-11 propeptides may be
stabilized by any means known in the art. For example, in one embodiment, the
modified propeptide is a fusion protein comprising a GDF-S propeptide and the Fc
region of an 1gG molecule. GDF-8 propeptid: fusion proteins may comprise, as the
active subunit, the propeptide of a GDF-8 protein, or an active portion of the GDF-8

propeptide, fused to an Fc region of an IgG molecule. In other embodiments, or in



muscl e or neuronuscul ar disorder's (such as anyotrophic latera

sclerosis, nuscular dystrophy, nuscle atrophy, congestive obstructive
pul nonary di sease, nuscle wasting syndronme, sarcopenia, or cachexia),

nmet abol i ¢ di seases or disorders (such as such as type 2 diabetes,

noni nsul i n-dependent di abetes nellitus, hyperglycem a, or obesity),

adi pose tissue disorders (such as obesity), and bone degenerative

di seases (such as osteoporosis). Brief Description of the Figures Figure
| shows the relative biological activities of GF-8, BMP- | | and

activin i addaionehe GIBF-3geaeptds ayy bEighuosylded boliskddte atbundhega pr operti es
of purified biaotinylated human GDF-8 in an ActRI I B binding assay. Figure
3 shows i FRIMEAFIBRPUSPOEICE( CAGA) 12 reporter activity at the ED50 for

Shove. the dosdn g Bbbinbaltd!ite Mot EESREE QL PR Rl HOER RSS! OV 4
Act Rl | B by BSIDF} Bpropeiietand ehe I ggios obas hp@vmotdralebiRMP1ig obpepiiie 8 to L6

cells. Figure 6 shows the dose-dependent inhjbition of GEF-ﬁ ?pecific

bi ndi ng t BiSI0B Preteps Ma sompyise apihg 3eiiys Pmrsit%wrep@ﬂdgwswl\é idlanino acid
sequence I = ipder i i i 7B.
shows. 5 i SEL A CPba ot AP biperiies; SR Rh Fedegpt BHeP

gl yci ne- skeG melegily. clmsherembuodiri @RGS) i addktdon, ted@viBilil ngopdpeidGhiay Se

e SR i e BT RS Rob Sy o oot 5! e
bi nding in an AGRbdiBed GIFES bidpiides bt %d%ﬁd%?-lg%rép% fdésadilige conpari ng

the 1C50' s of human CGDF-8 propeptide an WO nurine -8 propeptide-Fc
f usi on proveitivs areRiagable ofinhitotasg thhectidtyatkpessinphogissmig, ercterreiion e  of

human GOF B ORERLL 4. QUL L8 GERE RoRLAREPL! dhafal ¥BERtg Prote n I
molecule. The modified GDF-8 propeptides or modified BMP-11 propeptides of the
invention may be administered to a patient, in a therapeutically effective dose, to treat
or prevent medical conditions in which an increase in muscle tissue wouid be
therapeutically beneficial. Diseases .and disorders that may be treated by the modified
GDF-8 propeptides or modified BMP-11 propeptides include but are not limited to
muscle or neuromuscular disorders (such as amyotrophic lateral sclerosis, muscular
dystrophy, muscle atrophy, congestive obstructive pulmonary disease, muscle wasting
syndrome, sércopenia, or cachexia), metabolic diseases or disorders (such as such as
type 2 diabetes, noninsulin-dependent diabetes mellitus, hyperglycemia, or obesity),

adipose tissue disorders (such as obesity), and bone degenerative diseases (such as

05teoporosis).

Brief Descrfption of the Figures

Figure 1 shows the relative biological activities of GDF-8, BMP-11 and -
activin in a reporter gene assay. -

Figure 2 shows the binding properties of purified biotinylated human GDF-8
in an ActRIIB binding asséy.



Figure 10 shows the pharnmacokinetics of iodinated GDF-8 propeptide and a
GDF- 8 propeptide-Fc fusion protein after a single intravenous

adm nistration of 0.2 ug/nouse or 2 ug/nouse, respectively. Figure 1 1 A
shows the am no acid sequence of ‘a human GDF-8 propeptide- 1gd Fc fusion
protein. Figure 11B shows the am no acid sequence of a human CDF-8
propeptide- 1gG | Fc fusion protein nodified for reduced effector
function. Figure 12 shows the dose-dependent inhibition of GDF-8 binding
in an ActRIJIB conpetition ELI SA by human GDF-8 propeptide and two hunan
GDF-8  propept i deFifge Buhbwhinduaiosi ofpGLB(QAGA) ] Beposiepacgviapin tahBBL¥gr t hat
nodi fi ed GDF 8- progﬂptl de adm_ nistered in _vivo increases gastrocnem us
and quadri c&pP 5 aﬁb ad artpua axthe preseree oF OES geopeptdlst  ef fect ki dney

or | ver mass_ corpared &AL ual Bihhée i Sl thEGRIAM MhEN tihgngont T ol

pr.otein; IgGZaFc. gur es 14 strate t amno-acli d an nuc
aci d sequenaesctRIOB beKHOR@ipngpeptdSEQ | D NO. s 1 16 and annot ati ons
or "CDF-8

thereto. Definitigns The t 8 protein",
pol ypept i de" ref r&¥Hogh %‘ﬁ%&'ﬁbi“@‘@&%ﬁﬂf:§ﬁgelzl¢lﬁ%r entiation factor
i ncl udi ng but notm% %tsﬁ&kvmetdhéé daﬁhdénmﬁb.ﬁah of TSk 's@RQL%c finafBdo 88y NOW

known or | ater described honol ogs thereof, 1ncluding onol ogs of other
speci es. Partlichy GFy8 propeprdeed ar e manmal i an . honol ogs, nost preferably

human. The prese ntion_al sa enc asses .CDF- 8 ul es and
L R LR i e M SO
bovine,  dogusig@prot&hi Cken, murine, rat, porcine, ovine, turkey,. baboon,
and fish. Various GDF- 8 mol ecul es have been described in MPherron et
al . (1997) Proc. Hiurk 7BAbaws Soiurine GEA-8 propepiie-Aofsion pragein vodis: shiog wel |

known in the, art eterm ned..b thod in the
art, or as GOSN eﬁgcg%lensen%gg%gl@ﬁﬁs PEBE thﬁq%]? Lat: e (ge RRturally
occurring Orh$y¥Otdedd. c. These terns incl ude the full - I engt h unprocessed -

precursor formof the protein ("GDF-8 precursor protein"), as well as
the mature forns gty shgws thermlisststof bumar GBI+ bprepentide avagee wirinhe

propepti de. (_:59]? 8 propeptide-Fc fusion proteins on GDF-8 binding in an ActRIIB competition -

ELISA.

Figure 8B is a table comparing the IC's of Hmnan GDF-8 propeptidé and two
murine GDF-8 propeptide-Fc fusion proteins.

Figure 9 shows the relative biological activities oflhuman GDF-8 propeptide
and murine GDF-8 propeptide-Fc¢ fusion protein in a reporter gene assay.
| Figure 10 éhows the pharmacokinetics of iodinated GDF-8 propeptide and a
GDF-8 propeptide-Fe fusion protein after a single intravenous administration of 0.2
pg/mouse or 2 ug/mouse, respectively.

Figure 11A shows the amino acid sequence of a human GDF-8 propeptide-
IgG1 Fe fusion protein. '.

‘Figure 11B shows the amino acid sequernce of a human GDF-8 propeptldc-
IgG1 Fc fusion protein modlﬂed for reduced effector function.

Figure 12 shows the dose-dependent inhibition of GDF-8 binding in an -
ActRIIB competltlon ELISA by human GDF-8 propeptide and two human GDF-8

o propepnde-Fc fusion proteins.



terms also refer to any fragnents or variants of GDF-8 that maintain one
or nore biological activities associated wwth a GDF-8 protein, as

di scussed herein, including sequences that have been nodified wth.
conservative or non-conservative changes to the am no acid sequence.
"Mature GDF-8" refers to the protein or polypeptide that is cleaved from
the carboxy-term nal domain of the GDF-8 precursor protein. A human form
of mature GDF-8 protein is provided in SEQ ID NO 3. The mature GDF-8 may
be naturally occurring or synthetic. The mature GDF-8 may be present as
a nononer, horgird'EY is a @aphshywhe thateseiified GDB-8@vbpdpiiiatdminineasdlex.
Depending on the in vivo or in vitro conditions, mature GDF-8 may

est abl i sHIEANTEATET $ASTPENGMARFANG BANNICSP Mepy, al} d4crRases faignassebuirloes Botis .

W t hout le. . ttl&cﬁxie? %r ﬁertrﬁasg Q@%g&]ﬁ)%ﬁg&te &ér()? Tf%‘i&’%&édswgg kH.EEVEd to be

bi ol ogi cal Ty "active as hono I'nIrts brologica active form the
mat ur e Globntrd praeia) IgGi2aR.erred to as "active GDF-8." The phrase "GDF-8 .

activity" refers to one_ or nore of, physiologically growh- regulatory or
nmor phogenet i cFé\%’f@\)i“ﬁi‘%é“"é@'@’&é’i’eaﬁr@aof?\‘ilaPr“ E‘qu"i}%a‘t%ﬁﬁ%l%?eét ein. For

exanpl eésgﬁ%ép\ﬂﬁdi%'ﬁd)%%(?ﬁgﬁ@%@ aﬁ:ﬁﬂ%loﬂg Merk§. skel etal nuscle mass.

Active 8" can also no ate the production of nuscle-specific enzynes
(e.g., creatine kinase), stinulate nyoblast cell proliferation, and
nodul at e&gé,eadi pocyte differentiation to adipocytes. GDF-8 al so believed
to incred@MMMSitivity to insulin and glucose uptake 'in peripherial

tissues, part ifgpkdmt YG:DF,-SH,(@,GE‘F?Q prBléﬁP' &‘QIDIaﬂipB%X;St » rdiec@rdi ngly,
GDF-8 bi ol ogical activitie$ include but are not I'imted to inhibition of
muscl e f opecafi¢ grawth andi differenmation fapie ahdudieg butgrodlimited torthatset footh inf . muscl e

devel i | l.at | f nuscl e- i fi
enrynoa, SEmNEFL RS Eny fomkndat ofTBRT assf Gk Bimiits et Bt of ¢
preadi pogyshidhs bf h&ipeatd MhrianaN POt ESe nlahGh ARG hoFok@RShbitVi ty to

insulin, regulations of glucose uptake, glucose henpstasis. and nodul ate
neur onal Peefeiablydweknphienresgndinmentian elia seempasses PRI -$ sodscolesepé. f ul |

| engt h - r r rotein.i i i i SGDF-8
propept Fﬁg’m%}(%fs gr(r<\5%s‘§'l Eﬁlg&ggpsg}nf Bsé f)]%cl %@l{gto%ég Sﬂém%efdgg\%e%}es:‘}gén m%?ﬂlée’am' no-
term nal dd@rat,hieker, RtariaBirall poicBRUG S, kel Bibbon, ablddisEDFaBo3rGPEPt i de s
associated . with one or nore biol ogi cal activities including but not
limted tiomelgeulesdiabs bgenidssesibsd in icPberron et al. (1997) Proc. Natl. Acad. Sci.

USA 94:12457-12461. Homologs are well known in the art. Homology may be
determined by any method known in the art, or as described herein. The GDF-8 or -
GDF-8 pro'tein'may be naturaily occurring or synthetic. Thesé terms include the full-
length unprocessed precursor form of the protein (“GDF-8 precursor protein™), as well’
as the mature forms resulting from post-translational cleavage of the propeptide. The
terms also refer to any fragments or variants of GDF-8 that maintain one or more
biological activities associated with a GDF-8 protein, as discussed herein, including
sequences that have been modified with conservative or n_on—éphservative changes to
the amino acid sequence. -

“Mature GDF-8” refers to the protein or polypeptidé that is cleaved from the
carboxy-terminal domain of the GDF-8 pre_curso'r protein. A human form of mature
GDF-8 protein is provided in SEQ ID NO:3. The mature GDF-8 may be naturally

occurring or synthetic. The mature GDF-8 may be present as a monomer; homodimer, -
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a mature GDF-8 protein or honodiner, the ability to inhibit. one or nore
GDF-8 biological activities, the ability to enhance nuscl e devel opnent,
the ability to enhance nuscle mass, the ability to pronote mnuscle
formation, and the ability to pronote nuscle cell proliferation. The
GDF- 8 propeptide may be naturally occurring or synthetic. An exanple of
a CDF-8 propeptide includes but is not limted to a human formof GDF-8
propeptide provided in SEQ ID NO 5. In one enbodi nent, the GDF-8 -
propeptide is capable of binding to the propeptide binding domai n of

mat ur e GDF- &. mdybegineseticin adfiDB-Gilaent contpbex. '(H%eﬂdipg@pem_indévd er inafabl e of
inhibiting one or nore activities of a nat GDF- 8. Theéilerm"GDF 8

i nhi bitor" $9seitigas&aiy Afehmay spiabhish %‘fequﬂ THE"E HY O tqf\ﬂ?“is?/

eXPI eSST 0N, gifERGER T Owi bt IRTAbh A0 Ple hohli fn PHOLAI GDF- SRS LFRE 8

or a GCDF-8 mer or other active ud| ng but not
limted to besdioficalty daiife Bs rmapipti. destsdidogoaliyf acad:eBdh‘B} lthd mpop@PFi des.

A GDF-8 inhjbitor _also include y, agent capabl e of enhancing the
bi ndi ng of ‘Séﬂﬁrﬁfe’ﬁ? tf’ﬁ%’etcgogrg mature GDF-8 nol ecule, or to a GDF-8

homodi mer.  Such ﬂﬁgmm EOGEF' gy Mrs?&&xerlﬁtméﬁergf%ﬁ?m&]@ ami Sro -

anti bodi es, pepti peptidom netics, ribozynes t1 - se
ol i gonucl eo:tegniemry mtonﬂubheg:hctmadltﬁmasoanudMlﬂmctlsrnﬁDF Bnpkcacml €sr I n one

nbodi nent, th t 8 hi bited b
GRS | pr opRPplres G e e Rl ! sheletl BprtIS et Ak b hen
the activi téﬁn%iso%odﬁ%'ﬁf fhe Bf&h@ﬂ:cﬁz mnagaty et i6id ehyy;ﬁesr@@ fc!re%@inmﬁage 1

propeptide. "GDF-8 | atent conple refers to a conpl ex of protei ns f ormed
bet ween a §tatulste ngDRag deb mfmmorandd amdsujatea:rpadsp@qm dEerewiatiomuto -

1 d: d
nseber ot on et Pres GRE B ROIbled' R intfease ¥y o IniDinTid ShuBLORERkL 05

i'nactive t efnlRfipldrial ﬁ)sfsuésaf;ﬁ'ﬂ&u&%ﬁﬁxl ¥letal Ristialoe Blip6 &R, exccBRbindiviC| ude
other GDF inhibitors in ace of or in addition to one or nore of the

GDF- 8 pr opegbFdelgologisal QCQFWFS elide beiareppt ignitedisdphibition of etwsels t o a GDF- 8
i nhi bi tor V\ﬂh%ghonc%ﬂﬁrﬁéx}cﬁ rRustRUES; o f v R 1?% O&er%écfeedev 10@%@311“ or

variant thereo ains one®or nbre Ogl ca Ies of a
GDF- 8 pr opegdctade: iamshstlemid’s, re@uddationi F@susale- s'pécaﬁtlenzym mRibifidrcatt i on as set

forth herein. Variant forns of GDF-8 propeptide, :
myoblast cell proliferation, modulation of preadipocyte differentiation to adlpocytes
increasing sensitivity to insulin, regulations of glucose uptake, glucose hemostas;s,' :
“and modulate neuronal cell development and maintenance. A human form of the full
length GDF-8 precursor protein is provided in SEQ ID NO:1. _

“GDF-8 propeptide™ refers to a polypeptide that is cléaved from the amino-
terminal domain of the GDF-8 precursor protein. The GDF-8 propeptide is associated
with one or more biological activities including but not limited to the ability to bind to
a mature GDF-8 protein or homodimer, the ability to inhibit one or more GDF-8
biological activities, the ability to enhance muscle development, the ability to enhance
muscie mass, the ability to promote muscle formation, and the ability to promote
muscle cell prdliferation. The GDF-8 propeptide may be naturally occurring or
synthetic. An example of a GDF-8 propeptide includes but is not limited to 2 human -
form of GDF-S propeptide provided in S_EQ'ID NO:5. Inone emb‘odifnent, the GDF-8
propeptide is capable of binding to the propeptide binding domain of mature GDF-8.
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include, but are not limted to, for exanple, GDF-8 propeptides that have
been nodified to include mutations (including insertion, deletion, and
substitution of amno acids) in the signal peptide or propeptide
proteolytic cleavage sites to nake the sites |ess susceptible to
proteolytic cleavage. In a preferred enbodi nent, the nodified GDF-8
propeptide has a. substantially increased half life relative to that of
the correspondi ng unnodi fi ed- GDF-8 propeptide. Ina highly preferred
enbodi ment, the 9 nodified GDF-8 propeptide of the invention has an

i ncr easedniafothev@ntvdirhertithe GOIS8 propastidecd capadle eXaliiplig oby ot hereret hod set .

forth in Exanple 8). In_another enbodinent, the nodified GDF-8

propept i cistivEies afmBp@res®DFhi biting one or nore activities of a mature
GDF-8.. The tef . r , . VR pepti de"
refer to a spem?rln?%gir)%\]/%t lblt%n%%%érggﬁ%’ggﬁtga <l'fct or I%irﬁléla%dé/ng but not
limted tativhatexpetsidnopidtedsing, GE@cleBoiNGY Rﬁmhﬁ pmrg/mmmtukmﬁm Qrorkat er

descri bed_haonvol ogs,. t hereaf, incl g ho ot her speci es.

Parti cul &Py~ %%?‘@FW%’&IQF}@TW d’lé “dd’i‘ﬁs‘?m ngt F‘gfﬂ y hunan.
The pres 1\@"? ul | ogs
frompal I %ﬁ&?{ﬁ@ygﬁr%@gﬁéﬁﬂgfugl n @ig%?%not ?#ﬁﬂ@ gé't%o AE%PIﬁnﬁhnfh o{nzél?bmg/l ne,
dog, cat ,alshincludes anymgcnneapabh:tqf ephmrcmgetbe bindimg, oﬁaLCG]BEJ}S prbnd;lmdmo and fish.

Vari ous BMP- s have descri be Pher.r et al 1997
varl ous B dduLSSHL 55 Mave dogep, desgribed Lo, Meherran el al. (1997
the art. ndf'%ﬁie@&yprﬂﬁﬁxsbﬁmbﬁl@e@rﬁé’bﬁ@é@@btﬁﬁ%nﬁ@ﬁ&%&?% dnfl-dehg art, or

as described herein. The BMP-1l “or rotein ma}/ be naturally
occur r i ngelizonegientides, deublaraaded BN md@ﬂudemaﬂendlmlﬂes reoRg h unpr ocessed

P et cr e R BB Potr S LB SRR R 8 o e |

propept i dgopeplie ad @kébedlis Bxagples 3t 6. anYanbiRoEBMBsdiment, RrdcBtSod - BVP- 11
that maintain one or nore biological activities associated with a BWP-11

protei n, @BFd pegiseinhifuiediby a me ﬁPdJBM'Fbléétﬂmn@% t hat have been
m)dlfled wth ive consery t he_amino acid
sequence. " Natll;(ﬁjfgiﬂ\ég'ﬁfgmpgg(er&c ?ﬁomBrote flmé(;nrlsa{]‘))o ‘i’/dp{é%“’ufcf’e that is

cl eaved fmaird GBF-3diodiyertad l’z’ﬂGlBF Sqﬁﬂjﬁdplﬁdef WitieuBiMiidtlonpdsae ur sor

protein.. A human force of matu
' ‘mechanism it is believed that two GDF 8 propeptides associate with two molecules of

‘mature GDF-8 in the homodimer to form an inactive tetrameric or latent comp]e_:x.
The latent compiex may include other GDF inhibitors in place of or in addition to one
or more of the GDF-8 propeptides.
The term “modified GDF-8 propeptide” refers to a GDF—B. inhibitor which

~ comprises a modified GDF-8 propeptide, fragment or variant thereof which retains

) one or more biological activities of a GDF-8 propeptide and further comprisés a

 stabilizing modification as set forth herein. Variant forms of GDF-8 propeptide,
include, but are not limited to, for example, GDF-8 propeptides that have been
modified to include mutations (including insertion, deletion, and substitution of amino
acids) in the signal peptide or propeptide proteolytic cleavage sites to make the sites
less susceptible to proteolytic cle'avage. In a preferred embodiment, the modified
GDF-8 propeptide has a substantially incré‘ased half life relative to that of the
correspondingl.u_nmodiﬁed, GDF-8 propeptide. In a highly preferred embodiment, the - - -
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BMP-11 protein is provided in SEQID NO 9. The mature BWP-1 | may be
naturally occurring or synthetic. The mature BMP-1 | nay be present- as a.
nonomrer, honodi mer, or may be present in a BWP-1 | |atent conplex.
‘Depending . on the in vivo or in vitro conditions, mature BWP-11 may
establish an equilibriumanong any or all of these different forns.

Wthout |imtation as to the nechanism mature BMP 10 | | is believed to
be biologically active as honodiner. In its biologically active form
‘the mature BMP- | | is also referred to as "active B MP- | | "BWP-1 |
propept i del modigie@ GDF-@ poptiydeitht finehtiat hdsenthaeasedlinf viaimdlhkfedsas no-
term nal donmain of the BMP- 11 precursor rot ein. The BMP- | | propeptide

is associ aBIGd: Frrsrample. pothe msthadost h ip ExprppleiSs In #nothsai ng but not
limted t G| t d
the abi |11y T dg ivtbdng OBFOpRpeRiE ibcl bhhel Shets sl TEC! ="
abi ity to snkiizsef awsanhre Gisf-8] opnent, the abi I ity to enhance rruscl e

mass, the abilité to pronpte ryy‘gcl%fornatl,pn,“and t he ‘%Fa ?/ -
pronote muscl e cEhg tegpd| BMEr By BMPTHermgigm™, pr BMP&&MXH&E“ ye S’ét@a .

naUrally o i r e
i ncl udes buétbq‘:!.:llrfIrc v m%)ﬁ?%%gﬁ%%gn ﬁﬂt&)ﬁagérh%g g{‘t & ﬁw{eﬁ t-d mra%%?ﬁ l? n SEQ
ID NO 11. $IE\QdB€N@rffoauti ammow kidven BNRter d¢scpbdi&pmold§ thswﬁ’;lpahidmgof

binding to ¢ i de hindjn ojmai n mat ur e | n anot her
enod nent , MERSERP. She s AT DO ERIELPE TR OIS, BRE or mor o
activities ghbffadRhiiman GPhe &eséﬁhﬁw&ﬁt‘idﬁ @HicBinﬁ%se%? 11 xhoﬁmp@én)atl de”
refers to a GDF-8 inhibitor conprises a nodified BM-

propepti de, hmnolf)gagnmrﬁll Qihensawmmmdlnbm@bﬁt nohhinged tor BMPrid ﬁ)mmbmntmr e

bi ol ogi cal propeptide and ftir rs; S

ot b1 11 21 ngt i cBarbrRa PG aet Rorcily HTRFE P Biagr 2 S A BN 1
propept i de, 1] peldddRs hivd bedh Bededibed inTUERKErEdR et aff CI99PX AR Rarl BVRASch
propeptides that have b een nodified. to include nutations (including

insertion, H&ﬂ@ﬁd@ﬁﬂdaéﬁlsdﬁ@wlpmarém’%&km&mmalem d¥omelagy mey b¢ gnal
peptide or Eéxé’rfr % a:%rl%é tﬁg\éﬁgoq'agld%s%ﬁbéé)h Kerh0gMPh | 65 more
or | ess suscep 0 pro eavage erred enbodlnent

the BMP- IBMHolemﬁm&myrHaldanmry deswihigdidrispsthétle. m'h&b!ltdﬁsarit]md&Qh@ﬁﬂEd in

.vivo half | |fe (measured in one enhadiment in Exanple 8) relative to
t hat of the eggpﬂ@g&yﬁgﬁcﬁemcuﬁor form of the protein (“BMP-11 precursor protein™), as -

well as the mature forms resulting from post-translational cleavage of the propeptide.
The terms also refer to any fragments or variants of BMP-11 that maintain one or
more biological activities associated with a BMP-] 1 protein, as discuissed herein,
includiﬁg sequences that have been modified with conservative or non-conservative
changes to the amino acid sequence. | -

“Mature BMP-11" refers to the protein or polypeptide that is cleaved from the
carboxy-terminal domain of the BMP-11 ﬁrecursor 'prote'in- A human form of mature
BMP-11 protein is provided in SEQ ID NO:9. The mature BMP-11 may be naturally
occurring or synthetic. The mature BMP-11 may be present as a monomér',
homodimer, or may be present in a BMP-11 Jatent complex. Depending on the in
Vivo or in vitro conditions, mature BMP-11 may establish an equilibrium among any

or all of these different forms. Without limitation és_to the mechanism, mature BMP-

10



unnodi fied BMP-1 | propeptide. In another enbodi ment, the nodified BWP-1
| propeptide is capable of inhibit ing one or nore activities of a

mat ure GDF-8. The GDF-8 propeptides of the invention and BMP-1 1
propeptides of the invention are collectively referred to as "GDF
propeptides.” H The GDF-8 proteins of the invention and the BWP-1I
proteins of the invention are collectively referred to as "CGDF

pol ypepti des” or "GDF proteins."” The methods and. conpositions of the

i nvention provide GDF inhibitors which reduce the activity of GDF
prot'ei n r ellakibekevied td bebiabgically wctdk as h@DBdipreot ki its ladogicdbngaive torimo t he

sanme GDF protein b i nhi pitor certain enbodi nents, the

activity e&’a@?gﬁp ?gﬁsr?qsc\l%@ﬁe%%ﬁd 5?/"%3‘%153 ‘more of the nodified GDF
pr opept des | S S ¢ epti @3E1cANE WpokBridk TR i 20%ycd Bty H0Yhnirka%

40% 45 % 50% or 55% preferably at '| éast about 60% 62% 64% 66% 68%
70% 72% ndeminaldondef B8O BMIB 2 Vipre8uispr 186%11 Orhe8BVP- Lingrapepndd ior abl y at

| east ‘about 90% 92% 93‘V % referaply at | east

mbout osvktSERrAbL D ane s paeitbrgd e tepSiFBe BRI RS S hound by

- sai d nodi fdb%ﬂy@égﬂﬁﬁéh@%%ne GIDF- %@taﬁafﬁ@rh&ﬂmemie%mto inhibe dalor
inhibitor is dified GDF-8 propeptide or a nodified BwW-11 propeptlde

coval ent | anerﬁ@HStwlaglcﬁ@Cﬁ‘egﬁﬁlﬁhe(ﬂ’oﬂam ¢ ¢yBangs| reesglealevainpmerndr the

"stabili zi d|f|cat|on" S i cation kn rt or set
forth her EI%%I %5’%7218‘: If’u%c a%aﬁsig%ﬁg?gf %rpcg?’gom muscﬁﬁ%ﬁaﬁﬁh’tﬁg%n vitro
hal f 1ife fhlityRs picRicle mabdiadedl polifetdiion| ThoBWINal probépitidle dhaybeiafi&iyn
andl or reducing proteol ytic degradation of a protein. Such_stabilizing

nodi fi cat |Q9ﬁgmng<ﬂréﬂéhmt Aarexampie afiadBYBd lrsopeptids @ﬁlum%bvépwt( i ncl udi ng,

for exanply 1 t cond
pr ot ein), %hg&?l cg{lmpa MW"@E‘B%‘@I‘BW? EI %dﬂ%%grrpl
addi ti on ohe BMP y¢(pﬁqﬁepﬁdedmcéidablt df biralifgb t}p:rp}pmhﬂdbxhdm@mﬁnﬂhﬂmffl cation
of ~ carbohydr at e ol ety (I'ncluding, for_exa renpval of carbohydrate

moi eti es fwﬁfea ﬁ@ﬁ@éﬁﬁrﬁ@ﬁlm% the,BMEal P@Peﬁldgfsawmpﬁg |
modi fi catij gqﬂk%p %%ti@s%i"égﬁ?ne@ @I n (e.g., such that .a second
use

protein is propept | e second proteln may be referred
to as a "stabi | TieaernptmbdiGed BMP-1§ paipeptiviel rqferster GDF-Fodubiexsdpdhe, in one

embodi me ntdon‘?pnrggsd 2 fn‘ao%?ﬁ%h/ﬁ’ b Oﬁ)%gjgtg d%?orof{'ag%ré%t cl)rnvva%%t t}?ereof which

retains one or more biological activities of a BMP-11 propeptide and further

comprises a stabilizing modification as set forth herein. Variant forms of BMP-11
p_ropeptide, include, but are not limited to, for example, BMP-11 propeptides that havé
been modified to include mutations (including insertion, deletion, and substitution of
amino acids) in the signal pepti.de or propéptide proteolytic cleavage sites to make the
sites more or less susceptible to proteolytic cleavage. In a preferred embodiment, the
BMP-11 propeptide inhibitor is modified to provide an increased in vivo half life
(measufed in one embodiment in Example 8) re‘lativé to that of the corresponding
unmodified BMP-11 propeptide. In another embodiment, the modified BMP-11
- propeptide is capable of inhibiting one or more activities of a mature GDF-8.
~ The GDF-8 propeptides of the invention and BMP-11 propeptides of the

E invention are collectively referred to as “GDF propeptides.”
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conprises a fusion between a human GDF-8 propeptide (with an inactivated
cl eavage site) and an 1gG nol ecule (which 1gG acts as the stabilizer
protein or stabilizer portion). As used herein, in addition to referring
to a second protein of a fusion 12 protein, a "stabilizer portion" also

i ncl udes nonpr ot ei naceous nodi fications such as a carbohydrate noiety,
or nonprotei naceous polyner. The terns "isolated" or "purified" refer to
a nDIecuIe that is substantially free .of its natural environnent. For

i nstance, an i sol gt ed rot ei.n is substanti gl ee. of Q}lﬂgl ar materi al
or other contanih - protednsff the iBKsHeR apg fhe Pt i%E’i?ée’*’% BUVEYHAN -
which it is qu;l' Jlgﬁ o uhltﬁﬁ geblular nmaterial”
refers to S%gc%gf&gﬁsgﬁgémggogﬁt he |so$71?e{IBEI éFJ&J[’)rc%t eln: s at Ieast 70% to 80%

(W w) pure, noreThpmefhedadidyoatpobidast ofdbe &Q%t(mi pv))vgia IGDF enhéitonowhich _
preferably 90 95% pure, and nost . preferably at, S 6% 97% 98% 99%
or 100% (W ¥ dugg,the actpfy "?Qf?ﬁ Pr@?%(? edet 'aCV‘é‘%Pg {EP%ap’BT'eé‘i ol ytic site

in a protei eo&gm&ﬂovtﬂs%ﬁéﬂ@w{e,g&éelh%o@&gﬁq WRANnfbiie: PhQLRgkY LI ¢ _enzyme

resulting in e cleavage o pept i . I'n one enbodi nent, a
cl eavage si embodimehs, thauanity ofia GDF RERR!, vdenbepné bgonedr mbye ofhbe '

one-letter .d _code,, The rm"Fc re

refers to tH@d%%dggh]gf’wpﬁﬁndﬁﬁ‘s'F‘iﬁ?ﬁ‘ﬂ]ﬁtglfs%ﬁ?‘gﬁqﬁf/‘”tlﬁ % Fb‘%% g‘% @Oy %6(5’ is
vel I known tgot ES"/%ES(%'JHS?@L bx’lfetrm%r ﬁtrlEastIlFtﬂ:t 65%,"6999 LY BG%“éQ%@GW' ecul e
is. that portion of mol écul 'g&3, and 1g&A) that is

g
responsi bl e TG 74%;:?&%,518&@ 80%e 81% &4%,03@/3@ r&Sh’alnﬁorb ipfedergblytdh deabtgpBout

mol ecul e. e 0 d cule is | "

refers to tf gj/“ E" E‘% %/{’ﬁg/‘f pg?%?@%ﬁvﬁ%g?ﬁer%%% %ﬁlgl h%a‘ftﬁgomc%?f &({do%f
1iving or gapiiae th\GRaYse GDMBBRU Bal i n¥i bdi@d b shid mB@iﬁe@g dy%bdidelsnmm in
the art and include but are not limted to SDS5-PAGE, ELISA :cell-based

assays, pul @ée prefrared empedimspi ts| GIPY inbgbitasdy @ medifias) GbFidpropentide OTher e and
other usef U| %)%M?rlef >pr%;:;fep’ndechJQ/V\l%nfl Ixﬁ]@e% 83k Fc I 101\'1/ ' rgn %% moi

refers to. I'nan org ife
may be rreasure.d Wi term UBREIIZIAE rﬂiﬁtﬁtﬁd&n’kxawmdmﬁ&mmkhowﬂ(iﬂ ﬂﬂlaﬂg::rbekﬂ not

limted to in vivo serumhalf.life, circulatory half |life, and. assays set
forth int héorth herein capable of stabilizing a protein, enhancing the n vitro half life of.a
protein, enhancmg circulatory half life of a protein and/or reducing protgolytlc
degradéti'on of a protein. Such stabilizing modi‘ﬂcétions include but are not limited to
fusion proteins (including, for example, fusion proteins comprising a G_D_F propeptide
and a second protein), modification of a glycosylation site (including, foi' ex:-ampie,
 addition of a glycosylatidn site to 2 GDF propeptide), and modification of
carbohydrate moiety (including, for example, removal of carbohydrate_rﬁoie‘ties_ from a
 GDF propeptide). In the case of a stabilizing modification which comprises a fusion
protein (e.g., such that a second protein s fuvsed to a GDF propeptide), the second
protein may be referred to as a “stabilizer portion” or “stabilzer protein.” For
-example, in one embodiment, a modified GDF-8 propeptide of the invention
comprises a fusion between a human GDF-8 propeptide (with an inactivated cleavage

site) and an IgG molecule (which IgG acts as the stabilizer protein or stabilizer

portion). As used herein, in addition to referring to a second protein of a fusion

12



exanples herein. 13 "In vivo serumhalf life" refers to the half-life of
a protein circulating in the blood of an organism I n one enbodi nent, in
vivo half life is measured as set forth in Exanple 8. O her nethods
known in the art may be used to neasure in vivo half life. The term
"mammal " i ncl udes definitions known in the art and also refers to any
animal classified as-a manmal , includi ng humans, donmestic and farm
animals, and zoo, sports, or pet animals, such as dogs cats, sheep,

pi gs, cows, etc referred odi nent, the ma i s human. The
term" TGﬂTG‘eghBef'tP‘élH?W@f‘Pém? a5 “’c“g“r@s P%Wﬂf‘P‘?m&FeQé‘ts HPEEI%@HP’I‘%F“F 3 ed
grow h lfd?}?&ratc%éle@f or%hﬁljaterﬁ%é@tﬁ%ow}ﬂé' ol ogi cal ly inportant

gr owt h- reg ory and” norphogenetic ‘properties. This famly of related
growt h fact or sThegenws!|“isokanaiiror i psuriﬂed” rﬁertto(ammlgsmleyhams sabstartizBP dge Genes

Dev. 8:133-46; aqd Hoodl ess_et al . gfﬁ% rr.. |cs“am %f\‘?ﬁ i ol
| nmunol . 2JE:nsaE #pyirongeat. lrﬁt%&eﬁ“fl 1 pf‘ﬁf:‘Pdﬁ Y roghogenetl C
Protei ns (BMRS natefal dr\GHF cortiinRiifs probdivid i%rb@ﬁb ¢dldrRishicN@ureblBdhance,

Gial -Derived Neurotrophic Factor, and a still grow ng nunber of G owh
and Di ff‘efhlehntuadarwnd F%?h,emhrese(‘ @jrsyi)nnaléwfrhe afsce@Dﬁ:@a(cwbénemtn). Many of

t hese proteins. d i,n st.ruct h as BMP- | i (also
nown ne eepitatons Wik SheisStet Brtings adir Qe B G el |
"treat Wnﬁféfef&fﬁdt&ea%@@@% (WROTRARE el értmbleqat RNy 9NdSAHRAR) YARKbEC Or
preventative nmeasures. Those in need of treat nent may i nclude individuals

al r eady M&fﬁf%ﬁl‘fﬂafr%"/alﬁ’ﬁ?a’% 95l PR%I or d P8%r(8éW) murewel | as t hose Wno may
ultimately ac di sord

d
nmeasures). The er s Q??av%ﬁ? Sftgrﬁré‘frgkoapmte&?ch Sfcrd ngtepr(%\ri’eg'g ptf

I on rans e IOﬂ

vari ety ofhati§ beted 8ROGY 2R 6keb GGl BhAHRSTefiking il the dleavage of thegkgidenucl el c
acid (e.g., DNA and RNA) into a host-cell, including but not I'imted to

cal ci um pbRySp Aaere ErbaduneT, lﬂﬁlfaﬂwpgﬁrslt;@félefdnwr&qngs ‘BpRBnas represented

DEAE- dext tion, lipofection, and el ectroporation. SEQ
I D NO NA E??Lﬁ%rﬁ%ngfﬁag pcgeecur sor proteinprotein 2human CGDF-8

precursor protHien&A Fe region of an IgG molecule” refers to the Fc domain of an-
immunoglobulin of the isotype IgG, as is well known to those skilled in the art. The
Fc region of an IgG molecule is that portion of IgG molecule (1gG1, IgG2, IgG3, and
1g(G4) that is responsible for increasing the in vivo serum half-life of the IgG
molecule. Preferably, the IgG molecule is IgGl.

“In vitro half life” refers to the stability of & proteiﬁ measured outside the
context of a living organism. Assays to measure in vitro half life are welt known in
the art and include but are not limited to SDS-PAGE, ELISA, cell-based assays, pulsc—
chase, western blotting, northern blotting, etc. There and other useful assays are well
known in the art. |

“In vivo half ife” refers to the stability of a protein in an organism. In vivo
half hife may be measured by a number of methods known in the art including but not -
limited to in vivo serum half life, circulatory half life, and assays set forth in the

~examples herein.

13



14 3human CGDF-8 matureprotein 4human GDF- 8 mat ur eDNA Shuman CGDF- 8
propepti deprotei n 6human. GDF-8 propepti deDNA 7human BMP-I | precursor
protei nprotein 8human BMP-1 | precursor protei nDNA Shuman BMP- 11

mat ureprot ei.n 10human BMP-1 | matureDNA | | human BMP-11 propepti deprotein
12human BMP-11 propepti deDNA 13CDF-8 signal sequenceprotein 14BVP-1 |

si gnal sequenceprotein 151 gG Fcprotein. 161 gG Fc nodifiedprotein Detailed
Description of the Invention The present invention is based, in part, on
t he di scovery that GDF propeptides have a short in vivo half-life

t hereby reduci ng“innéye S@'ﬂmétil{)fi lifehwetess Webphalf-hifref apfotin GireRlang it de of

GDF-8 or BNR-1, l..activi.ty. cor di 1 N-0Nne .8 | tion
Foat ur es mid??d ATk ok i PG g b VR PRRIE beadsR L 0N B
i nproved - EhaIPke ®KOftgd infetiyd3 k@6vh @Sthe A6y beowell Yo MBasuRCiheaseithif life.

circulatory half-life. The present invention provides novel nodified GDF
propept i des t hatThedem “mamsialychgesflcbrtonskpowvsirths 2o @ed Ao fsiers texanpl e

GDF- 8 and - r ' L0 MR ' i il

oropept | dec g A CPEEEER he b Sankhd S RE bl QomiGE FR R e g
domai n on tdnd zoatspoas, @pepamimeisnsuckhecdogd] cead, ghedpnpigercoasetc.elzodi nent s of
the invention, the podified CGDF prgig ptide conprises a fusion protein

bet ween a CB.T)FfeHF%_ﬁ‘@B? ‘_H'@nér\]EF RAGTROIINPER- protein. A stabilizer protein
may be any pr Ot'ﬁ-l'e"le}m"“f{ﬂrm&‘?ﬁﬁilyt”h@fepsvtgraaflaini@tc@Qirﬁd&ﬁrﬁéli?i’el&tgf%m fied

GDF propeptide. 15 As be"recogni zed by one"of ordinary s | in the
art, such ffastoopalpobwbich pussess physiologically important growth-regulatory and

morphogenetic properties. ‘This family of related growth factors is well known in the
art (Kingsléy et al. (1994) Genes Dev. 8:133-46; and Hoodless et al. (1998) Curr.
Topics Microbiol. Immunol. 228:235-72). The TGFQB superfamily include§ Bone -
Mqrphogenetic Proteins (BMPs), Activins, Inhibins, Mullerian Inhibiting Substance,
Gliél—Derived Neurotrophic Factor, and a still growing number of Growth and
Differentiation Factors (GDFs), such as GDF-8 (myostatin). Many of fhese proteins
are related in structure to GDF-8, siich as BMP-I 1 (also known as GDF-11), and/or
activity, such as activin. '

The term “treatment™ refers to both therapeutic treatment and prophylactic or
preventative measures. Those in need of treatment may include individuais already
having a particular medical disorder as well as those who may ultimately .acquire the
disorder (i.e., those needing preventative measures). '

The terms “transformation™ and “transfection” refer to a variety of art-
recognized techniques for ixitroducing foreign nucleic acid (e.g., DNA and RNA) into
a host cell, incltjd_i_ng but not limited to calcium phosphate or calcium chloride co- |

precipitation, DEAE-dextran-mediated transfection, lipofection, and electroporation.

SEQIDNO: NAME : : TYPE
] | human GDF-8 precursor protein proteinm
2 human GDF-8 precursor protein |+ DNA
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Detailed Description of the Invention

[ ] rote

ns in vivo or

esugfﬁféLa

ply bind to

The present invention is based, in part, on the discovery that GDF propeptides

have a short in vivo half-life thereby reducing their effectiveness as pharmocologic

inhibitors of GDF-8 or BMP-11 activity. Accordingly, in one aspect, the invention

features modified and stabilized GDF-8 or BMP-11 propeptide having improved

phannacokinétic properties, specifically an increased circulatory half-life.

The present invention provides novel modified GD¥ propeptides that form .

inactive complexes with GDF proteins (for example GDF-8§ and BMP-11 proteins) in

vitro and in vivo. The modified GDF propeptides of the invention preferably bind to a |

propeptide binding domain on the mature GDF protein. Accordingly, in certain

embodiments of the invention, the modified GDF propeptide comprises a fusion

protein between a GDF propeptide and a stabilizer protein. A stabilizer protein may

“be any protein which enhances the overall stability. of the modified GDF propeptide.
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bi ndi ng domain on the mature BMP-I | protein. in yet another enbodinent,
the nodified GDF propeptide is-a fusion protein conprising a GDF
propeptide: and an Fc region of an IgG nolecule (as a stabilizing
pr.otei W. Such. GDF inhibitors nmay conprise a GDF propeplide (for
exanple as set forth In SEQID NO5 or 11) or a fragnment or variant of
sai d propeptide which retains one or nore biological activities of a GDF
propeptide. Such nodified GDF propeptides are capabl e of inhibiting the
activity of GDFE proteins. The GDF-8 or BMP- | | propeptides used in the,

i nvention zhwﬂb e ¥pagtead; yme pf m@@n injde aﬂv@-&hfﬁﬂ%‘hﬂ BERIGIR 1Yy

occurring (n V@cc%)ﬁ'xsea(% %{p\? de et‘;v% rtﬁe?@%téﬁfd}lﬂ oo Ceﬁrh duced

1011
r econbi nant? s and

- met hods mlﬁ&blnﬁﬁgmhllonkm@mwmkﬂdw xarﬂﬁeeﬁf mmepﬂofeinmebf@ﬁfédrsgch that one
enbodi nent, the nodified GDF-8 propeptide or nod ified BMP- 11 propeptide
conpri ses atbhserend GO lbﬁdswﬁa{nelwﬁ%%ﬁb‘{wﬂéel@é%ﬁ 'é‘ﬁft'lh? T?ﬁ”#k"@d to an

| gG nol ecul ﬁ?g e my
be fused at? ngfcaéeadtg E’ %ﬂ{%’% reogficl)}n-%g{i ccﬁ %Brog%{ﬁcu]%m exBi ged to
the Fe regi p‘resecnf invegtion], g Gastonlpecteinanan e ;ﬁeﬂa{réﬂ(ﬂfch piep thed@DEF ljdempaﬂe such
| i nker peptides is well known in the protein biqgchem stré/ art. In

¥

certain embediemHtfEsstiie p 8RS PIAYAT £- %asebﬁlzﬁi:ava@ﬁepa@gnaf HU$ AT ent i on

conprise f i L usi on
S rhtern 1 oo BpehfidiSut i fDR-HAPERI AR O Blhilins BBANE P N0 5

or 11, m)repmpaftmle@bhmnamdt}ieesmihzabmrnon 81 %to about 85%identical to
SEQ ID NO 5 or eve nor e ef bl | east ab t 86% 87% 88%
300 50% 910 OBVPIEISFUTREHSERE PREP s SSERMISE R MBIF BROBFRURE fhatan

even nore pfs%&ﬁﬁ&i%lﬁ% r%ﬁ@xthucgﬁ%ry ROY5i £ n%§§%o L%?r(@dlﬁ&f GWO%

identical to SEQ NO. . I'n a preferred enbodi nent, GDF-8 or
BVP- 1 | prmppmtldde§1¢ou@rmsyealssqu®mwm ardgiming aif madlﬁddeGBé“qmwﬂpeée set

forth in S NQ, 5 or not her. referr nt, the
GOF pr opept EEBd EHgoRGHE Hiadi e X8 PORRHOS Eng b N may

conprise a jfropeptRIet oPthe Wikt arObeliched {6Bind RIAE 8Rhird GOYeR ah@ﬁﬂahubn SEQ I D
NO 5 or 11, so long as the fragnment or variant retains one or nore

bi ol ogi cal BMP-U1.t Inespreferrad appodymenietbe present inveation pevidss efedifieiGDT.
enbodi ment., propgptﬁgg fad l%rm%%':n% gomp%:xes WhnREBPERL EIGS-199 rTEJ){c:Lis(-:’m i ant

ver si on
in vitro. In one embodiment, the GDF propeptides preferably bind to a propeptide

binding domain on the mature GDF-8 or mature BMP-11 protein. Such binding may
occur, for. example, following release of native pi'opeptidc at the site of GDF-8 and
BMP-11 activity, following displacement of the native propeptide by the modified
GDF-8 and modiﬁ_ed BMP-11 propept_ide, and/or foilowiﬁg cleavage of propeptide
from the GDF-8 and BMP-11 precursor protein. Regardless of the mechanism, _
modified GDF-8 propeptide and/or modified BMP-11 propeptide binding results in a
reduction in one or more of the biologiéa].activities associated with GDF-8, relative to
a mature GDF-8 protein that is not bound by the same modiﬁcﬁ propepﬁde. In one
-preferred embodiment, the modified GDF-8 and BMP-11 propeptides reduce GDF -8
and BMP-11 acﬁvity associated with negative regulation of skeletal muécle mass.
 In another preferred embodiment, the present invention provides modified

GDF propeptides that form inactive complexes with BMP-11 proteins in vivo or in
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of SEQID NO 5 or 11, wherein the nutant has been nodified to include
one or nore nutations (including insertion, deletion, or substitution) so
|l ong as the fragnent or variant. retains one' or nore biol ogical
activities of a GDF propeptide. Critically, in enbodinents of the

i nvention involving nodified GDF propeptides conprising fusion proteins,
it is essential that the fusion protein be produced or designed such
that the native proteolytic cleavage site (e.g. RSRR) in the

propeptlde i s, disr ctlv removed i

oot Ui ngFtiliine cmsisian O eRperddspre Fﬁggfﬁanmawomt}d%cogm e,
failure [ 6indlRg 86m¥Ah ‘i'her ﬁﬁH}etBMP-ltl RRoteECONG, R4 AhRhét dnfoodimerthBe
stabilizer portion) of fusion proteln bei'ng cleaved from the first

protei n (mbdiipt Gﬂé‘pﬂomtlfb@mtalmn protegmeonfipradiingna (LYt Bopeptiticend i Fgl y, a

critical as f.th ent | rovi des r atl

el i mi nat ifig gﬁgmbfggh’irl‘g ‘é"‘lgk’qs@s}%ﬂizs'@prf’ﬁl%é i}}ﬁg’f&% S\Rﬂ@'n usi ng such
propept i dentRisPk SR fopephids (fenemueeasrsewahﬁhn SEQAD NeRslof 1 By @F
propeptide of the invention. Methods for inactivating such proteolytic

cl eavage Tsagmenserevagiaaiod siid prapeptider whiphiratains enteorbuere iadogiet) akiivifiesed t o

nmut at i on, erti he amno acid otide sequence
oF " the st pfibep@le, SIRERbIAR Or AEpATIdR0a B Ui o R

i nvent i oractifity af GDA$rateids. DEhe GOE-8i 6} BMB 1@9?013@&@&@5&& it merrm@nbxhe sites’
| ess susceptible to proteolytic cleavage. For.exanple, in__one

enbodi menfpay %%ﬁth?ﬂﬁaélmpr%v% gpt eadrfrom paﬁlmlymf«larme IﬁnaétvehﬁPﬁoS alci ds 45,
46, 49, ; or at

i o aci P 113 ProA 8 g Bhnoi 0 Rlom by, Won? B viido 1. 0o et
such poi n‘eagmtsahmsouellseammemodmdhlchlare wélbkgowiin the bd of géneSEQ | D NO. : 11.
Ina preferred enb dinent |nt i i S a point Qn at '
anmi no aci TEFERHE: E@n? Eie mint d{l%dt leﬁrr}*awppep&dspé %MBd. ment ,
the poi ntymy A?égnggcérﬁ l?sePQh% b@'tg %lﬁ% %%r@ﬂeﬁﬂe@o@geﬂf ]ﬁgi (P NO.- |

fromAsp to I n anot her erred I'ment’, such poi'nt: nutation can
be made amgGhmolasrlner aimgzb&mbﬂnex$EQ Tz GOF:8 &rIBMEshiprropeptaieataydies (usi ng -a

| | abl ft. Vect
Vol oul ar s SRR ITE Feees wiihe Hipiolufs SeptRehecABTs P BrOredIy i
cl eavage ]%Gtrﬁ&ectﬁ@vi\é‘allink@(epeﬂagdé' QURYTIEGA fR¥r paRidef isSkdll kndwih bk art any

of the described nutations, ‘variants or
_protein biochemistry art.

- In certain embodiments where the modified GDF propeptides of the invention
comprise fusion proteins, the GDF propeptide portion of said fusion protein is
preferably at least about 75-80% identical to SEQ ID NO: 5 or 11, more preferably at
least about 81% to about 85% identical to SEQ ID NO: 5 or 11, even more preferably
at least about 86%, 87%, 838%, 89%, 90%, 91%, 92%, 93%, or 94% identical to SEQ

- ID NO: 5 or 11, and even more preferably at least about 95%, 96%, 97%, 98%, 99%,
or 100% identical to SEQID NO: 5 or 11. In a preferred embodiment, the GDF-8 or
BMP-11 propeptides comprise a sequence identical to the sequences set forth in SEQ
IDNO:5o0r11. In )ét another preferred e‘mbodiment, the GDF propeptide porticn of
a fusion protein of the inventien may comprise a fragment of variant of the GDF
propeptide set forth in SEQ ID NO: 5 or 11, so long as the fragment or variant retains

one or more biological activities of a GDF propeptide. In another preferred
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nodi fications nmay alternatively be nade at the nucleic acid |l evel. Such
techniques are well known in the art.-Table 2 Exenplary Am no Acids

~ Mutatable to Prevent Cl eavage of Propeptide: GDF-8 (Am no acid nunbers
refer to SEQID NO 1) Arg-45 A3 n-46 Lys-49 Ser-50 Arg-52 |Ile-53
Lys-63 Leu-64 Arg-65 Leu-66 Arg-98 Asp-99 BW-1 | (Am no acids-
nunbers refer to SEQID NGO 7) Asp-122 Ala-123 d u-286. Leu-287 As noted.
above, the present inventors have nade the discovery that the GDF

propepti des haye.a short in_.vi 1al kd e, Thus,; be . ut i.cal ly
useful as a e‘%ﬁ’S?‘HE&E?@%"’S‘PﬁS‘P @1@?8&? Mﬁ gbgrrﬂp?&%%eté%&ﬁ‘éngép%%g%ﬁ f‘zﬁtéélgrﬁst '
be cheni cal | yf SEQUIMSOCHb} Y1,Sh1ahdih ieadufathak Bedransedict angeidt ynditxdabre
physi ol ogi cal conditions. GDF propeptides may be stabilized or nodified

by any meansnRi@ns {inclufiag ingertions gelplaniy onspbsiati o loeglaGhr eg®pEpr i de

T 1S 20 A it Sod i BB AL GEFBLERE proce 1

ability to bind tcCriticslyt, & gabodshienlod tiRi ifvedtioR irSoivipg apdileddsDF

‘ propeptides comprising fusion proteins, it is essential that the fusion protein be
produced or designed such that the native proteolytic cleavage site (e.g. RSRR} in the
- GDF propeptide is disrupted, destroyed, inactivated or removed in the resulting fusion _
protein. As one of skill in the art will recognize, failure to do se would result in the
second protein (e.g., the stabilizer portion) of the fusion protein being cleaved from _
the first protein (the propeptide portion) of the fusion protein. Accordingly, a critical
aspect of the ihvention provides for inactivating or eliminating the cleavage site native
to GDF propeptides when using such proj:eptide to prepare a fusion protein which is a
modified GDF propéptide of the invention. Methods for inactivating such proteolytic
_ cleavage site are known in the a:t.and include but are not limited to mutétion, -
deletion, or insertion of the amino acid or nucieotide sequence of the proteolytic
cleavage site.
In yet other embodiments of th_é invention, mutations may be made in the GDF

sequence to make the sites less susceptible to proteolytic cléavage. Fdr example, in
one embodiment, such mutant may contain a point mutation at amino acids 45, 46, 49,
50, 52, 53, 63, 64, 63, 66, 98 or 99-0of SEQ ID NO: 1, or at amino acids 1:22, 123,286
or 287 of SEQ ID NO:7. In another embodiment, such point mutations can jbc made
in the amino acids of SEQ _ID NO.:11. In a preferred embodiment, ti)é poir;t mutation
is a point mutation at amino acid 99 of SEQ ID NQC:1. In a particularly preferred
embodiment, the point mutation is a point mutation of amino acid 99 of SEQ ID NO.:
1 from Asp to Ala. In another preferred embodimeht, such point mutation can be
made in the amino acids of SEQ ID NO.: 11. Computer analysis (using a
commercially available software, e.g., MacVector, Omega, PCGene, Mol'ccular

Simulation, Inc.) can also be used to identify proteolytic cleavage sites. As will be

18



binding site. In one preferred enbodi ment, the nodified GDF propeptide
_conprises a 19 GDF-8 propeptide or BlM 1l propeptide fused adjacent to or
via a linker, to an Fc region of an 1gG nol ecule. The Fe region of the

| gG provides a protective or stabilizing effect on the propeptide (and _
therby acts as a stabilizing nodification), as reflected in the inproved
phar macoki netic properties (i.e., increased serumhalf-life) of the
fusion protein as conpared to the correspondi ng unnodi fied GDF-8
propeptide or unnodified BWP-1l propeptide. In a particular enbodi nent,
t he nodi fricecknGBE-bY que @ slolliid checanhpryiof ¢ descrithedemitSidEs Svapratpept | de or a

mut ant of h n. GOF-8 propeptide, and the 1gG . nolecyle is the Fe region
of an Ig(‘:’r"?‘lil’ fatfps I“ba@@l,?te '_“gﬁly madg b e&FCIg’(‘SGFIngYf;Ef#'é%‘ t?%‘l“‘qt“%ﬁuced

ef fect or fURGHIKOBwn iR 4RNgr. enbodi ment, the 1gG fragnment is 1gG1 (SEQID
NG 15). In another enbodinment, the IgGfragnent. is IgG 1l nodified for
reduced ®4iedtor function (SEQ 1D NO 16). Exanpl es of nol ecul es

nmodi fied for reduced effector function include nodification of human

| g4 - Fc ExsigarytominechdideMatasilos Krdent Gleatiidend Paciegtisi ti onsl 4 and 17
as set forth in SEQ ID NO :16. Mdified. GDP-8 or BMP-] | propeptides may
be isol atgArof (RHfih] 488 nAnESkHE@eo JEQ A ®ieday d protein isolation and
purificathgmprocedures well known in the art. In another enbodinent, the
nodi fied Cf)_ropepti de conprises a human BMP-11 propeptide or a nutant
of human BWP-1 | propeptide, and an IgG nolecule which is the Fc region
of an Ig 3,’5'%% an g, or an 1gd fragnment nodified for reduced
effector $8m&ion. In one preferred enbodi ment, the stabilizer is the Fc
regi on ofrghddran 1gd (SEQ ID NO 15) or the Fc region of human |gQd

nodi fied Heb3 reduced effector function (SEQ ID NO 16). The BMP-I |
propepti deyswsy be fused adjacent to or via a linker, to an Fe region of
an 1gG nol&ced e, as described herein. The present invention also provides
met hods f gf, gaki ng nodi fied GDF propeptides having increased in vino or
invitros life. In one preferred enbodinent, the nethod conprises

preparing,a di fied GDF propeptide conprising a GOF-8/1gG | Fc or
BW-1.1 /M Fc fusion protein by preparing a cDNA nol ecul e encoding:

BMP-11 (Amino acids numbers refer to SEQ ID NO:7)
Asp-122
Ala-123"
Glu-286
Leu-287

As noted above, the pfesent inventors have made the discovery that the GDF
propeptides have a short in vivo half-life. Thus, to be pharmaceutically useful as a
therapeutic or prophylactic agent, the GDF propeptide must be chemically or |
physically stabilized for increased longevity under physiological conditions. _
| GDF propeptides may be stabilized or modified by any means known in the -
art, so long as the modified GDF propeptide maintains an ability to inhibit a GDF
protein or mature GDF protein. In a preferred embeodiment, the modified GDF
propeptide maintains its ability to bind to its target GDF protein or a GDF propeptide

binding site. In one preferred embodiment, the modified GDF propeptide comprises a
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(1) a CGDF propeptide (for exanple human GDF-8 propeptide, SEQ ID NO 5),
20 or human BMP- 11 propeptide, SEQ ID NO 11) which is nodified to

i nactivate the proteolytic cleavage site and the Fc region of an |1gG
-mol ecul e (for exanple, human 1gG 1l Fc region, SEQ ID NGO 15); (2)
expressing the cDNA in an appropriate prokaryotic or eukaryotic
expression system using appropriate expressi-on plasmds. and cells; and
(3) isolating and purifying the expressed fusion protein containing the -
nodi fi ed CGDF pr opeptide, wherein the nodified GDF propeptide has an

i ncreased i BDR/ vmp@pnriemr\ﬂMPdImaqnepmefiéseé@dw@ﬁpa@@dvra@ likenreraFei ed GDF

propeptide. _An e ﬁ{&{)lecs c rP%f %gﬁagf%%gé oquc%).': DLQRS ctdrde of the

FEE
i nvention i igure T Xpressifdnsystens are wel |

known in th@raﬁiﬂhﬁ%%ﬁ%&tdﬂtﬁk p@yeride (a8 therBy mﬁmﬁﬁbai1@hglﬁﬁrﬁ£dtﬁﬁ) apd
purification of the expressed pr oteins (Exanples 2 and 7, herein
provi de exafgsleetsd eﬁﬂ@u@nr@ rrtkgaenc propaRica (itcorinaeesed e hfiife) t he

CDNA const I ygh g+ rfoP%i {&Gﬂ%%ﬁad 81% Bﬁ‘%:ls\%gndxk %&Bdi‘%ﬁ@ﬁ? é)SSﬁ%uﬁQ“t ain

nucl eoti des enco nuc codi'ng

t he GDF pr opemtxmﬁiﬁwaMmel j)l@ﬁe;ﬁider egion (or stabilizer portr on). The
orientation of the | i nker peptide relative to the GDF or 1gG Fc region is
uni nport ant . The In 3 pacipulaepabodumentdle %‘Bﬁ*ﬁﬁﬂ@Fnﬁé’F%ﬁ‘%%ﬂ@Wélﬁng 2, 4,

6,8, 10, 12, : L€ cids in
| ength. In a part P%ﬁ?g%e%%%%ﬁurt\%%fﬁén?ﬁg %I%B Iﬁ@; corrprgr? a

nucl eoti des nmiu:utélmgnechrrcglha ofum IpGrl aarn 2o Ig§dprande regins io$ ﬁg(hgmomﬁed for

gl yci ne-seri i ne-ser.ine ( GSGS ot .her_ enmbodi i, e
expressi on ff H%‘% %ﬁec ?oh’a‘?“Ff"%’BWh qrealggi ﬁaﬁ’?%%ﬁflcﬁ%@oﬁ?@ni ent
i sol ation apgh.nyy. 'IB'&%%HeP@rnQédﬁm?xﬁ i erREQIg@lﬂ%ode'éS foSRdudf such

t agged expression plasm ds and the rre for isolating and purifying
the tagged eﬁcmmtmndﬁﬁ@tlg Hod wammm{ malecquibes aedified fre r@idced

e 0o R 0 REEL Pt RS RS e o
fs Bgrcrl 22% V\ﬂ?trrﬂe?’mﬁ%a poSitich¥T4GAd 1 PEPRAMAIN SEQUENKES16r om a parti cul-ar
" Modified GDP-8 or BMP-11 propeptides may be isolated or purified according
to standard protein isolation and purification procedures well known in the art.

In another embodiment, the modified GDF propeptide comprises a human
BMP-11 propeptide or a mutant of human BMP-11 propeptide, and an IgG molecule
which is the Fc region of an IgG1, or an IgG4, or an IgG1 fragment modified for

* reduced effector function. In one preferred embodiment, the stabilizer is the Fc region
of human IgG1 (SEQ ID NO: 15) or the Fc region of human IgG1 modified for
reduced effector function (SEQ ID NO: 16). The BMP-11 propeptide may be fused
adjacent to or via a linker, to an Fc region of an IgG molecule, as described herein.

The present invention also provides methods for making modified GDF
propép‘t'ides having increased in vivo or in vitro half-life. In one preferred
émbo_diment, the method comprises preparing a modified GDF propeptide comprising
a GDF-8/1gG1 Fc or BMP-1 i/] gG1 Fe fusion protein by preparing a cDNA molecule
encoding:

(1) 2 GDF propeptide (for example human GDF-8 propeptide, SEQ ID NO:5),
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stabilizer portion, such as the Fe region of the 1gG nol ecule may be
identical -or 21 greater than 60@6honn|ogous to 1gG correspondi ng
sequences froma different species. For exanple, the human GDF-8
propeptide or fragnent thereof nmay be fused to an Fc region of a nouse
I gG nol ecul e, or vice versa, so long as the resulting fusion protein
exhi bits the desired bl ol ogicalactivity, nanely, the inhibition of GDF
bi ol ogi cal activity, as enbodied in Exanples 3 - 6. In preferred

enbodi nents of the invention, fusion proteins of the invention are

~ chi ner as .ophumardMBridtnsppeptidnSEM 1 Nex! rvduehsis srndlifiad te pracdyate thsunan

o1 *haman PEPBLE £Reydt3 A RS st n 30 BB LB lahpic Rimbd o2t TNt

above- dquq}ul}ead-egl@nfs@@mmq)g)el ns, the GDF propeptides nmay be
stabilized by a variety of other nmethods and resource mate rials which -
are wel | knomzhﬁ’@m%mﬂhﬁycﬁméllﬂablaéprpnﬂﬂtﬁémﬁi%’%?Wf‘aﬁkﬁf}’(’%ch met hods

d | k | b
o o nopPEsaPRErHES pand amFOATRL BB Bl 00T i 11 e

GDF propepti de(S)xsﬁmﬁn@end peifaingdhadbréxedd fukied puﬁmﬂgmaﬁaan@ahsd protein
isolation and purification techniques well known in the protein art, GDF

propept i cmdlﬁﬁd B propeptidorvinreipdhs inaé&f)eé Qp]‘b@obﬁ’r@éﬁbm9cr§as9éﬂq ety of
ar t - known,i{ LENNIIHE Raif FP ad %ﬁ@}eﬁ to %H%'me ﬂ@&gﬁjrﬂ@é%@ﬁﬁ? be synthesi zed

(e.g., chemwcally or reco ntly), 1solate ied, and tested

f_or t hei r abi | Ag yxdmpit of mch@mfmmqasdlﬁedl B DFepropeptiGObf e drventiirLis @etBMP- 1 1
protein sill_?g %ihe t hods described herein or nethods known in the art.
Propepti. 2t t hesi zed using standard protein chem stry

techni ques sucipag &LBR §§01g§y§f%ﬁis%?9whf‘kﬁﬂgﬁﬂﬁh¥mo?@culﬂﬂoﬂﬁ?ﬁh%§aféf Peptide
Synt hesi s, Springer l'ag,” Berlin (1993) and G ant :

Synt het i ond?tbtpcﬂa e ssolatiohiend periftdaiide pf e lexpressed pmﬁmm{&x@oﬁipahymd New: Yor k

(1992), .the contents of tg*% ncor orated herein by reference. In
addi ti onhe %’P’o‘?‘ﬁﬁY‘gﬁeXWW ‘?fles“ ﬁ%‘ss‘l”f%trc‘ are commercially available

(e.g. Advanceﬁl aeheehRerRdthen: 386 cDMA! ddn%ﬁb’tﬁls@& ER e Pre2RADN such

Al ternati vel y, the nodified or.unnodified GDF propeptides or fragnents
t her eof rfagxob@rmg@@mn'ﬁameirwup}eeﬁdﬁﬁ@dcmmgw@hn@r perisiedriprees dicon syst ens
(e.g., E'.nucleotldcs encoding the GDF propeptide and the 1gG Fc region (or stabilizer
portion). The orientation of the linker peptide relative to fhe GDF or IgG'Fcl region is
unimportant. The linker peptide may comprise nucleotides encoding 2, 4, 6, 8,10, 12,
14, 16, 18, 20, 22324, 26, 28, 30 or more amino acids in length. In a particular '
embodiment, the linker peptide comprises nucieotides encoding for the amino acid
sequence consisting of glycine-serine-glycine-serine (GSGS).

In another embodiment, the expression plasmids may optionally contain tags
allowing for convenient isolation and purification of the expressed protéins. “The use
of such tagged expresston plasmids and the methods for 1solatmg and purifying the
tagged protein products are well known in the art.

The GDF propeptides of the invention specifically include fusion proteins in
which the GDF propeptide portion of the molecule is identical or greater than 60%

homologous to GDF corresponding sequences from a particular species, while the

stabilizer portion, such as the Fc region of the IgG moleCuIe_r_nay be identical or
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coli, Chinese Hanster Ovary cells, COS cells, baculovirus) as is well
known in the 22 art. For exanple, the expressed propeptide. of GDF-8 or
BWP-1 1 may be purified by, for exanple, using the nmethod described in
Bottinger et al. (1996) PNAS 93:5877- 5882 and CGentry and Nash (1990)

Bi ochemi stry 29:6851-6857, the contents of which are incorporated herein
by reference, or any other art recogni zed nethod for purifying peptides.
Al ternatively,the nodified or unnodified GDF propeptide or fragnent

t hereof may be tagged with, for ex% npl e, FLAG or EIgofor ubsequent
purificati oareamm@g 68¥oamalogpus tog aHS’Fm%’éémﬁéE‘ﬂﬁﬁ“afi? mpLIeRSHi £ ed or

unnodi fi ed c1e§ ?51 %&: éﬂﬁrh%%ﬂtdfﬁe§ gf%Pti&éf&*}FJ Rt th@fe%@%ﬁ%g%sed

di gestion o tura arring or nant | roduce
| 1 using, fco:lin Emagiﬂnezf amqm@lgéﬁae},ecm,gn videvera) mlohgms therysiltimg fusion

- chynotrypsin, _pepsin, or red basic. am no Cld converti nzyme
( PACE) .~ ConBlateip exhibits e éesu(éé qulfggua?f RS R R the iR ey %P @9& var e,

9 1 omBC Ve BloRlgic By, RO iBLERNLAL - & mlfn%%enqa enftRfinkeefr e Used

to |dent|fy pr cleavage sites.  Alternatively, such
GDF- pr opept lrdennomﬁgsxcheprmemﬂ of the idveotivmae ghiaieras afdumanipngtenis. As will be

reconbi nant | rodpc 8 or BMP- . 11 .such as st andar, tech i gues known
h the art BBty SEhuited Broth cipigs of Bsipn PRYANHLPe ﬁFq

hydr oxyl am ﬂ-@)trea%tgfgﬁrﬁm JbjebtsOr synthetic GDF-8 and BWP-| pr opeptl de
portions of the nodif propepti de may conprise as many am no acid

resi dues as are ﬁe@asﬁa\nyﬂvew@ ubatdddlqndomfeabpmgmcn@di@ﬁmtm proteretheby

hi bi ti ng, t B\VP-.1 fy: Exanpl e
A ol g R blopereSina’ BB ifve reBiofariee Maaucs BRI S acenys.
I N parti cul afaterfaW iR BalwelNAGWE Ah& reahil il o18 AEHHRprEMR- drt. | SudhiARERIsi de

' sequences that maintain the ability to modulate or ‘inhibit GDF-8,. are
~included wi @Mmatenélssmd\pfb @Fexﬁmitmﬁ)ﬂﬁwn Cﬂhleiwi@ﬁlbmyemﬁ de portl ons

preferably Lise at

B e aci dsPSREPEE Sl drerftiy offan g pne g GPr oF epﬁ%ﬁ
160, 170, 18& Haﬁsolat&Da@rpuﬁﬁe@esltiI@s d;sfaﬁeiin lsﬁfaﬁf)ﬁﬁl&bbﬁhf&?danbﬁas'[ 200,
210, 220, 230, or 240 or nore am no aci inlength. Ina preferred

enbodi ment , techpiguesDrelBkoMEIB e RIeteGIt i on of the nodified GDF-8

erooge}:)glnge t Ih: 24%%%8@%9’55%? rﬁcﬂiﬁ’ie%r@lt)e prdpest‘idesccgﬁ be ﬁ%%ﬂgédpgy L Qmﬁ%Q D
of art-known techniques. For example, such propeptides can be synthesized (e.g.,
chemically or recombinantly), iselated and purified, and tested for their ability to form
complexes with mature GDF-8 or mature BMP-11 protein using the methods
described herein or methods known in the art. Propeptides can be sYnihesized using
standard protem chemlstxy techniques such as those described in Bodansky, M.
Principles of Peptide Synthesis, Springer Verlag, Berlin (1993) and Grant G.A. (ed. )
Synthetic Pepna’es: A User’s Guide, W.H. Freeman and Company, New York (1992),
the contents of which are incorporated herein by reference. In addition, automated
peptidé synthesizers are commercially available (e.g., Advanced ChemTech Model
396; Milligen/Biosearch 9600). |

Alternatively, the modified or-unmodified GDF propeptides or fragments

thereof may be recombinately produced using various expression systems (e.g., E.

coli, Chinese Hamster Ovary cells, COS cells, baculovirus) as is well known in the
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BMP-1 1 propeptide portion of the BMP-1 1 propeptide is 274 am no acids
inlength, 23 i.e., corresponding to SEQ ID NO 11. The signal sequence
for human GDF-8 is set forth J.P. SEQ ID NO 13, and includes the first
23 amno -acids of . SEQ ID NO 1. in. .one enbodinment; the sequence of BMP-I
| propeptide begins with the am no acid sequence AEGPAAA. The signal
sequence. for human BMP-1 1 is set forth in SEQ ID NO. :14 and. includes
the first 24 am no aci ds of SEQID NO : 7. The identification of a
partial GDF-8 or BWP-1 propeptide s 8uence as a functional fragnment of

GDF- 8 or #®MFor e&alnmift,dbfem%éedrqupéé@lﬂf DEe8 erf3¥ifnd hé’é}’ bF@Pﬁﬁ%hbbp

usi ng the, assa desc |be S..4-6 on to

T unoat edobPaR oLt Ledtenebe IR Byt A3 Tihay il e

speci fi cadg8y ah GehteearfdMash ( PPOP BicdREnRMY LOGSPDERS 7, Tkt edm@mommem her

nodi fications (|nclud|ng insertion, deletion, and substltutlon) 'so long
0

as such \axe insprperaiasrhersim byrréerense, oraiy othes Bit seroBNBES giedd foF PYrHMINEI t ory

b o, et AT p S o PUEAGAK Br SRRcRCIE TR [

i nt r oduc eteredf rAay hretagardarith, ﬁ)rteﬁa:&pih,a?mmdﬂé Iaxstfon/sm:yequemrmmﬂﬁaamw or’
storage half-life, roduction of the GDF-8 or BMP-1 | propeptide. For
exanpl e, ‘fﬁ&grﬂm‘ﬁﬁta&?ﬁgsmﬁﬁch@@@%t roduced into one or nore proteolytic
cl eavage site tunfi; r t he
nodi fi ed GDF- gr%?%%%éﬁedge I Rdﬁ%@?ﬂﬁ%%%}f@gﬁﬁﬁgﬂ@& SI nggr 8

conmmer ci girbducad by Hapstios aff hevarally cecugring mmnbmanﬂmgaqedmmmr :

. Mol ecul ar | at i o I nc.) can be used to ide ote tic cl eavage
sites. c%lg:l)gﬁrﬁﬂﬁ é’woml "G @T—Sl’ﬂ)rlg?fgﬁ’bx%'éé’ ll?=nvent| on
specific aHE’c?b ! hdid @ShveRi Lep AP fePsl equences,

CDNA cogéehgnsequenceasS c[bﬁgﬁgeﬁcode tr?teg w 1d- ?;pe ?(H@E%lﬁsépeptaﬁgg but

~ which di f(ﬂsnganommlb@qm@bwm tige WdVEthoy,ﬁém@IF PEOMAesequence due
to the d er.ac th netic. C el.ic variations

(nat ur al OBE0aE TR dbeE et abed o RS pudratthé Sepeadibn whi ch may or
nay not rgRathitiviely, %h@ﬁ&oﬁ@ﬁtﬂe@ﬁ@ﬁﬁ@bmdﬂ@i froeRbIrANy GdcBRingtRnt enpl at es
DNA sequences that hybridi ze under stringent hybridization conditions

(i n one ewnbonbinumly paedudgedGPFifeer BMPL] svelnpsstindagd teghniqgesd@pvnipthecul ar

G oning (z@’t such as by chemical cleavage (e.g., cyanogen bromxde hydroxylamine).

The proteolytic or synthetic GDF-8 and BMP-11 propeptide pornons of the
modified GDF propeptide may comprise as many amino acid residues as are necessary
4 to bind to the target GDF protein, thereby inhibiting, partially or'completely, GDF-S g
" or BMP-11 activity: Examples 4 - 6, herein, illustrate embodiments of binding and
inhibition assays. In particular, functional fragments of GDF-8 and/or BMP—;1 I
propeptide sequences that maintain the ability to modulaté or inhibit GDF-8, are
included within the scope of the inVn_:ntion. The GDF-8 propeptide portions preferably
comprise at least 5, 10, 20, 30_, 40, 50, 60, 70, 80, or 90 amino acids; more preferably
at least 100, 110, 120, 130, 140, 150, 160, 170, 180, or 190 amino acids; and most
preferably at least 200, 210, 220, 230, or 240 or more amino acids in length. Ina
-preferred cmbodlment the GDF-8 propcptlde portion of the modified GDF-8 '
* propeptide is 243 amino acids in length, i.e., corresponding to SEQ ID NO 5;and the
BMP-1] propeptlde portion of the BMP-11 propeptide is 274 amino acids in length,
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Labor at ory. Manual),' Col d Spring Harbor Laboratory, pp.387-389) to a
nucleic acid 24 encoding a GDF propeptide or a nucleic acid encoding a
“protein or polypeptide having the ability to bind to a particular GDF

- protein, as.enbodied in Exanples 4-6. Variations in the cDNA sequences

~ caused by point. nutations or by induced nodifi- cations..(e.qg., :
insertion, deletion, and substitution) to enhance the activity, half-life
or production of the GDF-8 or BMP-11 propepti des encoded thereby are
al so useful” for the present invention. Conmputer prograns useful in the
det er m nat iion, wﬁeﬁﬂ%dir@eqﬁﬁﬂ:ﬁj héhbl. o’ljlye @gﬂ@i dmameifnr hthmnaﬁiDFéridS@r e

'ﬁgﬁg(r)i/g?gn[]’gc E&%ﬁﬁ‘ ERPINEN ?‘}] an e e‘@eéﬁj@% vari ety of

‘met hods knoywe Exﬂb(t)chﬁleﬁtr the gegﬁédéébmmswﬁo&éﬁaysemms pRhesy aphy and/ or -
cross |linking anal yses, escribed in EXanple 2 herein. As shown in-

Exampl e 2, $eer@l?&ﬁﬁliﬂhﬁﬁeptl de forns a noncoval ent association with

mat ure GDF- 8 pr eln P x ;has an
appar ent ol ecu © Shen ﬁ?QHS?cea%waﬂém ﬁgg@g 'A§g§tlgclg§ple£ in

addi tion t ointhedfe FugR@RMIES A8k o mwmlﬂwldaﬁm&aﬁonﬁ@@ﬂmzed by a
nunber of other techniques. In one odi nent, a stabili zertﬁgortl on is

~coval ent | y GDFkéer BlPal mpwfﬁbépqumee porfuneienabiregreent ef GDF @T(thBf ot ein.
For  exanpl g, BrﬁBepc‘gng nﬁagclg%&) féfetp (:‘leq?%drl E)r examplig,l yer%hyne agyrs escn%rag) in

variety of

pol ypr opy| eRganflycht hefein. pol yoxyal kyI enes in the manner set forth in
U S. Patent Nos. 4,640, 835; 4,496,689; 4,301, 144; 4,670,417, 4,791, 192

or 4,179, 337, |n1@dﬂd68¥oatt‘é€fuﬁ‘§at¢‘bl’f@?@iﬁ@é SefBERSCH:, the nrope@rc{eaﬁaﬁalé%%saprrent s,

GDF pr Opeptép@‘é‘x%cﬁ ﬁ@kﬁ)sz #%SP@%E hﬁ‘\ﬁ aé)%(mﬁt%a{aﬁég e?rer r e chnontsO a

pol ynmer to |ncrea err ting yners and
met hods t o @hdladibg trhambhodqmpm, aiebsubatitatial)so ldﬁgasr $dﬂbdamamtib08tanPa‘teent

" Nos. 4,766, 106; 4 179,.337; 495, 285; and 4 6 or ated by
ref erence hrapns desirediglogical @ﬁﬁ@é}tﬂw&twltl?ﬁeo Pﬁ?ﬂﬁﬁ%ﬁ%ﬁt @e’rl AeV e

modi 11ed t Ocdaiendlure! L PESH AL UEORKL ALY ﬁm@gﬁﬁﬁws(smm hRRAEy O

t he W|Idtype gl'ycosylation ttern erein tere neans
havi ng one brrmtrodm:edamtbaiqundnb:telemeﬁtmwhaddsdtyowcdﬂt@v@d stotage halbinfd, he

wld-t ype G(BFprgéuc%g o% tcL I%' SI%IMgt 1I loprr]olg)e];mc?e oerlel;]cgmp 2 pomt mutations

may be introduced into one or more proteolytic cleavage sites to prevent or inhibit
. proteolytic degradation of the modified GDF-8 propeptide in vivo. Computer analysis :
(using-a comumercially available software, e.g., MacVector, Oméga, PCGene,
Molecular Simulation, Inc.) can be used to idéntify proteolytic cleavage sites.
Accordingly, methods of making GDF propeptides of the invention

speciﬁca_lly include, in addition to the wild-type cDNA coding sequences, cDNA
coding sequences that encode the wild-type GDF propeptides but which differ in
cDNA sgquen'ce from the wild-type GDF cDNA sequence due to the degeneracies of
the genetic coae or allelic variations (namrally-oécurring bésc changes in the species
population which rﬁay or may not result in an é.mino acid change). The invention alsc
contemplates DNA sequences that hybridize under stringent hybridization conditions
(in one embodiment as described in T. Mamans et al. (1982) Molecular Cloning (4

Laboratory Manuai), Cold Sprmg Harbor Laboratory, pp.387-389) to a nucleic acid
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pol ypeptides is typically either N-linked or Qlinked. N-linked refers to
the 25 attachnent- of the carbohydrate noiety to the side chain of an
asparagi ne residue. The tripeptide segquences asparagi ne-X-serine and
aspar agi ne- X-threoni ne, where X is.any amno acid except proline, are

t he recognition sequences for enzZymatic attachnment of the carbohydrate

- moiety to the asparagine side chain. Thus, the presence of either of
these tripeptide sequences in a. polypeptide creates a potenti al

gl ycosyl ation site. O0-linked glycosylation refers to the attachnment of
one, of tdem:oémgar@DF Nraepyidger aemtctegamdwelcogamqirmsm Or@nlypy}btmisélat'mg a -

hydr oxya cid seri.ne or .t e ough

5- hydrox% Pq ”r‘rgt%ﬁﬂ?r&m@ épﬁé’rm ek Ebb‘%ée a‘hﬂfﬁl gron or
del etion vanﬁjaﬁgmh%%m@,@ sequtaﬁ&stcalswey £53h PuRReR érqji‘y 1h§uce§%\ifﬂ]' ently
accorrpl i shed by altering the am no acid sequence such that it contains

or omts ecatiensfe.gipneertibn.tdetetiahcand sulestibrtiopp anhanrephe eheivisschalirlifesr ( f or

N-1i nked cosyl The alteration by the
adi t 1 on BRctgRe e GBFRY o ENmoY WoRte i trspded Bt R A ARE PR Ry 1
-residues g p}é}@nﬁﬂ@aﬁeﬁec%ph&epmg}ﬁxs ds¥RE ifIRE dPemaRtdrdsy it ar  O- 1 i nked
- glycosylation sites). For ease, the GDF propeptide amno acid sequence

is pref er@lah‘yﬂcalhpmoéﬂgﬁﬂwbu@wmhhgesnchﬂeﬁmn ertigvel , which

techni ques are kn wWn means_ Q crea SI n t he |
number of car ch;%\e Py ‘écﬁ-%cgag% Hr?PeepEﬁf:ge{BFBSé‘Bfmdglep{; cal or
enzynati ca G@lﬂbrbﬂﬁx &in ¥ stensicd @y ahvarithof dbiods kapep i e art, ﬂiﬂa&e
procedures are advantageous iii that they do not require productl on of

the COF Propupsiaechromatortsgby ard/or orossdinking agaly&eésaysld@’éqr@ﬁd eubeamnle t i es

f N- Kk d d,
e
car boxyl gesesipsan ith nfahee GDH-§ hydéin The oidpse emhm@@l: § pagpeptide cyst ei ne;

(d) free hydroxx groups such as those of serine, threonine, or
hydr oxypr‘éﬂ’i‘ gx hgsean @Pé’f?&’éin@CF‘éléi‘ﬂﬁé@‘%c@EPFOéEn%‘ﬂbgél‘&a phenyl al ani ne,

ot hods. ar e deserPkequeRe B b I e Sha® S AR oma ST
Aplin andstyMil isdddsy 2AQB8her oERGeCrechniqiRey In oifi mﬁt&imlentp@stalﬂﬁﬁfﬁﬁﬁmn is
i ncor por at ed b &EL%{ encg rih_er (el n, d Rer;gc\)/letlo ccr)éatgg)éuseoe}r tl)rgtg rld Fat e noieties
present ofPVelfatl Prae H‘FQV P pr _
example, the GDF-8 propeptide may be linked to one or more of a vaniety of
nonproteinaceous polymers, e.g., polyethylene glycoi, polypropylene glycol, or
. po!poyalkylenes, in the marmer set forth in U.S. Patent Nos. 4,640,835; 4,496,689;
4,301,144; 4,670,417; 4,791 ,1792 or 4,179,337, incorporated by reference herein. In
certain embodiments, GDF propeptides are chemically modified by covalent
conjugation to a polymer to increase their circulating half-life. 'Preferred_po}ymers,
and methods to attach them to peptides, are also described in U.S. Patent Nos.
4,766,106; 4,179,337; 4,495,285; and 4,609,546, incorporated by reference hérein.
In another embodiment, the GDF-$ propeptide may be modified to have an
altered glycosylation pattern (i.e., altered from the wild-type glycosylation pattern).
As uee& herein, “altered” means having one or more carbohydrate moieties added or
deleted,to/from the wild-type GDF propeptide. Glycosylation of }ﬁroteins and
| polypeptides is typically either N-linked or O-linked. N-linked refers to the |
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acconpl i shed.. chem cally or enzymatically. Chem cal deglycosylation:
requires 26 exposure of the GDF propeptide to the conpound
trifluoromethanesul fonic acid, or an equivalent . conpound, This t r eat ment
results in the cl eavage of-nnst or all sugars except the |inking sugar
(N-acetyl gl ucosam ne or N-acetyl gal actosanm ne), while |eaving the amno
aci d sequence intact. Chem cal deglycosylation is descr ibed by

Haki nuddin et al. (1987) Arch. Biochem Biophys. 259:52 and by Edge et
al . (1981) Anal. Biochem 118:131. Enzymatic cleavage of carbohydrate
moi et i es onat@EoRmeRteY e sadeabyduie heictdnthaside dipin of 98 appasagine wsidue Ehy

f d d b
Vei b, Enzy nblP QAR SO RERSAE G rOfabbe ik Bt bukle iR

propepti de- Bﬁmi)%id(&icép“t@hﬁinﬂi aréthe raegﬁﬁiobe@huaE&v%r dnﬁﬁmEl@c dtegh@enadf t he -
| gG nol ecul e al so nodified to have an altered glycosylation
pattern. | nthﬁﬁé%/bﬁ@rdfetﬁ'mfdﬂﬁémthe a@atiﬂmemldﬁfé‘pﬁ ddnp.ghe prergage beithes opr ot ei n
al bum n or ns and

pol ypept i de@e%edt IB‘!:p\ﬁltglsﬁc?ueg{: mQﬁH‘gE epetllllggu%g%§ g{e\r}a %0% ]rg{é&%/\gel known in
the art. Se@-lnkegd gly‘do@latiﬂatreﬁfs tNthe anﬁc}ﬁﬂfﬁll Bfidne( dPitheagigeds al . ),

i ncor porated by reference her ei n. i s understood by one.of ordlnary :
skill in thb-aseyeslpgiesagupe grlactass, ﬁbxxj{esedg a pygroxyrmigg 3eid; MEFE@TIBPLYt her
am no aci ds oYY

activity of Sétr g%f){r%gt el rﬁqaﬁ%ﬁorup Sm #%%igé oraéj J§%Lly51ﬁiin§%%%§t oruééatahat
vari ous changesAmmyobermﬁd&muﬁghhesankman&nndhs@ﬁmencﬁﬁmdé1§he nmodi fi ed
or unnodi fied GDF pro E sequences encodi such

propept i desSOMWFRFRH Cg g%ve'terr € BRIDPRE] rseﬁvee%afcggbata& GOMf4Igs o
activity. |g ongs &M%&f@@%m%ﬂm -kt ipdpfde SRASHEC ot N-Ii@gp! s 4- 6.
Such changes may include, but ‘are not [im del etions, 1nsertions,
t runcat i onsglysesyktipt: lttasaxnfhe ilmatmnsnayeuiuﬂr ttehmadelblyehe ﬁhhtmxdnpst e,

alterations f am no acid se uences rote tic,cleavage sjtes within
e Tl § 1 S BB By e OF BT ng SN o eE D S SO OrA A e PG

present i NVt GHE proPeptRIEI(RY C3lBARd %E@B@@zﬁmnkh@s}hl“gf QRAUHE GDFE8Yeideam no
aci ds ‘may be considered. The inportance of the hydr opat hiic am ho aci d
i ndex i n cowhmorcidgequence is preferably altered through changes at the DNA ievel which

techmques are well known in the art.

Another means of increasing the number of carbohydrate moieties on the GDF -
propepﬁde is by chemical or enzymatic coupling of giyéesi&es to the GDF propeptide. -
These procedures are advantageous ixi that they do not require producfibn of the GDF
propeptide in a host cell that has glycosylation eapabiliti'es for N- or O.-_linked |
glycosylation. Depending on the coupling mode used, the s.ugar(s) may be attached to

-(a) arginine and histidiné; (b) free carboxyl groups; (c) free sulfhydryl grOups such as

those of cysteine; (d) free hydroxy! groups such as those of serine, threonine; or
hydroxyproline; (e) aromatic residues such as those of ph.enyla}anine,' tyrosine, or
tryptophan; or (f) the amide group of glutamine. These methods are described in WO
87/05330 published 11 Sep. 1987, and in Aplin and Wristor { 1981) CRC Crit. Rev.
Biochém.,'pp. 259-306, incorporated by reference herein.

Removal of any earbohydrate moieties present on the GDF propeptide may be

accomplished chemically or enzymatically. Chemical deglycosylation requires
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interactive biological function on a protein is generally understood in
the art (Kyte and 27 Doolittle (1982) J. Mdl. Biol. 157:105-132). It is
accepted that the relative hydropathic character of the am no acid
contributes to the secondary structure of the resultant protein, which
in turn defines the interaction of the protein with other nolecules, for
exanpl e, enzynes, substrates, receptors, DNA, antibodies, antigens, and
the like. Each ami no acid has been assigned a hydropathic index on the
basis of its ~hydrophobicity and charge characteristics (Kyte and

Dool i t t | expdeRoef he GDE) propepiide tathecompying geflwrsomehangsulfpaicianid, pran 2) |

| i +3. 8 h | al i (+2. 8 t ej / ti 2.5
ot oot SadhElpnuOHRENE] B Bkt B W R HARAR I i o b Rude 0 o
serine (-eQedpk the lhﬂ{‘i’rigtﬁ@m-ﬁce@%@%c;osédﬁh@%i Naac(etyl%ﬁa(:xosafr@ﬁé)p@hiﬁe 1.6),

t
histidine (-3.2), glutamate (-: , glutamne (-3.5), aspartate (-3.5),
aspar agi neavingths pmujoasidseqpenge gfact.and argi nine (-4.5). In nmaking such

changes, Lhe SRS 0D DA-ARLIS, HRERSAIFLARAIAA Lpd ces are
pr ef er r eGiockand Bidyhpe 286:5Dmi By BdgrcealoVisB 1 k4!, Pckimuli@e iy, preferred. It
is also understood in the art that the substitution of |ike am no acids
can be radrmat¢ elepyage pfcasheby fategnaipticsom GlYE PERsPIdes cap bepeiewsddivpl e, -

U S. Patent. 4, . g Al : - -

S oot Sy A A or AL LBl LGSRl SER NRIANE S, |

adj acent (a98MafakiKeymeotieiH es W th a biol ogi cal property of the

protein. As detailed in U S._ Patent No. 54,101, the follow.ng
hydr ophi | i ci t yVoen ganod W&%Eewpafwﬁgﬁm%éﬂ PTARTRIGe A fusiPR BrgiBsas

ar gi ni ne ggggs&ba@&o@{h@@rc@é orgéifzt?@'l%gllaﬁﬁ)ﬂ:@en(a 6&%@9&%@5@&& 3.01),

serine ( , asparagi ne 1+0. 2), utamne (+0.2), glycine (0),
t hr eoni.neltere@.gdycosyatodn pagern- 0. 51), al anine (-0.5), histidine (-0.5),

nglt g:J(r:] i6ne( ( 1 Bg@?‘%%hﬁgw’f@?%ﬁéﬁ%?ﬁ% tFS'I)éhe( ér%?%‘ 21% ; 1?”? pt-ophan
gl' g 4) e l'd&riﬂ?t'i%_r!ﬁ a?}éﬁhn.cmﬂﬁﬁfﬁqrm%né Hﬁﬁélb;féﬁd pﬂgy&ﬁ:ﬁﬁéﬁ t'a.\%}r]@t@i-ﬁds V"hofsfh.
ydropnilicity "values are w In IS prererreaq, ose Ich are w In
1 are paradbuunagr hlpupiredarvatess asndelt krove withearh Becte.ar B.$\Ratentrdioe
particul asrj 1%,&4’46(&6\%1163 al.), incorporated by reference herein. -
It is understood by one of ordinary skill in the art that certain amino acids may
be substituted for other amino acids in a protein structure without advcréely affecting
the activity of the prote.in. It is thus contemplated by the inventors that various”
changes may be made in the amino acid sequences of the modified or unimodified
GDF propeptides, or DNA sequences encoding such propeptides, without appreciable
loss of their biological utility or activity. In one embodiment, such activity is
measured in Examples 4-6. Such changes may include, but are not himited to,
deletions, insertioné, truncations, substitutions, fusions, a_nd the like. For example,
- alterations of amino acid sequences at proteolytic cleavage sites within the modified
GDF propeptide are explicitly encompassed within the present invention.
In making such qhangcs, the hydropathic indei of amino acids may be

considered. The importance of the hydropathic amino acid index in conferring

interactive biological function on a protein is generally understood in the art (Kyte and
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The nodifications may be conservative such that the structure or

- biological 28 function of the protein is not affected by the change. Such
conservative amno acid- nodifications are based on the relative :
simlarity of the amno acid side-chain substituents for exanple, their
hydr ophobi city, hydrophilicity, charge, size, and the |ike. Exenplary
conservative substitutions which take various of the foregoing. -
characteristics into consideration are well known to those of skill in
the art and include: arginine and |ysine; glutamate and aspartate,;

serine and EW@MW&)J alt Bigl. Aé7: 195rd33bpléﬁsa@fimed hadhe s¢letie, | euci ne,

and isol eu he ,am id se ifi r ept| des
may be. m)dl éo&a{gc%ha{/ac?er 0%&%% 9%@?%§%ﬁfg3{revg }h\r:ggconﬁ%ﬁ’ Sensm s&gﬁbng as
t he bi ndi ngeﬁﬁtahﬂ]ﬁoﬁﬁﬂhﬂlh@ﬂn@ﬁ definfaht iileratibn 3f3hd RofeH w@lathepr oteinis
not adversely affected. Relative sequence simlarity or.identity (also
know n in thelepies ErgxamplengizEmgsap %T%?SQWEHPISSDEé\ auidhnsinse2 MEER ogy) i s
preferably ?Rleerm ned using the "Best Fit or "Gap"prograns of the
Sequence Analysis ®Sof t war e PackageTM Version 10; Cenetics. Conputer

G oup, Inc., UniBaehahiino &fid MisteenadsiprddatlndiupathioydEem e basibaflitson, WL) .
"Gap" utili zes the al gorithm of Needl enan and Winsch éNeedI epman  and

Winsch, 197‘0’}“@80‘?1%)6!3@41@1&&3‘1 @%WFSB‘FSQKWM%E%I R&tsupmaxithess &€ t he
nunber of t Jof ot £Orns an
~optimal aﬁ?%%%‘g%t qu;) ”Jaﬂh %ﬂ%ﬁgﬁ%g{ g?éﬁ I"ari t bet V\gg{neu%e%@r%
sequences. (@i, rmdth:oajnlegﬁ lr&)) h&nmee{ﬂ (SDLr'g]ydmye @—03}3 nhremlgng epg).tserime(x0.8), ze

t he nunber of t ches using the hm of th and
WAt er man (ﬂmqr;% %\Rétte‘éFoﬁﬁ’ﬁ ('11@81”1’?1“‘3@ hh’S ‘“%{g Si ate Sequence

Anal'ysis Sofyhmaie ERs Q%fan% $9. 5020 AR £ 9 HRIRY- PO MRS EiniRf (-L§)her
usef ul seqﬁéence anal yjs(l tool's f)o%% déenti fyi ngﬁhozm o)gues %ml ( )
presently di scllosmadhnmlcbohanges sheosubetimuomof ampe quids wd®se }E\ah'o;emtaﬂpl e,
t he " BLAST", ﬁ)rogra Altsch et .aL, .1990) s&?rches for fa&@uences

sinilar to B Wétéaue%eeri Birech dhose peiieh e Wik g partgulagy preferse

specified b S&, 5 a5 F_rfg,E nt ained at .the National
Cent er ford% git?%chr% o:g?/ nf%&ﬁagﬁ%% %?NCBI ?i’ ef hesda, Maryl and, USA);

"Fast’ A" (Liprman lamdaldaemldsnto,od 19 8fs;artsthat tht swbsRemios ohliknaiminopees carll@88;
' made effectively on the basis of hydrophilicity. For example, U.S. Patent 4,554,101

states that the greatest local average hydrophilicity of a protein, as govern by the
hydrophilicity of its adjacent amino acids, correlates with a biofegical property of the
' protein. '

As detailed in U.S. Patent No. 4,554,101, the following hydrophilicity values
have been assigned to amino acid residues: arginine (+3.0), lysine (+3.0), aspartate |
(+3.041), glutamate (+3.041), serine (+0.3), asparagine (+0.2), glutamine (+0.2),
glycine (0}, threonine (-0.4), pro]ine {(-0.5%1), alamne (-0.5), histidine (-0.5), cysteine
(-1.0), methionine (-1.3), valine (-1.5), leucine (-1.8), isoleucine (-1.8), tyrosine (-2.3),
phenylalanine (-2.5), and tryptophan (-3.4). '

In making such changes, the substitution of amino acids whose hydrophilicity
values are within +2 is preferred, those which are within 11 are particulaﬂy preferred,

~ and those within +0.5 are even more particﬁléﬂy preferred.

The modifications may be conservative such that the structure or biological
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Pearson, et al,, 1990) perforns a Pearson and Li pman search for
S|n1Iar|ty between a. 29 query sequence and a group of sequences of the
sane type (nucleic acid or protein); "TfastA" Perforns a Pearson and

Li pman search for simlarity between a protein: query sequence and any
group of nucl eotide sequences (it translates the nucl eotide sequences in
all six reading frames before perform ng the conparison); "FastX"
perforns a Pearson and Li pman search for simlarity between a nucl eotide
query sequence and a group of protein sequences, taking frameshifts into
account . funftaofthe p@iag rsmpt affeeted bythe ghangei §ndhc®é%twetwef3mm@ peidl arity

bet t d f d

Caki ng 1 rEROCkT IS Hihalea SEHTRAR SR o LR B0 e SR AL o “the

nucl ei ¢ SMueeRs T6f Qamphe me@;rlgslda@hbbﬁnpm éihﬂiﬁt} %},@ gfe, skiltle in the
| ed

art will recognize that t he fied or-unno propeptldes may
contai n alke rﬁ?qwarbﬁo@ab@tlw sitisetionowhiple take apiions of dhedforegquances

W thout alt el ngsLNEldclaLagh ol PIABSLETEodl Be AuieheLhed erbodi ment,

such changes fs@rvarive am no aci are wel |

known i n thbRdararginfasen®lyaing, ghenss val dspetadeReiind aﬂdlmsm/éu ghitaiiiee
various of the foregoing characteristics into consideration are well
known to wKsparegingiang vajipe, deysingy @xdelrsfﬁetmr@cﬂaﬁaﬁwacaqi seayprFe af el ude but

are not |} glied thlﬁ:' qu%h]%t{He F1ad B hoftidiEo ndl %@‘ﬁ%ﬂ:e?&f’ ARQPLAL €; serine

and threonlne as ar agi ne; eu0|ne and

i sol euci nehanes, srelrohglamtﬁrﬁmﬂngmﬁm nmfdxﬁehe}mmpmptepm totils@arper GV O
stability of _.a protein can_ be nmeasured in a nunber of ways. In one
enbodi menProtednismgt gverselysaifectedanpl es are harvested at a variety of tine

points follow ﬂ?@a@&'é ﬁén%e?fmﬁi%ﬁy[?h%ﬁé?&a@abe oy 1h’ﬂl§er]?r\5{%ﬂpéhﬁ' y or

|ntraper|tone y or the proteinmis ra w th iodine-125,
usi'-ng mnet hmmeulmeblblolgmwm a$ srquhméaomldgykls@mferaﬂyeiemmmnm using tiadi oactivity

t h t det d
Qe CoLNRSE P B S0 REPETER Bbme SEMIER AGAY i SGRVES FERse | QYA  he
protei n i o ldGeA& CHmGRE B ?%@S@%Reﬁﬁy cﬁ@f}sfaﬁgﬁﬁ Qdeklm@?&y@enﬁért her

autoradlography or VEstern bfot anal ysi 5. I'n anot her nbodi ment, the
bi ol ogi caMadxsom \Wi)y “Glapt higlizes thesilgorthm of dleedlawan et B@mn@n (aJnydlgnen of a

AT, B I T S e e
: number of matches and minimizes the number of gaps. “BestFit” performs an optimal
alignment of the best segment of similarity between two sequences. Oﬁtimal
alignments are found by inserting gaps to maximize the number of matches using the '
local horhology algorithm of Smith and Waterman (Smith and Watermaﬁ, 1981;
Smith, ef al., 1983),

The_ Sequence Analysis Software Package described above contains a number
of other useful sequence analysis tools for identifying hdrho]ogues of the presently
disclosed mucleotide and amino acid sequences. For example, the “BLAST” program |
(Altschul, er al., 1990) searches for sequences similar to a query sequence (either
peptide or nucleic acid) in a specified database (e.g., sequence databases maintained at
the National Center for Biotechno.logy Information (NCBI) in Bethesda, Maryland,
USaA); “FastA” (Lipman and Pearson, 1985; see also Pearson and Lipman, 1988;

- Pearson, et al. 1990) performs a Pearson and Lipman search for similarity betweena -
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30 The GDF propeptides of the present invention are useful to prevent or
treat various nedical disorders in humans or animals. The GDF
propeptides are preferably wused to inhibit or reduce one or nore
activities associated with a GDF protein. in one highly preferred

enbodi ment, the nodified GDF propeptide inhibits or reduces one or norée
of the activities of mature GDF-8 relative to a mature GDF-8 protein that
is not bound by the sane propeptide. In a preferred enbodi nent, the
activity of the mature GDF-8 protein, when bound by one or nore of the
nmodi fied GDRuesy sqsepncedad a granp dfspausheasof the spaastpednagleippifer apignlat | east

60, 62, 64,. 68, 70, 7. 8 % nore
pr ef er abl y e‘[ﬁjﬁf agFrf%rBis 39%3532 anég,inmans %&f %H"'éa\%%e%bén&e%“%Pg%qé%abr y at
| east 95% t quekP Huérleahii uly pRup ofBiidkEcRidERiqusndes (it ehmblddhiahe nicleaidebound
by one or nore of the nodifled GDF propeptides. The nedi cal di sorder

bei ng t r eat EdueIcepinelksi eading frames hefordneslarame thysaspransemle SF4s6Chr ef er abl y

el orosi s, HTHIPEPRGYPhod PRl St ERE R BB IS SR £lechBE SO e
pul nonary diegaase ,anmrgfdx@ offpedtéin Gequienets Qaling SramedpRNingy abuslacextd) , a

nmet abol ic di sease (such as such as t%/ pe 2 di abetes, noninsulin-dependent
di abet es rrewqrfqrraléal’eﬁy%w@ LipByRn searglt oaﬂgerae%bet\arrna?cmwgmq%sue

di sor der (SH:)E,Ge 3 rreg@: %’ﬁ’?“p oPLud?QREe s ﬁgﬁé&?&é&h tc(:?dd&ﬁ]-'tgﬁor

ost eopor osi s condition i’s nost pr era
neur onuscul mnsdhtesdmdestxanésrohhaswﬂem etqueyndei btefdrapenfmnu%:ﬁxe rcosipgrisonscul ar

miscl 6 vast i ng. Ok URbI e ARSI AreAET BeLib ek ARG QW of r e
embodi ment ?@ptm%gfn‘ﬁﬁlcontﬁi‘ﬂrﬁgghhﬁﬂeﬂo":fsﬁ‘bs'f'fﬁftﬁgg’{d theit bRRRSR PeqliRes der,

such as thari') esulting fromdysfunctional glucose netaboli sm and/ or -
i nsuli n r eswghanaberinghbir dlegigs ppditeb elnesprefermd pinheditrient, sueyrdasst

di abetes nellitus, ar netaboljc. disorders such as hyperqgl m a or
obesity. ﬁcéﬁgr"ﬂr‘&)%'ﬁfqoc?&d SpEhgionsd %W@Wﬁggﬂo‘f’%%g%n XGPPIEReat
such nedi caloflbnahwaiubstititiol¥RMTRI ke MBRUs Bf GE 5rafliNg LihrdbaFRASs inthe GDF
propeptides ornfropeptldes conposi tions of the present i nvention are

c

adm ni st er e¢brisidetaien arpemll leraMrymé]ﬂﬁse@f $lid irplipe prtein bshersbtty heraeitn, an

sﬁ]t ]]: Ieglt Iex'? Itnsﬁﬁggﬂ ate P?‘tglmrtedd tor argmme and li)ysmr:[:)e}?ﬁatma e arid aspar?aﬁg %(eanr\llg1 'clln%h s

threonine; glutamine and asparagine; and valine, leucine, and isoleucine.

In certain embodiments of the invention, the in vivo stability of a protein can
be measured in a num'ber:of ways. Inone -embodiment,éerum or tissue samples are
harvested at a variety of time points follouring delivery of the protein either
intravenously or intraperitoneally or the protein is radiolabeled, i.e. with i:odine.~l25,
using methods well known to those in the art. The amount of radioactiv_i'ty present in
each serum or tissue sampie can be determined using 2 gamma-counter. In another
embodiment, the integrity/stability of the protein in the serum can be assessed by
SDS-PAGE followed by either autoradiography or Western blot analysis. In another
embodiment, the biological activity of the protein can be measured using any one of e

number of functional assays, including an ELISA or cell-based assay known in the art.

Methods of Treating Discase:
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31 activit

y of GDF proteins to achieve a desired biol ogical. outcone

(e.g-, increasing skeletal nuscle nmass). In one enbodinent, the desired
outconme may be any therapeutic benefit including, an increase

bi ol ogi cal
in nuscle
decr eased

may be neasured by a variety of nethods including, |
at body mass (such as duel x-ray scanning analysis) nmuscl e

| ean and f
strength

mass, an increase in nuscle strength, inproved netabolism

adi posity, -or inproved glucose honeostasis. Such inprovenents

those that neasure

, i pi , | obi
gl tcose 1 of or ants Ol BepRRIEY erBhprr PREN Bt BRRY o SRkt o

di abet es.

the subject’'s age, weight,

determneq11

ef f ect s . of

that GDF ph&pepitedesviBELofGhaee GOF-8 él@se Hethvmas GISFB
Preferably, the GDF propeptides are given as a bolus dose, to maxim ze

the ci rcliosnd hythesomr srapeptier lipt piséer gpodisent, Hee antieHy e&the aaigteh of
time a“erGIBfF% é)‘i‘&él% wh%’f)‘&dnﬁ% e bIthiR! 0P the TRYiALPE P@-ﬁ;aﬂﬁc&qrdcgf fer the

bol us dose

treating

glucosehoneosta5|s ucose honeostasi s reqU|res inter alia,

vafibiahadital d;s%rdefsqh ARSbS &ahim/alsefmcﬁmp ProppHids af@reyaably W t h
. physical condition, and sex, as well as the

severity ofed teanhibiioc eﬁdumlotr more aqtmtn@assgwtpéwh anﬁ@FdxygTagwe Inepe be

e PPl cinpreh R 5T i SRR Pl el ey et s

&@iraRst i28otm0/ Kg.

sen |nven 'on al so provides ne
ifmbﬁélhit Il@sdi@@,@ﬁﬁ'ﬁrably atllean 0L 64,6680 68, 0y 72,r BI76,018) BOPS2,

preventing or

t he

finely turféd® %8 BB%x F’é’ffi lﬁﬁfe lyzﬁgqut,S}Q 5éer 2t opA4 %’y%ﬁvﬁf’é"é‘?’f*c beta cells

~in respon
f undanment

efb QbR ida6 B3 Dol BialloRd: Iﬂé Q58F! l8§%@{? 9‘% B béi

actrons of insulinis to sti ate u

bl ood i nt &y dme@snmse ofah@emﬂﬁ]eﬂﬁnﬁmop@tidm fat. Accordingly, in one

enbodi nent |,

presen

ention prqvides t hod atin
di abet es nel I | t1pe mdea i@F%f e emgstf?g{‘]’gP%preg%‘F#T%’sthSB‘&qoﬁ‘iﬂ éb% °
hyper gl yceﬂ?b%gF@éé is ﬁ%@@r&ﬂl?ﬁ%ﬂsag of SeuPorsttPhigCdiséadmehdH KdniFHrophierept i de

or nodified

propeptid conposition in an amount sufficient to

gl ucose fron1the

amel i or at éatpnbscslgmm mcwdﬁr d}’r&tafomysmascée atioppe, Cozgcﬂtlvnohﬁnsuw n- dependent

di abet es

d d
0 200) el AR s TRt v e B e fetennn BRI S B T

tissues,

disease (such as such as type 2 diabetes, noninsulin-dependent diabetes mellitus,

hyperglycemia, or obesity), an adipose tissue disorder (suth as obesity), or bone

degenerative disease (such as osteoporosis). The medical condition 1s most preferably

a muscle or neuromuscular disorder, such as amyotrophic lateral sclerosis, muscular
dyétrophy, muscle atrophy, congestive obstructive pulmonary disease, m_uscle wasting
syndfome, sarcopenia, or cachexia. In another preferred embodiment, the medical
condition is a metabolic disease or disorder, such as that resulting from 'dysfunctional
glucose metaboiisxn and/or mnsulin resistance, such as type 2 diabetes or noninsulin-
dependent diabetes mellitus, or metabolic disorders such as hyperglycemia or-obesity.
The GDF propeptides are preferably used to prevent or treat such medical disorders in

mammals, most preferably in humans.

The GDF propeptides or propeptides compositions of the present invention are _

- administered in therapeutically effective amounts. As used herein, an “effective

amount” of the modified GDF propéptidé is a dosage which is sufficient to reduce the
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32 especially skeletal nuscle and adi pocytes, (2) inpaired insulin action
to inhibit. hepatic glucose production, and (3) dysregulated insulin
secretion (DeFronzo, (1997) : D abetes Rev.5:177-259). Therefore, subjects
suffering fromtype 2 diabetes can be treated according to the present
invention by admnistration of a nodified GDF propeptide, which _
i ncreases sensitivity to i-nsulin and glucose uptake by cells. Simlarly;
ot her di seases and netabolic disorders characterized by insulin
dysfunction (e.g.,. resistance, Lnactiviti ) r_d?ficien%¥é_andlqr
i nsuf fi ci enBCiiySSOF preisinsie pehipyr adesupd biokpsica! ouicoms $-edEdS 8. cor di ng
tot he. pr es%ethl%@&fe‘n?:ﬁs)bﬁn oad HhiBb 'Heﬂ{,"ﬂ?endé%[re@bi 4 Giflc iy @Rept i de,
whi ch increases sensitivity to insulin ‘and glucose “upt ake by célls. The
modi f i ed CDEmpthepggiticdendtt in@adihg ed irckaspinonaald sessc anposudd mnsusole  the
present invention_ are admnistered in therapeutically effective anmounts.
Wien used flaengthémproxed metabolaym dicensescd dipasity. oF HPRQVer B¢UErs, an .
"effective " Of | £ [ I - Whi is
it i oi ent [oneatsise SebbuprBRehir e e ARAAREPL) E5aiy B RRERIINER 2
desired t hegmpethat fedsafUbirsandScodaInask ¢duchxa dpd] &-raf Beanhingra@alyeis), n
insulin sensitivity or glucose uptake by cells, a decrease in_fat body
mass or a HBSFleseEengHn AR lipide sermm lepiny serusegiucase By sated hemaghabit.ucose,
glycated h i I: led BNt A ¥ secondary
gmggiqufer ¢ %&‘ﬁ@%vérﬁlfrﬁ 19&5%%% d%ﬁggﬁf@ of Td?%t%:e 3

conplicatio I'abetes. nerally, era I ve anount

may vary w GapéhBy, s4ldrasdutisallyadRcti ORAbknt Aihy ARHWEB Xhe A6jebd dgedveighe

severity of the insulin dysfunction in the subgect._The dosage may be
det ermi ned bYysicabpgnslitivnarndssed. asajelbasdbic seysrifeeidbe megdicak eondidigntin Bigser ved
ef fects of e Lreatment . Cenerally. the St e adm nistered so
Chat COF- pr SHOB SRS0aRes i By oapimfiog 87 = BRVHER\ MORuRE 2E03h Ko

Preferably, suit bisseFolf efedPePhi deSnRhe . GEicraly, 8% cdnpokitisndos edmirdsteredi m ze
the circulating | evels of GDF propeptides for the greatest |ength of
time after shéhatghE prasntilessnsivenpisiea betveen a0 d@/ kandd8angkeer t he

bol us dose. T rese i nvention also _provides t her.apy for the in
ret}gragl?f, t%&&b]:l p?rSBeé)ﬁl[df:sa%rg -g1v§lx}caﬁ a;ﬁgl)(ljus dogg, & maglmax‘%g%e

Vi vo prOdUC?IOH 0 erapy "wo Chiéve its
t her apeut i c ceifl@dig 10¥19 dﬂ(ngﬁdﬁeﬁmescﬁr th gratdst RrgRePtindafippihydued. eot i de
a

sequences into cells or tissues ving the........
' Continuous infusion may also be used after the bolus dose.
The present invention also provides methods for preventing or treating

metabolic diseases or disorders resulting frmn abnormal glucosehomeost.asi_s. Normal

“ ghucose homeostasis requires, inter alia, the finely tuned orchestration of insulin
secretion by pancreatic beta cells in response to subtle changes in blood glucose
levels. One of the - '
fundamental actions df insulin is to stimulate uptake of glucose from the blood into
tissues, especially muscle and fat.

Accordingly, in one embodirﬁent, the present invéntion provides a method for
treating diabetes mellitus and related disorders, such as obesity or hyperglyce’rﬁia, by
administering to a subject a modified GDF propeptide or modified GDF propeptide
composition in an amount sufficient to ameliorate the symptoms of the disease. Type

2 or noninsulin-dependent diabetes mellims‘ (NIDDM), in particular, is characterized

by a triad of (1) resistance to insulin action on glucose uptake in peripheral tissues,
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33 disorders as |isted above. Delivery of CDF propeptide polynucl eotide
sequences can be achi eved using a reconbi nant expressi-on vector such as
a chinmeric virus or a colloidal dispersion system Especially preferred
for therapeutic delivery of GDF propeptide polynucl eotide sequences is
the use of targeted |iposomes. Various viral vectors which can be
utilized for gene therapy as taught herein include adenovirus, herpes
virus, vaccinia, or, preferably, an RNA virus such as a retrovirus.
Preferably, the retroviral vector is a derivative of a murine or avian
ret rovi r usspecialbsbeletnl ofusele rrdgdipedytase ) onpaited ipgwlin lctiorstorighibitt or ei gn gene

can be inserted’. .incl 2. bu r t,.limted to.. i

| eukem a W?tbcsgel ?’Wﬁ/ﬁ[ﬂ#?gﬂ’ara]\}&eg/f}r‘fﬁ?ﬁgg%latg%%néglﬁlgse&fertlﬁwbgg%?é.gprﬁri ne
manmmaery toEbéteyREWS:1(MABTV)Theredord, JobjtR1sSoffEMEBroh s X BSdbdtes Antnber of
addi tional retroviral vectors can  incorporate nultiple genes. Al of :
t hese vecdrasted aceqrdingde dredrresspt inversiopdy adminstiption of @ modifiedGREt abl e marker
so that t . 1 fi-ed. , _ inserting a .
oF pr opdB T BHUE S RabRRe AR i PR AEREIRE BT B | PSP Lector,
along w t h an®ihélarigenkerwliveades ent pdedolihdisordgaoharkaembzaddsdpsudih on a

specific target cell, for exanple, the vector ,is. now target specific. .
Ret r ovi r AYS)BEHY & EdRSianGeatiact iy getelicraen)mpd opinsuticohBvgoset or
exanpl e, SH%@ I i pi . [ Bret rgeting is -

acconpl i she yfnaqs?erl\% %S%%g{ﬁtg % g%ﬂg‘.! a‘%ﬁg{s"gé @ftﬂesﬁi ﬁ% ?{nvrelt?nﬂwenls re will -

r ecogni z eadnfisistratpmciffal modified/ GE reopdptide, seqeleincesses aensitevityns éisbid i nto t he
retroviral enone or att?lched to. a viral envelope to allowtarget

-specific ’H’SI Yrps upsrke ecellset v ovi r al vector containing the GDF propeptide
pol ynucl eot i deppelRofif€d @Tﬁfﬁﬁﬁe%@ﬁd_e 8PRRMIfFB GDF ﬁrB?eﬁ{ﬁfétcgﬁ]pbﬁtiB@srcEEt ed to
muscle. cells or . nmuscle tissue. Since reconbi-nant -retroviruses are

def ect i vethe pteegnt ireguiiorark efimaristerett in therapsutichbly effertint amoupdsadvlieds encodi ng

all of the ructural genes.of th travirus under the contrgl of
Fegul at orted Bt i Bmet Shpeis i Sed Bt e BeciyPamaiglioh e
nucl eot i dgodgediemFeprapértide N RdlsBSe WhRh PARKRGEM % rRGESE SR JfEFSIYNI ze an
RNA transcript for encapsidation. Hel per cell lines which have del etions

of the pawkyisigachigvgraae or moradrsiredtherapeetiavesulisi sich @g forexeBIplan PA317 and
- PA12, for. exanple. These. cell i.nes. produce, e Virliens, .since no
genome. | SERRRGh G FASioSEY by iR pRAERY LA Tkeie’ FRBoa i

or a desired change in serum lipids, serum leptin, serum glucose, glycated

hemoglobin, glucose tolerance, or improvement in the secondary complication of
diabetes. Generally, a therapeutically effective amount may vary with the subject's
age, condition, and sek, as well as the severity of the insulin dysfuncﬁon in the
subject. The dosage may be determined by a physician and adjusted, as necessaxy; to
suit observed effects of the treatment. Generally, the cornposiﬁons are’administered so
that GDF propeptides ére‘given at a dose between 50 ug/kg and 20 mg/kg. Preferably,
the GDF'propeptides are given as a bolus dose, to maximize the 'cir"culétin'g levels of
GDF propeptides for the greatest length of time after the dose. Contiﬁﬁous infusion
may also be used afier the bolus dose.

The present invention also provides gene therapy for the in vivo préd_uction of
GDF pro_pgptides‘. Such therapy would achieve its _therapgéutic effect by introduction

of the GDF propeptide polynucl-'eotide sequences into cells or tissues havingthe .. ... . _..__ -
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34 introduced into such cells in which the packaging signal is intact,

but the structural genes are replaced by other genes of interest, the
vect or can be packaged and vector virion produced. Alternatively, other
tissue culture cells can be directly transfected with plasm ds encoding
the retroviral structural genes gag, pol and env, by conventional

cal ci um phosphate transfection. These cells are then transfected with the
vector plasmd containing the genes of interest. The resulting cells

rel ease the re rovr vect into cul ture Anot her targeted
A L A RS R e R A

di spersi on RygheRd %%ésgie@&hbﬁh&eagesg%w&%m AMM&M%%I ecul e
conpl exes, nanocapsul € m crosphefe eads, and |ipid-based systens

i ncl udi ng ciolloidahdispereion eysieins Bspssialiy prefetred for mhexgmbune daiverysef Gibd '

| i posones. The pref erred col | oi dal ﬁ%t emof this invention is a

| i posone. LATRBRIE Bolypucleqtidp sequentes iy P%@%&iﬁé?@gmﬁﬁi ch are useful as
delivery vehi cl ] ns can
be encapsul at edegmar%%s\rﬁrg{iec%%‘e’%%g%ﬁ?%?ti or g%@&g | é%%g%htiﬂgfééﬁe)l s in
a - bi ol ogi datluye atenbvieus berpes(\aes, acginja, b, plefyrablef andtNA viue math a8iaochem

Sci., 6:77, 1981). . Methods for efficient gene . transfer using a |ipsosone
vehicl e, ar8TR¥iBHn Preferahly, B retrovirgbvesto is a fhafilpo! apumle of 45{a8t echni ques,

6:682, 1988y [, ﬂ;sCEi?zBRﬁiké 1B &ir %Ué‘mo‘% nP\%ﬁfaH% s} iéi%i%ésd en@cm?ﬂé*b' nation
of phosphol I pI usua in conbi nati on wth sterol especially
chol ester olmsd:?teldemclminoemh@d xhq:nilmtedrtoﬂt/lhbncgi mptidslenigmialvios (doMinkd¥), The

physi cal characteristics of lip 1(egsss/depend on pH, ionigc stren%th and
the presenc®Vef m&nvarerﬂm%\amsdﬁé pPREnePammanGRmgs ¥irgy (MM Vdosome

producti on ;}Pﬁ;eg yl gl ycerol,
phosphati dyl c ho‘#lg gﬁétﬂ?g légﬁﬁﬁlgﬁﬁd gglg éﬁﬁagy et hg)?]% a'(lai'm ne,
sphi ngol i pndsolpcxeteebnmele(geﬁss a@ﬂﬁaﬂrﬁa@lueﬁsmims trahgfbrus incdtporate a gene for

phosphol i pi ds [ ncI ude egmﬁhosphati dyl chol i n

di pal mi t oyl p¥cdsHR thangdged H?IESF%P%W%%%’FQEFWN% A ne. The
targeting o an
speci fici tyFSJrh spec“lj ]JP ﬁe ? ?/80122 %Ar%igdgnlejﬁl% g&s%g%tiel;e%iﬂ??ggﬁﬁ i's Elgiown in
the art. along with another gene which encodes the ligand for a receptor on a specific ta_rget

cell, for example, the vector is now target specific. Retroviral vectors can be made
target specific 'by attaching, for example, a sugar, a gljcol‘ipid,- or a protein. Preferred
targeting is accomplished b)r using an antibody. Those of skill in the art will
recognize that specific polynucleotide sequences can be inserted into the retroviral
genome or attached to a viral envelope to allow target specific delivery of the

re’troxrirél vector containing the GDF propeptide polynucleotide. In one preferred
embodirnent, the vector is targeted to muscie cells or muscle tissue. -

Since recombinant retroviruses are defective, they require_'helper cell lines that
contain ;ilasmids en‘coding all of the structural genes of the retrovirus under the
contro} ef regulatory Sequences within the LTR: These plasmids are missinga -
nucleotide sequence which enables the packaging mechanism to recognize an RNA
transcript for encapsidation. Helper cell lines which have deietions of the packaging
signal iﬁclude,_but are not limited to .PS1.2, PA317 and PA12, for example. These cell

iimeoo - =- lines produce empty virions, since no genome is packaged. If a retroviral vector is .
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35 The methods of treating or preventing the above nedi cal conditions
with the nodified GDF propeptides can also be used to inhibit other
proteins in the TG-RlL superfamly. Many of these proteins are related
in structure to GF-8, such as. BMP- 11. Accordingly, in another

enbodi nent, the invention provides nmethods of treating the

af orenenti oned ‘di sorders by adm nistering to a subject a nodified GOF .
propeptide capable of inhibiting a non-CGDF-8 protein, either alone or in

mbi nat th a t 8. Modified GDF
B opept 1 aEedisHon U Hhe pPEL SRR ARCTER B ORT GBS BOTBBOFE! ons
~conprisi ngeﬁegﬁref{&ﬁh&uﬁ? Ot geritls QP fidre st ABe ekt Ralt BIPRKAEILNR vEBY: PE

sui tabl e Tor pharmaceuti cal use and admnistration to patients. The
conposi ti shentpyqaucad.| y conprise one or nore nodified GDF propepti des of

Lsed her i, ALTBARELG Sngh APRACHUTT CSeGn B AEATPETIEEs BEnt - | nol udes
any and ai)iasrﬁfakiéﬁéatdﬁ. Wl r‘e%‘(rﬁél&ﬂuﬂﬁ:% %ﬁeggg%g@%d AP %izéﬁioﬁ and

anti fungal agents, oton| Cc an ayl ng agent the Iike,
t hat are cacpatphbsrehatsi ttdnsfeltdorribesiceitsdre themiransfédat wih the‘ﬁh:etouse of such

medi a and- agents for Tglgar maceuti cal ]y active sub i ﬁ@s IS known in

‘the art. PRERS QRN ArRerest T@éﬁ%‘ﬂ)‘f‘%@ﬂiegs Aegovd be f ound
in"The Hyndhqpk tﬂéculmg& utical Excipients"” Yd Ed 2000, Am
Phar maceut i cal Press, I bbe, ed. The conpositions rray al so contain

ot her active cﬁnqﬂbemdlge@ddvimhrylgysmnpfmk éim’n;brapqpuda;idiyhuﬁacaide iva enhanced
therapeuti C f tions. The pharmceuti cal nrgosi tions may  al so be
£

i ncl uded EPHoX a&éﬁ?%{?!ﬁ%ﬁyst%cQOIIQ}ﬂaidil%’sréwgéwst Y wchvde “iiﬁ“f‘i’i“‘? lecds yeti ons
for —adm szﬁﬁléygég'%oc s Qfm%%ié%a&@m bili Lk dQ sttene ugff\ym b@gn is

formulated to conp |‘tS|nten ed rout tration.
Met hods t in-evatenephlsishs, nfieclremhixed tnielies and By@okeo\VThe mrefehed eolifidar di nary

skill in the ar It may al so be possible to obtain corrp05|t|ons whi ch
may be t 0Pyt P{fhﬁrm%ﬁnamﬁadmﬂswgt%ipeﬂ)m%@r%w%a s Bene ¥t of

transm ss B@&QE’% SRR TUEAH Sy RERIRQNS Sitro T 1RATD NRRM, N R AnfRi¥act f OF -

exanpl e, _
" virions can be encapsulated within the agueous interior and be delivered to cells in a

biologically active form (See e.g., Fraley, et al., Trends Biochem. Sci., 6:77, 1981).
Methods for efficient gene transfer using a lipsosome vehicle, are known in the art,
see e.g., Mannino, et al., Biotechniqueé, 6:682, 1988. The composition of the
liposome is usually a combination of phosphoiipids, usuél]y in combination with
steroids, especially cholesferoi. Other phospholipids 6r other lipids niay also be used.
The physical characteristics of liposomes depend on pH, ionic strength, and the
presence of divalent cations.

Examples of lipids useful.in liposome production include phosphatidyl
compounds, such as phosphatidylglycerol, phosphatidylcholine, phosphatidylserine,
phosphatidylethanolamine, sphingolipids, cerebrosides, and géngliosides. IMustrative
phospholipids include egg phosphatidylcholine, dipalrﬁitoylphosphatidyicho}ine and
disteardylphosphatidylcho]ine.

The targeﬁng of liposomes is also possible based on, for example, nrgan—

specificity, cell-specificity; and organelie-specificity and is knowninthe art. - e e e
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intravenous (I.V.) , intraperitoneal (1.P.), intranmuscular (I..M),
intracavity, subcutaneous (S.C ) or transdermal. Preferred enbodi ments
include I.V., I.P., .M and S.C injection: In one preferred

-enbodi nent, the pharnmaceutical conpositions of the invention are
adm ni stered intravenously: Solutions or suspensions used for intradernal
or subcutaneous application typically include one or nore of the
fol | owm ng conponents: a sterile diluent such as water for injection,

| | ut f i | | ol s,
Shycor or o her BB B o PR EE R b Ve e Bt B B U o1
al cohol or QB&REKH G FHBEDEdesAiah RS I ARES1oSHERItRThA TRAERE & e Td g sodi um

bi sul firte; chelating agents such as ethyl enedi am néetetraacetic acid;
buffers s ucsmpaémmbet Merwsof thcaetnr@tm@s amreétedsp seyre tarﬁleé-@eﬁxCh ag BMB-he

adj ust nent oni ¢ity .suc hl ori de or S H can
be. adj et ed wiASFope, i Pilad o B REh e Blo e B of PEnE i
hydroxi de. gyeaforfhapohat difi8erdBY amuﬁmﬁr@sm subjecpRUdlfRE,GIOF sposabl e
syringes or nultiple dose vials made of glass or plastic. Pharmaceutical
conposi t i onopentidapirablesf inhyhiteg & senCHA- gd’@tgmeﬂf‘heé alog @b liscomwnalionons  or
dlsperS|ons i enpor aneous preparation of
‘sterile |njec?ggfgﬁ%gﬁﬁ?fgﬁggﬁﬁké%éﬁéggpgﬁi For intravenous .

adm nistration,: suitable carriers include physiological saline,
bacteriostatic, mater C}enDphor ELT"" (BASF, Parsippany, NJ) or
phosphat e b¥PEBIERS Propg omposigng| | cases, the conposition must be
sterile and sho . : l4i exi sts.
It must be st a% und H ! {’%UBRB&& c%el‘?é%%@ﬁ}é?{@gstnc& S"’%y an %Es)ﬁteor%%% and
must be pr egepaptides. aEgmh nsmp(bsliléaxﬁmﬁyam sm&hhlagorqﬂiarmmceuﬁcamﬁaf ar gani snms
such as bacter.ia and fungi. The carrier can ﬁe a sql vent or dispersion

medi um cont #MHPREaLGIP pe&%vﬁspﬁém cREpesitions PRIsalY cOmBTISEAMeOF Srorewodiiied,
gl ycerol, pgpRYr gn&és)m{e epr@ga Mélﬁ'foﬂ m%&&&% 19'a¥5e9kab:eand the

like), and sui t'a m Xt ur es ereof. The proper urdity can
mai nt ai ned, extgnent. ekan;rldmerdny thdﬂ]dlrmé‘pbmcmmlngc@ptahlmcimt h| n, by

t he mai nten.an of th& e(gwreg. g‘%lrtic size in the f hmg rsion
and by the W&¥ %“ra“é’&f‘ L poyends: disp @Ht’? & §Paligs, antth FtBHa dantifunga

M Cr oor gani §BisCiaktoRie aAE MBMARn RY¥lay R AQbfts A HRAGKE rﬂha@'a:@d&%;ﬁﬂl&llevaﬂﬂa"
agents, for exanple, parabens, chlorobltanol, phendl, ascorbic aC|d

t hi mer osal , phamdacegtjcal administration. The use of such medxa and agents for

pharmaceutically active substances is well known in the art. Exemplary
pharmaceuticaily acceptable excipients can be found in “The Handbook of
Pharmaceutical Excipients™ 3™ Ed. 2000, Am. Pharmaceutical Press, A.E. Kibbe, ed..
The compositions may also contain other active compounds providing supplemental,
additional, or enhanced therapeutic functions. The pharmaceutical compositions may
also be included in a container, pack, or dispenser together with instructions for
administration. _

A phﬁnnaceutical composition of the invention is formulated to be compatible o
with its intended route of administration. Methods to accomplish the administration
are known to those of ordinary skill in the art. It may also be possible to obtain
compositions which may be topically or orally administered, or which may be capable

of transmission across mucous membranes.. The administration may, for example, be
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the like. In many cases, it will be preferable to include isotonic
agents, for exanple, sugars, polyalcohols such as manitol, sorbitol
'sodiumchloride in the conposition. Prolonged absorption of the
injectabl e conpositions can be brought about by including in the
conposition an agent which del ays absorption, for exanple, alum num
nonost earate and gelatin.. Oral conpositions generally include an inert
diluent or an edible carrier. For exanple, they can be enclosed in
gel atin capsul es ressed tabl ets pose of oral

Ly co i r
t her apeut’ a‘é?&ﬂ‘i‘%ﬁst)r repfriiqngy (E;%& ‘B?%‘é*ﬁ?%@gwe ‘Huﬁcﬁgﬁﬁtor porated with
exci pi ent@b&ﬂﬂ:é&ﬁ@@k & of t}snsﬁafrﬁm Opretcl nboditdeRBNASIOr VERPS UES.
Phar maceutically conpatible bi ndi ng agents,. and/or adjuvant materials
can be i noldfd@dnistiparin wk prdiaredenrhodiient, sine phﬁngactee}btﬂétcgmpp$ﬂlbr§ of

capsul es, .troches, and the |ike can gontain any of the followng
i ngr edi ent's Invgpu %‘HHES%‘HF&Q%E‘(WPSE}’ nature; a binder such as

m crocrystall |Stﬁuﬁkﬁ‘ﬂs|oHlsL%§)@nsuﬂ1§médrfaﬂﬁxﬁé‘d&lﬂaler sUBhAdreBus AfpliexednPi ent such
as starch or |actose, a disintegrating agent such as alginic acid, -

Pri nogel , typicalboinglude ape er mere of thsrfplewing §Qmwr§§tsmgﬁq@bﬁ dibpenttsuigh at e or
Sterotes I suc S I S et eni ng

St er otes: Aot 1300cUGInER1 60! ALIRIShI GRen ORI et

pepper ni qﬁropymatdgwccsak byt §hthetiOfolaind) @RitatieMairdgagts sk asadniyi strati on by
i nhal ation, the GF fro pepti des may be .delivered in the formof an

aerosol sHFdp! PrBathpk Rasahens @neondantsraeh ay aseeThlseasicher spRiUEhbisIai ns a
sui tabl e fH’lr %ﬁ# Iagtl%st such 9s eth?le ar%H&Etrﬁ%etﬁaarch) 'ﬂuﬂ%ﬂ%b&e Rbtafds nebul'i zer.

System c admn I on can y transmicosal ransdear mal nmeans.
For transtinsiesad plmspﬁateanaudc@emaforawmﬁusammbf m:‘m;cx@esnelt asgidiunappr opri at e
to the barrier permeat ed are used in.the fornulation. Such

penet r ant SUefHds ctjélﬁ’éIF‘éFi ¥ bR ARG wAD Phadipstes with acidsef hases: $RF8 25f or exanpl e, for
tr ansmJCOl%lroc@ﬂmcrﬂcﬁit&%Biiﬂgg%ﬂﬁ}xﬁeg%@Eﬁﬁreﬁ:!g%@%nﬁﬁégé JHISI dic acid

derivativeés. Transnucosa nistratio t hrough the
use of nama;bouwrduymsablesmﬁgbsbtmnlitipke doE«:)walsmmdsabéglms oaﬂmtm stration, the

active conmpounds are f.ormul ated int.o tment.s, | ves,. gels, or creans
s gener al |y TARGAFEHHER AEmaons e HEBHOR P HRE I BUn e SFEEOBE pr cpar ed
in the fogMiRhs SHBRASLDA dndSteli® SbwdeR%or the extemporaneous preparation of
- sterile injectable solutions or dispersion. For intravenous administrati'on, suitable
*carriers include physiological saline, bacteri_ostatic. water, Cremophor EL™ (BASF,
Parsippany, NI) or phosphate buffered saline (PBS). In all cases, the co_mposition
must be sterile and should be fluid to the extent that easy syringability exists. it must |
be stable und?r the c_:o’ﬁdiiions of manufacture and storage and must be preserved
against the contaminating action of microorganisms such as bacteria and fungi. The
carrier can be a solvent or dispersion medium cbntaining, for example, water, eth_ahol,
polvol (for example, glycer_dl, propylene glycol, énd liquid polyetheylene glycol, and
the like), and suitable mixtures thereof. The proper fluidity can be maintained, for
example, by the use of a coating such as lecithin, by the maintenance of the requirgd
particle size in the case of dispersion and by the use of surfactants. Prevention of the
action of microorganisms can be achieved by various antibacterial and antifungal

agents, for example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and
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wi th conventional suppository bases such as cocoa butter and ot her

gl ycerides) or retention enenmas for rectal delivery. In one enbodi nent,
the nodified GDF propeptides are prepared with carriers that wll
protect the conpound against rapid elimnation fromthe body, such as a
controlled release formul ation, including inplants and m croencapsul at ed
delivery systens. Bi odegradabl e, bioconpatible polyners can be used;
such as ethyl ene vinyl -acetate, polyanhydrides pol ygl ycol i c aci.d,

col | agen, pal yort hoesters, and ylactic _acid.. Methods for preparation
of such for Hgilkei Brigagy qasesps %B%ﬁp&fﬁmbb tp fpsdedesiptopig agents, fotgxamiple, The

material s C%%&F&@ )(Jic‘?oq%ﬁ)sts%ElEQsdmﬁ:%Eﬁfeéo‘?buﬂh'%dfu{rf?ﬁ}ﬂ%héém%é B&B?H g, and

Nova Phar ma osonml = suspensi ons contai nin he modi fi ed
GDF pr opepPradesed sisogiten QBGTBUE_;edKaBl‘R cph@osraowtazﬂai Hnyu@calamtapl e
carriers. These. can be ared according:to nethods known..t o t hose
skilled in t’!‘fﬁ’d&}gtm W"‘&?ﬁﬁﬁ?éﬂa%‘tw P& AbperPIprst Orlfé?'é‘ﬁ{e No. .

4,522, 811. Llhni:ﬁxn‘?ﬁ:@ﬁ&été%ﬂté’mﬁﬂé’éﬁh?geous to formulate oral or parenteral

conpositions in dosage unit formfor ease of admnistration and -
uni formty of do@a@eomﬁbxﬁwgnegamnrﬂly inohude as inestedijuehtorenrditdd eargert For

hysi cal ly di screte uni d a unitary es f th ect to
D0 1 oot oo Stama ey hn bR e o B L PP R It Aot e T
conpound ¢ ab%b@t&gratl %e@ép@ﬁ@&@dxﬁxﬂ%ﬁgﬁ& ﬁ}?@k}ﬂi‘eﬁraﬁﬁiﬁ%sccaﬁfbfe%ﬁéorhd}ated

association with the  required pharmaceutical ‘carrier. The specificati on
for the doswitb exgipients andrasedfin thedormn nﬁé&hiqmﬁroah@,dmﬁlpaﬂ@d Pﬂganamumaﬂlect |y

d d h h f t.h dth
parti cul ar THRPAE TR FRRky ShEOuBhaeh Bouheh satt pERGETRERAT PR "

i nherent i ncdhigosaioh. The eBIgR) P E@sﬁl@gm@nesaahwem@mocmﬂazﬁ%y bh@le
treatnment of individuals. Toxicity and therapeutic efficacy of such

conpounds ¢ tlonangiagredientiees %WPU%(&rﬂf&rmﬁﬁwW@e%bmé‘ﬁ Isught @cedures in

(the dose. 1 S P4 REE RIS Fren ke By feta o B Ml R gl ™20

t.her apeuti chkloge, afdistiitegragng ageﬁﬂﬁﬁnbhs hlptnipagid) Atmogol, or the dask, o at io
bet ween toxic and therapeutl c effects is the therapeutic i ndex and it
‘can be expr Bgiggt gachias anagpesyyrp steppbupEergtes apeligas sshes geloidali sifox hi bi t

large ther aﬁ%%d'e a évﬂa@ieﬁﬁﬁ A& REFLELLflle or?‘gacchann or a flavoring agent such as

peppermint, methyl salicylate, or orarige flavoring.

For administration by inhalation, the GDF propeptides may be delivered in the
form of an aerosol spray: from pressured c_ont'ainer or dispenser which cdﬁtains a
suitable propellant, e.g., a gas such as carbon dioxide, or a nebulizer.-

3 h Systemic administration can also be By t;fansmucosal or transdermal means.
For transmucosal or transdermal administration, penetrants appropriate to the barrier
1o be perrneated are used in the formulation. Such penetrants are generally known in
the ért, and include, for example, for transmucosal administration, detergents, bile
salts, and fusidic acid derivatives. Transmucosal administration can be accomplished-
through the use of nasal sprays or suppositories. For transdermal administration, the
active compounds are formulated into ointments, salves, géls, or creams as generally
known in the art. '

- The GDF propeptides may also be prepared in the form of Suppdsito_ries (e.g.,
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The data obtained fromthe cell culture assays and ani mal studies can be
used in formulating a range of dosage for use in humans. The do . sage
of such conpounds |ies preferably within a range of circulating
concentrations that include the ED,, with [little or no toxicity. The
dosage may vary within this range dependi ng -upon the dosage form

enpl oyed and the route of administration utilized. For any nodified GDF
propepti de used in the present invention, the therapeutically effective

dose can estlnat d initi mcel | culture assays..,A dose may be
for mul at St SEm3RRRERT SYpBEHtE a"e#aewﬁéemoaawm%q iR o |
concentra%kﬁnn{é@gﬁspﬂa%amnﬁhuges the IC, (i. t he concentration of
the test nodified GDF propeptide which achleves a hal f - maxi mal

i nhi bition of Ispnpemhedimest, thetreodifing GDFprop¢ptidesdre preparedevigh ermiars pl asma

The of f odtd sup Py e FoTRUS pecitiedyl eBREoRERT BF BV 68 tabre

bi oassay. com;aaﬂreea&ffoﬁﬁwaﬁai ShchRliRRESANSs bACIHdSerPNRuled defiadd,on assays,
transcri ption-based assays, GDF protein/receptor binding assays, creatine

ki nase asssigns. agﬁslagtgrddzlsér@boompauhle powmerrec@rhq used.onclos qihiéEMIIMdcyt es,

assays based on se uptake i,n ad tes assays.
The 1ol I diFig Bdiyaadss: BTdE-g Rl BT omReet S AR B ne  on
One  of Qicflil MédrodHfior brdpﬁkaﬁ&ﬁoﬁg’ukh%ﬂnlulitﬁﬁ@gﬂﬂ B€ appiferid LSl led

nodi fications and variations that may be perfornmed wthout altering the

spirit orinéespe Die materigs exeiso byoltpinedpommerciahly fenm Ailzaft orpergtieind
t
variationgg ﬂr{?gagg%\eggmgg e THAIRAPSE equioﬂqp%&}tgn&gstﬁg %dfﬁfed(ltmﬁ ontire

i nventi on. o> not e |nve I on

cont ent s wbpeptiles @hatsereased Mﬁﬂh&e&ﬁﬁhllpuhbepsdbﬁic@ﬂérenﬁ"ha@phn ®at i ons
cited throughout this application are herejn incorporated by reference.

EXAMPLES Prepesggmcsorfingsgmathads kpgpm &g skalleshindhe 216 feEs?BW 2t r om a
sel ected &@&ﬁmhn?@&?ﬁﬂ&ﬁ?ﬁb”@Si?@ mbi nant human GDF-8 protein (mature

GDF-8 + GDF-8 propéeptide) was acdidified to pH 6.5 and 40 applied to a 80
X 50 mm PORGCS IH® eapicaailyexdedmugroucal formulate draind eanchierad c@Qpasitdis in
dosage unit fofm for ease of administration and uniformity of dosage. Dosage unit
form as used herein refers to physically discrete units suited as unitary dosages for the
subject to be treated; each unit containing a predetermined quantity of active
compound caiculated to produce the desired therapeutic effect in association with the
required pharmaceutical carrier. The specification for the dosage unit forms of the
[invention are dictated by and direetly. dependent on the unique characteristics of the
active compound and the particular therapeutic effect to be achieved, and the
limitations inherent in the art of compounding such an active compound for the
treatment of individuals. | |
Toxicity and therapeutic efficacy of such compounds can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for
determining the LDy, (the dose lethal to 50% of the population) and 'the ED,, (the dose
therapeutically effective in 50% of the population). The dose ratio between toxic and

therapeutic effects is the therapeutlc index and it can be expressed as the ratio

LD50/ED50 GDF propepndes whxch exhibit Iarge therapeutic indices are preferred
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mm POROS SP cati on exchange col utmm (Perseptive Biosyster s). The flow
through was adjusted to pH 5.0 and applied to a 75 x 20 mm PORCS SP
cation exchange colum (Perseptive Biosystens) and eluted with a Nad-
gradient. Fractions containing the GDF-8, as indicated by sodi um dodecyl
sul fate pol yacryl am de gel el ectrophoresis (SDS-PAGE), were pool ed,
acidified wwth trifluoroacetic acid (TFA) to pH 2-3, then brought up to
200 M with 0.1% TFA to | ower the viscosity. The- pool was t hen appl i ed

to a 250 x 21.2 ¢ col u Phenonenex reced

guard col um (Phﬂ%%ﬁ@? mr%g ?[JFW?'E‘%F 'Sa?’ﬁﬁt?‘&%‘@%ll ﬁF‘gaﬁ‘%ﬁﬁ‘t eus%
separ at e Majrifem i Ba fmibfddsa & iFeBE Qﬁéelﬁthhﬂgns PHQ'o%gagfero@%dh%ﬁm%‘{lH&sa' ni ng
mature CGDF-8 were conceftrated by |yophilization td renove

acetonitril hesa;mﬂfewlmwltbm a rBngk%f TEAuatis ca)ddmiratxmlmahaamm@ t\haﬁllﬂhwnh
applied to {31 ‘2‘%50 x 10 col utm ( Phengpm nexé ed fto 60°'Cto aid in
separ ati on. 1§ %“ﬁé@“?‘g’p SGSETNYY YaOy W W%H‘“@dﬁ??’ﬁi | onger
be achi eveddofg -mfefa%@um;egmermta&&ﬁﬁls@%@mwes F&eh y AR fied and
brought up to 40% acetonl trile and applied to a x 21.2 BioSep S 3000
si ze excl usGEIF propeptide (Ridan treepresent yovetiodatic ﬁmﬁutﬁx:ai&y szeczlvg@asajca@ol um.

For use 1 PREROHREAL ALk FaF SRl A e PoT RS Sb o THE b B BEDE 5

di mer was Om%aemo shieve b QYBhIRIREPlasrhd EdncitraGom ehin ge gﬁ@ﬁhcrm@ls e ICH (ic@l urm
fractions containing GDF-8 propeptide were poole the acetonitrile was

removed by Ewaooecatrpioem of2be st ©p lﬁeiGqumée whithdshigyed atalf-mavipek was
then inject nt o t he 25 Spd epeat ed
anti 1 £ ur cnep RS AR e A Bl e e oL s P
contai ni ng fleasutd; fét eamﬁplemy Kgigh pE@dSrﬂlahElﬂ OBl afpeh byoﬂﬂ@éffdtﬂs éfo 40%
acetonitrile and appl ied to 600 x 21.2 ioSep S 30 0 size exclusion
col um (Pheﬁ@hﬂ‘ﬁ‘@%}l &O&E@@é@b%woaﬂmdkyzﬁulwb@@@@saxﬁwesmfa@ﬁams
cont ai ni ng rdfi [ - centrat ed
Tor use 10 bOBSBU B OC A R ER R0 Sl By REPRE A o

propept.i de p‘lﬁﬁﬂﬂ/réééptﬂ’ﬂbxﬁﬁmgGﬁaﬁyﬂ&feahhé Ehasefasof didal ObREd BBdiea. On

SDS- PAGE, purified mature GDF-8 nmigrated as a broad band at 25 kDa .41
under nonr ediffTegatemef RIF-aHBOGEHAE: 1a¥ RSt RIcsIusose upRIINAdIICY ED8d A

simlar SDSImmunologxcal assays.

The following examples provide preferred embo&ir’nents of the invention. One
of ordinary skill in the art Will recognize the numerous modifications and variations -
that may be performed without altering the spirit or scoepe of ihe present invention.
Such modifications and variations are believed to be encompassed within ;[he scope of
the invention. The examples do-not in any way limit the invention. |

The entire contents of all references, patents and pﬁblished patent applications

cited throughout this application are herein incorporated by reference.

EXAMPLES
Example 1:  Purification of GDF-8
Conditioned media from a selected cell line expressing recombinant human

GDF-8 protein (mature GDF-8 + GDF-8 propeptide) was acidified to pH 6.5 and |
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PAGE profile has been reported for nurine GDF-8 (MPherron et al (1997)
Nature 387:83-90), and reflects the dinmeric nature of the mature
protein. The apparent nol ecul ar wei ght of purified GDF-8 propeptide was
38 kDa - under both reducing and-nonreducing conditions. This indicates
that the GDF-8 propeptide is nmononeric. The difference between the
apparent nol ecul ar weight and the predicted nol ecul ar wei ght of GDF-8
propeptide, - 26 kDa, may reflect the addition of carbohydrate, since
its am no acjd seguence contalns potenti | i nked ycaosyl ation site

( McPher r oAPRited 49 a 89 3§ mymEBQRO ﬂé}mw& gSE%’\f_“mBSN@@e‘I‘Z‘RB'ﬁ x1@‘2161)
Thus, thg@?gbﬁd&*ﬁ@ﬁ% ég&aggc &awraagagptnwe@l&tst%w a;r%r hRneh-asdd ve

mat ur e dimer propept’ fe 2 ‘acteri sT| cs . of
Purified Raﬁad]bs;tﬁhmtpl-l-lﬁll‘)&ﬁdaﬁﬂteﬂt5ﬁ)7ﬁlg29aﬁhP6RQﬂJSPf;atﬁ:d1 exghamge GDF-8 and

purlfledGDF8 ropetlde wer 050 mM sodi um
phosphat e & HFF‘fB ersepy EB(‘,‘P'FP" ﬂﬁﬁ%&éﬁﬂ@d"’@h glaélséé m? gasHA"Bi oSep S- 3000
si ze excl Ul g%&'@ﬁl-‘(éa '&?Hﬁiﬂ%ﬂﬁ)&z sodYiRin Gl S suli%‘é &ma&}laﬁnﬂﬁ ture

GDF- 8/ pr opepti d l ex was detefmned fromelution tiTne, u3| ng
mol ecul ar eimemgihbresnseﬁ&laafﬁstEermdleliMﬁ@bwnbsrlﬂuaema@aur@@md GHA)

- chromat ogr arre Ium1.. / ' fled ti de was

"i ncubat ed’ ?/\ﬁ%ﬁdjpg'fef‘ [?C@ glvg]g‘? Iﬁ:u&u 018}”%&3':{5??8?5\/\21%%1’% ins
appear ed s §RARbAKkd t88 25091I2q @trﬁﬁt O eoluitth Ph&fon@nek ) sieeddedtyaf 60 £ The
prinmary protein peak eluted at 2.7 minutes had an esti mated nol ecul ar

wei ght  of 278 nkBgurd selumsi (é’(bglllqmenm @ﬂﬁll@ﬁdaw@a@5§z%/§ﬁbcﬁﬂa¢aﬂomat ories,

Hercul es, - CA) chro the s C LZe.

conpl ex | SRS PRBRp BE o o R B rioHap TR Topp {E e GPebidii Bt oci at i ng
With two OprRgwet dhcdiraralyilgephiliZticn foaembighe atetdmit@and 2Bt ex. To
confirmthi.s observation, a preparation containing both mature GDF-8 and

‘GDF- 8 profdptThe. wa;vaédﬁdncﬂweﬁ@@a eWas réhearapv#qdﬁaat%%dorﬁwﬁﬁphwn 3-[ 3-
e A RS i
vm th a M egfafribn Qoul a6 tGipef Eé Qﬂudvéd Fr60)s dcoﬂfanﬁﬁ%,snﬁﬁ@GDBB R@rethkki i ci ne
buffered 10% acryl am_de gel .
' pooled and brought up to 40% acetonitrile and applied to a 600 x 21 .2 BioSep S-3000

.sxze exclusion column (Phenamenex) preceded by a60x21.2 guard eolumn.

Fractiens. containing purified mature GDF-8 were pooled and_ concentrated for use in

subsequent expe_riménts’. Typical yields of the.mature GDF—S dimer was (.33 'mg of

proteinrper liter of conditioned media. | e '

| C, column fractions containing GDF-§ propepfide were pooled, the acetonitrile

‘was removed by evéporation, 20 ml of 0.1% TFA was added, and the sample was then

injected bnto the 250 x 10 mm C; column at 60°C. This was repeéted until ﬁmher. :

separation could no longer be achieved, Fractions containing the GDF-8 propeptide

were then pooled and brought up to. 40% acetonitrile and applied to a 600 x 21.2

BioSep S-3000 size exclusion column (Phenomenex) preceded by a 60 x 21.2 guard

column. Fraétions containing the purified GDF-8 propeptide were pobl_ed and -

concentrated for use in subsequent experiments. A typical yield of the GDF-8

propeptide was 0.24 mg protein per liter of conditioned media. _
On SDS-PAGE purified mature GDF-8 migrated as a broad band at 25 kDa
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Proteins were visualized by Coornassie blue staining. A band
corresponding to a nolecul ar wei ght of about 75 kD was observed only in
the sanple EDC was added -and -not in the control |ane, confirmng the
presence of the GDF-8 mature/ GDF-8 propeptide conplex. This valides the
assay as. useful: -for neasuring the activity and concentration of
~purified mature GDF-8 diner. Exanple 3: In Vitro Biological Activity of
Purified GDF-8 To denobnstrate the activity of GDF-8, a reporter gene

assa RGA el oped n er ector uenCe
czﬁp?/ec(j to)‘fn\ga’i ?oﬁeﬁgﬁmg "I*Hié#SI dié&@%r‘l’@ < Cb’r‘%?/?’@ﬁq% ﬁe%%??e%ﬁgo be a
TG--(3-res mE%ﬁ)ﬁf@%%&ﬁwM&ﬂoﬁnﬁﬁﬁeI@”DFYBI(MCPQEUM"& al @rod B Napduced
gene, PAI-I (Dennler et al.” (1998) EMBO .~ 17:3091- 3100). The reporter

vect or contﬁ'?rﬁfirﬁﬁ*)Iizdm&tsmﬁglemslamfeﬁhsmﬁ@rﬁwt@asrc reporter

e TaTh box and e PEEeTTsbra M BF PR oks BRpmiRnent tPRus e or

late prominger KotBRdudify asBrfontdiacing @endiabNE eThit hetidgds khatandebirsd! | |
sites. Aigonucl eotides containi ﬁg twel ve repeats of the CAGA boxes

AGCCAGACA \ispReptignis azdnemernd ke & EFﬂFﬁbWﬁétthﬁﬁ’Pa@mtléOlemﬂéf wm&lar@nd

r habdonyos \geLsq ?QS _

transf ect egﬁg\ﬁ{éﬁlC&%&é&&KVf%uéﬁg%@ﬁgpt@trans on reag?ent (Roche
Di agnost i csadditied iofce@BsHyidsate, kinfe itCaminoRid s'bﬁﬁék%&)mtauﬁ@hﬂoﬁimﬂm-hnked :
transfection, cells were cultured on 48-well plates in MCoy"s 5A nedium

(LiTe Tochriiesgtiaion HeaNisPrerin avah J1a5Ta PrassAalcaeed Ne: UBA92853)
| TN
ony ci 111 aaglh dhof LR EbRPEaTed ik b GO R Bl

wi t h CDF- 8, GBNR-dimér oxl GlRF-8\propeptide. McCoy' s 5A nedia with gl utam ne,

streptomycin, penicillin and I ng/ m bovine serumalbumn for 6. h at
370 C. Luciferase was quantified in the treated cells using - the

Luci f er ase fisgame BY S IRIRCARLMNIRE 31 PAFRRE ReeOMbidAIFARan WDF-§SA, Cat . No.
43 E1483). The assay results are illustrated-in Figure 1. -For CDF-8,

‘results are explegsech efpunbad nEgirE GIIGE and pedfieb GRIFaS Broexmeielwmﬂt s. For

E)'\(’g‘e'“ AN b dlatyzE 3 S0t S SR ESHRER DY G nd MR oY b ona

300 x 7.8 mm BioSep S-3000 size exclusion column (Phenomenex). Molecular
weight of the mature GDF-8/propeptide complex was determined from elution time,
using molecular weight standards (Bio-Rad Laboratories, Hercules, CA) |
chromatographed on the same column.
When purified GDF-8 propeptide was incubated with purified m-aﬁlre GDF-8
“at neutral pH, the two proteins appeared to .'cox'nplex, as indicated by the size exclusion -
profile. The primary protein peak eluted at 12.7 minutes had an estimated molecular
\#eight of 78 kDa from molecular weight standards (Bio-Rad Laboratories, Hercules,
CA) chromatographed on the same column. The size of the complex is most
consistent with one dimer of the mature GDF-8 associating with two rhor)omers of
propeptide, thus forming a tetrameric complex.
To confirm this observaﬁrm,_ a preparétion containing both mature GDF-8 and
GDF-8 propeptide was incubated with or without 100 mM 1-Ethyl 3-{3-
dimethylaminopropyljcarbodiamide hydrochloride (EDC, Pierce) for 1 hour at room
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The results show that GDF-8 maxinally activated the reporter construct |
O-fold, with an ED s of 10 ng/m GDF-8, indicating that the purified,
reconbi nant GDF-8 was biologically active. BWP-11, which is 90% '
identical to GDF-8 at the. amno acid level (Ganer et al. (1999) Dev.

Bi ol . 208:222-232 and Nakashima et al. (1999) Mech. Deuj. 80:185-189),
and activin elicited a simlar biological response, indicating that the
reporter gene assay is a suitable assay to detect the in vitro biol ogical

t t f - LB i P ti f
Bor 1 11 ot R rpsicbppd gich SRS BH e ing AR MBI Ig0 7ot 670t 20
mol es of Bechirat (A§HE&§} fM‘ﬁD@P@IG}E‘ Lfsi?igeerﬁneme%@f:féieend% ddry leRfieSzel USA,  Cat .

NO. 21217) to 1 nol e of onmpl ex for 2 hours on ice,
i nact i vatPedeins Whre()u@a%eﬁm Cmmhss:ab}mmngoA behd enmespepdanthy 2on a C4

Jupiter 25 heno arate ture 8 from
Gr 8 pr GRSl o el T A R ol eqs it PR RYE BT HALGAE | &

TFA CH3Chn@nadh e—i%tcoﬁeélqa:&oe&xﬁﬂmﬁg)me@mésemﬂ@dﬁgwmﬂaﬂu&asm $y McroBCA.
protein Assay Reagent Kit (Pierce, Rockford, IL, USA Cat. No. 23235).

Recomnbi nampepgderRompiere Thisivalbdes tl@msﬁ}ssssmseﬁ% fornnenseningahe gctivimgandiSA  Cat .
No. 339- RB/CF coa fl at-bottom assay-plates (Costar,
NY, Cat ComiﬁB “é’%s% {’;eacljm?we ﬁ?\%i %’nﬁ sodi um car bonat e buffer overnight
at 4C. Plates were then bI ocked with I ng/m bovine serum al bum n and

washed fol I ow n standard ELI SA protocol. 100 | of biotinylated. GDF-8
al i gout s Fxempdg $:oulp V&Gﬁ@&i?&'&%‘l%@"%@"ﬁ!ﬂféﬁpg'& he bl ocked ELI SA

et oot ed by orpospSrlsidthe SHEIH IR R RC, b B TE ol RIS P\ hgen.
San Di eg@a,eva@pedusAg a@é}iaﬁef\bechﬂWBXChtﬁ}A)pzvﬁéﬂuWe swledaredwfeme of TMB
Enlgzls_ ur Sa rr:an ?ﬁ#é one a%sang)dogﬁﬁeﬁgﬁéq\)& ec u?g %e%%%:lselge m Eg%dﬁ Im'jl:i ;I 24
reader. Adthshoemrdnbén fuliceTGF-pbiratucdty g ele cPIA DD Snrka wnal. {I998CERIA(B, t he
putative GDF-8 type |l receptor with an ED50 of 12 ng/m, indicating
that the JAEL:FI91-BOBKi ng assay is a sensitive in vitro binding assay for
GDF 8. _ The reporter vector contammg 12 CAGA boxes was made using the basic
reporter plasmid, pGL3 (Promega Corporation, Madison, WI, USA, Cat. No. E1751).
The TATA box and transcnptmn initiation site from the adenovirus major late
promoter (-35/+10) was inserted between the Bglll and Hindll] sites.
Oligonucleotides containing twelve repeats of the CAGA boxes AGCCAGACA were
| annealed and cloned into the Xho/ site. The human rhabdomyosarcoma cell liné, A204°
(ATCC HTB-82), was transiently transfected with pGL3(CAGA)]2 using FuGENE 6
transfection reagent (Roche Diagnostics, Indianapolis, USA, Cat. No.1814443). |
Following transfection, cells were cultured orj_l 48-well plates in McCoy’s 5A medium |
. (Life Technologies, Rockville, Mary}and,' USA, Cat. No. 21500-079) supplemented
with 2 mM glutamine, 100 U/ml streptomycin, 100 pg/ml penicillih and-10% fetal
calf serum for 16 h. Cells Were then treatéd ﬁvith GDF-8, BMP-11 or activin in
McCoy’s 5A media with glutamine, streptomycin, penicillin and 1 mg/mli bovine

serumn albumin for 6 h at 37° C. Luciferase was quantified in the treated cells using

the Luciferase Assay System (Promega Corporation, Madison, W1, USA, Cat. No.
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Exanple 5: Inhibition of GDF-S and BMP-11 by CGDF-8 Propeptide Wen CGDF-8
was preincubated with GDF-8 propeptide for | hour at room tenperature,
the biological activity of GDF-8 was reduced. Figure 3 shows induction

of pGL3(CAGA) 12 reporter activity at the ED50 for GDF-8, 10 ng/m, in the
presence of GDF-8 propeptide. GDF-8 propeptide reduced the GDF-8

i nduction in a dose-responsive nanner, with an IC50 of 25 ng/m (0.6 nM.
GDF- 8 propeptide also inhibited the biological activity of. BMP-1 | to
the same extent. In contrast t he acgwty of activin in ﬁhls assay was

not af f ect e@“@?)cﬁ@@%‘r@ Brargidustried ibigmy 1o ker GDF-$.aesalta gt  vel y | ow

honol ogy b )i r P %W
Li kew se, %xgﬁ%ged%ﬁﬁ @%%hh}r@g??f%%%g%?%%ﬁ%%%ﬁ 8 pr%%&ﬁ Wi t h the
bi oti nyl at edsmﬁf@reptesﬁltﬁtgferdftwmbﬂﬁaraleek}:@i)ﬁmeﬁtsbi nding to ActRIIB in the

ActRII B bindin assay as described in Ie 4. with an 1CSO of 0.3
nM 1n concl usi obbe fepits s M%Biaixﬂ’éa fa lﬁﬁe‘?méi’ﬂ%h“ﬂg"ﬁdpotent

subnanonol ayg. oncb'vmﬁ Q{Eﬁf o@%n /nﬁrajby.@vﬁdicah Agaam ¥k wnﬁéa ¥k dhRinafs

measured in the reporters®gene assay and the ndi ng assay.
"~ Accor di ngl yGDFH wa:a]sxsh)gxcahpmwthMH-hle VD i8 9ﬁ%a|daptcabke GBF-8atthee and is

a potent inhi bltor 8 actl hi bition
ot "CDr- 8- RegBP P ARy Gy ok 8P bPeh dlth TRk e iast B0 i ¢ h
chl oram ne (fg 9%]@'@@#@3@% 1061209 lahl a@ﬁwﬁlEhCI{ea%%ﬂ'}nla} bidtb@lal r&p6hie,

259: 10995- 10999 to a specific activity of 10 00 uGi/dug. |odinated-

GDF- 8 showeddisamnethaithe rapodengsne adsam e d snmalyleta@amm ddtedtdler IGDFFB in t he

CAGRA) 12 le 3. 1251-1abel ed GDF-8
_(eval uat ed fbd&pg{ﬁtg CF‘.‘”csf?agGg%S%’{?gqé Oﬁﬂgﬁ‘faggt eceII l'ine, aLg e45 L6 e

nyobl ast cells (ATCC CRL-1458) were grown to confluence in Dul becco's
nmodi fi ed Eagle's nmedi um suppl enented with 10% heat-inactivated fetal calf
serum on ampleidz e dBindingePropprties of Pupifisd IGBFi8um bi ndi ng was per f or ned

as descri bed. i n ﬁé DFestla%nt cn:i(r?lp?q:gx%vasE&?)?%{/l'at%eatoag%atl%%? 261 nfBnggé l&%l ch is

i ncor porat ed by rence e rel
(wi-th or wi smmm%mﬁl(pﬂr@&&romaﬁhmgm &Tht. N, tzmzpmé I e of-tﬁe cells

for 4 hours a'&: 84' C.. After washing cells, bound J 1251 JGDF- 8

. -8 complex for 2 hours on ice, inactivated with 0.5 % TFA, and subjected to.
chromategraphy on a C4 Jupiter 250 x 4,6 mm -column (Phenomenef) to separate
mature GDF-S from GDF-8 propeptide. Biotinylated mature GDF-8 fractions eluted -
with a TFA/CH;CN gradient were pooled, concentrated and quantitated by
MicroBCA protein Assay Reagent Kit (Pierce, Re‘;":kford, IL, USA, Cat. No. 23235).

Recombinant ActRIIB-Fc chimera (R&D Systems, Minneapolis, MN, USA

Cat. No. 339-RB/CF) was coated on 96-well flat-bottom assay ﬁlatcs (Costar, N,
Cat. No. 3590) at 1 pg/ml in 0.2 M sodium carbonate buffer overnight at 4°C. Plates
were then blocked with 1 mg/ml bovine serum albumin and washed following-

standard ELISA protocol. 100 ul of biotinylated GDF-8 aliqouts at various

concentrations were added to the blocked ELISA plate, incubated for | hr, washed,
and the amount of bound GDF-8 was detected by Streptavidin-Horseradish peroxidase
(SA-HRP, BD PharMingen, San Diego, CA, USA, Cat. No.13047E) followed by the
addition of TMB (KPL, Gaithersburg, Maryland, USA, Cat. No. 50-76-04).

Colorimetric measurements were done at 450 nM in a Molecular Devices microplate e e
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was extracted and. quantified with a ganma counter. Results are expressed
as neant S.E of triplicate determ nations and are representative of

t hree separate experinments. As shown in Figure 5 1211-GDF-8 bound to L6
cells with high affinity. Notably, BMP-11, but not TG-[31, displaced
1251- GDF-8 binding, indicating that GDF-8 and BMP-11 (but not TGF-pl)
share a common receptor on these cells (data .not shown). Froma

Scat chard anal ysis of the GDF-8 binding, the Kd was estimted to be 140
pM Furtherpore, when 1 ng/nl 1251- GDF-8 was prei ncubated with CDF-8
propepti d&4%r 1 hour at room enperature, specific GDF-8 binding to L6

cell's could bgs bifiiih Fafird B0tV EAG DR SRMAA B BERIIED AT Qltatii! abel | ed
GDF- 8 propeptide (Figure 6). Results are expressed as nean S.E. of

tripli cat@DHet opailratdpom svithres ED g of t2p/od endisatingdhaythet AwsREdpading e
experinments. .The | C50 for

[,.ng/ m - 140 ng/mM GDF-8 propeptide.
As evi derﬂ?é‘a"B?*?Fé%‘@‘ﬁéﬁ%’,b”e%l%%“%mge i nhi big'ts GDF- 8 Ei of’ogi Icau

activity by bl ocking GDF-8 receptor binding. Exanple 7: Inhibition of
GDF-8 Activity by GDF-8 Propeptide-Fc Fusion Proteins As shown in

Exanpl e SExmmple,S: munhitati@Dpt € DE-& pep BMR-1h by GDF-8|Rropertide  short in vivo
hal f-l1ife. To increase the bioavailability of the GDF-8 propeptide,

fusi ons bet weeWleh GDEFwEs pretpelpdtedwithGiDFa8 propepraielfg@hokrat roegi on wer e

constructed usin tandard geneti ¢ _engi neering .technigues. Four. nutations
were i nt r‘S’EP&?E@HHgﬂS‘?)b’PWS'CFJCA"F‘@ﬁY BﬁGﬁg'ggr‘éEﬁﬁ?@“%fif gt’éﬂlﬁ?g? HPYIIon 55
descri bed,d I D | s g, ’ ‘ 1 ng

st andar d%ﬂg%gée%(%gﬁﬁg%oﬁ } ?Cvt\f)‘%?%g?hg\nh)ébnst r uc?’sl%ﬁm%?réﬂgrﬁfeh% gée}'(cﬁnégfl fusi ng
a cDNA endd@iDRe grbpaptide. nGDF riepropiptide prdupeihe GOR-&imdnaticacingds 1- 267) to the

muri ne | a Fc.region Fi.gure 7)...Eusion Fi 7A) encodes the
st 26 MRS SR oM RIS 2SR OSSP ES T PERSRES o 24
am no acighibfed %e%i&!oéi@ﬂ%tri\)igyfm}’hgtﬁ [HRBmk @x#¥A3 In 8BAAR: 8l ds of the

murine ilg&a Fe region starting at the first amno acid in the hinge
~ section. #usitpef Zctvil gukie assBy wias netmiistied by 6d0H-B propaptideepresimatilndud o

[inker sdpararunehdBaprah bsthokticl F A ATnE: KRRt 3.
' and BMP-11. .
- Likewise, Figure 4 shows that pfeincuhation of GDF-8 propeptide with the
biotinylafed GDF-8 at 5 ng/ml inhibited GDF-8 binding to ActRIIB in the ActRIIB
- binding assay, as described in Example 4, With an I1C,, of 0.3 nM. Ih conclusion, the -
GDF-8 propeptide of the invention is a potent subnanomolar inhibitor of GDF-8 and |
BMP-11 activity in vitro, as measured in the "rep.orter gene assay and the ActRIIB
: binding assay. Accordingly, this assay shows that the GDF-8 propeptidé’ 1s active and
is a potent inhibitor of GDF-8 activity in this assay. '

| Example 6: - Inhibition of GDF—B;Receptor Binding by GDF-8 Propeptide
GDF-8 was iodinéte_d_with chloramine T as described by Frolik et al. (1984) J.
Biol. Chem. 259:10995-10999 to a specific activity of 100-200 w#C/ug. lodinated-
GDF-8 showed comparable biological activity to unlabeled GDF -8 in the'(CAGA)IQ
reporter assay described in Example 3. '*I-labeled GDF-8 was evaluated for specific

binding to a myoblast cell line, L6.
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The two chinmera were introduced into an eukaryotic expression vector, pED
(Kauf man et at (1991) Nucleic Acids Res. 19:4485-4490) and transiently -
expressed in COS-1 Mo cells (Horowitz et at. (1983) Journal of Ml ecular
and Applied Genetics 2:147-159), using Lipofectam ne 2000 transfection
reagent (G bco BRL, Life Technol ogies, Rockville, Maryland, USA, Cat.

No. 11668-019 ) according to manufacturer's protocol. After 24 hours

i ncubation, RI CD (a nodified DVEM F12 serumfree culture nedium was

added. Conditio i um : Led, fresh Ri repl d, and CM
was harvest ed ag‘%d ’ﬂ%ﬁs%ﬂéﬁ% QW%%?\@ Y78 &Wﬁogl?@ﬁgceqf‘ﬁfé‘ﬁbeﬁ%f ed
and purifi edoqnes Edg%@'é fleBiut s%?ﬁiéﬁfciﬁ@ vl 8. AR meBaanatt @runbBhot ech,
Bucki nghanshire, HP7 9NA, England, Cat. No. 17-07080-01) after addition

of | /10 h seldtinized 34-welliplates Eguilibrigmobinding wea peffpmetdrasalestribedas Setgut ed i n

0.1 M aceti i 150 .MM Nad, . j diately neutralized with 1/20:h

vol une of ﬁ%ﬁlrfﬁs? g]plE—f’asoﬁlﬁ‘?lo@’r ﬁ%‘?@g'm‘”ﬁ’ﬁémﬁ%ﬂ’w P g%{e%cteé’iﬁésar d
nurine | 9gG dakiteBfhdrEial 0Ggtml 'ENGDFag patesr withdu @nReéIRE GDE-8MRAE inchisuedELl SA
along with a purified human GDF-8 propeptide, as described in Exanple 5.
The Tesul t svidh eonShew-6illFicgdmens a1 06 | AR ¥Ashie celie berd & “HBTept | do- Fo

fusions are ] I £ [

‘bet ween fug‘?'ggr?xfrgcg%ddzgg. uglmgrﬁi Fh{( %‘g’%ﬁ F%E%}t&{;gfﬁgéiﬁé%ﬁj %Is%rd (;ea[g)gr%%? ﬁe and
muri ne | gGRE. sfadpliateaiteetidatons it ardrepRikemngiv dfltilet eefarkd: egpdrinienie, and
tested for inhibition of GDF-8.in the RGA assay.. The GDF-8,

propept i de- Fc cBNshawa isbigareched-$RFS boiwdepbberly withingeh afind¥ni d pHTop

and transf [ ) |, e864 i ¢ Thi e : (2001)
G owth Fac?ggr’t_ggi : 1192_‘%%%\5\2&% tPsli’ ggﬁ%g%drspgrégﬁgg t@fﬂ@%’f@?@%&@ tihlglt its
entirety hepki antt BMP @k RoCEEF-p1 ) Bfrd £EoifthBn Pkpid@dnfdsabbigaad by
selecting cells'in 0.02 M nethotrexate. Conditioned nedi um contai ning
the GDF-8 pravplgpr)dérdiea Seaithard anglywsisaifthd Ghin-Sbmdinge thedtly Wanestiwated

harvest ed and i, adj ust.ed by ,addi.t i of 10% v/v IiS. pH 8-0

and purifi ea%sdéﬂ?l"g:aﬁr@n@%?‘?’ ’Igf}gf’ éir}réﬂnge&hdéﬁg'sgewffsrfmﬂ%a\;\?d, Y‘Mﬁépﬁ%r n

Phar maci a Birgpeptille fdBU Heing hedth bdnfgrattde/sp3bic GIDB!saNAdinkas 1.6 ells cbatd

1279-02) previously equilibrated with 50mM Tris 150nM NaCl pH 7.5.

Fractions kednkibiégdvithiingrepsing cayoanrasoas puniabelled SdfnReisptide(i2gwe and

| mredi at el y6). Results are expressed as mean + S.E. of triplicate determinations and are
representative of two separate experiments. The ICsq for 1 ng/ml GDF-8 was 140
ng/ml GDF—S propeptide. As evidenced by these data, GDF-8 propeptide inhibits

GDF-8§ biological activity by blocking GDDF-8 receptor binding.

Example 7:  Inhibition of GDF-8 Activity by GDF-8 Propeptide-Fc Fusion
Proteins - _

As shown in Example 8 below, murine GDF-8 propeptide has a relatively
short in vivo half-life. To increase the bioévailability of the GDF-8 propeptide,
fﬁsions between the GIDF-8 propeptide and a murine IgG2a Fc region were

" constructed using standard genetic engineering techniques.

Four mutations were introduced into the Fc region torreduce effectnr function,
as described in Steurer et. al. (1995) J. Immunol. 155:1165-1174. Using standard |
PCR methodology, two fusion constructs were prepared by fusing a _cDNA encoding
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neutralized by adding 5% v/v 3MTris pH 9.0. Peak fractions were pool ed
and | oaded  onto a Pharnmaci a Superdex 200 Size Exclusion Col um (Anmersham
Phar maci a Bi ot ech, Bucki nghanmshire, HP7 9NA, Engl and, Cat. No.
17-1069-01). 0.05 % Tween 80 was added to the fracti ODS to prevent
aggregation. Fractions were eval uated by SDS-PAGE on Novex 10 % Tri ci ne
gel s (Nov.ex, San Diego, CA, USA Cat, No. EC66755). Pooled ftactions
were quantitated by spectrophotonetry and assayed for activity in the

ActRIIBblndln as described i 4, as | as _i.n the

reporter %&@f?ﬁf"@ﬁ?‘ eé?mmﬂ%“?d!%,(%‘?ﬁl rl\éﬁz%f “CreoR

propept i dgslg&e bﬁ Sh@Mn IWRSzude BATMcoddi@ndnisRo68 avind deats of i el | ed- GDF

propeptide of the invention conp r|5|n a CDF- 8q§)r]01§ept|de Fc fusion
54

prot ei n h&bFrpapentide bocledmg |aﬂl4|amm@acy t(cmtgm lgh &d indrameite ¥3Zonpar ed

(PK) of - LB SR GE e AN MGy Ferh et 1 ag ine Al BlTPAR o

propept i deecfién. f BBidD PIREETH) it cohRuted it @xﬂhﬂﬁ&l sim#lar to kIS 1 Fmaa" ) Wer e
evaluated in C57BI/6J mce at a dose of 0.2 ug/ nouse (GDE8-Pro) or

ug/ mouse (f@ﬂwpr&%rf@)e—%ﬂp@glyalrlgrSﬁgn%(GS%)dv&%E@aﬁéﬁﬁthﬁ SPF i on. The'
ani mal s é’%gﬁjt%é%gmﬁh éa’iﬁ’iﬁg 92 u _abel | ed and ' 151-1 abel edrrG!DFS Pro or

GDF8- Pr oF doses | ed above and serum concentrati ons were
det er m ned bas”éld:mdikﬁ’éja wl&:fbdhﬁaﬂlicie&'irﬁ(yalh BulidigotResxpressiamlvéche, sipeci fi c

activity of ug]\e |n ected dose.. Figure shows t he ser um concentration
versus ti ke 699%6@‘#916}4@‘@:&8 1:9r‘b4 nif o 0gpp transieptly exprespap g | '

shows t he cpK. ﬂ%%%ﬁé Fiebo B« GRIROY oA GFBrEIF n il SleqBnghil0! ©

i nt ravenous adm ni st ation o nouse. e serumc entrations and PK
par anet er 3:1#64 S@)hwmaﬁcmﬁmnmkfemm reagent (Gibeo BRL2LIfe g/ mouse for

(i 9y (gt HESoREERE ke erisphed. EEelh Dedssotos0 arashaatoss. 7

manufacturer’s protocol. After 24 hours incubation, R1CD1 (a modified DMEM/F12

serum-free culture medium) was added. Conditioned medium (CM)-was imo_led, fresh

RICD} replaced, and CM was harvested again 60 hours later. Conditioned media was

then pooled and purified over Protein A Sepharose CL-4B (Amersham Pﬁarmacia

Biotech, Buckinghamshire, HP7 9NA, England, lCat. No. 17-07080-0]) aftef addition

of 1/10" volume of 1 M Tris pH 8.0. The purified protein was eluted in 0.1 M acetic o
- acid, 150 mM NaCl and immediately neutralized with 1/20™ volume of 3M Tris pH ' o

9.0. Proteins were quantitated using a standard murine 1gG ELISA protoqol, and

assayed in the ActRIIB cémpetition ELISA along with a purified human GD¥F-8

propeptide, as described in Example 5. The results are shown in Figuré 8. The IC's

-of the GDF-8 propeptide-Fc fusions ;érc in the low nanomolar range and there is no

difference between fusion 1 and 2. Fusion 1 (no linker between GD'F—S. propeptide

| and murinc IgG2a) was selected for use in making a stable CHO cell line, and tested

for inhibition of GDF-8 in the RGA assay.

The GDF-8 propeptlde-Fc cDNA was subcloned into the CHO expressxon .
plasmld pHTop and transfected into CHO/A?2 cells, as described in Thies et al. (2001)

Growth Factors 18:251-259, which is incorporated by reference in its entirety herein.

47



GDF- 8- Pro2. 239012.42.35.128.3 T,: half life during the term nal
elimnation phase. Cmx :peak serumconcentration MRT: nean residence
time V,: initial volume of distribution V,,: volume of distribution at
steady state Note: GDF8-Pro PKparaneters nornalized to a dose of 2

- }ig/nouse. As can be seen in Figure 10, the clearance is 400-fold sl ower,
and the half-life 1is 100-fold longer for the . GF8-ProFc as conpared to-
the GDF8-Pro. Both the initial volunme of distribution and the . volune of-

di stribution at  stead at re a imately .3-fald er for the
GOFe. Pro- comsibeaigmey b crpadpreRo b e e kg eas g0 Bbrs. pro
distri but esmEﬂm?reia@é.9@5ncﬁfi&?e'3i‘mé?ﬁ‘ﬁ1ﬁ'c€’ﬁai¥mﬁ& HESTH-BDrpRRGR-IOfMgRed to the

GDF8- ProFc. Al though .the stabilizing efrect of the FC region of an | gG
mol ecul e onpatdEbDFompr sbeptd lde W herestpd add Bsipdsvasgdiukied hp additiGDE 10%

propepti de- Fc fuysi.on tein 4 ot h_conpanept s .derjved fro use),, the.
met hods of Ve Notes 8hES.P A0t ReRed anP BETaas! bt S SER S SABIIA 1 on of
GDF pr opept i AgedRdn #gﬁn&eme%eﬁ,sBuckﬁgﬁw&@&? HPf7 INIE EnpRR4, Catl 6. 17- -
precursor protein. or aninmal species fromwhich the ‘conponents are

derived, plHid-eRgrevieustuequalibrated wathrfOmgv grisgéPimM MeRkpH dct dufadtions et ai n

activity (i.e., ,as,desqgr.i.be erei.n) I : rivati nd Activity
of Two. turmiersitE BRBID0RRM AR Rpil1 ool Med gt PaReBReRe- rc

fusi on. consdutraGiea Wedddin SRAMeIM T 19 9t FRdiafidctionCRerEiobRdahe Waded Or
eval uation of therapeutic potential. A cDNA encoding the human GDF-8

propept i de 98E® HhemgoiaFungadex298 ize Brclusionoplmn|(§aersiamPhgireasia  (SEQ | D

NO 15;- Fi gu I : ' Fe_Jmdi {-H 1heseped &fd,
Funct on ( SR REYRbpRE e EndBi, Cab o 270800000 BOREE |,
Fc fusion ps®wes addeBitgthedrdctibay) to. pravieat dggrephatian4Fmntions waed daluafedtblge human

GDF- 8 propeptide (iLncluding amno
prop gDS_—PAéi}'E on‘Novequ % Tricine gels (Novex, San Diego, CA, USA, Cat. No.

EC66755).

Pooled.fractions were quaniitated by spectrophotometry and assayed for
activity in the ActRIIB binding _as.say as de§cribed in Example 4, as well as in the
reporter gene assay (Figure 9). The IC,, of the purified GDF-8 propeptide-Fc fusion
was 1.3 nM. The data shows that fhé modified GDF propeptide of the invention
comprising a GDF-8 propeptide-Fc fusion protein has retained potent inhibitory

(neutralizing) activity compared to GDF-8 propeptide.

Example 8: Pharmacokinetics _

 The pharmacokinetics (PK) of GDF-8 propeptide (referred to herein as
“GDF8-Pro”) and GDF-8& propeptide-Fc fusion prdtein (referred to herein as “GDF 8-
ProFc™) were evaluated in C57Bl/6] mice at a dose of 0.2 ug/mouse (GDF8-Pro) or 2 |
ug/mouse (GDF8-ProFc) after a single intravenous administration. The animals -

received a mixture of unlabelled and '*]-labeled-GDF8-Pro or GDF8-ProFc at the
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acids 1-241 of SEQID NO: 5 and the 23-am no acid signal peptide as set
forth in SEQID NO 13) were fused in frane with the 232 am no aci ds of
the human 1g@ constant region, starting at the first amno acid in the
hi nge region (SEQ.ID NO. : 15). 2. Human GDF-8 propeptide-1gG 1 mutant
(Figure 11 B): The first 264 ami no acids of the human GDF-8 propepti de,
as described above, were fused in frame with the 227 am no acids of a
mut at ed human IgG Fe region (SEQ ID NO.: 16) Two mut ations, al ani ne

resi dues at set.forth 16 were

i nt roduce‘ifsf:% 1%?‘11 VF@“S@HH%«SO%‘FPH@E%’IS Yt "'gsbaﬁeéls‘@rl bed in Lund et
al . ( 1991&@:05@9{@ in Wse%ﬁﬁb@@:@%o&m BN BABS tﬁE iftcted dod@Bighmanol ogy
86:319-324. 50 The two fusion proteins were intioduced |n§o an eukaryotic
expr essi cﬂhowgchemerum pme(lkamﬂrmmuenmlcm(e&gﬂ bpthnbe GEIFS-Iae ratb GRES:

19: 4485- 49 : n5| resse Lh ,COS- ells.(Horowitz et
al . (198%") %) ?H@F ﬁ‘&g"&%‘ %%PFQ‘&’T%‘}?]?%%% Flfﬁtgrl%Q) usi ng
Li pof ect %%ﬁuﬁ&@@néﬂs&ﬂﬁﬁrﬁﬁ?dﬂ@ﬂ of 2ag@dusé. AT RCLrunBRncetdiensarmol ogi es,
Rockvill e | and,. USA, - Ca No. 11668-019 ) according to

manuf act maeameteprfgt e SIDF $aProare pormiabizedstoiamiostheftd aimomse foDlomparatydi f i ed
DVEM F12 serumfree culture nediun) was added. Conditioned nmedium (CM
was poolpe‘ﬁ?osfeF'eSh R1 CD 1 replaced, and CM was harvested again 60 hours
| ater. Conditioned nedia was t henTaegleer and purified over Protein A
Sepharose CL-4B (Arrer sham Phar ITB.CI a Bi ot ech, Bucki nghanshi re, HP7 9NA,

anznan I’ll’lf\

HCNEI SRR R A j@rﬁ;{"" RN ST TR
0"

mM NaCl land i nmedi at dI tng/rek) &hrnre of| NET |

Protei nd were quantitlated using a standard human} 1gG ELI{SA protjoco] , atd

assayed [[GDFREPHEERI 1[B30I ndi Ng3835ay qI@pg W t N-a ggar 1 11 edy 4nuny ra.(zﬂ_)l—-B
" propeptijde, as descrijbed in Exanple 5.{ The resultls are shown in| Figure
12. In cqr;g;:L@lPQ@ bath, humans e opept ilder fc fusi gm frot eijns; ar e |patent
inhibitgrs of GOF-8 hinding to ActRIIB. Exanple 10: In Vilvo Testji ng of
CDF- 8 Priopepti de- Fc Rusion Pfotein Theg nurine CDi-8-propepti-de-Hc fusi on
prot ei n (from Exanpte 9 was tested . :

T,.: balf life during the terminal elimination phase.
C,.x -peak serum concentration

MRT: mean residence time

V,: initial volume of distribution

V. volume of distribution at steady state

Note: GDF8-Pro PK: parameters normalized to a dose of 2 pg/mouse.

As can be seen in Figure 10, the clearance is 400-fold slower, and the half-life
~ is 100-fold longer for the GDF8-ProFc as compared to the GDF8-Pro. Both the initial
vo.l_ume of distribution and the volume of distribution at steady state aie approximateiy
- 3-fold greater for the GDF8-Pro compared to the GDF8-ProFec, indicatihg that the
GDF8-Pro distributes. to a larger extent outside the vascular space compared to the
GDF8-ProFc.
Although the stabilizing effect of the Fc region of an 1gG moleéule on a GDF
propeptide is exemplified using the mouse GDF propeptide-Fc fusion protein (iie.;~ ~~= = = -
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in.adult mice. Seven to nine week old, adult, female BALB/c nice were
random zed wth respect to body wei ght and pI aced into groups of seven
(except for the no treatnent group, which had six mice). Mce were dosed

. twice weekly by I.P. injection wth a total weekly dose of 10 ug, 100

ug, or 1000 ug per animal for five weeks. .Control injections were nurine
| g&a-Fc at a nolar equivalent to the high dose of propeptide-Fc. At the
end of the study, gastrocnem us, quadriceps, epididymal fat pad, ki dney,
and liver were renoved and wei ghed Figure 13 shows the averag%ﬁél ssue
mass, with ik cempienisedvedimre mousy): %ee&toéﬁagﬁﬁ REESERY IN¥ENt QR The

asterisk (* nh%@f]d &l@tcg%bﬁj mﬁ%ﬁ&%ﬁb&?%ﬁ’d §¥n &B'I%Gﬁmpogéﬁtg GL&AMfes d‘( : t% éLh o

using a stu dents T te emcetr ate
control pr opaiieylarpyéadedoc proBlimekinirgal Pk fraas wWhicH the |cnmpnmtbyre defved,

i njection of epti de- Fcf sion protein at 1 week . (treated
n ce) resulP‘é’M‘dFﬁq’&i{? W&’é&é‘é’e COBEHFS Hé?ﬁtﬂga&th"ggl(le?o%fi‘ﬁﬁ? ein
quadricep r%}g? mass conpared to control mce not receiving GDF-8
propepti de- Fc usion protein. In addition, blocking GDF-8 activity in
vivo by I.P. injection of GDF-8 propeptide-Fc. fusion protein at 100

ug/ week (treated mic results 3.0 ease t pa The
hi gh dose ( "?fﬂP\ﬁgek)eg‘frl’vé’é'PBﬁBﬂtAcé’l"% F/%H'Ot “’338 qpi‘?p?&?%ﬁad mass,
but due to fhgeyariability in pat pad mass, the di ffer ence was not hi ghl y

statistically significant (p=0.047). There was no effect of treatnent on
the mass of ot héwo Gi¥s8pwpepisiedd, $lmmmtrnqs Wevesprepared. Risifigesrandprd

, dif i d
ond Tend t oPGR Ao Eihey Tor PR ShineBaihs FoiSal 8 cEa khcde b 1
sumary, b|ﬂﬁﬁid'@Dﬁ§:p18p@ﬁBt (SRQID NO/5MOasifisdd. 1B6-thd Mgt g0 Fofegionl- 8

propepti de- Fc fusmnhgrot ein (treated mce) resulted in increased

gast r ocneni G HAN gl diguee ! s dneapda] Feanerified fargedusad eBECtpi ce not
_receiving %H&?m% I%NBGIGFFrngSfI protein. Equivalents Those skilled

in the art gnlze e able to ascertain using no nore than
routine experinentation, many equivalents to the specific enbodi nents: of

t he |nvent| on descri bed herein. Such equival ents are |ntended to be
enconpassed! by tHemay GOFfpiaperiidglg@! wt Fe fusion protein (Figure 11 |

The first 264 amino acids of the human GDF-8 propeptide (mcludmg amino
acids 1-241 of SEQ ID NO.: 5 and the 23-amino acid signal peptide as set forth in
SEQ ID NO: 13) were fused in frame with the 232 amino acids of the human IgGl

constAnt region, starting at the first amino acid in the hinge region (SEQ 1D NO.:15).

2. Human GDF-8 propeptide-IgG1 mutant (Figure 11B):

 The first 264 amino acids of the human GDF-8 propcpii.de, as described abeve, '
were fused in frame with the 227 amino acids of a mutated human IgG1 Fc region
(SEQ ID NO.:16). Two mutations, alanine residues (Ala-14 and Ala-17) at set forth in
SEQ ID.NO.: 16 were introduced in order to reduce effector function as described in
Lund et al. (1991) J Immun. 147:2657-2662 and Morgan et al. (1995) Immunology
86:319-324.
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52 W claim 1. A nodified GDF-8 propeptide conprising a GDF-8 propeptide
and a stabilizer portion, wherein the nodified GDF-8 propeptide has an
increased in vivo or in vitro half-life relative to a correspondi ng
unnodi fi ed GDF-8 propeptide. 2. The nodi fied GDF-8 propeptide of claim1,
wherein the GDF-8 propeptide conprises an amno acid sequence that is at
| east 75% i dentical to SEQ ID NO.5. 3. The nodified GDF-8 propeptide of
claim1l1, wherein the GDF- 8 propeptide conprises: (a) an amno acid
sequence that 4,5 | east 75W b f ragnent
of (2 Cwher o/ MEFRE SR o ER s Bead s e 48 Splepur i Sordsish Y
.bl ol ogi C%JED’ﬁ(quxhiﬂ &3l Qi%)%ﬁﬁrm&mmmwmaﬁd findidh@lyeased in vivo
invitro half-life relative to a correspondi ng unnodi fi ed GDF-8

pr opeptl crapregsed Tth e OfpldMoi cells @tﬂmwﬂpﬂ(ﬁée(éw e/ogtn pﬁMﬂ@ufamm' ein the

- GDF-8 pr i n t ed r i yage-site.
5. The oA TEGTRER & 187 Sppbi oL BPIeEPRy A0 e ReRce Hsei bR ue' c

cl eavage BRL,ELifeSTdchaflbdivaRe6kvily Marfldb@tUSH, €. Nai1d668-089 ) &corlivg modi fi ed

GDF- 8 propeptide of claim1l, wherein the stabilizer portion is fused to

the GDF- 8° mErsisetar gerotqeol ThEerRfchyremedmtion, RHGHA st medifse ¢l ai m 6,

wherein t r

nol ecul e. ]ﬂgEﬂFﬁﬁ gér%ﬁfﬁ eggﬁlgsg%ggﬂ@p‘g%fa? cqtgﬁr%dgﬁea\?\%%r e?“hgt%ﬁe [s[€]

nol ecul e poslekigﬁésh(ﬁl(][@@éplam’d aiteC Mvahd hmeestdd@tgeimfﬁo hurslliaeer.nodi fi ed GDF- 8
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GDF- 8 propeptide of claim 7, wherein the amno acid sequence of the 1gG
mol ecul e 4798GLY dfer Mididdn ofﬂZIO‘”Mmémmdﬁh‘l\/b"ﬂnGﬂFI% pFopmpifiederatincl aim 7,

Ymd:rnt(‘.a : 2 afvtr]efsé: xg%%nl(%c N%ci%c c? CI%O tl\?a%l lagg imm di%?e'llylf Sedtrséh%éd m?haSt 5%
1/20™ volume of 3M Tris pH 9.0. Proteins were quantitated using a standard human
IgG ELISA protocol, and assayed in the ActRIIB binding assay along with-a purified -
human GDF-8 propeptide, as described in Example 5. The results é.re shown in
Figure 12. In conclusion, both human pfopeptide-Fc fusion proteins are potent.

inhibitors of GDF-8 binding to ActRIIB..

Exampie 10: In Vivo Testing of GDF-8 Propéptide-Fc Fusion Protein

The murine GDF-8 propeptide-Fc fusion protein (from Example 9) was tested
in adult mice. Seven to nine week old, adult, female BALB/c mice were randomized
with respect to body weight and placed into groups of seven (except for the no R
treatment group, which had six mice). Mice were dosed twice weekly by LP. injection
with a total weekly dose of 10 ug, 100 ug, or 1000 ug per animal for five weeks. -
Contro] injections were murine IgG2a-Fe at a molar equivalent to the high dose of
prbpeptide-Fc At the end of the study, géstrocn’emius quadriceps, epididymal fat
pad, kidney, and liver were removed and weighed. Flgtrrc 13 shows the average tissue

| mass, with the error bars indicating the standard error of the mean.- The asterisk (*)

indicates a statistically significant difference (p<0.01 using a students T test) when
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13. The nodified GDF-8 propeptide of claim?7, wherein the am no acid
sequence of the 1gG nolecule is SEQ ID NGO 16. 53 14. The nodified GDF-8 -
propeptidé of claim®6, wherein the GDF-8 propeptide is fused to the Fc
region of the 1gG nolecule via a |inker peptide. 15. The nodified GDF-8
propeptide of claim1l1, wherein the nodified GDF-8 propeptide has an
altered glycosylation site. 16. The nodified GDF-8 propeptide of claiml,
wherein the nodified GDF-8 propeptide conprises at |east one .
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boi nt | mut at BT RAPHE L SPRBRIT (LRl G o b Mk CRE etk
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conprises a purification tag. 21. A nucleic acid encoding a nodified
GDF- 8 pr opdpereidetc fipioropretesn atcl0fjugiveek feajprbmigen resyityin P f1ICE@SCGDF- 8
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EQID NG 2. 23. . Th | e id.of claim2]l i Si it | 2
SEQ NC. 23 eny}c eic acid of claim ,crrprlsmgrq{gt% easffaicoacid

cont i guous SATEhedY; ceat gi0-0A4)- t hhere, wassaerp st Qijrgatmsnt o

of claim?2 b $d ol i i o forth
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cont i guous progEpadt bibekeddBDE R adtioity kv vime arSHEADNQGInc26se iff heuscltalass andaci d

of claimZ%urthe.r (o]0] I i_nS a nu%l el
i

ri c id encoding .a st. Pi lizer _
protein.  FACTERE RUETERS dormBIGBIRckedID LRIV Y Ve Pyb njegfion
portion encgdssF-8bré@dEtifd-PL Bhsion protein (treated mice) resulted in increased '

gastrocnemious and quadricep muscle mass compared to control mice not receiving

GDF-8 propeptide-Fc fusion protein.

Equivalents

These skilled in the art will tccogniie,_or be_ able to ascertain USing no more
than routine e-xperimemation, many equivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the

folloWing claims.
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28. The nucleic acid of claim26, wherein the stabilizer portion encodes
al bumin or an albumn derivative. 29. The nucleic acid of claim?21,
wherein the nucleic acid encodes a nodified GDF-8 propeptide wth an
altered glycosylation site. 30. The nucleic acid of claim?2l, wherein the
nucl ei ¢ acid encodes a nodified GDF-8 propeptide wth an altered
carbohydrate noiety. 54 31. A pharnaceutical conposition conprising the
nmodi fivedySfhk- 8 propeptide of any one of clainms 1-20 and a
pharmaceutically acceptabl e excipient. 32. A pharnaceutical conposition
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prepar| 2,
]r‘3 and (b) to produce a
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end of the )doub rah |gonuc enco el nker pepti de.

35. The ne Q) éﬁ%nuﬂg wher ei n the Ilnker pepti de conprises the
am no aci d ‘Sequenc Stlng of GSGS 36. A reconbi nant cel

comr | 510, S BLEGRE SBhes i i?ailgs e e R B R RRER I . é%%e&'?&

ﬁﬂcf'e?'g 8%@’ e L Ug o oy B BT laaé%gofreéﬂ%fbda%modéﬁ%di‘?? Sor

porti aH ‘A nodi fied BW-11 propeptlde conprising a BWP-11 propeptlde,
wher ei di f as.ap i ased Q_or
trodal s hggga%i (opbE neopoae PEdat S stiteris Mol Sdcrealife dontitnsin
pr opepbacgyate otelyf FF@Gfﬁﬁﬁ*’ll propepti de of claim38, wherein the

BIVP- ]51 PT OI%e %Ilodlf% (9]%’ r8| psi'ggeptlge of claim 4, wherein the proteolytic cleavage site is inactivated
by a mutation to said site.

6. The modified GDF-8 propeptide of claim 1, wherein the stabilizer portion is fused to the GDF-8
propeptide.

7. The modified GDF-8 propeptide of claim 6, wherein the stabilizer portion comprises an Fc
region of an IgG molecule.

8. The modified GDF-8 propeptide of claim 7, wherein the IgG molecule is IgG1 or IgG4, or
derivatives thereof.

9. The modified GDF-8 propeptide of claim 7, wherein the IgG molecule is IgG1.

10.  The modified GDF-8 propeptide of claim 7, wherein the amino acid sequence of the IgG
molecule is at least 75% identical to SEQ ID NO:15.

11.  The modified GDF-8 propeptide of claim 7, wherein the amino acid sequence of the IgG
molecule is SEQ ID NO:15.

12.  The modified GDF-8 propeptide of claim 7, wherein the amino acid sequence of the IgG
molecule is at least 75% identical to SEQ ID NO:16.

13.  The modified GDF-8 propeptide of claim 7, wherein the amino acid sequence of the IgG
molecule is SEQ ID NO:16.
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am no acid sequence that is at least 75%identical to SEQ ID NO 11. 40.
The nodi fied BMP-11 propeptide of claim38, wherein the BMP-11 propeptide
conprises: (a) an am no acid sequence that is at least 75% identical to
SEQ ID NO 11, or (b) a fragnent of (a), wherein the nodified BW- 11
propeptide retains one or nore biological activities of a BMP- 11
propeptide and has an increased in vivo or in vitro half-life relative to

b LT A G P o

mut at i NG “act v es e corresponding to amno acid 122 of
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SEQ | D NG 43...T ified.BVP:-11 ti . f clai 3.
502 s P TR g SRR 8, S o
porti & .epﬁgtg&qu UREBMP- 11 propeptide. 44. The nodified BWP- 11
P 5 AR B e BT OSSR,
44, wW@W@PWFPﬁ "FH&MTecule is 1gGL or 1gG4, or derivatives thereof.

s | gQF: 4 1he PRI P S elpLaa oL B b et BAAD P RRRAGE gther
am no CAEPHSS O8E ehmarcgoRtatptings, Wenrea §aid ppint gutation dphibitoprotealytic l8pvags SEQ
1 15. . Th dified - id f clai wh i h
15 N0f% T S REEEERIACS, O LS 850 e
nodi f iCEEPEMSAPITiHES@IRE-de of claim 44, wherein the anmino acid sequence
of the 1gG. nolecule is at least 75%.identical to SEQ ID NGO 16. 50. The
nodi fi2dd_BrPauEkeihacderoring agrodified GPEA prapentide of anjeoneAl glpime | G0sdhsrrim said

of thenqd§md GBFEqpeeptide bms@n)iperrgeed wpvivo or in vitro half-life as relative to a corresponding
unmodified GDF-8 propeptide. ,

22.  The nucleic acid of claim 21, comprising at least 20 contiguous nucleotides as set forth in
SEQ ID NO:2.

23.  The nucleic acid of claim 21, comprising at least 20 contiguous nucleotides as set forth in
SEQ ID NO:6.

24.  The nucleic acid of claim 21, comprising at least 50 contiguous nucleotides as set forth in
SEQ ID NO:2.

25.  The nucleic acid of claim 21, comprising at least 50 contiguous nucleotides as set forth in
SEQ ID NO:6.

26.  The nucleic acid of claim 21 further comprising a nucleic acid encoding a stabilizer protein.
27.  The nucleic acid of claim 26, wherein the stabilizer portion encodes an IgG protein.

28.  The nucleic acid of claim 26, wherein the stabilizer portion encodes albumin or an albumin
derivative, ‘ '

29.  The nucleic acid of claim 21, wherein the nucleic acid encodes a modified GDF-8 propeptide
with an altered glycosylation site.

30.  The nucleic acid of claim 21, wherein the nucleic acid encodes a modified GDF-8 propeptide
with an altered carbohydrate moiety.
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51. The nodified BMP-11 propeptide of claim44, wherein the BWP-11
propeptide is fused to the Fc region of the 1gG nolecule via a |inker
pepti de. 52. The nodified BWMP-11 propeptide of claim 38, wherein the
nodi fied BMP-11 propeptide has an altered glycosylation site. 53. The
nodi fied BMP- 11 propeptide of claim3 8, wherein the nodified BW- 11
propeptide conprises at |east one carbohydrate noiety. 54. The nodified
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36. A recombinant cell comprising a nucleic acid encoding a modified GDF-8 propeptide of any one
of claims 1-20.

37.  The recombinant cell of claim 36, wherein said nucleic acid comprises a nucleic acid sequence
encoding a stabilizer portion.

38. A modified BMP-11 propeptide comprising a BMP-11 propeptide, wherein the modified
BMP-11 propeptide has an increased in vivo or in vitro half-life relative to a corresponding unmodified
BMP-11 propeptide.

39.  The modified BMP-11 propeptide of claim 38, wherein the BMP-11 propeptide comprises an
amino acid sequence that is at least 75% identical to SEQ ID NO:11.

40.  The modified BMP-11 propeptide of claim 38, wherein the BMP-11 propeptide comprises:
(@ an amino acid sequence that is at least 75% identical to SEQ ID NO:11, or

(b) a fragment of (a),

wherein the modified BMP-11 propeptide retains one or more biological activities of a BMP-11
propeptide and has an increased in vivo or in vitro half-life relative to a corresponding unmodified
BMP-11 propeptide, and

wherein the modified BMP-11 propeptide further comprises a modification chosen from (i} a mutation
at the amino acid residue corresponding to amino acid 122 of SEQ ID NO:7 that inactivates a
proteolytic cleavage site, and (ii) a fusion with a stabilizer portion.
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with an altered carbohydrate noiety. 68. A pharnaceutical conposition
conprising the nodified BMP-11 propeptide of claim38 and a
pharmaceutically acceptabl e excipient. 69. A pharnaceutical conposition
conprising the nucleic acid of claimb58 and a pharmaceutically
acceptabl e carrier or vector. 70. The nethod of nmaking a nodified BWP-1 |
propeptide of any one of clainms 38-57 conprising: (a) preparing a cDNA
nol ecu e di t = eptide af claim 3 epn. t b (c)
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49,  The modified BMP-11 propeptide of claim 44, wherein the amino acid sequence of the IgG
molecule is at least 75% identical to SEQ ID NO:16.

50.  The modified BMP-11 propeptide of claim 44, wherein the amino acid sequence of the IgG
molecule is SEQ 1D NO:16.

51.  The modified BMP-11 propeptide of claim 44, wherein the BMP-11 propeptide is fused to the
Fc region of the IgG molecule via a linker peptide.

52. The modified BMP-11 propeptide of claim 38, wherein the modified BMP-11 propeptide has an
altered glycosylation site.

53.  The modified BMP-11 propeptide of claim 38, wherein the modified BMP-11 propeptide
comprises at least one carbohydrate moiety.

54.  The modified BMP-11 propeptide of claim 43, wherein the stabilizer portion comprises albumin
or a derivative of albumin.

55.  The modified BMP-11 propeptide of claim 43, wherein the stabilizer portion comprises a
nonproteinaceous polymer.

56.  The modified BMP-11 propeptide of claim 38, wherein the modified BMP-11 propeptide further
comprises one or more point mutations, wherein said point mutation inhibits proteolytic cleavage.

57.  The modified BMP-11 propeptide of claim 38, wherein the modified BMP-11 propeptide further
comprises a purification tag.
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syndronme, sarcopenia and cachexia. 78. Use of a nodified propeptide
according to any one of clains 1-20 or 38-57 in the preparation of a
medi canent for the treatnent of osteoporosis. 79. Use of a nodified
propepti de according to any one of clainms 1-20 or 38-57 in the
preparation of a nedicament for increasing nuscle nass. 58

58. A nucleic acid encoding a modified BMP-11 propeptide of any one of claims 38-57.

59.  The nucleic acid of claim 58, comprising at least 20 contiguous nucleotides as set forth in
SEQ ID NO:8.

60.  The nucleic acid of claim 58 comprising at least 20 contiguous nucleotides as set forth in
SEQ ID NO:12. -

61.  The nucleic acid of claim 58, comprising at least 50 contiguous nucleotides as set forth in
SEQ ID NO:8.

62.  The nucleic acid of claim 58, comprising at least 50 contiguous nucleotides as set forth in
SEQ ID NO:12.

63.  The nucleic acid of claim 58 further comprising 2 nucleic acid encoding a stabilizer portion.
64.  The nucleic acid of claim 63, wherein the stabilizer portion is an IgG protein.
65.  The nucleic acid of claim 63, wherein the stabilizer portion is albumin or an albumin derivative.

66.  The nucleic acid of claim 58 wherein the nucleic acid encodes a modified BMP-11 propeptide
with an altered glycosylation site.

67.  The nucleic acid of claim 58 wherein the nucleic acid encodes a modified BMP-11 propeptide
with an altered carbohydrate moiety.

68. A pharmaceutical composition comprising the modified BMP-11 propeptide of claim 38 and a
pharmaceutically acceptable excipient.

69. A pharmaceutical composition comprising the nucleic acid of claim 58 and a pharmaceutically
acceptable carrier or vector,

70.  The method of making a modified BMP-11 propeptide of any one of claims 38-57 comprising:

(a) preparing a cDNA molecule encoding the BMP-11 propeptide of claim 38, wherein the
RSRR proteolytic cleavage site is disrupted, destroyed, inactivated, or removed;

(b)  preparing a cDNA molecule encoding the Fc region of the IgG molecule; and

(c) fusing the cDNA molecules from steps (a) and (b) to produce a modified BMP-11
propeptide.

71.  The method of claim 70, further comprising preparing a double-stranded oligonucleotide
encoding a linker peptide and fusing the cDNA molecules from steps (a) and (b) to either end of the
double-stranded oligonucleotide encoding the linker peptide.

72, The method of claim 70, wherein the linker peptide comprises the amino acid sequence
consisting of GSGS.
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73. A recombinant cell comprising a nucleic acid encoding a modified BMP-11 propeptide of any
one of claims 38-57.

74.  The recombinant cell of claim 73 wherein said nucleic acid comprises a nucleic acid sequence
encoding a stabilizer portion.

75. A modified propeptide according to any one of claims 1-20 or 38-57 for use as a medicament.

76.  Use of a modified propeptide according to any one of claims 1-20 or 38-57 in the preparation of
a medicament for the treatment of one or more conditions selected from muscular disorder,
neuromuscular disorder, metabolic disorder and bone degenerative disorder.

77.  Use of a modified propeptide according to any one of claims 1-20 or 38-57 in the preparation of
a medicament for the freatment of one or more conditions selected from amyotrophic lateral sclerosis,
muscular dystrophy, muscle atrophy, congestive obstructive pulmonary disease, muscle wasting
syndrome, sarcopenia and cachexia.

78.  Use of a modified propeptide according to any one of claims 1-20 or 38-57 in the preparation of
a medicament for the treatment of osteoporosis.

79.  Use of a modified propeptide according to any one of claims 1-20 or 38-57 in the preparation of
a medicament for increasing muscle mass.
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