MODI FI ED AND STABI LI ZED BMP- 11 PROPEPTI DES AND USES THEREOF Field of the

I nvention This invention relates to inhibitors of Gowh D fferentiation
Factor-8 (CGDF- 8) proteins and nethods for their use. Mdre 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 aninmal disorders in which an increase
in skeletal nmuscle tissue would be therapeutically beneficial. Such

di sorders include nmuscle or neuromuscul ar disorders (such as anyotrophic
‘lateral sclerosis, nuscular dystrophy, nuscle atrophy, congestive
obstructive pul nonary di sease, nuscle wasting syndrone, sarcopenia, or
cachexi a), metabolic diseases or disorders (such as type 2 diabetes,

noni nsul i n- dependent di abetes nellitus per cem a, or obesity), adipose
ti ssue disorders (su@ﬁODﬂﬂEBbﬁimS?%BUdZEBd%@Pd ERTIDES di seases (such as
ost eoporosi s). Backgrund of the ANNERES dHEGI(N h and Differentiation
Factor-8 (CGDF-8), also known as mnyostatin, is a nmenber of the Transform ng
G owth Factor-beta (TG--p) superfam |y of structurally related growth
factors, aFieldpf Wﬁﬂéﬁﬂﬁﬂg%ess i nportant growth-regulatory and norphogenetic
properties (Kin I et al.

(1998) Curr. Togﬁ%g %?% lm%§89§%gﬁ%?SﬁgggMgggﬁéggtﬁgﬁgﬁgﬂggﬁ negative
regul at or 8pprotdied sidahethadsdbetheimass, Mo pahintarly sthe anended phividdsnt erest in
identifying factors which' regulate its biological activity. For exanple,

GDF-8 i s hifidifedapdsibdizgd PWPFIPRQBS Hﬁggfcﬁpi’rﬁﬁ’“ﬁﬁﬁ‘ ahyinhibikibeast ¥ty Huscl e. The
GDF-8 nul | Jpi. gt 'Tﬂ@ldvg?tﬁc{naigfwgr?@{[ﬂ%:el ﬁe‘ﬁxl f8r rebaﬁlﬂgfoﬁ{%@gh & Jr ked

hyp@rtrophy and hyperplasia musc erron et al. (1997)
Nat'ur e 387 aBidnad@jsordStstih baich amciheraases-x smlaﬁetmbltxsmmbﬁdMSs are evident in
natural |y occurring nutatiaqns of incattle (Ashnore et al (1974)
Growt h 38: @mapsferrca Ig\sraircial aHeh d{ﬁ%fi?rérnctuxig@at)scls OAREvFOMYsTulangsorders 757

NbPherron e %é? %Egg{gﬁs Nati ﬂﬁ o Epgnﬁclgﬁrég 57-12461; and
Kanmbadur et P %E é% ngne . g g $§§}p cent studies have al so
shown congestive obstructive pulmonary d}sease muscle wasting syndrome, sarcopenia, or
cachexia), metabolic diseases or disorders (such as type 2 diabetes, noninsulin-
dependent diabetes mellitus, hyperglycemia, or obesity), adipose tissue disorders (such

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

Background of the Invention

Growth and Differentiation-Factor-8 (GDF-8), also known as myostatin, is a
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 1s considerable interest in identifying factors which
regulate its biological activity. For example, GDF-8 is highly expressed in the
developing and adult skeletal muscle. The GDF-8 null mutation in transgenic mice is
characterized by a marked hypertrophy and hyperplasia of the skeletal muscle

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



t hat nuscl e wasting associated with H V-infection in humans is acconpani ed
by increases in CGDF-8 protein expression (Gonzal ez-Cadavid et al. (1998)
PNAS 95:14938-43). In addition, GDF-8 can nodul ate the production of

nmuscl e-specific enzynmes (e.g., creatine kinase) and nodul ate nyobl ast cel
proliferation (WO 00/43781). In addition to its grow h-regul atory and

nor phogeneti c properties in skeletal nuscle, GDF-8 may al so be involved in
a nunber of other physiol ogical processes (e.g., glucose honeostasis), as
wel | as abnornmal conditions, such as in the devel opnent of type 2 diabetes

and adi pose hi-ssuecHbSRIPRISallg HEne ABGRbEYof GOF-8 BIARR %‘Sm@@ﬁ & qfrodul at es

preadi pocyte differentiation to adi pocytes (Kimet al. R C.
281: 902- 906) (197¥k€roh3§:50]1-502, Sveatidnd 8nd KiedfeG¥998) grortiwi ﬁczl 38: §921‘r75f65| zed as

car boxy. e mM PR EL L) fr el (4o Seng Leed K57 2265 a5 wel | as
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is also cleave romth prooteln. el’t eved that before cl eavage of
t he propepti deyt mubode waﬁmgrassmmamﬁw& Hr‘bhﬁhnldmnr}mmns scaroainpared Hhe

ol caved  pr opgFREe RRPIT E RIS ROTESIR (AP Db 4 6 A HAOHELATAS domain
di , i nhi bi Bi ol .
Chem " 263 6307 E4E)- ThRGAr bﬁ%%“%é“éé%%@ﬁﬁ&ﬁmu&g SRS Tosu:
and Brown et enaimes (el 9&atize kividse)fand nordalale ByoUadt. celltprolifetaébh €¢Wed t hat two

GDF-8 propeptides bind to the GDF-8 nmature diner (Thies et al. (2001)
G ow h Fact 008/42881)51- 259). Due to this inactivating property, t he

propeptide is kno é,lﬁgg t he
congl ex of matur e%d?giohqg%g%bﬁﬂg @%@%a%oﬁ%kr e}?roP tHoSkg%glt he
"smal | | at entmusolﬂmiIQR 8 r(xe@emdbe mnﬁlvedamha 10 of Bihee peysicldbgiyaldPode8&Et - 6857; 2

Derynck et al. (1995) Nature, 316: 701-705; and Massague_ (199Q) Ann. Rev. Cell
Biol . 12: 59%-g48lycosthemaeniasisd a3 atelias abrorme] seRAIONSoSUSH 2340 [HFe as a

Bioﬁdit geaj‘lg{‘?@\é%lgb‘?nenpl?)ﬂ?ﬁé’ﬁ lidBedeS al CARYRE tissde M or BEQLELNSs S Sin?t! #§ known to

example, GDF-8 modulates preadipocyte differentiation to adipocytes (Kim et al.
(2001) BB.R.C. 281:902-906). _

Like TGF-g-1, -2, and -3, the GDF-8 protein is synthesized as a precursor
protein consisting of an amino-terminal propeptide and a carboxy-terminal mature
domain (McPherron and Lee, 1997, supra) as well as a signal sequence which directs
the protein to the extracellular domain and is also cleaved from the protein. It is
believed that before cleavage of the propeptide, the precursor GDF-8 protein forms a

) homodimer. The amino-terminal propeptide is then cleaved from the mature domain
and the cleaved propeptide may remain noncovalently bound to the mature domain
dimer, inhibiting 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 peptidé”
(LAP), and the complex of mature domain and propeptide is commonly referred to as

the “small latent complex” (Gentry and Nash (1990) Biochemistry 29:6851-6857;



structurally relaxed proteins and inhibit their biological activity. Such
inhibitory proteins include follistatin (Ganer et al. (1999) Dev. Biol.
208: 222-232) and follistatin-related proteins. Further, a nunmber of hunan
and ani mal disorders are associated with loss of or functionally inpaired
nmuscl e tissue, including nmuscul ar dystrophy, nuscle atrophy, congestive
obstructive pul nonary di sease, nuscl e wasting syndrone, sarcopenia, and
cachexia. To date, very fewreliable or effective therapies exist for these
di sorders. The terrible synptons associated with these disorders could be
substanti a e g - ' j i munt  of
muscl e ti sl‘g u%y rlgcg(ils%t ﬂgﬁ?ﬁ”@%%ﬁ% 7(%(‘5?(%%@ %ﬁ‘ésagpgglrggg?gsﬁgﬁch@?égﬂpi es

woul d si gnilRix®anidly Thepnanee doneigisdielieyedad beiat@ve ora hdnemepahéerethies and
could anmeliorate many effects of these diseases. Thus, there is a need in
the art toPFRRSRESY rereyednSihgsipedeinf e g@?ﬂ‘f’ﬂ"ﬁh‘f’é’“’t‘ toa@ﬁg\ﬁe?rall i ncrease in
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inhibit the activity of GDF proteins. The nodified propeptides of the

i nventi on Aelisyinyaaled PYeiRs eat human or ani mal di sorders in which an
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the Invention -8 isinvolved 1n the regulation o? many critical

bi ol ogi cal fiticasiBempaleemutde tifshe kiaylulingehusonlar dydtiopbg, miiseesoply, GDF- 8 may
be a desirable target for therapeutic intervention. Although naturally
occurring esmrge@nber%ﬁ@"ﬁ%ttva@uﬂmw%déﬁasstww Poeing sy BHOMSS saggPeRBaandat i on
froman eff] 0% L Gi i I ' rs. have
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t oo short fle tefidlenpinpauhseast@inied/ with st dizatdethanspaisubstantialpreginedact i c
utility. Accordingly, the present invention is based, at |least in part, on
the di scoveW\emRIRERE haBDIsS Hisd Picreree e agopt of PredietesHe IRatiGAts saHeRe 8
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these patients and could ameliorate many effects of these diseases. Thus, there is a

need in the art to identify new therapies that contribute to an overall increase in
muscle tissue in patients suffering from these disorders.

The present invention fills this need by providing modified and stabilized GDF
propeptides or BMP-11 propeptides that retain their biological activity and inhibit the
activity of GDF proteins. The modified propeptides of the invention may be used to
treat human or animal disorders in which an increase in muscle tissue would be

j therapeutically beneficial.



which are related in structure to GDF-8, such as Bone Morphogenetic
Protein-11 (BMP-11; also known as CGDF-11), are also inhibited by GDF-8
propeptide. The present invention thus provides conpositions and nethods
for inhibiting GOF proteins, as well as nethods for identifying, mking and
usi ng such inhibitors. As noted above, the present invention is also based,
in part, on the discovery 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 nodified
GDF- 8 propeptides and nodified BMP-1 | propeptides having inproved

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

i ncreased protection fromproteolytic degradation. The presently discl osed
GDF- 8 propeptides or BMP-11 propeptides nay be stabilized by any neans
known in t he Syymmarysef hedgyemtion ' one enbodi ment, the nodified propeptide
s a fusion prot eignPAmikwing if tEs fafsa Rl A RA%idbE A Prodedl.opuol an

| gG nol ecul e. GDF-8 propeptidc u5|o% proteins may conprise, as the active
subuni t, the tpitopepfundtonin thetiro&spsoGPIFR may bana degtableeangetrfor harapéutiche

GDF-8 propeptide, fused to an Fc region o n 1gG mgl ecule. In ofher

enmbodi ment s, BEMYCRUAN- 5 g‘?‘?‘i‘%}f}a“trﬂév @angéggépﬁrgﬂ@%vab@eépﬁ%gﬂweat ed, or
| i nked to al ] : j . : i ts, the
modi 1 ed properrt 40Ty ORRaie: Fhl R sl Wikloxad rlhEiE et e and
t he Fc regi onnantanhhgGlisad vered|tieat tiR\MPechibtqyy bpkife dfthe hatafabpropeideimay may

conprise, as .the actilye subunit, the propeptide of a BMP-1 | protein, or an
active porti & 189 sharblosys mplegyly fivie deactictidberapeyitia A7 POPRYRHGHYTY- an | gG

mol ecule. 1n ot hers GDAALITERH:Sresft ibvinROf idt00, of 6 BV bn RIORGRLLJe may be
gl ycosyl ated, or Iiﬁ%gg %g?gl%ﬁﬁ?%]orna nonprofg%neoﬁgPpélgné}.ﬁghégnndified
GDF- 8 pr opeptthateBe propapitief ofeGroBNFDikfergniapepFadess (GDF{8inhibittelnd aconitane
capabl e of inhibiti n%’it he acti vi t¥, expressi on, processin %r secretion of
a GDF-8 prot &/HT-Sriplrin apdiha othst Tnspmipeiyryh M orhetad s REUFPE GDF- 8
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(BMP-11; also known as GDF-11), are also inhibited by GDF-8 propeptide. The

present invention thus provides compositions and methods for inhibiting GDF

proteins, as well as methods for identifying, making and using such inhibitors.

As noted above, the present invention is also based, in part, on the discovery
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-8 propeptides and modified BMP-11 propeptides having

L ;
s’

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-8 propeptide and the Fc
region of an 1gG molecuie. GDF-8 propeptide 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



invention may be admnistered to a patient, in a therapeutically effective
dose, to treat or prevent nedical conditions in which an increase in nuscle
ti ssue would be therapeutically beneficial. D seases and di sorders that may
be treated by the nodified CGDF-8 propeptides or nodified BMP-11 propeptides
include but are not limted to nuscle or neuronuscul ar disorders (such as
anmyotrophic lateral sclerosis, muscular dystrophy, mnuscle atrophy,
congestive obstructive pul nonary di sease, nuscle wasting syndroneg,
sarcopeni a, or cachexia), netabolic diseases or disorders (such as such as

type 2 di abglfitn, B0 i gﬁH@HQ?'BE oflicalales omBhkid tsibdiipergl ycem a, or
adl pose ti1ssu |

obesity), orders (Such as obesity), and bone degenerative
di seases ( sumpraasinecaspelyp@rosi s) . Brlef EEscrlptlon of the Figures Figure

shows the rel ative bi ol ogi_cal i Vi BMP-1I and activinin a
reporter gene as§&pergm ‘g’ﬂﬁ‘é“e?tssﬁﬁ ‘{h%‘FB‘i"Hﬁ?WQ i3 iSRRI IHEOBRIISING ed

biotinylate 1 I L& Shows
nduct ) on of P BB LS e Bl B e O S8 - 11
and act i vi nfusionpheeeips magRo@pnte, @Ere&cpva)mnhn dbe prepeptide of addidRsl 1t he

dose- dependent _i nhi bitjon of b|0t|n ated ggndlng to ActRI I B by GDF- 8
propept i de. PiRicilPEamadiyg RertonefheBMiq ]oprO@Eipildg ed 1§ aidq regiopiofaie 6 shows

t he dose-de n i ll.s by
r- 8 pr ope artbyte ol Shty Bien R o i REGHG Ir O IWrBegnle U P
propept i de- fgcosylagidpor liket &b mlbuﬁnrgwen&ﬁrabmms@ommarne GDF- 8 propeptide-Fc

fusion protein with a short egC|ne serlne ci ne-serine (GSGS) |inker
separating the cBie-rgodifigd £k @rqnegqqqlespﬁénqﬂé nt.! rppeatidegaf Bhows t he

eff ,e,\Ft s of mﬁ’g}ﬁf&n%ca%aﬂ %?ﬁﬂx%lqﬁg ﬁn@%cﬁw?y, @%ﬂe&?on, processing, or secretion of
a GDF-8 protein, mature GDF-8, or a GDF-8 homodimer or other active GDF-8
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 would 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, sarcopenia, or cachexia), metabolic diseases or disorders (such as such as
type 2 diabetes, noninsulin-dependent diabetes mellitus, hyperglycemia, or obesity),

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

0Steoporosis).

Brief Description 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 assay.



GDF- 8 propeptide-Fc fusion proteins on GDF-8 binding in an ActRIIB
conpetition ELISA Figure 8B is a table conparing the IC,0 s of hunman GDF-8
propeptide and two nurine GDF-8 propeptide-Fc fusion proteins. Figure 9
shows the rel ative biological activities of human GDF-8 propeptide and
murine GDF-8 propeptide-Fe fusion protein in a reporter gene assay. Figure
10 shows the pharmacokinetics of iodinated GDF-8 propeptide and a GDF-8
propeptide-Fc fusion protein after a single intravenous adm ni stration of
0.2 4.g/nmouse or 2 4.g/nouse, respectively. Figure 11A shows the am no acid
sequence of a humarFigE38hpwopdpttiatee! pAIG(CAGA)Y sepontepaonivay at thEEJuy orl | B
shows the am no acid sequence of a human gpeptide- 1gd Fc fusion

h GDF- 8
prot ei n nodi f i@aF 8o PMEdlLcwd aé‘ri‘fiéé’@WW%&%?%@DOF{E?‘@W’@P@C? shows t he
d -d dent i nhidLti L ndi - ELI SA
by humman Cor- 8 pr ofdBie danGivs HRgs e BLRdb AR tibith o bR OBRH birR

proteins. 6 FitgWceRIB bySGRF@'mepeptidow ng that nodified GDF-8 propeptide

adm ni stered in vivo Increases gastrocneni us and quadricep mass, and
decreases fat mass,Figee Sabeys Hstbindipg ecEDR&idy Hs.| i ver mass conpared to

untreated mce or m.ce tr ' A Qi L. = Fi;gur es
14A-P illustrate t ég'grﬁi%%g%g?l&wg%%d%l}gp%nﬁgﬁg%ﬁ{)i“ é)%%faghggs sem%gt%))?}lrdgnsgptgr%‘ Ing to
SEQ ID NO s 1-ctfls BpdiranB@ttepdts thereto. Definitions The terns "CGDF-8",
"GDF-8 protein", or_"GDE-8 polypeptide" refer to a > specific growmh and

di fferentiation fadtigurei7hcshosis g dmimogeid spquenesef a musire@DEStprppentideitis  SEQ
ID NGO 1, and af?%l Ir;ovgtkilqown or later described honol ogs thereof, including

honuol ogs of ot P gﬁe I'es. Particularly preferred are mammal i an honol ogs,

nmost) preferably hurgire 7Bok @SRiHine GVEBHOfpaiE e AREMTRASHOSIKEFhd
ol ecul es and glycine-serine-glycine-serine (GSGS) linker separating the GDF-8 propeptide from
the Fc region. '
Figure 8A shows the effects of human GDF-8 propeptide and two murine
GDF-8 propeptide-Fc fusion proteins on GDF-8 binding in an ActRIIB competition
ELISA.
Figure 8B is a table comparing the IC,,'s of human GDF-8 propeptide and two
murine GDF-8 propeptide-Fc fusion proteins.
Figure 9 shows the relative biological activities of human GDF-8 propeptide
and murine GDF-8 propeptide-Fc fusion protein in a reporter gene assay.
Figure 10 shows the pharmacokinetics of iodinated GDF-8 propeptide and a
‘ ) GDF-8 propeptide-Fc fusion protein after a single intravenous administration of 0.2
g/mouse or 2 pg/mouse, respectively.
Figure 11A shows the amino acid sequence of a human GDF-8 propeptide-
IgG1 Fc fusion protein.
Figure 11B shows the amino acid sequence of a human GDF-8 propeptide-
IgG1 Fc fusion protein modified for reduced effector functioh.
Figure 12 shows the dose-dependent inhibition of GDF-8 binding in an
ActRIIB competition ELISA by human GDF-8 propeptide and two human GDF-§

propeptide-Fc fusion proteins.



hunol ogs fromall other sources, including but not limted to GDF-8 from
bovi ne, dog, cat, chicken, nurine, rat, porcine, ovine, turkey, baboon, and
fish. Various GDF- 8 nol ecul es have been described in MPherson et at.

(1997) Proc. Nadi. Acad. Sci. USA 94:12457-12461. Honol ogs are well known
in the art. Honol ogy may be determ ned by any nethod known in the art, or
as described herein. The GDF-8 or GDF-8 protein may be naturally occurring
or synthetic. These terns include the full- |ength unprocessed precursor
formof the protein ("GDF-8 precursor protein"), as well as the mature
forms resul tingFiguam Piestgriphadmsivadg tahoGfie€rGDBS @bpdphide pi0ReNtiedes The
terns also refer to any fragnents or variants of GDF-8 that maintain one or
more bi ol o’mocmremstgastirw@mi@sag)dcquadr@@pwa&ha@ddysFeaSCSptuaomesSnbmabean@tcussed
herein, incl uences t hat Wi nser vative or
non- conser \79# g B%S c?’ﬂgarﬁﬂfnlgmﬁ%te@mécgqouérﬂﬁeeﬁeaxig\”ﬁ}ﬁ &GDF- 8" refers
to the protc%hteoG%Eotaﬁlxgmate de that is cleaved fromthe carboxy-term nal
dormai n of the precursor protein. A human form of mature GDF-8 protein
is provided in SEQrasDH4NCP JlusThte theamine agdEn@npalgic bedsequgnedsl y  occurring or
synthetic. The ure resent.as .a noner, honodi ner, 7 or may
bg present SPHEHO &E@%éﬁl}&?\éwl e%daﬁéoﬁ%tf?d’rsﬂtf f the in vivo or in vitro
conditions, nmature GDF-8 nay establish an equilibriumanong any or all of
these different forms. Wthout limtation as to the mechani sm mature GDF-8
is beli eved)dfmitim bi ol ogically active as honodiner. In its biologically

active form matur ,,{3 | so.refer t 0, as (;,ti e GF-8." The
phrase " GDF- 8 a \ﬁ”?‘ff' Gbi: %ﬂré’teb‘} Pﬁ)ri&g'fg pﬁW§P‘6‘?odF%&M§/ grov, h-
regu} atory seéclﬁp%m@gﬁmedlfﬁreaﬁéﬂo\slﬁét&snaﬁaﬁg bad A hmlw t@ﬁlta{ ¥ féAm8 protein.
For exanpl e ive GDF-8 is a negative regul ator of skeletal nuscle nass.

Act ive GDF- SEEQ HANQal ,sd apdudw keowh er laten desctibashhapfologsstbéreo’ pebiding enzynes
(e.qg., cre e ti .ate opl ast cell proliferation, and

nodul at e pr 5?‘3 %ﬁplc‘r’lg? ‘P&%P’gmiaﬁe @?ﬂ heppologs, MOt pel i eved to
i ncrease Seﬂ?éfbltabwHumahmerﬁeiennm%qloala%%@om%%@s@mermem&%ual tissues,
particularly in skeletal nuscle or adipocytes. Accordingly,

homologs from all other sources, including but not limited to GDF-8 irom bovine,
dog, cat, chicken, murine, rat, porcine, ovine, turkey, baboon, and fish. Various GDF-
8 molecules have been described in McPherron 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-§ or
GDF-8 protein may be naturaily occurring or synthetic. These 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 non-conservative changes to
the amino acid sequence.
“Mature GDF-8" refers to the protein or polypeptide that is cleaved from the
carboxy-terminal 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 monomer, homodimer,



GDF-8 biological activities include but are not limted to inhibition of
muscle formation, inhibition of nuscle cell growth, inhibition of nuscle
devel opnent, decrease in nuscle mass, regul ati on of mnuscle-specific
enzynes, inhibition of nmnyoblast cell proliferation, nodul ation of

preadi pocyte differentiation to adi pocytes, increasing sensitivity to
insulin, regulations of glucose uptake, glucose henobstasis, and nodul ate
neuronal cell devel opnment and mai ntenance. A human formof the full length
GDF-8 precursor protein is provided in SEQID NO |. "GDF-8 propeptide”

refers to a pglpy, @6& &@nttlﬂﬁtGD}S-S%t@ﬁVc%ﬁmpfléxo’Déﬂéﬁdﬁ@oﬂ%e {ne)ivd BAd vigerai n of

the GDF-8 precur protein. GDF-8 propeptide I's associated wth one or
nor e bi ol ogi oc&lndmxons mamreGDFn&hmghestgblhnhtanmqmlibrmﬂ adonparyhe alliflthdsy t o bi nd
ne or nore

to a mature rotein. or hanodi ner, the abilit to i.nhi bi
GDF-8  bi ol ogh %He“ BERSy Yithut hfIH@U%@NWCF&C@ éﬁg"gﬁb”éi)%‘ﬁﬂé?lt t he
ability to erﬁm&gglcmf&mem difr. axp dslﬁx?aoglea@r Qaweer e%ﬁé ﬁla{u% GRFL on,

and the ability t muscl e cel proli tion. propeptlde
may be naturaSis)&lsmcfemd gasGactiveYdDEri c. An exanpl e of a GDF-8 propeptide
includes but is not limted to a human form of CGDF-8 pro ept| e provided in

SEQ ID NO 5. In ondedhirsei Hohtd aCfIHkEY”cherBtO oydpeiedd PB&S‘%‘&%‘&BH B2EPi ndi ng
to the promp}eéﬂﬁo&’ | &gh%gg?icnacﬁt/ féﬁ%%%@ia@@'fv& adivk BHNQ LRGeS FRpdi ment,

the GDF-8 prop rting one or nore "activities of a
mat ur e GDF- 8. exh'h@let sotive GBS 8 4 ndpativ ¢ mplilatdrolf wkidetabimysdgmiass. capaeIGDHS
inhibiting the activity, expreSS|on processjng, or secretion of a CGDF-8

protein, matufa@ ajspymuqgiulagg thg prodpptiqn ¢gReienecific e@mﬁs i pRatinpkIngssip| ecul e
I di but d BMP-11
Lpgpeplpgesu %ﬁ@£ﬁkgﬁbﬁﬁ§ Eﬁgnﬂﬂg%é%?gﬁgﬁfgmd@' Bb%%§%g%§ﬁ 5{Ognhancing

t he bi ndi ng oddipoctek-GDp+8cieHeliehedtto na:reamtsemﬂw@ﬁe&mhaﬁwgmpomuptakea GDF- 8
honodi mer. Such i nhibjitors include but are not limted to protelns

anti bodi es, p@gerplsgal tspes BEHFHRAY Wsskeleta) gusrle o1 adiporytee rgeordingly,

o ggruel ot s dpsr 210 P 400, PUIREA LR ESHNER, 11 2" o
formation, inhibition of muscle celi growth, inhibition of muscle development,
decrease in muscle mass, regulation of muscle-specific enzymes, inhibition of
myoblast cell proliferation, modulation of preadipocyte differentiation to adipocytes,
increasing sensitivity to insulin, regulations of glucose uptake, glucose hemostasis,
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 cleaved 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
muscle mass, the ability to promote muscle formation, and the ability to promote
muscle cell proliferation. 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-8 propeptide provided in SEQ ID NO:5. In one embodiment, the GDF-8
propeptide is capable of binding to the propeptide binding domain of mature GDF-8.



propeptide as described in Exanples 3 - 6. In another enbodi nent, the
activity of a CDF-8 protein is inhibited by a nodified BMP-11 propeptide.
"GDF-8 latent conplex" refers to a conplex of proteins forned between a
mat ure GDF-8 honodi mer and a GDF-8 propeptide. Wthout |limtation as to
.mechanismit is believed that two GDF-8 propeptides associate with two

nol ecul es of mature GDF-8 in the honodiner to forman inactive tetraneric
or latent conplex. The latent conplex may include other GDF inhibitors in
pl ace of or in addition to one or nore of the GDF-8 propeptides. The term

o 1§ ed COP P80 BRGBUBRIAE e GHRERPoRr R SaecT R A eh OF B ne —one. or

mor e bi ol ogj.gakie@Sid MithieqSpDPSR. @ GDF-8 propeptide and further conprises a
stabilizing nodification as set forth herein. Variant fornms of GDF-8

propeptide, i nclhedem “6DF-&righibiver” inakidesdny agerﬁoapabkmfph}ebltmﬁhﬁ pr opepfi des
that have been nodified to include mJtat}é &i}f(#nd udi n § % ,

del etion, &THVEEXRTFEINY BRCGHINGnPTRSCreles 5§ IRéOt%‘Pg"H &rF O 8r

propept i de @ﬁftse}%'n}’ofdhﬁer%'r%&%ﬁ%xv@'dl@ﬁ-&%ﬁol@&h@ﬂcﬂﬁh R %ot hﬁﬁéd ?dé%lgegt' ble to

proteolytic cleavage. In a preferred enbodi ment e nodified
propept i de rhedified DB mopéptadeyaridmodiise BMB 1 profeptides] at G -8 nttitiatr of t he

d di fi ed. GDF- i hi f d enbodi
the o modi h“s%ﬁ%%&es'gnﬁmmna&s%&%f tiqgﬁb%h{‘na&g SRR fropeides fo vl va
hal f life (rﬂ&ner@@ﬁtsrmec i Wgﬁa alm‘er.nghéwgﬂﬁ,%rs lﬂslt‘uae ampl e 8).

I n anot her enbodi nent, _ -8 propeptide is capab e 0
i nhi bi ti ng mon&nmated m)psretelmpadti\bbdiiesgspepﬁdea pﬂ;ﬂidbmilﬁafc-anbdﬂymeiSﬁmﬂmsenﬁNP- 11 ",

"BVR- 11 protein” I\/P-ll poI tide" refer to a cific growmth and
di f Ferent i a&ligSHuql%%ﬁa PYRle-SHEAndg d BAA 0t othersmall Trdequles TRERE f ort h i n SEQ

ID NO 7, andajym 4R h&eMRy fab%fﬁ?gﬁﬁam %,@9 |.9gsaEReERR.g | ncl uding

honDIogs of other species.” Particu y preferre are manmal | an honol ogs,
nost  pref qiralhﬂpyldhmscnbeiﬂﬁeEmlslemB ibnViardnothier einbodiglny pardesy BAP- 11
nol ecul es and_ honol ogs . from all other_sources, including but not limted to

BMP- 11 f r orP BB Meten lﬂBﬁ“bI@thy agppdiieh BMRm | RESPEPUFe. norcine, ovine, turkey,
baboon, and fi shp@giQus c%ex refers to a complex of proteins formed between a

mature GDF-8 homodimer and a GDF-8 propeptide. Without limitation as to
‘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 complex.
The latent complex 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-8 inhibitor which

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

one or more biological activities of a GDF-8 propeptide and further comprises 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 cleavage. In a preferred embodiment, the modified
GDF-8 propeptide has a substantially increased half life relative to that of the

corresponding unmodified GDF-8 propeptide. In a highly preferred embodiment, the - -



| | nol ecul es have been described in McPherron et al. (1997) Proc. Natl.
Acad. Sci. USA 94:12457-12461. Honol ogs are well known in the art. Honol ogy
may be determ ned by any nethod known in the art, or as described herein.
The BMP-1 | or BMP-] 1 protein nmay be naturally occurring or synthetic.
These ternms include the full- |ength unprocessed precursor form of the
protein ("BMP-11 precursor protein”), as well as the mature forns resulting
from post-transl ati onal cleavage of the propeptide. The terns also refer to
any fragnents or variants of BMP-11 that maintain one or nore biological

activities asggghaletbmitdioRpEMoflile Bveh8bihasa® ifireELE fdvRIEIif (as | NCl udi ng
sequences that have been nodified with conservative or non-conservative

changes to t heeaniedpfaekampleqgoiethe enctliddateti farthBNVExarbpler&f &r mnotlert he protein or

pol ypeptide that is cleaved, fr car boxy-term nal .donai n of the BWP-11
precur sor prcﬁr@? Imgnt, '041ﬁ?4?5b§“b%?&&°a?@d%3%emaglﬁ ng%lel&il?s PRE YrBfEded i n

SEQ I D NO 9. JheimmbesenBVeddrgay be naturally occurring or synthetic. The
mature BMP-1 1 nay be present as a nononer, honodimer, or rmay be present in

a BWP-11 | atent cofix texms CBMPALI " NEBMIR-1 hprotemn”, ei VidMBr1 li polypepnde gefediad ons,
mature BMP-1 | nmay establish.an equil.ibri.u nong. any. .or, all of .these

i 1 erent f orRECAYEF RN 200, T BRTADAM See 6rg NGB AR DEVHEC AR & N B0 11 i
bel i eved to b@E@'IB'I@@!ﬁ%é ¥nyPrdvl ¥foviAS oA 4 ¥R bed hdndibgs RERbO G hRiily active
form the mature BMP-11 is also referred to as "active BW-I 1." gBI\/PI I
propepti de" rledmolsgs of @haolpygeptRadiculdvbt preferet eevieaninalian dneolags, most t er mi nal
domai n of the BMP- precyrsor protein. The BWMP-11 opeptide is

associ ated wi Prﬁ%g#iy ngﬁﬁr i{’%PTGF"@@W&Pt‘%fb’ﬂ?‘?/?‘lcio@?a’rsﬁgéﬁé'ﬂ]gmB ulg$end i i t ed
to the abili i . : I dj ability
to i);hi bi t onltéé{gélgg%?gl %%Oléﬁ%rrgg?%%bl caqlg%gltniq{/oﬂlﬁlgg{i t?ﬁ@g‘bﬁnﬁ??ybtop gle’enhance
nmuscl e devel ogogenit, chibleen, aturine tryt, porcérehaviae tnksy,|baboms apd fiste Vabibhs B[Pt 0

pr ol orat onf! TRCBP ARl SRgepeebly bt ok ) PFaco i o

STt St P BB K B2 Sy ! (<0 (0
determined by any method known in the art, or as described herein. The BMP-11 or
BMP-11 protein may be naturally occurring or synthetic. These terms include the full-
length unprocessed precursor form of the protein (“BMP-11 precursor protein™), as
well as the mature forms resulting from p.ost-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-11 protein, as discussed herein,
including 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 precursor protein.. A human form of mature
BMP-11 protein is provided in SEQ 1D NO:9. The mature BMP-11 may be naturally
occurring or synthetic. The mature BMP-11 may be present as a monomer,
homodimer, or may be present in a BMP-11 latent 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 as to the mechanism, mature BMP-
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the BMP-11 propeptide is capable of binding to the propeptide binding donmain
of mature GDF-8. I n another enbodi nent, the BMP-1 | propeptide is capable
of inhibiting one or nore activities of a mature GDF-8. The term "nodified
BMP-1 | propeptide" refers to a GDF-8 inhibitor which conprises a nodified
BMP-1 | propeptide, or fragnment or variant thereof, which retains one or
nore biological activities of a BWP-1l propeptide and further conprises a
stabilizing nodification as set forth herein. Variant fornms of BMP-|
propeptide, include, but are not limted to, for exanple, BMP-11 propeptides

that have  becr SV ks Sl R L R oRRnL NE LA LIREL LRy

del eti on, 06 ad

propeptide pﬁmxﬁ%ﬂéBMPCilems@seeféhé@@ dsGastPe®NIPg 1 "sites nore or |ess
susceptible to proteolytic cleavage. In a preferred enbodi nent, the BWMP-11

propepti de i nhi bi {'BMR-$1 prgertided refers i opplypertide it Fedesaed framihe eming-f | f e

(nmeasured in_ one odi | e 8) a hat of . t.he

cor r espondi néemﬁ‘f‘?ﬁgb %WPE@ %?%‘B%%tpf%‘“ tfrqei%l?ﬂirpmé)ﬁﬂtﬂﬂf'ﬁent t he
nodi fied BNPaashmapgdqmqpéﬁed& mote BRMGHN L a@fvitidhddihd ButGREli Rlited RS @eactivities
of a mature GDF-8. The GDF-8 propeptides of the invention and BWP-1 |

propept i des ebilithte binttcenmatore GPE-&prbteareen hogtodimert therabidity t iakibit@DE or
propeptides.” oteins,of the in ention d the BVP; |

D o el s of e GRISRETBCdran iy BeabUa\p PhFlirafe Egeugoegs the

pol ypept i des'apfty tddhaiiedh @R Inass 'EH@aEIﬁiy"\@ A6tE nRRAB athiatioN :n@khd he

i nvention provi de GDF inhibitors which uce the activity of GDF protein

rel ative to thBitatt premote mofisck cel:blf)rcpirfataeom Ek;e B¥@rplaprepentide ey bs amapir GF

protei n not bound by an .inhibitor the act|V|ty of
DGDR. pr ot ef ASCHHER Uh IR By DR BPIE RS A NP 1T RESPERGH Pr B AT pept 1 dos i s
reduced at | pledaD Ak Yorp MBS pr 85 %@E%@%Olﬂofﬁoréir{?boé%mor 55%
preferably at |east about 60% 62% 4A; 66% 70% 72% T74% 76% 78%
80% 82% 849he BBIR-1 bpropgitide inrapaiple of bindinigyto &te frepeptidabioding d@fm%n &1% 92%

3% o 0% TR T SRS LERRBhL ! SR PR Sove L0100 rel ative
innibiting onc or more activities of a mature GDF-8.

The term “modified BMP-11 propeptide” refers to a GDF-8 inhibitor which
comprises a modified BMP-11 propeptide, or fragment or variant thereof, 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
propeptide, include, but are not limited tc, for example, BMP-11 propeptides that have
been modified to include mutations (including insertion, deletioiy, and substitution of

) amino acids) in the signal peptide or propeptide 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) relative 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

invention are collectively referred to as “GDF propeptides.”
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one preferred enbodiment, the GDF inhibitor is a nodified GDF-8 propeptide
or a nodified BMP-11 propeptide covalently linked to an Fc region of an 1gG
nol ecul e. The term "stabilizing nodification"” is any nodification known in
the art or set forth herein capable of stabilizing a protein, enhancing the
invitro half life of a protein, enhancing circulatory half life of a
protein and/or reducing proteolytic degradation of a protein. Such

stabi lizing nodifications include but are not limted to fusion proteins

i ncl udi ng, f I f { GDF. tide d
Second pr ot ei 1), MBRITEAPIORRD e ST GRGRy R R RV RERGRRGIFgmn s
anp e, 2ddi t4hop, Rt O>g}e¥raa>f$§§*@m:,%%fy§ e @"qﬁmp&%'sde) and

nodi fication o te noiet exanpl e, renoval of
car bohydr at e npi etThesndtlicaand C@E}E)shfo(ﬂpeﬁthedﬁ\)cnnbﬂ ptdhedcaBF imhibitostveltied i zi ng
nodi fication which conprises a fusion _protein (e.g;, such that a second

protein is fusdwetks %“GDFOWQB@WFIHQI'&UY%‘@ R Ry Jér%f@ﬂ?’?ﬁﬁ‘}‘ Pe referred
padi cont - RoblsA B Rl BR GrA pra B AR b6Ra BY B Blbior 86 caATR & 11 O

enbodi nent, a I'mvention conprises a fusion

bet ween a hur@xﬁbo@:ﬂfen& lﬂfeca@ﬁm)l@telc(;mftphotam wnacbmmmtt@doxca@amge)m&l te) and an
I 9G nol ecul e (which 1gG acts as the stabilizer f)rotel n or stabilizer

portion). As medifieheP&imopepHdesdsitednend at deapicabert | 1, 1 Deal@echng, Wotddtm of a
fusion 12 progog) I,?"/"’150‘%'[ 8rb§5|‘96,§ﬁerf ag{ytalt?qut at%l 396(5‘%%?’9 11%'055%068‘% %g/eous

nodi ficati ons as a”’ ei naceous poryner.

The terns ism’/@tﬁ% 76%, ‘7mrso‘%e&i'% rsaf/‘elsa/ooOasml ﬁ:@&i ﬁreféﬂﬂilylaﬁlessﬂlas&ﬂntl ally
free of its natural environment. For |nstance an isolated protein is

subst anti al | y9(}°/p, Y P2%g 83%eL T4 %rané ey meye mfh@lb%@irlﬁﬁhﬁbm{tﬁﬁ&f’ torl80%i ns

fromthe cel | SO riv a
"substanti al | e%;w% 3 tﬁ? ST #@Fgot |lsaﬁl°q bowf’ %5?18 %‘Fg%da?rgp Flglndés V\ﬁer e the

i sol ated pr Ot(ﬁief})réf'érréﬁ erhi®AShenf 0% G@ﬁﬁ%b(w W)a RYdified GRS p%ﬁa‘éﬂaabﬂ y at

| east 80-89% ( Bur e, even nore preferably 90-95% pure nost

preferably atmfélﬁsd Y 1 Dm%pt@sw\@%drﬂkm@%r( e mglwwfean fgkemplsevie.

oheayase oL bl Sy DA RRH Sy ol AR R T PR, e

peptide forth herein capable of stabilizing a protein, enhancing the in vitro half life of a
protein, enhancing circulatory half life of a protein and/or reducing proteolytic
degradation of a protein. Such stabilizing modifications include but are not limited to
fusion proteins (including, for example, fusion proteins comprising a GDF propeptide
and a second protein), modification of a glycosylation site (including, for example,
addition of a glycosylation site to a GDF propeptide), and modification of

) carbohydrate moiety (including, for example, removal of carbohydrate moieties from a
GDF propeptide). In the case of a stabilizing modification which comprises a fusion
protein (e.g., such that a second protein is fused 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
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bond. I n one enbodi nent, a cleavage site of the invention is "RSRR' as
represented by the one-letter amno acid code. . The term"Fe region of an
| gG nol ecul e” refers to the Fc domain of ar: immunoglobulin of the isotype
IgG as is well known to those skilled in the art. The Fc region of an 1gG
nol ecule is that portion of 1gG nolecule (1g3@, 1g&, 1gG3, and 1gX4) that
is responsible for increasing the in vivo serumhalf-life of the 1gG

nol ecul e. Preferably, the IgG nolecule is Ig@. "In vitro half life" refers
to the stability of 2 protein neasured outside the context of a |iving
organi sm AsBeis at QabiEas pokionNals ifcdudeghbnprbfethaee@isweddifidanionnsuch adat he art
and include but are not limted to SDS- PAGE, ELISA, cell-based assays,

pul se- chas@qumélta@rmmb‘b'o@ltYIQﬁQTOt%@ﬁCFWéSrRPIBTl@’Et| ng, etc. There and ot her
useful assays ar @S to t he

stability of a pr §t% S“l%’ﬂl i 6’rrg%lH éer%ar?fﬁrR?Ia\r}ggleﬁ&f:?ﬁ%mféulbgﬁnn rreasur ed by

a nunber of of TRIAREE ekiieMinend Ediensdrce] ACiksieied Prrein 1§1§llbsta!nt1£ﬂ}11@éiz ¢fo in vivo
serumhalf life, circulatory half |life, and assays set forth in the

exanpl es he¢eéluhr rnm;rlal@TQ&hW@O@@nummaplfotﬂlnﬁﬁfﬂmrtbf: eglbortissechwourrglffom i fe of a
protein cirgy tln in,t ment, in vivo

hal f life |‘§' ééﬁ egst}g%{’hr? lsﬂbﬁ‘zﬂ" 1a@§%€5§5@ulﬁrﬂ%@%ﬁ%ﬁ known in the

art may be pgpatdds rmefetth@lsbpate& Y&reinak bt 1&5& #0%BBOLEIWIW) FBFRRbre | NCl udes
definitions known in the art ancli) also refers to any ani nal C|aSSIerd as a

mammal , i nchrattrabdy #ueash80-8%6 fwst)i mrareder mom pmferalily P0-9abdpureend spstt s, or

B rbodi mont PR Rast 7er o R RS Bitoor tani 1+ rofers to a
famly of str uctmeatkw“a@évageesdteg;&wsho ?9&&&&& sitd bn 9{31 rotdih 6NpdMHEES

physiol ogical ly inportant growth-regulatory and norphogenetic pr opert| es.
Thi s fam | ythafis retdupah lyropwizofytic €nzyand ssvlehg xmﬂmmawgetdfehe reptid€ Ki ngsl ey et

M cr obi of | PRCBPRe ZB6dsaetindle ahe SHCEL B QUBEY Phit Py ek CHESeHEhe.
by the one-letter amino acid code.
" The term “Fc rezion of an IgG molecule” refers to the Fc domain of ar:

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 (IgG1, 1gG2, IgG3, and
Ig(G4) that is responsible for increasing the in vivo serum half-life of the 1gG
molecule. Preferably, the IgG molecule is IgGl.

“In vitro half life” refers to the stability of 2 protein measured outside the
context of a living organism. Assays to measure in vitro half life are weii known in

) the art and include but are not limited to SDS-PAGE, ELISA, cell-based assays, pulse-

chase, western blotting, northern blotting, etc. There and other useful assays are well
known in the art.

“In vivo half life” refers to the stability of a protein in an organism. In vivo
half life 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.
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Mor phogenetic Proteins (BMPs), Activins, Inhibins, Millerian Inhibiting
Substance, dial-Derived Neurotrophic Factor, and a still grow ng nunber of
Gourth and D fferentiation Factors (GFs), such as GDF-8 (nyostatin). Many
of these proteins are related in structure to GDF-8, such as BMWP-1 | (al so
known as GDF-1 1), and/or activity, such as activin. The term"treatnent"
refers to both therapeutic treatnment and prophylactic or preventative
nmeasures. Those in need of treatnment may include individuals already having
a particular nedical disorder as well as those who may ultimtely acquire

the disorder (i. e“‘a NPOSEuNeRGI119 r@fe’?é’f%%@ﬁél‘i’%fé@laas f%%) circliMink §h R

"transformation” "transfection"” refer to a varie art- recogni zed

t echni ques f dodddfrancugirignf i eneggymbudaheitanatvahd]£lify.is mmwum sBNRjthiimt o a
host cell, includi ng but not ljmted ttgl cal ci um phosphate or cal ci um

chl ori de co- t Qfhepmetrgtaknawg i1 B8 AfetRYabeeset taMEIWEE ingHvo hal {U)]éfﬁect i on,

and el ect roporatl élﬁg) RnNQy L&Ql, protein
protein 2 human %E—t ‘ rllélcurS(l)rmgkr%\(h)ﬁiée#%‘%mg@%%umn%&ﬁgqr@%}?e
protein 4 hmmﬁﬁc&sfiﬁbmmamuﬁmﬁ inchoding Gohals, moaretfd ardefapn atedais, 6 hunan

GDF- 8 propeptide DNA 7 human BMP-1 precursor protein protein 8 human
BWP-1 | prec@“é@@opﬁpgﬂél%PEi\Wlm@Sh%ﬁhﬁSW 93ts, $HEHr BIZBrOMEI F1C IR hunan

BMP- 11 mat ur leﬁgd%pg'@ﬁ?eﬂt B Lol QGRGRde protein 12 human BNP ||

propepti de sequence protein 14 BMP-11 signal sequence
protein The term “TGF-p superfamily” refers to a family of structurally related growth

factors, all of which possess physiologically important growth-regulatory and

. i
S’

morphogenetic properties. This family of related growth factors is well known in the
art (Kingsley et al. (1994) Genes Dev. 8:133-46; and Hoodless et al. (1998) Curr.
Topics Microbiol. Immunol. 228:235-72). The TGF-p superfamily includes Bone
Morphogenetic Proteins (BMPs), Activins, Inhibins, Mullerian Inhibiting Substance,
Glial-Derived Neurotrophic Factor, and a still growing number of Growth and
Differentiation Factors (GDFs), such as GDF-8 (myostatin). Many of these proteins
are related in structure to GDF-8, such as BMP-11 (also known as GDF-11), and/or
activity, such as activin.

The term “treatment” refers to both therapeutic treatment and prophylactic or
preventative measures. 1hose in need of treatment may include individuals already

having a particular medical disorder as well as those who may ultimately acquire the

i ;
S

disorder (1.e., those needing preventative measures).

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

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

SEQ ID NO : NAME TYPE
] human GDF-8 precursor protein protein
2 human GDF-8 precursor protein DNA
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15 1gG Fc protein 16 IgG Fc nodified protein Detail ed Description of the
I nvention The present invention is based, in part, on the discovery that CDF
propeptides have a short in vivo half-life thereby reducing their

ef fectiveness as pharnocologic inhibitors of GDF-8 or BWP-11 activity.
Accordingly, in one aspect, the invention j features nodified and stabilized
GDF-8 or BWMP-1 | propeptide having inproved pharnmacokinetic properties,

specifically an increased circulatory half-life. The present invention
provi des novel nodified GDF propeptides that form inactive conplexes with
GDF proteins (for exanple GDF-8 and BVP-1 1 proteins) in_ vj Lro and in vivo.

The nodified GOF pro eptides of i prefeLab to a
propepti de bi ngding Jigrmi n hhn‘l%? dﬂ}egltqlll-aq cot ei-n !Pr;nr E%l y, in certain

enbodi ments of | the igventipn, thﬁmﬁg@ﬁpg%@% pr op=pt|gﬁAco rises a fusion
protein bet weep—a—Cb—proppptde—and—a—stabi-Hzer—pfotern—A—gt abi | i zer
protein may bg any roteinp V\/mhuﬂa]emlmnspﬁmteblmeover Bl | psctteibi lijty of the
nodi fi ed CDF pfopepttde—ip—As—wit—berecognized by onme—of—ondi nary skill
in the art, sugh fusbon prpt ei humay GIHp8 pmpaptide conpri sBNA | i nker pepti de
bet ween the prgpeptide por.l on and tne stabilizing]portian. is well
known in the aft, fudion pfdieradMPel Inrequssoeardiden t h&OPhe |second protein

is fused in frame wgh thejfjirst tein such that the ultijlng transl ated
protein conpriges bo%hjhe f?%ﬂ“@ﬂg'éégﬁ’ﬂs%?&%l‘n" F@ﬁ%exar le, in the

present invention, agfusiop pr oh%&m_ppm%ﬁgar ed suci)lpmggat the GDF

pr opepti de po._LLonq-s_Lused_LLpa_secgnd_pLoLeJ_n_@e_-g—a—MI izer protein
portion.) Such|fusiom protein h&nﬂ-{gpﬁf@ﬂmﬁuﬁé‘l t hat tthAesuIti ng
transl at ed protetrr—eontarn—both—the—propepttde—pott+on—ant—he stabili zer
port\j on. In other enidodi nent s, hirm EAP- plrprpﬁenmdde c<5rrprpmes a {CGDF propeptide
that is nodifiedTto trave gredter T vivociTcutatory natf=tTTe conpared to
unnodi fi ed GDF| propeptide| Al bwangbMPhil pepsnitide mechanPBt and ti ni ng of
nodi fi ed GDF pf opept]|3de

GDF-8 signal sequence protein
14 BMP-11] signal sequence protein
15 ‘ IgG-Fc ‘ protein
16 IgG-Fc modified protein

Detailed Description of the Invention
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 pharmocolagic
. inhibitors of GDF-8 or BMP-11 activity. Accordingly, in one aspect, the invention
j features modified and stabilized GDF-8 or BMP-11 propeptide having improved
pharmacokinetic properties, specifically an increased circulatory half-life.
The present invention provides novel modified GDF 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 nding i s unknown, the nodified GDF-8 propeptides and nodified BWP- | i
propeptides of the invention are believed to bind to the mature G -8 and
mature BMP- 11. In a preferred enbodi nent, the present invention provides
nodi fied GDF propeptides that forminactive conplexes with GDF-8 or BIviP-1
| proteins in vivo or in vitro. In one enbodi nent, the GDF propeptides
preferably bind to a propeptide binding domain on the mature GDF-8 or
mature BMP-1 | protein. Such binding may occur, for exanple, follow ng

rel ease of native propeptide at the site of GOF-8 and BMP-1 | activity,

fol | owi ng di spkadiivendcoghizédisy oratof wediparp pldptin de dny stdhefusiodiptdtech mGDF- 8 and’
nodi fi ed BMP-11_ propeptide, and/or follow ng cl eavage of, propeptide from
the GDF-8 andomimally copaseqrluder prplfe pevessdgs PHRSEY %Porflﬂ%aﬂ@é*wam sm
nodi fi ed GDF- -0 ' £ : ' | .ndi sults
' s reducti SR ERERERAR. AHLREN MR il Bl tudiin BLAREP kAR R BEN GESL

GDF- 8, rel ati e stébnddprominis tusédin-ffany Witk the firkiadrotein Jweh o tiedrebyitihhie sane
nodi fied propeptide. In one preferred enbodinment, the nodified GF-8 and
BVP-1 | propepistried protie eonagmsegboth e fpnmand sacondpreteing. Heserampledn e h

negative regul ation of .skeletal cl o referred.

enbodi nment , tﬂreesep{gé veerrll%l&ll’%vfﬁsﬁ q%ﬁnye%}%lv}' g%ér%%&@? ‘?cglg&'gtéﬁ:%ﬁ)}ﬁ@ﬁ? ]iq&dees t hat
forminacti vepsaigRlieKeed toiatsBcdB¥prdteih (P04 @iHIBzdr BroteGodtion. N Sud® fusidn 0. I n.
one enbodi ment, the GDF propeptides preferably bind to a propeptide binding
domai n on t hepiiginiseprEpAped such Brapthsiresulting tiaaslaigd profewn coptaansi heshthe t he
nodi fi ed GDF propeptide.is fusi.on protein conprising a GDF propeptide and
an Fc reqi onggpgpoltﬁ&elpgo&l%ﬁngém %atllézse?gogltog'bi lizing protein). Such GDF

i nhivpitors may  conRplokiss edbsddheRs AR BDRofkdpite EXAPRE adSDE Propeptiiditan SEQ
ID NO.5 or 11) or a fragnent or variant of said propeptide which retains
one or nore bisghodjfiedto kaveigtaater sxvivetireulaapi heldfe soingered Sy ghmoedidied iHAF GDF

mapeot e a2 SaUeh A TOLILLLIG A 8 06 LY. 00 B, Pk o I
produced, der ii@shg ik QRkMAL fRInhdbi REOGDFigGofdpaibyMd &Bkifisd envpBYP- | |
propepti des, or be produced reconbi nantly, using any of a variety of-
reagents, hosprapeplicesanthenetentersangbelityed tabingite thermoatire GDT tieargk matyfe geneti ¢
BMP-11. In a preferred embodiment, the present invention provides modified GDF
propeptides that form inactive complexes with GDF-8 or BMP-11 proteins in vivo or
in vitro. In one embodiment, the GDF propeptides preferably bind to a propeptide
binding domain on the mature GDF-§ or mature BMP-11 protein. Such binding may
occur, for example, following release of native propeptide at the site of GDF-8 and
BMP-11 activity, following displacement of the native propeptide by the modified
N GDF-8 and modified BMP-11 propeptide, and/or following 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 biological activities associated with GDF-8, relative to
a mature GDF-8 protein that is not bound by the same modiﬁed propeptide. In one
preferred embodiment, the modified GDF-8 and BMP-11 propeptides reduce GDF-8
and BMP-11 activity associated with negative regulation of skeletal muscle 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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engi neering. In one enbodinent, the nodified GDF-8 propeptide or nodified
BMP- | | propeptide conprises a human GDF-8 or BMP-11 propeptide covalently
linked to an 1gG nolecule or a fragnent thereof. The GDF-8 or BMP-1 |
propepti de may be fused adjacent to the Fc region of the I1gG nolecule, or
attached to the Fc region of the 19gG nolecule via a |inker peptide. Use of
such linker peptides is well known in the protein biochemstry art. In
certain enbodi nents where the nodified GDF propeptides of the invention
conprise fusion proteins, the GOF propeptide portion of said fusion protein
is prefer a\bllrfy hxtoue@a@pdmuttheﬁDE@%nedmu rabb’ @E@tq meepfﬂﬁeor 11, nore

preferably a ast ab ut 81 out. 85% i den 5 or 11,
even nore ptf”éc}@? qlgét eéﬁgf}t RiBSirg 704 B0 8 @h @%3“5’5‘9}153% or 94%
i denti cal trﬁ &EQG epldOfs aflsioRPdteéy 8din PG reprpbptidet h%ﬁ% about
95% 96% 97% 98% 9}903 A0 p Rk DO e SRS TP RE MR ansgast 20

preferred empoufrentgG mhlec@iDkesd stabilizBigprbleigr (Spelpﬁlfd’elsﬂldnmmsya a sequence
identical to the s ces forth in SE In yet anot her
preferred e‘??ﬂﬁ’&‘is%ﬁﬁ)ti:elfrf%%epé%? o SEms ?Fesebgrﬁ%ﬁﬁg Iéﬁ a§f8 PBrPotein of the
I nvention rm%n&‘eqm %a'%i%‘nt%ffs&@%ﬁg)@#n&f whifigh ke%z%s e &NBoSHioloplcAPRALIdE Set

forth in SE 5 or ong as the fragnent or variant retains one
or nore bi ocbf(agBBEIpr@cpmda tSuelsrrxoﬂxfdeEF propgyejates dee. capableobirthdritipg ker red 17

enbodi nent, the BMP-11 propeptides c rrprl se a nut ant
version ofUEy {)T%dih%prcgely ]I_}ie e&'%w hg Iﬁﬂ?%ﬁ%&%ﬁ 5 APl ed to
I ncl ude onepngy bé‘BfnﬁuenHAﬁyaﬁr%&iEéd (ARG RatuRI B 6c'c9Hr g%ﬁétﬁle') @bF-9or

substitution)” so ng as t fragnment or  variant ains one or nore
bi ol)og! cal Bt propeptidés, ar Wo@wﬁe@n%mﬂ:y;usmgaddwaaimietymfdi ments of the

i nvention invol vi ified opeptl des co |5| g fusion proteins, it
i s essenti al®8N Q‘?Sﬁgqgl?é‘ijﬁ??ﬂﬁ’ﬁ WQF aB"ewelﬂ)?-B ECBHED such that the
native prot ﬁﬁé&hﬁg gxh%x%soatn%ﬁ - difRRREHFL @p&g@pna@%ﬁrﬁmﬁ@@ﬁmﬁ s

di srupt ed, d stroye Inactivated or renoved in the resulting fusion

prot ei n. Aslbprepgitids k:mlnbnses amhmaraGﬂ)RAB bt BME: b propeptideatdvaleatly tnikd tso woul d

result in the seco%‘g ein :trhe stablllzepr ortion) of thefu5|on
protein bei éﬁ'g]gg agle eprrq) gmer thereof "he GDF-8 or BMP-11 propeptide may be

fused adjacent to the Fc region of the IgG molecule, or attached to the Fc region of the
IgG molecule via a linker peptide. Use of such linker peptides is well known in the
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 abou: 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 Jeast about 86%, 87%, 88%, 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 SEQ ID 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
ID NO: 5 or 11. In yet another preferred embodiment, the GDF propeptide portion of
a fusion protein of the invention 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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the first protein (the propeptide portion) of the fusion protein.
Accordingly, a critical aspect of the invention provides for inactivating
or elimnating the cleavage site native to GDF propeptides when using such
propeptide to prepare a fusion protein which is a nodified GDF propeptide
of the invention. Methods for inactivating such proteolytic cleavage site
are known in the art and include but are not limted to nutation, deletion,
or insertion of the am no acid or nucl eotide sequence of the proteolytic

cl eavage site. In yet other enbodi ts _Qf the invention, nutations nmay be
made in the GOFMbeRigisehdke medlﬁagg’fﬁg%i ?‘é%“lll@é@eBHQW%HS%aWWBFréWyti c
cl eavage. For R0 i . ' j nt
Ut at Lon at  ant by RapaNOgs o 5, WAt ERbianPhE LB ARG IRY SRR AE P IRRG' o1
SEQ ID NGO 1, eafutaiondfintladagiifiseriot? deltfidn, o2 SbstintionBdo wing SEQel Rghienor | n

anot her enbodi ment, such point nutations can be made in the am no acids of
SEQ I D NO.: 11vafigntzetpingpey prgoriholgRvalactivitise ohpGRE prigpertidsn  is a poi nt
mutation at am no aci_g. Q . , 1 rti gul arl y.. red
enbodi ment, the poi nrglﬁgl?%f{’ Sﬁg&slh%n{pggf#e xhﬂ%é&%gﬁ]vogymgr# é/ndéﬁéaﬁcltjgsj% of SEQ
IDNO: 1 fro tide® cBinprisind fadied peteii, afieedsetiag e dheEibn pedi€ih bpoi nt

mut ati on can bg}qﬁﬁgde in the gn‘i no acids of SEQ ID NO: 11. Conputer.

anal ysi s (usi ngreduceberdesigned Isychathal thg Brévesprptealitie cleavege sitvhe ¥eRRR) inthega,
PCGene, Mol ecul Simulatign, Lnc..) . can.also be.used to.identify. .

br ot eol yti ¢ o aapRPE et SRunift plel s Halagf SR L BEb clineorip ¢ ne
art any of thepd@asigr iAashe EtENIIR e arV Rl RBSEIRY failiReliof dCt wNE ré¥al in the
alternatively ge made at the nucleic acid level. Such techniques are well

knowd in the asecontpmteinde Exshaitzhilzeapprinnef ke fugiempratsie being Pleaved from

Sr S?ZEQEGOL_ Zg?}?{@xtssi g_rgiein 8%: b%pgpﬁ‘igenp%n?gni)%f H)%%(r}r? p¥o§£i(r31.r &cgorég%yl, I«'EI)CII‘\IItCl%:an)
aspect of the invention provides for inactivating or eliminating the cleavage site native
to GDF propeptides when using such propeptide 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 art and include but are not limited to mutation, -
deletion, or insertion of the amino acid or nucleotide sequence of the proteolytic
cleavage site.

In yet other embodiments of the invention, mutations may be made in the GDF
sequence to make the sites less susceptible to proteolytic cleavage. For example, in
one embodiment, such mutant may contain a point mutation at amino acids 45, 46, 49,
N ) 50, 52, 53, 63, 64, 65, 66, 98 or 99 of SEQ ID NQO: 1, or at amino acids 122, 123, 286

or 287 of ’SEQ ID NO:7. In another embodiment, such point mutations can be made
in the amino acids of SEQ ID NO.:11. In a preferred embodiment, the point mutation
1s a point mutation at amino acid 99 of SEQ ID NO: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 embodiment, 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, Molecular

Simulation, Inc.) can also be used to identify proteolytic cleavage sites. As will be
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Ser-50 Arg-52 1Ile-53 Lys-63 Leu-64 Arg-65 Leu-66 Arg-98 Asp-99
BMP-11 (Am no acids nunbers refer to SEQ ID NO 7) Asp-122 Al a-123 d u-286
Leu-287 As noted above, the present inventors have made the di scovery that
t he GDF propeptides have a short in vivo half-life. Thus, to be
pharmaceutically useful as a therapeutic or prophylactic agent, the GDF
propeptide nust be chemcally or physically stabilized for increased

| ongevity under physiological conditions. GDF propeptides may be stabilized
or nodified by any neans known in the art, so long as the nodified GDF

propepti de mai ntai.ns an i.li.ty to inhibit,a rotein or ture GDF

protein. | Heﬁo%zéflgyroé‘&(’gﬁﬁhd? it Wﬁégﬁo%f?r% ”&%ﬁ“on ’r\bapr)lglﬂ)ttsgge mai nt ai ns
its abilitymb@flis byl diSrat a9 toe Hade B Bt BufeRMachl | BidNEgHniges bi nding
site. In one preferred enbodi ment, the nodified GDF propeptide conprises a

19 GDF-8 prapweptlikdewnnn BwRtl1 propepti de fused adjacent to or via a |inker,
to an Fc r.g&i]og of an 1gG nol ecule. The Fe region of the IgG provides a
protective ©Stabilizi ng effect on the propeptide (and therby acts as a

stabilizing nodification), as reflected in the i r}proved phar macoki neti c
properti esgi_’LewléiinAmm ds Maatahieto Rreyant Eeavage qfifao 3n protein as

conpared to the correspondi ng unnodi fi ed GDF-8 propeptide

GDF-8 (Amino acid numbers refer to SEQ ID NO:1)
Arg-45
Gln-46
Lys-49

Ser-50

) Arg-52
Ile-53
Lys-63
Leu-64
Arg-65
Leu-66
Arg-98
Asp-99

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

T . O
Leu-287

s

As noted above, the present 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 embodiment, 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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or unnodi fied BMP-I | propeptide. In a particular enbodi nent, the nodified
GDF- 8 propeptide conprises a human GDF-8 propeptide or a nutant of human
GDF-8 propeptide, and the 1gG nolecule is the Fc region of an Igd@, or an
lg&4, or an Fc region of 1g@ nodified for reduced effector function. In
one enbodi nent, the IgGfragnent is IgG1l (SEQID NGO 15). In another
enbodi nent, the 1gG fragnent is Igd@ nodified for reduced effector function
(SEQ ID NO 16). Exanples of nolecules nodified for reduced effector
function include nodification of human 1gG-Fe fusion to include al anine (A)

A 351110, a1 ol L O0SIch: A 11 ptesle {041t SFR LR ALl Go el e

GDP-8 or BMP- es my ol ate purified according to

standard pr ot gigfonics@h 3G eiiviedut. ﬁIﬂfelchlregitbn ofithp g prividzs awebdectiveossn in the
art. In another enbodinent, the nodified GDF propeptide conprises a human
BVP- 11 pr opepitiﬂéibz@g effechanahe PropeRvidefaRdBATLY aqts a7 dpabiiziae medificaiion).¢s

ol ecul e e?le gd mht%efuﬁgfo%% &?ar:%ga%oiﬂle gﬁo’peﬁ’les gré |1gc§’é1as§8 tl‘aqﬂl{ef)ragr’rent

nodi fi ed for uced € ctor I on one préferre errbodl nmen

stabilizer |Soﬁth@fd§€o d&@te@fﬂas @nphtedasthe ¢GirepSREh g RniNCHifik8)GIOF -8t giepdptide egi on
of human 1gd@ nodifie reduced effector function (SEQ ID NO 16). The
BVP-1 | propepﬂ@i@%@d BMﬁ-hhﬁépeFéldFacent to or via a linker, to an Fc

region of an IgG dlrecu fur‘} gﬁ%sn(l:gél&t{%jl_lhgl 1ed FTQer(ggeﬁégggorhnv%ntl on al so

provi des nethods f PP 8ased in

vivo or in vihkkRadabi= $pif09eptida &B%lﬂ&ﬁ%ﬁﬁﬁrﬁﬂl GEMﬁﬂoﬁﬁpﬁde h:kh?th@ﬁ% tod
conprises preparing a nodified GDF propeptide conprising a CGDF-8l1gd Fe or

BWP-1 1/1gG3 moledulsiipthegicotgion oban lgid perrandgG4, @quglewlféngnwd&ingfor(l) a

umah B L1 [ A BT TR DGE FEROGIeGh (T BT S THAER VA et he
prot eol yti ¢ CN@W@}JQnSdnbﬁaeﬁ&Hbéd'h%erﬁctth%B B8 REnaSId@GnBRIRAUb G exanpl e,

human 193 Fc region, SEQ I expressing the cDNA in an
appropriate pcﬁmgfgmtmndSE@jIDeNQdﬁ) cExamples of molecules modified for reduced

effector function include modification of human IgG1-Fc fusion to include alanine (A)
at amino acid positions]4 and 17 as set forth in SEQ ID NO.:16.

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 Ig34, or an IgG1 fragment modified for
reduced effector function. In one preferred embodiment, the stabiiizer is the Fc region

) of human [gG1 (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
propeptides having increased in vivo or in vitro half-life. In one preferred
embodiment, the method comprises preparing a modified GDF propeptide comprising
a GDF-8/IgG1 Fc or BMP-11/1gG1 Fc fusion protein by preparing a cDNA molecule
encoding:

(1) a GDF propeptide (for example human GDF-8 propeptide, SEQ ID NO:5),
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expressi on system usi ng appropriate expression plasmds and cells; and (3)
isolating and purifying the expressed fusion protein containing the
nodi fi ed GDF propeptide, wherein the nodified GDF propeptide has an
increased in vivo or in vitro half-life as conpared to an unnodified CGDF
propeptide. An exanple of such preferred nodified GDF propeptide of the
invention is set forth is Figure I 1A cDNA expression systens are well
known in the nolecul ar biology an as are nethods for isolation and
purification of the expressed proteins (Exanples 2 and 7, herein, provide

exanpl es ofr h[uedh BIIPOLl Frepépite, SEQ &D N1 Y WhicR 1m®@ﬂbmﬁﬂhactitvbte tBONA

construct; used for expression of such fusion F\?éOt eins may contain
nucl eot i degoentsitichepvagd sitlend thedistiegionisé apialn motesuleffps kxvnpladvimancodi ng the

GDF pr Op'eglﬁbgeﬁ?ﬁ?fg qtnrhﬁﬁéagﬁggléggl on (or stabilizer portion). The
iomn: il

orientati e relative to the GOF or 1gG Fe region is

uni rrportant. |ek & PLDER #BY: L&SrosRRlr d@&Grgiieodi ng 2, 4, 6,
8, 10, 12, 6 &%Sm% 22 24, 2 FB%'h ?r Lb&;)lm)re am™no acids in |length.

In a part iwkwslonesymonluusmgtapptopsaﬂe|en}mssmnephasrd1@s @mﬂwq;rrlhss@ﬁ nucl eoti des
encoding for the _am no acid e ce consi.sti
gl yci ne-seri ne- é)wlﬂ@g?@? PH’ég’ x%%sfxprpﬁse‘z %&“&W&BI%M the{ he expressi on

plasm ds nhyg; ‘g?ﬁ'ﬂﬂﬁél@pb SR, AhbrelPlE madh JiTuy o)) g?dbfé?t?d?efh\é@% fifeab&iat i on and

purification proteins. The us such tagged expression
pl asm ds avido bhén viebliatdift as cansmired foreg wntbdpfiedi GRF pgaptmade t agged protein

products are wel | kno ropept s, of the invention
speci fical |y i nCP&fa™ sqfé\ﬁcL“df ﬁ@?%@q%fﬁemgﬁrqpﬁ e BBEber dSehor ti on of
the)rml ecgfo?th'ﬁF gt”&al or greater than 60% honol ogous to GDF
corftespondi ng sequences froma particular species, while the stabilizer
portion, such asDNAeexpeessiogisgsterns ax’elv&llllgﬁwmh d@hdeamgt Hidogydansd eral or 21

greater than 60% haonol ogous to | correspondl ng sequences from.a different
speci es. PBetheds fgyigolatiqnand pygfic the GPEGEGIRE O%Wskg’é@‘é?ﬂz ¥eheof may be

fused to ﬁé?e;ﬁcafo%gdeo&af?ahegof’%ﬁ%xﬂb%@in%lts‘??“' e, or vice versa, so long as
sion

the resulting f
In an alternate embodiment, the cDN/A constructs used for expression of such

fusion proteins may contain nucleotides encoding a linker peptide between the
nucleotides encoding the GDF propeptide and the IgG Fc region (or stabilizer
portion). The orientation of the linker peptide relative to the GDF or IgG Fc region is
unimportant. The linker peptide may comprise nucleotides encoding 2, 4, 6, §, 10, 12,
14, 16, 18, 20, 22324, 26, 28, 30 or more amino acids in length. In a particular
embodiment, the linker peptide comprises nucleotides 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 proteins. The use
of such tagged expression plasmids and the methods for isolating 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 moiecule 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 molecule may be identical or

21



protein exhibits the desired biological activity, namely, the inhibition of
GDF biological activity, as enbodied. in Exanples 3 - 6. In preferred
enbodi ments of the invention, fusion proteins of the invention are chineras
of human proteins. As will be wunderstood in the art, human protein chineric
or fusion proteins wll be preferred in the treatnent of human subjects. As
an alternative or in addition to the above-descri bed Fc-fusion proteins, the
GDF propeptides nay be stabilized by a variety of other nethods and resource
materials which are well known and readily available in the protein art.

Such net hods gae: ifRh0)Ahsnd1Edud @elg @meSpoatiig&eq@ntePfyinal diffarendr | i nkage
to al bumin or ‘a nonproteineous polyner, as described in detail below The

nodi fi ed GDF ppeaspespfodeampha thethmmiag S1RE-8 @repeptigruer fragmeny HengpIgnaynraineed
protein isolation_and. purificati -- techniques well known in.the.protein
Bt GO pr oplibit BB el ha i L BRIep B 15 HEa0 ShoBe 2o Bdscuti i
variety of apsii Qb EHRAEGHE Biol5BEl S4IR! famdy e RIANIEBE bdepcan be

synt hesi zed (e.g., chemcally or reconbinantly), isolated and purified, and

tested for thbiclogibil hctivityt as éntrodieddn Epkreples3 wht fn preferred e@ifoddments whthar e
BMP- 11 protein using.the nethod descr.i bed herein ar met hods known. in the
art. Propepti §8€nHEgh f%%‘msVﬁfeH@é’? i}bﬁdf"ﬁ%‘?’ﬂ@a’eé‘g%% rﬁteé’?ﬁarﬁ‘%wfspe

techni ques su A\l Qﬁ%&&ﬂ tifl  Yusil profidd\Gi1PbESrefireBepPL | de
Synt hesi s, Sp%?%%gtPBVer gg,’ eralgﬁjgo%lléb and (?an?rOGlA%. (ledir,e Seynt heti c
Pepti des: A Usler traatrent@dé hudMdibubfecsenan and Conpany, New York (1992), the
contents of which are incorporated herein by referenc | n additi.on,

aut omat ed pept i de AS\PRAHETRT VY lﬁﬁ@ifé‘lf’rﬁﬁ’ék‘ﬁb&w?e%ﬁyﬁeggBTfBS‘P%P&?‘?m%\d%nced
Chenech Mode : I i Vel nodi fi ed
or unnodi fi edb&)ﬁg‘g’}" %;%\){‘ed&k h%ggé g[lra 6}1?1 ‘rzé;({;]%gantgag%g% %fedrﬁé%rﬁ{l %géldsb%drrg%o I nately
produced usi ngnataidloubick¥Redisknonnsys reudily eeailgble ifrthe grotein athSogsretiadst er
Ovary cells. COS cells, baculovirus) as is well known in the 22 art. For

exanpl e, the anpmaisials ipsludrefaricnample, ghpyosglaaen, ppokagerta plbyaiper pfi ed by,
for exanpl e, 3} 0d:t MBuIBUNRE, L888EHRE%: bitaPBUbWI9e ibaifba CTHRperbES
may be isolated and purified using standard protein isolation and purification -
techniques well known in the protein art.
GDF propeptides or modified GDF propeptides can be produced by a variety
of art-known techniques. For example, such propeptides can be synthesized (e.g.,
chemically or recombinantly), isolated 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 synthesized using
| 1 standard protein chemistry techniques such as those described in Bodansky, M.
Principles of Peptide Synthesis, Springer Verlag, Berlin (1993) and Grant G.A. (ed.),
Synthetic Peptides: A User’s Guide, W.H. Freeman and Company, New York (1992),
the contents of which are incorporated herein by reference. In addition, automated
peptide 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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5882 and Gentry and Nash (1990) Bi ochem stry 29: 6851-6857, the contents of
which are incorporated herein by reference, or any other art recognized

met hod for purifying peptides. Alternatively, the nodified or unnodified
GDF propeptide or fragnent thereof may be tagged with, for exanple, FLAG or
6-H s for subsequent purification wusing protein art-established techniques.
The nodified or unnodified GDF-8 or BMP-11 propeptides may further be
produced by digestion of naturally occurring or reconbinantly produced GDF-8
or BMP-1 1 using, for exanple, a protease, e.g., trypsin, thernolysin,
chynot rypsi_n, epsi [ i.red I HRQ @C] ) [ ( PACE) .
Comput er " arfdr o SRl R RRSE AR BUDE PO BMIRTY ok KB REN B

MacVect or, @@&%plf@.@ﬁ?ﬁ}e mdvid Etdrided $h Battalobios,al.|(1999) MK I98:5832d to
identify proteolytic cleavage sites. Alternatively, such GDF propeptide-
may be prodi$§2dnd BentrnandNashi(19%8 Biackémighrp 29:688 68T Hamemferss elawbiel GDF-8 or
BMP- 11 such as standard techni.gues known .in the art., such as by.chem cal

cl eavage ( ea.rbl.n,co??@%d@?l%E‘(’)fﬁf%g}ceh‘if(f%meéW'ﬁ%c)o.gmlzﬁg “Eﬁbcfde%f Q?I%Ifglr};r
synthetic Q@hnfesandieR¥Evdl, tRE R dPuRAbAIEeA &I plopeptidERAiffdoidn{COF
propeptide may conprise as many am no acid residues as are necessary to

bi nd t o t hehtreofgety EDRggedorith, for ekireple iyl AGtir o isfgr subaequent pyifatiomnpl et el y,
GDF-8 or BWMP-1 1 activs%%ﬁ. Exa les 4 - 6, herein, illustrate enbodi ments
of bi ndi ng ‘5§ PRSI a5 ¢stagHshe: §%‘$§{q“?% particul ar, functional fragnents of
GDF-8 and/ or BMRriedno R QPGRInkISRIREGHSING S BNIAL 1 ROF-BHE hie fihel kY to
nodul ate or inhibit GDF-8, are 1ncluded wthin'the scope of the invention.
The GDF-8 proghepd by digestioni of nstupaligfoecwahihy or moombinsetlypradeest GBF-8l6r, 20, 30,
40;-,350, 60, 7%, 80, or. 90 ami no aci ds; rmre_prefer?bl.y at | east 100, 110,
120,) 130, 1AMP-Yisesing & exampye, 21BOICass, ©-§o HYRHTHCIRIIYEN, CAXBIOMERED: pref er abl y
at |east 2 : , : : . 1 i | In a
preferred (S)lﬁil(g)rr'ﬂapr?"fr gg?ﬁggﬁ @E%C‘%ég’b‘gg%‘{gé’{e %rgqtdlagg f ét8 H}gﬁ%ﬁfgﬁ GDF- 8
propepti de (using4IommentalBoiveidatlasofevagd, le,g..iMeacVecto| OarpgaREGenet 0 SEQ | D NO: 5;
and the BMP-1 | propeptide portion of the BVMP-1 | propeptide is 274 am no
aci ds in | eMglegulapSimulation, I@S-B)F%??o‘ﬁéii Hyldetifymrpteplylprcieavageistiesi gnal  sequence

for human C?Eérﬁat&v%lys, §lch GDF propeptides may be produced from naturally occurring or

recombinantly produced GDF-8 or BMP-11 such as standard techniques known in the
art, such as by chemical cleavage (e.g., cyanogen bromide, hydroxylamine).
The proteolytic or synthetic GDF-8 and BMP-11 propeptide portions of the
modified GDF propeptide may comprise as many amino acid residues as are necessary
: to bind to the target GDF protein, thereby inhibiting, partially or'completely, GDF-8
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-11
propeptide sequences that maintain the ability to modulate or inhibit GDF-8, are
included within the scope of the invention. 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. In a
preferred embodiment, the GDF-8 propeptide portion of the modified GDF-8
propeptide 1s 243 amino acids in length, i.e., corresponding to SEQ ID NO:S; and the
BMP-11 propeptide portion of the BMP-11 propeptide is 274 amino acids in length,
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forth in SEQ 1D NO 13, and includes the first 23 am no acids of SEQ I D NO
1. in one enbodinent, the sequence of BMP-11 propeptide begins with the

am no acid sequence AEGPAAA. The signal sequence for human BMP-11 is set
forth in SEQID NO :14 and includes the first 24 am no acids of SEQ ID NO. :
7. The identification of a partial GDF-8 or BMP-11 propeptide sequence as a
functional fragment of GDF-8 or BMP- 1 1 propeptide may readily be

determ ned, for exanple, using the assays described in Exanples 4-6 herein.
In addition to truncated propeptide sequences, the propeptide variants
herein specifically include GDF propeptides having point nutations or other
nodi fi cati ons; e (doRespsdinng tb SEEY D ND:] ﬂe’ﬁﬁeii%ﬂl seyenceUbshirhatt GDR)g iss& | ong as
such variants contain one or nore desired biological or inhibitor
activities offoathGDEEQrIBNEt iddend Sunbieadteifusttdy aming peifeoinfiged U N1 1§ é’t

exanpl e, as descriped in anpl es 4. h nodi.ficatio may . be .introduced
into the mol eXf %mg%g@ﬁﬂ‘aﬁéégg‘heé‘c&?f gM‘?'nyf%ReP de h‘f%?ilwgﬁ ”kﬁt%}‘&%%“ﬂm folife,
or productiongfedcpard¥s8a0r BVWP-1 | propeptide. For exanple, point

mut ati ons nay be introduced into one or nore proteolytic cleavage sites to

prevent or inhibi tThewigiabeiquene: e ynadaBMIR] bis sthierthron SEQHD MOF1Bampt opept i de
in vivo. Conmputer analysis (using a ially avail abic software, e.g.,
MacVect or, g@ﬁ@de%ﬁ 24 aWéP%Eﬂg%Pféﬁ(ﬂgﬁéﬁg# ;h“h .W“@%?HOBQPEE@'H% 0

dent | Ty DI Ot SRR LOBHPCAYAUBe Rl deSRgudiel A Hhullliohsl HEENAH Bf GDFRY} BHPCOF

propepti des of the inventi speciftically 1nc dition to the

w | d-type cDNA pogeimgieseyuendiBshe ¢dibifninal) fhir egarspleiesiipethe titzays deaded it he

wi | d-type GDF_propeptides but which differ in cDNA sequence fromthe

wil d-type COFEXPMAest§lisHéR due to the degeneracies of the genetic code or

R e to the ¢ f the genetic
popul a1 on whi ch iy Ry URPRC blop R e B B RS i

invention al sgpecifieaifyeifioludt GDIDPRpepudi hadsg psiat mbdiiohdbrzahdingialifictiohangent
hybridi zati on conditions (in one enbodi nent as described in T. Maniatis et

al . (1982) Moliedudiag irceBionndeletion, pabsratigHgn)MMmIGAR ps Such|Varigys FHgaIkaRdor
Laboratory, pp, r%gr%-d%g?éd l;iglogicgfjgrl i%lu%it%xgyi zﬂtixzzf‘t'les of a GDF propeptide. Such activity
can be measured, for example, as described in Examples 4-5. Such mcdiﬁpations may
be introduced into the molecule to enhance the activity, circulatory or storage half-life,
or production of the GDF-8 or BMP-11 propeptide. For example, point 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 commercially available software, e.g., MacVector, Omega, PCGene,

Molecular Simulation, Inc.) can be used to identify proteolytic cleavage sites.

:(\M"/.

Accordingly, methods of making GDF propeptides of the invention
specifically 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 sequence from the wild-type GDF ¢cDNA sequence due to the degeneracies of
the genetic code or allelic variations (naturally-occurring base changes in the species
population which may or may not result in an amino acid change). The invention alse
contemplates DNA sequences that hybridize under stringent hybridization conditions
(in one embodiment as described in T. Maniatis et al. (1982) Molecular Cloning (4

Laboratory Manual), Cold Spring Harbor Laboratory, pp.387-389) to a nucleic acid
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encodi ng a GDF propeptide or a nucleic acid encoding a protein or

pol ypeptide having the ability to bind to a particular GDF protein, as
enbodi ed in Exanples 4-6. Variations in the cDNA sequences caused by point
mut ati ons or by induced nodifi- cations (e.g., insertion, deletion, and
substitution) to enhance the activity, half-life or production of the GDF-8
or BMP-1ll propeptides encoded thereby are al so useful for the present

i nvention. Conmputer progranms useful in the determ nation of DNA sequence
honol ogy are known in the art and are described herein. The ability of a
nodi fi ed GCDEndvdeRePGDEerbpeptide 61 Anic asidlertddirponproesin vi pdlypeptidihavirigot ei n
can be evaluated by a variety of nethods known in the art, including size

excl usi on cHeakiinge bipdyo apartisplas FEFPrpicHk phegmbedied idssampdesde@cri bed i n

Exanple 2 herejn. . S in Exanpl e t h - ropept i fornms a
noncoval ent aﬂ%‘é‘&f{?ﬂ@?}%ﬂ?ﬁ‘l%&fﬁﬁé‘%ﬁ@ & 05‘?8%%35}10%8 %ﬁg)p %@%ﬁ%ﬁm 8/ GDF- 8
propeptide cgRl&X, hasrnaAR, ANRHHERd HBSHREHD o VRla thefachall BXFRI®I Y 75

kDa. As stated above, in addition to the Fc fusion nmethod, GDF propeptides
may be st aprdduzech dfithe GiiirBer BMP-ot hepeptidehanapded theraby gncalegrisséil dent , a

stabilizer portionis covalently linked tq .a ropeptid rtion to
create a fuSiCdieHPOINERION: Om@ﬁ%r%?%?mf H??géﬁfgg: 1?5)"6‘5‘ ‘PBS? be linked to

one or mres&{ueﬁce"lﬁfrﬁcﬁ& y Bfe knBRARE He@HNAE SRR OMM R, © 9., pol yethyl ene
gl ycol, pol ypropyl ene grycol, or pol yoxyal kyl enes, 1n the manner set forth

in U S Patent Ndhe aliifyof 4nioBified GI¥6p©&tide4o Bin d dehicodgl&i@pmplex with791, 192
or 4,179,337, _incorporated b){ reference he eiag. In | certain, enbodi nents,
GDF pr opept PR BICIB aiPe Y3 yaterobl 4?’%&?%9{ pehadOWIdB e AFh iR HIRD a

pol yger to igegr j i J 1 and
ot hods o SPEEsnfind Momaf g ARG tcle Sel ShEREHEAPREN TR, Ros.
4,766, 106; 4,hkr8n.33¢ shalwd QbEXhiple atte GDFO® plapbptideformponaicedatyt r ef er ence
herein. In another enbodiment, the GDF-8 propepti de nay be nodified to have
an al t er ed 2logtayey Matﬁlirbﬁuffa@?@r&vreﬁeub.Ihean%f\éﬁeé%PFﬁéﬁPiéﬁeorapqp&df ype

gl ycosyl at i t [ ¢ -ed! I! eaps, havi ng one or nore
car bohydr at g@w@fkéthﬁégg g%pdz‘g%ﬂﬁoqgc&%?é?i ,tf){%}p%%ﬁ%qe e W %I-type GDF
propeptide. G ycoswtaéd ssovef inpkigitieh isthard fugiet wpeptj OBF prépeplidesamdyle ei t her
N-linked or O-linked. N-linked refers to the ] . o

stabilized by a number of other techniques. In one embodiment, a stabilizer portion is

covalently linked to a GDF propeptide portion to create a fusion protein. For
example, the GDF-8 propeptide may be linked to one or more of a variety of
nonproteinaceous polymers, e.g., polyethylene giycol, polypropyiene glycol, or
pelyoxyalkylenes, in the manner set forth in U.S. Patent Nos. 4,640,%%5; 4,496,689;
4,301,144, 4,670,417; 4,791,192 or 4,179,337, incorporated by reference herein. In
3 certain embodiments, GDF propeptides are chemically modified by covalent
conjugation to a polymer to increase their circulating half-life. Preferred polymers,
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 herein.
In another embodiment, the GDF-8 propeptide may be modified to have an
altered glycosylation pattern (i.e., altered from the wild-type glycosylation pattern).
As used herein, “altered” means having one or more carbohydrate moieties added or
deleted,to/from the wild-type GDF propeptide. Glycosylation of proteins and
polypeptides is typically either N-linked or O-linked. N-linked refers to the
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25 attachnent of the carbohydrate noiety to the side chain of an asparagine
residue. The tripeptide sequences asparagi ne- X-serine and

aspar agi ne- X-t hreonine, where X is any amno acid except proline, are the
recognition sequences for enzymatic attachnent of the carbohydrate noiety
to the asparagi ne side chain. Thus, the presence of either of these
tripeptide sequences in a polypeptide creates a potential glycosylation
site. Olinked glycosylation refers to the attachment of one of the sugars
N aceyl gal act osam ne, gal actose, or xylose to a hydroxyam no acid, nost

mmy alsb bo. URBR G BRCANDFy ol o el INRE B s O R "

propepti de i SyripsgiiéanhentyaspasanP ki eHadahyasairbgineDytHréhiywhereXiidagequence
such that it contains or omts one or nore of the above-described
tripeptide sequisneed ektept pheling rdtethe refogritioy bequenes foneagymatihattaghmentaafi on nay
al so be nmade t dition of, or substjtution.by,, one or re ser.ine or
t hr eoni ne restil?‘gﬁ%@&?y%g?tﬁénoé%%ﬁﬁésp&fagfrﬁeﬂ%ﬁlﬂ - '[J@‘Hé PIEFSH f’?}bﬁé % or

O linked gl yc@gy BbdifleSbdiRides if@bol§pdide LRGeS oRNOALN dodflatigiR0 aci d
sequence is prefergﬁﬁyealéeréﬁlth?%ggﬁﬁkﬁangggggf the%%*ﬁgﬁe&elf whi ch

t echni ques ar@-hmkkd glynosytation refes tatie. attActondne of orearfshadfughrscr easi ng t he nunber

of carbohydrate mpieties qn the GDF propepti dg is by chem cal or er\zymati c
coupl i ng of gNyedpaadosagups, galapipse, Prpdpteitaa hydrpxyanaing agidemgskeonypenly

advant ageous [ y } ' - G : eptide
"o hoat ool 1o B BhedEY B DR BRMERIRE AR Pind Aly 95 belled

gl ycosyl ati on. Depadaditiog opdeléthd of@lRbiyigionites tosBAGDFNRopapgide (s) may be
atts\ched to (a) arginine and histidine; (b) free carboxyl grqups; (c) free
sul fhydryl greamyenienibhacsemplished by giteringdhe pmimo acid)seqyease RyBRE CUREDPs such
as those of sgrri n

oL, OSSRk SR S S HRE ol SLATR e s

nrne,;” Tyrosi or am de

group of gl utgls}tmlatﬁm@ﬁ@).mmc&a@mn j6o ielifsllel vy tMOad BH606B3P published 11
Sep. 1987, and in Aplin and Wiston 1981) CRC Crit. Rev. Biochern., pp.

259- 306, i ncosybstitatienbyone of sroangseing er irqoninReerdugh tothe sequeoer dlchy avildt e
moi eties pr esg}r};’g Gk ;grggepctﬂ; (Porr %Dﬁrageld %chg?%at%% sites). For easc, the GDF propeptide
amino acid sequence is preferably altered through changes at the DNA level, which
techniques are well known in the art.
Another means of increasing the number of carbohydrate moieties on the GDF
propeptide 1s by chemical or enzymatic coupling of giycosides to the GDF propeptide.
These procedures are advantageous ixi that they do not require production of the GDF
propeptide in a host cell that has glycosylation capabilities {or N- or O-linked
3 glycosylation. Depending on the coupling mode used, the s.ugar(s) may be attached to
(a) arginine and histidine; (b) free carboxyl groups; (c) free sulfhydryl groups such as
those of cysteine; (d) free hydroxyl groups such as those of serine, threonine, or
hydroxyproline; (e) aromatic residues such as those of phenylalanine, 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.
Biochem.,'pp. 259-306, incorporated by reference herein.
Removal of any carbohydrate moieties present on the GDF propeptide may be

accomplished chemically or enzymatically. Chemical deglycosylation requires
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acconplished chemcally or enzymatically. Chem cal deglycosylation requires
26 exposure of the GDF propeptide to the conpound trifl uoronethanesul fonic
acid, or an equivalent cconpound. This treatnment results in the cleavage of
nost or all sugars except the |inking sugar (N-acetyl gl ucosam ne or

N acetyl gal actosam ne), while |eaving the am no acid sequence intact.

Chem cal deglycosylation is described by Haki muddin et al. (1987) Arch.

Bi ochem Bi ophys. 259:52 and by Edge et al. (1981) Anal. Biochem 118:131.
Enzymati c cl eavage of carbohydrate noieties on GDF propeptides can be

achieved b th L ~ - i escri bed
by hot akuprbfeiife hehRpE: o & ofitina B AERRRIRSER BRaf 00
propept i de ehSivaleonHoape Pthid @edifiehtuisduds iphetiialagedd meke € bil beghrabove, the
Fc region of the 1gG nol ecule may al so be nodified to have an altered

gl ycosyl at ienceppatetlmking supardheackeyiglecosadingenN;acgtybptagiesepepe)i wbile s |inked to
the protein albumn or a., derivative of al bum n. Methods for |inking
proteire and'pd ‘%%‘Bﬂ%&? FEUDFOIBIH  al bumin or al bunin derivatives are

wel | known in t i@ eafital dfFcdlyldtion ﬂéid?scﬁﬁ’@& B Hak¥huddm et 16 (9987)(Seyam et al ),

i ncorporated by reference herein. i s understood by one of ordinary skill
in the art BitvdtencBidpayn289rbhendisy Bdgerengl. (1981 3dbgt Biogked. ¥ld:13t her ami no
acids in a_protein structgre i t hout .advers&!)ﬁ affectin the actjvity of
the protei Fnzypatigelesizge el drtednoipies PR Proreghdes i bepshiedesbY changes

may be made, &et%m%g%tg%f@ﬁ&cg aﬁ&gk@@g&y%id%@ st Qe SRDh gggh%ﬂc mdjfied GCDF

propepti des, or uences encodl hg such propepti , W thout appreciable
| oss of thel9sDirdiagireaholul3d:330y or activity. In one enbodi nent, such

actiwvity is neasured in Exar%ﬂ es 4-6, Such_changes, rra}y i ncl ude, .  but are not
limted to, delWhemihe modHied GIPB pEopeptidghz a GInRIoPeRIs g is108PE0temyas ons, and

the Iike. FRLRRRTRLE: neFeLeral bPRE 1ePboRRLAMATS BENENGAT, Bl LRt 0l VUi ©

cl eavage sites W propep e are explici
enconpasseditétetiplytobyltigi et i nvention. In naking such changes, the

hydr opat hi c i ndelx of am no aci ds ma¥ be ) .
n another embodiment, a GDF propeptide is linked to the protein albumin or a
derivative of albumin. Methods for linking proteir: and polypeptides to protein
albumin or albumin derivatives are well known in the art. See e.g., U.S. Patent No.
5,116,944 (Sivam et 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 adversely affecting
the activity of the protein. It is thus contemplated by the inventors that variouz"
changes may be made in the amingo acid sequences of the modified or unmodified
) 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 limited to,
deletions, insertions, truncations, substitutions, fusions, and 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 changes, the hydropathic index 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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considered. The inportance of the hydropathic am no acid index in conferring
interactive biological function on a protein is generally understood in the
art (Kyle and 27 Doolittle (1982)J. Mdl. Biol. 157:105-132). It is accepted
that the relative hydropathic character of the amno acid contributes to
the secondary structure of the resultant protein, which in turn defines the
interaction of the protein with other nolecules, for exanple, enzynes,
substrates, receptors, DNA, antibodies, antigens, and the like. Each am no
acid has been assigned a hydropathic index on the basis of its

hydr ophobi ci tryoo®RE @H8T)IE MINaBiaL 1 67:165-163). (Kt cepel thacthe kdlhtae 1982, supra);
t hese are isoleucineg?+4.5), valine (+4.2), leucine (+3.8), phenyl al ani ne
(+2.8), cyst diyAmbethicStharaster pithe Biningregif conrifutes 4a1the pecoafiamyistactprepighe,

gl ycine (-0.4), . threonine,(-0. Seri . 8 tryptophan. (-Q 9), tyrosine
AT or o ke g kntchiy il (B lBeuan rRaRaF Nuh g Y
(-3.5), asparhat&ids; Bor 2kampie PASEN Qubstdida) reckptsisNBNG, anodi@Nshiigess, ni ne
(-4.5). In making such changes, the substitution of am no acids whose

hydr opat hi ¢ andthedés. are within 2 is preferred, those which are within 1 are
particularly preferred, . and thqse wthi .5 are.even nore . particularly
preferred. 1t is &SRRl fs epmqs’@eaﬁ%ygmﬁ?%@a%%{l]etbaflp 8#\“% li ke
am no aci ds i tdp4Ek¥riOfcd (G tOAR Bo@ftl NGRS PdptahGhds¥ areFOT
exanpl e, U. S%I@’fa g%?leﬁ)dg%ﬁmjﬁ dh\éit%at es t hdg\fy t he g?eat est I’ocglao’aver grgee

hydr ophi | i ci tiyolafcire (p# 6Y,eiatine &st.Joleacine Iy 3 .8)) @helplalatph{+2A. )i tystedde/dystne

adj acent am no_acids, correlates with a_biol ogical proper t.he ggotein.

\ t f

as detai | ed |(§20)GetiarR( N e 81, EYHRE B SHE AR R U ORTTS €
val ues have | i no._aei.d resi e 86 9h Y #£3:109y. 1ysine
(+Sgb), aspaﬁﬁgﬁgmgf§§g§ﬁ9¥£grgﬁg%§Pgﬁbgé}g?)QE@QP?ﬁé’%EgggT% gspéfagine
(+0.2), gl ut agrutadide¥03.2), aspa@hte¢iNS), {dphraghty €RB), Mside-(B.%), andargirimea-4.50. 51) ,
alanine (-0.5), histidine (-0.5), cysteine (-1.0), nethionine (-1.3),
valine (-1.5), |edeimpakingsuchyhangssthamibsétution ogaminoyaeidls vhesg bydrgnathic
phenyl al ani ne_(.-2.5),. .and i ryptoph @H%-3.4 .| n .maki such chan he
substitution 18%”%%3”@81 t ls\ﬂ%‘ﬂo@ge‘ﬁ 86’?1}}1%}? %rletvv%“ £ GreSpafibufay HefRired,

and those within 0.5 are even more particularly preferred.

It is also understood in the art that the substitution of like amino acids can be

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 biclogical 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

N

(+3.0£1), glutamate (+3.0%1), serine (+0.3), asparagine (+0.2), glutamine (+0.2),
glycine (0), threonine (-0.4), proline (-0.5x1), alanine (-0.5), histidine (-0.5), cysteine
(-1.0), methionine (-1.3), valine (-1.5), leucine (-1.8), isoleucine (-1.8), tyrosine (-2.3),
phenylalanine (-2.5}), and tryptophan (-3.4).

In making such changes, the substitution of amino acids whose hydrophilicity
values are within 2 is preferred, those which are within 1 are particularly preferred,
and those within +0.5 are even more particularly preferred.

The modifications may be conservative such that the structure or biological
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values are within 2 is preferred, those which are within 1 are particularly
preferred, and those within 0.5 are even nore particularly preferred. The
nodi fications 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 am no
acid side-chain substituents, for exanple, their hydrophobicity,
hydrophilicity, charge, size, and the |I|ike. Exenplary conservative
substitutions which take various of the foregoing characteristics into

consi der at i QficRérFofMBE brddiRWhd afftEied By B cilige! Subh thRedbtivemsinoatial ude:
arginine and lysine; glutamate and aspartate; serine and threonine;

gl ut ani ne swdifaspesag: besed amthevalatinesimilexwyiaighe amnioiasdl edee¢hdm. The ani no
of the. nodified. tid .be .nodi fi ed have any

id
nunber of ¢ OtSEIEIIE 0B NagtRle, dasir TR R e YR P TBAGR T PHEC T SERETFIN 11 o GOF

propeptide {ipe I f\enl Y ebndeRiativPsshittiohs wiRh tAQUBSE of thé fsr6lontk Rel ative
sequence simlarity of identity (also known in the protein and ™ nol ecul ar

bi ol ogy art shastsstceintecdnomdetatigy are wel pkrefrartathose dé slatimi thedirtesidng t he " Best

Fit" or "Gap" programs of the Sequence Anal ysis Soft e PackageTM (Version
10: Genet i c@chidgAgBImeEnd hysing; ﬂgﬂam@ﬁ FPpYRIC TR ﬁtﬁ?ﬁoﬂr’@t ggﬁﬁﬁi‘ﬁbgy :
Center, Magi .o ; [k ' 3 : d Winsch
(Necdl eman- A 8ggihd; and 730 1hice 851 KRudhe Tl g oo R LS (ot
maxi m zes t hpdifled GBF pafpepides hes wndoditied wihaes atheumbsrio combrvgaps. "BestFit”
perfornms an optinmal alignnment of the best se%ment of siml ari(’_taéfbetween t wo

sequences. GpAtEpmFo loagiag Hisehinding pé theangrifiss CPR SeonepHde apdtatest ¥R%i mi ze t he
nunber of e i | honol ogy algorithmof Smth and Waterman
(Sm-th and%ﬁ%?%an%?aq%é%wa@rﬁ?%ﬁ, et -al., 1983). The Sequence Analysis

Sof t war e PackageRdRfits sda@ehozBauidario ot Alentity dalbeikbewn ircthe ptdieih ansef ul sequence
anal ysis tools for identifying honol ogues of the presently disclosed
nucl eot i de amRdEcaler his)egyi aits 36 semisaeshonypLye ianrpiesably daemppadmsingthegr am

(Altschul, ep, gl o199 HELENP tleWeqiEUH RAGRRisHoMWaf PARGHHL R AUENCE

(either
10; Genetics Computer Group, Inc., University ¢f Wisconsi:: Biotechnology Center,

Madison, WI). “Gap” utilizes the algorithm of Needleman and Wunsch (Needleman
and Wunsch, 1970) to find the alignment of two sequences that maximizes the
number of matches and minimizes the number of gaps. “BestFit” performs an optimal
alignment of the best segment of similarity between two sequences. Optimal
alignments are found by inserting gaps to maximize the number of matches using the
local homology algorithm of Smith and Waterman (Smith and Waterman, 1981,

) Smith, ef al., 1983).

The Sequence Analysis Software Package described above contains a number
of other useful sequence analysis tools for identifying homologues of the presently
disclosed nucleotide and amino acid sequences. For example, the “BLAST” program
(Altschul, et al., 1990) searches for sequences similar to a query sequence (either
peptide or nucleic aecid) in a specified database (e.g., sequence databases maintained at
the National Center for Biotechnology Information (NCBI) in Bethesda, Maryland,
USA); “FastA” (Lipman and Pearson, 1985; see also Pearson and Lipman, 1988;

Pearson, et al., 1990) performs a Pearson and Lipman search for similarity between a
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peptide or nucleic acid) in a specified database (e.g., sequence databases
mai ntai ned at the National Center for Biotechnology Information (NCBI) in
Bet hesda, Maryland, USA); "FastA" (Lipman and Pearson, 1985; see al so

Pearson and Li pman, 1988; Pearson, et al., 1990) perforns a Pearson and
Li pman search for simlarity between a 29 query sequence and a group of
sequences of the sanme type (nucleic acid or protein); "TfastA" perforns a

Pearson and Li pnan search for simlarity between a protein query sequence
and any group of nucl eotide sequences (it translates the nucl eotide
sequences in @ldry sdguefic®afAGréy, qikatarot paaimerypengudlfie acidnparatsial) ;
"Fast X" perforns a Pearson and Lipman search for simlarity between a

nucl eot i de quéFfpstAS eguiemesce Beatsoa agd dipmasr sepich fer smBeiy SaewsD atpaREing
frameshifts into account. ."Tfast X" rforns a Pearson.and, Li n.search for
simlarity bel¥esicaicnsEsndieny é[?é‘Pff“E@&‘H@ﬁé%q“ﬁﬂ%f*Z‘r‘\?faaﬁl%ﬁsp‘th“%ﬁrﬁg%‘f ot i de
sequences, taldgigndet AR fdading Nt MR BeRIM Berfdrining th@ B&hpdrRsnPoF kgt rands of

t he nucl ei ¢ sequence before performng the conparison). One of skill in the
art wll recopgricestaiPearsolendbipnfanedarcl fonsmothrity betweiiFa ngnleyisistquely's may:

contain any nunber of substitutions to thejr. anmi no acid sequence .5, hout
altering thei SEBEBICGES & £Fous ol pEeE M EauePFesaiaing FEIeati NS O ARGt - 1<erch

changes are n%&@&ﬁ{s%%msnaﬂangn%isgm%ym%inaimtyeﬁweﬁh@f)ro@&ﬁqwalyl known in

the art. Exenplary conservative substitutions Vv hich take variodous of the

f or egoi ng chaseetrmriagd aog giowpef nedesiddseq@ienan, akieg wabneslkfipimto eccotfitote  of
skill in the protein biochem stry art and include but. are not limted to:
argi ni ne and g?f’%ﬁtlﬂ%&oél? ﬂfﬁﬁé?g&‘ﬁﬁﬂaﬁ’scﬁﬁ‘ﬂ‘{eafee?e%gr&ﬂe &mHAY the_t‘??l“&?ﬁ??‘l@; _
gl utam ne and aspapaghfBay a0the YA il GecdsRiie A heHTHifiPLSHEIIRCd Gpger tai n

enbedi nents of the invention, the Iin vivo stability of a protein can be
measured i n aprupeptddes afaywayin dny mindbeeofxutistivetidns ts dreirramono bdi8 Sepesaspl es are

harvested at a_ variety of tinme points follow ng_delivery of the protein
ei ther } intr X@aB RS heinficlagies]inrenceisi @16Pre€%§dﬁ§>@éir@ﬁrﬁta§up%abaag%e| ed,

ie. with i odglrgego},@vativyéhﬁ&% R4 ?&b%tu\’}&l#, DRI nbRASE tHeMhed r§§’xe@{é}rlfn.k,)The

amount of radioactivity present 1n each’serumor tissue sanple e
det er mi ned ustésetvafieeRRstimtioherhich tkanaddgof thenbrgdbiig Rharattbdstics into
integrity/stability of the protein in the serum can be assessed by
consideration are well known to those of skill in the protein biochemistry art and
include but are not limited to: arginine and lysine; glutamate and aspartate; serine and
threonine; glutamine and asparagine; and valine, leucine, and 1soleucine.
In certain embodiments of the invention, the in vivo stability of a protein can
be measured in a number of ways. In one embodiment, scrum or tissue samples are
harvested at a variety of time points following delivery of the protein either

intravenously or intraperitoneally or the protein is radiolabeled, 1.e. with iodine-125,

[

using methods well known to those in the art. The amount of radioactivity present in
each serum or tissue sample can be determined using a 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 a

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

Methods of Treating Disease
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SDS- PAGE fol |l owed by either autoradi ography or Western blot analysis. In
anot her enbodi nent, the biological activity of the protein can be neasured
usi ng any one of a nunber of functional assays, including an ELI SA or
cell-based assay known in the art. Methods of Treating D sease 30 The CDF
propepti des of the present invention are useful to prevent or treat various
nmedi cal disorders in humans or animals. The CGDF propeptides are preferably
used to inhibit or reduce one or nore activities associated with a GDF
protein. In one highly preferred enbodi nent, the nodified GDF propeptide

i nhibits or redu&éscxmfepropeptldm@ tf preseat Weeitipnireusedt! torprayeel k2B T el atl ve

to a mture GDF-8 in that,is not \ e _sa pe

preferred enBoYyt %{‘CJI (ﬁﬁgrdﬁlét’? brpgps ¥ af"meaﬁjsha rt'fr%ﬁll'q rTPde‘%c?tr e xr%tfer\ciﬁén bound
by one or npgg t@fmﬂlbi?omghéeldﬁg %raod’cﬂpf%% hd6Sated %flth'ar@Dp 8€iratinlggast 50%
preferably at |east 60, 62, 6, 68, 70, 72, 74, 76, 7 80, 82, 84, 86,

or 88% m)rénghti)elbiefwbﬂymzbbdxheasthegﬁ)qdlﬁd_d GDP prg®ptide irbibis Oamﬁvev&e@nermre
preferably at % 95%.t 0 . 100% r % ye to a matur .§§F teln that is
hot bound the actiifies oimapie 5GP FaldiredpR MR Bp SR aLoe B At a

di sor der be'btsgn& tyeate%Qmefém?eaw%ntx%ipteyeﬁeh%mrte@tmene%%mpro@t}%%m?es <
preferably a nuscle or neuronuscul ar disorder (such as amyotrophic latera
scl erosi s, rﬁBIE:—ﬂIpaqsteﬂywha:mlpﬁwd bymsecblenaxterocﬁﬁtwnodlﬁcrgéﬁﬁ prepefisles,ust i ve

ot aboi 1 & dNSBG [T Sty AL 00 O e bbals: tonTndli i Elebbndent
ci abet 5 Meldd §415: gAY ré{t‘éxgdglgaaéléaﬁt%bgﬁ'ﬁy% SPPaAdiRpsRrlhasue di sor der

(such as obesity), rati'vé di'seas such as osteoporosis). The
medical concjnréfemhlylaa; leaatSYproeliteVablayive @ amsiateeGDF-8nmutetmtacisinat bokaalr der

such as anyg)dr ophic | at er al alcl rG&ng S, rruscul ar dystrophy, nuscle atrophy,
congestive QOF QE PIove0 i e w8 §F§ SEIRPNduscl e wasting ~ syndrome,
Sarcopent a, of  CaRARa 4o BN rclled oP hiebth ENROHE TR Hined BPPTRC! Cal

condition is a neta I Sease [ sor such as t resulting from

dysf unct i onglropeptidissds prefeitapo usteie amblu@asmmsaslui dlﬂorﬁasésﬁct}azlnI:ﬁmy(Bm@hJcas type 2
di abetes or noninsulin- dependent diabetes nellitus, or netabolic dlsorders
such as hyp aﬁqai,ggé@fpgs (;qausglgjérsq)tsyophy, muscle atrophy, congestive obstructive

pulmonary disease, muscle wasting syndrome, sarcopenia, or cachexia), a metabolic
disease (such as such as type 2 diabetes, noninsulin-dependent diabetes mellitus,
hyperglycemia, or obesity), an adipose tissue disorder (such as obesity), or bone
degenerative disease (such as osteoporosis). The medical condition is most preferably
a muscle or neuromuscular d:sorder, such as amyotrophic lateral sclerosis, muscular
dystrophy, muscle atrophy, congestive obstructive pulmonary disease, muscle wasting
) syndrome, sarcopenia, or cachexia. In another preferred embodiment, the medical

condition is a metabolic disease or disorder, such as that resulting from dysfunctional
glucose metabolism and/or insulin 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 propeptide is a dosage which is sufficient to reduce the
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The GDF propeptides are preferably used to prevent or treat such nedical
disorders in mamuals, nost preferably in humans. The GDF propeptides or
propepti des conpositions of the present invention are admnistered in
therapeutically effective amounts. As used herein, an "effective anount” of
the nodified GDF propeptide is a dosage which is sufficient to reduce the 31
activity of GDF proteins to achieve a desired biol ogical outcone (e.g..,

i ncreasing skeletal nmuscle mass). In one enbodi ment, the desired biol ogical
outcone may be any therapeutic benefit including an increase in nuscle
mass, an i ncraaviy bhGEgedteins $¢ achigicts desimpt bivbgicboutboint éng., derrsaged

adi posity, or inproved glucose homeostasis, Such jnprovepents na e
measur ed by askektal @uclemasy: hpgee ?’ﬁE?C{iﬂ'Fﬂ'gthet‘_#é’éféj ?‘H%{g‘%g‘gtgﬁ?fﬁe Péé%eand f at
body mass (su @t%?ra&e%?llc bendft) c?&cﬂlgg&pglicxaeg?é i%ghﬁs)clem S fcRhlSAHLcleSer Um
i pids, serum lFeplin, serum ng ucose, glycate enogl obi n,  glucose

tol erance, angdrengil RYRERAmétEbdIRh, decond@eFipe S bt Taproodd hcadeabet es.
Cenerally, a therapeutically effective amount nmay vary with the subject's
age, weight, hqhsostasial Sudnidiproementsrdagsbsmeagirodby 2 Hanqtnef metheds ingludingt he
medi cal condition.in the  subj .. _The dosage be determ ned by, a

physi ci an and&gaej ﬂh‘gttlg‘fﬂsmﬁgear?é%ggétmy 455 ?Sélg%‘ ?gg%eééfr%aca@f"f‘gépg]y#)’t he
treatnment. GCepgral Ly Ne&rGAMRAS tdr@RSeRe s@tm Nh&Iser ted®h Yot
propepti des are gi veeggg]f a dg;s?)e bet vveeeh}ﬁSOsg/ kgé]and 2%9??9/ kSMFg)r eferably,

t he GDF pr opeglucabesolemeceyankimmevandn inute desmdatycomplicatianeoftdiabetesi r cul at i ng

| evel s of GDF propeptides for the greatest length of tine after the dose.
Cont i nuous i nPeRsrallY, Adleranesbcally eficativeamp@unt Mmay 981 Wih dessibietticagsy weight:

i sehses or oboor AL SEREPE, S PLTERVES, M REA M e B I e

gl ucose honeogibjéedt STheedbshdeahay bd\8@Emihédby & PRydidiehnd ddinesl, a¢ seresdangtd on of
insulin secretion by pancreatic beta cells in response to subtle changes in
bl ood gl ucosesuit ehseived effpres offthe treatmgntd Lpensradly. detcoBPosipns #e afministered o

stiml ate upt gkg ofnghucose fromthe. bl 00d\ L AL, sbi,SHHPR, HSRgRLS 1Y muscl e
Preferably, the GDF propeptides are given as a bolus dose, to maximize the
circulating levels of GDF propeptides for the greatest length of time after the dose.
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 from abnormal glucosehomeostasis. Normal

- glucose 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 of insulin is to stimulate uptake of glucose from the blood into
tissues, especially muscle and fat.

Accordingly, in one embodiment, the present invention provides a method for
treating diabetes mellitus and related disorders, such as obesity or hyperglycemia, 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 mellitus (NIDDM), in particular, is characterized

by a triad of (1) resistance to insulin action on glucose uptake in peripheral tissues,
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Accordi ngly, in one enbodi nent, the present invention provides a nethod for
treating diabetes nellitus and rel ated di sorders, such as obesity or
hyper gl ycemi a, by admnistering to a subject a nodified GDF propeptide or
nodi fi ed GDF propeptide conposition in an amount sufficient to aneliorate
the synptons of the disease. Type 2 or noninsulin-dependent diabetes
mellitus. (NIDDM, in particular, is characterized by a triad of (1)
resistance to insulin action on glucose uptake in peripheral tissues, 32
especially skeletal muscle and adi pocytes, (2) inpaired insulin action to

i nhibit hegpdcidtlyokelens muptlo dud idipstyteaan@d) (Bpaittysisafiu laai@dtoiinisiblti n secretion
(DeFronzo, (1997) Diabetes Rev.5:177-269). Therefore, subjects suffering
from type epptisnrineose praflupison, apéed) disragelatediinsylin seorgiiong PeERRE0.i (A&t i on by

adm ni stratd.on .of ,a podifigd r i de, .which.inc . itivity to
insulin analb lﬁﬁﬁ%so%eev'gt}g? %Eg%b}ﬁgeﬁﬁ?lg’. ﬁ%ﬁ%ﬁ Sgrﬁrl}l} %?rﬁgp ed? g%gégg%éag% met abol i c
di sorders GhafeaGkesriZado Bk proei intentidyn Hylagthigratog of a mdBSesGBECE,

inactivity, or deficiency) and/or insufficient glucose transport into cells

al so can beprepeptitedvhicl victhiasay sersitiiey tpriesitinand plpeereivptakiopy callwi ni strati on of
a nodified GOF pt.opepti which increases.sensitivity.to. nsulin and

gl ucose upt ake %}”@5&/ Ogﬁéfﬁéseﬁ%af?‘?gﬁ? . 6’?‘3 _Srﬁtcij%féc%’?zeﬁpb !]P?ué’d] GDF
propepti de HRAREST leWSefibtandeNRaBiBECBF ddMYRBY) H0/0R i BufkbRMIighicesed i n
therapeutically effective anpunts. When used for the treatment of diabetes

and r el at edradispast tér eglisatso'caf be treatedacoonding to thé prebant invgdiién byl GDF propept i de
is a dosage which is fficlLe o reduce the acth' ty.of GDF. proteins to
achi eve. ondBPAGHIOT i PRtiTEn B PE BRI Pt BodsranbaRtvifip indlipl e an
incr)ease | NandSedobdumanshy dst y or gl ucose uptake by cells, a decrease in
fat "body mass ~ or a desired change in serumlipids, serumleptin, serum

gl ucose, gl ycat ekhermeodifed DT, prgpaptids er moddied (deE propeptidercowpesitions of t he

Secondar . BT SokRhgh o R 62 SRRt Bt A SPR RR oE
ot o1 i hed e B e & e ved
ef fects of mpdified EhpopeptiGenea ddsage whith igsufhasitity oxcathe agtintndGleFed so
proteins to achieve one or more desired therapeutic results, such as, for example, an
increase 1n insulin sensitivity or glucose uptake by cells, a decrease in fat body mass
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 sex, as well as the severity of the insulin dysfunction in the
) subject. The dosage may be determined by a physician and adjusted, as necessary, to
suit observed effects of the treatment. Generally, the compositions are administered so
that GDF propeptides are 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 circulating levels of
GDF propeptides for the greatest length of time after the dose. Continuous infusion
may also be used after the bolus dose.
The present invention also provides gene therapy for the in vivo production of
GDF propeptides. Such therapy would achieve its therapeutic effect by introduction

of the GDF propeptide polynucleotide sequences into cells or tissues having the
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that GDF propeptides are given at a dose between 50 ug/kg and 20 ng/kg.
Preferably, the CGDF propeptides are given as a bolus dose, to naximze the
circulating | evels of GDF propeptides for the greatest length of tine after
t he dose. Continuous infusion nmay also be used after the bolus dose. The
present invention also provides gene therapy for the in vivo production of
GDF propeptides. Such therapy would achieve its therapeutic effect by

i ntroduction of the GDF propeptide pol ynucl eoti de sequences into cells or

ti havi t 33,.di d | i b ., Deli .,of GDF tid
SRR Bty SRR NS e e I TR S
vector such ag &hfebéd*?srihgaﬁéc&rlﬁin%t e&prégg!oh Qt4a! sfu@m b 20REHneAc %f_ﬁ% &

Especially preferred for therapeutic delivery o propepti de

pol ynucl eot i delleailidispesion Systdne Bispecigily prafegret st thérpmendodaiveyfani GDF vi r al
vectors which can be utilized for gene therapy as taught herein include
adenovi rus, HeEppentidgpplyguclcaidesequencesis theuse af targcied IHASOMGA: vi rus such as a
retrovirus. Prefergbl the retroyiral vector .i.S rivati a_.nurine or
avian retrovir us.éﬁ}%irsrﬁl“gfseve(%&“% ‘é’hc vclarrlé m\llhezc‘?fi (gcgrsgaeingﬁl\ﬁka:égﬁls \ga%§8tfrllb "% or ei gn

gene can be inBRaE h@GholGd, HelBes Wks, FdcRinigor, IpreTeraBlY, APRNNMOIIARKYCHAN 4 ne
| eukem a virus (MoMULV), Harvey nurine sarcona virus (HaMuSV), nurine
manmary t unorregrovinss. (Avkfiefably, theaetdoRodi searrie a derivative of § R8UNe opavizmber of

additional retroviral. vectors can .incorporate nultiple genes. Al of these
vectors can t¥EHRYEY h?ﬁ?mPlﬁ% rﬁ%?%lfaévﬁ‘:tﬁ’éﬁ’é“?‘%fﬁaséngé%ﬁ’é‘i}%’g%‘?r? %P Rer so t hat

transduced c ei'nkété&%ﬁcl@&,, ig@ﬁ.ﬁ‘é hét 158Ny BRNEE A hRLinBYeukbRRS ks TMoRSER

propeptide poly nucleotide sequence of interest into the viral vect dr,
al ong wi t h anBatvey noeine savhoradviewsc@idsus Ve murigamdmeary sumoe oéms @ubiinNg),
specific target, cell, for,_exanmple, the vector js now target specific.

Retroviral vedidRusSerroma Yamsd RSMVar fambseed 3dditiogy! isreurhVefdorscet exanpl e, a
| | e 0 . . . d b
sugar & O yogLil SOUBIPISL ! PHELEVERs b B o BSGETIL LTI,

0 ose recogni specific

pol ynucl eot i dgsdlegattanmarket adthBerdn’gedet @6lld dah ®e tidwatified aVdenatatedgBponme or
attached to a viral envelope to allow target specific delivery of the

retroviral ve@sotingaft piopeptids @obBRCclgeifrapgicdes poiniermstingpthie yeral Yastasne
preferred along with another gene which encodes the ligand for a receptor on a specific target
cell, for exgmple, the vector is now target specific. Retroviral vectors can be made
target specific by attaching, for example, a sugar, a glycolipid, or a protein. Preferred
targeting is accomplished by using an antibody. Those of skill in the art will
recogaize that specific polynucleotide sequences can be inserted into the retroviral
genome or attached to a viral envelope to allow target specific delivery of the
) retroviral vector containing the GDF propeptide polynucleotide. In one preferred
embodiment, the vector is targeted to muscle cells or muscle tissue.
Since recombinant retroviruses are defective, they require helper cell lines that
contain plasmids encoding all of the structural genes of the retrovirus under the
control of regulatory sequences within the LTR. These plasmids are missing a
nucleotide sequence which enables the packaging mechanism to recognize an RNA
transcript for encapsidation. Helper cell lines which have deletions of the packaging

signal include, but are not limited to .PSI.2, PA317 and PA12, for example. These cell

lines produce empty virions, since no genome is packaged. If a retroviral vector is
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enbodi ment, the vector is targeted to nuscle cells or nuscle tissue. Since
reconbi nant retroviruses are defective, they require helper cell lines that
contain plasm ds encoding all of the structural genes of the retrovirus
underthe control of regulatory sequences within the LTR These plasm ds are
m ssing a nucleotide sequence which enabl es the packagi ng nechanismto

recogni ze an RNA transcript for encapsidation. Hel per cell |ines which have
del etions of the packaging signal include, but are not limted to .PSl. 2,
PA317 and PA12, for exanple. These cell lines produce enpty virions, since

¥ Kk d. |f retraqviral Ct i, 34 intraod d int h
ol [ whPEhEHE atiehsr St e Peokiis Sensijs PachP L IR OGRE genes are
| db [ . d t
repl aced by gENGEQEREP: Oyl NLEkES e USRLRE 60 PELRAIAGSLyBRd vec or

virion pro rna er trssue culture c S can be directly

t ransf ect edvivibit prodidedsm ds encoding the retroviral structural genes gag, po
and env, by conventional calcium phosphate transfection. These cells are

t hen transf ect edAligrediivelyeotheicsspe cydtugasteilslcanohn difegilnanHectefbweth of interest.
The resul ti g cel s release the retroyiral —vector.intq the culture medium
Anot her tar@ YU PSR R TS QY Bl ST elSe NS 5l 20 oY Ry 9B € de i s a

col | of dal _diasigh $hophi Shifecionl TRdallsdiehel Bh@fcRUSIRITeRgbide

macr onol ecul e conpl exes, nanocapsul es, m crospheres, beads, and |i pid-based

syst ens i ncplesiidgomainingithe gentes of mran¢ss i T sgsultingeklleseand thedetmiverl | es, and
| i posones. The preferred col).oidal systemof this invention is a |iposone.
Li posomes aY&5e herhrreiBne vesicles which are useful as delivery

vehicles in vitr ' h MQ; ' b £ be

encapsul at od wi {E e faBeld ¥R ek 808 priBfl; pYPAGRIEAN S (1

bi ol)ogi cal | gollatial disperdomsystEae €olipidal Bispireipn sydterad include eradsonileaftem  Sci .,
6:77, 1981). Methods for efficient gene transfer using a |ipsgsone vehicle,
are known i fPHEMexeyManocapanles, gucrosphaes sadseandiipid-basiedsusipme dirdidingsoibgo 1988,

e SEmPO=! e Ay HRSRETRkSHEL L SR el BRARPOSETRL. P 0>

phosphol i pi gisteqy ofakib@ivehiigh d% lipdYorad. SIOpHRMds aft artificial membrane vesicles
which are useful as delivery vehicles in vitro and in vivo. RNA, DNA and intact

" virions can be encapsulated within the aqueous 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., Biotechniques, 6:682, 1988. The composition of the
liposome is usually a combination of phospholipids, usually in combination with
steroids, especially cholesterol. Other phospholipids or other lipids may 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 gahgliosides. [ustrative
phospholipids include egg phosphatidylcholine, dipalmitoylphosphatidylcholine and
distearoylphosphatidylcholine.

The targeting of liposomes is also possible based on, for example, brgan-

specificity, cell-specificity, and orgamelle-specificity and is known in the art. .
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The physical characteristics of |iposonmes depend on pH, ionic strength, and
the presence of divalent cations. Exanples of |ipids useful in |Iiposone
production include phosphatidyl conmpounds, such as phosphati dyl gl ycerol,
phosphati dyl chol i ne, phosphati dyl serine, phosphati dyl et hanol am ne,
sphi ngol i pi ds, cerebrosides, and gangliosides. Illustrative phospholipids
i ncl ude egg phosphati dyl choli ne, dipal mtoyl phosphati dyl choline and di

st ear oyl phosphati dyl chol ine. The targeting of |iposones is al so possible
based on, for exanple, organ- specificity, cell-specificity,. and.

or ganel | e- speci fi crrﬁ’t ¢h Sicgtrlﬁﬁtﬂﬂrf’fiﬂﬁe‘teﬁén@ .abgree medicabiangiiony ithythet i ng or
preventing t ﬂf_egi scondi td A § £ xen s ptides
can al so be Egglﬁg%g nhi ?%lng?%ée}g a%?%{ggllsgl\ﬁs O?rr{h{ﬂﬁemq%qirﬁeﬁgéupeer%%@fgy. Many

of these protgipsgamile Mahpbfdedepratbing atcrertddoin GRketdre HUEDF &S silRs BMP- -
Accordi ngly, in another enbodinent, the invention provides nethods of
treating thellafoeerdnrgly.onaaothsrsangdimeniythe invieniian Braviss methpds obrestings

nodi fied GDF pro ' e of mohi-DLti - - r in, either

2 one o i cralnaryoRneERRRLgs Bl abPHLEHbHE SRR Fiocal bR 00

Modi fied GDF fopagiat caRbleuRadsbitin®hsod {GDP8es6w8in, NG dredr i eothiastion
conpositions conprising the nodified GDF ropepti des. Such conpositions nmay
be suitabl e fWithpmAdiEes<aPT peipepisde agamst @9%1"% stration to patients. The
conpositions typically conprise one or nore nodified GDF propeptides of the
present invention and a pharmaceutically acceptabl e excipient. As used

herein, the phicaErd' Propestidel Comdogitme ept abl e exci pient” includes any and
all _solvents, dispersion nedia, coatings, antibacterial and antifungal
agents, isotonic ahtf RIPSBY ipYEndendedvadasfgmpgeaitioss camnprisingtheimaedifighgblar e

compati bl e W b gRL ERRULLERL LTS LALhE T HEnss oh ayghy ol 2 and

agents for i'ca ances s nown rn-the art.
Exenpl ary  phaimmaabtiéor@paierd CERI @B R sRIEE 11§ comprioeohdsore odlhed

Handbook of Pharmaceutical Excipients” 3rd II:')gﬁ 2000, Am Pharmaceuti cal

Press, A E. Kbbepropsptides of the present invention and a pharmaceutically acceptable
excipient. As used herein, the phrase “pharmaceutically acceptable excipient™
includes any and all solvents, dispersion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents, and the like, that are compatible with
pharmaceutical administration. The use of such media and agents for
pharmaceutically active substances is well known in the art. Exempiary
pharmaceutically 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 pharmaceutical composition of the invention is formulated to be compatible
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 conpositions may al so contain other active conpounds providing

suppl enental, additional, or enhanced therapeutic functions. The
pharmaceutical conpositions may also be included in a container, pack, or
di spenser together with instructions for admnistration. A pharnmaceuti cal
conposition of the invention is fornulated to be conpatible wthits

i ntended route of adm nistration. Methods to acconplish the adm nistration
are known to those of ordinary skill in the art. It may also be possible to
obtain conpositions which nmay be topically or qrally adm nistered, or which
may be capabFr@engys @ Vahdairasrimmealdt-b é“ﬁﬂ@%ﬁ%mﬁa@zﬁdﬁgggw$ﬁe admi ni stration
may, for e i S i I al ),
intranuscuﬁ%ﬁakﬁgﬁp§¢g?ﬂP?gggéﬁﬁgg P%t gﬁ%%%%%ﬁ%%%gﬁ%P%QQ?“Eféﬁg er mal .

Preferred esasdl npjetson. Nglohdreferéd, entbddimdnithe phidgim&editicalrjoapbsiobns 1 one
preferred enbodi nent, the pharnaceutical conpositions of the invention are
adni ni st er dfie iINYERtAR® admipistaed WUR¥HWSUEY- suspensi ons used for intradernal or

m ni e A nt rader
Component s: o Sty e® BF iRl ER uiol LR RLUREANE SR ELEPAREIE . CO1 U0 on

fixed oil s, ypoilyeinbiieose gt me@los thedbi@eing deémponBnGp ¥ Iserik: dluecanduchras ot her
synthetic solvents; antibacterial agents such as benzyl _al cohol or nethyl
par abens; aMPOlRr Hugrtienssaiine splutipsic Brast @lsapqletrlencogly edls whxcsringt e;  chel ati ng

. abhe sebuispe Bios AlsaRihi o nsce 1
lirates oronag i ISFLAR SRLEHL ARUA Antahial kB B PR TOT O %R

sodi um chl gedhdBomelekparatieds; ahhiéxi drtLaih BeaseaibitsicedlomiddiunabisdHiter bases,
such as hydrochloric acid or sodi um hydroxi de. Such preparations may be

encl psed i rehelafipp agans sugh ap sbulsnediayinptarascticacidnbutfeysisuchisseceldtesl s made of
glass or plaghiCor Spﬁ%géﬁ?e%%d a%g;:ng?oor%oas s oZ?ogltrlcla}BJ $ich 8L sddihgetion include

. C
steril e agueous I"ons or persions an e powders for the

ext enpor aneghléridel ¢ iekt@dse OMhehH cah B hdjBstedivRE bélbd 6r 5Bk b or di spersi on.
For intravenous adm nistration, suitable carriers include physiol ogical
sal i ne, bachulrochlarictacid eisedium lydegigsh oyuckEpreparatipigAgEy be epglesefpany, NJ) or

phosphat e b%%o%’ie%?di%&'»sﬁ&% sgrrl'?rlrafgsf‘l or Jxlglt%ge §o32 Gais n%a;]aee o(\fogrlggg) %} }t)liagm:.
Pharmaceutical compositions suitable for injection include sterile agueous

solutions or dispersions and sterile powders for the extemporaneous preparation of
sterile injectable solutions or dispersion. For intravenous administration, suitable
carriers include physiological saline, bacteriostatic water, Cremophor EL™ (BASF,
Parsippany, NJ) or phosphate buffered saline (PBS). In ail cases, the composition
must be stesile and should be fluid to the extent that easy syringability exists. it must

) be stable under the conditions of manufacture and storage and must be preserved

against the contaminating action of microorganisms such as bacteria and fungi. The
carrier can be a solvent or dispersion medium containing, for example, water, ethanol,
polyol (for example, glycerol, propylene glycol, and 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 required
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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must be sterile and should be fluid to the extent that easy syringability
exists. It nust be stable under the conditions of manufacture and storage
and nust be preserved against the contam nating action of m croorgani sns
such as bacteria and fungi. The carrier can be a solvent or dispersion

medi um cont ai ni ng, for exanple, water, ethanol, polyol (for exanple,

gl ycerol, propylene glycol, and |liquid pol yetheylene glycol, and the I|ike),
and suitable m xtures thereof The proper fluidity can be maintained, for
exanple, by the use of a coating such as lecithin, by the naintenance of the
requi red parthedike kirgsy dasdshe wilbe pedferdblepe iisilade iastdnibygdrhg fosexaofple,
surfactants. Prevention of the action of mcroorgani.sns can be achi eved by
vari ous anti bateasypodyalephalssueh amanitol, segaid ssodpgp Chloganinghe gamppuien.

chl or obut anol COrpic -aci t hi : hke. I n many
cases, it w ﬁm@@%g“?‘lebﬁ 8&3’% gP{hg ]ﬁ%@%ﬁgghﬁ%l‘géﬂcc%&}%@%hﬁ g%d&) npl e,
sugars, pol yainchiigs$n thecbmpssitiemin adent Shidhi deldys abostbtion, €dlesamghie, i N t he
conposition. Prolonged absorption of the injectable conmpositions can be

br ought about alBPinYyTBPRRKGHALS #nd gfdatonposi ti on an agent which del ays

absorption, for ex@ﬁqr %/&P%osﬁiﬁg%%glwgllﬂ?ﬁé? %%e@t (?im%nggrl iteigpjle gx%ler. For

COI'TpOSiti ons genera Cc e an | ent or an e e carrirer. For

exanpl e, theyexgaipld)chegnrah bsettldsad degaitimcapapies beSorpressodiite Sdds.i FérQhe
tablets. For the purpose of oral therapeutic adm nistration, the GDF
propept i des cBYPEE of Awd thsmpseicrdnynisHaews it SREFsPrapeptideetin; be ippsperaiceh of
tabl ets, troches, . oL sul es. |ca C i hi_ndi ents,
andl o ad) uvanth e aeRERILER i EUAEREEHNGE othe TBBARLE. BIRARIRA8eT 2

tablets, pill Sonéls“@ibﬁlﬂix&ﬁng igeathasd/oraguvaRembickialscan be ol wed agpyrt of thehe
followi ng ingredients, or conpounds of a simlar nature; a binder such as
m crocryst al | ferepasaiopy Ths eabledsy millsy eapaelanttrpches, gad she like camcenteinging of theuch as

starch or |agtose, .a di.sintegrating,agent: such.a _a& iLhi c acid, Prinogel,
c-1-corn st ar ShONe ifgrstiehls o toftoptinas e omiln pardie SR BeR & o) o es: a

glidant such ascreé@bdaiifetelmidst o rizexhtHRr galaBWEE GRIpkGt SgBINs steoras
sucrose or satcharin; or a flavori ng agent such as pepperm nt, nethyl

salicyl ate, olcwsangisifteenord sggnt ek agalgime seidaliimagdycicaastatcchoh, the GDF

propept i des ”F%rilggnt glﬁ:%ia\é%a%gesii@mtsggrate or Sterotes; a glidant such as colloidal silicon
dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent such as
peppermint, methyl salicylate, or orange flavoring.

For administration by inhalation, the GDF propeptidés may be delivered in the
form of an aerosol spray* from pressured container or dispenser which contains a
§uitable propellant, e.g., a gas such as carbon dioxide, or a nebulizer.

} Systemic administration can also be by transmucosal or transdermal means.
For transmucosal or transdermal administration, penetrants appropriate to the barrier
to be permeated are used in the formulation. Such penetrants are generally known in
the art, 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, gels, or creams as generally
known in the art.

The GDF propeptides may also be prepared in the form of suppositories (e.g.,
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form of an aerosol sprat® from pressured container or dispenser which
contains a suitable propellant, e.g., a gas such as carbon dioxide, or a
nebulizer. j System c adm nistration can al so be by transnucosal or
transdermal neans. For transnucosal or transdermal adm nistration
penetrants appropriate to the barrier to be perneated are used in the
formul ati on. Such penetrants are generally known in the art, and include,
for exanple, for transnmucosal admi nistration, detergents, bile salts, and
fusidic acid derivatives. Transnucosal adm nistration can be acconpli shed
t hr ough t hewilk eomyentiers supnesityrs beses sughpessiocor better ambpther glieerederer

adninistratign. t he agtive f&gﬁounds are fornmulated into oi ntnents, sal ves,
gels, or cr 0%5“%@% PBF?V 6%n in the an. The GDF propepti des may al so

be prepared in thedeiBoRim&HAROSIoHIIddESDYE @rapeptided@raiprePars® MNBRbHRAAl
supposi tory bases such as cocoa butter and other glycerides) or retention
enemas for thecwil prdeki the compoundmgeinshtapdi ehemtatianHeomntleli BadydsuGhRs pr opept i des

o et onbbe A SR mobioe B S SRIBRI AR AR o
i ncl udi ng | oRleaR! Pigid4lableOBBERSAH LA S6lyAlets! AR Y usedY SicBE etifiQdegfypdabl e,

!
bi oconpati bi’e poi yners can be used, such as ethylene vinyl acetaté,
pol yanhydr i eeste, polypghydrules, pobeiytolic atidagmlager pblyorthdrstess, end polaladtipol yl acti ¢
acid. Methods,for preparation of .such.fornulations will be arent to those
Skilied i nooheligtos i prpAionaf Sounmp oo e APREaTBHRBP LRy 11 om
Al za Cor por gf ho5rt) TROthabioMa ﬁﬂ%fs%@%%a‘i&%‘c%nuﬁé?&all%ﬁ@ﬂﬁ&fﬁbo?ﬁﬁﬂﬁﬁs' ons
contai ning the nodified GDF propeptides can al so be used as

phar naceut i ead Ngvakivepacduticals,dne.i ipesord ssgpensinnd@ntapmiep dreadodif edGHFNgG t o

t hods k to.th killed in the art, for e le, a descr,i bed in
s Pat ant PRgestdel S37 956 be 1-Ed ak PdrbBerisicaly SirsiiBagenie L Permar o oral

or parent er glepseiRORrdih® B mefhodRSRACIURbe skAleMif B LRHR RhmpRMNI Stration
and uniformty of dosage. Dosage unit formas used herein refers to

physi cal | y destbet w Whi PaemiNa éb2881uni tary dosages for the subject to be

treated; each unjt €Ot 2 hidndell 298 oS Sraf YA el oS asitiods in
dosage unit form 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 calculated 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 directly 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 LD, (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 therapeutic index and it can be expressed as the ratio

LD,/EDg, GDF propeptides which exhibit large therapeutic indices are preferred.
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conpound cal cul ated 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 directly dependent on the
uni que characteristics of the active conpound and the particul ar

t herapeutic effect to be achieved, and the Ilimtations inherent in the art
of conpoundi ng such an active conpound for the treatnent of individuals.
Toxicity and therapeutic efficacy of such conpounds can be determ ned by

standard pharnmaceutical praocedures in cell cultures or experinental aninmals,
e.g., for deter ni Merfigta opsaipgobinomthieceligabiure a3y a‘i“f}“ﬁ@%%‘?‘ﬁ?%@“ ﬁﬁF‘gti on)

and the EDS5D. GRR j ly .eff i i 0 t | ation).
The dose rat i%ﬁ@%%@%%%ﬁﬁz angéée?ﬁe?%ﬁghlf"?%}séf Sgpiaigé{?g{% c{aﬁ]etz)feggdejsuti C
index and it gampréferaBlpriEas edanas of bieculairg@onddnbrdfddsOhat (HAuderthEDL j Wigls whi ch
exhibit large therapeutic indices are preferred. 39 The data obtained from
the cell cul tlittle onse wyiciindhaAPsage mayyaneyitia fupeange dependingfippnthicat i ng a
range of dosa 0 i N URRs. : h,c .|l ies
preferably w cgﬁ‘?%e {é’“ﬁﬁ“&"e"% Cir %ur?;laqp ?ﬁgﬁ@%@%ﬁ%%ﬂ fzgc}ispﬁ hai]y r}llqéldéﬁédde t he
ED,, with |iGDFeréfepti@e tidiiCihk presticinvtosiagehdmigrapaiticaly effédiive ldbse ¢annge
dependi ng upon the dosage form enpl oyed and the route of adninistration
utilized. Forbegsfimatsdiipitially frommeep calieisapars. U desemay breefopprlatadiin ppiieaht i on,
- the therapeut f (R4 e -'pg% it om cel
culture assaf?ga%#%H%&wﬁgéc%éﬂggﬁwﬂ%%ggﬁgﬁﬁﬁgﬁéna EQH%Q%+%8%%%EE Ve a
circul ati ng pfhesbices@NERNITR tQinéBAGEGDRropeptdd aBRh hftdeVesathalfimximal t he
congentration of the test nodified GDF propeptide which achieves a
hal f> maxi mal nhint afispmptmsy ghitemmipedis calb pepue nbevelsin plasmaguin e e. Level s
in plasma may S f,Qr.: ) - i erformnce |iQuid
chr omat ogr ap hry.ggsilﬁee@ g g ;é%?%]e’ob& mgl)?(]gggéam.{aflg%ﬁ J&%@%}ggrga%%c? gﬁy b herr%%i%# soorfed by a
sui tabl e bi oagfayartidukapbaps caf bémohiadiee by BisGiabibisassac | BidaplNAseRdbleat i on
assays, transcription-based assays, CDF prot: inlreceptor binding assays,
creatine ki naieageydpeudabAyspicetien agays, tanscrptiorebasad pxey o ML
Pre- ad! pocy ! CSiou 35 EMoPARE T, 2091, a3 KRARYEL)L 24 PORY 85 2
differentiation of pre-adipocytes, assays based on glucose uptake in adipocytes, and

immunological assays.

The following examples provide preferred embodiments 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 sccpe of the present invention.

J Such modifications and variations are believed to be encompassed within the scope of
the invention. The examples do-not in any way limit the invention.

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

cited throughout this application are herein incorporated by reference.

EXAMPLES
Example1: 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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The foll ow ng exanpl es provide preferred enbodi nents of the invention. One
of ordinary skill in the art will recognize the nunerous nodifications and
variations that nay be perforned without altering the spirit or scope of
‘the present invention. Such nodifications and variations are believed to be
enconpassed wthin the scope of the invention. The exanples do not in any
way limt the invention. The entire contents of all references, patents and
publ i shed patent applications <cited throughout this application are herein
i ncorporated by reference. EXAMPLES Exanple 1: Purification of CGDF-8

Condi t i oned ap@dd ao & BOMS58 mlP@R@SﬂI—E}eAﬂiod gxeBangx polessi inga:rdemn‘mi&ﬁ)anﬁo human
GDF-8 protein (mature GDF-8 pro eptide) .was acij f| to pH 6.5 and
40 applied ¥ 8@%&%@%&%@@ F@%| ﬁ*@%@ﬁ%@ﬂ&@ﬁhgﬁ ‘Ygﬁa%%ﬁto a 80

x 50 m‘nP WQ: ) . The flow
t hrough was aéd? s%ﬁé 5.@@3@@@& i éﬁ’ gpl%tg&ygcg% SP cation
exchange cabuﬂm(PB@a"p&ethosgsth@)satﬂtemm)wm}mdNeCugxed]em tH’raaldﬁaO gradi ent .
Fractions containing GDF-8, as indicated by%gt)dl um dodec sul fate

pol yacryl amca@alg@lgtheeﬁ@&&aw@e@qusby afampsiodeny] Syliaterelparaigm '-‘éllfled with

TEA to ] oneEetfotbleis (B8P aGH), Netiodied AAIREY OlBthaboddie Bdaften) 1 0, D0
col um (Phemoﬁmrzex)hearbe@%ﬂedp b»yzmnﬁmmloz%n:mm lguafthea@sicusﬁry (Plegpoirenex) ’
and eluted with a TFA/ gradient, to separate mature GDF-8 from GDF-8

propept i de. “Faé&eééplf’lﬁ’éé? P@ﬁ@ X@dr?tfﬁ{"rﬁ:srfﬁl% orpgnEXp PisELEI RSN at ed by
| yophi | i zat %zg r{‘uﬂ g,%%g‘%\ﬂﬁuﬁ h%?ogﬁ%@te{n'd fg.ltép\g &%% AR, K?i%ﬁt’a‘té"’as added.

The_sanpl e col'um enonénex) heated

to 60C to aisepardte ﬁﬁmaa“GD!meroﬂiPGBFmaﬁoﬁeppwtmwdrftachoriwdnlnﬁmng sepaeat i on
coul'd no I onger be achi eved, Fractions containing nature GDF-8 were then
pool ed and Eﬁzﬁx merwnfwtwmtydé@mwwr@rawm%@slar%amtrdean%@ml 0f1. 2.

Bi 0Sep S-3000y, gr@a%éahéas' AL PRSRRTENE L, B EFelRichy G, 80 X 21.2

guard col um. ractions con ng puri f rrat ure were pool ed and
concent r at edPEeabmiése) héhted to 60°C to aid in separation. This was repeated until further

separation could no longer be achicved. Fracticris containing mature GDF-8 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.
Fractions containing purified mature GDF-8 were pooled and concentrated for use in
subsequent experiments. Typical yields of the mature GDF-8 dimer was 0.33 mg of
proteiirper liter of conditioned media.

C, column fractions containing GDF-8 propeptide were pooled, the acetonitrile

S’

was removed by evaporation, 20 m! of 0.1% TFA was added, and the sample was then
injected onto the 250 x 10 mm C column at 60°C. This was repeated until further
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. Fractions containing the purified GDF-8 propeptide were pooled 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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subsequent experinments. Typical yields of the mature GDF-8 dinmer was 0.33 ng
of protein-per liter of conditioned nmedia. C, columm fractions containing
GDF- 8 propeptide were pool ed, the acetonitrile } was renoved by
evaporation, 20 n] of 0.1 % TFA was added, and the sanple was then injected
onto the 250 x 10 nm C5 colum at 60C. This was repeated until further
separation could no | onger 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 colum (Phenonmenex) preceded
by a 60 x 21.@dguanddugng conditiofs and | DkBa coderaedicmg ednditmmpsi A Ll 3

pr opepti de re. pool and conc rated f in subse eriments.
A typi cal yrﬁﬁﬁgprop%}a@ﬁq@epwé%bﬁmge \ﬁgféj g%gﬁ’lpﬁﬁ”%?}tagﬁg%@ﬁ Tfer of
condi tioned nRdisa.ooAnPRPEAGE diRkfit hhet mﬁyﬁ@n@@gaﬁeim grated as a broad
band at 25 kDa 41 under nonreducing conditions and 13 kDa under reducing

conditions. A si niThearp/sDSt melkGEapweight ef hadidde@DF repoptdiefvers 3dklane GDF- 8
(McPherron et al. (1997). Nature 387:83-90), d reflects the dineric nature
of the mat uréma?’d%ogl rﬁ&ﬂ%ﬂ&gﬁ&% HEDRSP H%%Sr s ghcalss thathg @ﬂh%ap-s
ropepti de : _ : : | i . This
propept i ﬁ@%@@%@h%&@@%ﬂ& Qaw@adﬂfa%mm%agcawagb%a i

i ndicates t propeptide 1s nononeric. The difference between

t he appar ent thoprediviedmoleuiphivemhtof GHE-predemided~ 26! kdia imay refegitic of GDF- 8
propeptide, - 26 kDa, y reflect the addjition of carbohydrate, since its
ami no acid seae}t}@ﬁeg? SRR Snpottepming ach seARRSE coaﬁ%@saﬂtema@ﬂ-lgskf
(McPherron et JTeERe o] i o W NP D41 24D 794. ©2461) . Thus,
t he _above pr (l:gdsogy fte Zté(ﬁhg&&%ucfi(?r?%g{rpup;a{ieéuaﬁa'actigvé mature GDF-8
di mey and GDR286r dheyq tthedkebo vépangss déedto thhprodotteon sft purdied fandPactivieinedure

Reconbi nant H GDF- S 5 each of purified mature GDF-8 and purified
GDF- 8 propept(igﬁg‘r}’vgérf‘%ra"ﬁicgjé%'%é’ﬁ‘ifeﬂpg?’yzed into 50 nmM sodi um phosphate, pH
7.0, and chromat ographed on a 300 x 7.8 mm Bi o0Sep 5-3000 size excl usion

col um (Phenonenex). Ml ecular weight of the mature GDF- 8/ propeptide
conpl ex was detamiple 2ed haomtalistics ofiPurified Recombinant Human GDF-8

50 ug each of purified mature GDF-8 and purified GDF-8 propeptide were~
mixed and dialyzed into 50 mM sodium phosphate, pH 7.0, and chromatographed on a
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 mature GDF-8

e’

at neutral pH, the two proteins appeared to complex, as indicated by the size exclusion
profile. The primary protein peak eluted at 12.7 minutes had an estimated molecular
weight 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 monomers of
propeptide, thus forming a tetrameric complex.

To confirm this observation, a preparation 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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usi ng nol ecul ar wei ght standards (Bi o-Rad Laboratories, Hercules, CA
chromat ographed on the sane colum. Wen purified GDF-8 propeptide was

i ncubated with purified mature GDF-8 at neutral pH, the two proteins
appeared to conplex, as indicated by the size exclusion profile. The
primary protein peak eluted at 12.7 mnutes had an estimated nol ecul ar

wei ght of 78 kDa from nol ecul ar wei ght standards (Bi o-Rad Laboratories,
Hercul es, CA) chromat ographed on the sane colum. The size of the conpl ex

is nmost consistent with one diper of fhe mature - sociating with two
nononer s ofempﬁ%ﬁ%ﬁf’idb‘%d ‘t"ﬁhgjdfi &Hﬁ?&ééﬂ?é??%ﬂ’é#%“’&gﬁgﬁﬁ?m confirmthis
obser vati 0ByncgniPhistRALA Y %r‘iﬁﬁ@-?w@m s FRE BufeProR RPHam defzed

propepti de was I ncubated ' wth or wthout 100 mM 1-Et hyl 3-T3-

di met hyl anPrueginopwstt visaszlbedibarGceaksie bhestapmingleA b&idGomesmmde)g thar 1 hour at
room42 tenperature, acidified wwth HJ to pH 2-3, and_caoncentrated with a
M cron- 10 “k?geﬁB]@h‘t"Flé}t“o?fJagNﬁ7é WPBPb%D§-dI9R%E‘,n th%?%{@’q%hﬁ’ﬁ]}é’?%@‘%éf fered 10%

acryl am dem%eﬁotinéﬁéesﬁrafiaq\ef,eé&ﬁﬂng@%ﬁe@emo SeigsnRLHeGHFa ni ng. A band

corresponding to a nolecul ar wel about 75 kD was observed only in the
sanpl e EDCpwasptalddedipleanthinealiden thehmsayoastuseful famesaswongfthe actngtytdnd presence

of the GDF-8 nmature/ -8 , propeptide, conplex. This valides the assay as
usef ul forC?%é%‘[ﬂ“Pﬂﬁ%)qfféﬂeng?tﬂet@bg%odm{?&ncentrat-i on of purified mature

GDF-8 dinmer. Exanple 3: In Vitro Biological Activity of Purified GDF-8 To
denonstrate the activity of GDF-8, a reporter gene assay (RGA) was

devel oped Exampled:r efpoVites Bidedicnl Autivay oABAyifizdgeDESNce coupled to

| uci.f erase. The CAGA sequence, wa rel_yi ously reported t

V b
TGF-b- r esponsi v SEHeRsHaK th%\P‘i"rYi”bisof P oHTSPRIET HENE WésaTé&-CwS ‘?‘Wd uced gene,
PAI -1 (Deng %\%ﬁ O(B%%B\gﬁ%?( ééslp%\%gl)s Vgg%ggg 13(CAG ;F"?O Stqhodoupledac Neqiferdser vect or

cont ai ni ng ma using tH€ basic reporter plasmd, pGL3
(Pronega C3hpEY4iA saquengsdvas previansly tgpartedigtbe aNgOF -1¢spgnsive segyencEATA box and

transcript igf] Ak boffoi@"brdle FokpOMdub& SIENPXIE (S Y af. Rs) EMBO
J. 17:3091-3100).
The reporter vector containing 12 CAGA boxes was made using the basic
reporter plasmid, pGL3 (Promega Corporation, Madison, WI, USA, Cat. No. E1751).
The TATA box and transcription initiation site from the adenovirus major late
promoter (-35/+10) was inserted between the Bgli! and Hindll] sites.
Oligonucleotides containing twelve repeats of the CAGA boxes AGCCAGACA were
annealed and cloned into the Xhol site. The human rhabdomyosarcoma cell line, A204
':; (ATCC HTB-82), was transiently transfected with pGL3(CAGA) _ using FuGENE 6
transfection reagent (Roche Diagnostics, Indianapolis, USA, Cat. No.1814443).
Foliowing transfection, cells were cultured on 48-well plates in McCoy’s 5A medium
(Life Technologies, Rockville, Maryland, USA, Cat. No. 21500-079) supplemented
with 2 mM glutamine, 100 U/ml streptomycin, 100 xg/ml penicillin and 10% fetal
calf serum for 16 h. Cells were then treated with GDF-8, BMP-11 or acﬁvin in
McCoy’s SA media with glutamine, streptomycin, penicillin and 1 mg/ml bovine
serum albumin for 6 hat 37° C. Luciferase was quantified in the treated cells using

the Luciferase Assay System (Promega Corporation, Madison, WI, USA, Cat. No.
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pronoter (-35/+10) was inserted between the Bglll and Hi ndll1ll sites.

A i gonucl eoti des containing twel ve repeats of the CAGA boxes AGCCAGACA were
anneal ed and cloned into the Xhol site The human rhabdomyosarcoma cell |ine,
A204 (ATCC HTB-82), was transiently transfected with pG.3(CAGA) 12 usi ng
FUGENE 6 transfection reagent (Roche Di agnostics, Indianapolis, USA Cat.
No. 1814443). Follow ng transfection, cells were cultured on 48-well plates
in McCoy's 5A nedium (Life Technol ogi es, Rockville, Mryland, USA, Cat. No.
21500-079) supplenented wth 2 | ut am _ne, 10 stre torryC| n, 100
jig/m peni oHI r%) éfrba aiw)rf%!étawenﬁﬂ Rratedap e g@%ﬁ&w% th&Fe then
treated vm'th 1 Gl Y 8 %‘gﬁ;@ gl Ut am ne,

st rept onmyci n en| CI ﬁ&a%? r& an?%od\?? %)le%é%neépum%ﬁ um n1 %Mbr Lat 370 C
Luci f erase \I\/a&uﬁtlaxf&trb;ﬁﬂeﬁiﬂtdtﬂebhﬁvdS‘e@aﬁa&zdex@erhﬂnsmklsi ng the Luci fer ase Assay
System (Pronmega Corporation, Mdison USA, .Cat. No. 43 E1483). The assay
results are il ustlharesylts phowy Har eI gP&?‘m@ﬂF-aSUVQ‘@s@Ff@oéﬁ’éconé‘i‘ﬁﬁ‘essed as
mean S. E. for,t t b BRI gggﬁl results
are repr esentlgtfr(}jg%(l) %R%ﬁsgfﬁlgﬁé exp e?i lrr}be:g%m%%%e su et%gr s\ﬁl(l)t\;/}vnﬁat GDF- 8

maxi mal |y aCtGNB‘SGﬁbstH?@logxeﬂWzE@We CBMPtIrll,lﬁxﬁnch1|1990%|1dhnt1“¢mlttbCBJF E@tﬂ\@ of 10
ng/ M GDF-8, indicating that the purified reconbi nant
bi ol ogi cal | y 2HE%q 8ad leypiHGamer ghal ¢} 992) @Oo/cﬁi‘cde}ﬂ&@éﬂ?@n@ﬁak@h&’@a e ami no

(1060) “Wech. (o) 167 TRe BR80T bo il o A SR AR SRR, O

response, Iﬂﬁﬂleairigﬂ@atttﬁ‘éiﬁepbm geRpasshels ;0mieblaasay td detett dihahtoe assay to
det ct the in vitro biological activity of GDF-8, BMP-11 or activin. i

| e 4: BiYIpeigalpetpisr of @B o BME-14 jopacttr- 8 The GDF-8 I atent conpl ex was
b| otlnyl ated at a ratio of 20 noles of EZ-link Sulfo-NHS-Biotin (Pierce,
Rockford, Illinois, USA, Cat. NO 21217) to | nole of the GDF-8 conplex for

2 hours on i @xanmplaat i \mheﬁ;gvmﬁ)raeﬁ;eE oYPuhified GBF8uUbj ected to chromat ogr aphy

on a G4 Jupiter ZST%eXGSF% lmntcc%m%m w;hbeur)lgrg?gtgc)l( th a;[ r(a)mg g % g}oles of EZ-link

Sulfo-NHS-Biotin (Pizrce, Rockford, Illinois, USA, Cat. N0. 21217) to 1 mole of the

GD¥-8 complex for 2 hours on ice, inactivated with 0.5 % TFA, and subjected to

chromatography on a C4 Jupiter 250 x 4.6 mm column (Phenomenex) to separate

mature GDF-8 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, Reckford, 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 plates (Costar, NY,

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 1 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
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mature GDF-8 from GDF-8 propeptide. Biotinylated mature GDF-8 fractions
eluted with a TFA/ CH3CN gradi ent were pool ed, concentrated and quantitated
by M croBCA protein Assay Reagent Kit (Pierce, Rockford, IL, USA Cat. No.
23235). Reconbi nant ActRIIB-Fc chinera (R& Systens, M nneapolis, M\, USA
Cat. No. 339-RB/CF) was coated on 96-well| flat-bottom assay plates (Costar,
NY, Cat. No. 3590) at | pg/m in 0.2 M sodium carbonate buffer overnight at
A4C. Plates were then blocked with 1 ng/m bovine serum al bum n and washed
following standard ELI SA protocol. 100 | of biotinylated GDF-8 aliqgouts at
vari ous coegientrations were added to the bl ocked ELI SA plate, incubated for

S ept aui 1’ HorkeYtRdR! Bk Asat D B R it o ogo. on
USA,  Cat . N 304180 Labpueg dits D6 A e e TRISRLR G g DU

Mar yl and, metric asurenents weré done at
450 nM i n asddylieaubmitivddy vinedimdicy aphyafoe GDF-Beader. As shown in Figure 2,
bi otinyl ated GDF-8 bound to ActRIIB, the putative GDF-8 type Il receptor
wi th an ED50 of 12 ng/m indicating that the ActRII binding assay is a

itive ig vitka.bi f B t f GDF-8
and e 11 B S, " Rg “é‘%?t??%ﬁ%ﬁ@%%?pre. BRARRG 1 Cor- 6

tide f f he bio tivity of GDF-8
hae’rbduced. i QYPE BORHLUE PSR Gh b PLIFct BopEAER o 5o Rtiaedt  act i vi ty
at the ED §8mbefatdfimpioth 1c51194cm1¢y bNGDRS WEERBNER. FPurdPhhdvNh@ReRhI de.

GDF- 8 propepti de reduced GDF-8 i nduction in a dose-responsive nanner,
with an | CCEf@)Gdﬁ(QBGfQ/ rrtpoﬁ@r sty atYBE)EIIg for 638p8i Wengank an therpngsbinteed t he

b oL R9!cal| oLty oL B AL 4 B S R Geply st Lhe act i1y
e g £ Lokt MR, g R S gt comza o
pr opept i de inhibited He biological activity of BMP-11 to the same extent. In contrast, the
activity of activin in this assay was not affected by GDF-8 propeptide, presumably due
to the relatively low homology between GDF-8 and activin, as compared to GDF-§
and BMP-11.
Likewise, Figure 4 shows that preincubation of GDF-8 propeptide with the
biotinylated GDF-8 at 5 ng/ml inhibited GDF-8 binding to ActRIIB in the ActRIIB
binding assay, as described in Example 4, with an IC,, of 0.3 nM. In 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 reporter gene assay and the ActRIIB
binding assay. Accordingly, this assay shows that the GDF-8 propeptide is active and

1s a potent inhibitor of GDF-8 activity in this assay.

Example 6: Inhibition of GDF-8-Receptor Binding by GDF-8 Propeptide
GDF-8 was iodinated with chloramine T as described by Frolik et al. (1984) J.
Biol. Chem. 259:10995-10999 to a specific activity of 100-200 »Ci/ug. lodinated-
GDF-8 showed comparable biological activity to unlabeled GDF-8 in the (CAGA)’2
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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biotinylated GDF-8 at 5 ng/m inhibited GOF-8 binding to ActRIIB in the
ActRRII B binding assay, as described in Exanple 4, with an IC50 of 0.3 nM
In conclusion, the GDF-8 propeptide of the invention is a potent

subnanonol ar inhibitor of GDF-8 and BMP-11 activity in vitro, as neasured
in the reporter gene assay and the ActRIIB binding assay. Accordingly, this
assay shows that the CGDF-8 propeptide is active and is a potent inhibitor
of GDF-8 activity in this assay Exanpl e 6: |nhibition of GDF-B-Receptor

Bi ndi ng by GDF-8 Propegtl de (GDF-8 was iodinated with chloramne T as

descri bed by Frol Lk metobkt ce[ld 08HGC CRL-B ) waphgravegonfiges.e 10 §udbecep’ s

f t OO 200 RGi/ I t bl
By ol ogi cal_ a@ e\ Feels U aoP taem gl AT e pee 90 FRGRTRR RS,
described in gl’éﬁﬂ?écﬁzcﬁwell }%gesl Eaﬁhﬁﬁiu@mcﬁng‘@ﬁs Fé’r@drHﬁH%g deSribBR&E S dreC
binding to a nyobl ast cell Iine, 45 L6 nyobl ast cells (ATCC CRL-1458)

were grown t et dofiPPr)eirdecrinolan 15@&(28:6429?1;0’@111#1: sdnéapdretes hqunmcsupm enment ed

B ot oA o P LT D PR B e ™ o
Equi i brium r

Endocr i nol ogxwéh%%nﬂé’e%%m%% folhGlts b4 T OC AL LK BYId, %ﬁﬁ@p@qc}m-s ts
entirety herein. 1 ng/m 1Z5| GDF-8 (with or wthout unl abel ed "GDF-8) was

i ncubat ed wivas extmariddiad quirBificd With & gamma poute. ResulG aB; eppressedwasisamy cel | s,
bound [ 1251] -8 .was tracted an uantified wi.th a gamma counter.
Results are %rozggﬁgatﬁgéﬁgﬁ‘ﬁatfonsgn%ar JEPEFHALVELL éhrﬂeef ¥ REHREMSNd ar e
representative of ARpeGy %pmgﬁxetse”m@@msnf%%a to P8 cSIOWIL 'hi*%lﬁifﬂHf
5,'251-GDF-8 bound to L6 cell's With high affinity. -1 1, but
not JTGF-pl, dﬂcﬁqrﬂlﬁ@dP-]lZSHu{ﬁﬁ)FF(Blendﬁlsplgcedl ‘Hﬂmﬁ-ﬂmgmdlﬂn@,tmdlmﬁrg&hand BWP-1 |
(but not TG:H&P%} share a conmon recePt or on these cells (data not shown).
From a Scatc 8and B)ME-31 Grut netel @B Bsheterrié amgmon rreepdr V\aéheéswllﬁdﬂﬁél to be

140 pM Furt en /m 1 Lei n t ed vvlth
oropepti de 1 P Tona s SeieRandRabart. e pRESamRe I Fl e Lo
cells could th8eiqnpiai tfaﬂhayhfokb Whek ¢wm92WtW@tpraﬂ§uMemitm®H gd GDF-8
propeptide (Figure 6). Results are expressed as mean S.E. of triplicate
det er m nat i orpgop;ngd@ﬂoel hour at room ieimperature, specific GDF-8 binding to L6 celis could

be inhibited with increasing concentrations of unlabelled GDF-8 propeptide (Figure

6). 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-8 propeptide. As evidenced by these data, GDF-8 propeptide inhibits
GDF-8 biological activity by blocking GDF-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 bioavailability of the GDF-8 propeptide,
fﬁsions between the GDF-8 propeptide and a murine 1gG2a Fc region were
constructed using standard genetic engineering techniques.

Four mutations were introduced into the Fc region to reduce 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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representative of two separate experinents. The 1C50 for 1 ng/m GDF-8 was
140 ng/mM CDF-8 propeptide. As evidenced by these data, GDF-8 propeptide
inhibits GDF-8 biological activity by bl ocking GDF-8 receptor binding.
Exanple 7: Inhibition of GDF-8 Activity by GDF-8 Propeptide-Fe Fusion
Proteins As shown in Exanple 8 below, nurine CGDF-8 propeptide has a
relatively short in vivo half-life. To increase the bioavailability of the
GDF- 8 propeptide, fusions between the GEF 8 propeptide and a nurine | g&a

- | ted t t ech
Four mut at %g“%? EEIFA ontritls i 2o 167 S wg e g deargitks or o
function, é‘p@?}cgugggll(plzge%)eernc% ﬁtl?é firsk é@ﬁ@nn& acldepR! murdRed: 1165- 1174,

Usi ng st andar net hodadl o usi on constructs were prepared by
fusing a cDBBF@&noogkprde @ﬁcltdhag aﬂmarmnm?d Becpatopydpadedefuseinh mameao d33 1- 267) to
the nmurine | g&x2a Fc%ﬁgl on ure 7). Fusion gure 7% ncades the
first 265 a?ﬁ“ﬁ%a‘dé’i’ fbmwfrﬂ% Fﬁéeg@bﬁtag%%aéepﬁﬁsa@nwﬁa JBiHgY8824 ani no

acid secretary.| %gl%Bb rgﬁﬁg%lipr]s {;&?s%ct%@ irfah Sﬂ‘gllﬁ'qb (ﬂ'ﬁmgﬂ 11 8gepuri ne

| g&a Fc region start tt I'rst am no acl hi nge section.
Fusi on 2 (Flhgw‘ﬁoﬁlg)yclrﬁ seﬁmasglyumtaeelnmm(GSGmnnﬂ:m sdpmakearthet@DFhBSI on 1, except
that a short glycine-serine-glycine-serine (GSGS) |inker separates the GDF- 8

propept i de PPesRtifhEOm ks REnpelFe BgIW¥h. The two chinmera were introduced into
o 4B SRAR G AR (U BB o P Rt o oo ds

Res. 19: 4485- 449 tran5| ently expressed in rowitz et
al . (1983) aufma etaf. (191 pNutlaic 4and RpPPIG: @tBSCRa@@I) hndtraridiehdy edfmO9sed usi ng

Li pof ect am 2000 transfection rea ent (G bco Li nol ogi es,
RockVi | | e, %éﬁy‘l M gellyugarovsg et ajyg 19 6’8”’0119'3”46 dff‘(gJ*%UI’e tFeSt urer' s

protocol . ,W 2on( &g £12 senimfree
cul ture nedi uﬁ{ 5@ Jﬁgbﬁ%}mrﬁ@gﬁéﬁh fgg l?n{??% —ﬂga&singEMf fresh RLCDI
repl aced, aiethidlopias Roakvilis tMatyrga) USA0CRoNDS 1668-619 ) Goctiitg oned nmedi a was

t hen ooI ed and purified over Protein A Sepharose CL-4 Aner ham Phar naci a
P manufac%lrer ’s protocol. After 24 hours 1ncubaP 1on, R1CDI1 (a mOdl%Cd D

serum-free culture medium) was added. Conditioned medium (CM}-wvas pooled, fresh

R1CD1 replaced, and CM was harvested again 60 hours later. Conditioned media was
then pooled and purified over Protein A Sepharose CL-4B (Amersham Pharmacia
Biotech, Buckinghamshire, HP7 9NA, England, Cat. No. 17-07080-01) after addition
of 1/10" volume of 1 M Tris pH 8.0. The purified protein was eluted in 0.1 M acetic
acid, 150 mM NaCl and immediately neutralized with 1/20" volume of 3M Tris pH
9.0. Proteins were quantitated using a standard murine IgG ELISA protocol, and
1 assayed in the ActRIIB competition ELISA along with a purified human GDF-8

propeptide, as described in Example 5. The results are shown in Figure 8. The IC,'s
of the GDF-8 propeptide-Fc fusions are in the low nanomolar range and there is no
difference between fusion 1 and 2. Fusion 1 (no linker between GDF-8 propeptide

| and murine 1gG2a) 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 propeptide-Fc cDNA was subcloned into the CHO expression

plasmid pHTop and transfected into CHO/AZ2 cells, as described in Thies et al. (2001)

Growth Factors 18:251-259, which is incorporated by reference in its entirety herein.
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Bi ot ech, Bucki nghanshire, HP7 9NA, England, Cat. No. 17-07080-01) after
addition of 1 /10" volune of I MTris pH 8.0. The purified protein was
eluted in 0.1 Macetic acid, 150 nM NaC and inmediately neutralized with
1/ 20" volume of 3MTris pH 9-0. Proteins were quantitated using a standard
murine | gG ELI SA protocol, and assayed in the ActRIIB conpetition ELISA
along with a purified human GDF-8 propeptide, as described in Exanple 5.
The results are shown in Figure 8. The IC50's of the GDF-8 propeptide-Fc
fusions are in the | ow nano range and there js n@?ﬁ i fference between
t

fusion | and P2$tahi6§%:le“‘§L(ang%:-qa2rﬁk‘@Fe ghlizaehbyssiteding cg &M and nuri ne

| g&Ra) was s or, - j ; ] ERIAl tested
o i it oy R ifichRa BRAAGAiRp ofe P robedtidb e Bth BN s
subcl oned i nippotehnefrdari®selsped $int oas hpvessed ahdd kb wan ddjustedisf atditich ofri0& CHO A2

cells, as described in Thies et al. (2001) Gowh Factors 18:251-259, which
i s i ncor por atvéd ! M Trisptd Bdhand pusified overrfiaprasgja Hapleind Sephagsetapifoveel | 1 i ne

(PP 410.02) NASEskAMLNad iasl SLLRGATME iy SO EbiTE IR ERaL €

Condi ti oned um contal nin propeptide ol protein froma

sel ect ed |i ng2®e92hpievidatiedqaitibratédswilkiseasd aep WSOar KyCladi? 5i Gractibnsl0% v/ v
I MTris pH 8.0 and purified over Pharnmacia rProtei nA Sepharose Fast Fl ow

( Aner sham Phardragluiedpyigh EeHmMadegticyidnisAmde NabpHoh\handargmedistely cat . No.  17-

1279-02) prevyi . lihinRrs8t i b Tkl ctions
were el uted v\{ene? ﬁ?lﬁ%g%‘dﬁéfg is%t %’l?’gh%g’%%ﬁ(ﬁ?@% g%gl B P?r?fgé? q:logﬁ'%/@
neutralized kwyt@gd8haithabiSuperddR00 Sie ERcRsidn (Rakin { Ameishan Phivgiaeiapool ed and
| oaded onto _a Pharmacia Superdex 200 Size Exclusion Colum (Amrersham

Pharaci o) Biieeni o BIAEkRHGNE R B\ A Mo ORACE R K d0SD, O3 % Tween

17-1069-01). Q. 0% . I
aggregati 021. @r‘g%ta}dg%aé%\?t\gﬁ gégt\llagﬁ%ggg8@%&:%%?@&%&%@%{&;%% V%ﬁ%%q%i ci ne
gel s (Novex, SEa8-PRIGH)6n NCAex LIBH Tiddhe gdlo(NovesbSaibbjego OQ 188IA fCaCKbONS wer e

guantitated by spectrophotonetry and assayed for activity in the AcCctRIIB
bi ndi ng assaﬁ%@,&éé)scri bed in Exanple 4, as well as in the

Pooled fractions were quantitated by spectrophotometry and assayed for
activity in the ActRIIB binding assay as described 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 the modified GDF propeptide of the invention
comprising a GDF-8 propeptide-Fc fusion protein has retained poieni inhibitory

(neutralizing) activity compared to GDF-8 propeptide.

S’

Example 8: Pharmacokinetics

The pharmacokinetics (PK) of GDF-8 propeptide (referred to herein as
“GDF8-Pro”) and GDF-8 propeptide-Fc fusion protein (referred to herein as “GDF8-
ProFc”) were evaluated in C57Bl/6J 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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reporter gene assay (Figure 9). The 1C50 of the purified GDF-8 propeptide-Fc
fusion was 1.3 nM The data shows that the nodified GDF propeptide of the
invention conprising a GDF-8 propeptide-Fe fusion protein has retained

potent inhibitory (neutralizing) activity conpared to GDF-8 propepti de.

Exanpl e 8: Pharmacoki neti es The pharmacoki netics (PK) of GDF-8 propeptide
(referred to herein as "GDF8-Pro") and GDF-8 propeptide-Fc fusion protein
(referred to herein as "GDF8- ProFc") were evaluated in C57B1/6J mce at a
dose of 0.2 ug/nouse (GDF8-Pro) or 2 ug/nmouse (CGDF8-ProFc) after a single
intravenous admnistrati on. The aninmal.s received a m xture,of unlabelled
and 125I - | afecedsieprBoys Bdsrrummeacaiighensyere detenpingdaased PR St'ed above and

serum concepty At l:ons; t ] ; ; ZSiecteddbRagt iy in the
serum and t%tg"(%pgc]‘l@}?}n\éﬁgag?gﬁiatggmoe;%gﬂg@?ﬁﬁlgg{b gkp eé?f‘s?%. g?%ur eé 10 shows the
ser um concestigvat the Bervfy @useritiatien cetsusaind aurvdsdbibdtin ehe @IHB3-Procand rGDEDHF8-
ProFc. Table | shows the PK paraneters for. GDF8-Pro and GDF8-ProFc after a

si ngl e i nt r BipERoJablsdhshomsthal K paragretess 195 GRG0 ang SLESRIRT e 8ftfidént r at i ons

and PK paran : - Pr ' t { g/ nouse
for conpar atg}i ?%qﬁgﬁéegé%%@lﬁgﬁﬁﬁ o‘%{ﬂ[g? ?B%?g?hggg?nacﬁg%n%&@%}x%é@ (hrs)
(ng/ m.) ( niphregnetens fox t{eGDFE1P) arcibbiindfized @ 23de b8 2 gfndlBe 2BGothpdraBve
GDF-8-Pro 2.2 390 12.4 2.3 5.1 28.3 T half life during the term nal

el i mi nati onPPwEs®: C.. :peak serum concentration MRT: nean residence tine

V,: initial volume of distribution Vg, llume of distribution at steady
state Note: CGDF8-Pro PK paraneters nornmaltzed to a dose of 2 pg/ nouse.
TV Cmax | Clearance |MRT V1 Vss

\> (hrs) (ng/mL) | (mL/hr) (hrs) (mL) |(mL)
GDF8-ProFc | 232 1392 0.03 286 14 [87
GDF-8-Pro 2.2 390 12.4 23 5.1 28.3

T,,: half life during the terminal elimination phase.
Crax Pk 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 1s 400-fold slower, and the half-life
1s 100-fold longer for the GDF8-ProFc as compared to the GDF8-Pro. Both the initial
volume of distribution and the volume of distribution at steady state are approximately
3-fold greater for the GDF8-Pro compared to the GDF8-ProFc, indicating 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 molecule on a GDF

propeptide is exemplified using the mouse GDF propeptide-Fc¢ fusion protein (i.e., -
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As can be seen in Figure 10, the clearance is 400-fold slower, and the
half-life 1is 100-fold |Ionger for the GDF8-ProFc as conpared to the
GDF8-Pro. Both the initial volune of distribution and the vol une of
distribution at steady state are approximately 3-fold greater for the
GDF8- Pro conpared to the GDF8-ProFc, indicating that the GDF8-Pro
distributes to a | arger extent outside the vascul ar space conpared to the
GDF8- ProFc. Al though the stabilizing effect of the Fe region of an 1gG
nol ecul e on a GOF propeptide is exemplified using the nmouse GDF
propept i de- Fcb‘?th§P@ﬁ01Eﬁ“65t4§F1Mectfmlé mous@gthﬁéﬁ*qﬁh% EEENHEVEDEEP $300% mouse) |
the nethods o n of
Iir)nthgg tcf)gx%sc%%blﬁa%gg ?% GB@’ &k Fge axﬁﬂ%l(}l ﬁﬂnﬁ i ggwéspgf ¢

CDF propept| de™ onen r eg ardl ess precursor
protein or anpﬂﬂbul&ﬂﬁ‘%lﬂﬁ)rﬁ)fd@éﬁl%a&ﬂatsfibecﬁﬂff&ﬁmﬂﬂﬁﬁtl'w&nﬂﬁhbm@d:e depuvedn ded
the fusion protein is properly constructed to retain activity (i.
described hepw@vifed t@‘&wﬁn Brodein PTpRealyiconstansted Ae retointagtivity (ko qq@ﬁmbw 8
Pr opepti de Fehergu ions Two GDF-8 propeptide-Fc fusion constructs were
prepared, using standard PCR nethodol ogy, for evaluation of therapeutic
pot ent i aI A cDNA encoding the human GDF-8 pr opeptide (SEQ ID NO 5) was
fused to the human 1gG@ Fc region (SEQ ID NO_ 15; Figure 1 | A) or human
TgG Fe nodi fi Edample %: e dDexviationane detivity of diwoHu, F%&I@foﬂ@t"hrmure 11
B). 1. Hunman §D§ 8 propeptide-1gG wt Fe fusion protein (Figure 11 A): The
first 264 anin8> 31 ds of the human GDF-8 propeptide (including am no acids
1-241 of SEQ I D NOTwo%GaRg prdirpidde- Patfusion 26hstrusisonat pppRidddesiag seedarf orth in
SEQ-ID NO 13) were fused in frame with the 232 am no acids of the human
|gG ) const_s CRrrégh@dplom &mevaigat@p of therdpeptés paeptid. ActlNAreneadingthege regi on
(SEQ T_D NO.: hd2 | n r 1IB) The
dodn G T OFr ﬁlwgy)wagﬁx %m'%% é@i%‘m@

first 264 am no acl propept i de, eri beera ove,
were fused i n(SEQIB ND:UB; }tlgr@ezm) S uRnd e GUBc mbdaieﬂubateadcdawfeemdrgG Fc

region i .

function (SEQ ID NO:16; Figure 11B).
1. Human GDF-8 propeptide-IgG1 wt Fe fusion protein (Figure 11A):

The first 264 amino acids of the human GDF-8 propeptide (including 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 IgG1
consiant region, starting at the first amino acid in the hinge region (SEQ ID NO.:15).

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

The first 264 amino acids of the human GDF-8 propeptide, as described above,
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. Jmmun. 147:2657-2662 and Morgan et al. (1995) Immunology
86:319-324.
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(SEQ ID NO :16). Two nutations, alanine residues (Ala- 14 and Ala- 17) at
set forthin SEQID. NO: 16 were introduced in order to reduce effector
function as described in Lund et al. (1991)J. Imrun. 147:2657-2662 and
Morgan et al. (1995) Inmunology 86:319-324. 50 The two fusion proteins were
i ntroduced into an eukaryotic expression vector, pED (Kaufman et al. (1991)
Nucl ei ¢ Acids Res. 19:4485-4490) and transiently expressed in COS-1 M
cells (Horowitz et al. (1983) Journal of Mlecular and Applied Genetics
2:147-159), using Lipofectam ne 2000 transfection reagent (G bco BRL, Life
Technol ogi es, RAbkwd fusion pEntgihaiwere iygAjucGhinto mcummgre)ssnanmtm ng to

OvEM pao sBEmaRrBEa et ({98 Rl Ci R s dner sl B it um (0% was
pool ed, fr%ﬁkk&@l%'c@@ﬂ'r@@%&ils (m?ov@éé‘m (W:a\j%&ﬁz@laﬁﬁbl}c@@rbwrs later,

Condi ti oned nedi a was then pooled and purifiéd over "Protein A Sepharose
CL-4B (AnepphanGerdraditdal B pesirgl ipBlectamigh20dhiansfecty reapbut (Babgd and, Cat .

No. 17- 07 -Q1 fter addjtio 1/10" qu f H . 8.0. The
puri fied p%g’gew TRgmoMeiRs kr‘(qb’gﬂ S:"*aegﬁ‘sd8 iiﬁf%ﬁ*ﬂa ordiig
i mredi at el y, H)@J‘hﬁf"a&{xﬂeg ?gro\ﬁéctbh AR honPs! M%aﬁ%&% bl fa H]'E)'dﬁ’reg Proteins were

quantitated using a ndard human rotocol, and assayed in the
Act Rl | B bi rDMEM/EB?samIﬁ@mgulwm hledmm)rwa‘smddied Hﬂnfmimtlﬁbﬁ xﬁedmuop@mm as

described in sults are shown in . ure 12. I n concl usion,
bot h hunan pﬁ?lg‘gg% géépé I %‘ie e e‘?’?f‘é’agfeéteﬂ&%‘ﬁtéo NFi IBefor s of GDF-8
bi nding to O%?xhﬂoh& mEA20RS ﬁlexjrgoolla@aﬁé % xf;re%s}v'epﬁro@ém @EeshafdseRg PR de- Fc

Fusion Protein The nurine GDF 8 prope de-Fc fusion protein (from Exanpl e
9) was test(Mersluarnd’diaﬂMacrmE:eteclSéimhlmbamslne, WP IONA. dEngdahd] Cat. Nenkl-e BALB/ ¢

mce were r z r gct to b i nt.o groups of
seven (excé)g{}&%m) a?tﬁ’éaar,ﬁ\{lbnontotfgét e/t ““b‘?%ﬁg% -{V/\ﬁﬁ? glﬁtgrfggﬂg%“fﬁegé’fm I ce were
dosed tw CeARRIMNNnBY 1 a@cnd AL H{MN’MCtl 'ﬁn@ﬁu%@i@ate‘f@ﬁ’éﬂtﬁéhg&ﬁﬁnﬂpf 10 ug, 100
ug, or 1000 ug per animal for five weeks. Control I'njections were murine
| g&Ra- Fc atl/20"nwluare dGiv Tab pHt9.4.0 Ptdieinhivgte qlasttatkd using a standard human

1gG ELISA protoco!, and assayed in the ActRIIB binding assay along with a purified

human GDF-8 propeptide, as described in Example 5. The results are shown in

Figure 12. In conclusion, both human propeptide-Fc fusion proteins are potent

inhibitors of GDF-8 binding to ActRIIB.

Example 10: In Vivo Testing of GDF-8 Propzptide-Fc Fusion Protein
The murine GDF-8 propeptide-Fc fusion protein (from Exampie 9) was tested

in adult mice. Seven to nine week old, adult, female BALB/c mice were randomized

“\‘mw’/

with respect to body weight and placed into groups of seven (except for the no
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.
Control injections were murine 1gG2a-Fc at a molar equivalent to the high dose of
propeptide-Fc. At the end of the study, gastrocnemius, quadriceps, epididymal fat
pad, kidney, and liver were removed and weighed. Figure 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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propeptide-Fc. At the end of the study, gastrocnem us, quadriceps,

epi didymal fat pad, kidney, and liver were renoved and wei ghed. Figure 13

shows the average tissue mass, with the error bars indicating the standard
error of the nean. The asterisk (*) indicates a statistically significant

difference (p<0.01 using a students T test) when 51 conpared with the mce

treated with the control protein, Ig&aFc. Blocking GDF-8 activity in vivo
by I.P. injection of GDF-8 propeptide-Fc fusion protein at | ng/week

(treated mce) resulted in a 6.2%increase in gastrocnem us and 11.3%
i ncrease in Coqwattdl\’@épthmgcdf geatedwith trantol nroteﬁodg(ﬁwcmﬁiedﬂl@ﬁ GPEcki vi ng

GDF- 8 propeptij.de-Fc at ei addlth ivity in
Vivo by | Bty bEf-Pakecon b GRER Maaenidt Rt srafach) METES o/ veek
(treated m C‘(?r)eaté@ﬁl%e? %es'ul?ed?l% ao%%rlﬁér@%%?n gés’&oﬁﬁémilﬁéqnﬂﬁ 3% ihbaddijgh dose

(I my/ week) treateme also led to a decrease in fat pad mass, but due to

t he vari abi |quagridep npasclepasghs rasparet hecatitfol miemoe rmmmg)GDﬁ-@ptopeptxde -Fc
statistically significant, (p=0,047). re was no effect of tre on the
mass of ot HEFOR pilcins i addiep. b %Eﬂnaﬁliﬂ'g&am‘@ry %Vdebaﬁﬁymem%%f#ﬁ% t he
modi fi ed CDR; egHElQ @@@ﬁél&ie%ﬁké?ﬁgﬁg)lpggywék%ﬁ%dté’d che'g Reshit¥ B BNEh,kigadist 0 an

i ncrease |n mass an se In fat nas I'n summary, bl ocking
GDF- 8 acti viihyatipad mago Blye high dosen(l eptwepk) tredtertebiit-alsoed pepldotersém fusi on
protein (treated m.ce) resulted_ in increased %astrocnenious and quadri cep
muscl e nmass RagipLs: émA Yotodhn tRAbIY ¢k Paiprd meshithg didferanerwas BtdpipY i de- Fc

fusi on br ot Sk @k RO (o= 99Tk Uabtl LRelN0 aiindtt L ucsiagns ze. or be

able to ascertai n usi han routi ne experi nen I on, nmany

equi val ent s dtherttiasues p@oadt lmllﬂ’ﬁcgolmemm kidady. IR’ sumnhaiy ahé imodiftdGDF8ed her ei n.
Sucﬁ equi val ents are_ intended be enconpassed by the follow ng clains. 52

CLAI MBS 1 A Rigpapbde bkocbﬁdoﬁl?@r%gmaﬁmrw aefl Ippbtojan ingregsqiapisgle eBFERd si ng:
(a) culturingqd g fUbi A0k HUbHSy, TBAIHD GDES hetSRYRE LRLAY 1. H&lghc acid

of GDF-8 propeptide-Fc fusion protein (treated mice) resulted in increased
gastrocnemious and quadricep muscle mass compare- to control mice not receiving

GDF-8 propeptide-Fc fusion protein.

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, many equivalents to the specific embodiments of the
invention described herein. Such eguivalents are intended to be encompassed by the

following claims.
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encoding a nodified BWMP-11 pro-peptide conprising an am no acid sequence
that is at least 75%identical to SEQ ID NO 11 and has a nutation that
nodi fies the am no acid sequence at the residue corresponding to position
98 of SEQ ID NO 11, wherein the nodified BMP-1 1 pro-peptide has an
increased in vivo or invitro half-life relative to a correspondi ng
unnodi fi ed BMP-11 pro-peptide; and (b) recovering and isolating fromthe
culture nediumor cells the nodified BMP-11 pro-peptide. 2. A nethod of
producing a nodified BMP-11 pro-peptide fusion protein conprising: (a)
culturing in a suitable cul ture nedi |1 conprising a nucleic acid
encoding a nodified BMP-1 1 pro-peptﬁgggggﬁprising an amno acid sequence
that is at least 75% identical to SEQID NGO 11 and has a nutation that
nodi fies the am no acid sequence at the residue corresponding to position

98 of SE h | f h dl | ei
aci 3 sequence/&léo'ﬁ%léegmgeéf’?dugg'tgr%@%uﬁ'eg:ﬁ'gﬁq FE{@ ﬁ%ﬁt@gﬁoﬁp i s_g;snat Egc e

nodi fied BMP- Qa)l PEMUARG i Q%uftﬂEIb%thf&héHﬂm B%&Il%ﬁndp% ng%ﬁdclele aéigvo or in
vitro half-life relative to a corresponding unnodified BVMP-11 pro-peptide;

and (b) recoveri ngenaedingamadifiag BMEn] t neo-peptider compriringrad amiae Ia§'dt he

Wher oi n the nuct o) SSBREE Ui is PS8R, PR Erlealto SEG I BNANA B fagh T° 5Pt e
BMP-1 1 pro-pepti deutdtiah that rabdifieasie &hffol aiﬁdlte@l@éncbmtﬁ@rédﬂjud\@ 11, and is

capable of inhibiting a BMP-1 1 or -8 activi 4. The et hod of
clains 1 or 2, V\heﬁ%f%mﬁ@'nﬁl}@Ipéﬁﬁ'oatﬁscpf(ﬁﬁ,%(@rﬁ\bgﬂﬂewéﬁ/lﬁ"lﬂﬁ medlfiedept i de

encodes a modi 11 edyGh) {4 b sRRPEEIEN HiRbasel AYilotSh IRRANRRILERe @ SEQ

ID NO 11, and is capa ting a activity
net hod of any one atoméspomgirig dnmuodifiee BMRHd prageptide;aanidi encodi ng the

alhlvgr éi ﬁ pro- p&)r))t | dr(caacg\r/]é:r(ljn%;ea?n63l isua%ﬂg?r%tm ﬂIe cuqt%réi me%?urﬁ %'r %Eus Ihe mgd %‘leDd Na 11,

BMP-11 pro-peptide.

2. A method of producing a modified BMP-11 pro-peptide fusion protein comprising:

(a)  culturing in a suitable culture medium a cell comprising a nucleic acid
encoding a modified BMP-11 pro-peptide comprising an amino acid
sequence that is at least 75% identical to SEQ ID NO:11 and has a
mutation that modifies the amino acid sequence at the residue
corresponding to position 98 of SEQ ID NO:11, wherein the nucleic acid
further comprises a nucleic acid sequence encoding an Fc region of an
IgG molecule, wherein the modified BMP-11 pro-peptide fusion protein
has an increased in vivo or in vitro half-life relative to a corresponding
unmodified BMP-11 pro-peptide; and

(b)  recovering and isolating from the culture medium or cells the modified
BMP-11 pro-peptide fusion protein.

3. The method of claims 1 or 2, wherein the nucleic acid encoding the BMP-11 pro-
peptide encodes a modified BMP-11 pro-peptide that is at least 85% identical to SEQ ID
NO:11, and is capable of inhibiting a BMP-11 or GDF-8 activity.
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the fragnent is capable of inhibiting a BMP-11 or GDF-8 activity, and
wherein the fragnent has a nutation at the residue corresponding to
position 98 of SEQ ID NGO 11. 6. The method of clains 1 or 2, wherein the
nucleic acid encoding the BMP-1 1 pro- peptide encodes a nodified BMP-1 1
pro-peptide that conprises the amno acid sequence of SEQ ID NO 11, except
that it has a nutation at the residue corresponding to position 98 of SEQ
ID NO 11. 7. The nmethod of any one of clains 1-6, wherein the nutation that
nodifies the amno acid sequence at the residue corresponding to position
98 of SEQID NO 11 is a substitution nutation. 8. The nmethod of any one of
clains 1-6, wherein the nutation that nodifies the amno acid sequence at

t he resigue i : b f -' lL,etj.on
mitat orto. HeRRRRRCer Wit 0652 Widteling iyt acky KcddmotnE BMIEA A",
modi i espépile emtbii®s aehodified BIF-4 1 @iro-pbptidesthatl (scatdeastedfIo idbntigaltto SEGIDi on
98 of SEQ ID NO, 11 is an, insertion nutation. 10. The nethod of any one of
cl ai ms 1IN TRefds raratde pbinhiRiting.a BMERId I Glar BactivB¥i ti on 98 of SEQ ID

NG 11 is alanine. 54 11. The nethod of claim1, wherein the BMP-1 1
pro-peptide further conprises a Fc region of an 1gG nolecule. 12. The

nmet hod of. anylhef methaidnaf dhyaorneldf, claimsr Bépwhérein thé mmleic akiel ermodingstee an | gGL

or g4 repgion. 13 The nethod of any of clai 2 1 1erein the

i noachiiPsEh bhbentile HrodsE adsatentitin amipd pdls bt SEQ Tt TL v erhecn 1 o
NO. 15. thd frabifent® Bshul ofitidtingca BIMIE17 RIGHF-8 aMEORE dhd'WerdiH the acid
sequence of the |I1gGnolecule is SEQ ID NGO 15. 15. The nethod of any of

cl ai ms 2fragment, hagreemeitationrad theresidue corresppudingetogrosition 98 ofSh@I1IBNOE 1. s at

| east 75% i dentical to SEQID NO 16. 16. The nethod of any of clainms 2 or
11, wherein the am no acid sequence of the

6. The method of claims 1 or 2, wherein the nucleic acid encoding the BMP-11 pro-
peptide encodes a modified BMP-11 pro-peptide that comprises the amino acid
sequence of SEQ ID NO:11, except that it has a mutation at the residue corresponding
to position 98 of SEQ ID NO: 11.

7. The method of any one of claims 1-6, wherein the mutation that modifies the
amino acid sequence at the residue corresponding to position 98 of SEQ ID NO:11is a
substitution mutation.

8. The method of any one of claims 1-6, wherein the mutation that modifies the
amino acid sequence at the residue corresponding to position 98 of SEQ ID NO:11is a
deletion mutation.

9. The method of any one of claims 1-6, wherein the mutation that modifies the
amino acid sequence at the residue corresponding to position 98 of SEQ ID NO:11 is an

insertion mutation.

10.  The method of any one of claims 1-6, wherein the residue corresponding to
position 98 of SEQ 1D NO:11 is alanine.
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lgG nolecule is SEQID NGO 16. 17. The nethod of any of clainms 2 or 11,
wherein the pro-peptide is fused to the Fc region of the 1gG nolecule via a
| i nker peptide. 18. The nethod of any of clainms 2 or 11, wherein the

nodi fied pro-peptide fusion protein conprises a |linker peptide between the
nodi fi ed BMP-11 pro-peptide and the the Fc region of the 1gG nol ecule , and
wherein the |inker peptide conprises the amino acid sequence

gl yci ne-serine-glycine-serine (GSGS). 19. The method of any of clains 1 and
3-6, wherein the BMP-11 pro-peptide further conprises albumn or a
derivative of album n. 55 20. The nethod of any of clains 1-6, wherein the
BMP-1 1 pro-peptide further conprises a non-proteinaceous polyner linked to
the pro-pept irde-method bhelaimth amherdin &y BRIP-¢4 %'rdeeF»ticﬁ? fuMmeF ebmptibes BIM2- 11
pro-peptide further conprises an altered glycosylation site. 22. The nethod
of any d&&giengf as laGeoleeldeei n t he BMP-11 pro-peptide further conprises at

| east one carbohydrate noiety. 23. The nethod of any of clains 1-6, wherein
the BMP-11 pro-peptide further conprises a purification tag. 24. The net hod

of any aR. cl ghesn&hod ol any vhelaihe 2tdnd 1F@herdn e IBG moldoue omhpdsdscan s a
mouse 1 gG nolecule. 25. A BMP-1 1 pro-peptide conprising a non-human BWP-1 1

pr o- peptl9@? oR et 65§ '89IONSEQ | D NO 11 chosen from bovi ne, chicken, murine,
rat, porcine, ovine, turkey, baboon, and fish, wherein the pro-peptide has
a mutation that nodifies an aspartate residue corresponding to position 98
of SEQ MB. NOThé&netAbd oT bry BMElainis Rron-1dewherkn te amaionadd segbence of théie

pro-peptide further conpri.ses n Fc i f, an 19gG nol ecule. 27. An
i sol at edgglﬁﬁq’lé?‘éeé%?ﬁeggq @gl'%erg'ﬁe&?i %8ABM 1§1 pro- peptide conprising a
nucleic acid that hybridizes under stringent hybridization conditions to the

conplement of SEQ ID NO 12, and encodes a pro-peptide that has a nutation
t hat nodif i eThemeethod of any of claims 2 or 11, wherein the amino acid sequence of the

IgG molecule is SEQ ID NO: 15.

15. The method of any of claims 2 or 11, wherein the amino acid sequence of the
IgG molecule is at least 75% identical to SEQ ID NO: 16.

16. The method of any of claims 2 or 11, wherein the amino acid sequence of the
IgG molecule is SEQ ID NO: 16.

17.  The method of any of claims 2 or 11, wherein the pro-peptide is fused to the Fc

region of the IgG molecule via a linker peptide.

18. The method of any of claims 2 or 11, wherein the modified pro-peptide fusion
protein comprises a linker peptide between the modified BMP-11 pro-peptide and the
the Fc region of the IgG molecule , and wherein the linker peptide comprises the amino

acid sequence glycine-serine-glycine-serine (GSGS).

19.  The method of any of claims 1 and 3-8, wherein the BMP-11 pro-peptide further

comprises albumin or a derivative of albumin.
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aspartate residue corresponding to aspartate 98 of SEQ I D NO 11, wherein the
pro- peptide inhibits a GDF-8 or BMP-11 biol ogical activity. 56

20. The method of any of claims 1-6, wherein the BMP-11 pro-peptide further
comprises a non-proteinaceous polymer linked to the pro-peptide.

21.  The method of any of claims 1-6, wherein the BMP-11 pro-peptide further
comprises an altered glycosylation site.

22. The method of any of claims 1-6, wherein the BMP-11 pro-peptide further
comprises at least one carbohydrate moiety.

23.  The method of any of claims 1-6, wherein the BMP-11 pro-peptide further
comprises a purification tag.

24.  The method of any of claims 2 or 11, wherein the Fc region of an IgG molecule is
a mouse IgG molecule.

25. A BMP-11 pro-peptide comprising a non-human BMP-11 pro-peptide homolog of
SEQ ID NO:11 chosen from bovine, chicken, murine, rat, porcine, ovine, turkey,
baboon, and fish, wherein the pro-peptide has a mutation that modifies an aspartate
residue corresponding to position 98 of SEQ ID NO:11.

26. The BMP-11 pro-peptide of claim 25, wherein the pro-peptide further comprises
an Fc region of an IgG molecule.

27.  Anisolated nucleic acid molecule encoding a BMP-11 pro-peptide comprising a
nucleic acid that hybridizes under stringent hybridization conditions to the complement
of SEQ ID NO:12, and encodes a pro-peptide that has a mutation that modifies the
aspartate residue corresponding to aspartate 98 of SEQ ID NO:11, wherein the pro-
peptide inhibits a GDF-8 or BMP-11 biological activity.
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