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PROPEPTI DES AND USES THEREOF Field of the Invention This invention rel ates
to inhibitors of Giowh Differentiation Factor-8 (GDF- 8) proteinp G¢H 200
met hods for their use. Mdre particularly, the invention provides nodified
and st abi Waedepiopept i des of GDF-8 proteins which inhibi PCTHEAB¢Vity of
GDF-8. The invention is particularly useful for preventing or treating human
or animal disorders in which an increase in skeletal nuscle tissue would be
t herapeutically beneficial. Such disorders include nuscle or neuronuscul ar
di sorders (such as amyotrophic |ateral sclerosis, nuscul ar dystrophy,

muscl e atrophy, congestive obstructive pul nonary di sease, nuscl e wasting
syndronme, sarcopenia, or cachexia), nmetabolic diseases or disorders (such
as type 2 diabetes, noninsulin- dependent diabetes nellitus, hyperglycemn a,
or obesity), adipose tissue disorders (such as obesity), or bone

degenerati ve di sea | Sty ﬁ?ﬁ f the Invention
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(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 type 2 diabetes, noninsulin-
dependent diabetes mellitus, hyperglycemia, or obesity), adipose tissue disorders (such

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

Background of the Invention

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

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



McPherson and Lee (1997) Proc. Natl. Acad. Sci. US. A 94:12457-12461; and
Kanmbadur et al. (1997) Genone Res. 7:910-915). Recent studiesiﬁaBETammg
shown that nuscle wasting associated with H V-infection in hunans is
acconpani edwayo2suicssss eases in GDF-8 protein expression (GonzafensCasavi d et
al . (1998) PNAS  95:14938-43). In addition, CGDF-8 can nodul ate the
production of nuscle-specific enzynes (e.g., creatine kinase) and nodul ate
nyobl ast cell proliferation (WO 00/43781). In addition to its

growt h-regul atory and norphogenetic properties in skeletal nuscle; CDF-8
may al so be involved in a nunber of other physiological processes (e.g.,

gl ucose honafsss afleSidentds ni@tdilyadscabng hiRdtiod® BAGDOB S cAUEHA shinordlettane

devel opment of type 2 diabetes and adi pose tissue disorders, such_as
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an am no- t erénitsdui®t QR eBI97HG e Aotk ResCAODOWYSY ER dtenibdtudied hive alsd GHRWVR
(McPherron and Lee, 1997, supra) as well as a signal sequence which directs
t he protei n tha muysele svastingcassqcigted witl AV rinfeatdon 1 hymaansds ecgowpanied by m t he
protein. It i rgpsgg i'nedﬁ]g-8tppc§£in%%E%%s?oncg?o%ggﬁfia\;ia%t B @@ggj PHES the . .
precur sor =g protein forms a honodi mer . € am no-térmmnal propeptide is
t hen cl eavedstr4983-4he 1faddifién, GBS Ran addulattahe bfaedopsfopesld-gecifey remai n
noncoval ently bound to the mature domain diner, inhibiting its biological
activity (Mepaveeide8t crptinegkinge) and megulate mygblest cedlgmokferrtiopAMO \\akefi el d et
al . (1988) ?0/%791). 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 di ma additiore® ig8lgrébth-regatdyy Andanbriphbgeieic propSetidd im kellal Due to
rty, the propeptide is known as the

this inactivating goe h
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Ann. Rev. Cell Bjol, 12:5?7- 641), The ture domain.is bell'k_eved to be
dplatgs.preaaipocyte differentiation to adipocytes (Kim et al.

active as a T8WBdi %%PF'&/\SH%
(2001) B.B.R.C. 281:902-906).

Like TGF-p-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 1s also cleaved from the protein. Itis
believed that before cleavage of the propeptide, the precursor GDF-8 protein forms a
homodimer. The amino-terminal propeptide 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 Facrors 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,
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propeptide is renoved. OQther proteins are also known to bind to GDF-8 or
structurally related proteins and inhibit their biological activity. Such
inhibitory proteins include follistatin (Ganer et al. (1999)IDE¢H§BQ&M
208: 222-232) and follistatin-related proteins. Further, a nunber of hunman
and ani maWOod268eders are associated with loss of or funcPCaddERPHPhpaired
muscl e tissue, including muscul ar dystrophy, nuscle atrophy, congestive
obstructive pul nonary di sease, muscle 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
substantially reduced by enploying therapies that increase the anount of
muscl e ti $emendkret pla¢lio8hx Margre 1 T01 705 padriMassagde 6098 kAwn. RBuche/t Rad api es

woul d signif, | y...i nprove, t he al.ity of life for, these tients and
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the art to,ddsnidkYed\QWdl CRRGREASInG BRlaldlBiowEend @ @GDFQVGr al | increase in
muscl e tissue i n patients suffering fromthese disorders. The present
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propepti des or BMP-.1 ropeptides t ain,thepr hi igal activity and
i nhibit t rﬁ’é°‘°%§'&t’lh°@1df§°'§fm&&w%r€éf‘ﬂ§99ﬁ@eﬁ%?? ?Q%zg#%@%wﬁdes of the

i nvent i on fom¥alf rdisiedploteind r €at human or ani mal disorders in which an
increase in nuscle tissue would be therapeutically beneficial. 3 WO

02/ 068650 1 7 @orhgpasurpr/afisomn 3udmimahdiserdersfare prsodiated mithdpssGfRr 8 i s

i nvol ved in the .regulation qf .many. cri.tical biological processes. Due to
s key. aNRTIBHD irpRed mcle RE anchuting bsoit? dystob i oflssle AWOPRY et 1 or

t her apeut icengdstileEsBsaaEtvepulrhbidip BBBasB Fhiischd WiistReGYhdroRe, $&¥op8nial Aaept i de may
be an attractive_ means of GDF nodul ation froman efficacy and toxicity

per spect i wachexige TordateeMery feviveipblerar efiggiavedtherapies exigt fontese disorderscul at ory

half-life 'I.%fe t%r%?ﬁggéxggﬁjt\s a@g‘,&cﬁ)aqg& \lvﬂﬁ )t/lf%éc( flisgr%ekslocl%f.xfc{;l?er skbgt%t(i]a;[l&g'fzme cule to

have practica I'c or prop Icu ccor y, the present
i nvent i on bySeni}Asykk thafaplee dsit iricFeapathe amoiint fmeciCiiead i patibat stfferingr opept i de

of Gowmh Differentiation Factor-8 (CDF-8) inhibits the activity of
from the disorders. Such therapies would significantly improve the quality of life for
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 thetr 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 1n muscle tissue would be

therapeutically beneficial.



GDF-8 protein, and that other Transform ng G owh Factor-beta (TG p)
proteins which are related in structure to GDF-8, such as BOE?

Mor phogenetic Protein-11 (BMP-11; also known as GDF-1 1), ar apgl 2005

i nhi bi ted bywoDEH@6Hr opepti de. The present invention thus RGVIHZE67
conpositions and nethods for inhibiting GDF proteins, as well as nethods
for identifying, making and using such inhibitors. As noted above, the
present invention is also based, in part, on the discovery that the natural
GDF- 8 propeptide has a relatively short in vivo half-life, which may

prevent practical therapeutic or prophylactic utility. Thus, the present

i nvention provides nodified GDF-8 propeptides and nodified BVP-1 |
propepti des having inproved pharnacokinetic properties, such as increased
circulatory half-life or increased protection fromproteolytic degradation.
The presently. discl - ropeptides or BMP-1 | propeptides may be
stabilized b%u'g'ﬁf?%ggﬁge@r?gl\fﬁoqon the art. For exanple, in one enbodi nent,
the nodified propppts danvaivel ihsd regul pic &f marywntichldidlggiaal Gefcessepr Dpept | de
and the Fc region of an _1gG nol ecul e, GDF-8 propeptidc fusion proteins may
conpri se, astotifskey fedtipp 1%819%?’99“%%@9%%@}5?{ g@lédéﬁl’ahle@@@%%’taé?w,c or an
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of a GDF-8 whhararelanat inrseruGhe-t8 GIi-8 asuGbis BooModihneenetioProstindd acti ve
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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
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 IgG molecule. GDF-8 propeptidc 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 incr 56 T scle
ti ssue would be therapeutically beneficial. D seases and di sorde g t may
be treat etwm§z/shiso modi fi ed GDF-8 propeptides or nodifi ed PRWUSIRAOPIDpept i des
include but are not limted to nuscle or neuronuscul ar disorders (such as
anmyot rophi cl ateral sclerosis, nuscular dystrophy, nuscle 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 abetes, noninsulin-dependent diabetes nellitus, hyperglycem a, or
obesi ty), addifiopathe GDFES peopdpSde ey be flyuedylasd, obkrsietiytd albamdn bome degenerative
di seases (such as osteoporosis). Brief Description of the Figures Figure 1
shows t he MOBPRGIRFQUHPIVBET-cal activities of GDF-8, BWP-11 and activin in a

reporter gene 3p 8&%@@%&1&%& a@mg%agrgﬁghm a%%ﬁﬁdté%%%ngﬁgggf I ed

bi oti nyl at ed human I'n an Act I ng assay. 5 650 1 7
OCT 2005 RMEMBIOORephide Bnd)thed-c3eghowfan f{umbleone oBMIRGEL B pAEp)de2 reporter
activity at the ED50 for GDF-8, BMP-11, and activin,in tE&”pr?sence of
COF- 8 prop‘i.‘ﬁ?’i‘ BROIeiRs Ry EOAPTESotstnE AS o UBWHE e RIBRAPUAR AT HPMIH! of

bi oti nyl at = kingi L 5 { okt e 5 shows
t he bi ndi ggtgfﬁ?%ﬁ%%h? gbﬁ%ogt&@lﬂ?@@i@gﬁr%&‘% sh%\%g&[dﬁgg%ggg?g&%,g%%gnt

i nhi bi ti orlg6fm@BRIE nmpaixrfembobinmmitsy gr incadddioncibe BMPr} | @DIpePtige mpepei de.

Figure 7A sho t he 1no acjd sequence of. a nurine GDF-8 propeptide-Fc

f usi on pr(ﬁié‘ioﬁ)f atﬁ?’g‘ﬁ?@(?%_tosﬁh‘d%m .C}r‘?lﬂolnﬂlé)_? -“%p?}P'B’ﬁépti de-Fc fusion protein
with a short OiuGhARAGPGDFES BloyeptitRs §ﬁﬁlba§aee§§@s)nlpkd}ieﬁﬁde%e&%atl ng the
GDF- 8 propeptide from the Fc region. Figure 8A shows the effects of hunman

GDF- 8 pr opeprntide axgredpable ofnhibaieng the activity, expression, 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),
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 qf rr?@SGDF-S
propeptide and two nurine GDF-8 propeptide-Fc fusion protei né. (e ]V 9

shows the r &VERYESSHY ol ogi cal activities of human GDF-8 profdd!V W& 345hd
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 adm ni stration of
0.2 ,ug/nmouse or 2 g/ nouse, respectively. Figure 11 A shows the am no acid
sequence of a human GDF-8 propeptide- 1gd Fc fusion protein. Figure 11B
shows the anino afigiredshpwsdadustion ohpEh (AHAB. sPos et dw-at thgdiD&dort usi on

protein nodi {4 f ' i .12 shows the
dose- depende%ﬁl?r%h}lg@lpg%%@%‘@ﬁﬁéﬂgﬁrﬁ%ﬁ%gf(gﬂgnfﬁrg\g{p&fi ‘B conpetition ELISA
by human GDF-8 pr Gpgpd 4 eifovaitBe dave-deperientGhfibition pf biotiaylade -(FUF -8 biridinp
proteins. 6 WO 02/ 0613650 Figure 13 is a graph show ng that nodified GDF-8
propepti de athPaiRdiRpy &GOS pippepfidencr eases gastrocneni us and quadricep mass,

and decreases fat F%ﬁ% sll?ol&stﬁ@?iéﬁ&%of@ﬁ-@%%&ék%ﬂ.ey or liver mass conpared

to untreated mce nmce trea th the ntrol protein, |gQ&aFc.
Fi gures 14A -P il Fysir¢ aklfovidtie do8enizpanieat inhitition off GDF-8 spedifRatinding esL6
corresponding to SES ID NO s 1-16 and annotations thereto. Definitions The
terns " CGDF- gcellstyrDE-&prepentide.  or " GDF- 8 pol ypeptide" refer to a specific

grow h and differ I ab A neludj LM at. set
forth in SEQID E%?ngﬁ%&sgﬁ%gﬁél\klvd‘{clrl]d(;%lyﬁﬂ%rcppg% g’?&]gésb ? rF? %gﬁﬁﬁ%&%ﬁ%gs
t her eof , i nclfusibmprotefronol ogs of ot her species. Particularly preferred are

enconpacses GOF- oL S RoWBY GEroPHERE AR DR aHE 88RO nel ud ng
but not i m L&A deQeffE£R cire APHMAGIES) linker separating the GDF-8 propeptide from
the Fc region. .
Figure 8 A shows the effects of human GDF-8 propeptide and two murine
GDF-8 propeptide-Fc fusion proteins on G2T-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
ug/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 function.
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-8

propeptide-Fc fusion proteins.



dog, cat, chicken, nurine, rat, porcine, ovine, turkey, baboon, and fish.
Vari ous GDF- 8 nol ecul es have been described in MPherron et aft7. %9%%
Proc. Natl. Acad. Sci. USA 94:12457-12461. Honol ogs are well i'nthe
art. HonoMapse/oeesfo be determ ned by any method known in tREIVHPR2/038Y as
descri bed herein. The GDF-8 or GDF-8 protein may be naturally occurring or
synthetic. These terns include the full- |length unprocessed precursor form
of the protein ("GDF-8 precursor protein"), as well as the nature forns
resulting frompost-transl ational cleavage of the propeptide. The terns
also refer to any fragnents or variants of GDF-8 that mmintain one or nore
bi ol ogi cal act iFigué Esisasgsah shoethgshitmalifBOrGBF frpopiptide admiigseed $ed her ei n,
i ncluding _sequences that have been nodified,with cg servaﬁiv or

non- conserPRIPGTERSEHESgReLS at“ﬂé’“ﬁ‘?ﬁ“ﬁ%"&éﬁ’an% ecfﬂeé"ﬁ?fetg‘ Mgt PEOBDRS" refers

to the prQigiikifey BPLVARGRIS €6mpdrad tol thurthiedMBEL JrfR frhiged WAk RRXY-termnal
domain of the GDF-8 precursor protein. A human formof mature GDF-8 protein

i s provi dedntrel pBHEén) [PGRAFG. The mature GDF-8 nmay be naturally occurring. or
synt hetic. The Jmtur ~-8 may, be present. as,a nononer, honodiner, 7 | |
OCT 2005 WD 02 0%’%&8‘“%)‘{5%‘5%’&% °38$%9“°6°é° APASEENGS] a2 GDF-8 | at ent
conpl ex. [BREHPhdIAg RSEWEDINDNIVIG 8 ahdbidtidng thert@ndi tions, mature CDF-8 may
establish an equilibriumanong any or all of these different forns. Wthout
limtation as to the mechanism nmature GDF-8 is believed to be biologically
active asréﬂ.rmdi mer. In its biologically active form the mature GDF- 8 is
al so refert2WYYS,s "active GDF-8." The phrase "GDF-8 activity" refers to

one or nore of TRBYENOFGUIFCE, FEDFLPWo IR GIGBE-8 pBlyPEpHHR PERORNEL | C
activities associated with actjve GDF-8 protein. For exanple, active CDF-8
i s a negatsp¢efi¢ grguthaandrdifferentiaiontfagtorincdeding et limited toethapyet Prthcian al so

nodul ate t I - i - i ne ki nase),
ati mut at o Sholr N6k F P Anpho KSHEpTBRFbLL b EEHIE R Bt R
di f f er ent ihatriotugsbOothecippeiey t BSticBdly fefatredarb elanenalhnthomioldspmsst sensi tivity

to insulin and lgI ucose _uptake _in peripherial tissues, particularly in
skel et al rferablydumap; Theayessat inyertiop glsp gnspmpassor GHH;B arodgsiutesiandct i vi ti es

e o S A B o SRR, 1 1
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-8 or
GDF-8 protein may be naturally 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,



decrease in nuscle mass, regul ation of nuscl e-specific enzynmes, inhibition
of myoblast cell proliferation, nodul ati on of preadi pocyte di fffqepgazmgn

to adi pocytes, increasing sensitivity to insulin, regulations o cose
upt ake, gl uswsedsessost asis, and nodul ate neuronal cell develcoprsenes4and
mai nt enance. A human formof the full |ength GDF-8 precursor protein is

provided in SEQ ID NO 1. "CGDF-8 propeptide” refers to a pol ypeptide that is
cl eaved fromthe am no- term nal domain of the GDF-8 precursor protein. The
GDF- 8 propeptide is associated w th one or nore biological activities
including but not limted to the ability to bind to a mature GDF-8 protein
or honodi mer or hitebedtedent i at GDF48Hatbht cogijpgex0rDepenéinglon-tBe inbiied oginGadro
activities, the ability to enhance nuscl e devel opnent, the ability to
enhance nustanditios snatirg SRIHB maﬂfs‘tabh%’r@rﬁﬁpé b peoBhRYeariad Pl thesél t he

0111, L0 PEHIRbEorlSH) fodllihbA L LEhR e Hhom G EpPIORERELAR Y e

natural |y occurring or exanp propeptide 1 ncludes

but is not |bdbibRgichldy a?cnlwaaﬁbmddiwmmdh:@IHFeIBglpalQpapivecﬂanpmmmfb GDFSEQ |1 D
NGO 5. In one_enbodi ment, the GDF-8 propeptide is capable of binding to the
propept i de b HAlsigelgBrRioasorctgGRESCDF-8. 8 1 7 OCT 2005 WD 021068650 PCT/ U

S02/ 03467 In anot-Rer hm@@é £mlv§t§)€¥e@§ic§or&rc§9§%& Og%hiﬁ?]o ég?m ﬁ&%&_{g

|nh|b|t|ng one or ivities of a matur
i nhibitor™ i nghlud»qswamyxph@ntumpahieeassbcuatcumht}t aange Q¥ -8 pedteini Fyr

expr essi on, proc SSi ng, OI’ Secr eti.on of otelrLn mat ur e or a
GDF- 8 honodi R&mPls agvR GDES 5 3 Regapre zngBrcggEF @q?‘ﬁL‘PH%ﬁl%’&a’ﬁutA‘W(‘ffgﬁant ed to
modi fi ed GDF a%a%o iR rﬁ)?&ﬂcm{f ﬁ)\?s‘ébee’%ﬁg?i anCI ng‘ (1 tm@‘kl e’)8

i nhi bi tor so I ncl udes any agent capabl e b|n ng of a
GDF- 8 pr opep$tnmltdatt myablastatell peoliEekt&n, and emdhlate praadlpocaztmﬁex&nhmmndo mer. Such

|nh|b|torS|nIudeb imted to pr.oteins, dles, tides,
pept i doni net? Bocyl'e? 63@5%9@5 bgﬁgyedslg&cgeas%fsq WHUKI‘%HISP @B&%F&P@? anded
RNA, and ot hrﬂnﬁn BRdral HRh%Héﬁ@ulaﬂlﬁlmglcta@mgah'E?Qalpoé)h@s @@Jcbi‘ﬂlﬁ@{ of a GDF-8

protein is inhibited by a nodif GDF- propepti de "as descrlbed’ln
Exanpl es 3 -GPBF- 8blola>gr§al'mlvmnbnm1ud9|bmarthet laoited/iat iphibftion of GDSCI8 prot einis

;n(f:liogip][ g)c(l g?fogg)gt‘tl)(gx:, ;plg dtd(?Br}NTgfd%lbslg g%?cgwﬁdmhjbmon of8musc1i Y etve]%gmgl ex" refers to
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 a 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.

8



mat ure GDF-8 honodi mer and a GDF-8 propeptide. Wthout |limtation as to
mechanismit is believed that two GDF-8 propepti des associ at WQ@[ 12089

nol ecul es of mature GDF-8 in the honodiner to forman inactive Tetraneric
or | at ent wanogpleessht The | atent conpl ex may include ot her @®OF/USMRPBITOrs in
pl ace of or in addition to one or nore of the GDF-8 propeptides. The term
"nodi fied GDF-8 propeptide"” refers to a GDF-8 inhibitor which conprises a
nodi fi ed GDF-8 propeptide, fragnent or variant thereof which retains one or
nore bi ol ogical activities of a GDF-8 propeptide and further conprises a
stabilizing nodification as set forth herein. Variant fornms of GDF-8

pr opept i dén andtherl entbedintant, the @D prlopeptideds tapabfeasf ihilining ene Ghhof pr opept i des
that have been nodified to include nmutations (including insertion,

del eti on, 2ghdtiey®famatyeeiGE-§f anino acids) in the signal peptide or

propepti de pr ot i< X e S i hils usceptible to
proteolytic cl ggl\gg%%. %II%IL g%g?gl (gr ﬁac éa'g o%ﬁ%ﬁb%?ﬁﬁﬁlﬁl&?lklﬁg?éw 8
pr opept i dactiaisy, axgredainapiotaking, orrsecredasecf HGIDTF-8 pfotein,ahattte@DF B, bhat of t he

correspondi ng unnodj fi ed -8 pr tide. In hi ghly preferred enbodi nent,
the 9 1 7@ﬁ‘si@wd\mrﬁ’?f’%‘ﬁ%’dcﬁ%ﬁ?%ﬁﬁdfﬁﬁ%"&%‘d‘ L%® propeptide of
the inventj R sedd ok VP S bidRphi@s. BEYW fflibifoPr exanpl e,
by the matr?lo ﬁgtg?D?omr}%rI@lﬁ‘{pﬁaExar‘rjp % é) ) BIR? aglg,t ﬁgpé&gn{ﬁ)% nenﬁfhbtl 0e nodi fi ed
GDF- 8 pr opésptindedds sny ageabtapable of mithdpcingnbe bindingrof adiler -8 propeptide wsa of a

mature GDF-8. T er "BWP- 11", " - 1l. protein",. or " - 11 pol ypepti de"
refer to a™ ecté?lf#é“ ?%ﬂrﬁwgff%%?élpﬁf'i WW‘&@PB?’SPWM’D ‘HS’%&P Ir[:ot
limted tQpf hﬁitite§%tpr{)1@fnts,khn'tiﬂodigﬁge theQ{CﬁheEtidléﬂﬂné\M, ﬂ%‘é’yx'fx@&%"é{ﬂti%énéeat er

descri bed honol ogs thereof, including onol ogs of ot her speci es.
Par t i cul ardligopsalgfotidesedoublestremderdiRNAn ahd ntlleo grmall mmietculepr bf ereabl y human. . The

Ot her " SourReRROTL ARG L Ot £ OE Prod bty s P BEFSS dog. cat.

chi cken, r&'éﬂe?ﬁde istescrivRll &l BRampI¥d 1126, tIHIak6iher EABRMentdM abliviky of\Ar i ous BMVP-
11 nol ecul es have been described in MPherron et al. (1997) Proc. Natl.

Acad. Sci .GDUSpradiniowbibited by 2 madohest BYH -4} propeptideknown in the art. Honol ogy

mey be  det er m.agql by, A0y, ML DO KDDL DG Blckin oS HSSEL Ped herein.

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
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
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BMP- 1l protein may be naturally occurring or synthetic. These terns include
the full- length unprocessed precursor formof the protein (" E‘I\ﬁdml 2005
precursor protein"), as well as the mature forns resulting frlo

post -t r ansl @ig @adkes6l eavage of the propeptide. The terns akswusefescto any
fragments or variants of BMP-I | that maintain one or nore biological
activities associated with a BMP-11 protein, as discussed herein, including
sequences that have been nodified with conservative or non-conservative
changes to the am no acid sequence. "Mature BMP-11" refers to the protein or
pol ypeptide that is cleaved fromthe carboxy-term nal domain of the BMP-1l

precur sor phrgidefied GBFhslﬁ@BePﬁtmemmTe iABdritio8 haBMPmtrebseBiPVRbMalf3ifP(aVi ded in
SEQ ID NO. 9. The mature BMP-1 | may be naturally occurring or synthetic.

The mature ByMRsWEdqfayexpnnle.dydhe mewod seifashin Exdamme8) dernotber may be present

in a BWP-11 | aten | ex, in he.l Vi.V L in vitro
condi ti ons, enmg’to &%er%%&?moﬁh%m-gar (?%e%ﬂg%\meca i lei %flrlfl%m??ﬁ@ﬁao%ﬁlﬁre or all of

t hese di ff eraeititit©6MEmatéd QDFLg.l i mtati on as to the nechanism mature BWMP 10
WO (k2/ 068650 17 OCT 2005 PCT/ US(12/03467 11 is believed to be biologically
active as honodi e termsy BMB-137, calprgteincqry BMRy) hpolypeptidgarefgréo evp- | |

is also ref " acty . - Y e - . de! s to a
ol ypept | de P bR snidelhuaii toclor mcluclf bt by RHEROBNIR Sot SR BES,I©, 9
precursor preBGimNO:Rgandiy nolv Knoph@ip ¢41k1 dbecribed homsk@s tatedd, intltdingne or nore

bi ol ogi cal activities including but not limted to the ability to bind to a
mat ur e GDF- Soprodassiol oier FResisai Faticwtady peferesdare prapynaliap hemolggs.masy t o

enhance nus e il . r | i he
STty to praeEBi hutdy Aok i feoRlod TR Sl Sy HIPH Rflcculldad 10
be nat ural | yhonaisasrirann gl othes yourdes}includifig bax asqlintitedfto BMEMPE filorrd bgyvirepept i de
includes but is not. limted to a human_ form of BMP- ovided in SEQ I D

MP- | |
NO 11. In &Re Mkﬁ%ﬁwlr}%ﬁ’é,F@mmeqovrﬂepw&ﬁép?qbeemi@d@aﬁéﬁe}r@%ﬁ%ﬁ-ndi ng to
t he proPeF’“ﬁ%&k&HéMv@%ﬁ ﬁelesgn?bedﬁﬁ Phefibi e, (1903 Bb Ve TRRLkpENt, the

BMP-1 | propeptide I's capa nhibiting one or ‘'nore activitiez; of a

mat ur e GDF- 8/SATHe 1 245771 2460 d Hormedogslee wll kngw pethe tde Homefogly sndycbea CDF- 8

| nhi bi tor Vmcfcﬁtpmined 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 post-translational cleavage of the propeptide.
The terms also refer to any fragments or variants of BMP-11 that maintain one or
more biological activities associated with a BMP-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 ID 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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conprises a nodified BMP- | | propeptide, or fragnent or variant thereof
which retains one or nore biological activities of a BI\/P-l I (ﬁpiﬁm de and
further conprises a stabilizing nodification as set forth riant
forms of BNP-0R/0§865propeptide, include, but are not |ini ted’CtTGJS"F/tH""éxarrpl e,
BMP- | | propeptides that have been nodified to include nutations
(including insertion, deletion, and substitution of amno acids) in the
signal peptide or propeptide proteolytic cleavage sites to nmake the sites
nore or | ess susceptible to proteolytic cleavage. In a preferred enbodi nent,

the BMP-1 | propeptide inhibitor is nodified to provide an increased in
vivo hal f I1ilﬁ%beli(eﬁgh@lheéxiplomcdkyeacéméﬁdiqmmtrn lExamolagi@)ly metive fowrs. t o t hat
of the corres ondl gl flfed ety }%z\jﬁpﬁpt,l de. In another enbodi nent,
the modifi J pltSS B TEE | &5 3 i nhi biting one or nore

activities of a“Mlﬁ?%ﬁe" fetérs @ pSy peptie that e featdd frb@ thesinbl on and

BMP- | | propeptides o invention are collectively referred to as "GDF
propept i detertninal domaip ofithe BBS! lvpe@wyor peags0 TROBMESbDpropesidg i 7 The GDF- 8

protei ns of themv ntlon an e.B EOb el f the. | ion are
col | ect i vePy O als, nePr o gastll})gpcar/gcpep cﬁu.dlréﬁ,sbu? 1m1tec{'toqﬁ'é .

0T 5% eins." The

met hods andbme,mqﬁhd to(za"haa@fe GDE-§ preei cerﬁbnibElﬁNdrd@e ghitiny ﬂahmbbit ehsomhi ch
reduce the achwtgbof GDF protein relative to t he activity of a GDF protein

as conpar &pre GO Wmvﬁit‘ét &F abilist tosabange pypsep develemmandrthe | n certain

enbodi nent s,..,. nore of the
modi fi ed & rg’p%%%“} ge"g‘}gflg ragﬁr%obq ‘?Yt‘?é‘g’é‘?"%% ({feoﬁ,g,g‘aﬁ%%&?%% 25% 30%
35% 40% a¥ihty t@&(moarmﬁ%cempe&lfféraMry ‘Hie BMasl! péyptidOfdy b6 Adhurdd% 66%

68% 70% 72%. 74% 76% 78% 80% 82% 84% 86% .or 88% nore preferably
at | east aBetHTingELsYntess. 4pexanplepf g BMd] P'é’&?éptéi)?éﬁﬂh‘%ﬁsé’ub&sélpbr ably at

| east aboundihs 8 iR fork BN 100 3ED PR GPhoURIe biighaigno! bound

by said no propept | nbodi nment
i nhi bi tor itle BMPeHI propeptidls- capqztrlepéhnhdndg tothe propaptdiefhmdin@ﬂﬁnémlofpr opepti de

ol 11 cat | BT Ly ToeToRE SEPOTIERD i FHPUITaRepuids SG@bIa el - harein |-
capabl e of xﬁﬁﬁ‘iﬁh bAd BOmBreREGEL Nof ae,g%mcgﬁg_ gthe in vitro half life of a
protein, ancinhg circulatory half fe of a protein and/or reducing
pr ot eol yt ic 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 to, for example, BMP-11 propeptides that have

been modified to include mutations (inctuding insertion, deletion, 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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degradation of a protein. Such stabilizing nodifications include but are not
limted to fusion proteins (including, for exanple, fusion qrbt@ﬁ'lhﬁ[][]ﬁ
conprising a GDF propeptide and a second protein), nodncation of a

gl ycosyl at i onOgRp&6fi ncl udi ng, for exanple, addition of a gPYEUE4ZAGT on
site to a GDF propepti'e), and nodification of carbohydrate noiety

(i ncluding, for exanple, renoval of carbohydrate noieties froma CDF
propeptide). In the case of a stabilizing nodification which conprises a
fusion protein (e.g" such that a second protein is fused to a CDF

tide), th t ei be. ref " st.abil |
Dorron Cor st abTRS AT i Bt of tiighventioh fd e MPSL EFrafbinth v EHoRoai 11 ca
GDF- 8 pr opephiedgn&hivtiSefeR¥ERA OB DFGRIp S 3r FGDFRokeisween a human GDF-8

propeptide (Wth an ihactivated cleavage site) and an 1gG nol ecul e (which
| gG acts as the sTbintihpdyandrcompositions oftthinventmn prpwide i(GBN) inhitgtonsebicer ei n,

in addition to referrin second . protejn of .a fus) 12 1 7 OCT 2005 WO
02/ 068650 pCiRuSDf 6?32’_6‘% Oégﬁe?’ﬂ‘,e"h“‘a@t"&b‘? e 260viBests GRF RIPEY #n cl udes
nonpr ot ei Nac gasareP@ithd &@ld GNP pftGH n8Sbcund &3TaRAANBIt6 anERRahY. Of

nonpr ot ei naceous polynmer. The tperms "isolated" or "purified" refer to a

nol ecul e t hatmbedimatistthaadtivity pf & GEY profein, twhendoundiby ens o1 mareeofithe For

i nstance, an_i rotein i s substantiall e f e | at, rial or
ot her cont anmgﬁj eﬁgﬁ%}; g"togfpﬁ‘éie? Fé?‘ﬂsutcﬁ‘iatgﬁsf g%?débé’sﬁé%s%‘g’cég %r %’Wch it
is derived. 3%, % 250%, ob SH%! referaly ot 1E4seBbdUt 60%d, 6DVR649REEY:, 88%, TRE,Ers to
preparations where the isolated protein is at |east 70%to 80% (W w) pure,
nmore pref er 2By 744, 168a 878 80%082% \vd4%p. §0%r.@r 88% e mare peeigrplly ait aestyabow- 959
pure, and nogt, £f ek Y, atoleeast, 96% 97% 984 9%, Q % ), pure.
e term » or euidl R Rt PLotsh i Ve orl p 7 iblL et Rbar 3l ot

pol ypepti de rdlitdle té theathed Bteliythat ip het il bly Gadnaydified propeptided. i t he
cl eavage of the peptide bond. In one enbodiment, a cleavage site of the
i nvention i sonRERRITed smpedimeste HediDF mnibiks 1ohmoddtedGDhrd pigPentide okdde. The

| mrunogl obur PRCHE: FREP 18 FrgRTRiaach®) B R b BE ERpR BT I hnoffuies 1 (e
art. The Fc regi 0he efmdfabifnghiodificaon’Sis alpinodifidationkndwh gheaheesdte
gL?an{ h;??_z |’ ﬁ %ei:;‘ Eg)apllgg@% bitligi%tg a'pfotfeien? Er?hr;i::iglg ?hef iR vitro half life of a the in vivo

protein, enhancing circulatory half life of a protein and/or reducing protéolytic

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), modincation of a glycosylation site (including, for example,

addition of a glycosylation site to a GDF propepti.'e), 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 referning to a second protein of a fusion
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nol ecul e. Preferably, the gG nolecule is Ig@. "In vitro half life" refers
to the stability of a protein neasured outside the context f]aot-{\r?g@
organi sm Assays to nmeasure in vitro half life are well known' in rt
and i ncl udeobuosseve not |limted to SDS-PAGE, EL1SA, cell - Pg3ééoaesays,

pul se- chase, western blotting, northern blotting, etc. There and ot her

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 nay be neasured by
a nunber of nmethods known in the art including but not I|imted to in vivo

serumhalf life, circulatory half life, and assays sef forth in the
exanpl es hPiEim a “siabilizer portpn? alge nglusdes penmaisHcesmasiboaysassrch phavi vo serum

hal f |ife" %ﬁﬁ@({hﬁﬁé&t80%@8%\{%&1:&&3&89\;5\%1% tein circulating in the blood of

an organi s one e t, Invi f life is measured as set forth
in Exanple 8. Thehermstidolunelld ok ipwifiddi réfbetoay hmoleayle et isswdsthmiaiipdsdre in vivo
half life. The term "mammal " _includes definitions kngwn in the art and al so
refers to O%ifﬂf’a&ﬁi‘lﬁﬁ}’"@%éiE‘?réEF‘%e’a?"rfﬁ?l‘ﬁ‘ﬁPPr?‘ﬁ’(’,allﬁuﬂfqéiﬁnﬂ%]h‘ef%’se,ddonesti c and
f ar m ani el Aftr ARG ouRR bdtimirRlin® Bl fMBinhe SUFS RBuCQRe i S, Sheep,
pigs, cows, etc. Ina preferred e iment, the mammal 1s human. The term
"TGF- p supwehichiit ib gériveef Ehsplirased'shisstanitivlly fres tf el hularahdtgrial’stefitred gr owt h

factors, all of which possess physiql ogi ca i nt growt h-regul atory

and mor phBgRATRYqnS vhets ks splated proieig ‘?%‘ﬂFﬁ%%‘Pga%é@wng‘ﬁo‘Fact ors is well

known in t j 5 , .03 s 463 Hoodl ess
8§er%{lf)lt’ (DGR &Y (&I;I/f“c) ure, Qﬁwﬁmﬁa%gﬂ 98 Alﬁ;%,%ﬁdr H‘gﬁfj

et al. (19 r. Topics robiol . . 235- TGF-p
super f am | prefenatilyistdeasBie, O78p 9% §8%eadri 100Rr (w/@1) psre{ BMPs) , Acti vi ns,

I nhi bins, Millerian Inphibiting, Sybstance, dial-Derived Neurotrophic
Factor, and a s{-}fq tF”‘br‘E%"ﬁ%f %‘gn{fg?rséqa@%%lﬂ“’aﬂﬁ g IP’P&r"b?ftHO;XHeBH‘Pq:aCt ors
(GDFs), sugf @3ctt®hpch Ky’B’ﬁéfeé%B)enzﬂi@é Msfing HEGE cRa@gRidthe RPE4d €l ated in
structure to CGDF-8, such as BW-1 I (al so known as -1 1), and/or

activity, bendh Insnaenbodiment,thdeavagasite afabe myention ief BSBR{ @s kaptdsenthér apeut i ¢

treatment and prophyl actic .qr reventative neasures. Those in need of
t reat ment ﬁéé?}'ei(’ﬂﬁfﬁﬁ%bm}‘waia@ﬁ&%& al r eady

The term “Fc region of an IgG molecule” refers to the Fc domain of an
immunoglobulin of the isotype IgG, as is well known to those skilled in the art. The
Fc region of an 1gG molecule is that portion of 1gG molecule (1gG1, 1gG2, 1gG3, and
IgG4) that is responsible for increasing the in vivo serum half-life of the IgG
molecule. Preferably, the 1gG molecule is IgG1.

“In vitro half life” refers to the stability of a protein measured outside the
context of a living organizm. Assays to measure in vitro half life are well 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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having a particul ar nedical disorder as well as those who may ultimately
acquire the disorder (i.e., those needing preventative measuy ps@m‘ ‘Qlugﬁterms
"transformation" and "transfection” refer to a variety of art- recogni zed

t echni ques woroziosdssoduci ng foreign nucleic acid (e.g., DNA &a/uNAB4éNto a
host cell, including but not limted to cal ci um phosphate or cal ci um
chloride co- precipitation, DEAE-dextran-nedi ated transfection, |ipofection,
and el ectroporation. SEO I D NO : NAVETYPE lhuman GDF-S precursor

prot ei nprotein 2human GDF-8 precursor proteinDNA 14 1 7 OCT 2005 WO

02/ 068650 PCT/ US02/ 03467 3human GDF-8 maturefp(otei n 4human GDF-8 mat ur eDNA
Shuman GDF- 8 pr opébvivessrn balf i uefers tethe-Bliplifs 9é gtoraeipacyiptingia teve- 11

precursor pgpteinprotein 8hunman . rLecursQ ot ei BWVP-11
Mt ur epr ot SPIFOIG A aEaBEL T R e R mE TR TRIURE By ebal st Bt
12human BMPEXdmple@ aDiheAMBINAGS Ritdoir i@ t5d g0mlay Se Gseimeaiasireiinvikd BMPitl si gnal

sequenceprotein 151 gG Fcprotei n 161 gG Fc nodifiedprotein Detail ed
Descri ption of t fA&e fampemawnali ieclydes dehmitipns oo thearbanrdealso feferplert, on the

6 scoter, Y PRI SSh B AN, M bl G Y
activity. Aafdteb,8pirts, of pet@niindls pect as dobs casyshekp,qigs, t@ed, ercednaodi f i ed and
S zed O e embotimant, fhe mhammal 4 human, "2 | PT OVe
The term “TGF-p superfamily” refers to a family of structurally related growth
factors, all of which possess physiologically important growth-regulatory and
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-B 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. Those in need of treatment may include individuals already
having a particular medical disorder as well as those who may ultimately acquire the
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.

SEQIDNO : NAME TYPE
| human GDF-8 precursor protein protein
2 human GDF-8 precursor protein DNA
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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 pharmocologic

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

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

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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GDF-8 and nodified BWP-1 | propeptide, and/or follow ng cl eavage of
propeptide fromthe GDF-8 and BMP-1l precursor protein. Regardl ess of the
mechani sm nodified GDF-8 propeptide and/ or nodified BWP-11 ? %%zp?mﬁ
binding results in a reduction in one or nore of the biolog i dal ities
associ at ed WO O0@BBF- 8, relative to a mature GDF-8 protein Yﬂﬁlswgnﬁﬁt bound
by the sanme nodified propeptide. In one preferred enbodi nent, the nodified
GDF- 8 and BMP-11 propeptides reduce GDF-8 and BMP-I1 activity associ ated

wi th negative regulation of skeletal nuscle mass. In another preferred
enbodi ment, the present invention provides nDdified GDF propepti des that

forminactive cqonpl exes wth BVP-1 in v or in 16 1 7 OCT 2005
WO 02/ 068650 B be T98MBEHEOTF G © m‘”re?‘. lgffan S‘OPrPéO‘@iﬁ#“@f opept i des
preferabl y | Qm Fi QPLRe A Bé Betivach tﬂ@ Qé‘e fife, BVP- 11

pr ot ein. QVQQBEgSth F enbodlﬁé;h Bthe figd G%@ﬁggg%%ptide is a fusion
protein corrpxablshrzrmg partenF m;ns)p'ebknm\en artdeann, fEs:ion pegeionaefpreparedi@chobacul e (as
a stabilizi protein ch, ¢ i nhibi.tqrs . copmpr i propeptide
(for exanpl °‘§’é‘tpr? ﬁ‘ﬁ S?fj g N%bg%?t pi‘ifmogrucgﬁ“ s}}fg’ﬁé t%r variant of
sai d propephmatxmngmlﬁ ErApiREs %ﬁtlﬁﬁr@@n@s@d&h@ﬂét@ﬁmg R61 dxtin 1@% aRf a CDF
propepti de. Such di fied GDF propeptides are ['e of Inhibiting the
activity of p%tmweoms fusidrepredin Bap be Prpargd stpn’rnbaphc: 6&Y popeptide t he

i nvention e heti cal,l r gduced erived from naturall occurrlng
(native) GDPO‘}S{‘OBI‘S Oflsefﬂng;%?}g 468 a%‘}?b‘g%e BF%H&@Q&‘?&C%H@@& |y, using
any of a Vabfo@&){ iOfrepdr€PARA Rt HRQSN IR thaRsIaRd pRBEIRQLAaMiivoth alee Wel | known
in the art of genetic engineering. In one engodlnent, the nodified GDF-8
propept i de gropapiitief poetiorBivie-thel statphizep pprtionle corrpri ses a human GF-8 or BWP-1 1
propepti de coval ntI linked to  apn.]l0gG nol.ecule or a nent reof. The
GDF-8 or BMWP-11 B‘é“e’f?ﬁK}‘s*o‘Be 811353&8”88?%8%'?1?"%68 at‘i@@%&%‘*@@% bt t he

| gG nol ecul esmealﬁea t@me réafer tmv&sué%@m;amm‘e Iasmpm&Btmx%allf@d GsF a | i nker
peptide. Use of such linker peptides is well known in the protein

bi ochemi st r prapeptide. Algwughathg pegeise diashanism aman@mgh@f medified 6dDICPPpertsisept | des
of the inventi,on ris telns t.he portion of
said fusi on%B’rdB}geISHIﬁ ﬁ"g dé@ﬂ/@g? | AR “g%so r'?%@gﬁ@o%%%'ﬂﬁi cal to SEQID

NO 5 or 11prgpepideRioEtRlimRnMomire believed to bind to the mature GDF-8 and mature

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-8 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
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 modiﬁea 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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| east about 81 % to about 85%identical to SEQID NO 5 or 11, even nore
preferably at |east about 86% 87% 88% 89% 90% 919% 92% 93?7%4392&%
identical to SEQ ID NO 5 or 11, and even nore preferably at |€dst out
95% 96%wB1eseB8, 99% or 100% identical to SEQ | D NOPE/B$028M67 | n a
preferred enbodi nent, the GDF-8 or BMP-1l propeptides conprise a seguence
identical to the sequences set forth in SEQ IDNO 5 or 11. In yet another
preferred enbodi nent, the GDF propeptide portion of a fusion protein of the
invention may conprise a fragnent of variant of the GDF propeptide set
forth in SEQID NGO 5 or 11, | ong as, the_frag t or variant retains one
or more biVBI%ogh €af cmbdipenRt; ‘é%%g)fp Bfo dﬁﬂﬁgﬁq?ﬂg{’a‘ 1P 2PRORRBEC preferred 17 1

7 OCT 200%: I A 6 . . o 8
or o 11 B3 e HonPOhS kol BREP-Pdrbiiel 0, [n SHRGLEEBhoodiRRATHE' | €0,

wher ei n t hedifieda@iDF hapefaiens afudiohipeateihecompribing @ GIDE poopepbdeandrantat | ons
(itncluding insertion, deletion, qf substitutiop). so.lqong as the fragnment or
vari ant r &84 aﬁﬂégérl‘oc‘i‘i‘f‘b‘ ah 8??35?‘5&!"%‘3{‘} \A‘FF&I)%f“}%b‘&F"‘ﬁVopepti de.

Cri ti cal | Yombrse SR piRbieQfor tRmbIR YE W EGHY, InSh YD RGOS0} 60, COF

propepti degmié@sr?prl s?ﬁg@p%s?egf\orpr%{lgi \rélgggtilf?ﬂ} sn es gbnti al tha? the fusion

pr ot ei n béragpemntcnvemiand of shebpropeptide whithtrétains tohe onmbie/i@ojpgotabadtiyities cl eavage

site (e.g..R in the ropeptide is.disrupted, destr.ayed, inactivated
or ' enovellF RLTROPwLEF. g e EDE Rermspesais Eaneblsrol SREPRYE Mt ho-art i ||
recogni Zeactfﬁt‘y'dﬂ(ﬁ)ﬁ &0%525%8‘@_‘1'5}3% bEBNP-11 o};@ﬁidé%%ﬂ thé ph&itdn(e. 9., the

stabilizer poftion) of the fusion protein grel ng cleaved from the first
prot ei n ( triey berspptbeticatle produded odeyived fromenatwiall ooccprrotge(nativAddolr-diongl y, a

critical t of the invent,io rovi.des, for. inactivatin r elimnatin
thle I(:I eavgé’zﬁgh’éc’pﬁﬁtf‘re& " b¥8r°éﬁ%ﬂg@§%gd?¥’§¥sumwyu %\ﬁarifﬂ’gwopr oplepti deI tg
prepare aréa%gﬂtﬁlmow&llﬁm MahedR vitsciPare WRHIKhbOA i 2 GNRRBEHde of the

invention. Methods for inactivating such proteolytic <cleavage site are
known i n ehginegringaiionerepibodimept theamedified GDF8 peapepidnenmedisnd BMPel et i on, or

insertion,of the.am no .acid or ot | uence.of the profeplytic

cl eavage. 31 PR RaPPE Rt Bl ST SV 11 RTERUAE 0 S IRk Bho may be

nmade in t Qg 1PmolzaRWbEeAERAgmentMRdseofl Mhe DS of BASP-3 U peSRplide Baf Be Prot eol ytic
cl eavage. For exanple, in one enbodi nent, such nmutant nmay contain a point

mut ati on dusedpdiaesnito tHeFamgion®f thedgG 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 about 75-80% identical to SEQ ID NO: 5 or 11, more preferably at
least about 81% to about 85% identical to SEQ ID NO: 5 or 11, even more preferably
at least about 86%, 87%, 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 SEQID NO: S or 11. In a preferred embodiment, the GDF-8 or
BMP-11 propeptides comprise a sequence identical to the sequences set forth in SEQ
1D 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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50, 52, 53, 63, 64, 65, 66, 98 or 99 of SEQID NO 1, or at am no acids 122,
123, 286 or 287 of SEQ ID NO 7. In another enbodi nent, such f)gl nngHEgtions
can be made in the amno acids of SEQID NO :1 1. Ina preferted eénbodi nent,
the point nut¥Pi®BM68sHE 3 point nutation at amino acid 99 of SEEMEPREY. 1n
a particularly preferred enbodinent, the point nutation is a point nutation
of amno acid 99 of SEQID NO.: | fromAsp to Ala. In another preferred
enbodi ment, such point nutation can be nade in the am no acids of SEQ ID
NO.: 11. Conputer analysis (using a comercially available software, e.g.,

MacVector, QOre P e I o ation. }0ec. dto
I dentify prot 8’%1%9?1 %gglt eaWé%ggglgt@i? Oi?rp!vl\% ?? pboge&%%@ﬁg%gh%%ng%r 2005
PCT/ US02/ 03464f SEQa@M@es obY1,amerélh tiskinbiant Has bbéh mbiifirdYo bichidb@nélesgbiecbed
nmut ati ons, variants or nodifications may alternatively be nmade at the

nucl ei ¢ aci d haietions Snelndingdssrtipime deletions oneybistiemhso lang Aetha fragmetisire 2
e 92 AT a8l S AR B RS B8 a1 05 RS
Arg-52 1le-53 Lygr#idally,enleiBodifVedts®P thelifen®in irMolvilS moSFedSDBMP- | 1
(Amno aci ds ggon;}é)tgtridses rcg:nglr'isigwg qusllzc% Il)rlc:))teli\lx%, i7t)is essential that the fusion protein be
produced or designed such that the native proteolytic cleavage site (e.g. RSRR) in the
GDF propeptide is disrupted, destroyed, inactivated or removed in the resulting fusion
protein. As one of skill in the art will recognize, failure to do so would result in the
second protein (e.g., the stabilizer portion) of the fusion protein being cleaved from
the first protein (the propeptide portion) of the fusion protein. Accordingly, a critical
aspect of the 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 43, 46, 49,
50, 52, 53, 63, 64, 65, 66, 98 or 99 of SEQ ID NO: 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
is 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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Asp-122 Ala-123 d u-286 Leu-287 As noted above, the present inventors have
made the discovery that the GDF propeptides have a short in i qu]azlgﬁl ife.
Thus, to be pharmaceutically useful as a therapeutic or prop’hzll i %gent,
t he CDF pweRgRtdsske nust be chemcally or physically stabpdi/esdoban

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

nodi fied GDF propeptide naintains an ability to inhibit a GDF protein or
mature GDF protein. In a preferred enbodi nent, the nodified GDF propeptide
maintains its ability to bind to its target GDF protein or a GDF propeptide
bi ndi ng sir¢m@gnizad bynenpofdkell ircthe arraoyl bfmbatiesctibed moditibhe darzDis @r opept i de
conprises a 19 1 7 OCT 2005 WO 0210538650 PCT/ USQ2/ 03467 GDF- 8 propeptide or
BVP- 11 pr &prsphicatians may altemptivedy, pe madeost the npclei¢ poid level: (jyeh fpepiqiesegi on of an
1 gG ol ecyl ewe]]'ggo\ﬁgil{tggiagn of the 1gG provides a protective or stabilizing
effect on the propeptide (and therby acts as a stabilizing nodification), as
ref | ect ed Tiahlethe i nproved pharmacoki netic properties (i.e., increased serum
half-1ife) of the fusion protein as conpared to the corresponding

unnodi fi eg i 6 RlciddaMuRtabltoPebivintetie BMBe of Plopgtidigept i de. In a

particul ar enbodi nent, the nodified GDF-8 propeptide conprises a human

GDF- 8 prof?ﬁﬁ-@@ﬁg@fnoiag% A Crgﬁef‘%}gﬁgQ%é:lgropepti de, and the 1gG

r or an Fg&4, or an Fc region of 1gd

nol ecul e |'rgr§e

nodi fi ed £ reduced effector function. In one enbodinent, the I gG fragnent
is 1gG1l g %D NO 15). In another enbodi nent, the 1gG fragnent is IgGlL
nodi fi ed fdB-%Peduced effector function (SEQ ID NGO I6). Exanpl es of

mol ecul es SepdPfied for reduced effector function include nodification of
human | gGArg&S2f usi on to include alanine (A) at amno acid positionsl4 and 1
7 as set firtdsh in SEQ ID NO. :16. Mdified GDP-8 or BMP-1l propeptides nay be
isolated qrdrified according to standard protein isolation and
purificatijQn qarocedures well known in the art.

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
Leu-287

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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I n anot her enbodi nent, the nodified GDF propeptide conprises a human BMP-|
| propeptide or a nutant of human BMP-| | propeptide, and an 1gG nol ecul e

which is the Fc region of an IgG I, or an Ig&4, or an |1gGlL fragg?ﬁmyed
for reduced effector function. In one preferred enbodi nent h Q

is the Fc regioammessh human 1gG 1 (SEQ ID NO 15) or the Fc rBgl/EAVB+4uman
lgd@ nodified for reduced effector function (SEQ ID NGO 16). The BMP-11
propeptide may be fused adjacent to or via a linker, to an Fc region of an
| gG nol ecul e, as described herein. The present invention also provides

met hods for making nodified GDF pr opepti des having increased in vivo or in

vitro half-life. In one preferred t he nmet hod . conpri s%s
preparing a o8 Peweptste orRMRYL] Pﬂ‘é"eE ‘l)Fpl"F%laﬁllfce%l leOFYR/3 erI'—‘EaB

TN e T e B 1 0 °

02/ (" 6510 17 stakilizid@ @ffectRaltht/pidpefidiéGand therbnucmas Bbbilikinig rmsd)ﬁeptolngtexs, SEQ
ID NO 11) which is nodified to inactivate the proteolytic cleavage site
and the Fc r&glestsd é‘fﬁl&rl“lpg‘(!e%l‘%%ﬁé“‘(el‘&rp’%?él%pee IRFRRTsd Spgem halfd ereg. on,

SEQ 1D NO 18} ine o BRIGE S ki 16 Bi¥dolBecARgARREARGIRUTBFAAENARIE O

eukaryotic expressi system'usi ng appropri at@& expression plas

cell's; and (3punrmoedified ByIR+dtl propeptidgei ng t he expressed fusion protein
containing the npdified GDF prope wherein the nodi fied. GDF propeptide
has an increased fthd P%mﬁlblab‘i’mli"lﬁl"l)?‘lirt Fl?hﬁicfwéy%ﬁﬁ f 68MPEses” unnodi fi ed

CDE pr 0Depti figman BDE2Y BBt or SRR FhERAPEDFON bidpedlidDEnpiARER! | de of the

invention is set I's"Figure | T A cDNA expr ron systens-are wel |l
known i n themubdcaleub dre Ix repogpf anlgéd , ar an 1gGd} drasisE f regionod (@G 1 arodifinad for

purt 11 ¢2U1 on o Lo exprsssed roleii (Cioml g8 2,800, 1o Aok oV de
constructs usgsl 1f59r1neaﬂam§ %ln%lhﬂlentsllx@'l G fdgient lprgﬁﬁlnea,ﬁsaxfomas@edn
nucl eoti des encoding a |inker peptid %et ween
effector function (SEQ ID NO:16). Examples of molecules modified for reduced
effector function include medification of human IgG1-Fc fusion to include alanine (A)
at amino acid positionsl4 and :7 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 1gG1, or an 1gG4, or an IgG1 fragment modified for
reduced effector function. In one preferred embodiment, the stabilizer is the Fc region
of human IgG1 (SEQ ID NO: 15) or the Fc region of human IgG1 modified for
reduced effector function (SEQ ID NO: 16). The BMP-11 propeptide may be fused
adjacent to or via a linker, to an Fc region of an IgG molecule, as described herein.
The present invention also provides methods for making modified GDF
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-8/1gG1 Fc or BMP-11/IgG1 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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nucl eoti des encoding the GDF propeptide and the 1gG Fc region (or
stabilizer portion). The orientation of the linker peptide rel ati to the
GDF or 1gG Fe region is uninportant. The |inker peptide may comr b(é£ 2005
nucl eot i dego gneexdsng 2, 4, 6, 8, 10, 12~ 14, 16, 18, 20, r23/usddp34e6, 28, 30
1~r nore amno acids in length. In a particular enbodinent, the |inker
peptide conprises nucl eotides tacoding for the amno acid sequence

consi sting of glycine-serine-glycine-serine (GSGS). In another enbodi nent,
the expression plasmds may optionally contain tags allow ng for

convenient isolation and purification of the expressed proteins. The use of
such t aggeud hexpand3NiPohl priopeptiddsSEQ Ha NGié 1 hnwhinb thgnddified wahastivatg thend puri fyi ng
the tagged protein products are.well kno inth t. Th ropepti des
of the inv%rﬂ{?’io ﬁ‘cs%“@@%‘? %’z&ﬂ"ﬁ?‘ﬁcﬁ ’6&‘8“1"3%’?% BH"[‘EF'@FE{ST F’meRi‘i\Sl[:‘)Fﬂ‘the GDF
propept i degpartd Rpick sEfapmOasyl e is identical or greater than 60%

honol ogous 't o GDF correspondi ng" sequences froma particul ar species, while
the stabilizer(2expiesning thachNafsintdneappropriatgiporkanfotit heeukgGotiol ecul e may be

identical or 21. WO 0 210.6 8 610 1 7 OCT 2005 .PCT/ USHZ / Q3167 greater than
60% honol oGRIRSSIOR Sy YEmIBIBAPBRTR Y RS amids gl fl§iafer ent ~ species. For

exanpl e, the humdisciddp&nlpARsRg HE eRpredstRARRAprétBiacBRhinYhoe fused to an
Fc region of a nbuse 1gG nol ecule, or vice versa, so long as the resulting

fusi on provdifred ;DT prapeptides whersin thel msidifled 7121 propeptidgihey an margased int he

i nhibition.of GDF. hi.0 ical activity, as ied in anples 3 - 6. In
preferred ‘8?%85?%’@}{%13@% H§C°T%%¥&°;a§r{"”#°ﬂﬁfé§g’%pf8&°8m§éof the i nvention
are chimeras of ARURBRMpRITs&N Srefeted Woldlfie@ GDEIPrdpEfiide o theNnveRfomistser human
protein chimeric or fusion proteins will be preferred in the treatnent of

human subjfesthds Fisareshl4d ternative or in addition to the above-descri bed

Fc-fusi on prote|Rs, e . ept i tabi i o] vari ety of
ot her net hods a%xgﬁfqeés){)bﬁ?sélen s%sg{rgsf?rgl%aﬂaﬁ f){({rﬁ¥%§1§ n\f\%l?cl%ﬁaﬁ 'Héo\?\%y aa)rétoa%raéédi |y
avai | abl e methbliefdeissl&ion anb tpuriftdion € tHrastpres@d prar@ihe(Hxahpldsnahade, for

exanpl e, glycosylation, or linkage to albumn or a nonproteineous polyner,
as descri beieinnprgxidsiexamples af suphémbgdinantsyy GDF propepti des may be isol ated

and purifier’ uging. 5t ARIANELRLEHEHR DROL BlsRl@RtaRYY dbhEabd SFuch

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 1gG Fc region is
unimportant. The linker peptide may comprise nucleotides encoding 2, 4, 6, 8, 10, 12,
14, 16, 18, 20, 22, 24, 26, 28, 30 5r 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 molecule is 1dentical 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
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techni ques well known in the protein art. CGDF propeptides or nodified GDF
propepti des can be produced by a variety of art-known techni ?e@.TFZﬂDS
exanpl e, such propeptides can be synthesized (e.g., chemcally ?
reconbi nant | WO oeshswt ed and purified, and tested for their Jd8TVVIN03H67form
conpl exes with mature GDF-8 or mature BMP-11 protein using the nethods
descri bed herein or nethods known in the art. Propeptides can be synthesized
using standard protein chem stry techni ques such as those described in
Bodansky, M Principles of Peptide Synthesis, Springer Verlag, Berlin
(1993) and Gant G A (ed.),. Synthefic Peptijdes: A User's i.de, WH.
Freeman and CHRpSHpan ﬁé%q’?@f’l?g("i@ggﬁé COF?FQBE ﬁ&é‘?ﬂ%“‘&ﬂs%\ﬂﬁé 1ifgrent
i ncor por at ed L WA r el L

gligl "r exﬁl’ﬁgﬁ B0 fimarl ggﬂtﬂl % fzxfgi_agj_ﬁ:de%%fag@g@qx&respﬁ.hﬂs%ﬁg? 396:

synt hesi zers are commercli y aval Adva emlec
M | I'i gen/ Bi ostieaindit région pf a Abtieerip@tmaoleduje, ot iee mexda, fsodangoas the nasdltinig efsi GDF

propeptides or fragnents her eof may be reconbjnately. produc usi ng
vari ous expréé‘QFeHhe’g’}l%‘fséh%ée(SE‘?‘gb‘Ploﬁ!ca] EYMY» "@ﬁekeg'ég ‘Pé‘lt?t‘toé’rol%(ﬁlgfy cells, COS

cells, bacul O&Bfogﬁla vy, a@@hho&@@mﬁﬂggﬁ&% 22 Th pp?et@ﬁld &qgédi}txe&%gfg@@ggw

1
PCT/ US02/ 03467 rt. For”exanple, expressed propeptide o

BVP- 11 may beanpentiohj fdiobyproteifinof tha anvphten anscmpetdsef emhn gradessr Abadll be
Botti nger et al 1996), P 93: 5877- 5882 and .Gentry. and sh (1990)
Bi ocheri st ry Wl -le%ﬂ%l?%awﬁ{e@m*&mmc eRn pé?‘é“? Wd%ygﬁcﬁ% Rerein by

reference, orhaR¥aeless Rifanse60481 zed method for purifying peptides.
Alternatively, the nodified or "unnodi fi ed GDF propeptide or fragnent

t hereof may be t agéyean altarimtivé or ingdditioh &g thElaG cedeser b§dsF o fasionirsteinscthe
purification i n rQtein art-established techniques. The nodified or
Cinrodi 11 ed CRDE TIPBNBETR RS 23A) §F CIeF ol PHGHSRNThy *di gest i on
of naturally QgfHakWiScHodre Wel RRAVNRANE leXdiRr RIS i nRE pfotah artBMicl medijdeg, for

exanple, a protease, e.g., trypsin, thernolysin, chynmotrypsin, pepsin, or
pai red basi c and myerals thchdavfer tiample slygosylatipAGE) ink@pmioudeumanetiaysi s - (usi ng

o O 2 VAR SRRl ety B O 8 O g
sites. Al tergpay b fblateddig PuiFile RiRPeAAgToERYsAsH M fdUsedichtiom natural Iy
PEEHTTIng of 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
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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reconbi nantly produced GDF-8 or BMP-11 such as standard techni ques] known in
the art, such as by chem cal cleavage (e.g., cyanogen brom de, 117 0CT 2005
hydr oxyl am ne). The proteolytic or synthetic GDF-8 and BMP- 1l propeptide
portions OYO 03es8654pdi fi ed GDF propeptide may conprise as M&TUSEAHe aci d
residues as are necessary to bind to the target GDF protein, thereby

inhibiting, partially or conpletely, GDF-8 or BMP-I | activity. Exanples 4
- 6, herein, illustrate enbodi nents of binding and inhibition assays. In
particul ar, functional fragnents of GDF-8 and/or BMP-11 propeptide

sequences that maintain the abjlity to te_or inhibit GDE- are

i ncl uded WA 9T °E‘FFEP1§C‘B?)§X%‘FSS‘E41E§°P%5‘Q?IPFg;gﬂ:j' ﬁbB&'ﬁﬂgr’W&ﬁé’b‘f‘ﬁﬁgbborti ons
preferabl yg,. §mgg' : , ; tihe . 049 B3-5867. or 90 ami no
aci ds; rmrfé" gr ef e"?’z‘gﬁ"gt‘héa’tﬁéﬁ%%gﬁ“%%&‘@fo, 1r2gt,0a1 1@8961%/1 %50,%9160, 170,
180, or 19fB83rand Geaty esd Nashd 19818 Biocheisey 20168581685 2abe c@fiénts 2flWhicR20, 230,
or 240 or nore am no ach%H%% |l ength. In a preferrgd enbodi nent, the GDF-8
pr opept i depHIOIRFates hergip PIERGEL oY ather Brt g pragnizse methoshier purifyneaci ds i n
length, . GnidEOr IRFRAVEN k Ehl6kFied TT5F B rdpmizhOpept i de
portion ofﬁetpﬂcelgsgl\%-ll pggglg%%%ggﬁlgs? 274 arﬁﬁeno ac?g@e}lﬁn Ioerngtgh, 23 RHO

02/ 068650 thereofX83y BOQEgddGTitH, | E02xaBa87FLAGeor,6-Hisrfoe sybsagliengpurdicgiap | D NO  11.
The signal sequence for h%g%n ?gF-S is set forthin SEQID NG 13 , and

i ncl udes t#HEg ’P?ﬂ“%esé"fhhﬁ_ dETYU6T SEQ ID NO'1 . In one enbodiment, the
sequence of BMPrye hodifRERIIntRIERAI GISF W drBNDPA 1370 A 1i86d May SeMieRee AEGPAAA.
The signal sequence for human BMP-1 | is set forth'in SEQID NO :14 and

i ncl udes tpredideddly digestaom ofmapucallyocofmEQr rdooiNbInantty piidac¢ieRFi& orcat i on of a:

tial - 8 .BVR- 11 ti de sequence a functional fragnment of
Cor- 6 or ENME LT Sk GiresePRe Mty ertagir § BB BRI NG Y BV RS Rl 0. usi ng
the assayspdRnCbi piidd bikic SARTREIRToAveRtikiEéye (PACEY D Coliphiter Andiysincat ed

propeptide sequences, the propeptide variants herein specifically include
GDF pr opepfusutgs: dommengalhodvailabieiseftwasn < grMat VestornOdiega REGenes (i ncl udi ng

O T R FIEA bt s PO fe Sttt s Contain one
Such acti vilt¥matively, such 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 is 243 amino acids in length, i.e., corresponding to SEQ ID NO:5; and the
BMP-11 propeptide portion of the BMP-11 propeptide is 274 amino acids in length,
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can be neasured, for exanple, as described in Exanples 4-6. Such

nodi fications may be introduced into the nolecule to enhanqe7 t¢‘ﬂ @ﬁﬂdlvi ty,
circulatory or storage half-life, or production of the GDF-'8 orf” BMP-11
propepti de. Wepu2/088&@npl e, point nutations nmay be introduced AGTIUEBOYRE6Or nor e
proteol ytic cleavage sites to prevent or inhibit proteolytic degradation of
the nodified GDF-8 propeptide in vivo. Conputer analysis (using a
comercially avail able software, e.g., McVector, Onega, PCCGene, Mol ecul ar
Simulation, Inc.) can be used to identify proteolytic cleavage sites.

Accordi ngly, nethods of naki ngi GDF propeptides of the _ invention,

speci fi cal | y-¢i-1setreppending taSEQUDPINOLIG - {The signalseqyspee Emknman §ING8 detiences,

Gitfor in  CORNISR RO AR e sl 2 S0 R ESRRERLABEE R, 1

degener aci espnefembddaméer it s€quencteofBMRL 111 plopeptiderbegins aith the aiitioadcldy - occurri ng
base changes in the species population which may or may not result in an
anino aci d ckaNeged AEPRAANvention al so contenpl ates DNA sequences that

hybri di ze under ri (ol j qRdi td - (d pment as
described in T. ﬁ,&ﬁf@?@eg{?&‘%ﬁ f@(%%ﬁggi%éé?% %n%ﬂr%??ij &ﬁggdg?at ory
Manual ), Colificldes itgfitse2 oarhinbakidsaf SEY, IDIR03 87 -13h89dentificaionistlagattiahci d 24 WO

02(068650 1 7 OCT 2005 PCT/ US02/ 03467 encoding a GDF prﬁgggti de or a
nucl ei ¢ aci CRASaiBNPd 1 prencptide srquprsies a prctand dragmgnt effeDhi$iariBNIPt o bi nd

t aci & For e, gt P10 bind
cDNa Soquencid RiiaBR) Ry B8 ERRRRLE Jof RarbATRER ol oy HBL AT 11 10

(e.g., inserBamplesded héreian, and substitution) to enhance the activity,
hal f-1ife or production of the GDF-8 or BMP-1 | propeptides encoded thereby
are al so useful fppddifipmtofrancated proRraHds SAVCDEB IR RIPPSAIGE M aali REEHR| i n t he

determ nati - are. - . . are
doscri bed haPeceH S RBR o TR MR Rir RIS of B cEmbafpaidat 2
noncoval ent (awigdirg)xinydrtién, daletbk;, gad gtikstiutioa)) st dor@\vaalsuctt exdiahts cantaardnet y  of
met hods known in the art, including size exclusion chropataography.and/ or
cross |inki % namaﬂ%rég Ploé%gleeﬁgé ihaRtpTy ActilicR of @ GLF ROPeRtile: AV | n

GBS, AR stie SEASIMARhif e
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.

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 also
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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conpl ex has an apparent nol ecul ar wei ght of approximately 75 kDa. As stated
above, in addition to the Fc fusion nethod, CGDF propeptides nqy;ﬁgp-gpq
stabilized by a nunber of other techniques. In one enbodi nent a I zer
portion iwo®ossdsently |inked to a GDF propeptide portionPEHUSHEBEE a fusion
protein. For exanple, the GDF-8 propeptide may be |inked to one or nore of
a variety of nonproteinaceous polyners, e.g., polyethylene glycol,

pol ypropyl ene gl ycol, or polyoxyal kyl enes, in the nmanner set forth in U S
Pat ent Nos: 4, 640, 835; 4, 496, 689; 4,301, 144; 4,670,417, 4,791,192 or

4,179, 337, |ncorporated by reference hereln I n certaln enbg [ ments, CDF
propept i descediag 8 G E@PPEI"W@W%‘G‘C%‘ deggodinga PrGACLBAY PRI B0l yer t o

| ncr ease Rﬂ@@n@&%&u 'IYhr A froudit, B BbBicR B EARAgles -0 ML hOdS 10

attach them eptides, are a descri'be ent Nos. 4,766, 106;
4, 179, 337;V#iafiohs indhe cBhIdx &qﬁﬁﬁc&kﬁsedibycpuimonmbeﬁhslmy by eéfdacetmedifier ei n. I n

anot her enbaqdi nent, the CDF- opept i de be nodified to @ave an altered
gl ycosyl atBarsf§et éf*ﬁ?“{?n Qele"%ﬂ taB ‘Fﬁuﬂﬁ?ﬁﬁénchﬂlheﬁ%‘”@l velda oft i on
pattern). _, nedq, ohydrate
ot ot 1 os” ZaLiHSF Or BEIGHE S orBaiPT broskBANS RAG AL 4 ST LESGTE

G ycosy! atth©presdnt mx@h&bmsCamﬂutexpprbmmpmefe&mtBe aqt@mﬂétioy ofDNver N-1inked or
O-linked. N-linked refers to the 25 WD 02/ 068650 1 7 OCT 2005 PCT/ US02/ 03467
attachnents%‘#e"?ﬁbo@allosbﬁgﬁdﬂﬁ’ﬁ’@‘Hﬁ*ieeaf"&a“fj@rﬁf grscabefhesdini n of an aspar agi ne

residue. The USRI A8 2 SROMGRRST BANBEAR B F0rt 2 REARG B tomplex wit

aspar agi ne- X- t hreoni am no aci d except Ine, are the
recogni t i anGBEquenihasnfberevalnaydray b varkdry af methots kifowrt inehecart bmfwdin@t e noi ety

to the asparagi ne Si chain., Th t he esen e of either. of
tripepti dS'ESFGRIO El@ﬁ“%%fél’*%"’ééqu&@s% P@analy 5328 deScHpe We@gwfeat. on

site. 0-ljgkeg %%ﬁmllﬁFk%plEQfﬁE%ﬁkagﬁ) &@faﬂﬂ?%o&fov%ﬁ of the sugars

N- aceyl gal act osam ne actose, or Xxy droxyam no aci d, nost
commonl y assciatenovitht rlnaemnGE@ 8 pilotetro Uuie rﬁath;poﬁbfﬁbﬁbﬂmopcptlﬁe hydr oxyI ysi ne

may al so be Addi ti on aor del etion_of on sites to the GOF
pr opept i déowie&w@ﬁ.agmrpgt Mg IW%%BfBEP’ ’f‘ q?%z?ph% am no acid sequence
such that it co r e r

R Sequ,g% ggtg& ﬂag{e quﬁ RS tHRFTRSi6n HetldACGRRP¥Spepaashiast

stabilized by a number of other techmques 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
nonproteinacecus polymers, e.g., polyethylene glycol, polypropylene glycol, or
polyoxyalkylenes, in the manner set forth in U.S. Patent Nos. 4,640,835; 4,496,689;
4,301,144; 4,670,417, 4,791,192 or 4,179,337, incorporated by reference herein. In
certain embodiments, GDF propeptides are chemically modified by covalent
conjugation to a polymer to increase their circulating half-life. Preferred 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

25



gl ycosylation sites). The alteration may al so be nmade by the addition of, or
substitution by, one or nore serine or threonine residues to the sequence of
the wild- type GDF propeptide (for O-linked glycosylation sites).QEPr208%se,

t he GDF propgalhdiss@dm no acid sequence is preferably altergdtigmugls?
changes at the DNA |l evel, which techniques are well known in the art.

Anot her neans of increasing the nunber of carbohydrate noieties on the GDF
propeptide is by chemi cal or enzymatic coupling of glycosides to the GDF
propeptide. These procedures are advantageous in that they do not require
production of the GOF propeptide in a host cell that has glycosylation
capabi | i ti es aftazhmidht dfrth@cdrlbuhlydﬂteghqietyslyIt}a:tsiidmhaihe;fandismagjm tehglueolipe i ng
node used, the sugar may be at_bqaptched té) é |n| ne a% €e§t| di ne;

free car boxyF”@PB@Fp%eq“%?S FPUBLIBLIT AP §1C HPHRPL s 'Qﬁe%ﬂ%nc’ et df aL‘@S/stel ne
(d) free hyd | f n?ﬁﬂ

hydroxyprollgﬁlgﬁ% ?1 %ﬁn&?#@g?%’g}}%gg‘?%gglgﬁ ule&%(s)se 0 h‘(ra‘ﬁ?/nag r?fltn%f,
tyrosine, or thetdaytphpra@moiery t§ fhe abpueagimd side dyninu Thaf, the ptesericaef eiftesd net hods

are described in WO  87/05330 publjshed 11 Sep. 1987, and in A§I in and
Wi stoa ; 198 ¥estivpertideseayeagss in pipglyRertide C&ateswgwsbﬁ BlyGosYRRER dited by

ref er ence hebe"‘ﬂ‘gd'§§’§§§%tr°%f’ﬁé§”°wmaﬁ}{, R bforlirehd &aRr €5ent on the GDF

propepti de may chem ca or enzymatically. Chem cal
degl ycosyl at Neateylggfactosmsnidé ghlactoSxor R¥)10& tV\@h&dﬂo@ﬁﬂﬁiﬁ@ aP@T Mg Bdaly

exposure of the GDE pro eptlde tq the co i f1 uaronet hanesul f oni c
acid, or Sf‘édm%ﬁvng eeﬁlrﬁ%‘&hé%yﬂﬂxé’pﬁo 1B&eT Eﬁh}(&’rp@gmx?gn}aﬁ SRECHEGvage of
most  or aII sugar %dd%ﬁ%PBelEt'&ﬁ‘m dﬂg‘f&“cbé}gatﬁiﬁgﬁés fohhAGBIFir8pepriae 1 ne or
N-acetyl gal act osam ne), whi | eaving the am no acid sequence intact.

Cheni cal degkgmoesihiyy a@nmphshedémcaherbmhbymmmmmemcesuml that(iL&@8i3ins\r ch.

Bi ochem Bi ophys. 259:52 an y. Edg 1) Ana 118: 131.
Engymmt | ¢ ! BagHE oraarrE Gh Y AR frsren P BAICHR  HRp Bt NaEBeHan be

achi eved by nyeésy%%%n%fte Y’ﬁéhl?etré/uo%fm@rﬁlléb be%ﬂ‘éheftéf%«ghd’cﬁf?&{ gaees as deSC“ bed
by Thot akura et al. 7) Meth. Enzynol. 138:350. Wien thé nodified GDF

propepti de i substi@DPn pymmemr e $eciné osthogonime a¢sedues takhe sekpwoed dlglie abldve, t he
Fe region of type%ﬂlgg'oggptxed%%or dTF ked g?ycosﬁath)?m%hgsl)ego; gascr:] e GBE 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 is by chemical or enzymatic coupling of glycosides to the GDF propeptide.
These procedures are advantzgeous in that they do not require production of the GDF
propeptide in a host cell that has glycosylation capabilities for N- or O-linked
glycosylation. Depending on the coupling mode used, the s.ugar(s) may be attached to
(a) arginine and histidine; (b) free carboxyl groups; (¢} 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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altered glycosylation pattern. In another enbodinent, a GOF prog%# de is
linked to the protein albumn or a derivative of al bum n. ‘ 2005

| i nki ng proteins and pol ypeptides to protein albumn or album n derivatives
are wel | vkmommesics t he art. See e.g., U S. Patent No. 5, IPG/032/08&7vam et
al.), incorporated by reference herein. It is understood by one of ordinary
skill in the art that certain amno acids may be substituted for other
amno acids in a protein structure without adversely affecting the activity
of the protein. It is thus contenplated by the inventors that various
changes may be made in the am no acid sequences of the nodified or

unnodi f i eeXposmE opthsfalpF perpeptidsito rasompaurhEidiuormethanssulionihagid.qépt i des,
orboo o Gk Bapotl Tl wdalifhd 8 AMEALaIL b fbsLhr ACEMLL Y. 7 O

enbodi nmen ©changes may

i ncl ude, &uikp@ahe linking kmgﬁ nedcétplgluc@bahﬁﬁa @Nac&tﬂl%@lratﬂo@mﬁme) fhilgat i ons,
substitutions, fusions, and the |ike. For exanple, alterations of am no
aci d sequierviag theaming peidissqueacedniBgivage sites within the nodified GOF

Propepti de ar el il Lo SASAINARSS L ldlyhIuRLESCog EA TN 11

maki ng such changes Icin amno ac

consi der eBiocA%. Bioplpis! 209652 o by IBdgytchl. P8 1 ideiah Bivehenc it U8 IlBlHeX in conferring
interactive biological function on a protein is general Igeunderstood in the

art ( Kyt eErgyanatie V@@/@G@@Sb‘/dia“?WCQ%ﬁm@PPBE@FES% whisvedbye (1982) J
B O'rhegégﬁfl&)@ g;gafmdg An%e%% b&fask 2 ets@r?berded | otSurinydfopat hi c

character e am acl contri tes to t e secondary structure of the
resul t ant (198D} Merk, Enbinolh 138:350r n defines the interaction of the protein with

ot her nolecules, for ex | e, enzymes, substrates ptors, .

anti bodi es, antWi§an ]%emo‘?}gg‘? pﬁé: RTPWF@{TE%@#%%PHB’CBE@% ﬁié“%b@ﬁt%ﬁ gned a
hydr opat h Sy odMiEH

char act eréliés\sﬁlgésiﬁ%boggetﬂgﬁ%g%oﬁ}gﬁfttIlgé%loéw ng%rggg)%hﬁese a{rate}é(llgg%l euci ne .

(+4.5), vﬂteraftbgl(yedhym)xpnbmtmn ne (+3.8), phenylal anine (+2.8),
cystei ne/ cystl

n L9 1, J 0.4
t hreoni ne (- Ef)ano 2 octlnrrlgrtnsljx%rb]:ngwéﬁpgﬂﬁ%m,?{ grt‘('gg}l p§+ Bbglﬂgg yC| ne ( ),
proline (aén\g}wc Bf AbidinnavéthcisZdr lifkiridt FORIR abd %ogf)peptldes 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 various
changes may be made in the amino 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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glutamne (-3.5), aspartate (-3.5), asparagine (-3.5), lysine (-3.9), and
arginine (-4.5). In making such changes, the substitution ofmﬁn?Rﬂaagbmf
whose hydropathic indices are within 2 is preferred, those i‘c r thin
1 are partiombatdogesoreferred, and those within 0.5 are evenP@DUSN2/03467
particularly preferred. It is also understood in the art that the
substitution of |ike amno acids can be nmade effectively on the basis of
hydrophilicity. For exanple, U S. Patent 4,554,101 states that the greatest
| ocal average hydrophilicity of a protein, as govern by the hydrophilicity
of its adjacent am no acids, correlates wth a biological property of the
protein. As Deolitlt P80/ MG, Bledt ¥xt1080132)., Basacpepted thaethegtlebvg ng

hydr ophi | i ci val ues. have en _assigned to anino acid residues:.arginine
(AT O | et hrpg Enara@Etotfe Bt 2ol Fnhiy Bl IR BE-RahGTEHEEr ALY 1075)
aspar agi ne ( #Quidant pdih AMhiBe in(thfh defines Sedifilei@tibVdf thé ProR€@Riviigh dthér- 4) . proline
(-0.51), alanine (-0.5), histidine (-0.5), cysteine (-1.%%, met hi oni ne
(-1.3), vali melecules,3pr exampdd, auzyfnes, Bpstrates resgpiorse DNAL aglibodigs; arfigeas,( - 2. 3) ,
phenylalanine(¥&2H?%, and tryptophan (-3.4). In nmaking such changes, the
substituti on®BF 8/ o aci ds whose hydrophilicity values are within 2 is

preferred, those phihCdiniab acidihbdibden hsagkedrahydrépitias indep bty b81,0f itgnd t hose
within 0.5 are even nore particularly preferred. The nodifications may be

conser vat i vehylrephobiraty anf eharee chrantenisies gl ie aed Paplitflg 1082, spre)2thes awD

02/ 068650 PCI/ US02/ 03467 .fu Lon of t r ot ei i. ffect t he
Ohanaoood Cikaldage D! valnd A b0 dine! (1% 8Bl R ShBabife PE) aRLIGEAG MY,

rel ative si n4228) m¥thidnikd @ 18] dihiRci-d .85 deciabaion), threbsine (LeT)! Serink @0.8gxanpl e,
t hei r- hydrophobicity, hydrophilicity,_chargﬁ _size, and the |ike. Exenplary
conservat i verspipEhant(c-PloRgosips Ch3), akalingdri-6 Bistiding (rd 2 gluigarates-3.5),

characteristi i i } f L .skiLleyin the
art and inc?@@lgé 'ai%?f%%gaq%nezi'%'égia%gea?a%? Jﬂ{'%ﬁg? yémnfn@'gg%g(? nelﬁggérs }ne and
t hreoni ne; gl ut aningakiag suchsohangeg) the sutaiichtioa lof Bind Ridivwighse Bdtopabiceuci ne.

The am no acid sequence of the nodified GDF propeptides nmay be nodified to
have any nuniicepprevwtiie ity as proferredthosgoxhick are|voittun 4% arerpariguhatiyyelsired. he

modi {1 ed GDF, by QRERIAAR 0% kb 8vdAhgEpaRhac bRty | 8 Mot adversely

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 biological property of the
protein.

As detailed in U.S. Patent No. 4,554,101, the foliowing hydrophilicity values
have been assigned to amino acid residues: arginine (+3.0), lysine (+3.0), aspartate
(+3.041), glutamate (+3.011), serine (+0.3), asparagine (+0.2), glutamine (+0.2),
glycine (0), threonine (-0.4), proline (-0.5%1), 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 12 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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Rel ative sequence simlarity or identity (also known in the protein and

nol ecul ar biology arts as sequence honol ogy) is preferably determ ned using
the "Best Fit" or "Gap" prograns of the Sequence Analysis Sof t]V\,eCé 2005
PackageTM (Version 10; Genetics Conputer G oup, Inc., Universi ty

W sconsi nWBi%avessiihol ogy Center, Madison, W). "Gap" utilPEEESEHES) gorithm
of Needl eman and Winsch (Needl eman and Wmsch 1970) to find the alignnent
of two sequences that maxim zes the nunber of natches and mnimzes the
nunber of gaps. "BestFit" perfornms an optinmal alignnment of the best segnent
of simlarity between two sequences. Optinmal alignnments are found by

t i.m th th I | h I
Al gor i ¢ RPOEOGRPY e RIOAT BFTECGTY (B TR R P S RIB SminGaedh ot ol
1983) . Th%ﬁﬁﬁﬂdﬁ&%%é@@éeu%me%ﬁét%@ﬁm%%@m e A8%S dcRedaabaye contains a

nunber of ot useful sequence analysis tools for identifying honol ogues
of the pr sssntdeyts, fvr sgdrosledhein by dophatecitynbly dropnibeigt chiarge gurerandshe For

le, the "BLAST" t_at, 1990 hes f
i a0V, B RN SRR iR etk PR THERIE | n & Speci f1 o

dat abase Qﬁargctensix‘é‘gHﬁ@E&xsﬁﬁ}ﬁhﬁﬁféw@IﬂlkﬁG\@d wado@lof skx'I'ﬁnN?édrPé]ﬁ' Center for
Bi ot echnol ogy Information (NCBI) in Bethesda, Maryland, USA); "FastA"

(Li pman amtll%aargume MSSlns@utamm aﬁéameamnbla{xhﬂmonl%@utanﬁaarson, et
al ., 1990) perforns E‘?‘n and Li gsn%g Se for simlari tgﬂgetween a 29
1 OO 2B R OB e S 76 SR T b BBGaERIR AR L. of
sequences nfdifiddGBRFRopeyifes(acbembdified & 1ive RhP h@mber of coﬂ?e?v%hée performs a
Pearson and Lipman search for simlarity between a protein query sequence

and any gucb:m;ges;fso tangl asdbg blledmeqﬁélmegdxﬁtd GDaprepeptide t¢ itstarget GBSt i de
sequences anes before perform ng the conparison);

" Fast X" 6’5&?‘8?%0%23{3%5??%8&&35% Li pman search for simlarity between a

nucl eoti de queR¥|ativ€ GtRBARE: ﬁ;ﬂdaﬂtygfr%&n f(alR6 RhEWh i@ priigigand t aki ng
frameshifts into account. "TfastX" ornms a Pearson and Li prman search for

si ni | ari t ynddesulesbivlegypartstasisaqusnes bom@leqx)emr@fmiﬂy épzyngmghpsneg thaucl eot i de
R vences kg 00 LSRR 4 PSRRIl OB GRITRI Bl 705
art will necgetizeChhphtet Geouw dhd | BsivasinlerWekicbhses Biai&hnology 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, er 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, er al., 1990) searches for sequences similar to a query sequence (either

peptide or nucleic acid) in a specified database (e.g., sequence databases maintained at

the National Center for 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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propepti des may contain any nunber of substitutions to their amno acid
sequences W thout altering their biological properties. In a b?e@@f 29
enbodi ment, such changes are conservative am no acid substitutions, that
are wel |l knewnoiseshe art. Exenplary conservative substit uPCHNSOMRREN t ake
vari ous of the foregoing characteristics into consideration are well known
to those of skill in the protein biochemstry art and include but are not
limted to: arginine and |ysine; glutamate and aspartate; serine and

t hreoni ne; gl utam ne and asparagi ne; and valine, |eucine, and isoleucine. In
certain enbodi nents of the invention, the in vivo stability of a protein can
be measur ed QU§TASEIUFASE NG R SHAIPLT Stqientes ObthE SUNGHRE ﬁ"%&*%?ﬁ‘%l"r pokedile sanpl es

are _har vesta, ghn geNabl.el Yeoln LhaTPicROh M Scif B LOWAG, BELENEL frcflin the protein

ei ther intravenously or intraper y or the proteinis

radi ol abel edypiergsequérich ah®dhygrobg of nudikdtidgseqaéntesiGt meislatds Nioudiedtidaose in the
art. The anmount of radioactivity present in each serumor tissue sanple can

be det er mi negaugiceyinallginieadias diamep befpre Psrerniag thesoppan samt | Fase

Integrity/ St@eﬁc{gﬁx&)‘PQ{n&hﬁuﬁ[i?%ﬁh@ea&& f{t]\gg ﬁ%&ﬁeﬁfé&ﬁ%ﬁ%ﬁﬁ&é@%@y SDS- PAGE

foll oned by ‘e er aut oradi ography or ern ySI'S. not her
enbodi nent, dehaeret ahd@pab odptdisihksqueices,hekipy fhmeshifesaintoe comas tTR&Xrsi ng any
one of a nunber of functional assays, _ including an ELI SA or cell-based
assay known Reafarmga Bearsonundiggmap searehlar s amy hstpecsn 3@repngpenb 8650 17 OCT

2005 PCT/ USO2f, Q&0 ind' %r ?gﬁ% Bfr‘ryglg;‘?e% i}iggﬁﬁhen%gsé%&%?ﬂﬁﬁgﬂhsith‘é%E&Qx‘i‘ pi” e_usef ul

to prevent or ‘treat 1 ca sorders | unans or ani mal's. The GDF
propepti des tedrslamseber stahys ofithe dudléic setfuerze the fore peefbmmiingathe canparizoe). act i vi ti es
associated with a GOF protein. In one highly preferred enbodi nent, the
modi fi ed GDF propept Pls!l] m%hﬁﬁw%recpgawgénﬁwo ‘edﬁbP’é"“B”Fﬁg'BafE:tivities

of et ur e COG Btk iy Eori@inany Bubibé: POl Gkl ifnola2id @huenind by the

sanme propepti n a preferred e ment , e activity of tHe mature

GDF- 8 pr ot ei withovieherir@uthelr biplapieal propemiee lafa préferrebethbodasieEDbuch Thaeget i des, is
i nhibited at | east 5Q0% preferabL%Bat | east 60, 62, 64, 66, EB, 70, 72, 74,
76, 78, 80, 9 consgwatiygamio agishsubsisptions, gt el kngwn iadhe agokxemplagy o, or

94% and eve&n{gﬁg&me@ﬁe&ﬁ&‘g@an Jﬂéh thBESo B9GP hO fol QM Glafkle¥iRtidQnd Mature

GDF-8 protein t 1s not
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 isoleucine.

In certain embodiments of the invention, the in vivo stability of a protein can
be measured in a number of ways. In one crnibodiment, serum 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, i.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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by one or nore of the nodified GDF propeptides. The nedical disorder being
treated or prevented by the nodified GDF propeptides is priffgﬁﬂj¥mﬁ nmuscl e
or neuronuscul ar di sorder (such as anyotrophic lateral scl , scul ar
dyst r ophy womaegsaso at r ophy, congestive obstructive pul nonBEJ/USHBEA&Ee, nuscl e
wasting syndrone, sarcopenia, O cachexia), a netabolic disease (such as
such as type 2 diabetes, noninsulin-dependent di abetes nellitus,
hyper gl ycem a, or obesity), an adi pose tissue disorder (such as obesity), or
bone degenerative disease (such as osteoporosis). The nedical condition is
nost preferably a nuscle or n? roi nuscul ar di sorder, such as arnyotrophic
deso]ghg {

| ateral scl er osihs GRY Prqpepy DISEAgrentioRs e dsefitl (9MgVent ehigeatt i ve
cbstructivg, Ay di : t4 i r \a, or
cachei o TERd BRREEICREERGuHE b i TRECDRMRAEGRe: SRrananh 2
met abol i ¢ hed aaimBibitror dédioe cieer or nsare hctdstidshstocraedubith a GOIH protedly.sfrueret | onal

gl ucose netabolismand/or _insulin resistance, such as type. 2 diabetes or
noni nsul i Nkl pesierEss crahodiasrdthames FGQD%rOHﬁtésm%twrgsﬁ\&éﬁ en&Oth as

hyper gl yceppled e RBGHIeL ¥ matlm%%% ngraf?Pé‘tBtai xﬂ%ﬁre&FQFW n@%ﬁ‘e‘i@@!a isygd to

prevent O treat such nedical disorders in mmal s, t preferably in
humans. ThisousDby [ieosaaetproteptide. Ip appefprtrédmsbodomposthe aamgtyodf thhmaprresent

i nventi on adm ni stered in therapeutjcally, eff ive anpunts. As used
herein, angbg_ff‘flﬁelef’bé” e&i?ﬁ'ﬁﬂﬁltby%‘ieof rerﬁ}JdFer‘Q ‘f@lgﬁ%’% BB’é’ﬁPﬁr‘T;geé’ s a dosage
whi ch is spibfniied SNbash 90%5@%%%@% 13kt 6o, 62, 94T6@ 48570192074 06865 %0, 82, |

PCT/ US02/ 03467 activity proteins to achieve a desired biol ogi cal
out cone (e84 86, arr8le armire grefestay attledst Y H¢) B, Adsw)94%, andeeerembredi nent , t he

desired bi ol pgi.cal .ou me be . any thera ic benefit including an
Cnor case | el e A VR Io, TG a8 W A PR Brodeig e s e oy

net abol i snpy gecredseds adinkshiddGDP propefideyed gl ucose honeostasis. Such

i nprovenent’s may be neasured by a variety of nethods including those that

measur e | ean anbhefmeditaldisordesbeiguedtedaas prtyehtest by sye modified §gPRnal ysi s)
nmuscl e strength,, serum |jpids erum | epti ser | ucose | ycat ed

heng! obi iPOPGIIEL S @ gREY & TRiscle gr A RBR Ik SREdeR ERR S aB otk

conpl i cat i QRrAfscldiodRehesular SRMRPRY, fusci® atrBsHya et v Rl dnérgédvect i ve anount nay
vary with the subject's age,” weight, physical condition, and sex, as well

as the sevpylinpyaryidisehss, moshlewhstiop Aviidroros sanqopemén, 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 neurornuscular disorder, such as amyotrophic lateral sclerosis, muscular -
dystrophy, muscle atrophy, congestive cbstructive 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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subj ect. The dosage may be determ ned by a physician and adj uste?, as
necessary, to suit observed effects of the treatnent. Cenerally, k RET 2005
conpositions are adm nistered so that GDF propeptides are given at a dose
bet ween 50 ¥YR§2/e6865020 ny/ kg. Preferably, the GDF propepti dSI/HY@R¢H0en as
a bolus dose, to maximze the circulating |levels of GDF propeptides for the
greatest length of tinme after the dose. Continuous infusion nay al so be
used after the bolus dose. The present invention also provides nethods for
preventing or treating metabolic diseases or disorders resulting from
abnor mal gl uco.sehogﬁg)gt asi s.  Nor.nmal | ucps.e honFostasi equires, inter

g

alia, the fi3f&Mp REPIEINS 49 PCHSVE R BFirsdhglogiral QEEqat Fec%r'f‘ FegsiBfr eat i ¢

beta cells ifk[23RARSIE nfals)S WPbhEermbRiIges:, tHe dkipthiglokRitcdntVBhPphe One of
t he fundanmental actions of insulin is to stinulate uptake of glucose from

t he bl ood i niny thérapsitie beneds retuding an imsatecinamdcleabass Andoeredsagh ynuséle one
enbodi nent, the present inventjon _provige‘% a nethod for, treating diabetes
mel |itus andStFea8p®: weprayedgpeliahalisms deqreased afjreyity oommoysdieicpeeni a, by

ad i Ster | ity ghfh3USL By o Tt 8 (T REARARH S81ch oMb Sl

propeptide conposition |In ananount clent to anel’iorate the synptons of
t he di sease. thdygthat rReadiire heani and Whtibodd epenact addwebeiras scamiihg tndy(isYl DDV, in
particular, is characterized by a triad of (1) resistance to jnsulin action
on gl ucose upREiesTEREHesTRAIPHS, teram deptin, sppum gjucoger ehysaisd heynoglobs650

PCT/ USQ2/ 031 i, all ] ' : 23 J.popaired
insulin acti @écﬁwgﬂﬁ?‘ﬁ %{nds 6§‘%"?‘J<‘:°“g}4ﬁ‘§%§%°%g§%’g3§’?’?§%%‘ﬁgﬁég%§ﬂe§5sr egul at ed
i nsulin secrgtheily Detecpeétsally 9Rdve aaicaiaeir@g viRg\vith thé Stk agd Redigiior e,

subj ects suffering fromtype 2 diabetes can be treated acc_qr§! ng to the
present i nvePisisal ¢opditigni andssex.aasivel astthexseverdiyraf e ropstical sershidpn indde  whi ch

i ncreases sensiti Vit o insulin d_gl,uco t ak l]s imlarly,

ot her di seasguzjjeé#idfhr%qog §1 rf]aiyub i %%‘? e"r“gj t%é'h%ﬁh cskkzarn?azngc?la uffég’ngss uqef:%s%y@f unction

(e.g., resisiineRervedeffdctavdfliie tredtmeftl iGdnerfly) thaBekhpssifidhs ufd Admiaidtered ucose
transport into cells also can be treated according to the present invention
by adni ni st seathptdaDDb propepiidtis fareegi vEDR asiosp bgimiege 0 weikgland A¢ medkges sensitivity

to insulin ?r%?er%l#ﬁﬁes 8D¥%rc%<e%ti9gs &€& lg{vseh 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,

32



The nodified GDF propeptide or nodified GDF propeptide conpositions of the
present invention are adm nistered in therapeutically effeciﬂvgcgnmmpts.
When used for the treatnment of diabetes and rel ated disorders, an "effective
anount " oWwa #068¢70di fi ed GDF propeptide is a dosage whi ch REE/&WEAHET ent to
reduce the activity of GOF proteins to achieve one or nore desired
therapeutic results, such as, for exanple, an increase in insulin
sensitivity or glucose uptake by cells, a decrease in fat body mass or a
desired change in serumlipids, serumleptin, serum glucose, glycated

henogl obi n, gl ycose, t ol erance r inprqvenent ji.n the second conplication
of gi abet"éggc‘ %Fﬁfq?ﬁusae%@?@B%‘a’lg‘]i)se&\sll?p@fqdéﬁﬁt]‘?eacﬁ%wﬁj‘ﬁéy vglr) y with

t he subj ect. S i el htyc t he
nsul i ay P i P Cose PR g By SR e e R Oy e

physi ci an BiatetasiRers§:4@7-269). rdeefems subjdcts susfantg Hmayped dmbétectan tef t he

treatnment. Generally, the conpositions are.adm nistered,. so at GDF
propept i de%eaée%eacﬁ?r\‘}gﬁ 19 hEPIERS b‘"ﬁ%‘i‘*ﬁé‘}ﬁ' agmigigratipnafa I‘??fhﬁfﬁ Q&j’rﬁ Preferably,

the GDF proncofiddshiah fcta¥e et Aine!iHilid 388 plueSseTpraldig elifte circul ating
| evel s of propeptides for the'greatest length of tifme after the dose.

Cont i nuous i nf USimilarly hatheralisasel end sethbalic disordhes chatactsridaistey, infildlen pr esent

invention al so proyides .gene therapy for.the in . vivo oduction of GDF

or opept | de/sTBGHR (e for Ep5HaNkG, InHChaty oy deficieeykamplos SpPlcie Bliepe,y

i ntroducti @hspsit irﬁ@@el%o@aﬁ%@%h@@a&&dﬁﬂ%ﬁi tﬁé’g}eg&ﬁ%ﬁ&%ﬁ into cells or

ti ssues having the 33 1 7 OCT 2005 WD 02/ 068650 PCT/ US02/ 03467 di sorders as
| i st ed aboadminiBSehtionerfia robdiGBFGhFapepentide, woikly merdasestsedativpgwensdis can  be
achi eved USidnﬂ a. reconlt))i nant expression vector such as a chineric virus or
a  col | oi ¥ EeOse PRk O S em  Especial Iy preferred for therapeutic

delivery of GDFrhd%sdlﬁea'Gm;ﬂebap%uebemmdmp?ﬁ?eﬁtid&omsmﬁs&f targeted
|

| i posones. Various viral vectors which can be utilized for gene therapy as
t aught hertbg pres¢mdivedtomareadminisisred im theprpsutidatly sffeqtivecimsiuats. d¥hempr ef er abl vy,

Geri va | veligt T4 e Paenr T SRHES ard il Pl detan et el i “Vector s
in whi ch amgdified @ﬁmﬁﬁtwidewd@sage Baichiinadtitiest 1b néd el ehe dtlin@seGPPL | m ted
to: Ml oney nurine | eukem a virus (MoMILV),

proteins to achieve one or more desired therapeutic results, such as, for example, an

increase in 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 seventy 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 palynucleotide sequences into cells or tissues having the
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Harvey nurine sarcoma virus (HaMuSV), nmurine mammary tunor virus (MIMIV),
and Rous Sarcoma Virus (RSV). A nunber of additional retrovi r%l vectors can
incorporate multiple genes. Al of these vectors can transfer o7r Qm’caﬂlﬁorate
a gene for _a selectable nmarker so that transduced cells c rhg ig zi fied
and gener at 8 %BY*3"hserting a GDF propeptide poi; nucleoti }e ‘gﬁ’ﬁ 7?142’ of
interest into the viral vector, along wth another gene which encodes the
ligand for a receptor on a specific target <cell, for exanple, the vector is
now target specific. Retroviral vectors can be made target specific by
attaching, for exanple, a sugar, a glycolipid, or a protein. Preferred

targeting i gjs3fdefy@lliskldadoRy Iives FGBRbiopesde pbaseEleétideskiplencéstahhe art
will recognize that specific polynucl eotide sequences can be inserted into

t he retrovi bakchigedomgarreapibamant éxpressionwiectat sush\ae b cpignerio virus onva t ar get
specific deliyery of the retrgviral vector, containin he opepti de
pol ynucl eot F?illmfk}/lldrllsp(gﬁéonpsﬁ'ﬁfﬁrggﬁc‘a ﬁ‘BEfg‘?’TFgrff’r, tﬂffﬁ@@%%ﬁ@YeW gagg?:gr;et ed to

muscl e cel | S5 Pclep §dise iR E € rtﬁec‘ggtg'y&@égt d Blos@Méy uses are defective,
t hey requi rgr(ﬁ)rg{)éer c%fl Iines?qt hat scont ainp a(?smf?%lss encoding all of the

structural genes Vafiotdraral etatars iwhich candentitiyxe focgererthdrapyfasrtaght beremny
sequences W.thin the LTR, These plasm.ds are.m ssin nucl eoti de sequence

whi ch enabl 8€1dAIBRRYRE HEPePEEHA NN BT rRIESERRYz 87 S FRASEri pt for
encapsi dat - efteovHL PPIcr@ I, the R85 Vol U Cle PRI B mibhe By BAC KT N

signal include, but are not ITimte PA31/7 and PAl2 , for exanple.
These cel | rdttavéras.[Exadipicss of ranoyiral veconsin vdiichcesingle fersignmgenescapdekaged. 1f a
retroviral vector_ is 34 1 7 OCT 2005 WD 02/06865Q PCT/US02/ 03467 _introduced
into such caseEed welpde.dit ps @oplimkied;on dlalengy muring leyiemea virysgMoML kv uct ur al
enes are r { . ckaged
gnd vect or %&gﬁuﬁos%c?%vgﬁ??g?rﬂ%ygg’ﬁgﬁégﬁaﬁgﬁ%yﬁﬁyrggﬁgﬁﬁr@gl I sgcan
be directl yahd Ross Satada Wiruh(RIV pranmudsbee nf addiitivhal feerovied] veatorsahn st ruct ur al

genes gag, pol and env, by conventional calcium Phosphate transfection.
These cel | s ngopporate multinlegeneet AY afithese vertory ean Enstes PRIBROTFORASH ankiforg t he

genes of i nLerestye TS LSSl IRIREL Gt ElARIReriEd bE} LUIAA Byvector nto
45 B b el

the cul ture medrum her targe elrvery system pP’opepti de
pol ynucl eot iiferting a8GDF propeptide po!;nucleotide sequence of interest into the viral vector,

along with another gene which encodes the ligand for a receptor on a specific target
cell, for example, 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
recognize that specific polynucleotide sequences can be inscrted 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 .PS1.2, 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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col | oi dal dispersion system Colloidal dispersion systens include

macr onol ecul e conpl exes, nanocapsul es, m crospheres, beads 7a@E Léfid-based
systens including oil- in-water enulsions, mcelles, mxed hic I ﬂ5and

| i posones. The preferred colloidal systemof this inventionis a |iposone.
Li posones WOD24¢865% | ci al menbrane vesicles which are useffdT/E20467 very
vehicles in vitro and in vivo. RNA, DNA and intact virions can be

encapsul ated 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 |ipsosone vehicle,

are_known iy, dall&4dhio suc : sgn q’?lichmicl?&’ingestigﬂl }sdn@i:t?i)ﬁg?gkﬂﬁ@&ml 6: 682,

1988. The conposition o I posone i's ustally a co nat 1 on of

phosphol i pigdses atesepllated byrothagbnasaif irnerestj thé vegdraranibel paclagpd andvdcyor

chol esterol . O her phospholipids or other lipids may al so be used. The
physi cal cyioagreduced-i cs of | i posones depend on pH, ionic strength, and the

presence of dival - i . f . lipi i.n . posone
producti on incI%ﬁgg%ﬂ%%%ﬁggi3§$é%ggﬁggﬂ% g%%gggﬁngég%%%f%ﬁé?Pﬁylglycerol,
phosphat i dylfRdsieAcodinghe phialvirdydusetiiah genes phg pphaid edty| By bervehderiane,
sphi ngol i pids, cerebrosides, and gangliosides. Illustrative phospholipids

i ncl ude eggalshosphiesphatsramtsction: Thesesallnire diengrpsfesied papiteaveciote and
di st ear ayl f%zag%gg;%%al%ﬁ%lgcglgl D& ofTﬁ&egt?@?e[ex;eglﬂgxg{ep' 'agass?%ees ekr%v%%so possi bl e

based on, n-" speci 56e0| icity, d
or ganel | e- sp&6i ihiodhé Yul@mémiegiuknown in the art.- 35 1 7 OCT 2005 WD 02/ 06800
PCT/ US02/ 03467 The net hods of treati ngg&r Igreventi ng the above nedi cal

condi ti ons wi t hAnpder tgeagied; dsli vapsy sem fs SRk propeptide lobymuplsotideid 2t o i nhi bi t

ot her proteips.in.the. TGPl rfamly. ny of ,these profeins are

related in cgﬁ?l%{aﬂf?gs{%‘ S&EPS,CSOE §@ﬁl Gg%peﬁﬂg-sh}{%f%s&%%c{%aq‘ﬁcég ,Ofelcweanot her

enbodi ment ,coinb@xésnMﬁmmmeam‘ém@l&r@b&aq%n@iiptdt&aéd&gtenishﬁclaamg%ﬂe ntioned
p

di sorders by admnistering to a subject a nodified ropepti de capabl e of
i nhi bi ti ng iBrwaten ercIsio8s,pnigeligsnmixeil miealles jand dpesomies, Therbreferradmelloidat h a

LA A TRIRCE T N MR R R S
which are useful as delivery vehicles in vitro and in vivo. RINA, 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. lustrative
phospholipids include egg phosphatidylcholine, dipalmitoylphosphatidylcholine and
distearoylphosphatidylcholine.

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

specificity, cetl-specificity, and organelle-specificity and is known inthe art: =~~~

35



propepti des. Such conpositions may be suitable for pharnmaceutical _use and
admnistration to patients. The conpositions typically conprise bﬂeO@W ﬂmse
nodi fied GCDF propeptides of the present invention and a pharmaceutically
accept abl e ewo @issis0 As used herein, the phrase "phar maceut iP€EIIUSY2/03467
acceptabl e excipient” includes any and all solvents, dispersion nedia,
coatings, antibacterial and antifungal agents, isotonic and absorption

del ayi ng agents, and the like, that are conpatible with pharnmaceuti cal

adm ni stration. The t'se of such nedia and agents for pharmaceutically

active substances is wel]l. known.in the art. Exenplary .pharmaceuti cally
accept abl e exci pi ;W@?EQWSBEHF%WCWPHWCW ﬁqﬁﬁgﬂﬁdﬁeéfal clgﬁgfflﬂﬁsc‘@ﬁff al

Exci pi ents” 3p64ifeh GBRGRopeiitiesAR aINB b8 Whd LBl iniibR Seher ProteinirBe TGEDs).  The
conpositions nmay al so contain other active conpounds providi ng suppl enental ,
addi ti onal , ocupenfdmihc edanyhefithgse prateins ameatlatedsn stinsugelia Gldc8suck ag BMP-

conposi tions y, al so be inclJuded in a container, pack, o i spenser

toget her wit Hr]?r@‘icP glyie a?%%lefe et T RNUR | éﬁdﬁ%@éﬁ’f’aiﬁln%ﬂ%osi tion
of the i nventd,0BfoteindnfbRad did?aert By BinmiBfyl Bla8ubjéct dmbliFiebWBnded route of
adm ni stration. Methods to acconplish the admnistration are known to those
of ordinary gkopdptideicapableaf inhibitingragoralGI- -8 prqyeigs¢ibiiee alope obinadombination
conposi tions i ch topi cal |y .or |y adm ni stered, or which may be
capabl e of t%: §Hpg§%8gﬁ%ﬁpﬁﬁgnﬁﬁ@éﬂgméééﬁ'anes. The adnini stration may,

for exanple, be 36 1 7 OCT 2005 WD 02/ 068650 PCT/ US02/ 03467 i ntravenous

(I.V.) , intraperitoneal (I.P.), intranuscular (I.M), intracavity,

subcut aneous ¥edified GRF Propeptide fieaipositibngf er r ed enbodi nents i nclude 1.V.,
l.P., I.M and S.C. injection.  In ope preferred enbodi nent, .t

phar maceut i cal corﬂgﬁgﬂf‘i*{sﬁfgv%‘?m“ fre! eﬁ\?gﬁ‘f’?sd O%rcé)@d'}%'}%@f gfpgb&g GDF

i nt ravenousl| Yprofhidéd. @WhSh @6mPILHRML 9 He suiele fphafthsckdeédrabe £1d subcut aneous
application ‘typically include one or nore of the follow ng conponents: a
sterile di | uadminigesticado pekants: Thecomppsitpnsoipicaldy £emapBs aneiosmorg mpdidied | s,
pol yet hyl ene cols...dal rine. . .or | en ol _or qther t hetic

sol vents; ant(?igg (& %ﬁges)éggnﬁtpsresgﬁté vegxg%ggﬂ%}%h%agg téﬁaﬂ?ﬁgg%gf%yel par abens;
anti oxi dant's &diplendS A8 ESedtetetn, dd shraxe “$Bshmagtically hideptablecdxeipidnt’'ng agent s

such as ethyl enedi am netetraacetic acid; buffers such_as acetates
includes any and all solvents, dispersion media, coatings, antibacterial and antlﬁmgal

agents, isotonic and absorption delaying agents, and the like, that are compatible with
pharmaceutical administration. The vse of such media and agents for
pharmaceutically active substances is well known in the art. Exemplary
pharmaceutically acceptable excipients can be found in “The Handbbok 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 possibie 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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citrates or phosphates; and agents for the adjustnment of tonicify such as
sodium chloride or dextrose. The pH can be adjusted with aci dd QCTo S,
such as hydrochloric acid or sodi um hydroxi de. Such preparations may Dbe
encl osed wo ozapssul es, di sposabl e syringes or nultiple doBETURS4GTade of

gl ass or plastic. Pharmaceutical conpositions suitable for injection include
sterile aqueous solutions or dispersions and sterile powlers for the

ext enpor aneous preparation of sterile injectable solutions or dispersion.
For intravenous adm nistration, suitable «carriers include physiol ogical

i ne, bacteriostatjc .water, Cr h ELT v P i , NJ
hosphat o HEEBPBYTYa) e riaesa CHe) apreraseie (RS REHREEI on’ must be
sterile andpahgibs (tsec§ bHirghst@mial Pre Mt mbitiine MR SHCISHITIVIRPI Mgy exists. It

nmust be stable under the conditions of manufacture and storage and nust be
preser ved and@aC.nsjectidre loont prefanat embodivient thegharmareutivad aorpositionsatf as
bacteria aﬁd.fun i. The . carrjer can be a solvent or dispersion nedium
cont ai ni ng’,ef"é’f’“tg%!%ﬁ%? DSIATeG IDURNCAAY . pol yol (for exanple, glycerol,

propyl ene gl ycaopuifad of {fdpiidioROL it Al loY S outAB6us dppficddge) . and
suitable m xtures thereof The proper fluidity can be mai ntained, for

exanpl e, bypicdlly msledodneorguat phte felbbiwingcdemnets g stbyledilsentsieh anance of the

required article size in the case . of, di rsion,and by the use of

sur fact ant E_.’terst BUPETT PRI aGte PN 8&698*’6’9?%?66‘8@&&9&3%%&%’%’ be achi eved by
various andrbRa&tesdly @l oAterdPhinttt\@Rlents2gfRiBh&eridl Qe SRl 8 beRAY abens,

chl or obut anol”, phenol, ascofbic acid, thinerosal, and 37 WO 02/ 068650 1 7

OCT 2005 R@GoholSoaheByigarabaes; kitioxidahts snehnas asensbis acidtorwpdiumblg syfitef er abl e t o

i nclude isotonic agents, far .ex l. e sugars.,.. pol.yal cohol s such as nanitol,
sorbi tol | SoantRPERROEYE M e iR pc: RS AGRARaBi on of ¢ he
i nj ect abl eieRPQPHosHatesCaAld aBéntPfoP tizkj kRt oinicith Ghéhisn@dium t he
conposition an agent which del ays absorption, for exanple, alum num

nmonost ear athéorgadr gextense.nTheapk carcedpustedivothsaceisroa basdsysuche@b ude an i nert
di l uent or a carr

capsul es Q}Fy goﬁﬁggpglsagigd’ risﬂ‘illig'r"ihgg’i%ré.{d&e)éﬁ‘gﬂljr??f’égtpog% P%%gbee beg’f;l%g%a'?lss ﬂeir gpgﬁ![ iaf:i "
admi ni st r adrhfRles! diSpdskite Hyriiendri ridfiple AbsebBalk RHRAAQE BOSIAEES pladith exci pi ents and
used in the formof tablets, troches, or capsules. Pharnmaceutically
Pharmaceutical compositions suitable for injection include sterile aqueous

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 sutine (PBS). In all cases, the composition

must be sterile 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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conpati bl e bi nding agents, and/or adjuvant materials can be included as part
of the conposition. The tablets, pills, capsules, troches the |Iike can
contain any of the follow ng ingredients, or conpounds of L'fZ] i 2805 nature;
a bi nder suo exoésdser ocrystal line cellul ose, gumtragacant h RET/geRA346h; an
exci pient such as starch or |actose, a disintegrating agent such as alginiz
acid, Prinogel, or corn starch; a |ubricant such as nagnesi um stearate or
Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent
such as sucrose or saccharin; or a flavori ng agent such as peppermnt,

met hyl salicylate, or oranefl or| For ni stration i nhal ati on,
t he >CIBDF prop‘é%ﬁ‘?j W%?—P%d'él“i‘lsé ?rﬁ lflﬁ‘é‘““f‘gien‘?‘?t%’f‘c %F"Ee?éseéf‘mg ray from
pressured cogy @fsrb%gya%h 1s$s9 i Cs%rtﬁf&li‘tsﬁh{?ﬁnz @hloﬁ&e 15%94 EorRpRRRI ant,

e.g., a gas s car OXI or a nebu temc adm ni stratl on
can al so be }hxoldngai‘ab@uqaosmbf the mjeaﬂﬂdeombsmmm bcIEmugbrajmmhposal or
transdermal adm ni stration, &enet rants %Bproprl ate to the barrier to be

per neat ed ariaclydiag I the cABPPSoR Iagehwhish dslays Absorpinng Féa’@BWer ally known
in the art, %&Flﬂxulnr}ﬁ{)ﬁ&?earaft ‘i'% @l e, for transnucosal adm nistration,
d

detergents, salts, an i c acid derivatives. Transnucosal
adm ni stration cadrabeoramsoivps gemmily ihtindeighirehalilusnt wfan edbid caperaysr or

R ot o e et & o S i S HE
the art. Thep\.ﬂ?;: sel3f &Bﬁ&fe}aﬂ&ﬁxc%ﬁ'sﬁhé?ﬁ tHe' GBR éﬁgpé'gﬂ ddsen behiRoPlorated
suppositories 005 WO’ 02/ 068 CT/ US02/ 03467 wth

conventi onal wﬂhupxmcrttem}d m&ggtl'sdmim aftabletso grobhsst ercaamxlbsotﬂharrng:leymilydes) or
retenti on enenas f"@% rectal deliyvery. In one .enbodi he nodifi ed GDF

propept i des %P Jgepis g qriadjuy ant paterigls cpn ‘FB]FE‘QF‘S PHEAEONBBUNd

agai nst rapi éi)n%dsiﬁbﬁ'afrhé’&bfeisoiﬂlis h@ap?&]@é’ troehshaPihR 1iké ea hdiRdny 6f @ase
formul ation, including inplan m croencapsul ated delivery syst ens.

Bi odegr adabl @llomrxgongrp@wmb,loe Cpmpymﬂspf @anmtb@ nasd;, a kinddn sach &t hyl ene vi nyl
ol yi act i o ierern Salinrrt SRy BBt tE b bri5Geich S OPiFR P RSHRT b
apparent to 1§b@§eeaa}smtég%5&mgl dpehth@cREd algihfC2dTRIEIhegd, & @mataeh;ke obtai ned
comrercially from Al za Corporation
lubricant such as magnesium stearate 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 propeptides may be delivered in the
form ¢f an aerosol spray from pressured container or dispenser which cchtains a
suitable 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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and Nova Pharnmaceuticals, Inc. Liposomal suspensions containing the nodified
GDF propeptides can al so be used as pharmaceutically accepya@¢Fé@@$riers.
These can be prepared according to nmethods known to those ski n the
art, for woamphsssoas described in U S. Patent No. 4,522, 8CT/USA034E

especi ally advantageous to fornul ate oral or parenteral conpositions in
dosage unit formfor ease of admnistration and uniformty of dosage. Dosage
unit formas used herein refers to physically discrete units suited as
unitary dosages for the subject to be treated; each unit containing a

predeterm ned quantity of active conpound calcul ated to prpduce the desired
t her apeut i"ﬂt‘?‘ézlo uentiong] sYBRSHPLY HasEs SHE f‘ﬁ‘@a%\‘%‘?ﬁﬁf’él(gg’ebﬁli?%é%&ﬁ‘i cal carrier.

The speci fr%tgﬁ;oin%e,fnggfotrlpgctggg%'unit fors of the invention are dictated by
and directly dependent on the unique characteristics of the active conpound

and t he parti cish ane ¢rhisydippent; the mefdifeest GDE phoapeat disevepreparad withearriersni t at i ons
inherent in the art of conpoundi ng such an actiye conpound for the

treat nent tmw“ﬁar%?%ﬁmégmp?w&sae e eea ?f&l‘_éfrn% atyfhéf 2such
conpounds gamiRE rQ@és%erPrﬂﬁQioQYincﬁ}dgr&gﬂ{p%quﬁﬁﬁiéhwp%ﬁla{éHQ@ﬁ%eS in cell

cultures or experinmental animals, e.g., for determning the o (the dose

I ]?]E hal to sm&ggE/B'to:iegrpdthﬂ, biﬁcompatﬂ;idpt_;_lgmegmap bé uabeal, dgzheis etyéma et i CS| |y
effective in of . the, po tion).. ose ratjo between toxic an

t her apeut iaﬁet@F’f%%X@h?’E”qqge‘P#WiY%%ét?ﬂ_dcc Eilr‘i‘é@k p&[’(&“l"?csﬁeéﬁ ang@%g‘Ft_é%s_ed as the
ratio  LDsgiER&hodsithr ,gr/eg%ﬁmrﬂ AREcHYrmlIaB SR Willbe ApeRni Bar&RKIIEg | ndi ces

are preferred. 39 WO 02/068650 17 OCT 2005 PCT/US02103467 The data obtai ned
from t he dethe agtulThemeatersdagas alsodbeanbitaingd commiéreiglly fmmbélzaSwdporationf or nul at i ng

a range of sage, for use in hupans. The dosage of .such co u lies
ot ef oF abl R PRE PP pstiEGasing THiRard e ot PR T DR S RAVOH CPhde. | he
ED50 Wi t h prdpepfidic® c@h al3® bt edGis pharnidieutitalpgeepllle \carriersM THesélcdnlHes 1 ange
dependi ng upon the dosage form enpl oyed and the route of adm nistration

utilized. prearedragcordinifte mthodpinqwsethosecisilled snitherirt; fos epamplenas i nvent i on,
L1 L anguha v LRy e dangyean. oe estimied Lnitially Trom ol
circul ating pl asiespeenngativaatigesus'ta fgenildigbral BCparetferal &npdsitions 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 experimenta] animals, e.g., for

determining the LD,, (the dose lethal to 50% of the population) and'thc EDj, (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,/ED,,. GDF propeptides which exhibit large therapeutic indices are preferred.
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the concentration of the test nodified GDF propeptide which achieves a

hal f -maxi mal inhibition of synptons) as determned in cell I e. levels
in plasna may be neasured, for exanple, by high perfornancdcrﬂhﬁ{amﬁ

chr omat ogr aphy 02/wesvef f ect s of any particul ar dosage can b&CH3IHYVeHeU by a
sui t abl e bi oassay. Exanples of suitable bioassays include DNA replication
assays, transcription-based assays, GDF protein/receptor binding assays,
creatirc Kkinase assays, assays based on the differentiation of

pre- adi pocytes, assays based on glucose uptake in adi pocytes, and

i munol ogi cal assays, The follow anpl es provide eferred .enbodi ment s
of the igvenjti pn.%ﬂé’ta ‘g'Tta‘B? frﬂ%“rt.{}]g‘éeﬁr‘f‘ﬁ%fer?sf &4 ?“‘Wghm(ﬁg%‘i?@_rhezlge he
numer ous modinfiEANILRHSa ARG ¥Bdsadd BPdse ih ha&mﬁgayrhl@%opa%efo_@gmdmmgghm&t ahering

the spirit or scope of the present invention. Such nodifications and
vari ati ons dies freferablyedithio abangernd cirpastsrectontdnbratioristtbat Suadyde thé EDyheith

i nvention. The exanples do-nagt in any way.l.in.t the ., nvention, The entire
contents of lét!‘]F oF Egg?xéﬂﬁ'ggl:hcaafa@ﬁf%ayévﬂﬂf %l}lﬂpiﬂé’ﬁéad’gﬁﬂf%"ﬁ ing WEPR thet i ons  ci t ed
t hr oughout t%ﬁg@%!eﬁﬁi}éﬁﬂ afd thetBhiioh adrﬂﬁ%&@@é@ﬁtﬂ?&e@.YF&ec{rﬁﬁﬁéHiﬁed EXAMPLES

Exanple 1: Purification of GDF-8 Conditioned nedia froma Selected cell |ine
expressi ng r@ébdmisopeptitle hsedamthe@DEsest iprattionrth¢ therapeeticalhyFeBecti vedpscan

propepti de) was .acidi.fie 0 _pH.6.5 and 40 7 _OCT 2005 2/ 068650

P UR02 s oA Sttt il H8uhey bl i dbes Ty B ol R 0o i n
tandem to a @8d&s ’RPachitve RREMatiy ladnhDidbnBertRangfAingOthdMcludes G Pt \(Ee.,
Bi osystens). The flow through was adjusted to pH 5.0 and appli ed to a 75 X

20 mm PORCS t8P comgentatianxafibaigst medfiechiDE peoneppde whicBiadigws erhg)f-raanimel ut ed

with a Nad gradi.ent. Fraction cont ai ni he -8, as indicated by

sodi um dodecy TSy BETAE Sris T ae e S Feskapelirreioace . vere
pool ed, aci %E@aﬁ?ed!\fdrféxirhlzﬁlﬂ BYCHi R BerForenaded 1ehuidl &&mattogxaphy.?fﬁe eff@ofbr ought

up to 200 mM with 0.1% TFA to |ower the viscosity. The pool was then

appl i ed to samoEarsicular dpsagged) bemlontiered bnaswiablehipassye dodawlesyol subdble 21, 2

mm guard col.um é%l‘__lle 0 ﬁ?g a]n.g3 | uted W th .a.TEQ/CH CN g;)ﬁjgjent, to
separate matlffP & PQU&;@ ! ‘%Pg%)séﬁ%%‘éﬁmﬁ%%} %fc? ?sza%g cont ai ni ng
mat ur e protein/receptor binding assays, creatire kinase ascays, assays based on the

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 aliering the spirit or scope of the present invention.
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
Example 1: Purification of GDF-8
Conditioned media from a selected cell line expressing recombinant human

GDF-8 protein (mature GDF-8 + GDF-8 propeptide) was acidified to pH 6.5 and
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GDF-8 were concentrated by |yophilization to renove the acetonitrile and 20
m of 0.1 %TFA was added. The sanple was then applied to a 250 x 10 mm C
colum (Phenonenex) heated to 60C to aid in separation. Thi r at ed
until further separation could no |onger be achieved. Fractions co i ni ng
mat ure GDF-\8owBp@6ithen pool ed and brought up to 40% acet oRCTHUSPEOANU
applied to a 600 x 21.2 BioSep S-3000 size exclusion columm (Phenonenex)
preceded by a 60 x 21.2 guard colum. Fractions containing purified mature
GDF- 8 were pool ed and concentrated for use in subsequent experinents.
Typical yields of the mature CGDF-8 diner was 0.33 ng of protein per liter

f diti di t] t ai ni GDE- 8 id
ool 0a.  t heied B 0¥ FemRURRS DGR R aREUTa T St S b0 53D % TP was
added, and p{iFPGREB!SP WRSH bXGAned QG BRLrQBEG Bf&@ys@é?s&x l:]rg)ﬂg lﬂ'gm t&ou%gl um at

60C. This was repeated until fufrther separation cou onger
achi eved. Fwazcddjastesi to phlt 20 andhappieé taGOR- 82 mopROROJSP eatios exttengpool ed and

brought up-tq 40% acetonitrile and lied t 600 x 21.2 BioSep S 3000
si z egexcl Es?‘gwn’é &ﬁ ‘iﬁ??ﬁ“t"bh@ﬁmﬂsﬁd @5@8&1&'&‘ ﬁ?@ér%ge% giaF?Oﬂﬁ.Jar d col um.
Fractions caqtahinb i GIVE-8PAY inbicedd 6P5odBurk Hgﬁﬂtéuﬁe‘%[ﬁc%iﬁg gé‘lnd

concentrated for Use in subsequent experinents. A typical yield of the GDF-8
propept i de elestrophoudsisitSIPS-BREIE), were pooled acwifiedorith triflunredcensdicad (TEA)SDS- PAGE,

urified magur -8 m gy at ed br d at 25 kDa 4 02/ 068650 1 7
BT 2005 poRReRsr bR A8 rlatbiths B Ade fuiaa ae ot  ob° ARflor

reduci ng coGgd the@Bspliediss D3 R0 1 SBem XAGEMRI(PhdnbRieRdy pe&ded 8pabed for
murine GDF-8 (McPherron et al. (1997i Nat ure 387:83-90), and reflects the

di meri ¢ nat 2 ngh gudré cotumpr(Bhenopteaex) andplated oty @ AT AcH N Igeadianbitght  of
purified GDE-8 propept. S under Jbat h.reduci nqg_and nonr educi ng
ondi t 1 ons. AP TR ES 1Fom DB PepriGe. BRORLARRins® cOMaRemARE The

di fference GeFveeerelcficeniRl 8§lydpRliRaNA6 radidvelihe RRfbnithilkaand@dhIcéfed

nol ecul ar melght of GDF-8 propeptide, - 26 kDa, may reflect the addition of

car bohydr at 17Tl evap addedmIihe sampld woethae applied dma 25hx 16 npotCepelmin N-| i nked
ngyig?él??t i %er%rggneg\ﬁegg%rtg 80-& %o #d in sgg'a?'a?t? n. P[%%CWas’}lg]Eéated'Al\x%%?ﬁm%%ir - USA
' separation could no longer be achieved. Fractions 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

protein per liter of conditioned media.

C, column fractions containing GDF-8 propeptide were pooled, the acetonitrile
was removed by evaporation, 20 ml 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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12461). Thus, the above process led to the production of purified and active
mature CGDF-8 di mer and GDF-8 propeptide. Exanple 2: Characteri%td'é,s @1‘5
Purified Reconbi nant Human GDF-8 50 ug each of purified matur 8254
purified GDFw® jpuespspt i de were m xed and dial yzed i nto 50 nRCBOSANHG6T
phosphate, pH 7.0, and chronmatographed on a 300 x 7.8 nmm Bi o0Sep S-3000 si ze
excl usi on col um (Phenonenex). Mol ecular weight of the mature

GDF- 8/ propepti de conpl ex was determ ned fromelution time, using nolecular
wei ght standards (Bi o-Rad Laboratories, Hercules, CA) chronatographed on

t he sanme col umm. When purified GDF- tide was incubated. urified

mat ure GDF- gunder nensed wfﬂgca ltlpwmdvﬁ @%w&%hgedaﬁwgmﬂn%s ) w%kgﬂg
dicated b t | uted at

i ndi cate thg%ﬁ‘rbﬂl% h%ﬁéeﬂ%%ﬁ%ﬁtg?ecﬂfwhﬁr%(\%glbgﬁ]@&%ngf91 pl@vpﬁa}&ree uted a

12. 7 m nutes ‘an estinate rom nol ecul ar
wei ght st andagnis3-0®, andRefledisaithe diarherid wsyre ldé theuhstare projn. chr omat ogr aphed on

the sane columm. The size of the co st_consi sten one di ner
of the mature GDFI% a&?@’@&i’&?]ieﬂgafvbi"?‘ﬂ ‘t‘?/{x;’“ﬁfsﬂﬁgo K (PFOP"BPg‘b V%%jlgbathus
formng a t el @mBhh ediRlflaRY nork@a kil LdriuioRl S TRRYREAL! B n gFegar ati on

cont ai ning both mature propeptide was I ncubated with or
wi t hout 100 pidpaptise iyinoderhdic. diheelififigrtmae beopreopld hiorsardnn dicderutie weight amdh| or i de

EDC, Pi f t 2/ 06865 P / USQ2/ 03467
gerrper alt 5: ge }}id%ﬂ’?t?‘g'&u(ﬁ‘ﬁ %&%@@F%ﬁé@%a ’congﬁ?sr oRB e €a M cron-10
concentrat or aéM&%ﬂoH&dr%&E&% antiaib 38d §eci)L{eh€é Ssndihd 4 gét@ﬁtl%g;{l’éﬁl&rdw am de

gel. Proteins were visualilzed by Coonmassie blue staining.
cor r espondi nglycosytionsite@WdPherror eigiit (1897)atroat Narb Adodwis BH$e4N24P7Tenly in the

of The GOF. 8 Ml DMepBegbovgaspisst (445 B ion s eiind deeimaeley oo -

useful for nwghmrtag@(;@q_tg%;ﬂoby prifed concentratlon of purified mature
GDF- 8 di mer. Exanple 3: ro Biological Activity of Purified GDF-8 To

denonstrate the activity of GDF-8, a reporter gene assay (RGA) was

devel oped usipng. 8, EPOE ShackePRhEL R R RS BRSS EBRLFY 1 ©

| uci f erase.
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
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-
dimethylaminopropyl]carbodiamide hydrochloride (EDC, Pierce) for 1 hour at room
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The CAGA sequence was previously reported to be a TG--p respon,szv& (auence
within the pronoter of the TG p- induced gene, PAI-I (Dennlert et C?fz 03998)
EMBO J. 17:3091-3100). The reporter vector containing 12 CAGA boxes was
made usi ngva fmeockesi ¢ reporter plasmd, pG3 (Pronega Cor p&TaiSPEMI6Madi son,
W, USA, Cat. No. E1751). The TATA box and transcription initiation site
fromthe adenovirus najor |ate pronoter (-35/+10) was inserted between the
BglJ1l and Hindll] sites. digonucleotides containing twelve repeats of the
CAGA boxes AGCCAGACA were anneal ed and cloned into the XhoJ site. The human

r habdonyosar coma cel .l Jine 4 B- 8 ns e tly transfected
with pgy_3(t€ﬂ€—ﬂ)amiezaﬂgig’ﬁlg tk%%oé’}s? 2 AR WF%‘?&&%ME@%‘& e >IS| agnosti cs,
I ndi anapol i ceddafdr f&?ﬁconb\lﬁn Sﬁﬁlﬁﬁé@ usmg\gltrlugm, BdréITRh 8&h1de 4! | S Were

cultured on 48-well plates in MCoy"s medium (Life Technol og| es,
Rockvi | | e, Privizinsl veenalyistuihized BaCooNassi2ll5e Staling) Asquplcemmpadﬁngw dh 2 mv

glutamne, 100 U/ nl. stre n, 100 g/ en|C|II| 10%,f cal f
serum for MglCRulargight %F %gﬁb YRS ’8’ a}’f‘g{‘ El\ggg wasgfd %@tctl vinin
MCoy' s SAIRRL f e Edhu@h %@reoﬂﬁmﬁr@ﬁﬁ@ﬁ&g%% BfthBQ}DIﬁB kddnre0T9F-§ N/ Nl bovi ne
serum al bum n for 6 hat C. Luciferase was quantified in the treated

cel | s usi rpgopetphée t_mplémﬁssavmmbe@mgmugﬁnkfneguammgdleaﬁm@)lm' atvhdi son, W,
USA, Cat. . 43. WO ﬁ650 1@%1_ 2005 PCT/ US02/ 03467 E1483). The assay
results ar%’“F‘TWﬁE?’} %ﬂ‘ e MatYS BBFT-GDF-8, results are expressed as

mean S.E. for three separate experinents. For BWMP-1l and activin, results
are representative of two separate experinents. The results show that GDF-8
maxi mal | y BxamplaBed Inatrodpiolaginal dstivity of Purified GIES wi th an ED50 of 10

B?mog?g; I8y :atc § at d n t qft C\E?/Hhﬁ% ﬁp{;@fﬁgg%)rffec nitélﬁ%ags{s@' @Agw\g%ast he am no
acid | evel gdveRped usmog goﬁ&%%r pey.3 (i gh),, 28Beacaog@izd anbiclerkses hi ma. et al .
Fasponse, TR AFHITERES PR RREledge hes LT oRoriErReBre aseay t o
det ect t hewjrminVhd frémofk 8F @8 TEH-p AR A t¥n P AT TR nnBMR-21. (199§) BAZBOVI N.

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 Bgl/] and Hindll] sites.

Oligonucleotides containing twelve repeats of the CAGA boxes AGCCAGACA were

annealed and cloned into the Xho/ site. The human rhabdomyosarcoma cell line, A204

(ATCC HTB-82), was transiently transfected with pGL3(CAGA)12 using FuGENE 6

transfection reagent (Roche Diagnostics, Indianapolis, USA, Cat. No.1814443).

Following 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 pg/ml penicillin and 10% fetal

calf serum for 16 h. Cells were then treated with GDF-8, BMP-11 or activin in

McCoy’s 5A 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, W1, USA, Cat. No.
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Exanpl e 4: Binding Properties of Purified GDF-8 The GDF-8 | atent conpl ex was
biotinylated at a ratio of 20 noles of EZ-link Sulfo-NHS-Biaqtin_(Pierce,
Rockford, Illinois, USA, Cat. NO 21217) to 1 nole of the %Tc?ﬂﬂﬁl ex for
2 hours on wom2oksacti vated with 0.5 % TFA, and subj ect ed tPpCT/URS2038E70gr aphy
on a C4 Jupiter 250 x 4.6 mm col um (Phenonenex) to separate mnmature GDF-8
from GDF-8 propeptide. Biotinylated mature GDF-8 fractions eluted wth 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 ActRI I B-Fc chinera (R& Systenms, M nneapolis, M\, USA Cat. No.
339- RB/ CF) \Edéwoalﬂ@cpsw r%ﬂwenll\ﬁst@tedbaﬁm hsquGISFa&, gesultst ar, NY, Cat.
No. 3590) at in d onate u ni t 4C.
Plates weré&® Pﬁ%g %’%%S% ?gﬁ%@é r%?a%{) eﬁ"em"s“te)r&:m a uirar{ndgag V%ashed

fol | ow ng Sés@ngafedeﬁleke‘ﬁ&me@fﬂmcpm&&(ﬁbxbemem otinylated GDF-8 aliqouts at
various concentrations were added to the bl ocked ELI SA plate, incubated for

| hr, washed, aﬂanctrmﬂtaﬁmmthabGDBcﬁmaxwﬁy acinpteddhe repprer dopstruct
Streta di R PharM ego, CA
ptavi di 0 BIZ sggf gi(rl])ggmf ﬁDP(-§ y f i tt]'.ﬁ\%lrt redogla%?rtlaﬁlgr 9

USA, Cat. sbur g,

Maryl and, USEA)F Babas H}&ogxémymu%l)BMPqu,%lcﬂes 00% idendical e GDF-8 avdgee done at
450 nMin a Mol ecular Devices mcroplate 44 1 7 OCT 2005 WO 02/ 068650

PCT/ US02/ oszeevncr acddavel (Kamep gt (1A LRy 6102 ,208i232i23¢ lapd dakasbogetidund t o
Act RI | B, ?\{] Xenfpﬂf gs g%ﬁa.%d adtifitd c%d mma? @?‘ eal PefsP(gx‘?song/ m,

i ndi cati ng t € Ac assay Is senS| n v bi nd| ng
assay for GHEdl&tlngxbﬂphereﬁondrrgbndoastsapm aQ;int&B]Faﬁaﬁfd)CHeEWPthlzln biyroGDF- S
Propepti de When CDF-8 rei ncubated with GDF-8 propeptide for 1 hour at
room tenpemiiogieal aFHié“)b‘i’ B8 BMEzd{ pyaqtyinsf GDF- 8 was reduced. Figure 3
shows induction of pGL3(CAGA) 12 reporter activity at the ED50 for GDF-8,
10 ng/m, in the presence of GDF-8 propeptide. GDF-8 propeptide reduced the
GDF- 8 i nductExampladn Bladiagaspeaties vEPaEfise GDRBth an |1 C 50 of 25 ng/n (0.6
nM. CGDF-8 propeptl de also inhibited the biological activity of BMP-1 | to
the same extent. Ihs @Gl3Fdatent complex was biotinylated ata ratio of 20 moles of EZ-link

Sulfo-NHS-Biotin (Pierce, Rockford, Illinois, USA, Cat. NO. 21217) to 1 mole of the

GDF-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, Rockford, IL, USA, Cat. No. 23235).

Recombinant ActRIIB-Fc chimera (R&L 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 ug/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 pl 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).

Colonmetric measurements were done at 450 nM in a Molecular Devices microplate . .
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activity of activin in this assay was not affected by GDF-8 propegtide,
presumably due to the relatively | ow hormol ogy between GDF-8 and QGTvi2605 as
conpared to GDF-8 and BMP-11. Likew se, Figure 4 shows that preincubation
of GDF-8 pvopzpissile with the biotinylated GDF-8 at 5 ng/ RETiUSHY/¥4é’ed CDF- 8
binding to ActRIIB in the ActRIIB binding assay, as described in Exanple 4,
with an 1CSO of 0.3 nM In conclusion, the GDF-8 propeptide of the
invention is a potent subnanonolar inhibitor of GDF-8 and BMP-1 | activity
invitro, as nmeasured in the reporter gene assay and the ActRI I B binding
assay. Accordingly, this assay shows that the GDF-8 propeptide is active and
is a poterfFa‘i‘el’ihi bitor of GDF-8 activity in this assay. Exanple 6: Inhibition
of GDF- 8- Recept ke - t d - i adinated with
chloramne T asR%%}?g?l ﬁb%%%z'%?gﬁuﬁgé?eg?.g 19%%0!;& S&g%ﬁhé et%%

259: 10995-GDIMtype laresqpas ivithcandled j, i 1 ng/inl liadic01} tkeCithegActRblbindingd- GDF- 8
showed conparabl e bi.ol ogi cal, .agtivity _ta | abel ed GDF-8 in the (CAGA) 12
reporter AS83NISASERTTYSAA Vit inding pesag for(BIaF-8) opel ed GDF-8 was eval uated for
specific binding to a nyoblast cell line, L6. 45 1 7 OCT 2005 WD 02/ 068650
PCT/ U 502/03467 L6 nyobl ast cells (ATCC CRL-1458) were grown to confl uence
i n Dul beccbxsmpkecikdi f InhibiGew bEGDF+8 cind BMP{1p IbyreRF SPrapeptid© %
heat-inactivated fetal calf serumon gelatinized 24-well plates.

Equi | i bri um bi noineg GIFSS RAs printabatas with SIIF-B §ebpepti2GBH1 héir akoonf 1995)

Endocri nol ogy 136:4293-4297, which is incorporated by reference inits
entirety Hemperaturg, thebiglogicabactieitr 0§ GDE-$ Wasredusadh Sigurah shayes induatior- 8) was

i ncubat ed _wi uent 1.6 Js for o) a3t 40 - ARt hing cells,
bound [125913’“@%_&%{8,& re%o)(r{a r 3@@ é‘h aélilh% quﬁanotriqu?Feg’ {/94?%’%& "S\Iahﬁ%es\(é@ctsfnt er.

Resul ts arsf GRPrEsBpshtids. GBFB propéptide réfuctd thelGIBR éndieti@t Miaati ons and are
representative of three separate experinents. As shown in Figure

5, ' 2SI - GDFetiepeasiyomagepayitsan G hoid te/mt ¢0-alvly.. GDRiot popsptidemisol 1, but
not TGF-p .1, .6l - = = pndi I.ndi ' -8 and BMWP-1I
1 (but not’ < %p%e%gﬁggéﬁgg%%%ggggﬁ? glge ggﬁgte%%é{éqggf)@?’éhg not shown).
From a Scadctiviy df aciphiymithis @sal wes @bFaffected htiGIOE -8 tphspefstide)\presaniblpdued to be
140 pM Furthernore, when 1 ng/m 125]1-GDF-8 was prei ncubated with GDF-8

to the relatively low homology between GDF-8 and activin, as compared to GDF-8

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

GDEF-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

is 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 untabeled GDF-8 in the (CAGA)l2
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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propeptide for 1 hour at roomtenperature, specific GDF-8 binding to L6
cells could be inhibited with increasing concentrations of Ll a@'ﬁl%ﬂﬂy GDF- 8
propeptide (Figure 6). Results are expressed as nean S.E. of triplicate
determ nat i swsomessare representative of two separate expePCREIE34The | C50
for I ng/m GDF-8 was 140 ng/m GDF-8 propeptide. As evidenced by these
data, CGDF-8 propeptide inhibits GDF-8 biological activity by blocki..g
GDF- 8 receptor binding. Exanple 7: Inhibition of GDF-8 Activity by GDF-8
Propepti de-Fc Fusion Proteins As shown in Exanple 8 below, nurine CGDF-8

propepti de has a_rel ati vel t . in vivo half-life. To increase the
bi oavai l ability &rﬁr{’wlf’é}jﬁls (*S?gﬁ}e%‘%-ﬁrldé,g% YIS RENS Betondufnea Lyece’s
propeptide andyigedy, lée‘gﬁmk@i%uﬁﬁlgﬁl%ﬂﬂe%vimfo% hERRRAkVEEE FertiSalSetAgtfar d

geneti c engi neering niques.” Four nutations were introduced into the Fc
regi on to reglumieized 2eetel platesn Egudibriumasndieg eras pedormredSsalgs@ibedin Salg. ( 1995)
J. I munol . 155;: 5-1174. Usi _stan d . .PCR .net hodol , .two fusion
constructs mﬁb(é%gWéa’ ’W”@U&%ﬁé9§‘4§%‘”}é‘ﬁ}ébﬁf‘ﬁﬁpor&f)edl_ reffelﬂ_cﬁé)‘b’fas VO

02/ 068650 PCHiRORAOR4S holre THDFOE G orSviticiR SRfabdEd GIIF-BPwaCindShated267) to
the murine 1g&2a Fc region (Figure 7). Fusion 1 (Figure 7A) encodes the

first 265 amnwittocafiuers Lofcehfer dhoimsat 4 GOF-Adtepvarshipg icelds, bionad [IHI)GPFa8 24 ami no

id t | ead f i.n.f to 23 ' ids of th i
TG2a Fo 1 oqPHPERar PHAVARHR I T IR e R ere METE FhE<FIeRgE * SRR T on.

Fusion 2 (Figgré tﬁﬁ}caieﬁie&%ﬁa{i&ﬁtﬁd atdrepreS@MIRe oFititel S¢patAte E&b’%ﬁ’iﬁi&n&; except
that a short glycine-serine-glycine-serine (GSGS) |inker separates the GDF-8

pr opeEti de from tAsshownimBighe 5; é@ﬁ'r@EF-&bmmdmLéhblﬂmwl’vahmleafﬁnify-oﬁuced i n'élo
i i ED  ( Kauf, . (1991) . Nugl ei ¢ Aci

%gs.erlg:r Y asNoran R ? bl S Dot ST adading, SREChiA o o r o ¢ 5
. 198 i i : , i

i pof ect an DB EMP) Mol BELTGE oF [ haROPL ot REbLF By tfecd Sdickadd: USt N0

Rockvi |l e, Mutyhowit), Fidhfa S€athard\malybBa3 16EIODF-Sbinading| thg K pwasiestiviatdt urer' s
protocol . After 24 hours incubation, R CD IQI&? nodi fi ed DVEM F12 serumfree
cul ture nediaky 16&BMadushermog dhen d medmhe &G -BoXgs Rrgigcykstidownth 6DEsh

propeptide for 1 hour at room temperature, specific GDF-8 binding to L6 cells 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 ICsqg for 1 ng/mi GDF-8 was 140
ng/ml GDF-8 propeptide. As evidenced by these data, GDF-8 propeptide inhibits
GDF-8 biological activity by blockiiig 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,
fusions 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 effector 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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RI CD1 repl aced, and CM was harvested again 60 hours later. Conditioned nedia

was then pooled and purified over Protein A Sepharose CL-4B|\f)7\nq@]s%B%
Pharmaci a Bi otech, Bucki nghanshire, HP7 9NA, Engl and, Cat. 0-01)

after addiwoemwossofo | /101h volume of | M Tris pH 8.0. The BUKU$R2E36pr ot ei n
was eluted in 0.1 Macetic acid, 150 mM NaCl and i medi ately neutralized
with 1/20" volune of 3M"iris pH 9.0. Proteins were quantitated using a
standard murine 1gG ELI SA protocol, and assayed in the ActRIIB conpetition
ELI SA along with a purified human GDF-8 propeptide, as described in Exanple

5. The resylts ar wn in. re 8. .T ropepti de-Fc
f usi ons ar '”l’lur{r}fngﬁg&pﬁ%é‘fB ﬁ ‘?%ﬁcdgs Qﬁﬁjl)ttﬂg}?%nﬁugnﬁg&ﬁc?zgggﬁcepbgt :Neen
fusion | apggde 7 usﬁm 11 (FifiRe T ARKSIodBethveieh 26PanfinPaG@ed thdRuriand nuri ne

| g&Ra) was sel ected for use in making a stable CHO cell line, and tested

f or i nhi bi tGIJ18 pfopeide §includinge MIaggarﬁ seqthtorElEde) ﬁ:swapﬁrmto%i‘cDNA was

subcloned into th SSl 0 asm d trans i nto CHO A2
cells, as aglg@ra\clﬁig(?ﬂ}% angg(:(% g‘f rdg Mng lég- g\%fa&lgg’d?o 34 Té*"ig‘i‘gﬁsg whi ch
i s incorpokahiesl bysw,ﬁis:n@n@eBmdohm%nﬁ%txﬂmhﬁf Sikdilar FWENA2MREP0 17 OCT
2005 PCT/ US02/ 03467 A stable cell Iine gPF- 4/ 0. 02) was est abl i shed by

sel ecting G@Mshqrhgl&ﬂ@@sqmnemm sesing ( €SGSThnkkrtsepatetes e iR cont ai ni ng t he
GDF- 8 prope ot ein froma selected Iine was harvested and

&e F
its pH wasP éeég"“by‘eé‘&tﬂ“ﬁ §1°8P™10% viv I M Tris pH 8.0 and purified

over Phar macn aThEWY @liféra weedbroae&d imdsh ek &¥otié éifﬁéssmrveabxaw@c' a
Bi ot ech, Bucki nghanshire, HP7 9NA, Engl and, Cat. . 17- 1279-02)

previ ous| y (Sepfinen B it @99 NiNualeBOhNETReSs 1983880 ABQ andmalnsaersly eRpegstadams  wer e
eluted wit Pﬁag\AA tic.Ac
neutrali zez:q) dcellafl—%}owpz eJB"i\/I Q%ggmyﬂrggﬁf%éeacﬁ%rr "gt‘iipg}ge's%%v\ee'?eg’c%ool ed and

| oaded onig 4&189)@1&&&@ L@oﬂt@ilﬂezoaﬁl@a@fdﬁomlg,&&l(Gﬁbc@CBIU.mL&AfTEr sharn
Pharmaci a _Bi otech, Bucki ngham;hlr Engl and, Cat. No. 17-1069-01).
0. 05 9% TuedichnoteitscR e, Maniand. DSde Grbab. | (568U SmecaiggE &at | on.

Fractions ﬁfa@@r%&&o‘?ﬁé&?%ﬁﬁm%Ubd\l%\é?ii1éB10@ HdaffledDMeMF{Novex, San

D ego, CA
serum-free culture medium) was added. Conditioned medium (CM) was 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 9N A, 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
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/A2 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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. Pool ed fractions were quantitated by spectrophotonetry and assayed for
activity in the ActR | B binding assay as descri bed in Exanple é @é}.&%l | as
in the reporter gene assay (Figure 9). The 1C50 of the purifi é -4805
propept i de- PEOf385%N was 1.3 nM The data shows that the noB¢T/VE/IEHF
“propeptide of the invention conprising a GDF-8 propeptide-Fc fusion
protein has retained potent inhibitory (neutralizing) activity conpared to
GDl-*.- '3 propeptide. Exanple 8: Ph2rnacokineties The pharnacokineties
(PK) of CGDF-8 propeptide (referred to herein as "GDF8-Pro") and GDF-8

propepti de- Fg fusi .pr ] eferr tqg,herein as " 5 AProFc") were
eval uat ed in%@‘?@f?f%p 1“%1 @ﬁé{}j@.ogfgg%%st%%slg%?ytfé}%ﬁﬁﬁ%%ell(s%E@Z35)0) or 2

ug/ mouse ( CORRRNRRkEE. @oh8fiofedhbdiliM doRfalniy, m@l@mrprgjuégﬁdearé fiionThe ani mal s
received a m xture of unlabelled and 1211 -1 abel ed- -Pro or GDF8- ProFc

at the 48 1 Praoan fpoo0s saitedligo8somrrsEd andits pblResadisted by ladditied ohb¥ve and

serum concentr at,,0ns “det er.m ned sed on 1123 adi oactivity in fhe
serum and théf/vsgggli[}fsip\cwg@ﬁ"@iwﬁq% O‘feﬁgﬁmaé?trg?%ﬂ%egep%:&ﬁ?@sﬁgoxshovvs t he
serum concenyAafethamPhasHscid BiftechUBY&Snghamskied, IMHTNEN ADmgidddocanso 37E8-
ProFc. Table 1 shows the PK paraneters for GDFB-Pro and GDFB-ProFc after a

si ngl e i nt r al@nd{2) mevipwsls equitiberedofitios GV ks Oniv Nae pim. T olveettans at i ons

and PK paraneters, for..t 3- Pr r | L.z 0_a.dose. 2 pg/ nouse
for conparat W& cIBsH &dg’e@"ﬁlzﬂcﬁﬁi%?%/ ;W%grpjﬁgél\aﬂ%mé'a%y

(hrs) (ng/ nM.) aehtrdlized by sddifik 540wy 38DFSs Fi1 ORC 2%k 392003 BOdool€d ahd loaded
GDF- 8- Pro2. 239012. 42.35.128.3 T,,: half life duri ng the termnal elimnation

phase. Cm opwakPhagnagin Superden 200 SighExaigsiomes sham Rhammacja: jnitj al
vol ume of di g (e QU O n¥harmstfi2! HPF oRla, Bhathhd, R4 1198 13110869350 85 L Pween

80 was added to the fractions to prevent aggregation. Fractions were evaluated by

SDS-PAGE on Novex 10 % Tricine gels (Novex, San Diego, CA, USA, Cat. No.

EC66755).

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 potent inhibitory

(neutralizing) activity compared to GDI*23 propeptide.

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 C57B1/6] mice at a dose of 0.2 ug/mouse (GDF8-Pro) or 2
ug/mouse (GDF8-ProFc) after a single intravenous administration. The animals

received a mixture of unlabelled and '*I-labeled-GDF8-Pro or GDF8-ProFc at the
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Not e: GDF8-Pro PK paraneters normalized to a dose of 2 pg/nouse. As can be
seen in Figure 10, the clearance is 400-fold slower, and the ha@%rlngf IS
100-fold | onger for the GDF8-ProFc as conpared to the GDF8-Pro. Bot he
initial Woewsg® di stribution and the vol une of distri bBETHR2AB4Et eady
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
out side the vascul ar space conpared to the CGDF8-ProFc. Although the
stabilizing effect of the Fc region of an 1gG nolecule on a GDF propeptide

is exenplified.usj t he, nouse CGDF propeptide-Fc fusion ppotein (i.e., 49 1
7 OCT rZrBO %dlﬂfé?%%g’gswqug?ﬁcfp'é%%‘g V%&%tmg#@ﬁe[dsonge” ved 1£ rom nouse),
the net hodggighctVig iRERS@AIm MR pRITicCRAUVES of RO Rl dRe. AYweambi nati on of

GDF propeptide and 1gG conponents, regardl'ess of "the particular precursor
prot ei n orshaws thed sespe comentratmmvatsus hme lsurves fyp bt the GRIFE-Rie rnd/ 68 8- pr ovi ded

the fusio otei.n s, properly construyct retal tiVi i.e., as
descri bedr}rﬁg‘f‘e??@? lékg‘i’ﬁ)‘%g Pg. pmévé??roﬁﬂg&-gr%ﬂﬁﬁfg-(l‘:'BcI.FCﬁ%r é{uman GDF- 8
Propept i dejjffe ifttaSENS ad¥hisdatioR oP? RRRRIUsE eTHCsefuis Lot eMPiMiohs Ad BK Wer e
prepared, using standard PCR nethodol ogy, for evaluation of therapeutic
pot ent i al .paramERiA fertbo GDNP-Prieare murmalhizedDF agiopy of Zoit/mduse(fBEQMMBIA®ES) was
fused to the human Ig@ Fc region (SEQ ID NO 15; Figure 1 ]A or human 1gG
1 Fe modi &P Yr reduced effector function (SEQ ID NO 16; Figure 11 B).
1. Human GDF-8 propeptide-1g3 wt FgaByg pn protein (Figure ] I A): The
first 264 am no acids of the human GDF-8 propeptide (including amno acids

, c e .

1- 241 of [SEQ+BNO——5L—-atng—the23—afth cHa—stghak—pepti-tdesas—setztertiin
SEQ 1D NGt 13) were fuded?in | I wi t Clezranes o MR B C dVor 1 HeY Furran

IgG@ corstant region, (brarti htngimbhe [f(mbthrani ng (hes)d i n (@wk) hi|HgeLd egilon
(SEQ ID NO.: 15). 2. Human GDF- 8 propepti de-1 gd ifut ant (Rigure 11B): Théf
first 264 GBERCPBEEUS (@Rt e YRGS GOr-[¢) BROPEPTT §BgadS UgSThT Ded gl :
were fusgqd in frame wijth the 227 am no ?(;Eds of a|mutated |lhuman ligd Fe
region 1 GDF-8-Pro 22 390 12.4 23 5.1 28.3

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

MRT: mean residence time

V,: initial volume of distribution

V. volume cf distribution at steady state

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

As can be seen in Figure 10, the clearance is 400-fold slower, and the half-life
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 IgG molecule on a GDF
propeptide is exemplified using the mouse GDF propeptide-Fc fusion protein (i.e,
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(SEQ ID NO : 16). Two nutations, alanine residues (Ala- 14 and Al a- 17) at
set forthin SEQID. NO: 16 were introduced in order to redudeoeﬂfmgor
function as described in Lund et al. (1991)J. Imrun. 147:2657-2662 and
Morgan et alWO(02@6%50 | nmunol ogy 86:319-324. 50 WD 02/ 068650PGUSZM3HG05
PCT/ USO2103467 The two fusion proteins were introduced into an eukaryotic
expression vector, pED (Kaufman et al. (1991) Nucleic Acids Res.

19: 4485-4490) and transiently expressed in COS-1 Mo cells (Horowitz et al.
(1983) Journal of Mlecular and Applied Genetics 2:147-159), using

Li pof ect am n 000 trans ect n re G.bco e Technol es,
RIO(F:)kw Ile, |ICQRgOnanELlen 0}‘%@5@ ods é?égt?rpgf‘ﬁ‘fa lwvsnﬁ&%ﬁpig't urer’

protocol . Af bflied4o Wow,mupaf Ggp,mﬁienm&agm& poRehts, fedLomsipe um f r ee

cul ture nedium was added. Conditioned fmedium (CM was pooled, fresh RI CDI
repl aced, angarGvlaegehiasor petteinl onaainal speciéscipers whathethe coBponiérntts @rneidrm@dl a was

t hen pooI ed and. pyr,jfied over Protein A h .CL-4B Arrer arnaci a
Bi ot ech, BucRiOHtfﬁgﬁm#“F@“P @I‘[Wpegﬁﬁf’%ﬁﬁa&e& retqig actjyty 702?6 ter
addi tion of }l,érgg," volume of 1 MTris pH 8.0. The purified protei n

eluted in O. Macetlc acid, 150 mM NaCl and i medi ately neutrallzed W|th
1/ 20" vol une of 3M Tris pH 9.0. Proteins were quantitated using a standard

human 1gG ELI SA t ogol. and ssayed i.n. t Act ng. ay al ong
Wth a pori f FEaRPR fmnDesta @R gng i o Tao Huelh oE hAREIREE) The
results are shgypsin Fi gure 12. 1n conclusion, both human propeptide-Fc

fusion proteins are potent inhibitors of GDF-8 binding to ActRIIB. Exanple
10: In Vivo Testi HigOQDEs@prcwemdyp@p@na@cmrnﬁiswm megwed,mmstmﬂamne GDF- 8

d f Adu
Seven to ni nECRABKARIASE: S Py B PRy e Dol SRR shinfiile L 00

respect to bﬁﬁbiar\l\ﬁwhlt pmpﬁztnkmlmmsp\wm&m tsemﬂar{@mept; relgfn the no
treatment gr 51%3 whi ch si x mce) were dosed twi ce weekly by I|.P.

i nj ection D NGY-aP; Rk {A by damgn 1a@! iggnodified dey, redrced g6i5ciay per  ani mal
for five weem} W%Wif’e? éu?@?lﬁ’)@re murine | g&a-Fc at a nol ar

equi valent to CHO dose o

1. Human GDF-8 propeptide-IgG1 wt Fc fusion protein (Figure 11 A):

The first 264 amino acids of the human GDF-8 propeptide (including amino
acids 1-241 of SEQ ID NO.: § 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 IgG]

constant region, starting at the first amino acid iz 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. Immun. 147:2657-2662 and Morgan et al. (1995) Immunology
86:319-324.
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propeptide-Fc. At the end of the study, gastrocnem us, quadriceps,

epi didymal fat pad, kidney, and liver were renpoved and wei gﬂe ._Figure 13
shows the average tissue mass, with the error bars indi cath 9&371&70 andard
error of MW@onedew The asterisk (*) indicates a statisti FATVYSOYPHAT fi cant
difference (p<0.0 | using a students T test) when 51 1 7 OCT 2005 WD

02/ 1) 68650 PCT/ U S02/03-167 conpared with the mce treated with the control
protein, |Ig&aFc. Blocking GF-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%increasein t.rocnem us an 1. 3% ] ncrease i.n uadri cep _nuscl e
mass conpared t¢ ep%’%’taif‘ﬁ?n Pﬁoge 5ot e Fg%oélu?ﬁ Q{Ocﬁiugaﬁphﬁgﬁqleﬁéqnﬁfm%f’u.si on
protein. |pEpeRhifian et & Q0¥ MU IR ASIARES 10 UK85-B490)V@dManbikntly Nj ection of
GDF-8 propeptide-Fc fusion protein at 100 ug/ week (treated mce) results in

23. 0% i ncr egsessed in GQJ-1 piicabls {Horowiia ehilgtl 980k nalmy/Meledyarandat enent  al so

|l ed to a decrea in fg nass, .b due he variability, Ad. at pad
mas, t he. APFEEEles At RO TR BRgPo e e Do PRp Bl ifbaesht G, 7
There was pRief ffeFtchablobiesHIeRMlle WMatylhdMBSA, Cht. NY. 96810199 uesordiggt ed,
including liver and kidney. In summary, the nodified GDF-8 propeptide

bl ocked GDR-rgaradacturert s/proteceli vidteaadl hpersdnaubation, Rl ¥a@enodifipdiscl e mass and  a

decrease i t SS. lp su rv,..-blockin -8 tivity. inAivo by |.P.
i ot on DMENAT2 38 amt BB eain? 51 Rhel Lol ofhed st Bl t o

i ncreased pgiéd, HeSHRICD Usephiteld, @H@CM ORP hifvestt®adins 60 BowPted to control mce
not receiving GDF-8 propeptide-Fc fusion protein. Equivalents Those

ski | | ed i nCerritiened mgdia wasebesyprroes andpupéiedpye RroteysdaiepbarasaSi-i8 no nore
t han routi | [ . LV t A odi nent s
of the i rianengh HERLAL Eiect BIGREHRE 7 bR BReBRE GG 3700 Do
enconpassea7(39-0lhefterfadlitiononNty 10T eolame 052 M Tris QHTS. B0 The Périfibdprateinl. A
nodi fi ed GDF-8 Propepti de conprising an_am no acjd sequence that has a

€

mut ati on i Wag ¢lated ihd-ndM aeqtig agidqladald HeCland imsagdinielycspirdigsémiting t o
position 7@/29']2 volme P3G Ry pI-Y\’b.%r & Brel 12Gwd0 qhgﬂtﬁﬂed using a standard human

IgG ELISA protocol, and assayed in the ActRIIB binding assay along with a purified
human GDF-8 propeptide, as described in Example 5. The results 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 Propeptide-Fc Fusion Protein ’
The murine GDF-8 propeptide-Fc fusion protein (from Example 9) was tested

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

with respect to body weight and placed into groups of seven (except for the no

treatment group, which had six mice). Mice were dosed twice weekly by I.P. 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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GDF- 8 propeptide has an increased in vivo or in vitro half-life relative to
a correspondi ng unnodi fied GDF-8 propeptide. 2. The nodified gDE-S
propeptide of claim1l, wherein the am no acid sequence is at 1da CT 72006
identical to SEQID NOS5 or a fragnent thereof that is capable of inhibiting
a GDF-8 act iWPty/068850 The npdifi ed GDF-8 propeptide of clai m PTHMEM3A t he
am no acid sequence is at least 75% identical to SEQID NO 5. 4. The

nodi fied GDF-8 propeptide of any one of clains 1-3, wherein the nodified
GDF-8 propeptide conprises the am no acid sequence of SEQID NO 5 or a
functional fragnent thereof, except that the sequence or fragnent has a

tati t I J; i1 : 5. Th
mod 11 od cor G EENAl healce GRRRRMIAG, RrFhrl i 1602 NG OBER e de
conpri ses tamivagimoivadlyd.Ps éqeriondf GDISEQApEbtNE-EB; fusiongpdteintaal nigheeekequence

or fragment has a nutation at the . residue correspondi ng to position 76 of
SEQ | D NO 5. (tategpace)desuted in bR /Bingreaisap ErocBsmBs wd hb 3gr ingleaseds 1- 5,

wherein the i i i i . i .
correspondi ng%%dgg%%@ﬁéko%Q%G&g}ﬁ%g%g Icgm@)sg&?lg&ge%hgfs’? i%t[%telg; gﬁ)lﬂ%ﬂdgﬁcon. 7.
The nodi f i edfusioh-pBotpino e pddiden,dilockirg GDB-8 ashieiteinwitdy I.BsingagorcafrG@B8ondi ng

iti 76 of I.D NO 5 i | ani ne. 8. Th dified id
SRR AR = A Y W A A
I's inactivat gtafysddns! ghe Hj’gn%f@h&hﬁkéﬁnegerﬁm%lﬁ% %i'édf&'eo?éa@@ﬁﬁ%ﬂ de

according to any one of clains eréin the no propeptide further
conpri ses a pddabadsj ngrdup oy the oarifhibiydn pet at engss, alpe giffedance $@s nditheghipdi fi ed

propeptide of claim9, wherein abi lizer portion conpri.ses an.Fc region
b B’ 1 g6 nupeerl S Lo ThaBhus ER R R TP B A Pe 1 { h

1 9G ol ecul eqmenishEasstéd) iddfdin@hiver @6 kidfey. NG URImary dhe H8iEREDE.- €
propeptide of claim 10, wherein the 1gG nolecule is"1gd or 1g&4. 13. The
nmodi fi ed propepeptdle bidcked &GDH-8 activatyen @ivn andkeadind aoinaask inaupselecmasofind he | gG
nolecule is at | east_ . 75%identical t E 1 15. 14.. The di.fi.ed
propepti de of deqreashm B M@fter PR ’aﬁ?‘ﬁ%‘%@Bﬁ'@%ﬁW&d‘é“&f’ bP'HED IRREBI ecul e
i's  SEQ I'D NG GDBF-glpropdpiReFRAubibRproRti R Rehlcd $5icO)f refliRd M Herea¥daer ei n the am no
aci d sequence of the FgG nolecule is at |east 75% identical to SEQ ID

NO 16. 53 gastrocnemious and quadricep muscle mass compared 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 equivalents are intended to be encompassed by the

following claims.
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1 7 OCT 2005 16, The nodified propeptide of claim 10, wherein the amno acid
sequence of the IgG nolecule is SEQID NGO 16. 17. The nodifi gf é)ropeptl de
of claim 10, wherein the propeptide is fused to the Fc regi onl

nol ecul e via a linker peptide. 18. The nodified propeptide according to any
one of clainms 1-3, wherein the nodified propeptide has an altered

gl ycosylation site. 19. The nodified propeptide according to any one of
claims 1-7, wherein the nodified propeptide conprises at |east one

car bohydrate noiety. 20. The nodified propeptide of claim9, wherein the

st abi | | Y1887 t i on conprises albumin or a derivative of albumin. 21. The
nodi fi ed propeptide of claim9, wherein the stabilizer portion conprises a
non- pr ot.ei nas enddied GDF\8PedpeptRi2 comprdingan ahine acigpseqipempd thathagcmomibnigtieo any one
of cl ai #rsind acid seqdemcecit the rdsiztueraniespoadngito @petiini 7def SEQ I NEx:5, ehefpinitizasodified

puri f i caDF@mprdpaptide Adks anAnorasdden ovamiidvinohatlif eclgine odi cogespbalingndinbdiéeld GDF- 8

pr opept GDE-8gkopeprideone of clainms 1-22. 24. The nucleic acid nolecule of claim
23, conprising at |east 20 contiguous nucleotides as set forth in SEQID
NO 2. 2B. ThEhemglifisid §D&el piopeplidecod Fleinof, wherginthezinccasitsequeiasgs aifeabtdd¥t 20
cont i gudetgicalie SEQID YOS cig frpgmert therehf that s cgpOleldbinkiditdig 2ZBF-Tertiviuc| ei ¢ aci d

nol ecul e of claim 24, conprising at |east 50 contiguous nucl eotides as set
forth #n SEFhemydifod SDFs8/propeopiderngeleisl 3 wherel thesimira Acil sequendeds ahleast 7S%onpr i si ng
at | eastdemialdePEQPAVOS nucl eot i des as set forth in SEQ ID NO 6. 28. A

phar ITB.CEUtI cal co 05| tion coin@rl sing the nodified pr opegtl de of any one of

clai ms - 22 Higdnodified GDFfRprenep &fPV%EBEE%"%Fé‘é@F&"bEhE ifiggGD8
phar nacggle PHdA COPBHS gﬁFﬁPB‘ﬁ apld SeqpeSy Mo oet E‘“&‘E’iﬂﬂfﬁéﬂ“ #%‘%FXC one
of cl aij seguence.pn fragmegh has ?'? % qf@*ldéle E‘Efﬁs%?ﬂ gtoaﬂf’ﬁlf%'} QéPcN

The rret?od o,Ié rrala#% gg)‘ig%ghfl e 0 egtl de ﬁ %H?llsegg (a)
preparifig a : NN | laim1,
phh ot e %ﬁ sl i T

e G nol ecul e; and
6. The modified GDF-8 propeptide of any one of claims 1-5, wherein the mutation in the amino acid
sequence at the residue corresponding to position 76 of SEQ ID NO:5 is a substitution mutation.

7. The modified GDF-8 propeptide of claim 6, wherein the residue corresponding to position 76 of
SEQ ID NQO:5 is alanine.

8. The modified propeptide according to any one of claims 1-7, wherein the proteolytic cleavage site
is inactivated by a mutation to said site.

9. The modified propeptide according to any one of claims 1-7, wherein the modified propeptide
further comprises a stabilizer portion fused to the propeptide.

10. The modified propeptide of claim 9, wherein the stabilizer portion comprises an Fc region of an
IgG molecule.

11. The modified propeptide of claim 10, wherein the IgG molecule comprises an IgG1 or IgG4 Fc
region.

12. The modified propeptide of claim 10, wherein the IgG molecule is IgG1 or IgG4.

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

14. The modified propeptide of claim 10, wherein the amino acid sequence of the IgG molecule is
SEQ ID NO:15.
15. The modified propeptide of claim 10, wherein the amino acid sequence of the IgG molecule is at

least 75% identical to SEQ ID NOQ:16.
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(c) fusing the cDNA nol ecules fromsteps (a) and (b) to produce a nodified
GDF-8 propeptide. 54 1 7 OCT 2005 31. The nethod of claim 30, further
conprising preparing a doubl e-stranded ol i gonucl eoti de encod]ﬁgogq[jgﬁer
pepti de and fusing the cDNA nolecules fromsteps (a) and (b) to EItH end
of the double-stranded oligonucl eotide encoding the |inker peptide. 32. The
met hod of claim 31, wherein the |inker peptide conprises the am no acid
sequence consisting of GSGS. 33. A reconbinant cell conprising a nucleic
acid encoding a nodified GDF-8 propeptide according to any one of clains
1-22. 346 Thg'h? wedifitd nepeptidecif Flaist 10s Wagrein 4s amigqapid seruense ohihelesi reoleyleds

conpri seEUDONRN@i ¢ aci d sequence encoding a stabilizer portion. 35. A
nodi fi ed _GDF-8 prope tideﬁ@gcording Eo,aqg one of . clains 1-22 for use as a
medi camert . I8¢ ;ﬁge ropeptigs it £ipEH! G MBPEP i aEPERtids ISdr gy tor e Erfgeiomef thitle€) ai ns

t. :
1-22 i n ieusre TPERI%Sf a medicanent for the treatment of one or nore

diti t ] | di d ) | i der,
ool 18 gr abF Bafifed freptn RS con e RO BF ¢S Y aoprera i ogled BoB i e y 6.
wher ei n PRETEROSRN P 3 uscul ar di sorder. 38. The use of claim 36,

wher ei n he ndi t..on i s neur r. diisorder . 3 The.-u of ..c]l ai m 36,
wher i n Ee. AUl A RO Py B Pl ec HAGH Bl
wherein condition1s one dégenerative disorder. 41. Use of a nodified

propeptixge a%%ﬁhiﬂ&i ﬁeregfia% P BGin, WhbrdinTR shbfizer Bn&HQonﬂ{rﬁf%aaﬁb%ng‘%} 20f a

medi cangflvdid ofaitmid €at ent of one or nore conditions selected from
anmyotrophic lateral sclerosis, nuscular dystrophy, nuscle atrophy,
congestij{e ohst fddikibd SofplidiR ahit §lWhERMGhe SEMFELPoMBS LdrFisesIOA pRIMEnaceous
sar copenjofnefld cachexia. 42. The use of claim4l, wherein the condition is
anyotrophic |ateral sclerosis. 43. The use of claim4l, wherein the
condi ti @a. i s THUmEdiied propeplidedbddydinghd anyldiR oEQSme T -7CRdréTh th modtfied propeptifee
condi t i GirtHeBcompsicds @ padificafidiytag. 45. The use of claim4l, wherein the condition
i s congestive obstructive pul nonary di sease. 46. The use of claim4l,
wher ei n 28he @omdieiciacid nmoeculel sicbding\whs todiffedsGDEHS prapeptdld of ablp @ndisfelairhs GRAI m 41,
wherein the condition is sarcopenia. 48. The use of claim4l, wherein the
condi ti @4 i s Thauuvteid agid molecule of claim 23, comprising at least 20 contiguous nucleotides as set forth

in SEQ ID NO:2.

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

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

27. The nucleic acid molecule of claim 24, comprising at least 50 contiguous nucleotides as set forth
in SEQ ID NO:6.

28, A pharmaceutical composition comprising the modified propeptide of any one of claims 1-22 and
a pharmaceutically acceptable excipient.

29, A pharmaceutical composition comprising the nucleic acid molecule of any one of claims 23-27
and a pharmaceutically acceptable carrier or vector.

30. The method of making a modified GDF-8 propeptide of claim 1 comprising;:

(a) preparing a cDNA molecule encoding the modified GDF-8 propeptide of claim 1, wherein
the proteolytic cleavage site is modified;

(b) preparing a cDNA molecule encoding the Fc region of a IgG molecule; and

(c) fusing the cDNA molecules from steps (a) and (b) to produce a modified GDF-8
propeptide.
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49. Use of a nodified propeptide according to any one of clains 1-22 in the
preparation of a mnedicanment for the treatnment of osteoporosis. 50. Use of a
nodi fied propeptide according to any one of clains 1-22 in the_preparation
of a nmedicanment for increasing nuscle mass. 55 170(),? 2005

31. The method of claim 30, further comprising preparing a double-stranded oligonucleotide
encoding a linker peptide and fusing the cDNA molecules from steps (a) and (b) to either end of the
double-stranded oligonucleotide encoding the linker peptide.

32. The method of claim 31, wherein the linker peptide comprises the amino acid sequence consisting
of GSGS.
33. A recombinant cell comprising a nucleic acid encoding a modified GDF-8 propeptide according

to any one of claims 1-22.

34. The recombinant cell of claim 33, wherein the nucleic acid comprises a nucleic acid sequence
encoding a stabilizer portion.

3s. A modified GDF-8 propeptide according to any one of claims 1-22 for use as a medicament.
36. Use of a modified propeptide according to any one of claims 1-22 in the preparation of a

medicament for the treatment of one or more conditions selected from muscular disorder, neuromuscular
disorder, metabolic disorder, and bone degenerative disorder.

37. The use of claim 36, wherein the condition is a muscular disorder.

38. The use of claim 36, wherein the condition is a neuromuscular disorder.

39. The use of claim 36, wherein the condition is a metabolic disorder.

40, The use of claim 36, wherein the condition is a bone degenerative disorder.

4]. Use of a modified propeptide according to any one of claims 1-22 in the preparation of a

medicament for the treatment of one or more conditions selected from amyotrophic lateral sclerosis,
muscular dystrophy, muscle atrophy, congestive obstructive pulmonary disease, muscle wasting
syndrome, sarcopenia and cachexia.

42. The use of claim 41, wherein the condition is amyotrophic lateral sclerosis.

43, The use of claim 41, wherein the condition is muscular dystrophy.

44, The use of claim 41, wherein the condition is muscle atrophy.

45, The use of claim 41, wherein the condition is congestive obstructive pulmonary disease.
46. The use of claim 41, wherein the condition is muscle wasting syndrome.

47. The use of claim 41, wherein the condition is sarcopenia.

48. The use of claim 41, wherein the condition is cachexia.

49. Use of a modified propeptide according to any one of claims 1-22 in the preparation of a

medicament for the treatment of osteoporosis.

50. Use of a modified propeptide according to any one of claims 1-22 in the preparation of a
medicament for increasing muscle mass.
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