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[ 0002] The present invention relates to the field of
clinical pathophysiology, and nore particularly to
met hods for treating neuronuscul ar disor , ch as
nmuscul ar dyst r'B'ﬂﬁ Eﬁﬁ%ﬁ%&ﬁg%%% CE%%EQ@ 0
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neur onuscul ar di sease. The di sease is caused by

mut at#i%fhso%fi’\etlngentw gene codi ng for dystrophin.
Al ter of this protein results in

abnor mal _53664! SHERtesBRITRIAEN (8BS e ReidBafIERl

variation rn diameter of mnusc bers (atrophic and
e BARBALAIUDE R BRAIGR) i RUREACE BB GRRkSuscuer
2004/ &Q&%é?s BSeH éés%ggcdlﬁgjd@gégphies. The invention also relates to

pharmaceutical formulations containing corticosteroids and inhibitors of

growth and differentiation.

Background of the Invention

[0003] Muscular dystrophies (MD) are progressive inherited
neuromuscular disorders that are characterized by muscle wasting and
weakness (Emery (2002) The Lancet, 359:687-695). Many forms of muscular
dystrophies are fatal and currently incurable.

[0004] Duchenne muscular dystrophy (DMD) is the most common
X-linked neuromuscular disease. The disease is caused by mutations in the
DMD gene coding for dystrophin. Alteration or absence of this protein resulits
in abnormal sarcolemmal membrane tearing. An abnormal variation in
diameter of muscle fibers (atrophic and hypertrophic fibers) in proximal

muscles and ongoing muscle damage are hallmarks of the disease.



Damaged nuscl e rel eases the intracellular enzyne
creatine kinase (CK). As a result, the serum CK

wo eooal18815 DVD patients are characteristical | ypem/gho0upi7049
to 10 tinmes the normal). The pat hophysi ol ogi ¢ cascade
i s conpounded by tissue inflammtion, nyofiber
necrosi s and repl acenent of nuscle with fibrofatty
ti ssue. [0005] Another allelic variant of the DVD gene
causes a mlder form of MD known as Becker nuscul ar
dystrophy (BMD). BMD is clinically simlar to DVD but
t he Oaswgedimusglepretnases theunisadelivlar enzyme greatiegonsse (CK). As
Many phar macol ogi cal agents have been tried in MD but
none a raagt, thesardmed i yeisve DMD patients anegcharasteristieally high (up to
t he di sease. The current nodality of treatnment is
st i | I10jtimesithe nerhah). ofheppatbopwsiolagi eeispadeistompounded by
rehabilitation. [0007] A nunber of trials using
cor t itisgst isflahoati¢e.rgyofiber rebnosipard repfagement ofsmuscle with
derdi vatives) have denonstrated inprovenent in
i ndi fibadttystissué.h MD, particularly in the short-term
Al t hough the exact nechani sm by which corticosteroids
al | evi at e[00hE] direxttas allplivaravibpia thes DML perse causes a milder form
corticosteroids are thought to act by reducing
I nf | @iV kreown aPeckes siusgulaingystropipn@E D tBYD is clinically similar
i mprovi ng cal ci um honeost asi s, upregul ati ng expression
of caenpMshtitthy ongetaf eymptonaratcursdateai liflg myobl ast
proliferation (Khurana et al. (2003) Nat. Rev. Drug
Di scover y[0R0@] MaBophariiavalugital agentsi s tberaititsl in MD but none
adm ni stered over tine can induce mnuscle atrophy,
whi clmap provetidifgcticl in ehrestingake Balrses (Headisedske Theradrrent
same nuscles that are affected in DVMD and BMD. The 2
VO 208Haki)DE Tréaiiteh’t i$SRM04 {H2IréQPof physical medicine and
corticosteroid-induced nuscle and other side effects

may lréHabilitdtle. | ong-term
[0007] A number of trials using corticosteroids (e.g., prednisone

and/or its derivatives) have demonstrated improvement in individuals with MD,
particularly in the short-term. Although the exact mechanism by which
corticosteroids alleviate the disease phenotype is unclear, corticosteroids are
thought to act by reducing inflammation, suppressinq the immune system,
improving calcium homeostasis, upregulating expression of compensatory
proteins, and increasing myoblast proliferation (Khurana et al. (2003) Nat.
Rev. Drug Discovery 2:279-386). However, corticosteroids administered over
time can induce muscle atrophy, which primarily affects proximal muscles—

the very same muscles that are affected in DMD and BMD. The



ef fectiveness of corticosteroid therapy. [0008] GDF-8

is a nmenber of the TG~/3 superfamly and functions as
wa@2megegisve regul ator of nmuscle growth. Sim | aPCTUSH04/017049

ot her nmenbers of the superfamly, GDF-8 is

synt hesi zed as a precursor nolecule, but prior to

secretion, it is cleaved into the N-term nal

i nhibitory propeptide and C-term nal the active nmature

GDF-8. Propeptide nmay remai n bound to GDF-8 thereby

inhibiting the biological activity of mature GDF-8.
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to bind to activin type ||l receptor (ActRII1B). Upon

bi nagffegtivenesrof eprtipesteraiddberar¥i gnal i ng cascade,

ultimately leading to the inhibition of nyoblast _

progr essi[é/)QQSIAﬁD B ipja metnber etihe AP skeerfamilyamd fgngtiens as

vivo has been shown to significantly increase skeletal

mus c® Begative regulater amnuscieigrowtiyi Similauniq etbabmembersgf the

(2003) BBRC, 300:965-971) and to alleviate the

dy st supsHe®ilpHeRb18yip synthesired arix PrasuEser medksiuley buir to

(Bogdanovich et al. (2002) Nature, 420(28):418-421).
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objects of the present invention to provide nethods

and bemoted matime GLYT-81 Peepephide ey oerdeindouhd taGDEFS thedeby

by or associated with a risk of dimnution of nuscle

f uncinhibiting Aakibiologival adbjte ot maiofe GDIveS.i Riopeplidemust disdoeiate

set forth in part in the follow ng description, and in

par t fromithe cdraplexfwGRiBb-8do bindrio bhiivin gperi ieteptnr (AntRIB)y Upon

be | earned by practice of the invention. 3 WD

2004biadiag SActRIB itisRes 4/s@habPcascdd, Qiitintatelypeasimnto the

invention is based, in part, on the discovery and

denoinkibitiah iod mybblast progreasion.u AetivoalyahedifsiteDVEhibitioreat @BALS in

by adm ni strati on of

vivo has been shown to significantly increase skeletal muscle size in normal

adult mice (Whittemore et al. (2003) BBRC, 300:965-971) and to alleviate the
dystrophic phenotype in the mdx mouse model of DMD (Bogdanovich et al.

(2002) Nature, 420(28):418-421).

SUMMARY OF THE INVENTION

[0009] It is one of the abjects of the present invention to provide
methods and compositions for treating disorders characterized by or
associated with a risk of diminution of muscle function. Additional objects of
the invention will be set forth in part in the following description, and in part

will be understood from the description, or may be learned by practice of the

invention.



a neutralizing anti-CGDF-8 anti body and prednisone is

nore effective in increasing nuscle mass and strength
WO 200at1d8167t o treat nent with predni sone al one. PATES2004/017049

invention is further based, in part, on the discovery

and denonstration that adm ni stration of anti-CDF-8

anti body wth predni sone reduces prednisone-induced

nmuscl e atrophy. [0011] Accordingly, the present

i nvention provides nethods for treating neuronuscul ar

di sorders_in mammal s. The disc¢l osed met hods i ncl ude

adni ni st PPHQ tTheprasant ventionds Bagads ingrarh op thedisrergnaand

neuronuscul ar disorder therapeutically effective

anpufemosstration|taisin aoneussorode! oh RME . tigatragry by admirigigtion of

one corticosteroid so as to maintain desirable |evels

of nAdeHtalizing anji-GPY-Santipgdy. andpregdsisgnre isggerg gifgctivegp

exanpl e, serum concentration of creatine kinase (CK),

musc Insragisiigoneegle mess gue sirenl ralptivade freatmens wiih perdnispne

l'iving, nuscle strength and/or mass. The popul ations

t r eaglogeby he fiwventiemisdarthaspasers in pard o tbe diseevardend but

are not limted to, patients having or at risk of

dev efleppngjraiios diatadmiyisiratiop 9y asti:GPFa8 antitmdy extarpsednisone

DMD or BMD, and subjects undergoing corticosteroid

t her egslpceopradnisone-tnduceth owsde abroplay.s. [ 0012] The

i nvention further provides nethods of treating nuscle

weakness [8At1Inm#tckomdiingd, ther graséntdnvention provides methods for

corticosteroid-induced nuscle atrophy. The invention

i ncl trdainogmeunadesadartdissaders in roamdiaisy Opadibglosdd0@aBpds

Met hods of administration and conpositions used in the

met hindsidefadttidistering i @ sulsjectsesqaptiviede dr having Beeuromuscular

di scl osed nethods, a GDF-8 4 WO 2004/ 108157

PCT/ disa@ed tHetaitsicallyreffiebiivecamaunds af atdedst oas GDB dhhdbsitor and

adm ni stered concurrently or over alternating

over hidpastrogeaortivostecnie sb ap o maintaih eesiedide levels of muscle

integrity or function as assessed by, for example, serum concentration of
creatine kinase (CK), muscle histology, tissue imaging, activities of daily
living, muscle strength and/or mass. The populations treated by the methods
of the invention include, but are not limited to, patients having or at risk of
developing muscular dystrophy such as, for example, DMD or BMD, and
subjects undergoing corticosteroid therapy for these or other disorders.

[0012] The invention further provides methods of treating muscle
weakness and methods of treating corticosteroid-induced muscle atrophy.
The invention includes methods of treating cardiomyopathy.

[0013] Methods of administration and compositions used in the.

methods of the inventions are provided. In the disclosed methods, a GDF-8



[0014] GDF-8 inhibitors, used in the nethods of the

present invention, include, but are not limted to,
wa@niothosises to GDF-8; antibodies to GDF-8 recPQI/ORHN4/017049

sol ubl e GDF-8 receptors and fragnments thereof (e.g.,

ActRII B fusion polypeptides as described in U S.

Pat ent Application No. 10/689,677, including soluble

ActRII B receptors in which ActRIIBis joined to the Fc

portion of an i mmunogl obulin); CGDF-8 propeptide and

nodi fied fornms thereof (e.g., as described in WO

02/ 0ieBibsor amd aJcﬁicheremitarApgmlmﬁenedrconmrr@my(W overgiiernating

including forns in which GDF-8 propeptide is joined to

t he Gwerippping on nofi-ozeriappingunteglatsbul i n and/ or formin

which GDF-8 is nutated at an aspartate (asp) residue,

e.g., asge@si]i BDFB inhbitGREu8edindpe ptathteisar theagrpsardnviention,

human . GDF-8 propeptide); a small nol ecul e inhibitor

of GhBube, butlake sdtdimited (e apitibodiss todBBE+8; hatbddieslio &DF-8

Patent No. 6,004,937) orfollistatin-domain-containing

Pr ot icBstots: sBluble @SP:8reB8ptors RN flRighicht Bl (g CALIREE
in US. Patent Application Nos. 10/369, 736 and

101368i0h PR lypepiidbsardidsaiifddsin®f.S. Pakal Aslicalicrase. 10/689,677,
activity that affect GDF-8 activation, as described in

u.S. mclﬁaﬁwg%w‘blHJAMRﬂBlrgga@&s |ril\%@ﬁl.cﬂ%33 islj6Rddlo ﬂh@ Fc portion

sone enbodi ments, the 8 inhibitor is a nonocl onal

ant i fogyinfhurdgidRGMEGDFLE Sfdb@f)tldé@ﬁd MbeFKS fdrs tiereof (e.g., as

binding to its receptor. Nonlimting illustrative

enbogid¥RpE S in Wel (9@%8‘65@%?@%@9%!1@5‘1&% N& o074 ko08
anti body, e.g., murine nonoclonal antibody JA-16 (as’

d
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humani ze uman nonocl onal

ant i (fda8s gma%B@@éﬁ%u@lﬁe@DF Bocptptidl 978 asAbo Wiékan

as descri be
GDF-8 propeptide); a small molecule inhibitor of GDF-8; follistatin (e.g., as

described in U.S. Patent No. 6,004,937) or follistatin-domain-containing
proteins (e.g., GASP-1 or other proteins as described in U.S. Patent
Application Nos. 10/369,736 and 10/369,738); and modulators of
metalloprotease activity that affect GDF-8 activation, as described in U.S.
Patent Application No. 10/662,438.

[0015] In some embodiments, the GDF-8 inhibitor is a monoclonal
antibody or a fragment thereof that blocks GDF-8 binding to its receptor.
Nonlimiting illustrative embodiments include a nonhuman monoclonal
anti-GDF-8 antibody, e.g., murine monoclonal antibody JA-16 (as described in

U.S. Patent Application No. 10/253,532; ATCC Deposit No. PTA-4236);



Pat ent Application No. 101688, 925; ATCC Deposit Nos.

PTA-4741, PTA-4740, and PTA-4739, respectively) or
walesuuegisves thereof. [0016] Corticosteroids, PCSEHUS1004/017049

the nmethod of the invention include, but are not

limted to, becl omethasone di propionate, budesonide,

cortisol, dexanethasone, fluticason propionate,

nonet asone furoate, prednisone, triantinolone

acetoni de, and derivatives thereof. [0017] It is to be

understoqd that both the foregoing general

descH§Tyel s thagot 19ed-¢ wmmqsigara@tngwa@a Tgllydwiman mepoedignal

exenpl ary and explanatory only and are not o

r estc'r"rtb@fsw tiboriesi(Bde MY08R, M¥028. aneddo22 g gescribed in U.S.

DESCRI PTI ON OF THE FlI GURES 00%% Figures 1A and 1B

depi BaterlArplicationr Na. 168825 Ad&C Berasitdies. BTA-4741, PTA-4740,

di aphragm nuscle from nmdx mce treated for four weeks

wi t hanghf’ TA-EBRO gespratively) ordenyativesithasaglf. JA- 16 (60

mg/ kg, once weekly) and predni sone (t2 mg/ kg, 3 tines

a week), [B0&nCetisestaraitre used inihgimsithodeiibe siveatianriaciude,

Figure 1A shows severity of nuscle fiber atrophy on a

0- 4 tgrengtliniied terfpdsimathesoneidipropiomatgubusiesomds faonisol,

percentage of affected (atrophied) nmuscle fibers at

t he dax@medfaspne, fluticagon Fapibndiar mpeetasonafoatespredhieons,

nmouse. 6 WO 2004/ 108157 PCT/ US2004/ 017049 DETAI LED

DESCRamTingioneracetgRideNumdeigtides theféofii t i ons [ 0019] In

order that the present invention may be nore readily

under st od@0 173 et isaliorbet wndessteadstht bath thieforegeihg general

Addi tional definitions are set forth throughout the

det aidsetiptibesand the ifdiowirjg0d2aled Hesctigtiom draekerhpldyy, dndas

used' herein, refers to an

explanatory only and are not restrictive of the invention as claimed.

BRIEF DESCRIPTION OF 'ng FIGURES
[0018] Figures 1A and 1B depict results of a histological analysis of
diaphragm muscle from madx mice treated for four weeks with anti-GDF-8
neutralizing antibody JA-16 (60 mg/kg, once weekly) and prednisone (2
mg/kg, 3 times a week), prednisone alohe, or vehicle control alone. Figure 1A
shows severity of muscle fiber atrophy on a 0-4 scale at the end of the trial.
Figure 1B shows percentage of affected (atrophied) muscle fibers at the end

of the trial. Each bar represents a single mouse.



i mmunogl obulin or a part thereof and enconpasses any
pol ypeptide conprising an antigen-binding site

w0 e@anoiiess of the source, method of productiPeT/USIVA4/017049
ot her characteristics. As a non-limting exanple, the
term "antibody" includes human, orangutan, nouse,
rat, goat, sheep, and chicken antibodies. The term
includes but is not limted to polyclonal, nonoclonal,
nonospeci fic, polyspecific, non-specific, humanized,
si ngl e- chai n, chlnerlc synt hetic reconblnant
hybrid, nutat cBETAHE : ION QR THEMNVENTION: { he
pur poses of t he resent |nvent|on, it also i ncl udes,
unl ess ot %@gstated anti body fragnments such as
Fab, F(a

oo o dogfen, I erpBFhét e p&?ﬁeAB'EHe Prahaiibe nRk featy
E?gﬁlﬁqeﬁ% SRR IS e e detnrst AdMIHTEl SeimfioRs pus sstfort

197 t 9 nbi t DNA net hod
EU. 8ﬁ{tﬁﬁge% e%%%s%'@%g ogeggaglenginspl ay TeLeEs

t echni qu [ antj b jbraries n et al.

(1561 INitel’ M i antbday.’ Al Bt et l9at) o

Mol ., Bi ol 2: 581-597 For various other anti body

pr odlIER SOt aa@gh é@@nﬂrﬂnparaaﬁ%%es 3RY PRIYBPEYS: y

Manual , eds. Har| ow et al Col d Spring Harbor

Labo‘POé‘PRﬂS;PQ AHREIgeH- *Wﬁ‘%l)%ﬁ@/ regarfiless oEfe seumes Meihaslay
002|] The term " antl??gen bi nding domajn" refers to the

par t PIBHUGONaARY BiBeY Chaspeieiaties ﬁa@ r@@r}wt'@b@,xme éh%&erm

specj fical |y bindi ng to or conplenentary to a

al | '8n ﬂamiyamcw@ﬁ huinga @rapgutamt Mese. ra: gqaatgséweearﬁnd chicken

antlbody may _only bind to a particular part of the

ant i YuiRod r?ﬁe Téﬁr“eraplecleﬁes Iamtls Beidimtedde epiitinaa mogogonal,

portion of an antigen nolecule that is responsible

f or "9pRRSPECHIC pRlvaPgeifis. dW@ skeeific.thenanigadg singlstahgin ghimeric,

domai n of an anti| bod)(‘
synthetic, recombinant, hybrid, mutated, and CDR-grafted antibodies. For the

purposes of the present invention, it also includes, unless otherwise stated ;
antibody fragments such as Fab, F(ab")2, Fv, scFv, Fd, dAb, and other
antibody fragments that retain the antigen-binding function.

[0021] Antibodies can be made, for‘example, via traditional hybridoma
techniques (Kohler and Milstein (1975) Nature, 256: 495-499), recombinant
DNA methods (U.S. Patent No. 4,816,567), or phage display techniques using
antibody libraries (Clackson et al. (1991) Nature, 352: 624-628; Marks et al.
(1991) J. Mol. Biol., 222: 581-597). For various other antibody production
techniques, see Antibodies: A Laboratory Manual, eds. Harlow et al., Cold

Spring Harbor Laboratory, 1988.



anti gen-bi ndi ng domain may be provided by one or nore

anti body variable domains (e.g., a so-called Fd
wa@ndoshosly7 f ragnent consi sting of a VH donai n) . PCEBIS2004/017049

anti gen-bi ndi ng domai n conprises an anti body |ight

chain variable region (VL) and an anti body heavy

chain variable region (VH. . [0023] The term

"anti-CGDF-8 antibody,"” or "antibody to GDF-8," refers

to any antibody that specifically binds to at | east

one epito&xe of GDF-8. The terns "GDF-8 receptor

ant i body' 044 Thetarmoaytigen-pinding domake sefers to thepatt of @n

any antibody that specifjcally binds to at |east one

epi tApBody melecple. that qossisepihe ayge spegifically Rindg trpe

term"neutralizing anti body" refers to an antibody

t hatconplememiprygojanparben alrof apcotiggn. THibeteeamantigeads krge, an

interaction,” or "specifically binds," or the Iike,

meargtibpdy meyenhotied 9 @patiela parceiithe ertiganatThesepitope or

relatively stabl e under physiologic conditions. The

t er rantigeaic sieteaminant ista rorligreefean antigen mnlecuts thgeisresponsible

bi ndi ng domain is specific for a particul ar epitope,

whi dar spegifisdnterastiens withthe antigembindirig domaigehan antibody. An

Specific binding is characterized by a high affinity

and antigeoWwindin intmaydxgaovidgd bjone pegiofe entihody vargable

usually has a low affinity with a noderate to high

capatsinains ®Bypi 8 abicplled he ablibody figgment corsistisg efia VH domain).

speci fic when 8 WO 2004/ 108157 PCT/ US2004/ 017049 the

af f iAn aptigeorsinding démainscohipgihes an BatibabyGightf chaliravaribdl? region

M1, or preferably higher than 108 M1. If necessary,

non-(¥peend ac abiimiyrigavaohdie varahle egjiongviHout

substantially affecting specific binding by varying

t he bi ndif¢23] ctnelidrindasti-GRR-B antibddy,” onardibedyto\BDF-8,”

the art, and a skilled artisan using routine

t echrafeqgsiesarpeamtibet e thiat spuificply bihds tostdédst ons epitd of GDF-8.

conditions are wusually defined in terns of

conciret tearhs (BDBE{S reotplod dntibody'amdC “@itibdgttd a06DF ¥receptor”

refer to any antibody that specifically binds to at least one epitope of a GDF-8
receptor, such as ActRIIB. The term “neutralizing antibody” refers to an
antibody that is a GDF-8 inhibitor.

[0024] The term “specific interaction,” or “specifically binds,” or the
like, means that two molecules form a complex that is relatively stable under
physiologic conditions. The term is also applicable where, e.g., an antigen-
binding domain is specific for a particular epitope, which may be present on a
number of antigens. Specific binding is characterized by a high affinity and a
low to moderate capacity. Nonspecific binding usually has a low affinity with a

moderate to high capacity. Typically, the binding is considered specific when

8



solution, tenperature, tinme allowed for binding,

concentration of non-related nolecules (e.g., serum
W@bkiuig157 m | k casein), etc. [0025] The term "PUBUTEM04/017049

function" refers to the ability of nuscle to perform

a physiologic function, such as contraction as

nmeasured by the anpunt of force generated during

either twitch or tetanus. O her nethods for assessing

nmuscl e function are well known in the art and i ncl ude,

or 1 pie BN Ans @ Knfs b ERaR 10 Ner Fncicl B or Beghgty

i vi tiong or trength tests, sue histolo

(e gfw“n%h@EBang i TigecoroaBe P aseRoT brgraican g eoed
tissue Nonlimtin | Justrative, methods for
s cuthor] SHbanaly aeqingpay e GG Gy vRing Faghoe
Exanpl es, [0026] The term "CGDF-8" refers to a specific
gr ovenditions g Supk RIS 25 k"‘?"ié[btr‘othe grtasy aﬁh&@cbamsan using
appropriate, factors that are structurall

f uncﬁqUSH%qucl?“'qH% a3nesrled agpiopgatefcondifio %&9 caiitiong are
and other factors belonging to the TG $ super f am I¥
The Wgtaly definqdsin teymsiaf copgantretiomefanihpdiss.dedie gtrength of the
precursor formof GDF-8 as well as the mature and

pr opeqiefiare tereparature dimetaliayed fasrhindigs conesntretian pbiri-related
cl eava The termalso refers to any fragnments and

var i @9?9§U@5 (&Dk-serurmalbumin, milsicasein), |eéast sone

bi ol ogi cal activities associated 9 WO 2004/ 108157

PCT/ US20d20Z51 71 terwi ‘Tusele {unstioni-redersde the adlily sbwiuscle to
herein, including sequences that have been nodified.
The periosera physialogic Bincli, stesas cortERtien &5 oreaaiied by the
vertebrate species, " including, but not limted to,
humegmowni\af farce ganerated dunogisitherrtaitch pdetainne., Othwrinmedhods for
turkey, baboon, and fish (for sequence informtion,

see, assegsing nusPledunasion ere well kifd@9in) theradandNimtiudeAbatare not
Sci. US A, 94: 12457-12461). [0027] The term "mature
GDF- Igthitadetbemeaswetniestsmf otuscle masd, giig stémgthexbrum CK level,

activities of daily living, motion or strength tests, tissue histology (e.g., E&A
staining, or collagen Il staining), or tissue imaging. Nonlimiting illustrative
methods for assessing muscle function are set forth in the Examples.

[0026] The term “GDF:’-B" refers to a specific growth and differentiation
factor-8 and, where appropriate, factors that are structurally or functionally
related to GDF-8, for example, BMP-11 and other factors belonging to the
TGF-g superfamily. The term refers to the full-length unprocessed precursor
form of GDF-8 as well as the mature and propeptide forms resulting from
post-translational cleavage. The term also refers to any fragments and

variants of GDF-8 that maintain at least some biological activities associated



fromthe carboxy-term nal domain of the GDF-8

precursor protein. The mature GDF-8 nmay be present as
W@200ne818T , honodiner, or in a GDF-8 | atent cPOPUS2004/017049

Dependi ng on conditions, mature GDF-8 may establish

equi li brium between any or all of these different

forms. Inits biologically active form the mature

GDF-8 is also referred to as "active GDF-8." [0028]

The term " CGDF-8 propeptide” refers to the pol ypeptide

that is cleaved fromthe am no-termnal domain of the

GDF- With ature GJpF-8r as disepsseth Berepingy diicosrayeners that have been

capabl e_of binding to the propeptide binding domain on.

t he medilied. @ﬁp@sepbomtlomm@a&éﬁwuﬁaﬁfrem gl veniebrate species,

conpl ex" .refers to the conplex of proteins forned ~

bet wiBeldingebwerol Hriteshio, Bumaoavings chigkpn, Rwusprag porcine,

propeptide. It is believed that two GDF-8 propeptides

as s 0eYing.durkey.rpabaen. avdl fisb o sewrengainieranatipr- 826, A.0t.he

honodi mer to forman inactive tetraneric conplex. The

| at eMePeemgn etalnfd§97ypadiatohersd. SCHIE). § Ahi i 0 8487-12461).

place of or in addition to one or nore of the GDF-8

pr opept i d8€27][ Gbs g inature GPF e Feferslotthe projein theft éx dleaved

to one or nore of physiologically growth-regulatory

or niserphig earbexcteaminaldamais of theddPRBaereqirsdr pro@inThe

2004/ 108157 PCT/ US2004/ 017049 active GDF-8 protein.

For @xrhgCOF-8mdnhe @prers ase mommyert homodiewn, ativa GIDF-8

skel etal nmuscle mass. Active GDF-8 can al so nodul ate

t he lptasdigemnpler. Dependisg be copditiorfs, matura 3158 (eaygestablish

creatine kinase), stinulate nmyoblast proliferation,

and equdidrigtrebgiweernl apyoyaleofdhédeadiferentforms Indts biologically

adi pocytes. Exenplary procedures for measuring GDF-8

act i agtive form, tievmatunel GDF-§ ist also sfered owasd'attivdJGDF-8.”

Pat ent Application No. 10/688,925, for exanple.

[0028] The term “GDF-8 propeptide” refers to the polypeptide that is

cleaved from the amino-terminal domain of the GDF-8 precursor protein. The
GDF-8 propeptide is capable of binding to the propeptide binding domain on
the mature GDF-8. |

[0029] The term “GDF-8 latent complex” refers to the complex of
proteins formed between the mature GDF-8 homodimer and the GDF-8
propeptide. It is believed that two GDF-8 propeptides associate with two
molecules of mature GDF-8 in the homodimer to form an inactive tetrameric
complex. The latent complex may include other GDF inhibitors in place of or
in addition to one or more of the GDF-8 propeptides.

[0030] The term “GDF-8 activity” refers to one or more of

physiologically growth-regulatory or morphogenetic activities associated with
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[0031] As used herein, "GDF-8 inhibitor" generally

refers to any conpound that downregul ates the
wa@eaiapgly7 of GDF-8, and includes any agent capebiUs2004/017049

inhibiting activity, expression, processing, or

secretion of GDF-8. A GDF-8 inhibitor may, for

exanpl e, affect stability of or conversion of the

precursor nolecule to the active, mature form

interfere with the binding of GDF-8 to one or nore

receptors; or interfere with intracellular signalin

of t#etive GRFE-§ preteinpthor example) BiveGRF-8 ithe pegaiiveg regulator of

i nclude proteins, antibodies, peptides, )

pept $kitetalmpusabe mass. bbctivedsDF-8rean-adseriedulate the production of

ol i gonucl eoti des, doubl e- stranded RNA, and ot her

smal musdespeatitsenayriasi{e gp ewgating &inage), atimulate roppblast

Such inhibitors are said to "inhibit," "neutralize,"

or "pretiiecationt ared imodlletyi predadipeaytd diffengntidtiogds agipotytes.

[0032] The terns "neutralize," "neutralizing,"

" i nhEkerhplagy, procatiirésdier measwing«sBE-& aftivity inoive areldo attioare

in the activity of GDF-8 by a GDF-8 inhibitor,

r el afoune int 0.S. Ratant tApplidagion NoGDI76 88,025 tforeexsbgiece of

the same inhibitor. The reduction in activity is

pref er abl[902d] Asastd abeir, “GDF8 inhibito3V&6enetdI%) retsdsbo any

60% 70% 80% 90% or higher. The methods for

as s essrhpaunaghat ddwrzegudptes thel adtivibi ofd3HF-8] ahdipicludks any agent

activity of GDF-8 inhibitors are known in the art, and

can ddpaie aHbiliog a&wityEkptdSBRN4Hdtess, obesegetidrosir@DI-8.

for exanple, using the ActR I B assay (e.g., as

descaAigdprLgiimhibihinidye fop eRambleabifedt 220ty @RRConversion of the

300: 965-97; or U. S. Patent Application No.

10/ 2p3co33) meidulelte tH¥Fetias saytird Rsmietefard et the dihdiag of

(2001) G omh Factors, 18:251-259 or U S. Patent

App| GO#L8 @odor Mee28cbpiats) or ihteF8r] witthigtrbedlillar signaling of the

"therapeutically effective dose,” or "therapeutically

teL f tegUFwsere@@me\ctRuBefam ihigibitdrainchideibteis, antibodreund

a

peptides, peptidomimetics, ribozymes, anti-sense oligonucleotides, double-
stranded RNA, and other small molecules, which specifically inhibit GDF-8.

Such inhibitors are said to “inhibit,” “neutralize,” or “reduce” the biological
activity of GDF-8.

[0032] The terms “neutralize,” “neutralizing,” “inhibitory,” and their
cognates refer to a reduction in the activity of GDF-8 by a GDF-8 inhibitor,
relative to the activity of GDF-8 in the absence of the same inhibitor. The
reduction in activity is preferably at least about 10%, 20%, 30%, 40%, 50%,

60%, 70%, 80%, 90%, or higher. The methods for assessing neutralizing or

inhibitory biological activity of GDF-8 inhibitors are known in the art, and can

11



results in prevention, reduction in the risk of
occurrence, or anelioration of synptons in a patient,

w@rooa/108387 r ed bi ol ogi cal outcone, e.g., inprovedl/mEE04/e17049

function, delayed onset of clinical synptons, etc. The
effective anount can be determ ned as described in

t he subsequent sections. [0034] The terns "treatnent,"
“"therapeutic nmethod,"” and their cognates refer to
treatnment or prophylactic/preventative neasures. Those
in need of treatment may include individuals already
havi kg parfprnad, flexampledueing thesh BB @ssays(evis] as descriprskia
who may ultimately acquire the disorder. Treatnent

i ncl Witteraorg ot et (RAG3PRBRE, 809:965-9Pt @k .6t Patent Appligation No.
described in this application. In addition to a

r edud04268,582) arskthe MGy agdays yapdenesbed inckitiers(@001 G rowth

i ncludes maintaining a patient's current status when

wor sEattars, i18:25&2p8 or ¥l . RatendrAppiiertiondla. A8/2683R).ence

of a symptomin an individual in which the onset of a
synpt om [@083r dée teror “thiérapautically affgetive eldse Toeat nent

may include a decrease or reduction in one or nore

phy sitbempeutitaliy effestivieramountdmeters tol thatreyowit sba compade that
a decrease conpared to expected synptons or expected

pr ogressiis orpreverntion, reductioniimihe rikksd odanrence, aofi aecivatioh2f
WO 2004/ 108157 PCT/ US2004/ 017049 U. Conponents for

Use symptioeshi tlpatientpbr a Hesiled\bdwlbgical qudais, elgn, itpeoved muscle
met hods of the present invention, one or nore GDF-8

I nhi hirctors detayed sasktion clided syraplioats, gict IThereffeotiveramaeunt can
corticosteroids. A GDF-8 Inhibitors [0036] GDF-8

i nhi bé detesmined@ed descritied imtichaudseqiert bectiphesent

invention, include, but are not Iimted to,

.anti bodi €f9084] Thbfterttis “tetitrhont, e shdrapéidic Metlicd; epidthsir

sol ubl e GDF-8 receptors and fragnents thereof (e.g.,

Act Rbddhates refer to treatment or prophylactic/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. Treatment
includes any reduction in any symptom of a disorder described in this
application. In addition to a reduction or lessening of symptoms, treatrﬁent
also includes maintaining a patient's current status when worsening is
expected, or preventing the occurrence of a symptom in an individual in which
the onset of a symptom, disorder, or disease is expected. Treatment may
include a decrease or reduction in one or more physiologic function from
normal. It may also include a decrease compared to expected symptoms or

expected progression of the condition, disorder, or disease.
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fusion pol ypeptides as described in U S. Patent

Application No. 10/689,677, including soluble ActRIIB
WO e@epos1ss in which ACtRIIB is joined to the FeCPUS1000617049

of an i nmunogl obulin); GDF-8 propeptide and nodified

forns thereof (e.g., as described in WO 02/068650 or

U S. Patent Application No. 10/071, 499, i ncluding

forms in which GDF-8 propeptide is joined to the Fc

portion of an i mmunogl obulin and/or forms in which

asp-bo' | Frrotoieie lborbie ot S b RubiT, funan
SD§ B D R fihe n{fg@agfg@sao,;}e&eem%ma&n,%a%; s dok-s

; ﬁpﬁbﬁorsar%ﬁé%a | AR AL e
738
Applicati,on ﬁ’gf%ﬂ‘@b' 736 an 10/ 369, ); an

m)dul at or's tsease activity that affect

Appl | cat ﬁ(?)dn@éibéﬁrfog @é@ﬂﬁ%@ﬁé%ﬂéiﬁ mllegth%ds oft hee'Hresent mventcon
ant | BRUge-Gin are Tl iplad < REVBRHSY R EDB D eRE o3k oOF-8

ermb P AR P HE2h reamRIRaAC RBHBE 5 S0t AR
desdh wsé@o|yﬁ3pt@e§‘érsp§ﬁ@r 43, $§é=aqtﬁw gty ol o7,
PO/ 08500 PO AP fearatdrs gswtnﬁa%@%ﬁ 81'8?%'9@ to the Fe porton
S oot S B e . o
as described in Pat ent Applicatio

10/ etrscgbed mAH@c@WéPP Noz.. F’MM’P&WOPM 493 1498nd

PTA-4739, respecti vel(}% or derjvatives thereof

[ 003BFUMIRY S Ta Mwhisi GekBspropertideriiomeniin tha E@Porﬁpl@ek@n

GDF-8 from binding to its receptor, by binding t
GDF-igngnoglebulipagipr fgrpe beyhieh GOMS is mutated at an aspartate (asp)

residue, e.g., asp-99 in murine GDF-8 propeptide and asp-100 in human
GDF-8 propeptide); follistatin (e.g., as described in U.S. Patent No.

- 6,004,937) or follistatin-domain-containing proteins (e.g., GASP-1 or other
proteins as described in U.S. Patent Application Nos. 10/369,736 and
10/369,738); and modulators of metalloprotease activity that affect GDF-8
activation, as described in U.S. Patent Application No. 10/662,438.

[0037] In some embodiments, the GDF-8 inhibitor is a monoclional
antibody or a fragment thereof that blocks GDF-8 binding to its receptor.
Nonlimiting illustrative embodiments include a nonhuman monoclonal
anti-GDF-8 antibody, e.g., murine monoclonal antibody JA-16 (as described in

U.S. Patent Application No. 10/253,532; ATCC Deposit No. PTA-4236);
13



various enbodi nents, the GDF-8 inhibitor is an

anti-CGDF-8 anti body that has the affinity to GDF-8,
wezgasHset as an affinity constant (Ka), wher ePCI/KS2004017049

at least 105 M1, 106 M1, 107 M1, 108 M1, 109 M1,

1010 M1, 1011 M1, or 1012 M1. Also contenplated

for use in humans are inhibitors that are humani zed

fornms and derivatives of nonhuman anti bodi es derived

fromany vertebrate species described in patent

applications cited herein, or in Antibody Engineering,

ed. deiypivesdberrof, 2gu Mnanizedrantigodips; wad filtyyhumainsmionocional

1995; and Antibodies: A Laboratory Manual, eds.

Har | W-EPF antibodied (sps Myg28idyyeAs. Bath blya2dras depggiged in U.S.

B. Corticosteroids [0039] Corticosteroids used in the

met hroaientdipnlipationrNg d {688 R28nAT 6k, Depnostt INeg el T 44r RTA-4740,

not limted to, becl omethasone di propi onate,

budedsh? 4732 gesnastively)d exderiyetivasdhereof.| ut i cason

propi onate, predni sone, nonetasone furoate,

trianci ngd@3%¢ Wcemenérnibodimedtsdthei GRIE-Bialsbitdrdiasis GDF-8 from

[ 0040] Pharnaceutically acceptable salts of conpounds

di schindiag to iteeeepior; by birlding toeCisBcbr t¢ H@AGPF-8 receptor. In

Corticosteroids are available comrercially in various

pharvagiows embatiinfentaytheaG Do inhiBligsis ah antissWedlantibody that has

Ref erence (PDR) 2003, 57th ed., Medical Econonics

Conpthe yffint@ 62E DFFR) rexpreasqd as anatihity consHrd{Konehenein Kds at

WO 2004/ 108157 PCT/ US2004/ 017049 conmerci al |

availbadil1e® Wb, 16bKt'| s@/ne;, tofdrboe’ Msdnd m*é:om%mck py 102 M.

predni sone (Deltasone(r), Meticorten(r), O asone(r)),

pr edkiss obretamplabied foaus®intteinfans, are Rdibiey et 4k, humanized forms

Prel one(r)), triantinolone (Aristocort(r),

Kenaaralr defrivafives affbhiy rpdredintibddles nieri(ddefisalany vertebrate species

dexamet hasone (Decadron(r), Dexone(r), Hexadrol (r)),

bet atesthiasbinafdne hpsifcatiets diled hansin defin ArtitodytEngineering, ed.

(Calcort(r)). Oher

Borrebaeck, 2nd ed., Oxford University Press, 1995; and Antibodies: A

Laboratory Manual, eds. Harlow et al., Cold Spring Harbor Laboratory, 1988.

B.  Corticosteroids

[0039] Corticosteroids used in the methods of the present invention,
include, but are not limited to, beclomethasone dipropionate, budesonide,
cortisol, dexamethasone, fluticason propionate, prednisone, mometasone
furoate, triamcinolone acetonide, and derivatives thereof.

[0040] Pharmaceutically acceptable salts of compounds disclosed
herein can also be used.

[0041] Corticosteroids are available commercially in various
pharmaceutical formulations (Physician’s Desk Reference (PDR) 2003, 57th

ed., Medical Economics Company, 2002). For example, oral formulations are
14



formul ati ons of these and other corticosteroids can be

used in the nethods of the invention. C.  Therapeutic
wapa4Resiphyl acti ¢ Met hods [ 0042] The i nventi onP@F/US100€617049

met hod of treating manmalian subjects, including

nmet hods to treat |oss of nuscle function, nuscle

weakness, and/or corticosteroid-induced nuscle

atrophy. [0043] Methods of the invention conprise

adm nistering to the mammual a therapeutically

effective anount of at |east one GDE-8 inhibktor and
a trr@m%retalheaYa"9b'§ff@re9,qrﬁ'%9@eaWﬁ°ﬁt§Pngt(ngé%§l~ PEgRisone

corticostergid int amount.s and for a perjod of

£ P reDefsaneCchetaager . Sipsate ) essinsained P BoTsr
muscle function, muscle mass, nuscle weakness, nuscle

at r dpasjapred”. Peelerg orifiamsinaipne théstosorhol§enacaft be used

for treating~neuronusgﬁ$ar di sorders such gs_muscyl ar
dy stmetprpeesinispiong dMedwi odpxaaisthasong deg@drannPexene i s
improved relative to the same treatnent either ingthe
absdtexadett”), betameiirsene [(Frlestens ).andidedazanort (Ealsdrloi Qther
The nuscles treated include, but are not limted to,
gastfpoeueliangf thespiaad iother gattiepsteroidscapadie usggdn the methods of
extensor digitorum cardiac nuscle, or diaphragm
nmusdheinveol4] Neur orruscul ar di sorders include, but

are not limted to, any acute or chronic di sease or

di sor der G hat Therapeuti¢ sod ProghylactiqMethasls 15 WO
2004/ 108157 PCT/ US2004/ 017049 causes nuscul ar injury,
or ot her ] cHipsibxentionnipyides watherd ohireeling mapgalian

and/or function. A wide variety of diseases or
di sdiugiacts. insludivinetiads tq trat inssof nuseledygtipnemuscle
muscul ar dystrophi es such Duchenne nuscul ar
dy stwesiness, Baeios origederoid-indyead opssle arPRiYy Dr ei f uss
nmuscul ar dystrophy,
[0043] Methods of the invention comprise administering to the
mammal a therapeutically effective amount of at least one GDF-8 inhibitor and
a therapeutically effective amount of at least one corticosteroid in the amounts
and for a period of time sufficient to treat at least one of loss of muscle
function, muscle mass, muscle weakness, muscle atrophy, or
cardiomyopathy. The methods can be used for treating neuromuscular
disorders such as muscular dystrophies. In some embodiments, muscle
function is improved relative to the same treatment either in the absence of
the GDF-8 inhibitor or the corticosteroid. The muscles treated include, but are
not limited to, gastrocnemius, tibialis, anterior, quadriceps, extensor digitorum,
cardiac muscle, or diaphragm muscle.
[0044] Neuromuscular disorders include, but are not limited to, any

acute or chronic disease or disorder that compromises muscle function,
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linmb girdle nmuscul ar dystrophy, rigid spine syndrone,
Ulrich syndrome, Fukuyama nuscul ar dystrophy,
wa\Aokaos1¥ar bur g syndrone, nuscl e-eye-brain di BEEES2004/017049

faci oscapul ohuneral mnuscul ar dystrophy, congenital
nmuscul ar dystrophy, nyotonic dystrophy (Steinert's
di sease), nondystrophic nmyotonia, periodic paralyses
spi nal muscul ar atrophy, famlial anytrophic |ateral
sclerosis, hereditary notor and sensory neuropat hy,
Charcot - Mari e-Tooth disease, chronic inflamuatory
neuresgaeshyusdilatialnmpoptienyise cayses @diminutioe in mosele mags
nmyopat hy, nemal i ne myopathy, mni core di sease,
centangfordwrationi dauide vadkely of ﬁl@p@ﬂeﬁ;ﬂr disetdans iSdfnowcaﬁd
nyositis, mtochondrial nyopathy, congenital
wasnﬁedﬁxfwwamieemtpg@len gistrophigs se¢heDughsinng doussalar
and di sorders described in Emery (2002) The Lancet,
359: dB8tromns Beakatr mukoutas dustestphy Emewmjfummusm.dwa@y,
Disc., 2:379-386. Patients may exhibit mld, noderate
or Jievegisllersistwandydtopby rigitlspineesymasemned/lirigh syedrbmet s
on independent anbul ati on associated with such a
di sdfukeyam®Pailsenlas dysinophy, WelkeaWarbgl siadrodhey slusgeeye-brain
these disorder will benefit from GF-8 inhibitor and a
cor tdisesseginociodcafuiihibierdimusentar diystraphy atdngehitalimussullat
benefit from coadmi nistration of a CDF-8 inhibitor
and dystrophyi, oostaniodybtiophy (Rieinbd's elideiabe ), aordy@trbphit alydionia,
or higher increase in the serumCK activity, a
posi gdriedicfpanlyseshipiiad muscalar atbopbly nfailid aiGtrafiid (a1€ran 57
PCT/ US2004/ 017049 wvariation in the dianmeter of nuscle
f i begcterosis, deteditaendptar and gehsarp Relropathg, Chawcat-Mare-Tooth
the dystrophin gene, | oss of nuscle mass, nuscle
weakdissRe, chiraridirmayonabiyheudssatior, dlstwmwbamyscl e
strength. The di agnostic procedures, including the
appraystuiaiig/@pnehucledraaydpathy, AEMmales elyb BBy, Mini core disease,
Di agnostic Criteria

central core disease, desminopathy, inclusion body myositis, mitochondrial

myopathy, congenital myasthenic syndrome, post-polio muscle dysfunction,
and disorders described in Emery (2002) The Lancet, 359:687-695; and
Khurana et al. (2003) Nat. Rev. Drug Disc., 2:379-386. Patients may exhibit
mild, moderate.or severe muscle weakness, muscle wasting, and effects on
independent ambulation associated with such a disorder. Patients having or
at risk for developing these disorder will benefit from GDF-8 inhibitor and a
corticosteroid.

[0045] In general, a patient who will benefit from coadministration of a
GDF-8 inhibitor and a corticosteroid is one who exhibits a 2-10-fold or higher

increase in the serum CK activity, a positive family history, an abnormal
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for Neuronuscul ar Disorders, ed. Emery, 2nd ed., Royal
Soci ety of Medicine Press, 1997. The conbi nation
w0 e@atiosst can be al so beneficial to subjects PCT/US2004/017049

under goi ng corticosteroid therapy for disorders other
t han neuronuscul ar disorders and/or subjects with a
history of a long-termcorticosteroid use so |ong
these subjects exhibit, or are at risk of dimnution
of muscle function such as characterized by mnuscl e
weakness, | oss of nusc and muscl e  atrop
etc. Vaé‘f‘g%lne@e G‘fa”&‘?t%ro‘?fd‘é‘fsg'erfks%r%ﬁu C'@B?X incysirephin ar 3’
t hera is,often wused include, but are nor limted
to, 'QE%H%'“ tQPIdé‘F*{)‘%Ph'thQW [osp §f ”’Hé?'ﬁﬁ@%ﬂsoﬁ'ﬁéde weakness,
di sorders |nflannatory der mat oses, eczem
psor%@lpgwowgy and{gsless of musplersieBets ThariranoRtg procedures,
chronic inflammtory conditions. [0046] Methods of
adni 'ng@maﬁh%wmﬁ@n%@ apreficiiewing. arsctespibadia Diggnogtieicriteria
of the inventions are provided. Admnistration is not
| i mi fPelievgmusgulapRliserdens. &4 Bepry ng edy Sowph SanietyraMedicine
include, without limtation, parenteral (including
subdtiesne§9<. Thatcombinabion freatmenhpanibe plgppeneficial to subjects
intraarticular, intranmuscular, or intraperitoneal
i nj elmewng ewticasterpigiherapy for diseetess athier than neugmuschitsr
exa i n capsul es, suspensions, or tablets).

r%Q:rt:it;ar@telnax‘fnrtsybjaﬂts WithcH Wist@naof aﬂaygwawormpssergnd nNge&o
dose or in repeat admnistrations, and in any of a
var ilesgthese yﬁhgjgﬁfﬁl%bib&abrl aje at&mfaﬂmhauﬁm of rhigsabes function such
and/or with an acceptable pharnmaceutical carrier
and/asrchadatiterized hysnysole wedkresp Hassnafreusdecmisy, 2niOr muscle
2004/ 108157 PCT/ US2004/ 017049 conposi tion.
Phy sitwipbyi elal Examplee pf disbrlersabt which wertenstestictidaapy is often
pharmaceutical fornul ation techni ques and excipients
ar e usetllindurmmbut are noe timded tos ksthinad allergy, heethaitis, deemgtologic
as described in Physician's Desk Reference (PDR)
2003lisdsders (ed., infidathataty dermatoses,ecfompapsoriagi@Peic), uptdis
Rem ngt on:

erythematosus, and other chronic inflammatory conditions.

[0046] Methods of administration and compositions used in the
methods of the inventions are provided. Administration is not limited to any
particular delivery system and may include, without limitation, parenteral
(including subcutaneous, intravenous, intramedullary, intraarticular,
intramuscular, or intraperitoneal injection) rectal, topical, transdermal, or oral
(for example, in capsules, suspensions, or tablets). Administration to an
individual may occur in a single dose or in repeat administrations, and in any
of a variety of physiologically acceptable salt forms, and/or with an acceptable

pharmaceutical carrier and/or additive as part of a pharmaceutical

17



The Sci ence and Practice of Pharnmacy, eds. Gennado et
al., 20th ed, Lippincott, Wlliams & WI ki ns, 2000).
WO 0@4/19818¢ GDF- 8 i nhi bitor and a corti cost er oi dPEF/ES2004/017049
adm ni stered concurrently or consecutively over
over | appi ng or nonoverlapping intervals. In the
sequential adm nistration, the GDF-8 inhibitor and the
corticosteroid can be adnministered in any order. In
some enbodi ments, the length of an overlapping or
nonover | appi n |nterval is nore than 2, 4, 6, 12, 24,
or ASMRRSHIRE. %rwalsylcaﬂyraqe‘%t@b'@os@!té@r@aj%nd sthadard
prescri bi ng physician routlnely sel ects the dosage
and Rhegn ﬁ%ﬁv’flcaﬂ)& praiatian technijuegand seipients aredvealtknaiye de
0.1-2 per kil ogram of body weight per day, and
mstpe(gw'll?d in thg ast (. g@q@sgalg,ed mEPI'g'swxal_) sk Reference
y. The corticosteroid may be adm ni stered at
e BHE) ZRLT b Modbrl EgRomNsEo@PIN 205 apiieTDoP:
wei ght, includin approximately 1, 2, 5, 7, 10, 12,
or 519@9"?(@3 reiioghaf Rlarmeryeieds.4pennade et pk.ch ehi ng
physician may select a frequency of adm nistration as
appriophinegtie Wiligma i Wilkios.€2008bnt i nuous or peri odi ¢
corticosteroid adm nistrati on may be sel ected,
i ncl udi n{PMdivi AiGRI-&inhiitoa anthewotticosigaditl pre aﬂmmm(daw
weekly, or other periodic intervals. Preferably,
cor tdopogrentlyicd sonsesutichly ovestogerabpingdd nonoveltapping intervals, In
injection 1-4 tines per day. Corticosteroid dosage nay
be dhe seduentiabadnainisBatin, #@0ADEESihBBiteGITHAIBE COricOstEDitdcan
conbi nation therapy, and dosage may be | owered to
r ed beeadsnigistefréd branysirder. lebbme tegnbmkliraehts rthe tenathi afran
[0049] The GDF-8 inhibitors can be adm ni stered al one
or iavedapping ar monowetidppingriotervat éssmerectihdn @ 4 28)dRh24, or 48
compound. GDF-8 inhibitors can be
weeks,

[0048] For corticosteroids, the prescribing physician routinely selects
the dosage and regimen. For example, prednisone is used at about 0.1-2 mg
per kilogram of body weight per day, and most commonly at 0.5-1 mg/kg/day,
e.g., 0.75 mg/kg/day. The corticosteroid may be administered at average
weekly doses of approximately 1-14 mg/kg body weight, including
approximately 1, 2, 5, 7, 10, 12, or 15 mg/kg body weight per week, and the
prescribing physician may select a frequency of administration as appropriate.
Single dose, convtinuous or periodic corticosteroid administration may be
selected, including administration at hourly, daily, bi-weekly, weekly, or other
periodic intervals. Preferably, corticosteroids are administered orally or by

injection 1-4 times per day. Corticosteroid dosage may be optimized as a
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adm ni stered at a dose of approximately from1 pg/kg
to 25 ny/ kg, depending on physiology, the severity of

w0 b@44981pt ons and t he progression of the di SeBSEUS2004/017049
Si ngl e dose, continuous, or periodic adm nistration
may be selected, wth intervals between GDF-8
i nhi bitor doses chosen fromhourly, daily, bi- weekly,
weekly, bi-nonthly, nonthly, or other appropriate
intervals. For exanple, GDF-8 inhibitors such as
anti bodi.es. ray be adm pistered.in an ut patient .. .
et tHRPIBYIORGBRIRY UK dSe0% TBY SR aeren daedics Seificamiaine
dose by intravenous (1V) infusion, intraperitoneal,
or seffFctR fromiisirafjoBeti on. In general, the
appropriate therapeutically effective dose of a GDF-8,
i nhi bi t 0l9949] $b¢ BRI inkybitars ¢andis agninjsteipd ploRe Of i a mixture
woul d_range, approxi mately from1l pg/kg to 20 ng/kg,
f r onWith pgPRigostaroidhongyaker GPF%"ﬁP'ld-pgpng ingibito ge
from10 pg/kg to 1 ng/kg, from 10 pg/kg to 100 pg/kg, .
fr on@ciromlsgﬁjeg at a dosgypiaprrasmatelydmm 00/9/kgieidy he/ks, depending
ng/ kg. Exenplary effective doses of GDF-8 inhibitor
i ncl erehysigiegyetisngaverity of the symmpiome agd the prggresgionif they
g/ k%é(wk. Additionally, specific dosages indicated in
t he ®ireafs SXnge dpse.chBLIMIPKS| @/ Reodic paginisieationanaebe selected,
(PDR) 2003, 57th ed., Medical Econonics Conpany, 2002,
can Wih iidenals betwaeni{elais-8dnhiiéestdoggs clanaed dieas hewly, daily, bi-
Therapeutic Efficacy [0050] The invention further
pr oviveleldy,meaekbye Bi-menthlye s1oniy, ion other appreariate idegyals. gror
rodent or a primate, whether a therapeutic conmpound is
ef f i exemplesCDMBanhibiters sbch as sutitiodiesondy beradoimisignet iman
| east one GDF-8 inhibitor and at 19 WO 2004/ 108157
PCT/ oi8p8aiient 6atiog by Weekly adorristeationiat ebowOol-d0 mgtkgdose by
enbodi ments, the nmethod of evaluating the efficacy of
a coimpeverchus §iv) infgsien, irtdapenicaieal, bnguiconeoup mjsotion.olra
first animal in conbination with a GDF-8 inhibitor and
a cogenarastherappchpriate therapeutically effective dose of a GDF-8 inhibitor is

selected by a treating clinician and would range approximately from 1 ug/kg to
20 mg/kg, from 1 pg/kg to 10 mg/kg, from 1 pg/kg to 1 mg/kg, from 10 pg/kg
to 1 mg/kg, from 10 pg/kg to 100 ug/kg, from 100 ug to 1 mg/kg, and from 500
pg/kg to 5 mglkg. Exemplary effective doses of GDF-8 inhibitor include
approximately 0.1, 0.3, 0.5, 1, 5, 10, or 20 mg/kg/wk. Additionally, spéciﬁc
dosages indicated in the Examples or in the Physician’s Desk Reference
(PDR) 2003, 57th ed., Medical Economics Company, 2002, can be used.

D. Methods of Testing Compounds for Therapeutic Efficacy

[0050] The invention further provides methods for testing in an animal,
e.g., a rodent or a primate, whether a therapeutic compound is efficacious

when administered in combination with at least one GDF-8 inhibitor and at
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adm ni stering the GDF-8 inhibitor and the
corticosteroid to a second aninmal; determning the

wo eooal108167 nuscl e function in the first and i n PEEUS2004/017049
second aninmal after the adm nistrations; and
conparing the |levels of nmuscle function. If the |evel
inthe first animal is lower than the level in the
second aninmal, it indicates that the compound or the
conbination is efficacious. [0051] In other
enbodi nents, the conpound may be eval uated f
ef fi l?ééﬁpﬂencqﬂn'(‘@éﬁﬁ%ﬂt '%$°%§@HP‘élmea§ﬁsf*}‘-‘dﬁﬁﬁ*/‘(’ﬁﬁéﬁvaluatmg the
adm nistered in conbination wth a GDF-8 inhibitor
and/ 8ficaey QA Gompousd @pwpnfeefosém'r@éwgame SAMPANNGaR:first
are avail able for such evaluative purposes. For
exanpnigal mw&mmtlﬁﬁmh HhaBFfeiBhibiersand perrticgsggroid;
exanpl e, Torres et al. (1987) Brain, 110:269-299,
and a@nmmlr@tth%@Dﬁ 8 gwibjtosanéeeorticpserad fo gsecond animal;
Extremel y high levels of CK are consistently noted
wi t hdetgiaiping pirg tevellegfindyssledyngtionrimithenireteanghia tenezdendanisnal
due to sarcol enal damage (Bulfield et al. (1984)
Pr ocaftemélw adninisirations; andispmperinalthedeveloof masele fuatienudéthe
et at. (1995) J. Biochem (Tokyo), 118: 959-64). As
anot Ieezel in hedlirpll animakie lmaﬁeﬂvardhe teve! indbie secarararirealy i indicates
utr-/- mdx mce (GIllis (2002) Neuromnuscul. Disord.
12( 1thabthegompannd Detherdosiirgtionlis effid@dis. Cel |, ,
90:729-738) and nu-/- mdx mce (Mrrison et al. (2000)
Lab. | nvde®s1] Irs@thesambadiment@ithe@ofPodnd 68552 evaluated for
PCT/ US2004/ 017049 EXAMPLES Exanple 1: Effect of GDF-8
neut efficacyiimreatmeand ofignusculahydystropty wheruadrhiaistdre@ 5B8¢onTtieation
ability of in vivo inhibition of GCDF-8 to aneliorate
mus cwittaa GLfy-8 intilptoy ander aesttiedsterid.he ndx nouse nodel
of DVMD. Five to seven week

[0052] Several animal models are available for such evaluative

purposes. For example, the mdx model has been described, for example, by
Torres et al. (1987) Brain, 110:269-299, and Hoffman et al. (1987) Science,
238:347-350. Extremely high levels of CK are consistently noted with
dystrophin-deficiency in mdx mice and DMD humans due to sarcolemmal
damage (Bulfield et al. (1984) Proc. Natl. Acad. Sci. USA, 81:1189-1192; and
Matsuda et al. (1995) J. Biochem. (Tokyo), 118: 959-64). As another
example, two other animal models can be used: utr-/- mdx mice (Gillis (2002)
Neuromuscul. Disord., 12(1):90-84; and Deconick et al. (1997) Cell,
90:729-738) and nu-/- mdx mice (Morrison et al. (2000) Lab. Invest.,
80:881-891).
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old mal e C57BL/10ScSn-ndx/j mce (Jackson Laboratory,
Bar Harbor, ME) were treated with weekly
WO paorapsasi t oneal injections of the GDF-8 neut r BET/EB10g4/017049
murine anti body JA-1 6 (60 ng/ kg, doubl e dosing at
first week, n=11), and vehicle alone (control group,
n=1 0) for 12 weeks. These nmice were also conpared to
m ce of the sane background strain (C57BL/ 10, n=12)
wi thout the dystrophin deficiency. [0054] The body

wei ght was nonitored beform and after _
treatnent. Mce in the tre oup gai ned wei ght
relative to mice in the vehicle control group.

Res uEtampleet :s Effeot ohGDEE meutraliziiepatidodylen disteophic muscle
wei ght Average val ues vvith SEM Week JA-16 vehicle

o1sou - R38R Sl Bl ghbn S0 310y B o
gg g fﬁroghsg\ga fllef %dzm L{Iggr%éé n%;y%% :[I’? 9+ 910 lalélé)z%fgved' t% sevgn ?vseek
e il CoraSoes o e Golnd iR it
0! ooy edirgtabylh sk "{S@Pe ebFa e ry o fhed %@F-%gﬁuaa"zing
Recu M Ryt (Bolm S0ubl %%%%rﬂ?s'm%r G#1=11), and
val MR PR w?@eér%?krréwgs T2MSa T hete Yk gt o0
Coméo%parg(fi té mice of(the é( me ggcl)ground strgtijn 2C575L/10, n=12) without

the dystrophin deficiency.

[0054] The body weight was monitored before, during and after

treatment. Mice in the treatment group gained weight relative to mice in the

vehicle control group. Results are shown in Table 1..

Table 1. Total body weight (g) Average values with SEM

Week JA-16 vehicle control vehicle control
of trial {mdx) {mdx) {non-mdkx)

0 21.92+/-0.42 22.514/-0.36 19.18+/-0.40

4 27.82+/-0.43 26.76+/-0.60 24.14+/-0.27

8 29.59+/-0.54 28.49+/-0.58 25.31+/-0.28

12 32.42+/-0.57 31.12+/-0.73 27.17+/-0.39

[0055] Mice were also subjected to a grip test after 6 and 10 weeks of
dosing. Mice in the treatment group at four and ten weeks had 9% (p = 0.09)
and 19% (p < 0.05) respectively greater grip strength than mice in the vehicle

control groups. Results are shown in Table 2.
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6 0.261+/-0.011 0.239+/-0.006 0.239+/-0.011 10

0. 249+/-0.006 0.210+/-0.014 0.247+/-0.010 [0056] To
waoe@atlpfly7 t he difference in nmuscle nass bet weePCT/US2004/017049

treatnment and vehicle control, animals were

sacrificed and quadri ceps and gastrocnem us nuscles

di ssected out and wei ghed. Quadriceps nuscles from

the treated group of animls weighed 13% nore than

controls (0.3710.009 vs. 0.3170.008 g; p<0.05).

Gastr. Pe s nmuscles fromthe treatedwgroup of

ani éﬁgéﬂ&aﬁw@%}&w%v uﬁﬁ\fl 2230008 vs.

. L _
0. 1970 }A¥S Estipipsants! Efe&gk?; GDF- 8

g )
A I O s MR OB X S OSSP
OPTARTC 1 IT] v, =7
C%?BL, E(‘?b( "uasg.'o'lcb borato (f+/\0§ui.1., .“Q" ZWO'O’EO Mouse

nonocl onal anti-GDF-8 anti body JAI- 16, predni sone ;

Starting épgé‘ial’goeq@ntﬁviﬂgéf%e%&ei‘%éa%‘g%as“@)@ eroatment

i ntraperit.o eaI cted with JA-16 at a dose

of G@Rﬁd}a{l‘ Igr?é’P r&eé Ieesaél%fé‘i:ﬁgfnggq“?ﬁ?%ﬁps\ﬁf@k) or

i;?ﬁm Ouﬁ’é‘i’*"gsca ng;ct ed L}/%n?h predni so%%(lg EW'%S
re noni t or ed  bef or e, durlng and after

t
ts r ggg‘ﬂﬁh‘l‘ fﬁét@aﬁ@upa?f@@fﬁaweﬂgheﬁa@% mpre, Hignepirelsa,

res 2004/ 108157 PCT/ US2004/ 017049

oo 50 V0 7886 5 < G5 naasiraenays Mgeles from the
Pr edni sone + Pr ednl sone vehi cloe vehicle of trial JA-1

6 (m’g%ate SRYRPF anisnals yieighed 17% more than controls (0.223+0.008 vs.

0.197+0.005 g; p<0.0005).

Example 2: Effect of GDF-8 neutralizing antibody and prednisone on
normal and dystrophic muscle

[0057] Male C57BL/10ScSn-mdx/j and C57BL/10 (Jackson
Laboratory, Bar Harbor, ME). Mouse monoclonal anti-GDF-8 antibody JA-16,
prednisone (P-9901, Sigma), or vehicle (peanut oil) was. injected starting at
age 5-7 weeks for 4 weeks. Mice were intraperitoneally (IP) injected with
JA-16 at a dose of 60 mg/kg per week (double dosing at first week), or
subcutaneously (SC) injected with prednisone at 2 mg/kg, 3 times a week.

[0058] The body weight and grip strength were monitored before,

during and after treatment. Results are shown in Table 3 and Table 4,

respectively.
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(mdx) (mdx) non-ndx O 17.71.6 17.61.8 16.01.9 19.20.4

1 22.11.4 20.91.8 19.12.1 22.40.3 2 25.91.2 24.21.6
wWQ@30041081523. 80.4 3 26.51.1 24.71.5 24.81. 2 24pODU&2004/017049

28.11.2 25.91.6 25.71.4 25.60.5 Table 4. Gip

strength (average SEM |Db) Wek Predni sone +

Predni sone vehicle vehicle of trial JA-16 (ndx)

control control (ndx) (mdx) non-mdx O 0.1610.018

0. 1440. 010 0.1640.014 0.1640.009 3 0.2190.019

0.1770. 006 0.1680. 005 0.2120.010_ 4 0.2810.011

0. 213ableB1 Total bedy wemhd(averpged1¥EM] 9059] At the end of

t he study ice were sacrificed and miscle nmass_was

asseskadeely |dPrasimisanegt 4ndPresiniganey { he vghiele ochenvehicle
and pehttidlqeps.JARBul t 9 ar e(maédgwn i n Tabhtrob. [To control
confifm biollogi dmrdbdcti vity of predni soimdx)sera (nowemdx)

a separafe doholt.76f.6ni de wdV€xt8l | ect etb.@hti9anpl yEe210.4

for 1L6 &nd |l L12B1£Whi Lyti @8.9+1.8c. , |Gal9.he2.4buy g,22.440.3

MD). Bot2 cytokthmesl.Rere fadRdiBo be r2gldeed ip t288+0.4

sera pf @i ce trambediw tth ppederisone.| TahBe1.5. Misp4.@:0.4

wei ght (aver|lagezs.BEVD g)] MugsloetBr edii seme+t-4 25.6+0.5

Prednisone vehicle vehicle JA-16 (ndx) control

cont r ol »'(dnié(), m@greﬁQmZSOOé%lO W 0. 3640. 019

0. 2870. 023 0. 2990. 019 0. 5270. 030
X0. 41 /(Wéb‘l@ Prédrisonet V. PrelnidoHe vehicle vehicle
of trial JA-16 (mdx) control control
(mdx) (mdx) (non-mdx)

0.161+0.018 0.144+0.010 0.164+0.014 | 0.164+0.009

0
3 0.219+0.019 0.177+0.006 0.168+£0.005 | 0.212+0.010
4 0.281+0.011 0.213+0.011 0.217+0.010 | 0.234+0.018

[0059] At the end of the study, mice were sacrificed and muscle
mass was assessed by dissecting and weighing the gastrochemius and
quadriceps. Results are shown in Table 5. To confirm biological activity of
prednisone, sera from a separate cohort of mice were collected and analyzed

, for IL6 and IL14 (Ani Lytics, Inc., Gaithersburg, MD). Both cytokines were
found to be reduced in the sera of mice treated with prednisone.

Table 5. Muscle weight (average + SEM, g)

Muscle | Prednisone + Prednisone vehicle vehicle
JA-16 (mdx) control control
(mdx) (mdx) (non-mdx)

Gastroc | 0.364+0.019 0.287+0.023 | 0.299+0.019 | 0.280+0.010

Quad 0.527+0.030 0.417£0.029 | 0.415+0.030 | 0.392+0.010

[0060] Therefore, the results demonstrate that in muscular dystrophy,

administration of an inhibitor of GDF-8, i.e., anti-GDF-8 antibody, and
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[0060] Therefore, the results denonstrate that in

muscul ar dystrophy, adm nistration of an inhibitor of
wW@D#4808157 €., anti - CDF-8 anti body, and 23 WO PCT/US2004/017049

2004/ 108157 PCT/ US2004/ 017049 prednisone is effective

in increasing nuscle mass and strength relative to

treatnment with prednisone alone or vehicle. [0061]

Furthernore, in these studies the effects of JA16 plus

predni sone treatnent (Exanple 2) wer e greater than t he

effects of treatnment. with JAl 6 al one (Exanp 1).

The PifERiegaR s gffesten/iniRareaninemHpR ampsg @nd @b'ﬁm@h &elaivedp

four weeks of treatnment was nore dramatic for JAl 6

pl ustregmeahi Reednisene AlORE of MefiClPor JAI 6 treat ment

al one. The increase in grip strength conpared to

vehi cl e dBAHoFugheraiore.duthese shusliestthe eleetrohdAld plhs

JAI6 plus predni sone was greater that the increase

af t ePrednisone treatmant Ehenple 2x wergtarester hian the)@fects ef teaément

The increase over vehicle control in nuscle nass

af t ewith &l 6 aloar{ExAMRle dit Femincidash ikedyeveighissompared to

predni sone was al so greater than the increase after

t wel vehigle eker fofir wveekstafdigatrognt vasmaealramatic fex aivid plus:

Ef fect of GDF-8 neutralizing antibody on

pr edpiedoisens Haatowat thas dbrel AdbrtegattyeiOIGR]. The intreass egrip

treated as described in Exanple 2,di aphragm nuscle

was $trenoth ognparked yo esthicte aentrel sftdefoor wbeks ofrireEkraeniivéth1lA16

The norphol ogi cal changes were eval uated by an

i ndeplea geasnisoae Masqygateribat thatincréase after kixawtedyeelsf of

the treatnment group assignnents. Severity grades were

assi yeatthephwith sA 46 elohe.oifh@ incoeate(Wervetisie cordirek in muscle mass

mniml; 2 =mld; 3 = noderate; and 4 = marked).

Re s uéfter fauravestko o treatniéinwite JARS phe\peedrtisoneomasesio g@atkr than

Figure 1 B (percentage of nuscle fibers atrophied).

The thedsndressesdftantwéiad weeks of treatment with JA16 alone.

Example 3: Effect of GDF-8 neutralizing antibody on
prednisone-induced muscle atrophy

[0062] In the mice treated as described in Example 2,dia§hragm
muscle was histologically examined as described in Example 1. The
morphological changes were evaluated by an independent pathology lab that
had no knowledge of the treatment group assignments. Severity grades were
assigned on a scale from 0 to 4 (0 = none; 1 = minimal; 2 = mild; 3 =
moderate; and 4 = marked). Results are shown in Figure 1A (severity scores)
and Figure 1B (percentage of muscle fibers atrophied). The results show that
administration of the anti-GDF-8 antibody with prednisone reduces

prednisone-induced muscle atrophy.
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adm ni stration of the anti-GDF-8 antibody with

predni sone reduces predni sone-induced nuscl e atrophy.
wWQZo0waAd04/ 108157 PCT/ US2004/ 017049 Exanpl e BCT/US2004/017049

Treat ment of Miuscul ar Dystrophies [0063] As an exanpl e

of treating MD in humans, the Myo29 antibody is

adm ni stered in conbination with predni sone or

predni sol one. Nonlimting exenplary treatnent

regi mens and outcones are sunmarized in Table 6.

O her treatnment regi mens can be determ ned by a

treating ghéSl cian, wwth ranges of the

cor t Examplerdi TreatmantoiMesewlar Bystserhigssage and

adm ni stration as di scussed above. 25 WD 2004/ 108157

PCT/ USZO%é&?ﬂRé%n el%b% & tn%@ﬁhg‘leﬂb |Mum£h§fﬁxérﬂyozg antibody

Regi nen ment Goal Pati ent

Mo/ kgl WR st M?i'lﬁ‘%@l‘?lﬁﬁ‘\%ﬁﬁ)@ﬂﬁl’l EFedh@BH@@?Ere@f'nsolone Nonlimiting

adm ni stere bi - wee cle nass, strength, and

| nj egld agry él‘é%tn?é lﬁl@ﬂga&'ﬂﬂﬁt{:bﬂ@s Qféeéunli%ﬁgﬁ{édtmq*fab%%

0.75 ngy predni sone al one years,

C ont b lé'r ﬂgaﬁrk?gl énsaéal{‘&ﬁ?@gm? iALd 6Y'h tl%ap%jgl%/s%arp whh

I nt'fenance and I NCrease O

adm %héése{)ﬁ% %Xm\@?&%lo\éds a\ﬁd 5€.s8nfiBfot dég%w¢adﬂﬂgtratlon

pl us edni sone a fun I on over ene

rrg/ kgsl &Qé’ussgﬁ’%&\%w ng predni sone al one

25



treatnment as needed. Patient 3 Myo29 at |

Mai nt enance and/

worRewhbsismuscl e nmass,

predni sone funct

al ready conprom
Patient 4 Myo29
i ncrease of

i ncrease of adm
strength and

i on or

or

sed over
at 20 ng/ kg/ week,

years,
treatnent as needed
benefit of predni sone al one
Mai nt enance and/ or
adm nistered in a single nuscle nass,

ng/ kg/ week
ni stered by

i nj ection pCTES2004/017049
i ncreased at 0.50 ny/kg/day for

2 preservation of function for
muscl e groups that are not

or conti nui ng

strengt hTahl¢ 6 dose by 1V plus prednisone function or

sed at_ 0.
f unct i dtatisneNo. y

i ncr ed

5 Tg/ Kgr oAy Tor 2 pr
ebeatment RagimeRui ng

gservation of

h&Fratmeng Goal

pr ednirsorme aiunt
at . 1 nilatightviek,
adm nilstered in
dose by IV plus
5 ng/ kg/ wk, as
at | nog/ kg/ week,
adm nifst er ed weq

tTeatment
W29 atri@mog/ kelweLior
aadsinigtegedos bilweakhs s
pnjedimrsgne pfednison®n
eatdeth mokdiiag dore al o
Weiairs) toe namtineingnd/ or
kirgatiognt &8 magdetie nas

£ |n

af 2. ot
z—HhRet1+-ohR—0oVvef

as Teedepd

PatTermt
Nainderancgfand/or increase of
nstsclermgads, srength, and
piunctitre peribenefit odit
neree@isosarlopeMy 029

ncr ease of

strength and
~f

5,

of i
penret—t—of

pl us predn-sene
ny/ kg/ Watieat 2at
as needed 26 WO

| M2 & (o1 edyighossk, a

24 Minitfs3db By WedkiWB20
plus prednisone at 1.0
mg/kg/day, continuing
treatment as needed.

Mentemantelsmd/ovincrease of
D AfU3LI60A&ss, strength, and -~
function over benefit of
prednisone alone

Myo29 at 1 mg/kg/week

administered weekly by IV
plus prednisone at 2
mg/kg/wk for at least 2
months, or as needed

Patient 3 Maintenance and/or increase of
administered by monthiy muscle mass, strength and
injection plus prednisone function or increased
at 0.50 mg/kg/day for 2 preservation of function for
years, or continuing muscle groups that are not
treatment as needed already compromised over

benefit of prednisone alone

Patient 4 Myo29 at 20 mg/kg/week, Maintenance and/or increase of
administered in a single muscle mass, strength and
dose by IV plus prednisone | function or increased
at 0.75 mg/kg/day for 2 preservation of function over

) years, or continuing benefit of prednisone alone
treatment as needed

Patient 5 Myo29 at .1 mg/kg/week, Maintenance and/or increase of
administered in a single muscle mass, strength and
dose by |V plus prednisone | function over benefit of
at 5 mg/kg/wk, as needed prednisone alone

Patient 6 Myo29 at 1 mg/kg/week, Maintenance and/or increase of

muscle mass, strength and
function over benefit of
prednisone alone
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Patient 7 Myo29 at 10 ny/ kg/ week, Mai ntenance and/ or
i ncrease of adm nistered in a single nuscle nass,

wa@toenggih7 and dose by subcut aneous functi on ORET/US2004/017049

benefit of injection plus prednisone prednisone al one
at 7 ng/kg/wk for at least 6 nonths, or continuing
treatnment as needed Patient 8 Myo29 at 20 ny/ kg/ week,
Mai nt enance and/ or increase of adm nistered weekly by
muscl e mass, strength and injection plus prednisone
function over benefit of at 14 ng'/kg/wk for 2 years,

Prc | ot 'ggt?*’@'cﬁgeab’%?ﬁ? | Pl eveder | At Ran it increase of
i ncredse of  adn ARSIESEADE) @ fibAlen) v AFsEReS: siergth and
trendth and 1V pfoRe PtagRaus, 10 TEREHEP o¥e RRNeft of
cirendh and | v F %*% PR, DR one

mont h,| or cont i nufhgMOreA g’&? gastfbéded Patient 10

My029 |at 0.3 ng/ kﬁllg KOT G5 r@%ance and/ or increase
tapyesdsdcl e mass, strength and

of adm ni stered
subcutjaneous i njlection function or increased plus

predni
ng/ kg/

SR
day for
continuing treat

£ 0.

1

nigiectigrplys erdnisone al
at 14 mg/kg/wk for 2 years,
or continuing treatment as
needed

7HlypeLaletQ meikgvask. f |
yadipinisigregiveekly byr oupsnuselermass strengtband

haintepafggrand/or increase of

dutrction over benefit of
prednisone alone

Patient 9 Myo29 at 1 mg/kg/week, Maintenance and/or increase of
administered bi-monthly by | muscle mass, strength and
IV plus prednisone at 10 function over benefit of
mg/kg/wk for at least 1 prednisone alone
month, or continuing
treatment as needed

Patient 10 Myo29 at 0.3 mg/kg/week, | Maintenance and/or increase of

administered monthly by
subcutaneous injection
plus prednisone at 0.75
mg/kg/day for 1 year, or
continuing treatment as

muscle mass, strength and
function or increased
preservation of function for

-muscle groups over benefit of

prednisone alone

needed

[0064] All publications and patents cited and sequences identified by
accession or database reference numbers in this disclosure are incorporated

by reference in their entirety.
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needed [0064] Al publications and patents cited and
sequences identified by accession or database

WO edoaf1es162 nunbers in this disclosure are i ncoP@EDUS1064017049
by reference in their entirety. 27 WO 2004/ 108157
PCT/ US2004/ 017049 CLAIMS 1. A nethod of treating a
mamal with a decrease of nuscle function, conprising
adm nistering to the manmal a therapeutically
effective anount of at |east one GDF-8 inhibitor and
a therapeutically effective anpunt of at |east one
corticosteroid in the amountSLAMBfor a period of tine

sufficien reat_ . decrease of scle functjo

The met ho{j % %h%ﬂﬂ?ﬁtﬁat'(}\%éﬁ%@rﬂmﬁh‘%‘t QEW@E‘%H@PP%‘?@ fiinction,
at | east ,.oqne  nuscle is evaluated by at Ieast one

par afeTRisIRhEBRIste B Rtheomanimal & therapayticalleoffactive amgunt of
force, serum concentration, or nuscle norphol

3. Tﬁ@eﬁ%msé%@dmablfﬁrfnd HBPraPRULCALY BifRciVe SRIRYSEDT at loast
function is treated is chosen fromat |east one of

gast P ﬁ@’H{:Q%erOM iptha argounis apd & a pegigd of F'@érﬁé‘ffc'em to treat
ext ensor itorum | ongus, cardi ac nuscle, or

di ap ?%(@?ﬁ Joyssle functighe net hod of claim 1, wherein
treating said mammal results in increased body weight

of sai d ranthf metiodhelaired hwhersin the muscte, fupgtionef gt least one
treati na said mammal results in increased grip

st r efysHe isevaiaied hyat lspstaneperangetaughasen fieakmusee mass,
conprising admnistering to a manmmual a

t her BWEElE iceniracjioe fareetsepam Lipeaiiceniration, prmyscle mergiogy.
inhibitor and a therapeutically effective anmount of

at | east bnEecwethod ®f clainpil gwhereinibe muscle whose function is

treated is chosen from at least one of gastrocnemius, tibialis anterior,
quadriceps, extensor digitorum longus, cardiac muscle, or diaphragm muscle.

4. The method of claim 1, wherein treating said mammal results in
increased body weight of said mammal.

5. The method of claim 1, wherein treating said mammal results in
increased grip strength.

6. A method of treating muscle weakness, comprising administering to
a mammal a therapeutically effective amount of at least one GDF-8 inhibitor
and a therapeutically effective amount of at least one corticosteroid in the
amounts and for a period of time sufficient to treat loss of musgle strength.

7. A method of treating corticosteroid-induced muscle atrophy,
comprising administering to a mammal a therapeutically effective amount of at
least one GDF-8 inhibitor sufficient to treat the corticosteroid-induced muscle

atrophy.
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anounts and for a period of tinme sufficient to treat
| oss of nuscle strength. 7. A nethod of treating

W@ oooii16818T er oi d- i nduced nuscl e atrophy, conprPGI/N§2004/017049
adm nistering to a mammal a therapeutically effective
amount of at |east one CGDF-8 inhibitor sufficient to
treat the corticosteroid-induced nuscle atrophy. 28
WD 2004/ 108157 PCT/ US2004/ 017049 8. A nethod of
treating a neuronuscul ar di sorder, conprising
adm nistering to a mammal having or at risk of the
neur onus c&il Ameihecbefdeating atgaioapisguiat dispides fopaprising
amount of at | east one GDF-8 inhjbitor and a )
t her agyeinistering tp agnp@pal bavingeiattiskof e nesgymussylar disorder a
corticosteroid in the anounts and for a period of
t i metherAreulcalyeffestieraragunt pkatieant one STA-Ainhibiioo pada.
9. The nmethod of claim@8, wherein the neuronuscul ar
di sothgeapeutically effgsivgl amouny of atdedsy ong gortithsiergid dble emounts
claim9, wherein the nuscul ar dystrophy is Duchenne
mus candfor eyrsriod phiime sufficiehtiortesahthe neurerhusaw= dispidarei n
t he nuscul ar dystrophy is Becker muscul ar dystrophy.
12. The riktHwimathodrof glajm 8nehereinctheingsromustylantdisordienis a
the mammal is human. 13. The nmethod as in any one of
cl ai mesduldridystthpinyei n the corticosteroid is chosen .
fromat |east one of: (a) at |e€ast one of
becl onet hids offe miethod pf clam 8, winrdinstba inmisculacdystiopby is
dexanet hasone, fluticason propionate, nonetasone
f ur oAuehenpeaoucstandystoophyr i anti nol one acet oni de;

11. The method of claim 9, wherein the muscular dystrophy is Becker

muscular dystrophy.

12. The method as in any one of claims 1 -11, wherein the mammal is

human.

13. The method as in any one of claims 1-11, wherein the

corticosteroid is chosen from at least one of:

(a)  atleast one of beclomethasone dipropionate, budesonide,
cortisol, dexamethasone, fluticason propionate, mometasone
furoate, prednisone, or triamcinolone acetonide;

(b)  aderivative of at least one of beclomethasone dipropionate,
budesonide, cortisol, dexamethasone, fluticason propionate,
mometasone furoate, prednisone, or triamcinolone acetonide; or

(c) apharmaceutically acceptable salt of at least one of

beclomethasone dipropionate, budesonide, cortisol,
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(b) a derivative of at |east one of becl onethasone
di propi onate, budesonide, cortisol, dexanethasone,

wo batites|1SON propi onate, nonetasone furoate, PCT/US2004/017049
predni sone, or triantinol one acetonide; or (c) a
pharmaceutically acceptable salt of at |east one of
becl omet hasone di pr opi onate, budesonide, cortisol, 29
WO 2004/ 108157 PCT/ US2004/ 017049 dexanet hasone,
fluticason propionate, nonetasone furoate,
predni sone, or trianctinol one acetoniden. 14. The
net hod as in @exareateassneciiulicagonpropionaigememetasqge furoate,
corticosteroid is prednisone or prednisolone. 15. The
net hod as in BiggnisARe.of tianaginglone acetonigRttei n t he
corticosteroid is adm nistered at a dose between 0.1
and 2.0 rgt Kgedasthod agin anyeoneafligimad-ilnwhateinhe of
clainms 1-11, wherein the corticosteroid is
admi gArkeastaseidde aledpisoneor pegnig@loRdd as in any one of
claims 1-11, wherein the GDF-8 inhibitor is chosen
from an d5t iThedpethed epin By ene efmidinedy! 1t whareipihes
receptor, a soluble GDF-8 receptor, a GDF-8
pr.opepti¢asteroid is agrinistered elis dose hetiveen Or1 a1d LOmgkg/day.
follistatin, or a follistatin-donmai n-containin
prot ei n. 168 Theheethed he ih a1ty Wienfelaims 1vie wbierein
anti body to GF-8 is chosen fromJA-1 6, M/029,
My 0 2@ rticostegid 22admibisterae oraliyhod of claim 17, wherein
the GDF-8 propeptide is nutated at an aspartate
resi due. 170.ThEhmethed bs ih aify aresdfraldims 1vite whierein the GDF-83
propeptide is joined to the Fc portion of an
i muinbihltartisichosen from an antibody to GDF-8, an antibody to a GDF-8

receptor, a soluble GDF-8 receptor, a GDF-8 propeptide, a small molecule
inhibitor of GDF-8, follistatin, or a follistatin-domain-containing protein.

18. The method of claim 17, wherein the antibody to GDF-8 is chosen
from JA-16, Myo29, Myo28, or Myo22,

19. The method of claim 17, wherein the GDF-8 propeptide is mutated
at an aspartate residue.

20. The method of claim 17, wherein the GDF-8 propeptide is joined to
the Fc portion of an immunoglobulin.

21. The method of claim 17, wherein the GDF-8 receptor is ActRIIB.

22. The method of claim 17, wherein the GDF-8 receptor is joined to
the Fc portion of an immunaoglobulin.

23. The method of claim 17, wherein the GDF-8 inhibitor is follistatin.

30



21. The nethod of claim 17, wherein the GDF-8 receptor

is ActRIIB. 22. The nethod of claim 17, wherein the
w@Dw480816Teptor is joined to the Fc portion OPCHEHES2004/017049

i mmunogl obul in. 23. The nmethod of claim 17, wherein

the GDF-8 inhibitor is follistatin. 30 WO 2004/ 108157

PCT/ US2004/ 017049 24. The nethod of claim 17, wherein

the follistatin-domain-containing protein is GASP-1.

25. The net hod of clain117 wherein the GDF 8

|nh|b|tor |s a sna nol ecul e i nhi bitor. he

met hod of2%| Alerﬁ\qthoqﬁéﬁlamhﬁw@%ﬂﬁwfoihé?@md@mwﬂ-contammg

treating of cardionyopathy of said manmal. 26. The

net D@t iscPAPM11, wherein the administration of GDF-8

i nhi bitor_and corticosteroid is concurrent. 27. The

met hod of2% | iermethodmeeelainh 11.veheseinithe SDFA inGiviter is @proal

i nhi bitor and corticosteroid is consecutive. 28. The

met ho@lesklednhipitars, wherein the adninistration of GDF-8

i nhi bitor and corticosteroid is concurrent. 29. The

met hod of25%|Tdiermethod/eéelainh 1.t wiergiaithe methash reawitson treaiingof

i nhibitor and corticosteroid is consecutive. 31

cardiomyopathy of said mammal.

26. The method of claim 1, wherein the administration of GDF-8
inhibitor and corticosteroid is concurrent.

27. The method of claim 1, wherein the administration of GDF-8
inhibitor and corticosteroid is consecutive.

28. The method of claim 8, wherein the administration of GDF-8
inhibitor and corticosteroid is concurrent.

29. The method of claim 8, wherein the administration of GDF-8

inhibitor and corticosteroid is consecutive.
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