WD 2004/ 037861 PCT/ | B2003/ 004748 NEUTRALI ZI NG

ANTI BODI ES AGAI NST GDF-8 AND USES THEREFOR [ 0001] This
wappkiosmsi on clainms priority to United States PCT/IB2003/004748

provi sional Ser. No. 60/419,964, filed Cctober 22,

2002, which is incorporated herein by reference in

its entirety. TECHNI CAL FI ELD [0002] The techni cal

field relates to anti bodi es agai nst growth and

di fNEUTRALIZING ANTIBODIES GBGANST GDP3'ANDWSESTHEREFOR

anti bodi es, and anti body fragnments, especially those

that inhibit GDF-8 activity in vitro and/or in vivo.

The field further relates to di agnosi ng, preventi ng,

or tre nera ive i sorders scl e or bone
or di sibg@ﬁs Fﬁ“%&ﬁ%ﬁ PERRIty éﬁ’ﬁq@ﬂge&t@'@g@onal
G owm h and di fferentl ation factor-8 (CGDF-8), also

r%ﬁmNSs,ﬁOW@s‘i% ifiled Pstoher 82, 2002 \qd"rl@in i incamoratedaerein by

menber of the transformng growh factor-beta (TG--R)

sugferéncs inyitsoéntiretyuct ural ly rel ated growth factors,

all of which possess physiologically inportant

growt h-regul at ory and nor phogenetic properties

(Kingsley et al. (1994) 133- 146;
Hoodl ess et al. (1998)T%9ﬁc?g;'5ﬁ\/1 crobi ol .
| mmunol ., 228: 235-272). Simlarly to TG~ (3, human

CDF- 8 {[60GR)Nt hEsé Tshnasal Aeld 781068 fapambdanésoagamst  growth and
precursor protein. The precursor GDF-8 protein

hemRyE AR tiondcldrS Iflhgﬂar%?lﬁ 2@@%5@ a%‘?l[)g{ji%gv r&dantlbody

propeptide 1s clea ed 0

Pk t ogi i de'
CEABE pspelBMY e baSinoutt 6 BRLA 3RRAGLA o BRBlor i vivo
h | thereby inactivating the conplex (Myazono
oG eI s GpialasAngRaanRonId. BPevENine: P alino dapenerative
Bi ol . Chem, 263: 6407-6415; Wakefield et al. (1988)

J dlsgr@qars cmﬁ@uﬁcle or bone, or disorders of insulin metabolism.

BACKGROUND

[0003] Growth and differentiation factor-8 (GDF-8), also known as
myostatin, is a secreted protein and is a member of the transforming growth
factor-beta (TGF-B) superfamily of structurally related growth factors, all of
which possess physiologically important growth-regulatory and morphogenetic
properties (Kingsley et al. (1994) Genes Dev., 8: 133-146; Hoodless et al.
(1998) Curr. Topics Microbiol. Immunol., 228: 235-272). Similarly to TGF-B,
human GDF-8 is synthesized as a 375 amino acid long precursor protein.

The precursor GDF-8 protein forms a homodimer. During processing the
amino-terminal propeptide is cleaved off at Arg-266. The cleaved propeptide,
known as the “latency-associated peptide” (LAP), may remain noncovalently

bound to the homodimer, thereby inactivating the complex (Miyazono et al.
1



263: 7646-7654; Brown et al. (1990) G owth Factors, 3:
35-43; and Thies et al. (2001) Gowth Factors, 18:
WQ@3h4A58%1 The conpl ex of mature GDF-8 with prPOPERDIAD4748
is commonly referred to as the "small |atent conpl ex”
(CGentry et al. (1990) Biochem stry, 29: 6851-6857,
Derynck et al. (1995) Nature, 316: 701-705; and
Massague (1990) Ann. Rev. Cell Biol., 12: 597-641).

e I KW e -
At P BRI M aetv?é‘f%*‘ye@%tﬁ'hm@ J--?%ﬁ-yé“em-’
p el [ ude fo t | a .
oPBoel B-( Bkl foutrf % RilgB 1Rl Pale 3 ed & dhFhes et

An al |l gnment of_deduced am no

25t u2oBhictangh hastars b b abel T oneniex dunaluas GDF-8 with

GDF-8 is highly conserved throughout evol ution
( vemrentidens eemanonly 1efemedpe @s.theldsmalhisdeint @enplex). &Gentry et al.
94: 12457-12461). In fact, the sequences of human,

mp18gH)) Biatheristrg) 2@, 685146851 ; Deapn OBt 8. (1395) NHilre, 316:
identical in the Gtermnal region, while in baboon,

bewi v@s5; apd Wé uel( hlgyoﬂ ARA @e@r&ew BB 312%@1164@) d@ther
The zebrafls 8 is the nost diverged however, it

éro% Q%?@d R5SWn fbindQo MHATRRe tq[qlﬁ-o Q%ETQEP'}' I%%IO|OQIC8|

conservati on suggests

Sééi%p?%fh!'ﬁﬁ'bgam ool Rl RSB

be involved in the regulation of critical biological
oPERiBBSdGamerat 198D bDRHCSPh. 438 AAZeAL) 5. For

exanpl e, GDF-8 knockout transgenic nmice are
char ac{(fi04} ed Avy alignmaekieef dedueed aoping agitisequaneepfasn sarious
of the skeletal nuscle (McPherron et al. (1997)

Napeities défhbnstrafestfiat GDF-8i$ Righty corigeragd thretighout evolution
structure (Haml ck et al. (2000) Bone, 27 (3):

3 a I C
2$8oR0Bken 38 (15T iaoRge RS Sl Tuact mmizao) i

F%‘jtt’l tﬁ%%%gﬁ%c? 2 §f h gHrﬁwQDg? % &&rg Hgsgﬂd Gickén 'dbF-8 are

100% identical in the C-terminal region, while in baboon, bovine, and ovine
they differ only by 3 amino acids. The zebrafish GDF-8 is the most diverged;
however, it is still 88% identical to human.

[0005]  The high degree of conservation suggests that GDF-8 has
an essential function. GDF-8 is highly expressed in the developing and aduit
skeletal muscle and was found to be involved in the regulation of critical
biological processes in the muscle and in osteogenesis. For example, GDF-8
knockout transgenic mice are characterized by a rharked hypertrophy and
hyperplasia of the skeletal muscle (McPherron et al. (1997) Nature, 387:
83-90) and altered cortical bone structure (Hamrick et al. (2000) Bone, 27 (3):

343-349). Similar increases in skeletal muscle mass are evident in naturally
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501-507; Swatland et al. (1994) J. Anim Sci., 38:

752-757; McPherron et al. (1997) Proc. Nat. Acad.
W®e004/081881 A. , 94: 12457-12461; and Kanbadur etP&l/1B2003/004748

(1997) Genone Res., 7: 910-915). Studies have

i ndicated that nmuscle wasting associated with

H V-infection is acconpanied by an increase in GDF-8

expression (Gonzal ez-Cadavid et al. (1998) Proc. Nat.

Aﬁé’éhrm% utatibn® éF GDES mlgagag(ﬂcéf%éae ef@F g@ﬂg%@ 38

been i nplicated in the production of nus peci

ﬁ%?ﬁzt Sfafiond %&%ﬁ&hﬁ@#s ?)%?’rﬁ’ SELHE 1
L8 e - BedaSe. VIS ar v 2Ab2 1 lidcand iarinarir o a.

phyS|oIog|caI processes, including glucose honeostasis
(793 Gegos Beswrit 936-41ppe Stidieabevendicatpd thaianusce
gl ucose tol erance, netabolic syndrones (e.g.,
swyastirgrassfciated sith HI\V-esectiomns accomipaaikdlyy &n norease in
such as burns or nitrogen inbal ance, and adi pose

t GEFUS eSlpEedisHRY g%dr&a@ez -cabsavigtetal. ((Kggas) PltocaNat (ﬂéaalbc.
BBRC, 281 902-906). [0006] A nunber of human and

)i Al Sgil SI%@ I35, @:‘Tﬁf’ﬁ'r%tseﬂso %%H irh P(’?été&'}ﬁ tHe¥production
st rophy

i hpal f'e nusc e tlssue nmuscu

n chenne' s nuscu . .
RTINS Ty ogreéf' ?%ﬂéﬁseﬁﬁeﬁ’péo"f%&a}'aw,
organ atroph congestive obstructive
b abat ool Gkl s e doaRrROnda R Py e atase pRd
wasti ng syndromes caused by other diseases and
codphdgenstic proprities, GBFyB fscthought talkiecalse imfdhead imanumber

t herapi es have been devel oped to treat these

dofsstheeplaysidlogied] provessesylimclading gludosetieymedstasis in the
conditions associated with a |oss of bone, which

| gedetsisment appe 25disbéRd, PR 3<_;|b<5¢§é t%lerﬁﬁ@@crhéia'bbhén
t he WO 200 /037861 PC’T/IBZOO 004748 el der |l y

g%o‘?érpggzggg,mﬂ%‘rﬂle )WO [HsUtin P&lﬁgﬂbé 'irﬂf‘uceﬁ%yatpﬂﬁg, such as:
burns or nitrogen imbalance, and adipose tissue disorders (e.g., obesity) {Kim
et al. (2001) BBRC, 281: 902-906).

[0006] A number of human and animal disorders are associated
with functionally impaired muscle tissue, e.g., muscular dystrophy‘(including
Duchenne’s muscular dystrophy), amyotrophic lateral sclerosis (ALS), muscle
atrophy, organ atrophy, frailty, congestive obstructive pulmonary disease,
sarcopenia, cachexia, and muscle wasting syndromes caused by other
diseases and conditions. To date, very few reliable or effective therapies
have been developed to treat these disorders.

[0007] There are also a number of conditions associated with a

loss of bone, which include osteoporosis and osteoarthritis, especially in the
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and di sorders include | ow bone mass due to chronic

gl ucocorticoid therapy, prenmature gonadal failure,
w@narosme suppressi on, vitamn D deficiency, BeDBeon4748

hyper par at hyroi dism nutritional deficiencies, and

anorexia nervosa. Currently avail able therapies for

these conditions work by inhibiting bone resorption.

A therapy that pronotes new bone formati on would be a

d%ﬂér%@ﬁd/éf‘ ;S(%tﬁ‘%‘hioggvéaﬂ wdtRes. IM8a@abs;

Srﬂe{é%%%}ooﬁgldﬁseases
a need exists to de op new therapies that contribute

t overall Jncr f Qr stre

aABR SRR neliBB G o8BS S AR Aok RR R vy
[0009], It is gne of the objects of the present . .

| PIREIES GoBagrdenie. GdRgeRyner S YBaTHe DriRfpianey.

met hods for muscle and/ or bone-associ ated disorders.

[ s6¢@)dary hypeeeasathyroidise ewtrisfonghdeficiergies,and anorexia
provi de met hods of increasing nuscle mass and/ or bone
sneavuzah Gurdérily aleilableytherapies faeltheseesondifiéislvibri by inbibiting
yet anot her object of the invention to provide

i bbhbiré;%r?ti@rﬁ. ®hefagynhht pfotndtat fedBorR fopfiative wdlld be a

vivo. [0012] Still another object of the invention is

t j ' [ nd fragnents thereof
tﬂggﬁw%g&ﬂmg#?ﬁé#@%@ﬁpggiﬁ city and affinity.
[0013] - , thods for treati scl e,.and .bone .
GogencittT. " A et b clitall Mo tap RS diat goptribute
al so useful for increasing nuscle mnass and bone )
dénanoyerdll ingresae oA mypsiesMass andipraiensth apd/opboae density,
human 4 WO 2004/ 037861 PCT/ | B2003/ 004748 anti - GDF-8
aespecidiadn humamsd Myo29, Myo28, and Myo22, and

anti bodi es

SUMMARY

[0009] Itis one of the objects of the present invention to provide
séfe and effective therapeutic methods for muscle and/or bone-associated
disorders.

[0010] Itis another object of the invention to provide methods of
increasing muscle mass and/or bone strength and/or density in vertebrates.

[0011]  Itis yet another object of the invention to provide inhibitors of
GDF-8 that are safe and effective in vivo.

[0012]  Still another object of the invention is to provide human
antibodies and fragments thereof that bind GDF-8 with high specificity and
affinity.

[0013]  Thus, methods for treating muscle and bone degenerative
disorders are provided. The methods are also useful for increasing muscle

mass and bone density in normal animals. Also provided are novel human
4



and antigen-binding fragnments derived therefrom The

anti bodi es of the invention possess a nunber of
waois@ioB7spr operties. First, the antibodi es are PCHmEN003004748

of binding mature GOF-8 wth high affinity. Second,

the disclosed antibodies inhibit GDF-8 activity in

vitro and in vivo as denonstrated, for exanple, by

inhibition of ActR I B binding and reporter gene

aéﬁﬁAGDF-@“éﬁt%o&l&e ter%e:&g@% bbBosh £ R1yERY, ?H@ 'aﬁhlt)odles

GDF-8 activity associ at e egatlve regu ation of

o i gsMtidgio FBSTeRi oBfh ee%@%ﬁéﬁéﬁé *m%o%ri’bgﬁié e

VipSStEn thett S oty SLRE L B e s podis are
conpl enentarity determ ning regl ons (CDRs) of any of

t hapableief Hinding meduiei G DF-SwitbrhigheBinitye fesopdnthel disclased
H3 fragnment of the VH domain of Myo29, Mo028, or
MaafiBodipd @itBhit GDTe8 amtipicisvifro andde vivengsodémbnsisated, for
containing anti bodies of the invention or their

apkhgpre, tvynﬁmbmofnrﬁmnatls bu@d\ﬁgtalhelrép@ﬂ@r géhérﬁéiwés mrd the
|nh|b|t|ng or neutralizing GDF-8, including methods of

E%@id&\ﬁtarﬂl‘cbohlé% rﬂgy”ﬁfhlblpélﬁf‘B Retigity gé?oﬂéb Q\ﬁﬁ\' fsgtive

e 1 nvention my used to eat “or

condltlons ncre e tlssue or

o raIBERt W'%@'h@gﬁﬁsmss a&@ﬁoe%{%ﬁ@v the'presentl y

di scl osed anti bodi es may used in therapies to

repair [Qpaﬁigeocﬂ'ﬁﬂﬁIe@‘b@"@e"twfdl?ﬁﬂ’éﬁmp”dioﬂﬂﬂ%gtﬁ? Vw and/or
etc. Exenplary di sease and di sorders include nuscle

aid dogaio of b e fragment 6EMyo28cMyags, enMyo22r Further
dystrophy (including Duchenne's nuscul ar dystrophy);
agyriiiodimbnis cdnapriseadnes ot moode complarmehtaritt detphyiningy Gfions
atrophy; frailty; tunnel syndrome; congestive

gﬁ%bﬁézbf e S S R T Ao e o
3 4 %?M?%Q%’dﬂélﬂ%‘fiﬁdﬁ Wiy oPsSBF ifyb22(€- 9- -

[0015]  Other aspects provide compositions containing antibodies of
the invention or their antigen-binding fragments, and their use in methods of
inhibiting or neutralizing GDF-8, including methods of treatment of the human
or animals. The antibodies of the invention may be used to treat 6r prevent
conditions in which an increase in muscle tissue or bone density is desirable.
For example, the presently disclosed antibodies may be used in therapies to
repair damaged muscle, e.g., myocardium, diaphragm, etc. Exemplary
disease and disorders include muscle and neuromuscular disorders such as
muscular dystrophy (including Duchenne’s muscular dystrophy); amyotrophic

lateral sclerosis; muscle atrophy; organ atrophy; frailty; tunnel syndrome;

congestive obstructive pulmonary disease; sarcopenia, cachexia, and other
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di abetes; inpaired glucose tol erance; netabolic
syndronmes (e.g., syndrone X); insulin resistance
wo pwogdeby trauma such as burns or nitrogen iPOEIB20EAI4748
and bone degenerative di seases (e.g., osteoarthritis
and osteoporosis). [0016] In addition, the presently
di scl osed anti bodies may be used as a diagnostic tool
to quantitatively or qualitatively detect GDF-8 or its
f rigernvasiifly sykdrohRg! 68lposatiBsge di 9 -
amount of (QZ% det ect edp can be CEP?%%SE 'vcﬂ%q%)ﬁéypez

Oly; . j~cal ot (S [Q

ARt hpaliea BRILSE 1oBiice, HEholhERiReYTe gt Shdlome
ich conprises a se nce encodi,n VH or VL dopmjn

r RonPsH TR AU BB Rikbds Buraoaoase mbalance;

i sol ated nucleic acid, which conprises a sequence

eABEdORg dagengralivedtiseaser (BrdbnPHAg2Mritisang peieepetogis).

di scl osed VH and VL domains, is also disclosed.

Anot he f0&pectinmdaitione thehpresently Hisclosedpanitibbdigssuanbe used

nucl eic acid. [0018] Yet another aspect provides a

mas oglaghogticaduLionguameivatively @mgliatitatilenpdéte cea®irog or its
functional antibodies conprising all or a portion of

S : g Y .
o DR S5 P T8 Yoo G APBEAT GOF § detected
t Qv i il be set ' art in. th

B bB SRR o p2fore BArR heRR! bopdion gy ppee.
fromt scrjption, or my, be |earned by practice,

of ¢ helitiEnt APt snsEt pEbuss an Raled rabidiadd, which
advant ages of the invention will be realized and

aEOAPHses Byseqbance enceding acyiedrVit domain ttomxmEy frageent of
particularly pointed out in the appended clains. 6 WO

2My4203Wiy628 R 8220 2h(SdiZ sl nydéi2@cid, twhish tombeses a
understood that both the foregoing general description

LSSl ety SRR R ol S e ALiced v
| BNEW [ OhaiflS, i§ el &belosed. Another aspect provides host cells
comprising such nucleic acid. |

[0018]  Yet another aspect provides a method of producing new Vy
and V. domains and/or functional antibodies comprising all or a portion of
such domains derived from the Vy or V_domains of Myo29, Myo28, or Myo22.

[0019]  Additional objects of the invention will be set forth in part in
the description which follows, and in part will be obvious from the description,
or may be learned by practice of the invention. Various objects, aspeéts, and

advantages of the invention will be realized and attained by means of the

elements and combinations particularly pointed out in the appended claims.



BRI EF DESCRI PTI ON OF THE FI GURES [ 0021] Figure 1 shows
that biotinylated GF-8 and BMP-1 1 bind the ActRIIB

wo eaapB8™s1 Wi t h an ED50 of 15 ng/m and 40 ng/ nPCT/IB2003/004748
respectively. [0022] Figure 2 shows inhibition of
GDF-8 binding to the ActRIIB receptor by scFv
fragnents of the invention. As illustrated, the I C50
for scFv's of MWyo029, Mo028, and Myo22 are 2.4 nM 1.7

nM an nl\/l f ﬁhd’&%%od[tgmm Fehe i olf l%}%rQB

show t relncu ono 9 wth bio

t 10 B\VP-.11
SBFa?f@OWdA%\EéPﬂ@Nm ti”eﬂ@wﬂc?ﬁq@héﬁ AR RS !aaw e h
an 1C50 of 0.2-0.4 nM [0024] Fj t%ures 4B and 4C dep| ct
r 85pippatasy OBmaytctA@yqtzeﬁ@ﬁqu et theganentions ap<laimed.
whi ch Myo29 was tested. Figure 4A denonstrates the
baseline conditions, i.e., induction of the reporter

gene activity IBRIEFDRSCRIPIONOF THE RROUKES Fi oures
4B and 4C show that My029 reduces the GDF-8 activity

: d _
R R Sﬁﬁ“&g%‘ﬁa&%ﬂﬂ&ﬁggﬁ?‘@.sﬁéf;%ﬁ“@%y pipd the
8%@@?%?3%@“ ko Elogitiey ! aptd 30 R, efpeclslly

[ 0025] ure 5 shows results of epitope mappin

Wo2o. 004225, Flai 46005 mialiah ol BRF Banipg1o ieactRIB

mapped from am no aC|d 72 to amno acid 88 of mature
corceptort by sofpolragmentsnofdhe inveativa. Astitustrated, thedCep fon scFv's
for Myo28, fromamno acids 1 to amno acid 98. 7 WO

200Ky029 BRIy oPE TAMBRBB22CME 248nM, A026M, BndWBENK, respectively.
denonstrates results of a substitution analysis of the

M/029 grgdsppe. FifafdsBie and B8 shidw = pPdinc@datioNSé¥ Myo2 with
rmture GDF 8 appear to be inportant for Myo29 bindi ng

it %@Rg%?%dcb@%gor@l\%rﬁ & ﬂ?ﬁélﬁﬁnﬁlﬁﬁy GoF-8forBMP-11 binding
to ActRIIB in the ActRIIB binding assay with an ICs, of 0.2-0.4 nM.

[0024] Figures 4B and 4C depict results of pGL3(CAGA)4, reporter
gene assays, in which Myo29 was tested. Figure 4A demonstrates the
baseline conditions, i.e., induction of the reporter gene activity by GDF-8,
BMP-11, and activin. Figures 4B and 4C show that Myo29 reduces the
GDF-8 activity in a dose-responsive manner, with an 1Csg of -1 5-30 ng/ml, and
inhibits the biological activity of BMP-11 to the same extent. Figure 4D
illustrates that Myo29 does not affect the activity of activin in this assay.

[0025] Figure 5 shows results of epitope mapping for Myo22,
Myo28, and Myo29. The epitope for Myo29 was mapped from amino acid 72

to amino acid 88 of mature GDF-8; for Myo22, from amino acid 1 to amino

acid 44; for Myo28, from amino acids 1 to amino acid 98.



experinment performed with Myo29 and Myo28. Conditi oned
medi um from CHO cells expressing GDF-8, which were

wo aduoBmbel ed with 35S- net hi oni ne/ cyst ei ne, WAST/IB2003/004748
subj ected to i nmunoprecipitation with Mo029 or Mo028.
The i mmunopreci pitates were then anal yzed by SDS- PAGE
under reducing conditions. Bands on the gel are
identified as mat ure GDF-8, GDF-8 propeptide, and

unpr Ocmﬁ‘i §re 6 Qg?rﬂnsl:rb | Cl%sﬁl&%@f’é %ggf%ﬁﬁb‘ﬁ GRalis of

a phar 0 |net c stu yllkn I786
. 1 . it
(P MYP20 RaRBRE . Rk LB 25, ramn B AfH-B3 Y il o8
My029 shows, prol onged term nal hal f-| |&e of around one
WBEREANP e IRATIERN A0 MYaZS BINEING 1 BRFFRg.  The

fraction absorbed following IP injection is about 77%
[ 0029] [(9Zlir e FBgdteohdepotsprasuls v aoimauadprecipitations s
in mle C57B6/SCID mice treated weekly with various

desperimeniherfsmeaDwitl Blycedarnd Mye28 9)Conditioneldi raedium from
(PBS). Treatnent with Myo29, at the 10 and 60 ngy/ kg

dg0 lcueks Fe@élan@DFV@QMﬁclﬁ Wé?%lb%béleﬂ\ﬂ&h stically
SI gnificant incréase in nuscle mass of 19% and 23%

E'Efﬁfetthl‘éﬁin)é/cygpegﬁg]w% gUté;Scﬂad% ﬁ%n]o?)'l?’ea#}?ﬂ&\l\ylt%MyBZQ or

rocnem us

m“frizoé eg}é'ﬂi“mwg‘}’(%éﬁpéiﬁ serednen b ety SRR f\é'L: tnder

mass i s increased by 10 to 20%in mce treated w
WI%C@W%B@W& fe the.gelare idenmtifiesl as mapyme GDF 8 GDF-8
2004/ 037861 PCT/1B2003/004748 [0031] Figure 11A and

1 prapepdidenand anpracesped GDFeBy gastrocnem us and

quadriceps nmuscle mass in female CB17 SCID m ce

treat epboa@qekl Figliehs depictoresulooea phlariedkinéti®study in which
2 5, and 1 ng/kg) or PBS for twelve weeks. Mce

rangl o (%')’Ir Omléé’z%fc%l\%boéf"dbgéb?ﬁﬁélkb'?as@%lbﬁe mavenous (IV) or
intraperitoneal (IP) administration of Myo29. Myo29 shows prolonged
terminal half-life of around one week and low clearance around 1 mi/hr/kg.
The fraction absorbed following IP injection is about 77%.

[0029] Figure 9 shows comparisons of quadriceps mass in male
C57B6/SCID mice treated weekly with various doses of Myo29 (60, 10, and 1
mg/kg), or vehicle (PBS). Treatment with Myo29, at the 10 and 60 mg/kg
dose levels for four weeks results in a statistically significant increase in
muscle mass of 19% and 23%, respectively.

[0030] Figure 10A and 10B show gastrocnemius and quadriceps
mass in female CB17 SCID mice treated weekly with various doses of Myo29

(10, 5, 2.5, and 1 mg/kg) or PBS for four weeks. Muscle mass is increased by

10 to 20% in mice treated with Myo29 as compared to the vehicle control.
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28% [0032] Figure 12 shows the front |inb nuscle
strength, as neasured by a grip strength neter, in

wo eomalog7se€Bl7 SCI D mice treated weekly with M/PCBIK20GB/004748
and 5 ng/ kg) or PBS for twelve weeks. Front |inb
strength is increased by 17% and 23%in mce treated
wth Mo29 at 5 ng/kg and 10 nyg/ kg, respectively.
DETAI LED DESCRI PTION 1. Definitions [0033] The term

"anti bgﬁ)‘ébgjl |a cy ﬂ@éﬁh 1Brc§’érﬁ6§sﬂ'%e ectlve ely e%astrocnemlus

innuno a part thereo

A R AL o 7 St o i

of produyction, and characteristjcs non-limting
YARISEOR4FOT M4 (LG, Beyand: eI IR for tweive weeks
or angut an, nouse, rat, goat, sheep, and chicken
aMicdtrates, with byo@erahiomcingtaseb in nuscleomaks nangidg from 12 to
pol ycl onal , nonocl onal, nonospecific, polyspecific,
np8%speci fi c, humani zed, single-chain, chineric,
synthetic, reconbi nant, hybrid, nutated, and

CDR'QYED‘ 324l arﬁng@r%d123§h0\ﬁ§fhéfﬂ@ntﬂ#ﬁlﬁ’ﬁﬁ%‘éleoétré h, as measured
present invention, it also 1ncludes, unless otherw se

3@3?@%@%’*@%?%53’8%%%@'” Eﬁ”ﬁﬁﬁe thafa ek
ohbca ity Kgﬂafgﬁﬁtfcr%ryﬁlue %‘fsoo'gfogghwrﬁtﬁ@gth s

made, for exan‘pl a traditional brid
t BCFeAsQEday mévrﬁrﬁﬂ%ﬁdn \nice ttrsiated wgimi qz&@ir%mgzmand 10
495-499), reconbinant DNA nethods (U.S. Patent No.
4RIy, 563pectvelyphage di spl ay techni ques using

antibody libraries (C ackson et al. (1991) Nature,

352:

DETAILED DESCRIPTION

I. Definitions

[0033] The term “antibody,” as used herein, refers to an
immunoglobulin or a part thereof, and encompasses any polypeptide
comprising an antigen-binding site regardless of the source, species of origin,
method of production, and characteristics. As a non-limiting exarhple, the
term “antibody” includes human, orangutan, mouse, rat, goat, sheep, and
chicken antibodies. The term includes but is not limited to polyclonal,
monoclonal, monospecific, polyspecific, non-specific, humanized,
single-chain, chimeric, 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'),,



624-628; Marks et al. (1991) J. Mdl. Biol., 222:
581-597). For various other antibody production

wo eahndTgaes, see Anti bodi es: A Laboratory ManupdT/IE063/004748
Harl ow et al., Cold Spring Harbor Laboratory, 1988.
[0035] The term "anti gen-bi nding domain" refers to the
part of an antibody nol ecule that conprises the area
specifically binding to or conplenentary to a part or

al re4
Y %o'a@r'?ﬁ%g?”de“‘% iR bl 1
ant tope" or "antigenic determnant" is
nBH‘(ﬁ?g E’t’r&hﬂ% gen nol ecule that is responsible

for speC|f| c interactions with the anti gen bi ndi ng

domai n[¥i34n tibasigs cathbe madeydeor exarmp ﬁgV@dFﬁﬂ'tl*Pﬂ?éy
be provided by one or nore antibody variable domains

( bybridomadechnifiiesi(Kahlemandbldgtein Gfne) Natores 2661 495-499),
a VH domain). An antigen-binding domain conprises an

anéddmibiviaht DNIA mktHodsyar S abatent Byl 41816 ANGr phage display
anti body heavy chain variable region (VH) . [0036] The

t?édﬁnlcinfé%euél BAtib cﬁflﬂfrﬁné@ Gla8RESH éPé‘I' ?99‘* g‘ﬂfa’té:% 352:

col | I on nucl eoti d e.g., DNA, Sequeéences

i otk WALk by 8 (RIEH NI BEST5SGHERERS MY s otner

encode éxpresse ogl obu he” sequ

J5aRbhoodsionledthin 2. s AnIbguIe A LR SrtodMahul s
for L chains, Al ternativel t he sequences 10 WO
2 blulopete 1 Wﬁpszgwrbgﬂéalsoraﬁmy R8%enerated froma

cell line by in vitro stinulation and in response to

whi ch {GeE5] angEmetermdaatigen-bAlding datriairé| referp o theoparhof an
of the sequences may be obtained by conbining, e.g.,
uahgesdaR@Rstule SREBBMPSIsEs tife Breansbebificafy Bating thMr

nucl eoti de synthesis, random sed nutagenesis, and

Ol #pal L HOTRA Atk RBIEBh Mo s, o

’ %Rﬁ&)é)} &%lyl&/nly H?I%Stb a ;%rtlEuISr part of the antigen. The “epitope” or
“antigenic determinant” is a portion of an antigen molecule that is responsible
for specific interactions with the antigen-binding domain of an antibody. An
antigen-binding domain may be provided by one or more antibody variable
domains (e.g., a so-called Fd antibody fragment consisting of a Vi; domain).
An antigen-binding domain comprises an antibody light chain variable region
(VL) and an antibody heavy chain variable region (Vy).

[0036] The term “repertoire” refers to a genetically diverse collection
of nucleotides, e.g., DNA, sequences derived wholly or partially from
sequences which encode expressed immunoglobulins. The sequences are
generated by in vivo rearrangement of, e.g., V, D, and J segments for H

chains and, e.g., V and J segment for L chains. Alternatively, the sequences
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i ke, means that two nolecules forma conplex that is
relatively stable under physiologic conditions. The

WO eori08s6nl so applicable where, e.g., an PCT/IB2003/004748
anti gen-binding domain is specific for a particul ar
epitope, which is carried by a nunber of antigens, in
whi ch case the antibody carrying the antigen-bi ndi ng
domain will be able to bind to the various antigens

CA{dydgeh&ratEPfrbRPE cell INS by iR VitrNEtinAEHoMBKd in response to
specifically bind, for exanple, BMP-1 1 and CDF-8 as

a
e E5psnpBafR cPuls AEFIARRD. ol & 5Lt B8idepfentts may
oA T Y iachoh g9y S e RRGNGE) Hyraiiee e WP andd

noderate to high capacity. Typically, the binding is
c6RgMmeBtse 8y qtide syn#hesis; randgrpisgfinpuiagraesint angother
hi gher than 106 M1, or preferably higher than 108
Mriethods as disskesed, inhb 8- Bptenit Noc 5th6&832 can be reduced
W t hout substantially affecting specific binding by

varyi npo37¢ biTil rgnmcepdtitic imsrackus 1 of ogskdificang biiss” or the
known 1n the art, and a skilled artisan using routine

U R HhEsIsStHER fwd ‘?ﬁcﬂﬁ:uleé‘%ﬁpg gbﬁ%ﬁ%@fé@ id #éi’é\ﬁrely-r&%ble under

conditions are usually define erns o

c rat i on,. ant | es,.d.oniG. en f t
BREFPIRR obifing U TR a1 PR bIE PR R & orp
concentration of non-relgted nolecules (e.g., serum1ll
wmxﬁm@mqw@n 'ﬁm@%PSW@EQ”'C&l'% Lﬁﬁ("HPgrrYVPIP% is carried by
casein), etc. Exenplary conditions are set forth in
ERaypner of antigeng,ig wiich pagstiie amtibosiyreaseying the antigen-binding
"substantially as set out" neans that the rel evant
CaBmaifHwillole gblectortrina tovtHel varmusi dantigens danyingatheapitope. Thus,
highly simlar to the specified regions of which the
SQAWANBEdY aespetificald bitid) forfeangaBMR-1$4#Had GDF-8 as long

substitutions include 1 or 2 out of any 5 am no aci ds
| B itNSnGE B #RC& i e whidhs (Biried By bbth. L1, L2, or L3).
[0038]  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
the affinity constant K, is higher than 10° M, or preferably higher than 10°
M. If necessary, non-specific binding can be reduced without substantially
affecting specific binding by varying the binding conditions. Such conditions
are known in the art, and a skilled artisan using routine techniques can select
appropriate conditions. The conditions are usually defined in terms of

concentration of antibodies, ionic strength of the solution, temperature, time

allowed for binding, concentration of non-related molecules (e.g., serum

11



[0040] The term"TG-[3 superfam|ly" refers to a
famly of structurally-related growh factors. This
wo aomslog7sef rel ated growh factors is well  KknomeT/iBRoodnm®4748
art (Kingsley et al. (1994) Cenes Dev., 8: 133-146;
Hoodl ess et al. (1998) Curr. Topics Mcrobiol.
| mmunol ., 228: 235-72). The TGF-{3 superfamly
i ncl udes bone norphogenetic proteins (BMP), activin,
| BIHURIA, milkehbEihd, e | E&bﬁigﬁé&%oﬁuh@hé%@@set forth in Examples 4,
glial -derived neurotrophic tactor, and a stil
gro '@qonunber of gromh and differentiation factors
(ZD%], such as GDF-8 (myostatin). Many of such

pr ot ei e ruct ural,l nd/. functignally rel ated

bo corh®ho, ieped kst sesctalcReadaifaidhe Felevant
GDE-11, is 90% identical to GDF-8 at the anmino-acid _

| 8RR, \1carY demain will be @ithepisientienl@ir highly simijgrto dtge specified
Nakshima et al. (1999) Mech. Dev., 80: 185-189).

[ eagldns dhwhichrthe 'sEfiesce isefatiosit herein.s pecexamply, suchn

and differentiation factor-8 and, where appropriate,

f agbstitstidrivahcRitie 1Sé 2 oLt'oPaty 5 @mind WekisiifMaeé k¥qiéhdt 6th
to GDF-8, for exanple, BWMP-11 and ot her factors

??g@gﬁpgﬂ’%ghﬁ 'I,'_gf-ol?\l_gz_perfam ly. The termrefers to

-1"éngth ’'unproceSsed precursor form of GDF-8

as wel th ture,ﬁﬂ._d pr o I.de rs. resul ting
from pLOQ{%J r aﬁg]%g‘tefrgn I ép‘f’é@ggg&"*fh'éef%%rtﬂwaaf Wt er s

to any 12 WD 2004/ 037861 PCJ/] B200Q3/ Q04748 fragnents .
aﬁ@“%ﬁ"ﬂr{??t%g gwﬁﬁsfaﬁi@ai-%nsrf@m"m Og( elptegdsgroydifactors is well
bi ol ogi cal activities associated with mature GDF-8,

aknews dutscart (iKingsley atiat| (488AHGepeg leveds 133at4Gidlandless et
been nodified. The am no acid sequence of mature
halhg@IENC . FopgicoMictedial.AniBhiGhdl D 2R8: 295-7Phe The &R
invention relates to GDF-8 fromall vertebrate

BESErfsmily eluddsibnetbrpttigehkfit pastefnd. (BMPRBCtivin, inhibin,

EOV|ne, chi cken, mouse, rat, porcine, ovine, turkey,

e i Syb e SQRHBRAR REERGRE iR a s
growing number of growth and differentiation factors (GDF), such as GDF-8
(myostatin). Many of such proteins are structurally and/or functionally related
to GDF-8. For example, human BMP-11, also known as GDF-11, is 90%
identical to GDF-8 at the amino-acid level (Gamer et al. (1999) Dev. Biol. 208,
222-232; Nakshima et al. (1999) Mech. Dev., 80: 185-189).

[0041] The term “GDF-8" 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-B 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

12



U S A, 94:12457-12461). [0042) The term "mature

CDF-8" refers to the protein that is cleaved fromthe
w@ 200003386t er mi nal donmai n of the CGDF-8 precur SOPCT/IB2003/004748

protein. The mture CGDF-8 nmay be present as a

nmononer, honodinmer, or in a GOF-8 |atent conpl ex.

Dependi ng on conditions, mature GDF-8 may establish

equi li brium between any or all of these different

f gagmentgiand vakantsadi GDF1g/thadataintain atreastiduendérbidiédical
GDF-8 is also referred to as "active GDF-8." [0043

Taetmﬁéé*hs@a%téd w.fm%at rdSDES, %"s%aédbs’s&& HePeiN pﬁe; o?l'ﬁge

aved f romt e amno-term nal domain o
G%’Ea@%“ﬁ‘{%“‘”éfﬁ%vé”g@%@hﬁaﬂéﬂ%‘? JFErSRe %‘%h'agﬁs%éf mafyre
iR EDR e B rovisfed %ﬁéﬁé@- TeR@she! Fypaien refates to

between the mature GDF-8 honodi mer and the GDF-8
pdfeBtfrana all vertebrate|spegies, inghudingudbubnet Bmited pagiuraess
associate with two nolecules of mature GDF-8 in the
hbovidereicken, roowseg maf, pactine,covired, tarkey | lbabaananedfishT{fier
| at ent conplex may include other GDF inhibitors in

Pkag§&ertie iBformationdsié i€0g., MCFHERrow etrmr(qggV&PP@cﬂﬁ: Acad. Sci.
pr opeptl des 13 WD 20047 037861 PCT/ | B2003/ 004748

[ 24%n1 -8 activity" refers to one or nore
phy5| ol ogi ca % rowt h-regul atory or norphogenetic

Zifalrr;: Ld(ﬁéét > t egm:'\%tbge ﬁg)gtaé’?/%éere éaﬁhcgpgcﬁtgl haf Rcleaved

skel etal nuscle mass. Active GDE-8 can al so nodul ate
t ﬂ@”b?h@oct?dP‘P)@ht%F"m%ﬁ’Q@P%ﬂ %3@ @Pé: %lﬁ’é‘?ﬁ%@'(@ Oée'“ The

creatine kinase), stinulate nyoblast proliferation,
amtu@oGDEt&nmyelwprﬁﬁ@m as @i mpaemetr, hamaedimes, or in a GDF-8
adi pocytes. Exenplary procedures for neasuring GDF-8
atdtemti domplex.v Depeadithg on eohditiorss, @nature GDF-8 may establish
equilibrium between any or all of these different forms. In its biologically
active form, the mature GDF-8 is also referred to as “active GDF-8."

[0043] 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.

[0044] The term “GDF-8 latent complex” refers to the complex of
proteins formed between the mature GDF-8 homodimer and the GDF-8
propeptide. Itis 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.
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set forth in Exanples 2, 3, 6, and 13. [0046] The term
"GDF-8 inhibitor" includes any agent capabl e of

WO ndloBI8S6Ng activity, expression, processing, BCT/IB2003/004748
secretion of GDF-8. Such inhibitors include proteins,
anti bodi es, peptides, peptidom netics, ribozynes,
anti -sense ol igonucl eoti des, doubl e-stranded RNA, and
other small  nol ecul es, which specifically i nhi bit

neutr ﬁ%"ﬁ{l z l Mt GOES ﬁe ity o fersitBRINY &r more of

or "reduce” ogi cal activity of
G%ﬁw?wﬁgi&a;h”eraw& GbRor L hEREorss SO et v

in the i Vit hi bi t or
r &CHYe @é -8 R %JPW@NB% é@wesGaﬁ § i aisgalive regulator of
the sane inhibitor.. The reduction in activity is

piskeletalmnysale masss tAciive BDE@samalsp reodylatenire Fodyction of
60% 70% 80% 90% or higher. [0048] The term

" mestlevepédific enpgads ngerozémngaelabhse)hetiraumta\mymbﬂdm
term"therapeutic nethod" and refers to both

t hes|FeRiibhCahd ARIJIRItE pRESQIpOERE iy hti lopr @Veﬁné@éyty@

maasures Those in need of treatnment may incl ude

d. apﬁé*?'ﬁﬂ#ﬁ@g*O{*ﬂéélﬁ&v@o@?’f %B%E?M‘E%*Z%égd in w;ro
B20.0 04748

(Seblor R dEmden g L ATat | ve aﬁSS'SL?eé) " [ooae]

The term "isolated" refers to a nplecule that i

subst alfG481Ty The EsmGHES RAibHPE| NgHYes SRYSENt sapable of

instance, an isolated protein is substantially free
ofinhikitinglagtivityaespiesisiany, poedessingy ot eecrstibn ofGlife-8c Such
or tissue source fromwhich it is derived. The term

r éiidbisork onglude pratéine nantiirlies, tpeptides QPeptiddmneties, tibogymes,
sufficiently pure to be adm nistered as a therapeutic

C @RRGEnsE Ylg o@uclé&tlde%aabugﬁ%ﬁ%o%@%ﬂﬂ/ ¥hd Rt sl €
preferably, at | east
molecules, which specifically inhibit GDF-8. Such inhibitors are said to
“inhibit,” “neutralize,” or “reduce” the biologicél activity of GDF-8.

[0047] 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.
[0048] The term “treatment” is used interchangeably herein with the
term “therapeutic method” and refers to both therapeutic treatment and

prophylactic/preventative measures. Those in need of treatment may include

individuals already having a particular medical disorder as well as those who
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80% 90% (W' w) pure, even nore preferably, 90-95% pure;
and, nost preferably, at |east 95% 96% 97% 98%
WO 28d4/081861L00% (W W) pure. [0050] The term " nanp@t/iB2003/004748
refers to any animal classified as such, including
humans, donestic and farm ani mals, zoo, sports, or pet
animals, such as dogs, horses, cats, sheep, pi gs,
cows, etc. [0051] The term "effective dose," or
ﬁfﬁﬁﬂflﬂn\é?el?%eaﬂﬁe thé &k8Fder (.t ifse rvERIHY préfvehfifive
conpound that results in anmelioration of synptorrs In a
pméagme or a desired biological outcone (e.g.
increa5|ag skel etal muscle nmass and/ or bone density).

Such a uld be.s fflcl nt to reduc he. .
cotivi O © e rac i Cisthish Sogltiin Wi substentioly
of skeletal nuscle mass and bone density. The

efreeef it eadyrsliabvicaiingd. dor dnstanesl ansisaleted PdRIniis t he
subsequent sections. 15 WO 2004/ 037861

PSIb3tBRGAIB/ fodkel ficelluldr. materiaboddtber podeins tfro@DEheScalhar tissue
Anti gen-Bi nding Fragnents A Human Anti bodi es Myo029,

Myodige frord WIS # id 8852]d. Thise E&rﬁﬁn@ﬂérsdh%ﬁé%ﬁh@ns where the-

provi des novel antibodi es agai nst

a[sto'leﬂéa‘ Phted @%uffﬁ L?rettg eé?:{]mlnlg?é}leggasté ﬂﬂerapeutlc |

l'ustr t| ve errbodl anti bodies are

Re GRS e L ﬁﬁxv)fpa?%srﬁwe%ﬁ%aﬁéeft least
o BbLc80YA /b Uzt VoD dHa R PRGSOk PULR: G0, 0SS
these anti bodi es are capable of binding mature GDF-8

wpreferabh akfdastiObye, 9§§/c,&7d’/o 98, 98V, l@@dD@% o/ w) tpeire.

invention may inhibit GDF-8 activity in vitro and in

vi vo af0deifonsktheateen, “nfasnmeR asfdre to byy aninmalluldgsifiedods such,

Act RI'I B binding and reporter gene assays. The

aHclUimsl BEmihst 88mestic and farm animals, zoo, sports, or pet animals,
such as dogs, horses, cats, sheep, pigs, cows, et_c.‘

[0051]  The term “effective dose,” or “effective amount,” refers to that
amount of the compound that results in amelioration of symptoms in a patient
or a desired biological outcome (e.g., increasing skeletal muscle mass and/or
bone density). Such amount should be sufficient to reduce the acﬁvity of
GDF-8 associated with negative regulation of skeletal muscle mass and bone

density. The effective amount can be determined as described in the

subsequent sections.
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present invention are also capable of specifically
bi nding and/or inhibiting activity of BMP-1 1 as

waleomnsissat ed, for exanple, by inhibition of AetCRIB203/004748

bi ndi ng and reporter gene assays. Third, the disclosed
anti bodies may inhibit GDF-8 activity associated wth
negati ve regul ati on of skeletal nuscle nass and bone
density. [0054] In an exenplary enbodi nent, the

pllesoamwddssngmedGmumﬂmagahesmnglmagfnents
specifically binding to both GDF-8 and BMP-1 1. It is

contenpl ated that the anti bodies may al so react with

ot her pr ot eiysHuhran Antiboties Myb29sMyo28nghdMye22 he
TG--f superfam |y such as nulleri an i nhibiting

subst an gligl-deriv neurotro cfac

o ot itz i ThePlsenbisaRohik e des el Aniiedesagainst
In certain errbodl ments, Myo29 1 S WO 2004/ 037861
P@ﬂﬁﬁz@og/amgewmdmtfagmﬂntmtmr@nfotmmmmbmrliwtra@vea
sequence identical to amno acid 72 to 88 of SEQID
Nemtibdirhantswftdueh amtibodiesamne sermdbi9oBD nkllyo®, and Myo22.
protein conprising the sequence

L Theda @keriiaty Ritbatiméntsare(rbWdel idthe form ofishian hG,

- Xaal Xaa2, and Xaa3 each is any amno acid. In
g@ genmbodi ments, at |east one of the follow ng
cond lons is net: (1) Xaal = Met, (2) Xaa2 = Ser,

and (3 = al n ende ach other

o o A0SR i By Beling BEBRIE G e n b RE B

wthin the first 44 N-te mnal _anm.no acids in the

s@&ﬂ%ﬂ'@%‘ Jraragtelsticseinrss, t{‘ﬁﬁ? qhtinedigs ate PﬁP%W@rPf@H‘chQ

SEQ I D NO. 49). [0055] One of ordinary skill in the art

winaturecGBm8 xdtht high affittityb Siicend, thie antibodieseeitthe invesmyion may

be used to detect, neasure, and inhibit proteins that

dirfHilsit GDFeSddtivineirstitd @ddab vie. ad dergenstrated, fonteixhnghle by

of the invention can be wused with any protein that

CRHAMItI6R o AcERIMR! BHY BhE Feporterigentaisagh oThe dittbodies of the
present invention are also capable of specifically binding and/or inhibiting
activity of BMP-11 as demonstrated, for example, by inhibition of ActRIIB
binding and reporter gene assays. Third, the disclosed antibodies may inhibit
GDF-8 activity associated with negative regulation of skeletal muscle mass
and bone density.

[0054] In an exemplary embodiment, the presently disclosed
antibodies are capable of specifically binding to both GDF-8 and BMP-11. It
is contemplated that the antibodies may also react with other proteins, for
example, those belonging to the TGF-f superfamily such as mullerian

inhibiting substance, glial-derived neurotrophic factor, or growth and

differentiation factors other than GDF-8. In certain embodiments, Myo29
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80% 90% 95% or nore identical to any sequence of at

| east 100, 80, 60, 40, or 20 of contiguous am no
w@eood®3isnl t he sequence of the mature form of QREFBB2063104748

forth SEQ ID NO 49. Nonlimting exanples of such

proteins include sequences of GDF-8 derived from

vari ous species, which are described in the present

speci fication. The percent identity is determ ned by

Straaétawith ApidiBieEmBidag btdetRieAts MensicalltBrarfivdai®72 to 88

Basi ¢ Local Alignnent Tool (BLAST) described in

CHSRHRNR b, R S Wi i
st e e b A2 VB AL IGER BBl

2004/ 037861 PCT/ 1 B20Q3/ 004748 B. Vari abl e Domai ns

[ odwEeintRal Xaad PPEtaas eaghsis aacAingsacid. In further

i mrunogl obulins, are typically tetraneric

gleptiantsd apleastong of theplodewingl cangitidrisgaimett {1 )ckesd ns Met,
of approximately 25 kDa each and two heavy (H) chains

ofi2pxaaDx 8et,elnd 3) XdaBa- Recdll independartly aifedch@iber. In other
chain, terned X and x, are found in anti bodi es.

DRAfttimen@) Myd22a8tHGni2Es dn %%%Fé‘ Athi tHehﬂsP%g N-@fninal

domai n of heavy chains, | mmunogl obulins can

a . . . v .

AaRA8 gLk e BedBfle 61 BRFE Qs Tanio i firdbon 44 of
S _(isotypes), e.g., 1gGl, 1g&x, 19gG&3, |gAA,
I%?@Wﬁéb The subunit structures and

t hree-di nensi onal configurations of different classes

of i nmiRBH] obUPNe Sf grdinaryeskill iRibaary willraeogirize thajangibodies
review of the antibody structure, see Antibodies: A

L ab theaingentidvhmag| be GadditoSpeteat) ntdashioz, drebiohiitqprpteirsithat
Harlow et al., 1988. Briefly, each light chain is
ColiffpFn Hosensthteldeabiveal In\Gineddl] antibddiesioniieindEatdnctan be

a constant (C) domain (CJ Each heavy chain is conposed

ggjaég vmhtnéé{gf‘ﬂr)rgog(%lg \r{hﬁ%ﬁghﬁhsésrﬁ 86qnckWhich is'80Ra8Babout 70%,
80%, 90%, 95%, or more identical to any sequence of at least 100, 80, 60, 40,
or 20 of contiguous amino acids in the sequence of the mature form of GDF-8
set forth SEQ ID NO:49. Ndnlimiting examples of such proteins include
sequences of GDF-8 derived from various species, which are deséribed in the
present specification. The percent identity is determined by standard
alignment algorithms such as, for example, Basic Local Alignment Tool
(BLAST) described in Altschul et al. (1990) J. Mol. Biol., 215: 403-410, the
algorithm of Needleman et al. (1970) J. Mol. Biol.., 48: 444-453, or the

algorithm of Meyers et al. (1988) Comput. Appl. Biosci., 4: 11-17.
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CH domai n nost proximal to VH is designated as CHL.
The VH and VL domain consist of four regions of

wo 2d0abn3igel y conserved sequence cal | ed franmeworRCT/IB2003/004748
regions (FR1, FR2, FR3, and FR4), which forma
scaffold for three regions of hypervariable sequence
(conplenentarity determ ning regions, CDRs). The CDRs
contain nost of the residues responsible for specific
interactions witpB, VigapleiD&naingDRs are referred to
as CDR1, CDR2, and CDR3. Accordingly, CDR
constituents on the heavy chain are referred to as Hi,
H2, antPO38] wintast aotipedienlse keews aér\”‘l"H@QQ'@tPH"néhéf%
are referred to as L1, L2, and L3. CDR3 is the
gtypacallyttetsamede gd;fcowllae&mpmleids vempiosed wif two flighhg) chains of
anti body-binding site. 18 WO 2004/ 037861

PEppIdBENaRORI kDA eddh, arfdtwehean) @) ahainsef é}ﬁpr@hlﬂ’féte@%O
tvvo am no acid residues or greater than 26 The

RBL! &5th. W%%ﬁqu%p@_ ||gat3ﬁﬁ@3 Al a?(}]ci e, UHG u?gntlbodles

COﬂSISt of t 'omal ns.

nt an n. bi ndi n conS| s of VH-CH
VD=BER i e meA FERyTEe begoaﬁgaa a@'rbeﬁ'aeavy
bet ween, the constant regions. To gvercone the
t eRdiBRCNRENedabYinstambe gssionre ip five maier dassasndi s E, G,
in the Fv to dissociate when co-expressed in a host
cehd M,aandsspvesdll afdhesengiay behfuirthef divjdddiinta sginaasses (isotypes),
(scFv) can be constructed, in which a flexible and

adefuiycal t)ngong;spwd\;/%pagAh cmwd gk s TeietsidunitReructures and

C-term nus of to the N-term nus of the VL or

t hﬁe@cﬁrﬁéﬁélaHél n gh Mnsid? dﬁmf %Séé@é“éﬁnﬁﬁuﬁébgobt}(ﬁs are

he nost common I nker een a 15-resi

b rS so k
(§ g B ﬁt*é&'eﬁigﬂwfe%r@‘ﬁ?gv BBl otag Btbores
t se | ti e encodi i abl e
2\31-931%6 el (1S ST g TarbBE Leaeraray. a0 Harlamie 6.
events i ncI ude reconbi nation of variable gene segnents
wil988. Brigly.ssaoh ligbt chaid i sPRIPeged Of agdiéersugalesariable(V)
make a conpl ete VH regi on and
domain (V) and a constant (C) domain {C.). Each heavy chain is composed
of an N-terminal V domain, three or four C domains, and a hinge region. The
Cn domain most proximal to Vy is designated as Cq1. The V4 and V_domain
consist of four regions of relatively conserved sequence called framework
regions (FR1, FR2, FR3, and FR4), which form a scaffold for three regions of
hypervariable sequence (complementarity determining regions, CDRs). The
CDRs contain most of the residues responsible for specific interactions with
the antigen. CDRs are referred to as CDR1, CDRZ2, and CDR3. Accordingly,
CDR constituents on the heavy chain are referred to as H1, H2, and H3, while

CDR constituents on the light chain are referred to as L1, L2, and L3. CDR3

is the greatest source of molecular diversity within the antibody-binding site.
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t he reconbi nati on of variable and joining gene
segnents to make a conplete VL region. The

WO emenkisemt i on process itself is inprecise, reBUl/IB20g3/004748
in the loss or addition of amno acids at the V(D)J
junctions. These nechani sns of diversity occur in the
devel oping B cell prior to antigen exposure. After
antigenic stimulation, the expressed anti body genes in

BH3; b éxamisier 88n bé @3BHoft 48 bRfho 5&i8%Esialed Eggreater than

estimated nunber of gernline gene segnents, t

AP The ali e saihd F2a A ey M BRHRY the v
S SR B R Ry s

2004/ 037861 PCT/1B2003/ 004748 ot her processes which
c 8 Vitfutleand Variidosegingicoealently linkagchy aslisidiige bend between
nmutation) are taken into account, it is thought that
uthveacasstaifit regions0 b dvércemerthe tandernydbfemnecnvateritly linked Vy
generated (I mmunogl obulin Genes, 2nd ed., eds. Jonio

etandal, .domfsiag @nthe IR REGiss&EIateDVREP coleiprdsdBa)in abfssteeR, a

of the many processes involved in generating antibody

diM L ahb Ve it s . . : .
e o ndld chFnSe) FEiafeAl (VT BaR B8 YonkirubK, #Rinich o
specifici L [ ti.cal. am no i equence

[ BEGble i obhurel G pbPRbAE ioR pilferis CREGIGEES e v
novel SDRS, deri ved from human j nmunogl obul i n gene

| F%ﬁl‘x’r Nderminyg af the, ¥t oF erérteeamuyioﬁgge ' o-tefainus of the
invention will generally be an anti body heavy or |ight

cNai mMhesmgakerramenlyausesblinkentiasibgsora i oresidue ényAS'e%:;
which the CDR is |ocated at a |ocation corresponding

t peptide, BR otHerrmkarsadreyalss knownng thda@nd VL. The
structures and | ocati ons of imunogl obulin variable

donai NFgHFY beAntfRIdG 'dNEISRY RScrdaf hyP# hde &fQﬁumP@egermnne
of ProteinS of I|Inmunol ogical Interest, US Departnent

OheRE&bhbodRg VEHIBIR reGlofs St a G95ety M RBMaBE edbnts. 1%
somatic events include recombination of variable gene segments with
diversity (D) and joining (J) gene segments to make a complete Vxregion and
the recombination of variable and joining gene segments to make a complete
Viregion. The recombination process itself is imprecise, resulting'in the loss
or addition of amino acids at the V(D)J junctions. These mechanisms of
diversity occur in the developing B cell prior to antigen exposure. After
antigenic stimulation, the expressed antibody genes in B cells undergo
somatic mutation. Based on the estimated number of germline gene
segments, the random recombination of these segments, and random Vu-VL
pairing, up to 1.6 x 10’ different antibodies could be produced (Fundamental

Immunology, 3rd ed., ed. Paul, Raven Press, New York, NY, 1993). When
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[0059] DNA and amino acid (AA) sequences of the

presently disclosed antibodies, their scFV fragnent,
wO/kboans’s¥l. dormai ns, and CDRs are set forth inp@hEB2003/004748

Sequences Listing and are enunerated as listed in

Table 1. For convenience, the positions for each CDR

within VH and VL domains are listed in Table 2. The

sequences of heavy and |ight chains excluding the VH

arath#f prboeaseswhlch doneiliite 2 ahtibddodi9ersity928:h Qé‘@omatlc
Myo22. 20 WD 2004/ 037861 PCT/ 1 B2003/ 004748 TABLE

DN‘}ufé'ﬁ@nMé"l@kéﬁ lirsto %%GHSHF ﬁ?t%g'f Wni?atm& Yk x 1010 different

Domai ns, equence of

z]gd%]\sf'ggEQ&é%“I}gof]{é EE%('%@@%E@ go ngﬁ) é‘lAd JedS “Jonio et
ugﬁﬁgﬁ%‘éc %%%EIQQE%'FQP l\%’*sg&%‘lée é\lo t&@%sprocesses

I\IO4 DNA sequence of VL SEQ I D NO 17 SEQ I D NO 11
simolyes jgeneraiing aniikosyediversity, isEQnlibeNOhasingEQendently
NO 12 SEQID NO6 GCermined DNA seq. of scFv SEQ ID
NderyedB@nduidial Batikediet withahAA apegiantijerssatifidiQ wilPhave
NO 26 SEQ ID NO 20 Germined DNA seq. VH SEQ I D NO 27

SkdertidaNemito adigrsehuesseNMA seq. of VH SEQ ID NO 28 SEQ
| D NO 22 Germine DNA seq. of VL SEQ ID NO 29 SEQ ID

No 24 A queress B BibsgBbindenR iy ek ﬁ%d%%lfas%%%
sﬁa%é %8"9@@%%*@“8 ol B Saediepties NEha Straglys ot canying

NOéBR 5%6: mventuon will generally be an antibody heavy or light chain
sequence or a substantial portion thereof, in which the CDR is located at a
location corresponding to the CDR of naturally occurring Vi and V,. The.
structures and locations of immunoglobulin variable domains may be
determined as described in Sequences of Proteins of Immunological Interest,
US Department of Health and Human Services, eds. Kabat et al., 1991.

[0059]  DNA and amino acid (AA) sequences of the presently
disclosed antibodies, their scFV fragment, Vy and V. domains, and CDRs are
set forth in the Sequences Listing and are enumerated as listed in Table 1.
For convenience, the positions for each CDR within V; and V| domains are
listed in Table 2. The sequences of heavy and light chains excluding the V

and V. domains are identical in Myo29, Myo28, and Myo22.
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AA sequence of L1 SEQ ID NO 34 SEQ ID NO 40 SEQ I D
NO 46 AA sequence of L2 SEQ ID NO 35 SEQ I D NO 41 SEQ

wo DoM@sA61 AA sequence of L3 SEQ I D NO 36 SEQ POI/N20652004748

SEQ ID NO 48 Table 2: Positions of CDRs within scFv's
CDR My029 Myo28 Myo22 (SEQ ID NG 26) (SEQ I D NO 20)
(SEQIDNO2) HL 31 - 3531 - 35231 - 35 H2 50 - 66
50 - 66 50 - 66 H3 99 - 106 99 - 110 99 - 113 L1 157

'TA@IEWO DNW’ [%% r@gé?@i%?%q%gﬁces éhs&lﬂds HWL E}g?nains,

198 L3 2% 1 - 242
2004/ 037861 003/ 004748 [0060] Pr esent Iy

i scl osed antibodi es m

ny further

conpri se anti body

pnst ant regi ons or pa

rn:| at rrn\l att ::r\ha

rn@omer eof .

'-l::f 1fc~ f"t

Nﬁa&zaexan‘pl [

rm-onal anrl

2 My%ZYL

nPNB@GﬂUPF%Pf@F@I nc

hRERARNGI AR

\,I T TTICOT

iSRQ 1D MO Tdi

ﬁ@%%ﬁ 1

seflenCbSoFW! €f €

ecific antigen-bind

e SEEVDWD 44

oﬂﬂA@eﬂayn%OEVH ached| &

SEQIIDND G 1

3@ IPNG:8 2

SEQ D NO:2

\/H

5R HANGHd

S50 NO:3

*qﬁﬁoomeOQmomqog

' ARZehu@hcgSt VIFMUNOg!
hy an
naNAsegqueneeef Yeot ype

P8EG!IB NIE3¥Y

10 N

l

S o

SEQUBINR 42 SE,@H@ Neut IsﬁQ I@GEIO 5

”RA'sQEjﬁ cd'ofMENPT ary

-termnal fr

PN

'SEQ

SEGIPNER T

%hEQ ID NO:6
al ns

f Germiined DNg@m Of'Sh@V D

NBEQID NOYRA]

"SEQ (D deglee

nces for

CeiricaR ey

 sEad

A2a D

Kefd!

reshe

are set
ot vel Vi

heemmmﬂﬁamenovuci d

SEQUBMN@RRT f

BEQ H2NO:2%

m nal

EdTHiHedPAASTG! of VH

SEQ ID NO:28

SEQ ID NO:22

Germlined DNA seq. of VL

SEQ ID NO:29

SEQ ID NO:23

Germlined AA seq. of VL

SEQ ID NO:30

SEQ ID NO:24

AA sequence of H1

SEQ ID NO:31

SEQ ID NO:37

SEQ ID NO:43

AA sequence of H2

SEQ ID NO:32

SEQ ID NO:38

SEQ ID NO:44

AA sequence of H3

SEQ ID NO:33

SEQ ID NO:39

SEQ ID NO:45

AA sequence of L1

SEQ ID NO:34

SEQ ID NO:40

SEQ ID NO:46

AA sequence of L2

SEQ ID NO:35

SEQ ID NO:41

SEQ ID NO:47

AA sequence of L3

SEQ ID NO:36

SEQ ID NO:42

SEQ ID NO:48

Table 2: Positions of CDRs

within scFv's

Myo29

CDR (SEQ ID NO:26)

Myo28
(SEQ ID NO:20)

s

Myo22
EQ ID NO:2)

H1 31-35

31-35

31-35

H2 50 - 66

50 - 66

50 - 66

H3 99 - 106

99 - 110

99 -113

L1 157 - 167

160 - 173

163 - 176

L2 183 - 189

189 - 195

192 - 198

L3 222 - 228

228 - 233

231-242
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heavy chain are set forth in SEQ ID NO 52 and SEQ I D

NG 53, respectively. [0061] Certain enbodi nents of the
WO pwensisen conpri se the VH and/or VL donai n OPCT/IB2063/004748

fragnment of Myo29, Myo028, or Mo022. Further

enbodi nents conprise one or nore conplenentarity :

determ ning regions (CDRs) of any of these VH and VL

domai ns. One enbodi nent conprises an H3 fragnent of

the VHislsgmi n sﬁfes%gfBiscMé_ea%nﬁ%di&éqﬁﬁ%g@ﬁer\édn?&%eVL

domai ns of "the invention, in certain e I ments, are

g ] ' f r K o eqi F of S
qanbbd Constafireglel® o iBORLRG, o SRATRIT 2Ly Bphdfhay ve
bi ol ogy,techniques to match th sensus _amn no, acid
safiaenecal s C-aming! geR o prtioedn Skl chain sansten! damans
enbodi ments, the framework sequences remain diverged

f inswding hyeran Crer CAxchane goaieoarp &)\ ¢eins. BRoolaryn a specific
C. Modified Antibodies and Their Fragnents [0062] A

f antigen-baxiieg fraghenh based enta dndpmain ohay be attddhed dtdts
obt ai ni ng an anti body anti gen-bi ndi ng donai n specific

f @_tdiinat entin® alikdr! dplof @ imrhdRodloblili®BBAGE ERGIA dehivéd from

the anti bodies of the invention are not limted to the

s if ks fia d '

a0 SriBoSF RN S8, FJBR ok 0 BV oFi o) I olype
retai,n antigen bindj abjlity. Such variants.my, be -
(ShPuBsSHY. crriie b A o dn EMARY ARG TRG s

known in the art. Am no acid substitution, deletions,
o@nHberies sRTPriss CHrrmipaldragments heavy padhight chaing of hyman
CDRs. While changes in the framework regions are

usg@in yrhed@bifgarediaming apideequenees farthe &aterméial dragment of the
I mmunogenicity of the antibody, changes in the CDRs

alightus dladihyard get frtdint SEQNDrN@50 amd SEQ YD NfO:Sherespectively.
antibody for its target. Such affinity-increasing

CTPIIRAUR tiyF A Nkt oo CONIGAI BTN ot
heavy chain are set forth in SEQ ID NO:52 and SEQ ID NO:53, respectively.
[0061] Certain embodiments of the invention comprise the Vy and/or

V. domain of the Fv fragment of Myo29, Myo28, or Myo22. Further
embodiments comprise one or more complementarity determining regions
(CDRs) of any of these Vy and V| domains. One embodiment comprises an
H3 fragment of the V,ydomain of Myo29, Myo28, or Myo22. The Vy and V|
domains of the invention, in certain embodiments, are germlined, i.e., the
framework regions (FRs) of these domains are changed using conventional
molecular biology techniques to match the consensus amino acid sequences

of human germline gene products. In other embodiments, the framework

sequences remain diverged from the germline.
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alterations can be made according to the nethods
described in Antibody Engineering, 2nd. ed., ed.
wdornebmeck, Oxford University Press, 1995. [ OPGBiB20682004748
met hod for nmeking a VH domain which is an amino acid
sequence variant of the VH domain set out herein
conprises a step of adding, deleting, substituting or
inserting one or nore amino acids in the anino acid
sequence of Ghdlqdiiedrntibodies arabThein Flaghidhts
optionally conmbining the VH domain thus provided wth
one or [A@62] VLAdarthenaspeotdf tsinkegtidmprovidedOsmidth&d for
VHNL conbi nati on or conbinations for specific binding

t coBEERinG, an aRGbERRAhIgerLERb] Qddrﬁﬁn%?feégggf’éowﬁh The skiled

ant i gen-bi ndi ng rralnton tra act -
enc .
& ftidn SR CCRle (Y e dndides %Q@%wa/qgmi:ned to the
[ 00 od nm e
F’%{esﬁé%%%ﬁg %sé‘%f\eﬁ@naﬂma@du%%&ie { iecinblude variants
mai n di scl osed herein are conbined with one or _
g‘e{ﬂq HsmEness thalgeiin Antigen hindingsplaitity. Guahhariants may be
i nvention provides a nmethod of preparing an

asteriyed frpnhmmrgoNMrmuuenb% usipgdethriqléy kn@RA S the &
CGDF-8. The nethod conprises: (a) providing a starting

r dpeinb aciccs ustitutidrg ideletivind soCad@HbY can'\Wa m@@g‘?ﬁ Bl(her the FRs
whi ch either include a CDR3 to be replaced or

CBR® 8RCOORRY Whﬁ’@ cA8n észn tﬁ@'?%rﬁ]é\ﬂ&ktrgglong%‘?ééxggéﬁy

with a donor nucleic a enco m no

( POLERERLT HRBI AR b %@ PRl S,
_ | *
' %ﬁﬁﬁi%d'aéﬂs%%a 6% PR LRSI GTEABR RGeS the antibody

cqdi n
eforcits ta?get Such affinity-increasing changes are typically determined

empirically by altering the CDR region and testing the antibody. Such
alterations can be made according to the methods described in Antibody
Engineering, 2nd. ed., ed. Borrebaeck, Oxford University Press, 1995.
[0063] The method for making a Vi domain which is an amino acid
sequence variant of the Vy domain set out herein comprises a step of adding,
deleting, substituting or inserting one or more amino acids in the amino acid
sequence of the presently disclosed Vi domain, optionally combining the Vy
domain thus provided with one or more V| domains, and testing the Vy
domain or V/V, combination or combinations for specific binding to GDF-8,
optionally, testing the ability of such antigen-binding domain to neutralize
GDF-8 activity. The V| domain may have an amino acid sequence which is

substantially as set out herein.
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domai n; (c) expressing the nucleic acids of the
product repertoire; (d) selecting a specific

wa@nritgemsebi ndi ng fragnment specific for GDF-8; remiBAed004748
recovering the specific antigen-binding fragnent or
nucleic acid encoding it. [0066] Again, an anal ogous
nmet hod may be enployed in which a VL CDR3 (i.e., L3)
of the invention is conbined with a repertoire of

nucl ei hds j ' ' '

el ucP B oA AfgE00ds ol 5 MG Win gne or
region. 24 WD 2004/ 037861 PCT/ | B2003/ p04748 [0067] A .
R geglinR A R OLA OO ARG A6 arsobhgg with
be introduced into a repertoire of variable donains

| BROAIeMbrdgeal)s; CDR3), using reconbi nant DNA
technol ogy. For exanple, Marks et al. (Bio/Technol ogy
(1992) [Q0®S5] 77 A fisther dspect dfdheninvention piroyides achetipod of
repertoires of antibody variable domai ns in which

C pRRitipigSarPantiinsbifl dingCftfsmenmtithal spstjificatintredcts tWith GDF-8.
end of the variable domain area are used in

cqﬂbqﬂ%bggomptrgegpnsensus primers to the third
f

ranmewor k regiron of human VH genes to provide a
repertojye \ie ri.abl I i T
repert g%)r e ﬁ%o)y'(gha?oﬂ%?'ﬂgd SW@PQZO@E@&%% Czdsp%.iﬁqdérfﬁgrv*'
anti body. . Usi ng .anal ogag echni ques, ,th .
B WIS P s RS SDRAES BRedaRtes R Bk 2 DRgnooding
be shuffled with repertoires of VH or VL domains
| 88NPMg a CDR3, and the shuffled conplete VH or VL
domai ns conbined with a cognate VL or VH domain to
pr ovi déb)specormbmirgthegepedbind iwith 4 dagoemicleiofacidhencoding an
invention. The repertoire may then be displayed in a
sdiir® beideguehvs a3 taHalyESs s rheesindbsaNQYCDRS3 (i.e., H3)
such that the donor nucleic acid is inserted into the CDR3 region in the
repertoire so as to provide a product repertoire of nucleic acids encoding a Vy
domain;
(c) expressing the nucleic acids of the product repertoire;
(d)  selecting a specific antigen-binding fragment specific for GDF-8;
and
(e) recovering the specific antigen-binding fragment or nucleic acid
encoding it.
[0066] Again, an analogous method may be employed in which a V
CDRa3 (i.e., L3) of the invention is combined with a repertoire of nucleic acids

encoding a V| domain, which either include a CDR3 to be replaced or lack a

CDR3 encoding region.
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system of WD 92/01047 so that suitable antigen-binding

fragnents can be selected. [0068] Anal ogous shuffling
woeoogosissnat ori al techni ques are al so di scl osedI/iB2003/004748

Stenmmer (Nature (1994) 370: 389-391), who descri bes

the technique in relation to a [3-1actamase gene but

observes that the approach nay be used for the

generation of antibodies. [0069] A further alternative

i s to [006%) at & culing s¥gLericevCDRegf thesnverdiony(ergy, @DR3) may

CDR- deri ved sequences of the invention using random

Nyd FARIRRES iftb P eRbIrBR GafgblRUorRaiNtlIaRHPs COR geges

to generate nutations within the entire variable

SEERLLTHE o BRI L o Rk s et gl
é@g”e;ﬁﬂﬁ@gbw%)g@%%bA-’E%%)r‘}%576 3%59891?% m@%ggg

used is to direct nutagenesis to CDR regions of VHé)r
ViepgeEioies 0£aahb<@<btvﬁﬂatn@§0m6@%in§wm6§éang?ﬂ%m'ée'@t irected
al. (Proc. Nat. Acad. Sci. U S A (1994) 91:

3808r 3fa&ntdadhstherat ottheatariaplk dorkbin arBacire used96)

263: 551-567). [0071] Simlarly, one or nore, or all

rg@n%wﬂﬁboﬁﬁerw&fﬁrﬁﬁeﬂsﬁb%e thirceframieaiorierefiolvbf buman
omai ns which are then screened for a specific

VI
%Wﬁﬁ@%ﬂ?\ﬁﬁe 9reBbAGOBS U1, A4RBBISISTASAS idckidgh CDR3. The

subStantial portion of an

| TRperaer gy bR R AEDR? & o pafiRiTRr sy, B8

frarrevvork regions fr e scFv, fragnents set
hanaIpAoUS S qqsomﬁh% "qE¢ed TR BRESS Of ﬂbeaeﬁessaﬁwem'on
50% of eit her or both of FRL and FR4, the 50% bhein g
t mayhe shuffled withgepertoirss obMd of iYe damainsiackingzn§iRfi3. and the
FR4. Additional

shuffled complete Vi or Vi domains combined with a cognate V\_or Vi domain

to provide specific antigen-binding fragments of the invention. The repertoire
may then be displayed in a suitable host system such as the phage display
system of WO 92/01047 so that suitable antigen-binding fragments can be
selected.

[0068]  Analogous shuffling or combinatorial techniques ére also
disclosed by Stemmer (Nature (1994) 370: 389-391), who describes the
technique in relation to a B-lactamase gene but observes that the approach
may be used for the generation of antibodies.

[0069] A further alternative is to generate novel Vy or V. regions
carrying a CDR-derived sequences of the invention using random
mutagenesis of one or more selected Vy and/or Vi genes to generate

mutations within the entire variable domain. Such a technique is described by
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residues at the NNterminal or Ctermnal end of the

substantial part of the variable domain may be those
woeao4/087180ml | y associated with naturally occurPCTEB2003/004748

vari abl e domai n regi ons. For exanple, construction of

specific antigen-binding fragnents of the present

i nvention made by reconbi nant DNA techni ques may

result in the introduction of NN or Ctermnal

r @?éﬁ\“&sale(ﬁeﬁ e4at. Reabi Ele Bsidd @@'2’)%%? %?Gfﬁéd),i WAb Gsed

cloni ng or man pu ation steps.

| teps include the |ntroduct|on of linkers
 BHoBRIIA PR i [ nvent

| e domains of the invention to further

pr ot ei uences. i ncl udi ng i munogl obul i n heavy
chai ns[bciﬁﬂer Angthabmet ?hg‘a(yr}lﬁ' %‘%ﬁﬁdp wqchn\qtfggenesus to
production of diabodies) or protein |abels as

dCaRisegians af WeoeVdgeaes.sSbeh taghnipueaareciiselossiby Barbas et
PCT/ 1 B2003/ 004748 [0073] Although the enbodi nents

i bl. yBrtocalNad. AcadoSuinl SsAcgod) 9¢: 3809-88¢8) aad Sphier eohl. (J.
VH and VL domeins, the invention also enconpasses

beqilB},m f(1996EIE 55aBeF)Ni ng a single variabl e domain
deri ved from either VH "or VL domai n sequences,

especi 7yl VH §ﬂﬁr§|;?30 d Or Aidfe, s‘a?l tﬂfeee?PEé;s'mgg I~Q‘:Tafted into

S|ngle n speC| |nd|ng nalns

be U.sed reen for nt ar
B 5B LOlEE O Y oF S SBMai ol are SR srebne ot &'Specifc
ant i gen-bi ndi ng domai n capabl e of binding GDF-8. This
rBindig BemneRIPIRging Hagments speaic &r@RARrthg et hods
usi ng the so-called hierarchical dual conbinatorial
appr oaf0723 diA sulbstedtial pordoroafl @ gmmunaglobutih variable domain
i ndi vidual colony containing either an Hor L chain

civilneorhprises atlietast thef DR ragivpeRiret, eptibndllyatheioihter oming
encodi ng the other chain (L or H and the resulting

t RArERIrk re§iBRS 'frBhPtr@EdFQ,EfFag%mg% SR Refetn. S?hsgbﬁ%n will

i n accordance wth phage |spl ay techniques such

{ BRSSng536 o Rkt bofHoe | ERRE 6ol R PR FRAC e s0%
being the C-terminal 50% of FR1 and the N-terminal 50% of FR4. Additional
residues at the N-terminal or C-terminal end of the substantial part of the
variable domain may be those not normally associated with naturally
occurring variable domain regions. For example, construction of specific
antigen-binding fragments of the present invention made by recombinant DNA
techniques may result in the introduction of N- or C-terminal residues encoded
by linkers introduced to facilitate cloning or other manipulation steps. Other
manipulation steps include the introduction of linkers to join variable domains
of the invention to further protein sequences including immunoglobulin heavy

chains, other variable domains (for example, in the production of diabodies) or

protein labels as discussed in more details below.

26



[0074] Anti bodi es can be conjugated by chem ca

nmet hods with radionuclides, drugs, nacronol ecul es, or
woblen3mgent s or can be nade as fusion protei PET/IB2003/004748

conprising one or nore CDRs of the invention. [0075]

An anti body fusion protein contains a VH VL pair where

one of these chains (usually VH) and another protein

are synthesized as a single polypeptide chai n. These

types FfoﬂQLOd‘Nfrﬁ)ugg éﬁsten{ henis! iedifed '.meksmbaés%mpnse

genera ave an It ona unctional el enent;

e et 8 e an R torlin Gt i s B 's@gdaﬁgésses

fused cronol ecul e. 27 WO 2004/
PRiRAINg;RaMeBiseAntainig A $inale VAT At damedn dedvedfageaither Vi

to the am no acid sequence outlined above, the
ant Vbdamein sequenses| genrajaliyt \bddomains. dndtie case lof siteer of the
to albumn or a nonproteinaceous polyner. For
| singkenctegin specific birlind gomainse tesseddamainb onagbe mBgd lhe screen
linked to one of a variety of nonproteinaceous

pfairwﬁ{piem@n&ry d@ﬁiawst &%m@ ogfdfﬁmhg a mbmn%ws%emc
glycol , or polyoxyal kyl enes, in the manner set forth

| 8

o orb oo GBP 48 SPie P be Mifivea
chem c nodi fi.ed caon ti.on to
Bh@safeﬁlwﬁavi Heeent meltio e Yoing the SEHARA N SHrdnicdt el

e Exenpl ary pol yners, and nethods to attach
P@ggm tojiad @PRERACR s digelosed ip¥¥Pi92/Q1047 ipayhich aRdadividual
4,766, 106; 4,179, 337; 4,495,285, and 4,609, 546.

[ o@my containihg eitbebaniHherm: shaintmorisi lI&ﬁdMoriafyecba complete
nodi fied to have an altered glycosylation pattern

(library obtlbresenésding teotier ghail (Lot Hpdnd/the resulting two-chain
gl ycosyl ation pattern). As used herein, "altered"

PN BTN S SELMY 1 S phage gl
techniques such as those described in that reference. This technique is also
disclosed in Marks et al., supra.

[0074] Antibodies can be conjugated by chemical methods with
radionuclides, drugs, macromolecules, or other agents or can be made as
fusion proteins comprising one or more CDRs of the invention.

[0075]  An antibody fusion protein contains a Vx-VL pair where one
of these chains (usually Vu) and another protein are synthesized as a single
polypeptide chain. These types of products differ from antibodies in that they
generally have an additional functional element; the active moiety of a small

molecule or the principal molecular structural feature of the conjugated or

fused macromolecule.
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added to the original antibody. Addition of

gl ycosyl ation sites to the presently disclosed
wa@ndaokloamsses acconpl i shed by altering the anm noPEDIER003/004748

sequence to contain glycosylation site consensus

sequences are well known in the art. Another neans of

i ncreasi ng the nunber of carbohydrate noieties on the

anti bodies is by chem cal or enzymatic coupling of

ant i Dot Shhesh HAGRHTS hBEhanGEs I arRingstid spauense
d | nd. \\ 981
R peViafis! bssﬁafﬁpdpa#aked t

noi eties present on the anti bodies

a AN 08 RRPIRTAlAIRA080WS HOIASR RS 'eﬁ%ny‘e dbeqegsentlyed

by Haki muddin et al. 28 WO 2004/ 037861
Pdisciasedaatibodipsgnay bedinkedte hne Bf eotasiety &f nyyhysteinaceous
259: 52; and Edge et al. (1981) Anal. Biochem, 118:

1 pdlyarets by g Thpatyakbyleneiglyabl, pfoh@Bapyléhe blchnbjmlyox?lalkylenes
138: 350. [0078] Antibodies of the invention nay a

beh {RAE8ANYY et férth fieLeS PRbAt RbsfA1B4bIg3Bak d%b@ég 4,301,144;
Det ect abl e | abel's i nclude radi ol abel s" such’ as 11 o

99 W0 Y. 91h755‘15‘¥9900n \/e?}‘? A89 4, aéﬂtlb%‘a?éseireoghemgal ypodified

i nvent i ol usi T onal
i ncl ude, enzy

hbvggw%§ﬁ£ﬁ°weg%9&%@s% pswnmaunqs%‘a%'?nﬁgeah%ﬁ%@ngm&ws for

further include chem cal noieties such as biotin,
wExempieayExRMBEN: pelymars cansl mgthags toatachibent togeptides are
coghate detectable noiety, e.g., |abeled avidin.

[ aBpghoamt indd&i. EatentrNoshidsTERDE0 ;54 6)18)38& 54 di9bf 285; andy

i nsubstantially fromthose set out in SEQ ID NO n,

w09 sye) is 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22,

24, 26, 28, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,

4§’otﬁ'é¥ éodlﬂﬁentﬁ?he AntifSdy A be modlfned to have

encon‘pg)sseg within t e scope of this 1I'nve

R0 ez%g%%% B ST e

an]ycosﬁaflon patternt)“eAs u ed ereln "aﬁtered means having one or more
carbohydrate moieties deleted, and/or having one or more glycosylation sites
added to the original antibody. Addition of glycosylation sites to the presently
disclosed antibodies accomplished by altering the amino acid sequence to
contain glycosylation site consensus sequences are well known in the art.
Another means of increasing the number of carbohydrate moieties on the
antibodies is by chemical or enzymatic coupling of glycoéides to the amino
acid residues of the antibody. These methods are described in WO 87/05330,
and in Aplin and Wriston (1981) CRC Crit. Rev. Biochem., 422: 259-306.
Removal of any carbohydrate moieties present on the antibodies may be

accomplished chemically or enzymatically as described by Hakimuddin et al.
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Typically, an amno acid is substituted by a rel ated

am no acid having simlar charge, hydrophobic, or
we@resmshen cal characteristics. Such substit up@DIBR003/004748

woul d be within the ordinary skills of an artisan.

Unlike in CDRs, nore substantial changes in structure

framework regions (FRs) can be nmade w thout adversely

affecting the binding properties of an anti body.

POHBArER. BioBRem Bidisifys., 240 BQeaﬁ@EdbbTEt%ﬂhbm)Anal

humanl zing a non-humen derived ' framework

RO e 7 8%‘1‘3!1&]‘ &n ISt rgel't%?'?%?fﬂ}/lggllt“z?mgl 138: 350.

| nmpor tant anti ct™ or the

bi ndi n cha in e class ubclas

Lhe coﬂ%ff’éit Atiiies S e dioiay aisdihe Baagdgin &

resi dues which 29 WO 2004/ 037861 PCT/ | B2003/ 004748
nidgtactaple or functionablabel Pelestabds labgisningbidegadisdaspipsuch as
bi nding (Lund et al. (1991) J. Inmun. 147: 2657-2662

ant! anFgewhichahay be eftarhédinaolitngiess6f thednderdi) ysing
changi ng the species fromwhich the constant region is

debhvéstionaletiéraREHy e olRYinhBY artMitatelasolifclldé eblidne labels
region of the heavy chain that reduce or alter

eED@I‘E%Q rhoFéH’rﬁBisﬂS)eerﬂas BPaIrk%ﬁﬁé’f)ﬁés Hd ?‘%é‘gLé‘Bé#s further

conpl enent activation For exanpl e odres may

hav t U e ..des n
Nﬁ’gc‘fu%%p%i gheﬁ*ég%@fb*%%éaot'%fﬁhW%Gfi@g?tﬁc&iwaeb Ading
heavy ch for exa such mutatign be made

210 BsPRbTS Goanalesds BRBLIETR Bl 92 RTICAERID NG B3,

whi ch represents the Fc portion of 119G (these

resi dut¥078br r Anpthediass imwhich GEORse@ncasdiffEgorih t he
full-length sequence of 1gGlL or Ig&). Antibodies may

alrsubktantialpfratn thiose tsehbulsined i Qi IDNOth eviddreinl /4 isd?, 9@ @, 10,
between the two heavy chains of an inmmunogl obulin,

syoh14 af6 M@ 2Di 9PS24 126, 128, Bonsna 328%034035&%5437 @s 39, 40,
di sclosed in Angal et al. (1993) Ml . | nmunol

é}%sﬁt é%g43,[34, WHChE! £7 2511 485 arEbRBOMBaSEl FRNGRS! 's%Bpe of this
invention. Insubstantial differences include minor amino acid changes, such
substitutions of 1 or 2 out of any 5 amino acids in the sequence of a CDR.
Typically, an amino acid is substituted by a related amino acid having similar
charge, hydrophobic, or stereochemical characteristics. Such substitutions
would be within the ordinary skills of an artisan. Unlike in CDRs, more
substantial changes in structure framework regions (FRs) can be made
without adversely affecting the binding properties of an antibody. Changes to
FRs include, but are not limited to, humanizing a non-human derived
framework or engineering certain framework residues that are important for
antigen contact or for stabilizing the binding site, e.g., changing the class or

subclass of the constant region, changing specific amino acid residues which
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[ 0080] The present invention further provides an
i sol ated nucleic acid encoding anti bodi es or binding

wé eagmetses of the present invention. Nuclei c BCT/B2003/004748
according to the present invention may conprise DNA or
RNA and may be wholly or partially synthetic.
Reference to a nucl eoti de sequence as set out herein
encorrpasses a DNA nol ecule with the specified

SR s?éﬁsﬁdigeﬁﬁ%ﬁ%ﬁﬁﬁé\f%ﬁéﬁ‘?swgg?ﬁﬁ%}91- (1991)
PoBY 0k b opRceth i ot kLt 4Toeldinigro ,oaggg.l

|nvent| on conprises a coding se uence for a CDR o

0PI P32 et REBEINGHBe SPEEIRS: T 4G iher AStaHaPgIon i derived.
[0082] The present invention also provides constructs
i Antibedies maydhavepinatations, in Wee Co? segionaidlee hpavyohain that
expressi on cassettes which conprise at |east one

N eed ueieCoraited efféctoh éuriotiva néngrFmo@bmr@indiﬁ?%h c'Bnﬁplernent
present invention also provides a host cel whi ch

c s r
ag%lfdéﬁgodfﬂrgeg]rgﬁﬁcgﬁﬂ%&ﬁéé Hfaty%eﬁ/% rﬁhfé‘f%g:s/éuBH@s)Qhése

Opgé’& db%gﬂﬁ'@s Pay SRR '5"62”11”&?3!?9 z (%feﬁ o esen{i‘\%maﬁaﬂ oG

ereéin orns an'aspec
vention, s does t hod..of ct f t.he
ReSRLan ST ekoript R g ey RE TR A ginh acidom
t he encoding nucleic acid. Expression may be achieved

byesiduas Uit agd 1386 Sk O BBe Whisihepresents theohepagien of

host cells containing the nucleic acid. Follow ng
p fgishudheésenresidues moeespond do Whhino avids @3deand 287 in the full-length
speci fic antigen-binding fragnment nmay be isol ated

apedwendeusfiI§Geer kB9 Antipodreirh@p bR otiRfeMhdtetiont figdt stabilize
used as appropriate. [0084] Specific antigen-binding

f ﬂ%%‘i@ﬂlhae b‘dh'd Yetheen e R/%Tﬁéé\gy %h:ﬂﬂéi of8f %hﬂ%o@%uﬁh?such
aci d nol ecul es and vectors according to the preSent
as mutations in the hinge region of I9G4, as disclosed in Angal et al. (1993)

Mol. Immunol. 30: 105-108.

D. Nucleic Acids, Cloning and Expression Systems

[0080] The present invention further provides an isolated nucleic
acid encoding antibodies or binding fragments of the present invention.
Nucleic acid according to the present invention may comprise DNA or RNA
and may be wholly or partially synthetic. Reference to a nucleotide sequence
as set out herein encompasses a DNA molecule with the specified sequence,
and encompasses a RNA molecule with the specified sequence in which U is

substituted for T, unless context requires otherwise.



i nvention may be provided isolated and/or purified,
e.g., fromtheir natural environnent, in
weungnzassi al |y pure or honogeneous form or, iPCTL/B2003/004748
case of nucleic acid, free or substantially free of
nucl eic acid or genes of origin other than the
sequence encodi ng a pol ypeptide with the required
function. [0085] Systens for cloning and expression of
a pol yjk@it]de The auclemracid pf tife idvéfittorecemposés aeoling
are well known. Suitable host cells include bacteria,

meegBéncanforel COR GV, RS Homiath 6Bl ifvertioh SV S§tFBRA herein.
Marmmal i an 31 WO 2004/ 037861 PCT/ | B2003/ 004748 cel |

l'ines id1ablgd : 9| :

et or ofamte poly BesERyEientl aRbRBIREE Tofsndets n the form of

0 cel L. balb neter kidney.cells, .
B/ ors-binsltPy cRAran P b Eanee L Whigh pafprise at

b ct?rial host 1. 4; coli. For cells suitable for

prGHL MR G UL G B%'ai dhe inyentign s 8ssion Systens,

eds. Fernandez et al., Academc Press, 1999. Any cel

conpat {#83] withe presept isvention alsernrpvidesmayhdst celladhich

produce the presently disclosed antibodies. [0086]

Scotnpbises vae tor nsoreasonistrucisaseabie. CAnstleicaeid encoding any
containing appropriate regulatory sequences,

| CORIGHNOHR! ABDL €5 K UBNORS or VE BB, Ar sp%%ﬁieedﬁﬁigén-binding
pol yadenyl ati on sequences, enhancer sequences, marker

ST hertal 6o AU TSR 59 SRR e e RO oo

asm
a ri,ate. For. further detajls see,_ for ampl e, .
vBefu B Erodiiigh S WS sor St pRf TS diadBomprises
Sanbrook et al., Cold Sprjng Harbor Laboratory Press,
16%RreSRIORTUm ik ePeRHRY GueleiGaacid. Fpressinsmaybe achieved by
mani pul ation of nucleic acid, for exanple, in
peulting undersippropriateiconditiods cesmsubinanshostelly enpkiirsng the
sequenci ng, introduction of DNA into cells and gene
gnpclgm, Falaolviaggrggiuctionl bypegiression a2V g of &% doniefl, om
etail in
specific antigen-binding fragment may be isolated and/or purified using any
suitable technique, then used as appropriate.

[0084] Specific antigen-binding fragments, Vy and/or V_ domains,
and encoding nucleic acid molecules and vectors according to the present
invention may be provided isolated and/or purified, e.g., from their natural
environment, in substantially pure or homogeneous form, or, in the case of
nucleic acid, free or substantially free of nucleic acid or genes of origin other
than the sequence encoding a polypeptide with the required function.

[0085]  Systems for cloning and expression of a polypeptide in a

variety of different host cells are well known. Suitable host cells include

bacteria, mammalian cells, and yeast and baculovirus systems. Mammalian
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Current Protocols in Ml ecular Biology, 2nd ed.,

Ausubel et al. eds., John Wley & Sons, 1992. [0087]
wabag/03m6f urt her aspect of the present inventiBOT/IB2003/004748

provides a host cell conprising nucleic acid as

di scl osed herein. A still further aspect provides a
met hod conprising introducing such nucleic acid into a
host cell. The introduction nay enploy any avail abl e

t ggin ﬂhé’é‘ Bvaifedle RUi@rarPlor @xpRidsfon offd! héﬁ!ﬁbl@gb€§ BB V\éﬁéﬁﬁde

may i ncl ude cal ci um phosphate transf ectl on,

ZF}%{{%@@%FF%&%@Q%&%%@ ?egﬁ fans EH%mster kidney cells,

ection an
t sducti on ,usi ngﬁg@trow rus o

ok MeitBond et BRbnaidy Slhelt. Aamipbh bagieial host is E

bact erial cells, suitable techniques may_i ncl ude

c&Pki Gar cellg syitate for preduning anibodies.«ee GeBE FXPHSSION
transfection using bacteriophage. [0088] The

i Bystedos, tadsn Femaridez fed lal. pheaddmiccliess n$998. Anhy cell cgmpatible
expression fromthe nucleic acid, e.g., by culturing

hasth tﬁ@ldrésemGkWem:@ndnéy besiseliad gecxmmme Preséntlyndisclosed
gene E. Biological Deposits [0089] coli cultures

%ALH’ gal ly transfornmed with the phagemd vector
p AB6 encodi ng nongerm i ned scFv's My029, Myo28, or

%’ Siﬁel%ﬁﬁﬁ U?Sé’@iﬁe et SRR e Conel Condlud P rehning

nat i on Nunbers, 'é@ 4741, PTA- 4740 and
P‘P P%’Pﬁ@te lalgnt srauesces HaclggsProRIsfer sequssiges, terminator
University Blvd, Mnassas, VA 20110, U S A 1.
VEequRnRces: Prlyadenylgtion §@q@@0@5de®mer@@eyepmﬁgmarkﬁégenes
anti bodi es of the present invention are useful to
paadather sadjuegnes as apprdaprede. Vectors snayele plsndds or dieslse.g.,
in humans or animals. The
phage, or phagemid, as appropriate. For further details see, for example,
Molecular Cloning: a Laboratory Manual: 2nd ed., Sambrook et al., Cold
Spring Harbor Laboratory Press, 1989. Many known techniques and
protocols for manipulation of nucleic acid, for example, in preparation of
nucleic acid constructs, mutagenesis, sequencing, introduction of DNA into
cells and gene expression, and analysis of proteins, are described in detail in
Current Protocols in Molecular Biology, 2nd ed., Ausubel et al. eds., John
Wiley & Sons, 1992.
[0087] Thus, a further aspect of the present invention provides a
host cell comprising nucleic acid as disclosed herein. A still further aspect
provides a method comprising introducing such nucleic acid into a host cell.

The introduction may employ any available technique. For eukaryotic cells,

suitable techniques may include calcium phosphate transfection,
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anti bodi es can be used to inhibit or reduce one or

nore activities associated with GDF-8, or a related
w@r@iesTss1 Most preferably, the anti bodi es i nhi BCT/IER003/004748

reduce one or nore of the activities of GDF-8 relative

to the GDF-8 that is not bound by an antibody. In

certain enbodi nents, the activity of GDF-8, when

bound by one or nore of the presently disclosed

apid j i S14-RRI R 9 ahly jat

" DA Ds5tpo! Sich Ot B, RipsohizaferiAet yhSidipg ahg?

84, 3 2004/ 037861 PCT/,| B2003/ 004748 .86, ar 88%
SpeSdheipariang relfounlisar ST WS, 89 i on dor inggtt cells,
even nore referably at least 95%to 100% relative to
abﬁﬁli"QY'éUSGDEO'Bb@(Ft@['%'i Gellsnaiitable teshnigyesfaay ipchide ealcium
nore of the presently disclosed antibodies. Inhibition
othloGoE ti@natarmaition, eleotrbponatias wnddransiediod((Gh@Abadteriophage.
reporter gene assays (RGA) as described in Thies et

al . (Goo8s) Famieintroddeidn mb§:beXollewEabyasaiisirgsor allowing
illustrated in Exanples 2 and 9, or in ActRIIB

{ g%;gr%]%gf_?ﬂgﬁﬁﬁﬁﬁe Adcleld 488 &5 by duluRngTRseeeld Li’f%ifetrggnditions

nmedi cal di sorder “bei'ng di agnosed, trea ,

of,. I, : presently disclosed antibodies is
a‘ﬂﬁ?@%%g%sgﬂgﬁﬁﬁﬁﬂg%ular di sorder; an adi pose tissue
di sorder such as obesity; type 2 diabetes; inpaired

gl ucose toler e:. abol i.c syndrones (e.qg.,

syndr ome X),'iﬁ@ﬁ?Qﬁnggpg?gﬁce i nduced by trauma such
as burns or nitrogen inbal ance; or bone degenerative

di SeaS[:‘O(BﬂJgh 3. coitamuegDindvidUaN) ¥2nsfarhrd withl tleeaphagemid
di sorders being di agnosed, treated, or prevented by

t D&ctlr g@wm/xs@' bﬁ@b&ﬁg%ﬁpbmm&&mewm,r 05628, or Myo22
ted wwth a loSs o

assocl bone, which i'ncl udé

8 Sf%g%éé%hezda?ﬁ&?%@rli BQOiOQ épﬁm‘alrigg{\ !ﬁsosg{:ég%%ure Collection

woten, ‘glucaotorti col
0 rosi s, osteopegnia,, _osteoarthritis,
A TERT L BarL e TR DRpas! BRSGRSRDR Nt K7 400) | o
PTA-4740, and PTA-4739. The address of the depository is 10801 University

Blvd, Manassas, VA 20110, U.S.A.

Il. Methods of Treating Disease and Other Uses

[0090] The antibodies of the present invention are useful to prevent,
diagnose, or treat various medical disorders in humans or animals. The
antibodies can be used to inhibit or reduce one or more activities associated
with GDF-8, or a related protein. Most preferably, the antibodies inhibit or
reduce one or more of the activities of GDF-8 relative to the GDF-8 that is not
bound by an antibody. In certain embodiments, the activity of GDF-8, when
bound by one or more of the presently disclosed antibodies, is inhibited at
least 50%, preferably at least 60, 62, 64, 66, 68, 70, 72, 72, 76, 78, 80, 82, 84,
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bone di seases and di sorders include | ow bone mass due
to chronic glucocorticoid therapy, premature gonada
wo 20040861 andr ogen suppression, vitam n D def PCT/&Br0§3/004748
secondary hyperparathyroidism nutritiona
deficiencies, and anorexia nervosa. The anti bodies
are preferably used to prevent, diagnose, or treat
such nedi cal disorders in mammals, especially, in

hi@EaBp 8894 NP 1HErtr ARy & leds€80) SROIIR/90 67 989%, [ARRden more

The anti bodi es or anti body conpositions of the present

e?)}‘&l‘étéﬂ{/‘ a?fe%s??g%nfgﬁ(ﬁﬁﬁ ‘f’(lal'aﬂvé RES RSt @ﬁF} ¥ Hrgtem that is not

I ve anou t herapeut

f f oy g
C otin Y or GHRoud Bt tne Py b sy sbﬁﬁﬁgq'ﬁs o ¥jnion of
medi cal condition in the subject. The dosage may be
d&3 18k ardivitygan benpensured Ia@@L@&Fé\QAe)@p r%@ﬂﬁésegg ABgays

to suit observed effects of the treatnent. Toxicity
aiiBGA)asaprsagribed ¢ Thiesost abf (Grawth Facteps (R ) 8n26¢-259) and
determ ned by standard pharmaceutical procedures in

ceislillustratédi ireExampRsiEanhdenbain ActRIE ieceptay.assays as illustrated
determining the LD50 (the dose |lethal to 50% of the

PGP ekakiphdy) 3 aRd ¢.he ED50 (the dose therapeutically
effecti ve [ n 50% of the population). The dose ratio

bet wee o ey éiméd;cegu PRBNAG BilcholsBa; PEated. or prevented

t her apeu ex and™ 1t can

! B BrR YT Dﬁﬁw dbaes B4 @@égffe%&lﬂu%ﬁisag@adi'sorder:

obtained fromcell culture assays and ani mal studies

c &n ahpesseiissug diserder abehags fbesityjdyre 2 gliakejesiipaired glucose
in humans. The dosage of such conpounds |ies

pteleemakl etabdlicrsymdremegs (@0., siyndidnae Xginsulin resistance
concentrations that include the ED50O with little or no

t Gerd Welby tFAEmME @BidB &isTBMNs bR hitrotehlliribaldtice; bRbake
dependi ng upon the dosage form enpl oyed and the route

°fde‘§gﬁé|‘yt|§érd?§éa%% suth'ds 8REopdiBkisany antibody used in

t he “present
[0092] Other medical disorders being diagnosed, treated, or

prevented by the presently disclosed antibodies are disorders associated with
a loss of bone, which include osteoporosis, especially in the elderly ahd/or
postmenopausal women, glucocorticoid-induced osteoporosis, osteopenia,
osteoarthritis, and osteoporosis-related fractures. Other target metabolic
bone diseases and disorders include low bone mass due to chronic
glucocorticoid therapy, premature gonadal failure, androgen suppression,
vitamin D deficiency, secondary hyperparathyroidism, nutritional deficiencies,

and anorexia nervosa. The antibodies are preferably used to prevent,

diagnose, or treat such medical disorders in mammals, especially, in humans.
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i nvention, the therapeutically effective dose can be

estimated initially fromcell culture assays. A dose
woroo4g7s6or mul ated i n ani mal nodel s t o achi everP@r/1B2003/004748

circulating plasma concentration range that includes

the 1C50 {i.e., the concentration of the test

anti body which achi eves a hal f-nmaxi mal inhibition of

synptons) as determined in cell culture. Levels in

pl asma 0@3 be4‘l;1?é‘§H?t§‘&ile§ér m»%}@%&%&@ﬁons of the é'esent

PCT/ | B 003 exanpl e hi'gh pertorm

[, effe art i

&gaﬁoegﬁg FATERESH in st LR s feofetaBags: Codraty. o
npl es . of ui t abl e bi passays in "

r é'izﬁf?%k‘ﬁ'%qy esiie amosRt Fiay %M"tgéﬁ‘é&“g];@&%%?v egelition,

protei n/receptor binding assays, creatine kinase

assdysex, anwelyas thesevetty afitbe anedieal sandiiondn the subject. The

pre- adi pocytes, assays based on glucose uptake in

adiopagy hesy, beaddtermnetbby giphgbicassandsadjubte@s bs necessary, to suit
Cenerally, the conpositions are adm nistered so that

a%bb@%d‘%#fe@fs 6hﬁbrtréytﬁ1@hf‘ méiuawm ﬁme&ésemd/@r'ﬁcaéy éf such
dose from1 pg/kg to 150 g, 1 pg/kg to 100 ng/ kg,

S?ﬁ%’;}?ghi giﬂ H/’égcﬁé‘tgrm%eeq{ ?iq?l)r%%rﬁﬂégeu n%?{:(é‘éﬁlf{%s in cell
Egl ulfe: ﬁg/%gexpsf'&%@faiafwalsﬂg ot PIB 3@“%5*& ;B%gﬁ%ﬁgae
0Ol Us ose to nmaximze the circu atlng eve 0

¢

alfthaldaifdse phihe prepyatien)and therfds (Bre dosmutherargutically

dose. Continuous infusion nay also be used after the
beffastivioineh0% @ #63 popelatien)holdie dbse radiathetyeen toxic and

di agnosi ng, or preventing the above nedical
CﬂﬁéiiaBé@tﬁtSeffédtb i the theesRutit iIndisaidi edn det eXprdses] asthe
al so be used on other proteins in the TG~ 3

S PRI [ BIYEDs,. '\Rf'il}bdiﬁeé ﬁ\%%@xlﬁibﬁqﬁrklga%é‘rfa%euf@irﬁh%& ard
structure to GDF-8, such as BWP-1 1. Accordingly,

ﬁ%fgﬁ'ed enbodi nent provi des nethods of treating the
ofenenti oned di sorders by

[0094] The data obtained from cell culture assays and animal
studies can be used in formulating a range of dosage for use in humans. The
dosage of such compounds lies preferably within a range of circulating
concentrations that include the EDsp with little or no toxicity. The dosage may
vary within this range depending upon the dosage form employed and the
route of administration utilized. For any antibody used in the present
invention, the therapeutically effective dose can be estimated initially from cell
culture assays. A dose may be formulated in animal models to achieve a
circulating plasma concentration range that includes the I1Cs (i.e., the
concentration of the test antibody which achieves a half-maximal inhibition of

symptoms) as determined in cell culture. Levels in plasma may be measured,
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adm nistering to a subject an anti body capabl e of
inhibiting BMP-11 or activin, either alone or in
wa@oothiosmsbi on with other TGF-[3 inhibitors, sSuchCEHEB2203/004748
neutralizing anti body agai nst GDF-8. The anti bodi es of
the invention may also be used to treat a di sease or
condition associated wth or nediated by BWMP-11. See,
e.g., US. Patent Nos. 5,639,638 and 6,437,111. 36 WO

2 I 48, Ni-| i
oo EP R ol b ceiianed b R etod afnf CThORFRES of any
resence of proteins belonging to.the TG-R

C BRI f5aB6 da DamORYRRl Dhon LR BloTsTaY: FxeBies:of
vitro. By correlating the presence or |evel of these
peyitabladiaqssays inecidecBNAcemticatigmassays, Bansgiptipnibaserle

art can di agnose the associated nedical condition.
Thesapsl iGLRAF -8cqorothin/reneptorzindimgyassay sli agatirekinaby assays,
presently disclosed anti bodies are set forth above.

[ 6088]s e sletrrcdifferentiation @8 prs-adipetytek N@ydaysbdsed on
art and include ELISA radi ol nmunoassay, i nmunobl ot,

%ﬁ%ﬁr"?&:&?{ﬁ itnad.t |iion,S R%'ﬁ%ﬂg?ﬁer r}ggo ig?la%ﬁsgy?'echni ques.
Th : . . g :
it f‘ﬂLctd@.%ﬁi'c2?%%?%?@?*%%@%%8%%'aié%fhﬁggt%@%ﬁﬁﬁéeé
' .Q9., CDF-8). S '
 Sntisodics ohufecgBRdrHdepSAka hisg 2 adese komuh/kgito 10
other material to aid the detection of the protein

amy/kg.e! gg/kghe 1R0tMakaod eio/kanter 20 meskanrik peybaite 20angrkg, 1
i ntended for diagnostic purposes, it nmy be desirable

t pgrkgatof 40 g, 1fiarke iaiphg/kgv © gkg togamd/lgy, ddpud/kg ¢ 100

as biotin),or a detectable marker group (such as a

f LigMge 906 Nig B OmB/keR andBUOLGRE %0 a AG/kan FrBfatEBlY; thef
desSired, the antibodi es (whether polyclonal or

TEAISIABELe 5l 8 4 BRELTHobe I AR ARERS Baing ovel o
COnAEBROL S the PQAGLRYHR SRR a8l FE AR B3thuous infusion
may also be used after the bolus dose.

[0096] The methods of treating, diagnosing, or preventing the above
medical conditions with the presently disclosed antibodies can also be used
on other proteins in the TGF-B superfamily. Many of these proteins are
related in structure to GDF-8, such as BMP-11. Accordingly, another
embodiment provides methods of treating the aforementioned disorders by
administering to a subject an antibody capable of inhibiting BMP-11 or activin,
either alone or in combination with other TGF-§ inhibitors, such as a
neutralizing antibody against GDF-8. The antibodies of the invention may

also be used to treat a disease or condition associated with or mediated by

BMP-11. See, e.g., U.S. Patent Nos. 5,639,638 and 6,437,111.
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reagents, enzynes, and |igands having specific binding
partners. Enzynmes are typically detected by their

wW@easw3syl For exanpl e, horseradi sh per oxi dasePCTEBR0GBA04748

detected by its ability to convert

tetranet hyl benzidine (TMB) to a blue pignent,
guantifiable with a spectrophotoneter. O her suitable
| abel s may include biotin and avidin or streptavidin,

I gG an tei ; :
pCT/ | BS31004 4%"”‘?‘2%%%? m#@gﬁﬁﬁéﬁﬁ%ﬁfgﬁ%@%ﬂ%@m

the art. O her pernutations and possipilifies wll be

- SBIEE e seRAk of BratBlosbean e ey ek piestathly. sich as
art, and are considered as equivalents within the

s BdR-1drancheDm8: iariva evisntitren By[aretgtingsthe presenae or level of
aspect of the invention provides a nethod of

| treadd rpteigs Withraapedicat cagditivrs, arsedfudkill in the @t cerndiaghose the
nmuscl e and bone di sorders. Appropriate screening

aa880Giated redichlcrRithas SPh& Afcdlical cBhEitibAS Watinkay BE diagnosed
art. In such a screening assay, a first binding

' i I g 3T j of the
b reserhiifodt SRERCL et SHHLRBO. O LT
and th u f ,bindin et ween the |igand,and, th
ant i boPdH] "t neudh et el Atk w1 S and
neasured. A second binding mxture is also forned by
cHighida Bhl¥mdadivimpsapassde immymeiotafMesteradigfound or
agent to be screened, and the anount of binding
b #omenofludrescenes dmanuhophecipitationo and iothercomearabl® techniques.
bi nding m xture (M) is neasured. The ampunts of

birhdiargibodieshay furthier dadorosidednnl adiaghdxticriitthat iBgomoates
then conpared, for exanple, by calculating the ML/ M

r 8he@r nidre SFINBSRRENAIqURSSE etett fé%?éiéﬂ?;&ﬂ.,t(}b@-%). Such a kit

capable of inhibiting GDF-8 activity if a decrease in

Y 35 SRR AR e P el o

BBl e ot o Be B o e

760 o068 SWhora the antibodios ard miended for dlagnosti purposes, i
may be desirable to modify them, for example, with a ligand group {such as
biotin) or a detectable marker group (such as a fluorescent group, a
radioisotope or an enzyme). If desired, the antibodies (whether pdlyclonal or
monoclonal) may be labeled using conventional techniques. Suitable labels
include fluorophores, chromophores, radioactive atoms, electron-dense
reagents, enzymes, and ligands having specific binding partners. Enzymes
are typically detected by their activity. For example, horseradish peroxidase
can be detected by its ability to convert tetramethylbenzidine (TMB) to a blue

pigment, quantifiable with a spectrophotometer. Other suitable labels may

include biotin and avidin or streptavidin, IgG and protein A, and the numerous -
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opti m ze binding, and additional control assays may be
included in the screening assay of the invention.

w@ 0dan378€onpounds found to reduce the anti bodyPtT/iE20as/004748
bi nding by at |east about 10% (i.e., ML/ M<O0.9),
preferably greater than about 30% may thus be
identified and then, if desired, secondarily screened
for the capacity to 38 WD 2004/ 037861

P 8oRedri t ibiliti
R Koo K s O e U By R pogsibities

" WALRE REglf Spareindl s bortindy SR T B; kg e Eonsidered

nposi ti ons and thods of Adm nistratjon [0102] The
p?%@@H{Vql‘?W%N‘fa‘ih ?ﬁﬂp&ég the, ISR IYATY! %onpri sing the

present |y disclosed anti bodi es. Such conpositions m

be sul@@B]e fYetansiermaspegt otthe inventidRdpravidesiasmetha

to patients. The conpositions typically conprise one
adentibyirg therapewticesgerits ubefupinetseatmant oé niusele amdl bane disorders.
phar maceutical ly acceptabl e excipient. As used herein,

ApRrapiide @creerhﬂgf awa@@t e SRl EMSACE SR ay8 X SiekrdWN in the art.
n

includes any a sol vents, dispersion nedia,

&G Sordtbin §§aeyf A rs PR HARBIhxHERS f&ﬂf‘é&t combining an
s X i o

onr ¢ and sorption ing agents,

Ly e o R Gty B §W&3eﬂ?‘é""ﬁ g e

phar maceutl cal |y active substances is wel|
@H@U@F pf 'T'H@gct?ﬁﬁﬂ’@@r‘tth% figandapd dhe énEWhinﬁhStfﬁ%trb'ndmg
active conpounds providing suppl enmental, additional,
onixterd vigdsl measuaee uAi secbnd binding midtuee ishaismﬁwm&d oyl
conpositions may also be included in a container,
pambining thl apbtsiy; tHeolipdrite andid dormpstimdiot agest tbdre screened,

adm ni stration. [0103] A pharnaceutical conposition of
bhg the%RTHUNP B bihd(ry beth@keRdhé figand and the antibody in the second
binding mixture (M,) is measured. The amounts of binding in the first and
second binding mixtures are then compared, for example, by calculating the
Mi/Mg ratio. The compound or agent is considered to be capable of inhibiting
GDF-8 activity if a decrease in binding in the second binding mixture as
compared to the first binding mixture is observed. The formulation and
optimization of binding mixtures is within the level of skill in the art, such
binding mixtures may also contain buffers and salts necessary to enhance or to
optimize binding, and additional control assays may be included in the
screening assay of the invention.

[0101]  Compounds found to reduce the antibody-ligand binding by at
least about 10% (i.e., M1/M<0.9), preferably greater than about 30%, may thus

be identified and then, if desired, secondarily screened for the capacity to
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be conpatible with its intended route of
adm ni stration. Methods to acconplish the

w@oonit3mer ati on are known to those of ordi nar ypeRIB2003/004748
the art. It may also be possible to obtain
conpositions which may be topically or orally
adm ni stered, or which may be capabl e of transm ssion
across mucous menbranes. The 39 WD 2004/ 037861

TRl @mé/a%?iﬁf% otﬂ@%é@a@fg{@%% tﬁ@%etﬁﬁgrtﬁ’?ﬁﬁﬂala‘ésa?e

I ntravenous, raperiton I ntranmuscu

It r Vit subcut aneous, or, trans .. [0104] ..

EHT65) Hpo SRS HANGRED BB SR a5 FeRcTpd in Examples

subcut aneous application typically include one or nore

38, 1heanbl ‘OWM ng conponents: a sterile diluent such

as water for injection, saline solution, fixed oils,

pol yet hyl ene glycols, glycerine, propylene glycol or

oflnephainbBehtical COMpRIYiTons ahiMEIRIds2f AdRIhistratidh

as benzyl al cohol or "'nethyl parabens; antioxi dants

such corpi [ I ' = '

agont 'YL SR A o BV bR ERTGfnbiting the

buffers such a et at es itrates..or haspha . . and

Bl Ao o et CoBhpErls uiPLaitaie ok

chloride  or dextrose. The pH can be adjusted with .

Rbamaacuticgkese and @dmiriskglionionpaiiants. Abe goppossipng fypically

hydr oxi de. Such preFarations may be encl osed in

sopwiieone atinpesaniibodigs ofije presenninveantios andse vi al s

made of glass or plastic. [0105] Pharnmaceuti cal

phapoeacdutically avcdptable dxgipient] et st heaveinjdiee phtase | e

aqueous sol utions or dispersions and sterile powders

f‘ﬁarﬁ%euﬁ&l@%ﬁaﬁf&ﬂé’éxéﬁb@ﬁ@’ﬁﬁélh@@s ahy @herdil sdivents,

i'njectabl e solutions or dispersion. For intravenous

RPeltioh bt bosfbh "ShiboeRila 8ha ofiidePagents, isctonic and
enophor TM EL ( BASF, Par,si ppa NJ) or phosphate

ShFERER cElavimi. Sgpals) and e e M 2 eoRloRBRRER o

must be sterile and should be fluid to the extent

Phatmacaiifical admiusirationy g ysssof suchmediarand agents for

under the

pharmaceutically active substances is well known in the art. 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.

[0103] A pharmaceutical composition of the invention is formulated to
be compatible with its intended route of administration. Methods to accomplish
the administration are known to those of ordinary skill in the art. It may also be
possible to obtain compositions which may be topically or orally administered,

or which may be capable of transmission across mucous membranes. The
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condi tions of manufacture and storage and nust be
preserved agai nst the contam nating action of
worR@rosmsgeni sns such as bacteria and fungi. ThBCT/IB2003/004748
carrier can be a solvent or dispersion nedium
contai ning, for exanple, water, ethanol, polyol (for
exanpl e, glycerol, propylene glycol, and liquid 40 WO
2004/ 037861 PCT/1B2003/ 004748 pol yet heyl ene gl ycol,
atinihReatibk eay, a10exampliabbé intravenbas, |hﬁ8b€%ne-arh‘ﬁ1tramuscular

proper fluidity can be naintained, for exanple

Pl AR SHER EmbeCT Lhin, by the

rralnten hce o ere U|re partlcle size in the case

o O rAoalr St A

achi eved b%/ various antibacterial and antifungal
SyBRvEnepds apRigatios, typisalibibkkide ana o BIBIR ahbie fofewing! |
ascorbic acid, thinerosal, and the like. In many

casyponents: a,sterilebﬁlugnéfsmraask water foninjeclieon; salimnsalution, fixed
agents, for exanple, sugars, polyalcohols such as

rmanpcblyaéthymetglycdls giyekrined bropyldHeogly86 drivth&esynthetic

conmposi tion. Prolonged absorption of the injectable

GORRAE; lanBbsctensl Aserfs %HSI‘E‘%S%%E{;I ah% ohdIOr %tnw ¢é}abéﬁse

conmposi'tion an agent which del ay sorption,

PR Ens U S B OF Rl ﬁ‘e’ﬂa“hg]i?&hfs such as
di bI carrier can he enclosed i.n gelatin

SinpdehedimihelefaidatSarid:hitie’s Sufbas Scegies. r s fose

of oral therapeutic adm nistration, the antibodi es can

pEosRRIepANd agenister thecadinement ghtpniciycsuoh aseodigmrshloride

of tablets, or capsules. Pharmaceutically conpatible

lor nlektngseagﬁhe $H candbeadagied with acatseon dsesc anchbas hydrochloric
i ncluded as part of the conposition. The tablets,

ficld 6, souura HyeiFoxide1d SuBR drépk@atlérﬁln%@rﬁ@éﬁblaéwd ﬁfarhbéules
followi ng ingredients, or conpounds of a simlar

ARipds8ble rlh BQ g? nﬂﬁ@e%s@%lgﬂé@ &f é{%é‘seop ﬁ'aEHJ:.OSe,

gumtraga an tin excl suc

st a_rc:[“b 5(1 dcﬁl‘?asrﬁ'\ac%uﬂ(':ac’l c%%&gs?ttldn%gsual%‘%[gfosrlijr%ectlon include

al ginfc

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 saline (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
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Prinogel TM or corn starch; a lubricant such as

magnesi um stearate or SterotesTM a glidant such as
waeodososal silicon di oxide; a sweeteni ng agent PEIVIBR003AB4748

sucrose or saccharin; or a flavoring agent such as

pepperm nt, nethyl salicylate, or orange flavoring.

41 WO 2004/037861 PCT/1B2003/ 004748 [0107] For

adm ni strati on by inhal ation, antibodies are delivered

thﬁe l9%plaé‘né‘9{é3ﬁl@ §H§1§M|téﬁl8%lﬂu?§§fﬁe‘??of The proper

I spenser cont ai ns sui tabl e

ety C'?ﬁ%t Taw@%ye&@?@@%‘éﬁe&mﬁ% B33 %'C%ﬁéglﬁgaﬁugba&'ec'thm

y transnucosal transdernal nmeans. For exanp
Eagfée Hfa'@ﬁf‘?ﬁ%lpg@etrﬁﬁﬂ"@@@ﬁf‘!%s'tzﬁé” the cans of @ﬁpers'on and
conpositions nay be capabl e of transm ssion across
by dlogisse of atifaciasts( rgvention ektherastiomeimicroorganisgs)can be
via the FcRn receptor-nediated pathway (U.S. Patent

blohieGed BO vatidus antibacterisiosal artifongalsdgeats, dor &@mple, parabens,
acconpl i shed, for exanple, through the use of

bﬁlé%lﬂﬁ%olnﬁﬁéﬂolsé’&ﬂ#ﬁlc adid NARSrosalObnd WRP ARt B/ l'ngﬁy cases, it
For transdermal adm nistration, the active conpounds

S M AR o2 Bl Sl G
tr nsder nal. dm n ion et rant ropri at

35 ol ol Atk spBrEHISTAS R P GRERO Froinged
for mul ati on. Such penetrants are generally known in
ahsorgtien ohihe iniRotakle composticamnas, beja&oyggbab@ut byincliding in
salts, and fusidic acid derivatives. [0109] The
meee@npbsitidm aolageetl whith deldyeabsarptior, for epamete, wlurhinum
carriers that will protect the conmpound agai nst rapid

pldnvstedratenard @eltine body, such as a control | ed
rel ease fornulation, including inplants and

L"i 828@3 ?SUlcﬁtgg@?/@?bbY@hﬁf geYiefAYnclfi O RIM&E aR:Ent or an
edible carrier. They can be enclosed in gelatin capsules or compressed into
tablets. For the purpose of oral therapeutic administration, the antibodies can
be incorporated with excipients and used in the form of tablets, or capsules.
Pharmaceutically compatible binding agents, and/or adjuvant materials can be
included as part of the composition. The tablets, pills, capsules, an‘d the like
can contain any of the following ingredients, or compounds of a similar nature;
a binder such as microcrystalline cellulose, gum tragacanth or gelatin; an
excipient such as starch or lactose; a disintegrating agent such as alginic acid,
Primogel™, or corn starch; a 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.

41



can be used, such as ethyl ene vinyl acetate,

pol yanhydri des, polyglycolic acid, collagen,
w@obomsisipest ers, and pol ylactic acid. Met hodsp€DIB2003/004748

preparation of such formulations will be apparent to

those skilled in the art. Liposomal suspensions

containing the presently disclosed anti bodi es can al so

be used as 42 WD 2004/ 037861 PCT/1B2003/ 004748

h ' . ' . :
ohar RS g RSB A0 A RERRSCAR Mg
1 35 o BAAT i B SEESL o oo e

fornmul ate oral or parenteral conpositions in dosage
gantainsor sttaple prarelient. fig. @i 3as sHGhoRs earponfiexded ana of
dosage. Dosage unit formas used herein refers to
pebglizestl |y di screte units suited as unitary dosages
for the subject to be treated; each unit containing a
pr ede{ro8] nedSyiamid ddmiplistation2arncalsp o) eaisihedsatior
to produce the desired therapeutic effect in

i&gge&éﬂ&%% M Sl IncchsRIBi aMibBHics GRAt (%?ﬁ{)r‘%% the Fc

specification tor the dosage unit forns

PR, fheSeiafa £t FEeritadibr st ERRRATe Sha

the particul ar. therapeutjc effect to. b chi eved, an
ITRGDTAREE 48 Cor atSREn BALIN, @7 14T68) 41a thBTF Gt fRRPRIGTgeciated
such an active conpound for the treatnent of. _
patiwayd(ysbs Patent No. 67030,668). oliengmeicasgl asimipisyratige can be
illustrative enbodi ments of the invention which do
aotomplistred, feryexamplée, thheugmtheniseoof. lofereges, nasali sprays,
skill in the art will recognize the nunerous other

RTRMSHS NBINE S RISROBES: OPBREaRsHerM] BUmitiBRafe Rife Bttivde

invention. [0112] The entire contents of all

ES%@%E@Q? 3re ﬁgﬁﬁn‘ﬂétﬁd g &Mmérﬁ&%%w&abggg gf[h?r@airﬁééé 8BRerally

Crt roughout” this application aré

L ncor por.at e ref erence. - .
kAGWh AR e arq. I%r 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, detergents,
bile salts, and fusidic acid derivatives.

[0109] The presently disclosed antibodies may be prepared with
carriers that will protect the compound against rapid elimination from the body,
such as a controlled release formulation, including implants and
microencapsulated delivery systems. Biodegradable, biocompatible polymers
can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, and polylactic acid. Methods for preparation of such
formulations will be apparent to those skilled in the art. Liposomal suspensions

containing the presently disclosed antibodies can also be used as
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43 WO 2004/ 037861 PCT/1B2003/ 004748 EXAMPLES Exanpl e

1: Purification of GDF-8 [0113] Conditioned nedia from
wa@2aealogsbed cell |ine expressing reconbi nant POTVEBR003/004748

GDF-8 protein (mature GDF-8 and GDF-8 propeptide) was

acidified to pH 6.5 and applied to a 80 x 50 mm

POROSTM HQ ani on exchange colum in tandemto a 80 x

50 nm POROSTM SP cati on exchange col um (Per Septive

gggﬁif&ééiﬁﬁallf Qé&é;ftgﬁgt%m&é) ThEBE dahdyé blférp%F&i“aE@ﬁdmg to

justed to applied to a 75

%ﬁg%%g\yﬁ T BB destriperin s

onta ng,\__’%é ? GDF-8 | atent conplex, as confirmed by
4 ébooled acidified wth trifluoroacetic
aC|d TFA) to pH 2-3, then brought up to 200 M with
of01BA t dt nmoé?e adianjagraysi toyformulaterorsil ongerentesal
appl ied to a 250 x 21.2 nm C5 col unmm (Phenonenex,
dormnpasitions EAHopagec enie tbrivyfon eG8e ©f 2dmihistratipraand unifbratity of
(Phenomenex) and eluted with a TFA/ acetonitrile

86384 ENbos§e %ﬁiwrm fs uBBY HereiFfrETeds td Ay SRty Riscrete lémts

propept| de. Pool ed fractions cont ai ni ng mature

R Pﬁﬁ?@?‘%ﬁgﬁg*" Tg@bﬁf}s hfreted: ?&3“3’@%“*3'"'"9 a
Rtz EmRE PUABUF R Achv% 6BmeCaH 1ot atB o Bradifve thR desired

was repeated until further separation could no | onger
terapeiitioeffect it associptioncwith Heaqyiregrharmaceptical @@v@r The
t hen pool ed and brought up to 40% acetonitrile and
aspedifieationdon trendosageiuriit Brmsei e Bvaotion are dictated byiand

col um (Phenonmenex) preceded by a 60 x 21.2 guard
disectiyndegerizint onthe antquershagadgigristidsest thetadtiee c&ipobnd and

were pool ed and concentrated for use in subsequent
fEPSAIEEIRF therdfeutic effect to be achieved, and the limitations inherent in
the art of formulating suéh an active compound for the treatment of individuals.

[0111]  The following examples provide illustrative embodiments of
the invention which do not in any way limit the invention. One of ordinary skill in
the art will recognize the numerous other embodiments are encompassed
within the scope of the invention.

[0112] The entire contents of all references, patents and published

patent applications cited throughout this application are herein incorporated by

reference.
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WD 2004/ 037861 PCT/ | B2003/ 004748 [0114] On SDS- PAGE,
purified mature GDF-8 mgrated as a broad band at 25
woDw408mer nonreduci ng conditions and 13 kDa uPdBEIB2003/004748

reducing conditions. A simlar SDS-PAGE profil e has
been reported for nurine GDF-8 by MPherron et al.
(Proc. Nat. Acad. Sci. U S. A (1997) 94: 12457-12461)
and reflects the dineric nature of the mature
protein. The active matur gxA¥PL F di mer was purified
fromconditi oned nedi a from a cell line expressing
reconbi nant human BMP-1 1 in a simlar manner. [0115]
Active mature BMP-11 was purified from conditioned

g%hgmléﬁom pugﬁj/:l iltol?P(gf @Ewssi ng reconbi nant human

ropepti de 11 chineric protein. The

2&”3;@ 0eF onSeatfonkFed o Eisdiofed delline Pprigid
%an?@ a%b@%ﬁﬂf?@ bimglige S BORg T aagntice) was
I m dazol e. Pool ed fractions containi ngi%ohe CGDF- 8

peidiiegttp dt Bxrand appliest tora 80 i) eyn REIROGAY HQ maipngxahange

10% TFA to a pH of 3. The pool was then applied to a
26oma i .téndemlo@ 8@ x 504maoPOROY PhE8Raetioaxexchangasokimn
"CA) which was heated to 60C for better separation of

rSeptidVBidsystetdls, Fdstér City, MEPTHEE floRNBrRIghtvesk #djuibted to

FA/ acetonitrile grad| ent. Pool ed fractions

PosRET %ﬁ%ﬁ%&ﬂ%ﬁﬂéﬁﬁfﬁﬁﬁéﬁﬁ*hw gglumn

ns and

E’ ‘%%tpﬁ\% Lﬂ?ééFe’?D%o%{:‘qdﬂ'b’te@o Wil @%@P&EQ%%E? raglidns Edrtaining
BB o e SR U i,

reBorter gene assa (RGA) was devel oped usi ng

with drifluarogeaficoacigh @mm)i 223, dhen bseugty upstomo ml with 0.1%
2004/ 037861 PCT/ | B2003/ 004748
TFA to lower the viscosity. The pool was then applied to a 250 x 21.2 mm Cs

column (Phenomenex, Torrance, CA) preceded by a 60 x 21.2 mm guard
column (Phenomenex) and eluted with a TFA/acetonitrile gradient, to separate
mature GDF-8 from GDF-8 propeptide. Pooled fractions containing mature
GDF-8 were concentrated by lyophilization to remove the acetonitrile and 20 mi
of 0.1% TFA was added. The sample was then applied to a 250 x 10 mm Cs
column (Phenomenex) heated to 60°C to aid in separation. This was repeated
until further 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.
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| uci ferase. The CAGA sequence was previously reported

to be a TG-[3 responsive sequence within the
w@eaansBsl of the TGF-[3 i nduced gene PAI-1 (DeemEB20et/004748

al . (1998) EMBO J., 17: 3091-3100). [0117] A reporter

vector containing 12 CAGA boxes was made using the

basic luciferase reporter plasm d pG.3 (Pronega,

Madi son, W). The TATA box and transcription

R S0 SHOBAdIE ARARAKhalie TIIEE o a5 o road
"4 RL2BRER B SR Isonghe 34K deaRahcns
into the Xhol site. The human rhabdonyosarcoma cel |

romditions 4A sinitar $RB-RAGErrefilerhasshestt reportedfer aniriag GDF-8
with pA3(CAGA) 12 wusing FUGENETM 6 transfection

by MRtter(dBoettali (Ryec. Naheiadh SGeth@hy X199FP4: \#idhd-12461) and
transfection, cells were cultured on 48 well plates in

Nffeeys theSdimenie tiatiiresafARé enarOteestotéin h TRerddtige WA BMP-11
100 UM streptonycin, 100 pg/m penicillin and 10%

; f I e d

R S LR O Binch b pp B! fm M I greedng
it ' t. | ipcillin, and 1 ng/

@0‘&5’5&@%@%@? @W‘ﬁqf'ﬁr@%hﬂ?%"‘%ﬁﬂﬁgc Luci ferase was .

quant j f.i in the treat s using the Luciferase .

Ao eay 78] cmAque muie B Tavas Guited iomrrnghiongd media

GDOF-8 maximal |y activated the reporter construct

fron acall ling exprassiposBcEmbimant juman GRE-E areneptideinature

purified reconbi nant GDF-8 was biologically active.

BMR-11 chirderdc protein. eTheccoraitienesd mebmm bias!logdedbnto a 10 ml

response. 46 WO 2004/037861 PCT/|B2003/ 004748 Exanpl e

FALBINT crgurih QeRsridtesh, Hal®Wito! CAJ irtBH M Trist f18 8°G.1 M RaCl at

Bi ndi ng Assay [0119] The GDF-8 latent conplex was

Rl ! PiEBodid Brdtdin WadEiutél with a 50 mM Tris pH 8.0, 1 M NaCl,'
500 mM Imidazole. Pooled fractions containing the GDF-8 propeptide/BMP-11
latent complex were acidified with 10% TFA to a pH of 3. The pool was then

applied to a 250 x 4.6 mm Jupiter C4 column (Phenomenex, Torrance, CA)
which was heated to 60°C for better separation of mature BMP-11 and GDF-8
propeptide, and eluted with a TFA/acetonitrile gradient. Pooled fractions

~ containing mature BMP-11 were concentrated by lyophilization. On
SDS-PAGE, purified mature BMP-11 migrated at 25 kDa under non-reducing

conditions and at 12 kDa under reducing conditions.

Example 2: Biological Activity of Purified Recombinant Human GDF-8
[0116] To demonstrate the activity of GDF-8, a reporter gene assay

(RGA) was developed using a reporter vector pGL3(CAGA)2 expressing
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nol es of EZ-link Sulfo-NHS-Biotin (Pierce, Rockford,
Il1linois, Cat. No. 21217) to 1 nole of the GDF-8

wa@ eonglogsef or 2 hours on ice. The reaction was PCT/IB2003/004748
term nated by dropping the pH using 0.5% TFA and t he
conpl ex was subjected to chromatography on a 4
Jupiter 250 x 4.6 mm col um (Phenonenex) to separate
mat ure GDF-8 from GDF- 8 propepti de. Biotinylated

mﬁfgfaese%égCAfGrA@%é%L?é}?cee\,v Bty C#Naﬁe&?r%%%\g R

ent wereé conce
M cr oBCATM protei n Assay Rgggent Kit (Pierc
resPONsve, saqueneg withinihe prommter ofithe A F*@.lﬂ@uwﬂl aeng PAI-1

mature BMP-1 1 was prepared fromBMP-1 1 | atent
(Demhenetiah (1888 sEMBOENN&: 389184606).i bed above.
Reconbi nant ActRI I B-Fc chinera (R&D Systens,

M nnequIm[]s APéporr vebior canfimRg GB)Caea l%)dis&ﬁa@fhade using
96- wel | at - bottom assay plates (Costar, NY,

No.
ﬁ%ggésié‘?] cﬂfepégf'gepgfleppl%smm é@ﬁﬂfrgﬁgganﬂ%ﬁlﬁw Y\ﬂ The

over ni ght ates wer ed wth’
bovi ne _seru nd mas n
TRIA 0 ﬁaﬁﬁéﬂswﬁ”@aeﬁ*‘g* 8n 586 SEREE ROVt Wbior tater
bi oti nyl at or BMP-11 at various concentrations
Oteaéﬁéﬁk(gm wasdnpertew egtwasndhepallland Hindhhekas f or
1 hr, washed, and the amount of bound GDF-8 or BMP-11
@ligotuclectides egnta@ningpt e ptiats pbihecC AGAshoxgsohGLIGSACA were

(SA- HRP, BD Phar M ngen, San Di ego, CA, Cat. No.

aBnNdaley andadibrsictdthet Xieoleslid. t TlenhodanhivBalyddthyosarcoma cell
Gai t hersburg, MD, Cat. No. 50-76-04). Colorinetric

B 220 NRTCT WTBESZIARSs ﬁhné@ﬂtfﬂ YahsreatdOl e EGUS(CAGA)Q
Devices mcroplate reader WD 2004/ 037861

GEPSERER L it bobot e by ).
Eﬁtﬂ Iggttogﬂgge%apnigelgsnh ee Lﬂgj/rﬁ;? o% weﬁ %%?es in (& %913%\
medium supplemented with 2 mM glutamine, 100 U/ml streptomycin, 100 pg/mi
penicillin and 10% fetal calf serum for 16 hrs. Cells were then treated with or
without 10 ng/ml GDF-8 in McCoy’s 5A media with glutamine, streptomycin,
penicillin, and 1 mg/ml bovine serum albumin for 6 hrs at 37°C. Luciferase was
quantified in the treated cells using the Luciferase Assay System (Promega).
[0118]  Figure 4A shows that GDF-8 maximally activated the reporter
construct 10-fold, with an ED50 of 10 ng/ml, indicating that purified recombinant
GDF-8 was biologically active. BMP-11 and activin elicited a similar biological

response.
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respectively, indicating that the ActRI I B bi nding
assay is a sensitive in vitro binding assay for GDF-8
wapah4B8ME1 1. Exanpl e 4: Isolation of My022 by Ramm20gs/004748

of scFv Libraries on GDF-8 [0122] An scFv phagem d
l'ibrary, which is an expanded version of the 1.38 x

1010 library described (Vaughan et al. (1996) Nature

Bi otech., 14: 309-314), was used to select antibodies

S ESiriple 3:07 B ﬁ% ﬁ?é’ﬁie‘% uﬁf.ea@éﬁ zﬂn(tﬁb ASRIIET

in 50 m\/l sodi . was coate

onto wells o a m<rotrtre pl ate overnl ght at 4C.

n 'NEEYQE@%%%Wﬁﬁeﬁé‘é}%ﬁxﬁﬁ%ﬁ&ﬁiﬁ%@ﬁe*%@?%ﬁosgﬁo
5%‘5%%/;0%35%9\%3?@ to-Hliebiof BlescraBoakbics RS, Gatible: 21217) to

roomtenperature for 1 hour. Wells were washed 10
t1| mele qfithe B carmsiex dorn 2hAURSHOI iCBY, Khierepgtien waszeyminated
then 10 tines with PBS. Bound phage particles were
el dreppingtthe pBIOUgIhg 0f5% AU Avdhd thie ediplexnvaesihisjiected to
m nutes at roomtenperature, then imediately

RRHIrhatogrAshy oW &It fupikr 260 k 4\/6Tﬁm5cdt@hn Rﬁh@némeﬁ@k’) to

el ut ed phage was used to infect 10 exponenti al
AP gAY et DR Ehrord BEiEhE %ét!%nébﬁbﬁnﬁﬁﬁ%é@ %%F 8

nut t.37 rati t hen treaked
Sacemp Glelhith s TRAHER BtadP ot il o %éonesnﬁﬂﬁegsand
were scraped off the plates into 10 m  2TY braoth and
99%"@'%@/ M'C@@%TMfFHPte'@%ﬁﬁ!;Beéﬂem?ﬁtt: P@gcq/\@ockford IL, Cat.
2004/ 037861 PCT/1B2003/004748 [0123] dycerol stock
No. 23288).from the first round panning sel ection were
superinfected with hel per phage and rescued to give

scFv §nad)odyBietinylatesi mgtuse BMP plar was bespdred flioheBMP-11 latent
second round of panning. Atotal of three rounds of
BBAPIATINIRE R af MaffePHs deScribddade. Recombinant ActRIIB-Fc
chimera (R&D Systems, Minneapolis, MN, Cat. No. 339-RB/CF) was coated on
96-well flat-bottom assay plates (Costar, NY, Cat. No. 3590) at 1 ug/mlin 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 aliquots of biotinylated GDF-8 or BMP-11 at various concentrations were
added to the blocked ELISA plate, incubated for 1 hr, washed, and the amount
of bound GDF-8 or BMP-11 was detected by Streptavidin-Horseradish
peroxidase (SA-HRP, BD PharMingen, San Diego, CA, Cat. No. 13047E)
followed by the addition of TMB (KPL, Gaithersburg, MD, Cat. No. 50-76-04).

Colorimetric measurements were done at 450 nM in a Molecular Devices

microplate reader.
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Exanpl e 5: Sel ection of Myo28 and Myo29 from scFv

Li braries [0124] Sol ubl e selections were carried out
waisiong3issot i nyl ated GDF-8 protein (bi 0oGDF- 8) . PGI/IEDI3/(B4748

was used at a concentration of 1 pg/m. An séRy/ ™ v27 Y !

l'ibrary, as described in Exanple 4, was used. Purified

scFv phage (1012 tu) in 100 pl 3% MPBS were bl ocked

for 30 minutes, then biotinylated antigen was added

gggg;;m ?;22“%25‘99 R ERIRS ﬁ:‘%i:tﬁ fiylaia ?Egﬁﬁﬁﬁ/&'ﬁTS bound
b AR e puRARTF- %F’ 53 o8 FE B of 550 Y noirl

further 15 mnutes at roomtenperature. Beads were
reapeghwRly UBAicgting thafibe ACtRIR Pindigg agganise songitivg fadtro
in1mM of 3% MPBS with 0.1 % (v/v) TweenTM 20
biidingrassayyfor QD8 amsBEE1In PBS. After the | ast PBS
wash, beads were resuspended in 100 pl PBS and used
to infect 5 mM exponentially growwng E. coli TG 1

i 1B A S G A Ty o
r n 2TYA! S S
O ol & A BB ﬁﬂé’ﬂmd G2 Wi is A S rsinn of

next day, Qutput colonies were scrgPed off the plates
Hird1 BRaghO T dbeary dlegsribra Yausk@naial<(19861 NabKg Biglgah. 14:
of soluble selection was carried out as described
309r344), was veed tna¢lecrasiborE smaifasioo GO, Jolubipl@DF-8
6: ActRII1B Receptor Inhibition Assay and Screen [0125]

Qrdt@mt at 00 Qirabin SN 8ediufs calbonaidisutfernpB@EPWas cated
5, were picked into 96 well plates containing 100

Bbto%nﬁfﬁgﬁ?g] %%'ﬂfe é’t@%hﬁght Cl. NARGE Sy wf’é%‘i‘n'eg ifPBS

0 exponenti a I‘OWI ng cultures

el Pledpt Fis afot %@%@’Jéﬂ@ﬁ i ﬁﬂ*n%b.mﬂ?eowaer in
i nhi bit the binding,0of bioGDF-8 to Ac tRI | B essent | al
E@Saeﬁmﬂse@haseéianﬁr@ssiucrﬂs&ru&(&g)) a0 bel $%é\ﬂPBS Were

slightly in that binding of v
added to blocked wells and incubated at room temperature for 1 hour. Wells

[V}

were washed 10 times with PBST (PBS containing 0.1% v/v Tween™ 20), then
10 times with PBS. Bound phage particles were eluted with 100 pl of 100 mM
triethylamine for 10 minutes at room temperature, then immediately neutralized
with 50 pl of 1 M Tris-HCI pH 7.4. The eluted phage was used to infect 10 ml
exponentially growing E. coli TG1. Infected cells were grown in 2TY broth for
30 minutes at 37°C stationary, followed by 30 minutes at 37°C with aeration,
then streaked onto 2TYAG plates and incubated overnight at 30°C. Colonies
were scraped off the plates into 10 ml 2TY broth and 15% glycerol added for

storage at —70°C.
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bi oGDF-8 was detected with Europi um| abel ed
streptavidin and using the DELFIATMreagent Kit

w@ BenlosTsE ner Life Sciences, Boston, MA) in  PCT/IB2003/004748

time-resolved fluoronetric assays (TRF). Positive

cl ones, showi ng inhibition of binding signal greater
than irrel evant clones, were picked and assayed to
confirmactivity. [0126] Purified scFv from positive

cl one@12dent iGlyestof §t0Bk ICORUfRFRIM Bie filsh hound pArniAg sBRIBtIoN
was tested in the inhibition assay as above. A

' i = j j rder to
Wef< Bhndtheito i nORBFERIGE ahE Rescied TG KR Les |

the assay. The results of the.experinents are shown jn

it Spregliio pRRNR AL Iod, RF X BECUIETURGEHARE Alotal of
scFv's of Myo29, M/028, a,nd@l&oZZ, are 2.4 nM 1.7 nM
e srunes ofRafining Weks garred QU I IES Walese anti bodi es

are potent inhibitors of GDF-8 activity. Exanple 7:
Specificity Characterization by Phage ELI SA [0127] To

dekSRipI&S: t BRIsHtiA bf My‘ofﬂB‘anﬂW@Cﬂ&ﬁ séFP[iiaries! SA

was perfornmed for positive clones fromthe ActRI I B

Scr eep1agp Eﬁo&éﬁﬁé's%&ﬁ@ns Weré catried thIsErﬁa%gir%tigyl\%teerdeGDF-S

I ndi v nies contalning p

i nocul at into.9 I | ate ont ai ni .100, pl 2TV

R BB B BieBis was Hised Ala T Rthitiucoss bosfms
ML3KQ7 hel per phage was added to a ltiplicity of
BeITEkRrath aérﬁﬁsff'egd 1%%@"19&%@%%9?334 {?ugf'%ﬁﬁ%v phage (10"
culture and the plates incubated a further 1 hour at

B @ 10@Iubﬁ%’sMﬁ&£mbhwagé@ Jqmineactheopietinyiated agtigen

at 2000 rpmfor 10 m nutes. The supernatant was

wasdddd and inelbatpélat edemwemperatatesioendedir) PhhQe/guitigen was
2TYAK and i ncubated at 30C overnight with shaking. The

88¥dd #7250 ppbﬂbgﬁalTwz%ocsirémé\ﬁiumﬁaghet?&@ébd%i Aad bBen

m nut es and 100 pl phage-contai ning  supernatant from

f
Gk LR Ao eRE ) & e e ey BptfTor £ 13er 15
M?n%?eé 8{ rolorrrl] ?e%pg}atﬂr%(.) rgeads were captured using a magnetic rack and
washed four times in 1 ml of 3% MPBS with 0.1% (v/v) Tween™ 20 followed by
three washes in PBS. After the last PBS wash, beads were resuspended in
100 pl PBS and used to infect 5 mi exponentially growing E. coli TG-1 cells.
Cells and phage were incubated for 1 hour at 37°C (30 minutes stationary, 30
minutes shaking at 250 rpm), and then spread on 2TYAG plates. Plates were
incubated at 30°C overnight and colonies visualized the next day. Output

colonies were scraped off the plates and phage rescued as described above.

A second round of soluble selection was carried out as described above.
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tenperature, prior to ELISA. [0128] GDF-8 or

irrelevant protein was coated overnight at 4C onto
w@sowesdserri crotiter plates at 1 pg/m. After CBEL/IiB2g)3/004748

the solutions were renoved fromthe wells, and the

pl ates bl ocked for 1 hour at roomtenperature in 3%

MPBS. Plates were rinsed with PBS then 50 pl of

pre-bl ocked phage added to each well. The plates were

| EsiaRpiIes: at N&Rnstnap@mw.ﬁﬁ.umn Adiayarif 8 créEh
washed with 3 changes of PBST foll owed by 3 changes of

PBS. ms ECh @@l’ it coI%ﬁle(‘%pﬁBfalr?edla QQchiBégjh dB(bn‘?@e% 4 and 5,

anti - RP co j ugate armaci a) was a

B BRiGR a%i@sﬁ%#ﬁtéi NI oy A it

w th PBS. Flft mcr e of TMB substrate was
WAgdpdycedy ad P'Poé fVH IS%\fCé%xRﬁﬂeurl“a gepwing cultures and

devel opnment. The reaction was stopped by the addition
ifcupstign owernight atiBAXSOLruTe scEv-ganlainige seltartesupersatants were
nmeasured by reading the absorbance at 450 nmusing a
streeotd farthpl atiility te adhitit thedsinding ©f bicGDRSB tooAGRTIBessehtially
confirmed. 51 WD 2004/037861 PCT/ | B2003/ 004748

BX Bt inFexuRplel 19TRE a8SaY waQQﬁd(ﬁflédj @l'gﬁtﬂl |h9§at @lﬁ@lng of
Germining [0129] Neutralizing scFv E. coli” cl ones

W@P%rﬁ%ﬁggf%gd \‘%ﬂ &Eﬁlﬁﬁ %lb?‘e%sst?ékﬁawa u%q& Ging the

over ni ght I'Cate coloniesfrom

&%Tm%ra%ﬁﬁfﬁfﬁg ?%H‘éi P 4itg '\gff\cgg,é {ormqﬂzlrgecpg,solved

cl one. DNA sequences of the scFv fragments used f

flagriometiy assRySMI&ID: Roritiveyelopes, §G°§V"<’99 mt@b%géhmémg signal
by SEQID NO 13, SEQID NG 7, and SEQ ID NO 1,

geegtercthan dgrglevantidonesiovarg mdted amassawidrto\mnﬁgh @ctivity.
fromscFv clones were anplified using PCR and

cl onefopeti f iRurifiedrssFy . frdnBositiod eidresvigestifidofesihale receptor

with appropriate restriction enzynes and subcl oned
InMBtIESEBEA WwaeBtel MGhe inhibition assay as above. A titration of scFv
concentrations was used in order to establish clone potency as measured by
ICsp values in the assay. The results of the experiments are shown in Figure 2.
As determined in these assays, ICsq for scFv’s of Myo29, Myo28, and Myo22

are 2.4 nM, 1.7 nM, and 60 nM, respectively. Therefore, these antibodies are

potent inhibitors of GDF-8 activity.

Example 7:  Specificity Characterization by Phage ELISA
[0127]  To determine the specificity of antibodies, a phage ELISA was
performed for positive clones from the ActRIIB screen against GDF-8 and
unrelated proteins. Individual E. coli colonies containing phagemid were

inoculated into 96 well plates containing 100 pl 2TYAG medium per well.
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human 1gGlL heavy chain constant domain (for VH
domai ns) or vectors containing human | anbda |i ght

W@ b@un3tsenst ant domai n as appropriate (for VL PCT/IB2003/004748
domains). Correct insertion of V region domains into
pl asm ds was verified by sequencing of plasm d DNA
fromindividual E. coli colonies: Plasm ds were
prepared fromE. coli cultures by standard techniques

Mce|ﬁ1éqjeg®53 aGH@HE %ﬁﬁﬁl@%fysofqﬁfebfléﬁ‘g EtF)tO?GIO.to

|nto sing stan hni'ques

eyl hhédv@ﬁoc@uﬁ"a BleCh i HEPRREBREdp s TR & a7ec.

Sequence data _for, the scFv cl one to identif
Plales e eshiriiged infe %r&n}ea&én?r o9& ﬁ&gﬁi@gmmé%@ tes.
chain of each clone. Appropriate nutations were nade
Uibersgipenatantr was rereovid and el petiety evrrsiresuspanideddnd 9o vl
with the appropriate nutagenic prinmers. Mitation of
2TWAK and)incabeatedvat30Grdviernigtit With skgkiege & henaext say, plates
Germined scFv and VH and 52 WD 2004/ 037861

7 f
ARG 8 s

| [
%ﬁ’l bo %%Eé’?\"%ﬂgur e ﬁ)oa lﬁjeghgt% \gé“e ﬁgéubgbé%e %mples
‘ wi.t h Dbi
el YRt E??fmy%%aﬁsangfg% Mgs: for Lol a4 rogm
bi ndi n assay, as described in Exanple 3, with an
tempergfurg, puiey 1@ ENBASI nilarly in Figure 3B, M/029
inhibited biotinylated BMP-1 1 binding to ActRIIB with
the {428] | CIBDF{®ARBleleant preteinowas coated as@rmight at 4°C onto
activity in an in vitro bioassay. By way of exanple,
vbave|GicrBtiteR platsant uhahke dAfért doaiing 2thef splutiorisowereaiemoved

room tenperature, the biological activity of GDF-8

W8 HRAVEIRD aAd tHEHRIIES BREKEA for 1 hour at room temperature in 3%
MPBS. Plates were rinsed with PBS then 50 pul of pre-blocked phage added to
each well. The plates were incubated at room temperature for 1 hour and then
washed with 3 changes of PBST followed by 3 changes of PBS. To each well,
50 pl of a 1:5000 dilution of anti-M13-HRP conjugate (Pharmacia) was added
and the plates incubated at room temperature for 1 hour. Each plate was
washed three times with PBST then 3 times with PBS. Fifty microliters of TMB
substrate was added to each well and incubated until color development. The
reaction was stopped by the addition of 25 pl of 0.5 M H,SO4. The signal

generated was measured by reading the absorbance at 450 nm using a

microtiter plate reader. Specific binding to GDF-8 was confirmed.
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RGA assays perforned essentially as described in
Exanple 2. Figure 4C shows induction of pG3(CAGA) 12
WO e@ansmel activity at the EDS0 for GDF-8, 20 wPQI/m2003/004748
the presence of My029. My029 reduced the GDF-8
i nduction in a dose-responsive manner, with an |1C50
of 15-30 ng/m, (0.1-0.2 nM. MWo029 also inhibited the
bi ol ogi cal activity of BMP-1 1 to the sane extent

: -~ the ent .
: EikgH{a{ﬂe 4B) Shﬂueﬁegﬁ @FEcF\P,h@oﬁNf/én‘sYéﬁ Yo ‘P%G?Sﬁgr ‘S{I’rﬁﬁhmg

ssay was not ected b 029 (Figure
PSR IR SR kRSO
ADTRE oot o g e AR PG f et R olticali bR Eg i tese

and BMP-1 1 activity. The |.C50 for Myo28, for .
Bletagovere sequensed usingpAABT ARS verriay seausnee oligos to amplify the
PCT/ 1 B2003/ 004748 Exanpl e 10: Mppi ng of Epitopes for
Wiyand Vi viegiv®s feomd they oy ClonaSDNAnsequssrces of thepsehefragments
exact epitope of the antibodies, 48 overl apping

GSed fegindaking ahio29e 8yo2B| asé Myo22 Iglls ard feptesamee b9 SEQ ID
of mature GDF-8 set forth in SEQ ID NO 49 were

Nﬁ?i@,eélééﬁﬁ) O EdrdSea 188N Ge8pe@nely. using the
spot synthesis technique (Mdlina et al.” (1996) Peptide

R 9: - s . . ,
a5: - 917033 {eepe e BRI rBions FRRT borELRAGE PERe
AP Eb o A G AP S B SEREPG Bk dpeste
conplications that are caused by the presence of

vl ePpreryiatesesticiinneenaimesaaed sHbepped intaiventors containing -
pol yet hyl ene glycol and Fnoc-protected am no acids

hemandgGe haseyl chaiorofistant don{dim ffen Vgl dbmaiss henyectorShe
array was defined on the nenbrane by coupling a

Eontalniy Remapasebdanghbedin @easiapt domeit 5€ abprsbriase (for V.
standard DI C (diisopropyl carbodiim de)/HOBt
SEMAINLY Bt IsRafInor \E PaRbh WOnfiedTingd blashtids was verified by
sequencing of plasmid DNA from individual E. coli colonies. Plasmids were
prepared from E. coli cultures by standard techniques and heavy and light
chain constructs co-transfected into COS cells using standard techniques.
Secreted IgG was purified using Protein A Sepharose {Pharmacia, Peapack,
NJ) and buffer exchanged into PBS.

[0131] Sequence data for the scFv clones was used to identify the
nearest germline sequence for the heavy and light chain of each clone.
Appropriate mutations were made using standard site directed mutagenesis

techniques with the appropriate mutagenic primers. Mutation of scFv

sequences was confirmed by sequence analysis. Germlined scFv and Vy and
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descri bed previously (Mlina et al. (1996) Peptide
Research, 9: 151-155; Frank et al. (1992)

waedamabmdr on, 48: 9217-9232). [0136] Acti vat edPe@niBR003/004748
aci ds were spotted using an Abimed ASP .222 robot.
Washi ng and deprotection steps were done manual ly and
the peptides were N-termnally acetylated after the
final synthesis cycle. Follow ng peptide synthesis,

VhGpTREY sPaGaNEs HERIB% LAY 8l bl o 5B N1 ana

enTM 20) ,.and 1 % (wv) casein) for 10
%ﬁm%@ﬁﬁef ﬁ%p\éerr'hé' was then incubated with 2.5
pg/mM of an anti-GDF-8 antibody in blocker for 1 hour
with gentle shaking. After washing wth blocker 3

t Examplerg: 10BiB16gicas ActivityeARntibediess | ncubated with
HRP- | abel ed secondary anti body (0.25 pg/m in bl ocker)

for Bg)mzlut FeigurEnBA sfhoWB tRAKeME(BERon of MgoZQ with biotinylated
PCT/ 1 B2003/ 004748 nenbr ane was then washed t hree

FEFD Aol il b BB e Yiddn AR RE A ¢ EIBbinding
visualized usi Super Signal TM Wést n Lerce).
554V, o rsciPel T ExaPle i At Lenot GRaDs SMkgSIary in
Results are shown in Figure 5. _|ln particular, as seen
Ficshe 3B, MazS95nhibited hintinyjaied BMRyIddaindiag tedishRRUB with the
bet ween am no acids 72 and 88 of mature CGDF-8. My022,
samen€seot her hand, recogni zes an epitope within the

first 44 Ntermnal amno acids in the sequence of

mat ur (0133F- 8 Nigo2d alsadileckedIGDRE® ugtividdinein BEQré Bloassay. By
NO 49). Finally, the epitope for Myo28 conpri ses

Way stesam e aliseh @U%Bﬂwféos?@'%f]iﬂduﬂat&ﬁw% FIEIRE 13HHUR At room

acrds of mature GDF- In order to further

BRI 56 BABIBEEI0,S80F RS e Bl gpeminec

Ses ‘Were” per
hesis. In th bstjtuti ySi esid
REA fSavipefotreeSiamily o srrshabitedmitn FatimiC
of the 20 natural am no acids except cysteine.
shawa dnductign @f BAB(RHCA)2 reporter activity at the EDsp for GDF-8, 20

ng/ml, in the presence of Myo29. Myo29 reduced the GDF-8 induction in a
dose-responsive manner, with an ICso of 15-30 ng/mi (0.1-0.2 nM). Myo29 also
inhibited the biological activity of BMP-11 to the same extent {Figure 4B). In
contrast, the activity of activin in this assay was not affected by Myo29 (Figure
4D), presumably due to the relatively low homology between GDF-8 and
activin, és compared to GDF-8 and BMP-11.

[0134] Myo22 and Myo28 were also tested in the RGA and ActRIIB
binding assays. Both antibodies block GDF-8 and BMP-11 activity. The ICsg

for Myo28, for example, is 0.2-0.35 nM.
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assays were perforned as descri bed above. The results
are shown in Figure 6, wherein the first row, first

wo vm40818erms and | ast three col utms represent PCT/IB2003/004748
wi | d-type peptide controls. The results denonstrate
that when Lys-78, Pro-81, and Asn-83 are each
individually nutated to another am no acid, the
binding affinity of Myo29 to the peptide is
SE3Ri{d I -Edi c [
Exahigie ant Ma{;ﬂﬂng& Eﬂ]ﬂ%% mrquwﬂ,a%gg%ﬁa P@@g%

sequence conprising Lys- Xaal - Xaa2- Pr o-

NO. 54 er'mg, LSiel 4 her
any am1r?o aciq'a,rbror aﬁéﬁﬁ@?’?g@@%@ﬁ% h@l%%kigg?@:
[l e, independent|y of. each other. .55 2004/ 037861
BLSTaREI0 S 065 s PARULRS e Paeie R e SEResR Al Hture
GDF-8 [0138]. In_aorder to evaluate the binding of M/029
GHF-fiped forthhin FECUMENG A2 wese ayribesiged slisscly 88 cellwose paper
i mmunopreci pitati on study was conducted. CHO cells
osipgdbeispgt Sthesisdechricies(Maing etral 36996% Peiptide Rkesaarth,
35S-cysteine. 100 | conditioned nedia fromthese

0e191s155; (raak et Ay (1328l etheldeon) 4818R4T7 D230 Fhanrwerlap of the
| atent conpl ex) was incubated with 20 pg/m Mo029 or

Meprdes Whs 4 1NRHnoAcidC InRhR! e?ri'éy,'ﬁys?@ﬁfé?}{]éeé‘ﬁﬁjw Were replaced

added and i ncubated overnight "at "4C.

N i P I ed [
WG T o 20 e B CrRaNER ol PIGRERR Rk dle cpyged bv

el was fixed, . enha d w th autoradi ography., enhance
14 erePeRCe BF Pisiengia GalbloseBemiraRes maBlieddptpolyethylene
Figure 7 _shows that both Myo29 and Myo28 can )
plyeohapst EBlosrRratectegantiro acids gvereparehrsed fremdiimed
conpl ex and unprocessed GDF-8. Both anti bodi es bind
{lagadfel8, GemeanyndEie avay nadudEfingd contthetmembrarse by coupling a
deternmined by Western blotting. Exanple 12:
Byl‘la’iém’ﬁé elbbet 456 pe Pl wéhesyntiRéesBe® isingtstanddr8Icof

029 was evaluated in
(diisopropylcarbodiimide )/HOBt (hydroxybenzotriazole) coupling chemistry as
described previously (Molina et al. (1996) Peptide Research, 9: 151-155; Frank
et al. (1992) Tetrahedron, 48: 9217-9232).

[0136] Activated amino acids were spotted using an Abimed ASP 222
robot. Washing and deprotection steps were done manually and the peptides
were N-terminally acetylated after the final synthesis cycle. Following peptide
synthesis, the membrane was washed in methanol for 10 minutes and in
blocker (TBST (Tris-buffered saline with 0.1% (v/v) Tween™ 20) and 1% (w/v)
casein) for 10 minutes. The membrane was then incubated with 2.5 ug/ml of
an anti-GDF-8 antibody in blocker for 1 hour with gentle shaking. After washing

with blocker 3 times for 10 minutes, the membrane was incubated with

HRP-labeled secondary antibody (0.25 pg/ml in blocker) for 30 minutes. The
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C57B6/ SCID mce at a dose of 1 ng/kg after a single

intravenous (IV) or intraperitoneal (IP)
wa@oonit3mer at i on. The ani mal s recei ved a m xt urecDiB2003/004748

unl abel ed and 1251-1| abel ed Myo29 at the dose |isted

above and serum concentrations were determ ned based

on 1251 radioactivity in the serumand the specific

activity of the injected dose. Figure 8 shows a pl ot

t ' :
TSR BRI I aaETapn ook an

P AP gag) WARTENT ool aﬁé’ﬁﬁaﬁﬁfﬁ%@"ﬁ&aﬁ‘zed using

clearance around 1 m/hr/kg, Initial volu

Qupersignai™ \Vegideager Piersehand g, d'm}%&?mﬁra &Amﬁeamtech

di stribution was about 227 m/kg. My0o29 reached a
FiakonmagenntReaultsraratshavoun Figures. posrartieilac tasaeen from
Fraction absorbed following IP injection was about

Figare Bx #ngpésitcd for Myd2eowss frepipedfbetive@d anind/asidse72 and 88
Mass and Strength [0141] In order to determ ne

Whaidigre dbrD Rheoksotie Stras haMb! tecbinizés 4p. epoPEithin the

was tested in adult SCI D m ce. dDmcesuffe rom a

T GRS 3B a§.ndmfe' BB o RbtAEBE arifo acios

enerate reac

bR o BN PIEL B B %‘ﬁf@%ﬁ%ﬁwﬁes

m ce treat ed with Myo29. [0142] Male C57B6 SLID ei
rrsidteeslogatadouitive te fiest Je-termnalaraimoacids of matire DF 8.

with respect to body weight into groups of eight.
My029[0187] PB3n lmndércto fudther claractetize the Mylo29mpitepe, deletion
intraperitoneally at various doses (60, 10, and 1

A kgbstiaesh ¥nakisdowWare pdedemul Bistigveot shathsiss tinueek.
Vehi cl e(PBS)-treated or untreated mce were used as

geﬂétfteﬂén aﬂ_QgAErgé’éHTFé%‘i&Jeb%H PRkl Was f ldl.‘lﬁfgkfﬁﬁlaced with

€ nass S assessed I ssecting an

kg BFR1d 26 REMUrEarRg SACELEFR Ty LRI S NnEEE U T I ding

assays were performed as described abové. The results are shown in Figure
6, wherein the first row, first two columns and last three columns represent
wild-type peptide controls. The results demonstrate that when Lys-78, Pro-81,
and Asn-83 are each individually mutated to another amino acid, the binding
affinity of Myo29 to the peptide is significantly reduced. Therefore, Myo29
recognizes a sequence comprising Lys-Xaa1-Xaa2-Pro-Xaa3-Asn (SEQ ID
NO:54), wherein Xaa1, Xaa2, and Xaa3 each is either any amino acid, or

Xaa1 = Met, Xaa2 = Ser, and Xaa3 = lle, independently of each other.
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weeks of treatnent, nuscle mass was increased in all
groups treated with Mo029, ranging from 10%to 23%
wowdaoh/ogmseups treated with hi gher doses reachi PQI/IB2003/004748

significant levels (Figure 9, p<0.01). [0143] In

anot her experinment, fermale CB17 SCID mi ce were treated
wth Mo29 weekly at various doses (10, 5, 2.5, and 1

ng/ kg) for 4 or 12 57 WD 2004/ 037861 PCT/ |1 B2003/ 004748
WERafpl&dak NmrhOABPPECIbitalibhbAGDES for 4 weeks

resulted in an increase in gastrocnem us and
oadr . . 100 5 .
and 1ISET o arder Bl HEbTRHG O 32D phyhisost
reat erngre igh_nuscle I 12% . 289 i i h
elsTEREE RE I PRy oT LIBHNGR eLuaheh stidniyas
significant levels (Figures 11A and 11 Bg.,[g;44] In |
epadlcted g:é*l(é cRihexriessingCPRE Wt @b Wih mesgetiigpine and
to stronger nuscles, nuscle strength of front Iinb
HiSscysteinar 00 w cdnditienécbmestia komtthese sellsrebeatairing GIDF-8
1027 csx, Colunbus Instrunents, Colunbus, OH). After

protéRqksatdfe GDFa8 aﬁaqatehh@oﬁmfam'; wasTRc e dlith 28 5g/A Myo29
and 23% higher in mce treated with 5 ng/kg or 10

\HIEMV%FgffoM 9%81 5?@‘*@?%?&8’&%—%&%% e %§§ad&%1fgn% jncubated

control (p<0.01, Figur . The resu

his. o h 29 i nhi bj GDE-8 ..
ueidti Ao Tg edionr kP AR politidH. Biiiended i,
nmuscl e mass and nuscle strength. Exanple_14: Treatnent
EROUARGIRTPIE DTes AREranaEestly SRS BACH oTls# debwas fixed.

such as, for exanple inhibitory antibodies, are

askanded with autsnadiogtaphly endtasicer selutivs,alritsk, andubé agtorad was
type 2 diabetes, inpaired glucose tolerance,

develbpéd.c Fiyunel 7asmowsethgt bothiygdo2¢rand)Myd28sedri n

resi stance i nduced by trauma (e.g., burns or nitrogen

inahBpERipitatd fhaAdHeRODF-8 [the BIBF B IaRirfi @bmpl®: 8nd unprocessed
obesity). 'The anti-GDF-8 antibodies of the invention
8DF-8. Both antibodies bind to GDF-8 dimer under non-reducing conditions as

determined by Western blotting.

Example 12: Pharmacokinetics
[0139]  The pharmacokinetics (PK) of Myo29 was evaluated in
C57B6/SCID mice at a dose of 1 mg/kg after a single intravenous (1V) or
intraperitoneal (IP) administration. The animals received a mixture of unlabeled
and '®l-labeled Myo29 at the dose listed above and serum concentrations
were determined based on '®| radioactivity in the serum and the specific
activity of the injected dose. Figure 8 shows a plot of serum concentration

versus time for Myo29 administered either |V or IP.
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used to treat a subject at di sease onset or having an

established netabolic disease. [0146] Efficacy of
wa@na4/®Bkt 8 anti bodies for treatnent of netaboPCT/IB2003/004748

di sorders, e.g., type 2 diabetes and/or obesity, is

confirmed using well 58 WD 2004/037861

PCT/ 1 B2003/ 004748 establ i shed nuri ne nodel s of

obesity, insulin resistance and type 2 di abetes,

i ncl ugh ob/, j AL nvi t

ot natt 28] P ouead fdifed R8ophkal RamiRel e ol Sround one

be | nduced high fat o ' calarjc feeding.of ..

vk 3nH 168 GearAbdardingl! mlkiagngalibmemeey Hetfbution was

Simlarly to humans, these rodents develop insulin

ab@wts&?am)@ég- Mppare i yiglureeroh distrikutiop; waseboutad?d mikkg. Myo29

deterioration of glucose honeostasis resulting in

tegobedlaypeak concentratior ahabeststrbre gostrirjectiars eBraztios ebsarbed

measurenents of glucose, insulin and |ipids. Measures

RilowirgIFoivgsttion i SbGRITFiti vity can be deterni ned by

insulin tolerance tests and glucose tol erance tests.

More sensitive techni ques would include the use of

eugl ycem c- hyperinsulinemc cla for assessin

" ExPORIRE o1 Vivg Bert of Myo0 ) Mugele Mans and Strength

sensitivity. In addition, the clanp techniques would

al | owl0d41huane ordarito detergune whethestMyerd blacks GDR-Reactivity in

maj or gl ucose disposing tissues, (nuscle, adipose,

aind, Myo29 wasi tesiedpnadet ST cmibdec SCHD nite spffardfrdmiansevere

one study, treatnent wth an anti-GDF-8 anti body such

86mbMeddmniliie deliciéiidy ahd eherefdredenotsgereigiecdreirhanological

one week to six nonths. The treatnent protocol could

McYion %'%@iﬂ,jé‘gg} fofWufrﬁ:ﬁ 5%%@%%&9% yﬁbmﬁscle mass

regl nens Yy, WwWee -\Wwee

TSl ek g A0 B g by a2
gl S e S S A e R o
SVeny Giattibuted with roepest to body walght ints aroupe of eght, Myo29 in
PBS buffer was injected into the m'ice intraperitoneally at various doses (60, 10,
and 1 mg/kg) weekly. A double dose was given the first week.
Vehicle(PBS)-treated or untreated mice were used as controls. The treatments
continued for four weeks. Muscle mass was assessed by dissecting and
weighing the gastrocnemius and quadriceps following treatment. After four
weeks of treatment, muscle mass was increased in all groups treated with
Myo29, ranging from 10% to 23%, with groups treated with higher doses
reaching significant levels (Figure 9, p<0.01).

[0143] In another experiment, female CB17 SCID mice were treated

with Myo29 weekly at various doses (10, 5, 2.5, and 1 mg/kg) for 4 or 12
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[0148] The inhibitory antibodi es agai nst CGDF-8 are

al so used to prevent and/or to reduce severity and/or
wo b@4®y718pt ons of the disease. It is anticipatrdi/iB2ae3/004748

the anti-CDF-8 anti bodies woul d be adm ni stered as a

subcut aneous injection as frequently as once per day

and as infrequently as 59 WO 2004/ 037861

PCT/ 1 B2003/ 004748 once per nonth. Treat ment duration

P PERRE AR AR MheD 0P Ve '8%@?%08"“ SRfkse i

subj ects ff fromor, .at ri

G S isnd i iceRd Men P an@biierd obY B 20% Eigners 10A
group. . Treat nent groups_include a, pl.acebo group and

3nd 108)¢ hopger geaw tr(é%@«e\ﬂkﬁbreawtgﬁdfagrqurfmews in muscle

doses). Individuals are followed prospectively for one

massH12% tn2&% ) yathrall groups restedoiin Myo29regrhingsstatistically

netabolism It is anticipated that individuals

sigmificantpvelse@igeras MoLdrdl €kB).bi t.  an i nprovenent.

[0150] The antibodies are adm nistered as the sole

acti ve)FPOURhrdér to dbtér‘?ﬁ'i’ﬁé%étﬁé‘r %F&s@ﬁ%ﬁ‘@dle mass leads to
compound Or conposition. Wien adm ni stered

3fhAadrplites omgae%n%ghp%mgg 9 e M‘éé#hré‘&‘%{ fﬁea; arip

COfT'pOS t I'S pre erab

BB R Relardniplel ol o & £F yﬁaaf»tﬁe”géﬁggp?qu OH)

di sease. The appropriate effectlve dose |sose
Ater 12 weaksref teaatmiest, dhe freahlirnh streppthowaad 7 /aﬁg@§3%1hlgher in
pg/ kg to 20 nmg/ kg, 1 pg/kg to 10 ng/kg, 1 pg/kg to 1

myck treatetOwitly Skygtkg o Wohiikg dfMpaZkespectivsly pg/dogpared to
100 pg to 1 ng/ kg, and 500 pg/kg to 1 ng/kg.

theevghiale)controf (a0 1 rragum ae isLRS BEthiSERIdy demonstrate
summari zed in Table 3. ,
that Myo29 inhibits GDF-8 activity in vivo resulting in significant increases in

muscle mass and muscle strength.

Exémple 14: Treatment of Metabolic Disorders

[0145] Inhibitors of GDF-8, such as, for example inhibitory antibodies,
are useful for treatment of metabolic disorders such as type 2 diabetes,
impaired glucose tolerance, metabolic syndrome (e.g., syndrome X), insulin
resistance induced by trauma (e.g., burns or nitrogen imbalance), and adipose
tissue disorders (e.g., obesity). The anti-GDF-8 antibodies of the invention are
used to treat a subject at disease onset or having an established metabolic
disease.

[0146] Efficacy of anti-GDF-8 antibodies for treatment of metabolic

disorders, e.g., type 2 diabetes and/or obesity, is confirmed using well
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WD 2004/ 037861 PCT/ |1 B2003/ 004748 TABLE 3: Exanpl es of

Cinical Cases Patient No. Status prior to Treatnent
wEi0a0sme1 t r eat ment Regi men Patient 1 No cli nie@i/1B2003/004748

signs, 0.01-1 ng/kg every Prevention of type 2 famly

hi story of 4 weeks for 48 di abetes type 2 di abetes

weeks Patient 2 MId clinical signs 0.01-20 ng/kg

| mproved insulin of syndrome X weekly for 4 nore

te%(k) Oél@ﬁ&@ nithtthe MBEER &'db%gﬁ)‘? dﬁ?tﬁlﬁh’%%ls‘ﬁéﬁcea%%yb diabetes,

bl pressure Patient vanced stage

Lk ' I oV of t f or
848y b, BRI el ﬁ%smm%@@%ﬁetﬁ@%@iﬁwowuraﬁm Insulin
severit of 's tops and/or, .incre ' ] _
ﬁﬁ%‘é&ens%&y o b indsiosd;hydhien Jatsn higla cplesigite ﬂd'ag@iczeam
ng/ kg daily Inprovement of resistance for 6 or nore
wheins ofiImiseclaciuginghe57Bhidl. chisslatly te Bunanisothase rodents
severity of synptons and/or decrease in body fat

[deielb inhdingesistdriceahiyperinsuliensa, dystipidegtia yanthdetesibeatidn of
in light of the teachings of the references cited

Wiidbise Hohfecutasis téiatingdm hyfﬁeh%l Eerital. COuRbfhe Q;!T_ée%@bhents are

i'ncorporated by reference’in eir entirety.

$288G AR SmhE AL itehl¥its of glucose, insulin and lipids. Measures of

improved insulin sensitivity can be determined by insulin tolerance tests and
glucose tolerance tests. More sensitive techniques would include the use of
euglycemic-hyperinsulinemic clamps for assessing improvements is glycemic
control and insulin sensitivity. In addition, the clamp techniques would allow a
quantitative assessment of the role of the major glucose disposing tissues,
(muscle, adipose, and liver), in improved glycemic control.

[0147]  In one study, treatment with an anti-GDF-8 antibody such as
Myo29 (IP injection) or vehicle is conducted for one week to six months. The
treatment protocol could vary, with testing of different doses and treatment
regimens (e.g., daily, weekly, or bi-weekly injections). It is anticipated that mice
treated with the anti-GDF-8 antibody would have greater glucose uptake,
increased glycolysis and glycogen synthesis, lower free fatty acids and
triglycerides in the serum as compared to mice receiving placebo treatment.

[0148]  The inhibitory antibodies against GDF-8 are also used to
prevent and/or to reduce severity and/or the symptoms of the disease. ltis
anticipated that the anti-GDF-8 antibodies would be administered as a

subcutaneous injection as frequently as once per day and as infrequently as
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specification provide an illustration of enbodi nents
of the invention and should not be construed to limt

wo b@4mspe of the invention. The skilled arti SBOT/IB2003/004748
recogni zes that many ot her enbodi nents are enconpassed
by the clainmed invention and that it is intended that
the specification and exanpl es be considered as
exenplary only, with a true scope and spirit of the

. . o L I : e
S8 B8 s R OB APse AL R Rl T e, sfera
An_isol ated anti body conprising an am no aci d sequence
gﬁﬁ@tantially as set out in SEQID NOn, whereinnis

2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22. 24,6 26, 28, .
30, 301492 3 i@ﬁ}hq;glgm%’eﬁw@ﬁy ogg’ntl-a(éi;)Fzﬁ)gn hmans subjects
43, 44, 45, 46, 47, or 48; and wherein the antibody
sefferingbiom aratgpkdor typel 2 diabetesi arg iddRtifR@doanddpdomized to a
2. The antibody of claim1l, conprising the am no acid

tregtmantegrotip. Srcathiznigroupsinelueiera placeb@ gréup énd 8ne 10 three
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 31, 32, 33,

%oupg?reggi@in ntjbeily (@ﬁferé‘rq’do@.és}. 4iadividuals 4fe fotewedd

. The anti body of claim1l, wherein said

r col

RRirsEMeordihe fiohtn R Uoars 18 GBS 8E chindps Fi%tcose
PTA- 4740 r PTA-4739..4.. The antibody of claim1l -
ardaisn. B A ficiiaeibatingii R e et el ould exnivi
binding to a protein conprising the am no acid
sadmerEemett- forth in SEQ ID NO 54. 5. The anti body of
claim4, wherein at least (a) the second am no

[0150]  The antibodies are administered as the sole active compound

or in combination with another compound or composition. When administered
as the sole active compound or in combination with another compound or
composition, the dosagé is preferably from approximately 1 ug/kg to 20 mg/kg,
depending on the severity of the symptoms and the progression of the disease.
The appropriate effective dose is selected by a treating clinician from the
following ranges: 1 pg/kg to 20 mg/kg, 1 pg/kg to 10 mg/kg, 1 pg/kg to 1 mg/kg,
10 pg/kg to 1 mg/kg, 10 pg/kg to 100 pg/kg, 100 pg to 1 mg/kg, and 500 pg/kg
to 1 mg/kg. Exemplary treatment regimens and outcomes are summarized in

Table 3.
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acid fromthe Ntermnus of SEQID NO 54 is

met hi oni ne,
wORagnBIsAUS

fromthe N-term nus is isoleucine,

each ot her.

anti body is human.

(b) the

is serine, or

(c) the fifth
i ndep

third amno acid fromthe

am noPEL/IRP003/004748
endent |y of

6. The antibody of claim1l, wherein the

the antibody is 1gGL or
PTABLR G0 ExHMpks ofiClifital Qaseody of claim 1, wherein
the am no acid sequence of the antibody is nodified to

reduce or a

lter effector

lg&A. 62 WO 200

function. 9. Th

7. The anti body of claim1l, wherein

4/ 037861

e _anti body of

PatientNo.nH
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Status nries tani
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dye Zdabelest i

0.00-1 Migkgaayeiybo
$@eeks tor 489G, , ,
oweeksonpri si ng t

Al reventidnedf type, 2
diabdtes A
he anti body of

cPatiemt 2. 1
adm ni steri
cONposi ti or
vherei n t he
adm ni st er €

OO — =

Mildxlinethsghso
rof sedrehé ect i
of claim11.
phar maceuti c
d to a nammal

f 0.01-e200 mgfky,
veeekiyotoe 4ofore he
WeeksThe net hod
al conposition
in need of trea

conpimgoveyl insulin

plotaranceaartdi cal

pflucdsai metdBolism,
gnd lower blood

[ prepsureor

piPatiemtt3 on
neur onuscul
i sorder. 1
bhar maceut i
manmal in n
li sorder cH

Hdvanchdsstager
af tygesor der

4liabeles net hod
cal conposit
eed of treatm
osen from nus

e.Rvs20mfikgrtwice s
awelekhofoe 6cbe gener
weéeksl ai m 12, wh
on is admniste
ENt or preventi
cul ar _dystrophy,

Clngprovesoerd ef ,
atlinical signs,
eregluctianhie severity
I efcsytmpta@ms and/or
pncebsain muscle
mBe® hedy &it satio

_— e e e o e e

rRatientad  dy

Severghpsulinusc
resistance
and/obesity

@ 0&+200pbikg dailyga
for 6 or more weeks

ninggroamhgnt of

clinical signs,

reduction in severity
of symptoms and/or
decrease in body fat

[0151]

The specification is most thoroughly understood in light of the

teachings of the references cited within the specification, all of which are

hereby incorporated by reference in their entirety. The embodiments within the

specification provide an illustration of embodiments of the invention and should

not be construed to limit the scope of the invention. The skilled artisan

recognizes that many other embodiments are encompassed by the claimed

invention and that it is intended that the specification and examples be

considered as exemplary only, with a true scope and spirit of the invention

being indicated by the following claims.
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carpal tunnel syndronme congestive obstructive

pul nronary di sease, sarcopeni a, cachexia, nuscle
woreiosgesyndr one, and amyotrophic | ateral scPeT/mEi063/004748

15. The method of claim 12, wherein the pharnaceutica

conposition is admnistered to a mammal in need of

treatnment or prevention of Duchenne's nuscul ar

dystrophy. 63 WO 2004/ 037861 PCT/1B2003/ 004748 16.

The nethod of claim 12, vvh?g'\mghe phar maceut i cal

CMPESihi on is adm nistered to a mammal in need of

treatnent or prevention of a disorder chosen from

P AGER aEAAngi 0 JRG

of claim 12, Ica conposition

Is admnistered to ma | in f.treatnent . ar
prevention 8?b§a%%@r%%%§éﬁgﬁm%wsﬁ@@@ s24,6,8,
i mpai red glucose tolerance, trauma-induced insulin

resi st ance, 18nt.tYpd621842Q 122, 24, 26828, 13(b 3eBRod3034. 35, 36,
claim 12, wherein the pharmaceutical conposition is

admi ni st er ed71 88,8%d0mAN, 42, 45:dd, 46, 46.ebt, oedB; and wherein the
prevention of type 2 diabetes. 19. The nmethod of claim

12, wher ei nahtittodyiacapablet dfesplecific@pbmidingoBDIFS8 or BMP-11.
adm nistered to a manmal in need of treatnent or
prevention of obesity. 20. The nethod of claim 12,

et 12, LR BALLLSoln, 1-ERBs b cing i soquence of

damaged MISEER) \n NO:n, wherein nis 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22,
24, 26, 28, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44,45, 46, 47, or 48.

3. The antibody of claim 1, wherein said antibody is an scFv
fragment expressed by E. coli having ATCC Deposit
Designation No. PTA-4741, PTA-4740, or PTA-4739.

4. The antibody of claim 1, wherein the antibody is capable of
specifically binding to a protein cbmprising the amino acid
sequence set forth in SEQ ID NO:54.

5. The antibody of claim 4, wherein at least (a) the second amino
acid from the N-terminus of SEQ ID NO:54 is methionine, (b) the
third amino acid from the N-terminus is serine, or (c) the fifth
amino acid from the N-terminus is isoleucine, independently of
each other.

6. The antibody of claim 1, wherein the antibody is human.

7. The antibody of claim 1, wherein the antibody is 1gG; or IgG,.
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21. The nethod of claim 21, wherein the damaged nuscl e

is nyocardial nuscle. 22. The nethod of claim 21,
wobenesTs6t he danaged muscle is di aphragm 23. paheB2003/004748

met hod of claim 12, wherein the antibody is

adm nistered at an effective dose chosen from 1 pg/kg

to 150 ng/ kg, 1 pg/kg to 64 WO 2004/ 037861

PCT/ |1 B2003/ 004748 100 ng/kg, 1 pg/kg to 50 ng/kg, 1

ﬁg; :zg Bgozgg /a‘ﬁ‘iiboéy Bgé Eﬁn Howh%Q?lﬂ%ggmnﬁ%gg dk%k%u%n&e of the

100 pg to 1 /k and to

i sol at ed nu@ﬁgl?%& '&’Hoﬁﬂﬁ‘éﬁg&? ﬂeéhg:ﬁ a?r]{tten%gagt% urtqtlgpm

1. 25. An ex ressjion vector, conprising the nucleic

aci d of- cl ail g antibogy of glaip & wherein e Aprine pA segpence is
vector of claim?25. 27. The host cell of claim 26,

wher ei n sai thddifiad atgiesidues Eorresponding itogmird ecid[bﬂoeri amino
Desi gnati on No. PTA-4741, PTA-4740, or PTA-4739. 28.

The nucl ei casidi 1P0odf SEQI I N 53vherein the nucleic acid
conprises a nucleotide sequence of SEQ I D NG n,

wher ei Ron 'Ei'h(l,“a bo of7 laind 1, Wher l?ith gntlﬂgd i599G2or 19G1«.
g Ae ane T Body

23, 25, 27, hod |ng ary
h fical l " .
E:oﬁ:)r IS i iCI I C 6}1 eac??a cgrrg)(ogmqnn ﬁomﬁgmgﬁg @%gpody of claim

nucl ei c aC|ds encodlng a variable donmain which either
include a CHOR3 to be replaced or lack a CDR3 encodi ng
region; (b) conbining the repertoire with a donor

nucl ei 82aci & method of treatment, comprising administering an effective

dose of the pharmaceutical composition of claim 11.

13.  The method of claim 12, wherein the pharmaceutical
composition is administered to a mammal in need of treatment
or prevention of a disorder chosen from muscle disorder,
neuromuscular disorder, and bone degenerative disorder.

14. The method of claim 12, wherein the pharmaceutical
composition is administered to a mammal in need of treatment
or prevention of a disorder chosen from muscular dystrophy,
Duchenne’s muscular dystrophy, muscle atrophy, organ atrophy,
carpal tunnel syndrome congestive obstructive pulmonary
disease, sarcopenia, cachexia, muscle wasting syndrome, and
amyotrophic lateral sclerosis.

15.  The method of claim 12, wherein the pharmaceutical
composition is administered to a mammal in need of treatment

or prevention of Duchenne’s muscular dystrophy.
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encodi ng an am no aci d sequence substantially as set

out in SEQID NONn , where nis an integer from31l to
wdB004/03186h t hat the donor nucleic acid is i NSePCEIB20WMD4748

the CDR3 region in the repertoire so as to provide a

product repertoire of nucleic acids encoding a

vari abl e donmain; (c) expressing the nucleic acids of

the product repertoire; 65 WO 2004/037861

PCT/ | B3803/ §94 1i8tholdBf aefs | r@instﬁﬁcdl'fdrﬁgceuticc?l

anti gen-bi ndi ng fragnment specific for

nucl et c aci BomwRarnGe eETBRTR A idfad 1PAg0 xﬁ{featment
et hod or . PUBFMNJPR &1 AIARE0F 2% €0 abesiy and adipose

conprising: (a) preparing a first binding mxture
conprisi-ng tinguedisordsly of claim 1 and GDF-8; (b)
nmeasuri ng the amount of binding between the anti body
and GDA78 i Thehlmethiodsif chaint 12, avhdrein theearmageaticadcond
bi nding m xture conprising the antibody, GDF-8, a

test conpouggdmpaRflionds aHﬁﬁ#ﬁé‘t@ré@td BenafRidlin RéedbNEidatthent
bet ween the anti body and GDF-8 in the second m Xt ure.

32. A rmet ho@rgﬁe\}éﬁ?lﬁﬁ%?'a sOPHSFLRost 5% nﬁForﬂ?%@’l Palred

t he net hod rrprlsmgamnlsterlngath rapeu
! | ho BB P R e o ReantuCe sy FibBpfeand oo 2
diabetes.

18. The method of claim 12, wherein the pharmaceutical
composition is administered to a mammal in need of treatment
or prevention of type 2 diabetes.

19. The methlod of claim 12, wherein the pharmaceutical
composition is administered to a mammal in need of treatment
or prevention of obesity.

20. The method of claim 12, wherein the pharmaceutical
composition is administered to a mammal in need fo‘r repair of
damaged muscle.

21.  The method of claim 21, wherein the damaged muscle is
myocardial muscle.

22. The method of claim 21, wherein the damaged muscle is
diaphragm.

23. The method of claim 12, wherein the antibody is administered at

an effective dose chosen from 1 ug/kg to150 mg/kg, 1 pg/kg to
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33. An isolated anti body agai nst GDF-8, wherein the

anti body is capable of inhibiting binding of GDF-8 to
W@\eaoRsB61 34. The anti body of claim 33 conpri SP(ETUIBZhQB/OO4748

am no acid sequence substantially as set out in SEQ”

ID NOn, whereinnis 2, 4, 6, 8 10, 12, 14, 16, 18,

20, 22, 24, 26, 28, 30, 31, 32, 33, 34, 35, 36, 37,

38, 39, 40, 41, 42, 43, 44, 45, 46 47, or 48. 66 WO

2004/ 03786118@%@/;%013%2%% ki aCI Fhfg/ﬁ@ftcb QGCH{%R{;, 1 ug/kg to

cl aim 33 conpri si sequence as

|12 ng ISONQQS“Q’%QG{ %8”‘42@'135@*93106@95%(? é&ggiévg/kg to
36, 37, 38,

48. 36. A mai?ﬁ@a/ 10@@%‘3’5 ol deé‘iq P@E@ttﬁ“ﬂ‘%‘g

nmet hod conprising adm nist erl ng a therapeutically
ef f ect 2¢e aMpuselated nurleigacidensoding tha antinastytof @alm 1.

manmal , thereby increasing nuscle strength. 37. The
anti boﬁ&. of Aol expnesstomiiecter, comprising tHeonlycleis aciabafotlaim 24.
of specifically binding BMP-1 1. 38. A nethod of

maki ng2gn aptndxedsl, G‘cﬁﬁiﬁ)ﬁilﬁ? it Gebtbbf Abink5c0l i
havi ng ATCC Deposit Designation No. PTA-4741,

PTA-4749, hg %E?I é%l?gfm é\ggn Q?Ur ¥ Fellﬁ‘ Qafdt}?osal‘ﬁtell lf%’ﬂ‘ycoll having

39. The met ho er conprising

the nucleic encodi ng t he F

or Myo22 i BT PeBPSt Desiapetif Mty A oA T Ak o hr

of an i rmunoq_l obulin and expressing the fused nucl e| c
acid in a cBI'A44%- The nethod of claim 39, conpri si ng

germining. 41. An anti body nade using the nethod of
cl ai m 48. The nucleic acid of claim 24, wherein the nucleic acid comprises

a nucleotide sequence of SEQ ID NO:n, whereinnis 1, 3, 5,7,

9, 11,13, 15, 17, 19, 21, 23, 25, 27, or 29.

29. A method of making an antibody that specifically reacts with

GDF-8, the method comprises:

(a)  providing a starting repertoire of nucleic acids encoding a
variable domain which either include a CDR3 to be
replaced or lack a CDR3 encoding region;

(b)  combining the repertoire with a donor nucleic acid
encoding an amino acid sequence substantially as set out
in SEQ ID NO:n, where n is an integer from 31 to 48,
such that the donor nucleic acid is inserted into the CDR3
region in the repertoire so as to provide a product
repertoire of nucleic acids encoding a variable domain;

(c)  expressing the nucleic acids of the product repertoire;

65



42. An anti body capable of specifically binding to an
epitope characterized by the am no acid sequence set

wo oootlozisel SEQ | D NO 54. 43. Use of the anti borPgT/mE20eam04748
of clainms 1-10, 31, 34, 35, 36, 38, 41, and 42 for
the preparation of a nedicanment for treatnment or 67 WO
2004/ 037861 PCT/1B2003/004748 prevention of at |east
one di sorder of nuscle, bone, or glucose honeostasis

in a mmal 44 %g@m_ﬁﬁ s?)fecﬁ‘lcad éﬁ-‘bl%ﬁé Wagrﬁé?n? specific for

mammal is hu

di sorder is an scu d| sorder 46. The use of
cl ai m 43, wher ef(ﬁb?% dIsor der is nuscul ar dystrophy,
Duchenne's rnuscul ar dystrophy, nuscle atrophy, orga
atrophy, céf)pal TRCONRENG dymabesitc apigriERinding fragment or
obstructive pul nonary di sease, sarcopenia, cachexi a,
muscl e wasting spuclesmsid encoding(bltle bniding fragmeat.
sclerosis. 47. The use of claim43, wherein the

di sor dgo. i s Aalkmegibbily produtedas) resaethogisofelalins2g der .
48. The use of claim43, wherein the disorder is

syndrogg X, A r‘ngﬁl%ﬁrf@ﬂ|d%hHﬁﬂﬁflnhﬂilﬁF§8FGDF£ comprising:
trauma-i nduced insulin resistance or type

di abetes. 49. Use of the antibody of any of cI ai ns
1-10, 31, 34(a)35pregmringsa fidst bindimgl mbufercompesing the antibody

preparation of a L. camen at | east one of: (a)
repair of nuscl eoggﬁﬂﬁgl,arﬂigﬁgreay ng nuscl e nass or
strength, and (c) increasing glucose tolerance in a
manmmal . (b) measuring the amount of binding between the antibody

and GDF-8 in the first mixture;

(c) preparing a second binding mixture comprising the

antibody, GDF-8, a test compound; and

(d) measuring the amount of binding between the antibody

and GDF-8 in the second mixture.

32. A method of increasing muscle strength or mass, the method
comprising administering a therapeutically effective amount of
the antibody of claim 1 to a mammal, thereby increasing muscle
strength or mass.

33. Anisolated antibody against GDF-8, wherein the antibody is
capable of inhibiting binding of GDF-8 to ActRIIB.

34. The antibody of claim 33 comprising the amino acid sequencé
substantially as set out in SEQ ID NO:n, wherein nis 2, 4, 6, 8,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 31, 32, 33, 34, 35, 36,

37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, or 48.
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50. The use of claim49, wherein the damaged nuscl e of
(a) is nyocardiac nuscle or diaphragm 51. The use of
w@ny408m6nf cl ai ms 46-51, wherein the anti bodyP€BIB2003/004748

adm nitered to the mammal at an effective dose chosen

from1l pg/kg to 150 ng/kg, 1 pg/kg to 100 ng/kg, 1

pg/ kg to 50 ng/ kg, 68 WO 2004/037861

PCT/ 1 B2003/ 004748 1 pg/ kg to 20 ng/kg, 1 pg/kg to 10

nmy/ kg, 3b. pg/Mhe andibodygf kipim B3 ceyptiging the amirik gcid s@quence

pg/ kg to 100 pg/kg, 100 pg to 1 ng/ kg, and 500 pg/kg

to 1 ng/kg. a6%et outin SEQ ID NO:n, wherein nis 2, 4, 6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41,42, 43, 44, 45, 46, 47, or 48.

36. A method of increasing muscle strength, the method comprising
administering a therapeutically effective amount of the antibody
of claim 33to a mammal, thereby increasing muscle strength.

37.  The antibody of claim 33 wherein the antibody is capable of
specifically binding BMP-11.

38. A method of making an antibody, comprising culturing E. coli
having ATCC Deposit Designation No. PTA-4741, PTA-4740, or
PTA-4739 and recovering the antibody.

39. The method of claim 38, further comprising fusing the nucleic
acid encoding the svFv of Myo29, Myo28, or Myo22 with nucleic
acids encoding the Fc portion of an immunoglobulin and
expressing the fused nucleic acid in a cell.

40. The method of claim 39, comprising germlining.

41.  An antibody made using the method of claim 40.

42.  An antibody capable of specifically binding to an epitope
characterized by the amino acid sequence set forth in SEQ ID
NO:54.

43. Use of the antibody of any of claims 1-10, 31, 34, 35, 36, 38, 41,

and 42 for the preparation of a medicament for treatment or
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44,

45.

46.

47.

48.

49.

50.

51.

PCT/IB2003/004748

prevention of at least one disorder of muscle, bone, or glucose
homeostasis in a mammal.

The use of claim 43, wherein the mammal is human.

The use of claim 43, wherein the disorder is a neuromuscular
disorder.

The use of claim 43, wherein the disorder is muscular dystrophy,
Duchenne’s muscular dystrophy, muscle atrophy, organ atrophy,
carpal tunnel syndrome, congestive obstructive pulmonary
disease, sarcopenia, cachexia, muscle wasting syndrome, or
amyotrophic lateral sclerosis.

The use of claim 43, wherein the disorder is obesity or an
adipose tissue disorder.

The use of claim 43, wherein the disorder is syndrome X,
impaired glucose tolerance, trauma-induced insulin resistance,
or tybe 2 diabetes.

Use of the antibody of any of claims 1-10, 31, 34, 35, 36, 38, 41,
and 42 for the preparation of a medicament for at least one of:
(a) repair of muscle damage, (b) increasing muscle mass or
strength, and (c) increasing glucose tolerance in a mammal.
The use of claim 49, wherein the damaged muscle of (a) is
myocardiac muscle or diaphragm.

The use of any one of claims 46-51, wherein the antibody is
adminitered to the mammal at an effective dose chosen from 1

Mg/kg to 150 mg/kg, 1 pg/kg to 100 mg/kg, 1 pg/kg to 50 mg/kg,
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1 pg/kg to 20 mg/kg, 1 pg/kg to 10 mg/kg, 1 pg/kg to 1 mg/kg, 10
pg/kg to 1 mg/kg, 10 pg/kg to 100 pg/kg, 100 ug to 1 mg/kg, and

500 pg/kg to 1 mg/kg.
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