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[001] This application clains priority to U S. provisional

pat ent

appl i catiwoo3®erzu@l No. 60/ 324,528, filed on Septenber 26pca0Gb23dEsel d of
the Invention [002] This invention relates to inhibitors of Gowh
Differentiation Factor-8 (CGDF-8) proteins and nethods of use for such
inhibitors. Mdre particularly, the invention provides novel antibodies and
anti body fragnents that are specifically reactive with GDF-8 proteins in
vitro and in vivo. The invention is particularly useful for diagnosing,
preventing, or treating hunaANTIBODY MHIBITCRS ¢ 8DFLgWhi ch an increase in
nmuscl e ti ssue woul d be therapeuti cal I y beneficial. Exerrpl ary disorders
i nclude neuronuscul ar disorders { F@(#E”é dyst rophy and muscl e

[

atrophy), congestive obstructive pu rmnary

Sease, mnuscle wasting

syndr one, sarcopenla and cachexi a; adlpose tissue disorders (e.g.,

obesity); |abet bone tive.di seas (e.q.,..

ost eopor osi & ?81Eﬂ1 K3 P88 @at!ﬁn ‘ﬂﬂ'@"% R(}%ﬁ%gﬁj %OBQV'S@%@\A%?%HH%P?@?%nH ation
Factor-8 (CGDE-8), aI so_known as nyost is a nmenber of the Transform ng
G owt h Fact orefaiNe. GRE24, §?85U§@r°f”a$ﬁﬂ’t§mher2§t QQQﬂur ally related growth
factors, all of which possess physiologically inportant growth-regul atory
and m)rphogenetl c properties (Kingsley et al. (1994) Genes Dev., 8:

133-46; Hood less et al. (1998) Eield. of"ltbpulnseml@nobu ol . 1 WD 03/027248

PCT/ US02/ 30452

[002] This invention relates to inhibitors of Growth Differentiation Factor-8

(GDF-8) proteins and methods of use for such inhibitors. More particularly,

the invention provides novel antibodies and antibody fragments that are

specifically reactive with GDF-8 proteins in vitro and in vivo. The invention is

particularly useful for diagnosing, preventing, or treating human or animal

disorders in which an increase in muscle tissue would be therapeutically

beneficial. Exemplary disorders include neuromuscular disorders (e.g.,

muscular dystrophy and muscle atrophy), congestive obstructive puimonary

disease, muscle wasting syndrome, sarcopenia, and cachexia; adipose tissue

disorders (e.g., obesity); type 2 diabetes; and bone degenerative disease

(e.g., osteoporosis).

Background of the Invention

[003] Growth and Differentiation Factor-8 (GDF-8), also known as myostatin,

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 mdrphogenetic properties (Kingsley ef al.

(1994) Genes Dev., 8. 133-46; Hoodless et al. (1998) Curr. Topics Microbiol.
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| munol ., 228: 235-72). GDF-8 is a negative regul ator of skeletal nuscle
mass, and there is considerable interest in identifying factors which

regul at e wotes/obi2e$ ogi cal activity. For exanple, CDF-8 is moghisg2/sopz essed
in the developing and adult skeletal nmuscle. The GDF-8 null nutation in
transgenic mce is characterized by a marked hypertrophy and hyperpl asi a
of the skeletal nuscle (McPherron et al. (1997) Nature, 387: 83-90).
Simlar increases in skeletal nuscle nass are evident in naturally
occurring nutations of GOF-8 in cattle (Ashnore et al. (1974) G owh, 38:
501-507; Swathraodob2R&Ki2S5FE2). GDERBls al negaiiva refuiator Gfiskeléial mbigcleMt Pher r on
and Lee (1997) Proc. Natl. Acad. Sci. USA, 94:. 12457-12461; and Kanbadur

et al. (1997masenaneti@as is coﬂs'id&b@j@m@resﬁnndén%&amr@w&ﬁ&@@lata bot h
devel oping and adult nuscles, it is not clear her it regul ates nuscle

mass during g ?&M@r@e@%ww For aithbie, GBS s hihifIUeSbEedq # tehet her o not

GDF- 8 regul ates nass tS s inpo ant rom a SC|ent|f|c and

wast i ng assclraangiAT aysratrialbiiEHEs %?@%@@ﬂﬁﬁﬁ%ﬁﬁﬂﬁ% uaHgee

I ncreases in GDF 8 protein  expression (Gonz davi et I. 1998
PNAS, 95: 149H%e 83 ar@ﬂe“é‘%ﬂiby @dﬁar Sé%ﬁﬂp I%P é ﬁt%f
nmuscl e- speci fic enzynes creatine Ki nase and m)dul ate nyobl ast cell
proliferati omusee (l\m@?mmge?al[ 087) NatwierB8r : 88-9mdimiaidnaisiases inli sor der s
are associated with loss or functional inpairnment of nuscle tissue,

i ncl udi ng nuslesléil nihisele PRBY araesident irhaitapdily, occaniresnutEtionssafrGDFi8/ in

pul nonary di sease, nuscle wasting syndrone, sarcopenia, and cachexia. To

date, very fgxitieghsAfioPe @F a£{1874) GRWIh238: 501-507; Swatland and Kieffer
(1994) J. Anim. Sci., 38: 7562-757; McPherron and Lee (1997) Proc. Natf.
Acad. Sci. USA, 94: 12457-12461; and Kambadur et al. (1997) Genome Res.,
7: 910-915). Since GDF-8 is expressed in both developing and adult
muscles, it is not clear whether it regulates muscle mass during development
or in adults. Thus, the question of whether or not GDF-8 regulates muscle
mass in adults is important from a scientific and therapeutic perspective.
Recent studies have also shown that muscle wasting associated with
HIV-infection in humans is accompanied by increases in GDF-8 protein
expression (Gonzalez-Cadavid ef al. (1998) PNAS, 95: 14938-43). In
addition, GDF-8 can modulate the production of muscle-specific enzymes

(e.g., creatine kinase) and modulate myoblast cell proliferation (WO

00/43781).

[004] A number of human and animal disorders are associated with loss or
functional impairment of muscle tissue, including muscular dystrophy, muscle
atrophy, congestive obstructive pulmonary disease, muscle wasting

syndrome, sarcopenia, and cachexia. To date, very few reliable or effective
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WO 03/ 027248 PCT/ US02/ 30452 therapies exist for these disorders. However,
the terrible synptons associated wth these disorders may be substantially
reduced bwoeopbmys ng therapies that increase the anpbunt @CTmsSZB®SEI SSue
in patients suffering from the disorders. Wile not curing the conditions,
such therapies would significantly inprove the quality of life for these
patients and could aneliorate sone of the effects of these di seases. Thus,
there is a need in the art to identify new therapies that may contribute
to an overall increase in nuscle tissue in patients suffering fromthese
di sorders. [Uebhpibs exitkdifor these disardergr didwevergthesteorilyle aychptomphogenet i ¢
properties in skeletal nuscle, GDF-8 may al so be involved in a nunber of

other physi gsaigtetl wittPpRSefsorterd mdy e SiisEaRIIPIERASSPBY &m’mo;{]ihg
devel opment of type 2 diabetes and adi pose tissue disorders, such as

ot pocyt oo ( IEXATES fhat i%@%"P%EF@,%?ﬁ%%&f@féﬁﬁ#%@%ﬁfﬁ?ﬁ&?%“ﬁoﬁso a
st eopor ost SaURBBRE TR i dn soBffiots. SEEheraSe dRT woren.
Currently avail gabl e therapies for these conditions work by inhibiting bone

resorption. 9piisaaly irpravedhe syelly ofdie frsibese patients andgtauid pemeliorate

desirable alternative to or addition to, these therapies. [007] Like
TG (3-1, -2somaadfilse effactsGithespdiscases.i $hugthees iz deead imthepagdor sor
protein consisting of an am no-term nal propeptide and a carboxy-term nal

mat ur e donmai idetiiyRieay tigsrapled thaemal LIRTbURe @5 anNdicrall inbestbe iBGhusdiSA, 94:
12457-12461). Before cl eavage, the precursor GDF-8 -3

tissue in patients suffering from these disorders.

[005] In addition to its growth-regulatory and morphogenetic properties in
skeletal muscle, GDF-8 may also be involved in a number of other
physiological processes, including glucose homeostasis in the development of
type 2 diabetes and adipose tissue disorders, such as obesity. For example,
GDF-8 modulates preadipocyte differentiation to adipocytes (Kim ef al. (2001)
BBRC, 281: 902-906).

[006] There are also a number of conditions associated with a loss of bone,
including osteoporosis, especially in the elderly and/or postmenopausal
women. Currently available therapies for these conditions work by inhibiting
bone resorption. A therapy that promotes new bone formation would be a

desirable alternative to or addition to, these therapies.

[007] Like TGF-B-1, -2, and -3, the GDF-8 protein is synthesized as a
precursor protein consisting of an amino-terminal propeptide and a
carboxy-terminal mature domain (McPherron and Lee, (1997) Proc. Natl.

Acad. Sci. USA, 94: 12457-12461). Before cleavage, the precursor GDF-8

-3-



WO 03/ 027248 PCT/ US02/ 30452 protein fornms a honodi mer. The am no-term nal
propeptide is then cleaved fromthe nature donmain. The cl eaved propeptide
may renmaiworgnerval ently bound to the mature donmai n di nePCTIUsaz/8i48at i ng
its biological activity (Myazono et al. (1988) J. Biol. Chem, 263:

6407- 6415; Wakefield et al. (1988) J. Biol. Chem, 263: 7646-7654; and
Brown et al. (1990) Gowmh Factors, 3: 35-43). It is believed that two
GDF- 8 propeptides bind to the GDF-8 mature dinmer (Thies et al. (2001)
Gowth Factors, 18: 251-259). Due _to this inactivating property, the
propeptide i proteiovioras & hemodineerentlye asinetermynaljpppeplde isitheh cleaved: he
conpl ex of mature domain and propeptide is commonly referred to as the

"smal | | at enfroaothel evatureGmhaiv. aite clblagdd pASEpPLidBirmah esrnain noncdQalently
6851- 6857; Derynck et al. (1995) Nature, 316: 701-705; and Massague (1990)

Ann. Rev. CehbuR @b the ﬁf?atw%gc?orﬁé%)dm@rhﬁéctn%t%bﬂts“ﬁoﬁfg‘i‘ca@'a%ﬁv {éﬂo""” to bind

to GDF-8 or structurally rel ated protelns and “inhibit" their biological

sct] VLAY, SUEORNB SN 068l 01y OschobAP st E v egignt o v
222 2520, T MY SSPT DB RS L R e

in function across speci es The ami no acid_sequence of rmurine and human

GDF-8 i s i defartoss, 3:23-#3).t lds beliavesithabiwg,RUk-8 niereriides king tnthe on et al .
(1997) Nature 387: 83-90; Gonzal ez-Cadavid et al. (1998) Proc. Natl. Acad.
Sci. USA 95: GDBB&nétwé&)imer hhies ebat ¢20@1t) Grovadh Ftersndd: 25k268hcbuen
suggests that inhibition of GF-8 in humans is likely to have a sim|lar
effect to inkd Hid indietiohtikdbropdrty, A Bropeptide is known as the

“latency-associated peptide” (LAP), and the complex of mature domain and

propeptide is commonly referred to as the “small latent complex” (Gentry and

Nash (1990) Biochemistry, 29: 6851-6857; Derynck et al. (1995) Nature, 316:

701-705; and Massague (1990) Ann. Rev. Cell Biol., 12: 597-641). Other

proteins are also known to bind to GDF-8 or structurally related proteins and

inhibit their biological activity. Such inhibitory proteins include follistatin, and

potentially, follistatin-related proteins (Gamer ef al. (1999) Dev. Biol., 208:

222-232). The mature domain is believed to be active as a homodimer when

the propeptide is removed.

[008] GDF-8 is highly conserved in sequence and in function across species.

The amino acid sequence of murine and human GDF-8 is identical, as is the

pattern of mMRNA expression (McPherron et al. (1997) Nature 387: 83-90;

Gonzalez-Cadavid et al. (1998) Proc. Natl. Acad. Sci. USA 95: 14938-14943).

This conservation of sequence and function suggests that inhibition of GDF-8

in humans is likely to have a similar effect to inhibition of GDF-8 in mice.



WO 03/ 027248 PCT/ US02/ 30452 [009] CGDF-8 is involved in the regul ati on of
many critical biological processes. Due to its key function in these
processeswo@B2R48ray be a desirable target for therapeutipcTiUSO®RBMSENt i ON.
In particular, therapeutic agents that inhibit the activity of GDF-8 nmay
be used to treat human or aninmal disorders in which an increase in nuscle
ti ssue would be therapeutically beneficial, particularly muscle and

adi pose tissue disorders, bone degenerative di seases, neuronuscul ar

di sorders, and di abetes, as discussed above. Summary of the Invention
[010] The prd8e%k Ghtehis involyedin thesragolationpfanany ciitidal bialogisalconpri si ng
anti bodi es and anti body fragnents that are specifically reactive with a
mature GDF- rpcedsaisn, Dudred e key furictionnn shesmpioeessed, GDF-Seialy e 4li meric
form or conplexed in the GDF-8 |atent conplex. In an enbodi nent of the

i nvention, taiabld eghiger HetdpdRiciRtcIPehRe I?l%érhéulgﬁttHér%ggpﬁ% %gBh%t ein,

which results in a reduction in one or nore of the biologi ctivities

ated w _ ) : o . "
bound by he thanBfE fie dcBUR) bl eoraARbUi RS0 tEahlB el 5, "
presently disglosed . ant. Bodi.es r educe GDFS activifdy agsociated with
hegative reg@ISATAGH BNICREANASTeasEdE SRR lssheivahiths hefepRiticaIN [ 011 The

presently disclosed antibodi es possess uni que and unexpected bi ol ogi cal
properties. msnefigied.fariculgry myrscland adipospdisave digsuiders: ppneal |y  expect
good neutralizing antibodies to strongly bind to the active GDF-8 protein
in vitro, foregegemtbeatiteaseshineutamysadapdisarders,artdhdiapetesens dissusbed

above.
Summary of the Invention

[010] The present invention provides novel protein inhibitors comprising
antibodies and antibody fragments that are specifically reactive with a mature
GDF-8 protein, whether it is in a monomeric form, active dimeric form, or
complexed in the GDF-8 latent complex. In an embodiment of the invention,
the antibodies bind to an epitope on the mature GDF-8 protein, which results
in a reduction in one or more of the biological activities associated with
GDF-8, relative to a mature GDF-8 protein that is not bound by the same
antibody. In an embodiment of the invention, the presently disclosed
antibodies reduce GDF-8 activity associated with negative regulation of

skeletal muscle mass and/or bone density.

[011] The presently disclosed antibodies possess unique and unexpected
biological properties. For instance, one of skill in the art would typically
expect good neutralizing antibodies to strongly bind to the active GDF-8

protein in vitro, forming a stable inhibitory complex with the protein. A

-5.



WO 03/ 027248 PCT/ US02/ 30452 neutralizing antibody al so called an
inhibitory anti body, having a high affinity for a particular protein wll
typi cal | ywbaesexpegt ed to provi de higher |evels of neutralpiczatSomso4sel ati ve
to a lower affinity antibody to the same protein. However, quite
unexpectedly, the present inventors have discovered antibodies that only
weakly bind to and neutralize active GDF-8 protein in vitro, yet are
effective in vivo. The discovery of such antibodies led, in turn, to the
identification of a specific site on GF-8 to which the antibodies bind. It
i s theref or gegixgiziriceantidody aley calied bndyhibiteryidntioaty yhaiimglarkggh affirtiy
identified site would simlarly possess in vivo neutralizing properties.

[012] Additigpal ;&aﬁlcmaﬁgﬂftéwmItYpidalaﬁb@és%ﬁb@taaIt@gebme nwmewbﬂue and
unexpect ed properties or exanple, the antibodies not on recogni ze

mat ure GDF-8 e r so recogni ze
t he |bnt agt &%thél “Are '°h 'Pel'at(ﬁe Fg)é%?%lll%ﬁnﬁ@ﬂgﬂt{g@ entﬁr he ﬁcptgseﬁl ant i bodi es
may be adm njstered i ut, cal | ffec dos to treat or
prevent medi ESWGXSB&UEWP&H‘?XWC%WVC#G BF?ﬁyeH‘gPB@QLOFFﬁ' Cé)vﬂ% ue nass or
Chat mmy be eREnces BiAteRBcRSaty bd 1 2R Ba1ES 45 ARG DEE B 1
at may be
neur omuscul ar di sorders such as nuscul ar dystrophy, nuscle atrophy,
congesti ve oty vet areceffadtive waviyvodi Beadiecovary of suchvastibedjes yedirio twn, to
sarcopeni a, and cachexi a; adipose tissue disorders such as obesity;
met abol i ¢ di grridentfication ¢t $paificsitt sh @SBB8 tonpleich ¢ite ahtibodies biral.eltésice,
nmet abol i ¢ syndronmes (e.g., syndrone X), insulin resistance induced by

trauma (€. g. LS bxpatte dRRACafiERisIdR d peRifital B RIiNg ( thSideRtified site

would similarly possess in vivo neutralizing properties.

[012] Additionally, the presently disclosed antibodies possess unique and
unexpected properties. For example, the antibodies not only recognize
mature GDF-8 protein in its monomeric and dimeric forms, but also recognize

the intact GDF-8 latent complex.

[013] The presently disclosed antibodies may be administered in a
therapeutically effective dose to treat or prevent medical conditions in which
an increase in muscle tissue mass or bone density would be therapeutically
beneficial. Diseases and disorders that may be treated by these GDF-8
antibodies include muscle or neuromuscular disorders such as muscular
dystrophy, muscle atfophy, congestive obstructive pulmonary disease, muscle
wasting syndrome, sarcopenia, and cachexia; adipose tissue disorders such
as obesity; metabolic disorders such as type 2 diabetes, impaired glucose
tolerance, metabolic syndromes (e.g., syndrome X), insulin resistance

induced by trauma (e.g., burns); and bone degenerative disease such as



WO 03/ 027248 PCT/ US02/ 30452 osteoporosis, especially in the elderly and/or
post nenopausal wonen. Additional netabolic bone di seases and di sorders
anenabl e wo iBrerusrent with these GDF-8 anti bodi es i ncl udecrasobsns2 nass
due to chronic glucocorticoid therapy, premature gonadal failure, androgen
suppression, vitamn D deficiency, secondary hyperparathyroidi sm
nutritional deficiencies, and anorexia nervosa. [014] In addition, the
presently disclosed antibodies nay be used as a diagnostic tool to
gquantitatively or qualitatively detect mature GDF-8 protein or fragnents

t her eof , regastiapsosit, espadaly intthe eldaryandioopestmenbpansaldvorenc  acti ve
form or conplexed in the GDF-8 | atent conpl ex. For exanple, the

anti bodi es mayduoris AeethBoiteb66é diiéants batidisdrde s ameahbledtb thadttheiWithe

GDF-8 protein in a ceII bodily fluid, tissue, or an organ. The presence
or anount of t: e or
nore of the thé% con l;%to p({)ér%slﬁ{:mgtg Z%ﬁ%@%emé?%ggftﬁﬁgfﬁrlg g‘%to %ﬁ@f)g’gl osed

ant i bodi es be provi dtHd in_ a %faﬁ-postl kit. The kit ] tain other
conmponent st AAETERY oPIERAE? GRPATH TBRIRs PO dERrsUpPTession iR ' o) |

correlate the results with one or nore of .the nedjcal conditions described
above. -7 V\DMP@@W4@WUS@W@@@§¥W@W§W pebiongl deficignciehansbquences

SEQ ID NO. Figure (if applicable) Description 1 Figure 16 JA-16 heavy chain
vari abl e regianoréyia negepsance

[014] In addition, the presently disclosed antibodies may be used as a
diagnostic tool to quantitatively or qualitatively detect mature GDF-8 protein or
fragments thereof, regardless of whether it is i)n a monomeric form, dimeric
active form, or complexed in the GDF-8 latent complex. For example, the
antibodies may be used to detect quantitatively or qualitatively mature GDF-8
protein in a cell, bodily fluid, tissue, or an organ. The presence or amount of
mature GDF-8 protein detected is then correlated with one or more of the

medical conditions listed above.

[015] The presently disclosed antibodies may be provided in a diagnostic kit.
The kit may contain other cdmponents that aid the detection of mature GDF-8
protein, and help correlate the results with one or more of the medical

conditions described above.



2, 3, 5, 8 Antibody binding sites in protein 4 DNA sequence for GDF-8
(accession no. xm 030768 6 Nucl eic acid sequence encoding SEQID NO 1 7
DNA sequewoasfoor248MP- 11 (accession no. xm 049170 9 Bl pepCirdsp2/smst ved
fromBWP-11 10 Gl peptide, derived from GF-8 11-13, 65, 105, Figure 1
Synthetic peptides derived fromSEQ ID 114, 129 NO 14 14 A
cysteine-to-serine nutated sequence of nmature GDF-8. 15 Figure 3 mature
GDF- 8 AA sequence 16 Figure 3 BMP-11 AA sequence 18 JA-16 eptitope region
fromGDF-8 17-64 Figure 6A Overl apping 13-ner peptides corresponding to
portions of the GDF-8 sequence 65 Biotinylated N-term nal peptide derived
from GDF-8 66-104, 106-113, Miutated versions of SEQ ID NO 18 115-128 130
AA sequence of GDF-8 propeptide (accession no. x 030768

Brief Description of the Sequences

SEQ ID NO. Figure (if applicable) Description

1 Figure 16 JA-16 heavy chain variable region AA
sequence

2,3,58 Antibody binding sites in protein

4 DNA sequence for GDF-8 (accession no.
xm_030768) ‘

6 Nucleic acid sequence encoding SEQ ID
NO: 1

7 DNA sequence for BMP-11 (accession
no. xm_049170)

9 B1 peptide, derived from BMP-11

10 G1 peptide, derived from GDF-8

11-13, 65, 105, Figure 1 Synthetic peptides derived from SEQ ID

114, 129 NO:14

14 A cysteine-to-serine mutated sequence

: of mature GDF-8.

15 Figure 3 mature GDF-8 AA sequence

16 Figure 3 BMP-11 AA sequence

18 JA-16 eptitope region from GDF-8

17-64 Figure 6A Overlapping 13-mer peptides
corresponding to portions of the GDF-8
sequence

65 Biotinylated N-terminal peptide derived
from GDF-8

66-104, 106-113, Mutated versions of SEQ ID NO:18

115-128

130 ' AA sequence of GDF-8 propeptide
(accession no. xp_030768)

131 AA sequence of BMP-11 propeptide
(accession no. xp_049170)

Brief Description of the Figures

[016] Fig. 1 shows the GDF-8 synthetic peptides (SEQ ID NOS: 11-13, 65,
105, 114, and 129, all derived from SEQ ID NO:14) used to characterize the
binding specificity of JA-16. The underlined amino acids indicate positions

where native cysteines have been replaced with serines.

[017] Fig. 2 shows the binding of JA-16 to the GDF-8 synthetic peptides.



131 AA sequence of BMP-11 propeptide (accession no. x 049170 Brief
Description of the Figures [016] Fig. | shows the GDF-8 synthetic peptides
(SEQ | D NUB:.03M17228, 65, 105, 114, and 129, all derived fremiSaLBd4E2 NO: 14)
used to characterize the binding specificity of JA-16. The underli ned

am no acids indicate positions where native cysteines have been repl aced
wth serines. [017] Fig. 2 shows the binding of JA-16 to the GDF-8
synthetic peptides. -8 WO 03/027248 PCT/ US02/ 30452 [018] Fig. 3 indicates
the differences in the am no acid sequences of mature GDF-8 (SEQ I D NO 15)
and BWP- 11 ( $(8] FitG irkjicatpd 1198 dFiegenckssindhs amino @pi seprences tofiendturedi ng
characteristics of JA-16 to GL peptide (SEQ ID NO 10, a peptide derived

from GDF-8) aoDFL@EEEG IDONDOVS)Ehd BRIFUM 3SB@IDINC3H8). and Bl peptide (SEQ
ID NO9, a peptide derived from BMP-11) conjugated to BSA. [020] Fig. 5

shows a conparison of the binding characteristics of JA-16 to Gl-BSA (SEQ

| D NG 10) aft 6 I [ 021]
Figs. 6A and gﬁgﬁlﬁr\,ﬁﬁgﬁ%ﬂ%g %Hgfaﬂﬁhe?@? ﬁq'“g%g %%’gstﬁglorfléjﬁwﬁ%y(;gppl ng

resul ts of a RSB NS AR bER Uiy o B5¥ 5 SyndRstlg ey '
|r (Ea)g:\l%n flgf m %Fw%galgb%nﬂ Mggé g1 ;:')A‘e!srﬁlde ('éé& ?Dﬁaé 9Tgrpe%t|'ées errlvé{i%r o7 (SEQ

BMP-11) conjugated to BSA.

[020] Fig. 5 shows a comparison of the binding characteristics of JA-16 to
G1-BSA (SEQ ID NO:10) after JA-16 is preincubated with G1, B1, GDF-8, or

BMP-11.

[021] Figs. 6A and B show the mapping studies of JA-16 binding using

overlapping 13-mer synthetic peptide sequences from GDF-8.

[022] Fig. 7A and B show the results of a deletion and substitution analysis of
the JA-16 epitope region from GDF-8,
Gly-Leu-Asp-Ser-Asp-Glu-His-Ser-Thr-Glu-Ser-Arg-Ser (SEQ ID NO:18),

using spot synthesis.
[023] Fig. 8 shows the binding of biotinylated GDF-8 to the ActRIIB receptor.

[024] Fig. 9A and 9B show the inhibition of biotinylated GDF-8 binding to the

ActRIIB receptor in the presence and absence of JA-16.

[025] Fig. 10 shows a reporter gene assay assessing the neutralizing effect

of JA-16 on the activity of GDF-8 in vitro.



[023] Fig. 8 shows the binding of biotinylated GDF-8 to the ActRI I B
receptor. [024] Fig. 9A and 9B show the inhibition of biotinylated GDF-8
bi ndi ng twotla@2724€t RI | B receptor in the presence and absemca/us02/304516.

[025] Fig. 10 shows a reporter gene assay assessing the neutralizing effect
of JA-1 6 on the activity of GDF-8 in vitro. -9 WO 03/027248 PCT/ US02/ 30452
[026] Fig. 11 shows the in vivo effect of JA-16 in mce during a 4 week
study. Seven week-old fenale BALB/c mce were treated for four weeks with
JA-1 6 by intraperitoneal injection at 50 ng/kg tw ce weekly. The graph on
the left shi@id6]t krég.chiasiews the imarivaetfettaf JAad6 inlmicaduting at4 waekeshtdyper i od
as neasured by dexascan (dual energy x-ray) analysis. The graph on the

right shows Sevennssk-ofd fehsie B B/E niiss are fresited fortfomalvbgks iR iJN-¢ant
difference, p<0.01 for a student test, is indicated by an asterisk. [027]

Fig. 12 showgti baYith i t b fa A1
during a 14%éﬁﬁg¢ﬂg§héﬂélﬁ@%§§Sﬁsg‘ﬁ%ﬁ(gg\g ei\ﬁé%h/'sqgf&ﬁéﬁ ﬁgﬁethg}k%ﬁer wild

type at the i r i th I tion (Ay) at
ther 1 ocus. SHRAESAD® RfDep B} i BRL s Bt OBt Ratb et o5 doung
adult mce were treated with kly intraperitoneal jpjections of 60 ng/kg
of | JA-16 or TEARUISH bYHSXESEYN (dunl SAGTAN Y Anass. o TBP OFRN PRENG FIGE mant
period, mice were |oaded with 60 ng/kg intraperitoneally and 10 ng/kg

i ntravenous| phows théenasmel dinsediedjissugresA statistinallssignifichet difefencebody

wei ght for each group of mce. The error bars show the standard error of
the mean for pe8di fatat studentiest, (i Bftlicdted by Bh astersk.t he in vivo effect of
JA-16 on total nuscle mass in mce

| [027] Fig. 12 shows the in vivo effect of JA-16 on total body mass of mice
during a 14-week study. Male C57BL mice used in this study were either wild
type at the agouti locus (a) or carried the lethal yellow mutation (Ay) at that
locus. The Ay mutation causes adult onset obesity and diabetes. Young
adult mice were treated with weekly intraperitoneal injections of 60 mg/kg of
JA-16 or control antibody. In addition, at the start of the treatment period,
mice were loaded with 60 mg/kg intraperitoneally and 10 mg/kg intravenously
of the same antibody. These graphs show the weekly body weight for each
group of mice. The error bars show the standard error of the mean for each

data point.

[028] Fig. 13 shows the in vivo effect of JA-16 on total muscle mass in mice
during a 14 week study. At the end of the study, muscles were dissected and
weighed. These graphs show the average muscle mass for each group of
mice. A statistically significant difference, p<0.01 for a student test, is

indicated by an asterisk.
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during a 14 week study. At the end of the study, nuscles were dissected and
wei ghed. These graphs show t he average nuscle mass for each group of mce.
A st ati stwoaBlog72gs gni ficant difference, p<0.01 for a studear/usess452 s

i ndi cated by an asterisk. -10 WO 03/027248 PCT/ US02/ 30452 [029] Fig. 14
shows the in vivo effect of JA-16 on total fat nmass in mce during a
14-week study. At the end of the study, fat pads were dissected and

wei ghed. These graphs show the average fat pad mass for each group of

mce. [030] Fig, 15 shows the in vivo_effect JA-16_on bl ood gl ucose
Tovei s i n ri028] it g shows iedk o ectst oy 16 on e etanass anent -t he
C57BL-Ay/a mce were fasted overnight and their blood glucose was

measur ed. [ oduingragl4-week istidy. t Alcthgransoofdbedtedy dahpadoweradissected anshvy
chain variable region (SEQ ID NG 1). The conplinentarity determ ning

regi ons ( CDRejghede Tinsbey driapbd shotvetheaveesgofalipad mass doreeanhi groapaiience i s
provided in SEQID NO 6. [032] Fig. 17 shows an in vivo conparison of
Myo-19 and Jgycd. Seven week-old female C57B6/scid mice were treated for
five weeks with JA-16, Mo-1 9, or vehicle by intraperitoneal injection.
At the end of the study, nuscles were dissected and wei ghed. These graphs

show t he ave | f ; i I Sid I
S oni 1 cant F FEAS holiShel APt R A6 off fifod uEbBESIISH Y

3;{ ﬁr | \s]; 1?&@@ @gnqéBMS v@ge s{uedsyqllgi%erf 12 vrvete § oif H’ggprﬁgrr\t,egﬁéa b%?b.\_%y/gf COF- 8

mice were fasted overnight and their blood glucose was measured.

[031] Fig. 16 shows the amino acid sequence of the JA-16 heavy chain
variable region (SEQ ID NO:1). The complimentarity determining regions
(CDRs) are underlined. The corresponding nucleic acid sequence is provided

in SEQ ID NO:6.

[032] Fig. 17 shows an in vivo comparison of Myo-19 and JA-16. Seven
week-old female C57B6/scid mice were treated for five weeks with JA-16,
Myo-19, or vehicle by intraperitoneal injection. At the end of the study,
muscles were dissected and weighed. These graphs show the average
muscle mass for each group of mice. A statistically significant difference,

p<0.01 for a student t-test, is indicated by an asterisk.

[033] Fig. 18 shows results from the immunoprecipitation of GDF-8 with

JA-16 and Myo-19.

[034] Figs. 19A and 19B show results of JA-16 treatment in BALB/c female
mice for eight weeks. Mice were 21 months or 4 months of age at the end of

the study. (19A) Dissected quadriceps mass for JA-16 treated and vehicle
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[034] Figs. 19A and 19B show results of JA-16 treatnent in BALB/c fenale
mce for eight weeks. Mce were 21 nonths or 4 nonths of age at the end of
t he st udywo(03029249i ssect ed quadri ceps mass for JA-16 treatred/zozi3osehi cl e -
11 WD 03/027248 PCT/ US02/ 30452 treated mice at the end of the study.
(19B) Forelinmb strength determned by a grip test for JA-1 6 treated and
vehicle treated mce after seven weeks of treatnent. Each bar or data

poi nt indicates the average value for the indicated group the standard
error; (**) indicates that p < 0.01 for Student's t-test conparing the
JA-16 group treatdtbmieshatthe endaptherstudy {19B)dearblimbairength deErmifiegsby a
20A- 20D show results of JA-16 treatnent in ndx mce. (20A) JA-16 treated

m ce had si ggtipitestior YAL 18 freareidartDieiicdhdated mhiae eftet 8ev@hx weeR8f ol S
(19.720.50 vs. 14.63 0.69 ny; n=12; p<0.0001). (20B) JA-16 treated mce

had signific c RoTeToAYA i DL WEI ght /
body wei ght)%%?klﬁgprga[r%?? gr ggﬁgﬂr g'fm%ﬁg%(g 02 Véé@ré@ésvélglbo@r ﬂ{eE

Guri ng 1 somel1etER ek EanE RS ERT L E R B R aB T @*%ﬁ%‘@fﬂf* . 37
132. 38 A-16 d

\s/;sgni ficantl flf%%? éi?ﬂ'@?arfrtgr%@ ‘Q‘h‘r rggﬁz’\“%g‘?rgﬁ\’%“?lgtgiﬁ{‘ga%g% 8&%8 ergﬁé%:r ed

to control (491.23 16.34 vs. 370.74 19.21 m\; n=12; p<0.003). Definitions

[036] The term "anti bo(%%r1 refers to one or nore &?I yclonal anti bodi es,
nonocl onal af@3Hodigs 2020 Bshpvewsplisiof 1OntS traatmertdn gadnmieang(48o- or

pol y-specificity, humani zed anti bodi es, single-chain antibodies, chineric
ant i podi es, UBRIg trebteztimice hbrd)digem'ficaatly incyelgséd E@rlramdaighisumhnpasad:’ahndx
ez controls (19.72+0.50 vs. 14.63 + 0.69 mg; n=12; p<0.0001). (20B) JA-16

treated mice had significantly increased muscle mass to body weight ratio

(EDL weight / body weight) as compared to control (0.6 £ 0.02 vs. 0.5 + 0.02;

n=12; p<0.014). (20C) JA-16 treated mice generated signiffcantly greater

force during isometric twitch contraction as compared to control (177.32 %

8.37 vs. 132.38 £ 12.45 mN; n=12; p<0.03). (20D) JA-16 treated mice

generated significantly greater force during isometric tetanic contraction

compared to control (491.23 + 16.34 vs. 370.74 + 19.21 mN; n=12; p<0.003).
Definitions

[036] The term “antibody” refers to one or more polyclonal antibodies,
monoclonal antibodies, antibody compositions, antibodies having mono- or
poly-specificity, humanized antibodies, single-chain antibodies, chimeric
antibodies, CDR-grafted antibodies, antibody fragments such as Fab, F(ab')z,
Fv, and other antibody fragments which retain the antigen binding function of

the parent antibody.

-12 -



Fv, and ot her antibody fragnments which retain the antigen binding function
of the parent antibody. -12 WO 03/027248 PCT/ US02/ 30452 [037] The term
"chi meri cwersiobnds es” refers to nol ecul es in which a port ipen/usb2/3¢482 heavy
and/or light chain is identical or honologous to corresponding sequences
froma particul ar species (or belonging to a particular antibody class or
subcl ass), while the remai nder of the chain(s) is identical or honol ogous
to correspondi ng sequences derived froma different species (or belonging
to a different antibody class or subclass). Such chineric antibodies are
descri bed by [RBrF H@ﬁhteret calmer(lqgeubod»e@crefmtto malggles & whiabsapeition of
6851-6855. [038] The term"epitope" refers to a nolecule or portion of a
mol ecul e t hatthedeavypallar light shaioii$ idsritical ordaarhoiogous td carmresponditpr- 8
nonocl onal anti body. Epitopes may conprise proteins protein fragnents,

pepti des, carkefugecas @dm alpapiicliiar spedd@r berd a paviculdraarib®idyconmonl y
prot eins, short oligopeptides, or conbinations t ereof [ 039] The terms

" GDF pol ypeptdgg's o%cl% Rh#d Bidrerh&hE5r ?Ielﬂ%rcff'n'a Ns) . IG‘QHtl c[aQ’BPWt h and

dlfferentlatlonfactors at are structura nctlona y related to
GDF-8. [040] ,The term tor" includes apabl e of

i bi t1ng . dTOPERTR SXFPrsSraTIng Fepte g R & R S
protein. Such inhibitors_include proteins, anti bOdI es, peptid

pepti doni net .@onglnaéqer@ﬁerenéﬁmlb%@hg@S%pr §Bh‘€l@$@0t$%§0h'mﬂj'ﬁl¥ﬁ@9ﬂ!ﬁ%ed
RNA, and other small nol ecules which specifically inhibit the GDF

prot ei ns. are described by Morrison, ef al. (1984) Proc. Natl. Acad. Sci. USA 81:

6851-6855.

[038] The term “epitope” refers to a molecule or portion of a molecule that is
capable of specifically reacting with an anti-GDF-8 monoclonal antibody.
Epitopes may comprise proteins, protein fragments, peptides, carbohydrates,
lipids, or other molecules, but are most commonly proteins, short

oligopeptides, or combinations thereof.

[039] The terms “GDF polypeptide” and “GDF protein” refer generally to any
growth and differentiation factors that are structurally or functionally related to

GDF-8.

[040] The term “GDF inhibitor” includes any agent capable of inhibiting
activity, expression, processing, or secretion of a GDF protein. Such
inhibitors include proteins, antibodies, peptides, peptidomimetics, ribozymes,
anti-sense oligonucleotides, double-stranded RNA, and other small molecules

which specifically inhibit the GDF proteins.
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-13 WD 03/027248 PCT/ US02/ 30452 [041] The ternms "CGDF-8" or "CDF-8 protein”
refer to a specific gromh and differentiation factor. The terns incl ude
the full Wergbkr2ushpr ocessed precursor form of the protei pCTaASSONBI4E2 as t he
mat ure and propeptide fornms resulting from post-translational cleavage.
The terns also refer to any fragnents of GDF-8 that maintain the known

bi ol ogi cal activities associated with the protein, as discussed herein,

i ncl udi ng sequences that have been nodified with conservative or

non- conservative changes to the am no acid sequence. [042] These CDF-8

mol ecul es maj04l déeitegds Goh-8neor ‘BIF deproteintirafer tora speafingrowth amd human
formof mature GDF-8 protein is provided in SEQ ID NO 15. However, the
present i nveuifferontiiion fetrPRasesmeiiclGdethe full leagthf urprosédsed hrecusssir ces,
i ncl udi ng GDF-8 from bovi ne, chicken, nurine, rat, porcine, ovine, turkey,
baboon, and téphof fHRESRAT 5O WRIFFhE m@ﬂu?éﬁhéﬁar%ﬁ@ﬁtﬁjebﬁ:‘%sq‘%&lﬁhg?ﬁ)nhn
McPherron et al. (1997) Proc. Natl. Acad. Sci. USA, 94: 12457-12461. [043]

"“Mature GDF-g" . t t e ' ed f
car boxy- ter RSt TADHaB AR e IR g P T Ent Pl et DReBe 6
may be present as a, nononer, h di me or.in a GOF-8 lLatent conpl ex.
Dependi ng onﬂ?‘f’f’;én?'ﬁt"i‘)f‘SngPbWH%n&PQt?a]’:%ﬂa’i'q‘?so‘?ﬁs,oc!?ﬁegéﬁ‘{'ﬁltﬁﬁrﬂrﬂli%wgés&/\/een any
or all of these different forms may exist. GDF-8 is believed to be

bi ol ogi cal | ydisstisse@ hgseinoinsliiding sequences thatdhayg kegn moglifigdwithor m ¢ he
mature GDF-8 is also referred to as "active GDF-8." [044] "CDF-8
propeptide" rcehsewative bhaopaonseptatide chhnges o tHeeamiz dcid setbence.

am no-term nal domain of the GDF-8 precursor protein. The GDF-8

[042] These GDF-8 molecules may be derived from any source, natural or
synthetic. The human form of mature GDF-8 protein is provided in SEQ ID
NO:15. However, the present invention also encompasses GDF-8 molecules
from all other sources, including GDF-8 from bovine, chicken, murine, rat,
porcine, ovine, turkey, baboon, and fish. These various GDF-8 molecules
have been described in McPherron et al. (1997) Proc. Nafl. Acad. Sci. USA,

94: 12457-12461.

[043] “Mature GDF-8" refers to the protein that is cleaved from the
carboxy-terminal domain of the GDF-8 precursor protein. The mature GDF-8
may be present as a monomer, homodimer, or in a GDF-8 latent complex.
Depending on the in vivo or in vitro conditions, an equilibrium between any or
all of these different forms may exist. GDF-8 is believed to be biologically
active as homodimer. In its biologically active form, the mature GDF-8 is also

referred to as “active GDF-8.”

[044] “GDF-8 propeptide” refers to the polypeptide that is cleaved from the

amino-terminal domain of the GDF-8 precursor protein. The GDF-8
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-14 WO 03/027248 PCT/ US02/ 30452 propeptide is capable of binding to the
propepti de binding domain on the nmature GDF-8. [045] "GDF-8 | atent

conpl ex" wefoans72uo t he conpl ex of proteins formed betweercrhesomsisaz e CDF- 8
honodi mer and the GDF-8 propeptide. It is believed that two GDF-8
propepti des associate with a GDF-8 honodinmer to forman inactive
tetraneric conplex. The latent conplex may include other CGDF-8 inhibitors
in place of or in addition to one or nore of the GDF-8 propeptides. [046]
The phrase "GDF-8 inhibitor” includes any agent capable of inhibiting the
activity, expregsgtide,ispgapablesofitgndiog te dloe propmptide HEMing donwdirion. th8uch

I nhi bitors include proteins, antibodies, peptides, peptidomnetics,

ri bozynmes, asturesemyegol i gonucl eoti des, doubl e-stranded RNA, and ot her
smal | nol ecules that specifically inhibit the activity of GDF-8 protein.
Such inhibitors are said to "neutralize" or "reduce" the biol ogical

activity of 5GDF-Slidtent Ldrhblek FofB RPthe (dpiBx 3F protblnt foliRbgr S to. one

or nore of growtrh-regulatory of norphogenetic activities associated with
e v pBh e PR ouEh P T o8 A g =
nmuscl e-specifi¢c enzynes (e ,. creatine kinase),. stipulate nyaobl ast cell
proliferati oI?,eﬁ%Yﬁifﬁ@@&Wét%SFrﬁ RIopepHdss aseraiaterwih aLs6r hemadimercip: es.
[048] The terms "isolated" or "purified' refer to a nolecule that is
subst ant i al | jorm agdnadtiviettetramanicagonepiexr dhedatent Femplexsmaidrglude othwes at ed
protein is -15

GDF-8 inhibitors in place of or in addition to one or more of the GDF-8

propeptides.

[046] The phrase “GDF-8 inhibitor” includes any agent capable of inhibiting
the activity, expression, processing, or secretion of GDF-8 protein. Such
inhibitors include proteins, antibodies, peptides, peptidomimetics, ribozymes,
anti-sense oligonucleotides, double-stranded RNA, and other small molecules
that specifically inhibit the activity of GDF-8 protein. Such inhibitors are said

to “neutralize” or “reduce” the biological activity of GDF-8 protein.

[047] The phrase “GDF-8 activity” refers to one or more of growth-regulatory
or morphogenetic activities associated with active GDF-8 protein. For
example, active GDF-8 is a negative regulator of skeletal muscle. Active
GDF-8 can also modulate the production of muscle-specific enzymes (e.g.,
creatine kinase), stimulate myoblast cell proliferation, and modulate

preadipocyte differentiation to adipocytes.

[048] The terms “isolated” or “purified” refer to a molecule that is substantially

free of its natural environment. For instance, an isolated protein is
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WO 03/ 027248 PCT/ US02/ 30452 substantially free of cellular material or
other contam nating proteins fromthe cell or tissue source fromwhich it

i s derivewdo 0Bhe72phir ase "substantially free of cellular nmecarisat/3ossefers to
preparations where the isolated proteinis at least 70%to 80% (wWw pure,
optionally at |east 80% 89% (ww) pure, optionally 90-95% pure; and
optionally at |east 96% 97% 98% 99% or 100% (ww) pure. [049] "Mammal "
for purposes of treatnent refers to any aninmal classified as a mamml,

i ncl udi ng hurmans, donestic and farmanimals, and zoo, sports, or pet

ani mal s, suclsubstamiigly frieerof es|luleamteddicrmthei mtanﬁwﬁi,ngqmmteiﬁ%\ﬁorrathwl is
human i n one enbodi nent of the invention. [050] The term "nonocl onal

anti body" r efcell®rtiesa@€oarce s vatith ltagidesivéd. Oflhe@tﬁa'ﬁfsilﬁsta?ﬁtiaMY free of
honbgeneous anti body popul ati on that | s directed against a single

antigeni c epi I qmgé].b chain
ant i bodi es, g%lﬂﬁrr@ .”CHEH%?B [ es ? aﬁ'ﬁlg %teegoﬁb@n JSDQHJQQEF
fragments su B, b me i ch
retain the a (Vai%gﬁ/%gm‘g %‘%&Rtkﬂlﬂa gng%%é‘z’ Ww& Pe [%?%'?Pa“\h

Furt her nore, the t erm "nonocl onal |bo " 1S not ed to any

particul ar s@@cﬁ’%é’ Ri#res8nd @@flet'a'%%ﬂﬁﬁﬁ gﬁ%@yw%ﬁ' 9@% %ﬁér’l 0BYe (Won it is
made. Monocl onal anti bodies may be nade via traditional hybridoma

techni ques (KRoli¢er and MIstein (1975) Nature, 256: 495-499), reconbi nant
DNA net hods (U.S. Pat. No. 4,816,567), or phage antibody |ibraries

(G ackson et al. (1991) Nature, 352: 624-628; Marks et al. (1991) J. Mol.
Biol., 222: [64d] 5MMammbtiforpumpaseanf treatherst referany anpamirnakelassified as a

non- mammal i an -16
mammal, including humans, domestic and farm animals, and zoo, sports, or
pet animals, such as dogs, horses, cats, sheep, pigs, cows, efc. The mammal

is human in one embodiment of the invention.

[050] The term “monoclonal antibody” refers to one or more antibodies from
a substantially homogeneous antibody population that is directed against a
single antigenic epitope. The term encompasses humanized antibodies,
single-chain antibodies, chimeric antibodies, CDR-grafted antibodies,
antibody fragments such as Fab, F(ab')y, Fv, and other antibody fragments

which retain the ahtigen binding function of the parent antibody.

[051] Furthermore, the term “monoclonal antibody” is not limited to any
particular species or source of the antibody, or the manner by which it is
made. Monoclonal antibodies may be made via fraditional hybridoma
techniques (Kohler and Milstein (1975) Nature, 256: 495-499), recombinant
DNA methods (U.S. Pat. No. 4,816,567), or phage antibody libraries
(Clackson et al. (1991) Nature, 352: 624-628; Marks et al. (1991) J. Mol. Biol.,

222: 581-597). Monoclonal antibodies of any mammalian or non-mammalian
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WO 03/ 027248 PCT/ US02/ 30452 species can be used in this invention. For
exanpl e, the antibodies may be derived fromprimtes (e.g., human,

or angut amyvoam2)248 avi an (e.g., chicken, turkey, etc.), b®oernese2/sust ne,
rat, porcine, ovine, or fish. In one enbodinment of the invention, the

anti bodies are of rat, nurine, or human origin. [052] The terns
"neutralize" and "neutralizing” refer to a reduction in the activity of
GDF-8 by a GDF-8 inhibitor, relative to the activity of a GDF-8 nol ecul e
that is not bound by the same inhibitor. Thus, a "neutralizing” antibody
reduces the gpddies tan b (S8 ia thisliaventiont d-driexaagtle viheyardibodieSDRag berol ecul e
not bound by the sane anti body. The activity of the GDF-8 protein, when

bound by Oned@rﬁvéa)frén%rimaiésq@gﬁ,eﬁ@ﬂn)ansjbﬁ‘eﬁd $eitt] <EN-Aiam (6.l chickehe. 9. ,
the presently disclosed antibodies), is reduced at |east about 10% 15%

20155 Sk i oast e g o gk 2
o0 LY, RS o oS ol B SR8 1,2

nore of the presently disclosed GDF-8 inhibitors. [053] The term "specific
interaction,” or "specifigally binds,. or the |ike, nean t hat .two
mol ecul es fomﬁzi Egﬁﬂ?@ks tmt?qlge@m%q%ﬁ[uzglgaﬁkfgr %aé‘?&bﬂ&%‘i 'Bltﬁﬁi c
conditions. The termis also aBEI i cabl e where, e. g , an antigen-bi ndi ng
domai n i s spadclivityoffGPFe8 by atGRHI&inhigior oisdativetip dhe iastiviby f %&QﬁrBa nunber
of antigens, in which case the specific binding nenber carrying the
anti gen- bi ndimgedcldethat ignbt bbendbl ¢hé eameridhibiot. h€hugira theatiatizingens
carrying the epitope. Specific binding is characterized by a high affinity
and a | ow t ognflifody reduces the activity of GDF-8 relative to the activity of a GDF-8

molecule not bound by the same antibody. The activity of the GDF-8 protein,

when bound by one or more of the presently disclosed GDF-8 inhibitors (e.g.,

the presently disclosed antibodies), is reduced at least about 10%, 15%, 20%,

| 25%, 30%, 35%, 40%, 45%, 50%, or 55%, optionally at least about 60%,

62%, 64%, 66%, 68%, 70%, 72%, 72%, 76%, 78%, 80%, 82%, 84%, 86%, or

88%, optionally at least about 90%, 91%, 92%, 93%, or 94%, and optionally at

least 95% to 100% relative to a GDF-8 protein that is not bound by one or

more of the presently disclosed GDF-8 inhibitors.

[053] The term “specific interaction,” or “specifically binds,” or the like, means
that two molecules form a complex that is relatively stable under physiologic
conditions. The term is also applicable where, e.g., an antigen-binding
domain is specific for a particular epitope, which is carried by a number of
antigens, in which case the specific binding member carrying the
antigen-binding domain will be able to bind to the various antigens carrying

the epitope. Specific binding is characterized by a high affinity and a low to
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WO 03/ 027248 PCT/ US02/ 30452 noderate capacity. Nonspecific binding usually
has a low affinity with a nobderate to high capacity. Typically, the

bi ndi ng iwoag/gizder ed specific when the affinity constantcCkaSow3dsyher
than 106 M1, or can be higher than 108 M1. If necessary, non-specific

bi ndi ng can be reduced w thout substantially affecting specific binding by
varyi ng the binding conditions. Such conditions are knowmmn in the art, and
a skilled artisan using routine techniques can sel ect appropriate
conditions. The conditions are usually defined in terns ?ff .concentration of
anti bodi es, Medetatecapagtty dlonspacite biiding usyallylasa Ipw afniyWis) fowed f or

bi ndi ng, concentration of non-rel ated nol ecules (e.g., serumal bumn, mlk
casei n), et cmobeeatpltamjgit capiciiyonkypicallysthe bioding is sorsigdersdspecifioBlienThe
term"TGF-[3 superfamly” refers to a famly of structurally -rel ated

growt h f act ofe affihity ebn¥fant K, & Isighecithard! OANTH, eheari bé digherithan oDt alfit
grow h-regul at ory and norphogenetic properties. This famly of rel ated

wt h fact ' I b B ' i Dev.,
o 133 146, PRt aLE o PG B Ca R et ety o

235-272). The TGk r I | NG S : r '
(evpe) - ot spdic P R VaRln e SRH R TRRorY SHAPERltiong B Rudin o
Neur ot rophi c, Factor, and a still grow n unber , of Growmt h an ,
Di fferentiat ifoWe qf&(ﬁ"t&% s?@@ﬁ@ﬁlsagrwﬂnggo 2 WChANES &N e e&/@rwr%‘?”?tﬁese
proteins are related in structure to GF- 8 such as BVP-1 1; and/or
activity, suctndifonacTheicendjtiossjargmisualy gefined i ieans of conepriratipnet h
therapeutic treatnent and prophylactic or preventative neasures. Those in
need of treabnBinédigsyionicldirength of the solution, temperature, time allowed for

binding, concentration of non-related molecules (e.g., serum albumin, milk

casein), etc. Exemplary conditions are set forth in Example 4.

[054] The term “TGF-B superfamily” refers to a family of structurally -related
growth factors, all of which are endowed with physiologically important
growth-regulatory and morphogenetic properties. This family of related
growth factors is well known in the art (Kingsley et al. (1994) Genes Dev., 8:
133-146; Hoodless et al. (1998) Curr. Topics Microbiol. Immunol., 228:
235-272). The TGF-B superfamily includes Bone Morphogenetic Proteins
(BMPs), Activins, Inhibins, Mullerian Inhibiting Substance, Glial-Derived
Neurotrophic Factor, and a still growing number of Growth and Differentiation
Factors (GDFs), such as GDF-8 (myostatin). Many of these proteins are
related in structure to GDF-8, such as BMP-11; and/or activity, such as

activin.

[055] The term “treatment” refers to both therapeutic treatment and

prophylactic or preventative measures. Those in need of treatment may
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WO 03/ 027248 PCT/ US02/ 30452 include individuals already having a

particul ar nedical disorder as well as those who may ultinmately acquire

t he di sorwero3(e72¢8, those needing preventative neasures) pChatsa?/Bed2
Description of the Invention Antibodies [056] Intact antibodies are

usual ly heterotetraneric glycoproteins of about 150,000 daltons, conposed
of two identical light (L) chains and two identical heavy (H) chains. Each
light chain is linked to a heavy chain by one coval ent disulfide bond,

whil e the nunber of disulfide |inkages varies anong the heavy chains of

di fferent i ninchaog iodividuals ateagy baviBgchpariaular ametitalghsordenas wadlisss  has
regul arly spaced intrachain disulfide bridges. Each heavy chain has at one
end a vari ablipséagmd maYUkifidteyerqbire aha diseederal.eC Aesarnbediagri ns.  Each

i ght chain has a variable domain at one end NO and a constant domain at
its other eng; RS main of the light chain is aligned with the
first const lHet ggantai n t(??Q%"heg?'heavy chain, and the light-chain variable
domain is aligned with the variable domain of the heavy chain. Particul ar

amno acid residues are bglj . ' e between the |ight-
and heavy-chain variable 3%‘%1@!'%9 Q%%ﬁ%ﬁg;&@%?ﬁ%%@f J. Mol. Biol.,
186: 651-663; Novotny and Haber (1985) Proc. Natl. Acad. Sci. USA, 82:
4592- 4596) . IOE?!) !.Dependi ng on the am no acid sequence of the constant
domai n of t h&dib vy chains, inmmunogl obulins can be assigned to different
cl asses. There are five major classes of inmmnoglobulins: 1gA 1gD, IgE

| gG and | gl\/t and -19 WD 03/027248 PCT/ US02/ 30452 .
056] Intact antibodies are usually heterotetrameric glycoproteins of about

150,000 daltons, composed of two identical light (L) chains and two identical
heavy (H) chains. Each light chain is linked to a heavy chain by one covalent
disulfide bond, while the number of disulfide linkages varies among the heavy
chains of different immunoglobulin isotypes. Each heavy and light chain also
has regularly spaced intrachain disulfide bridges. Each heavy chain has at
one end a variable domain (Vy) followed by a number of constant domains.
Each light chain has a variable domain at one end (V\) and a constant domain
at its other end; the constant domain of the light chain is aligned with the first
constant domain of the heavy chain, and the light-chain variable domain is
aligned with the variable domain of the heavy chain. Particular amino acid
residues are believed to form an interface between the light- and heavy-chain
variable domains (Clothia ef al. (1985) J. Mol. Biol., 186: 651-663; Novotny

and Haber (1985) Proc. Natl. Acad. Sci. USA, 82: 4592-4596).

[057] Depending on the amino acid sequence of the constant domain of their
heavy chains, immunoglobulins can be assigned to different classes. There

are five major classes of immunoglobulins: IgA, IgD, IgE, 1gG, and IgM, and
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several of these may be further divided into subclasses (isotypes), e.g.,
lgAl and 1gA2 for IgA 1gd, Ig&, 1g&, IgHA for IgGin humans, and | gGl,
| gQ&Ra, |wGabj2mnsgl | gG for 1gGin nouse. The heavy- chai npcanssvasi4szonai ns
that correspond to the major classes of imunoglobulins are called a, 6,
E, v, and ©p, respectively. The subunit structures and three-di nensional
configurations of different classes of inmunoglobulins are well known in
the art. [058] For a review of the antibody structure, see Antibodies: A
Laboratory. Manual, Cold Spring Harbor Laboratory, eds. Harlow et al.,
1988. Bri ef | severabstthesgmaychaifurther dividpd srtd subclassés (isotypes), evar igil e (V)
domain NO and a constant (C) domain (CO Each heavy chain is conposed of

an N-term nahny|gAo e NQA Idmeg@z 5G4, 1g&4 esray Tsin HRRbars, fuﬁaggme%@za The

CH donai n nost pr oxXl esignated as CH . The VH and donai n
consi st of f mewor k
regi ons (FRI %%Mw dégﬁjﬁa{%neyc-ﬁ@gg%yggi%%g]&% %Ewgﬁwﬁ&egﬁaﬁegl ons
of hypervari abI e se ence co enmen | m nin The
CDRs cont ai nCOTBIRONG 0 e Talof gf?e?e?@ BBW@%BQE’%PB?S 95%8?%‘8“’?%%?’6139 ons

wi th the antigen. CDRsarereferredto as CDR1, CDR3.

Accor di ngl y, MOBRpestyalyi fTheraubupii stistusas end th@&v@%ﬂ%%ﬁ@nﬂ@#r@ﬂ?@% to as
HIl, H2, and H3, while CDR constituents on the light chain are referred to
as L1, L2, aoﬂdilﬂ%rent(d%eissoftihmwc@&taﬂhswem&tl lofowrpindbelaat. di versity

wi thin the antibody-binding site. H3, for exanple, can be as short as two
am no acid residues or greater than 26. The | ocations of inmunogl obulin

vari abl e donpigs} Fbra reviednof taetantioddy savctuee secAniivstiesisA teaborstdvgd, f or

exanpl e, in Sequences of -20 WD 03/ 027248 PCT/ US02/ 30452
Manual, Cold Spring Harbor Laboratory, eds. Harlow ef al., 1988. Briefly,
each light chain is composed of an N-terminal variable (V) 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 Cy domain most
proximal to Vy is designated' as Cuy1. The Vy 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, CDR2, and CDR3. Accordingly, CDR
constituents on the 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. H3, for example, can be as short as two amino acid residues or greater

than 26. The locations of immunoglobulin variable domains in a given

antibody may be determined as described, for example, in Sequences of
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Proteins of |Inmunol ogical Interest, US Departnent of Health and Human
Services, eds. Kabat et al., 1991. [059] Antibody diversity is created by

t he use oWwormloei2ps e gernl i ne genes encodi ng vari abl e regipemassazs4s2 vari ety
of somatic events. The somatic events include reconbination of variable
gene segnents with diversity (D) and joining (J) gene segnents to nmake a
conplete VH region and the reconbination of variable and joining gene
segnents to nake a conplete VL region. The reconbination process itself is
inprecise, resulting in the loss or addition of amno acids at the V(D)J
junctions. Thessing®efhaniuwogital Inievests USyDepatmentof Healleeatl dhimgnB cel |
prior to antigen exposure. After antigenic stinulation, the expressed

anti body gengsrjdesBeg€! ksbatnslegeogsomatic nutation. Based on the estimated
nunber of gerniine gene segnents, the random reconbination of these
segnents, and random VH-VL pairing, up to 1.6 x 107 different anti bodies

Cou 808 P TBOECAAATRERY o LERAPh PRI & FURIESor NG goFieyn o5
that upwar deetisodig Vaage Gre Pl Bhe X Ve E st R b avanfe Bithomelig © "o
i ogo. CA, . 1R6YS MERHRERE0BRODHOTAHVATHRYE G638 SEOTIRF VLA INErabA 0 LAThg
anti body diversity, it is unlikely that independently derived nonocl onal
ant i bodi es voirting LB genessagmenterio spalks @ compjetaiVH regipneand thent i cal ami no
aci d sequences. -21 WO 03/027248 PCT/ US02/ 30452 [060] Anti bodies may be
rai sed agai nglcomibindtidrt bovarizblaand (iging genecsegments to make a complete Vi

region. 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 Vx-Vi

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

other processes which contribute to antibody diversity (such as somatic

mutation) are taken into account, it is thought that upwards of 1 x 10"° different

antibodies could be generated (Immunoglobulin Genes, 2nd ed., eds. Jonio et

al., Academic Press, San Diego, CA, 1995).\ Because of the many processes

involved in generating antibody diversity, it is unlikely that independently

derived monoclonal antibodies with the same antigen specificity will have

identical amino acid sequences.
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provi des an antigenic epitope. In one enbodi nent of the invention, the
presently disclosed anti bodies specifically bind to an epitope on a protein
bel ongi ngwoasbr4superfam |y of TG-- (3 proteins. The prot @Cm/use2/e@s: onal |y
a Bone Mrphogenetic Proteins (BMP), Activin, Inhibin, Millerian

I nhibiting Substance, dial-Derived Neurotrophic Factor, or G owh and
Differentiation Factors (GFs). Optionally, the protein is BW-1 1,
Activin, or GDF-8. The protein is optionally a mature GDF-8 protein. [061]
In an enbodi ment, the presently disclosed antibodies bind to a mature

GDF- 8 prot ei [068] Awtibbdiesimaybsraised agairiss anyparierabf & preteirmehichn no acid 1
and am no acid 50; optionally between amno acid 1 and am no acid 25; and

optional 'y bptovidss anmantigesic@pliopad 14 dnefenfsdinenhor #e inv8Addn,ltheanot her
enbodi ment, the presently disclosed antibodies specifically bind to the

sequence Asp pfasén %Q@é’séﬂ"‘énﬁb%@é &Gy 'H?n@’ib’aﬁ%xt@%etdﬂﬁa PFH‘[QFnEi ns

bel onging to the T 3 superfamly, where"Xaa is Met, Asn,

pepti de. sequéﬁloﬁgidpﬁdh%p%%ﬂm% SRy iﬁ%pp%tésk?%bﬁtbfaﬁ goio the
Ala, dy or .Ir anti bod es
speci fi cal I yESP%ﬁ}'?'EPhRQSHE{'gPF?@'%@Mﬂ){’ Aty II'TEB‘CRI@' gﬁ'?ﬂgf‘ﬂ itingr e GD;: 8
protein (SEQ I D NO 15). LOGS] tionally, the presently disclosed

anti bodi es spebbancsl Gfia Dﬁﬂved%tawotrmc Fastasequerewth and Differentiation

Asp- Phe-d y- Leu- Asp- Cys- Asp-d u- Hi s- Xaa- Thr-d u-Ser-Arg-Cys (SEQ ID -22 WO

03/ 027248 PCFatisie(GDFsy. Opbobally,thampyoteireis@dMPRE! , Adivin, os GiglF@dgiing to the
TG--f3 superfam |y, where

protein is optionally a mature GDF-8 protein.

[061] In an embodiment, the presently disclosed antibodies bind to a mature
GDF-8 protein as set forth in SEQ ID NO:15; optionally between amino acid 1
and amino acid 50; optionally between amino acid 1 and amino acid 25; and

optionally between amino acid 1 and 15 of SEQ ID NO:15.

[062] In another embodiment, the presently disclosed antibodies specifically
bind to the sequence Asp-Glu-His-Xaa-Thr (SEQ ID NO:2) in any one of the
proteins belonging to the TGF-B superfamily, where Xaa is Ala, Gly, His, Met,
Asn, Arg, Ser, Thr, or Trp. Optionally, the antibodies specifically bind to the
peptide sequence Asp-Glu-His-Xaa-Thr (SEQ ID NO:2) in GDF-8, where Xaa
is Ala, Gly, His, Met, Asn, Arg, Ser, Thr, or Trp. Optionally, the antibodies
specifically bind to Asp-Glu-His-Ser-Thr (SEQ ID NO:3) in the mature GDF-8

protein (SEQ ID NO:15).

[063] Optionally, the presently disclosed antibodies specifically bind to the
peptide sequence

Asp-Phe-Gly-Leu-Asp-Cys-Asp-Glu-His-Xaa-Thr-Glu-Ser-Arg-Cys (SEQ ID
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Xaa is Ala, Ay, H's, Mt, Asn, Arg, Ser, Thr, or Trp. Optionally, the
anti bodi es specifically bind to the peptide sequence

Asp- Phe- Gvp-ideer24& p- Cys- Asp- G u- Hi s- Xaa- Thr - @ u- Ser - Ar g- OpsT(ISREBA4E2  NO. 5)
in GF-8, where Xaa is Ala, Qy, H's, Met, Asn, Arg, Ser, Thr, or Trp.
Optionally, the antibodies specifically bind to the peptide sequence

Asp- Phe- 3 y- Leu- Asp- Cys-Asp-d u-Hi s-Ser-Thr-Q u-Ser-Arg-Cys (SEQ ID NO 8)
in the mature GDF-8 protein (SEQ ID NO 15). [064] The GDF-8 protein to

whi ch the presently disclosed antibodies may specifically bindis
optional |y aN®:8hin aapone of the sovteingdralonrging to theEQGIES sMpedfamilgpyvhereal | y at
| east about 81 % to about 85%identical to SEQ ID NO 15, optionally at

| east about S&his P& GBEWis,99et, AZDYAr§18er, TRYordBYe Optidivdly, thdentical to
SEQ I D NO 15, and optionally at |east about 95% 96% 97% 98% 99% or

100% i dent i C@htlb@dlgggpbgflwﬁmlErndﬁBQh@B%pﬁdérsehﬁéﬁbé’pt' onally conprises SEQ

| D Ng) éS [O I n an al tfarnatl ve enbodi ment, the presently disclosed
¢ .
"2 optrona .”3% PSR %%%cs@ja'ﬁﬁésﬁ?%r?%@sﬁw R BE R I
b 85% d II
Meast about ) Ak BoREss 399, 108 455, Yisoel AsmaAtas et £8: of dPeed 1

NO 16, and o tlonaII at | east about 95‘V 96%~I 97% 98% 99% or 100%

i dentical toOprteally theandibotias mﬂmf@@"bbmcbi gReEPdAgISeUEBs®r i ses SEQ | D
NG 16. -23 WD 03/027248 PCT/ US02/ 30452 [066] Ina particul ar enbodi nent,
termed JA- 16 Asphehen@ly-hedyAspGystAgs Glindlis-Ser-1hrdiluSerotngeGye (BEQIEQ | D NO
1 as a part of the variable region of the

NO:8) in the mature GDF-8 protein (SEQ ID NO:15).

[064] The GDF-8 protein to which the presently disclosed antibodies may
specifically bind is optionally at least about 75%-80% identical to SEQ ID
NO:15, optionally at least about 81% to about 85% identical to SEQ ID NO:15,
optionally at least about 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, or 94%
identical to SEQ ID NO:15, and optionally at least about 95%, 96%, 97%,
98%, 99% or 100% identical to SEQ ID NO:15. The GDF-8 protein optionally

comprises SEQ ID NO:15.

[065] In an alternative embodiment, the presently disclosed antibodies may
specifically bind to the BMP-11 protein. The BMP-11 protein is optiohally at
least about 75%-80% identical to SEQ ID NO:186, optionally at least about
81% to about 85% identical to SEQ ID NO:16, optionally at least about 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, or 94% identical to SEQ ID NO:16,
and optionally at least about 95%, 96%, 97%, 98%, 99% or 100% identical to

SEQ ID NO:16. The BMP-11 protein optionally comprises SEQ ID NO:16.
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heavy chain. In other enbodi nents, the antibody conprises at |east one
single chain CDR chosen fromthe amno acids 30-35 of SEQ ID NGO 1, am no

aci ds 50-w6 osf2BEQ | D NO 1, and ami no acids 99-102 of SEQPICD/USQ2/3045% 067]
One of skill in the art will recognize that the anti bodies of the invention
may contain any nunber of conservative or non-conservative changes to their
respective am no acid sequences W thout altering their biological
properties. Changes can be made in either the framework (FR) or in the CDR
regions. While changes in the framework regions are usually designed to

i mprove st aQicoi t  apdriioutamragkeodinieny, tefmetd dAatB,i thedintibobwegaprisestthe CDRs
are usually designed to increase affinity of the antibody for its target.

Such af fi ni 4pidd4Ei03TIENEEINSER #D NOY PRS2 patt Bettey Varkele fgivn betid ¥ by
altering the CDR region and testing the antibody. Such alterations can be

made accor dj he | | | | ' 2nd. ed.,
Oxford Uni vllé%]%f){ %%r .eéﬂﬁi@%ggﬁg%ggg%\é %Sggéd)gg%?g%% ?Ege%gﬁaﬂ% aci d
nodi fi cations._are bas n,the rel ative simlarihy. | aci
si de-chain S8 q"’ﬁl%ﬁ‘ﬁy? q"8r°’e'%>f<r§’%h@ AN ?C'ﬁ'f/ébb%i%ioégﬁ @ﬂ\l@?t §iviho
hydrophilicity, charge, size and the |ike. Exenplar rvative
substituti on@Clﬁﬁi5@h6§9f<§E\%F[i') e Topnd ﬁ@l%@ﬁ@@o‘?%oéwﬁﬁﬁiﬁ?i iles into
consideration are well known to those of skill in the art and incl ude:
arginine and lysine; glutamate and aspartate; serine and threonine;
gl ut ani ne aniD6x3$ p@egfrakill inrtbeasl willgecognize teat the @antibedies f ithe inveptioRer
details on such changes are described in the following sections. Unlike in
CDRs, nore spiatcunitaial anyomirabesef saiseveativeargen-conssrvativewsteng2é tiheir
03/ 027248 PCT/ US02/ 30452 franmework regions (FRs) can be nade without
adversely af f&agldcfifle BAfind B[ $¥huences without altering their biological properties.
Changes can be made in either the framework (FR) or in the CDR regions.
While changes in the framework regions are usually designed to improve
stability and immunogenicity of the antibody, changes in the CDRs are usually
designed to increase affinity of the antibody for its target. 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., Oxford
University Press, ed. Borrebaeck, 1995. Conservative amino acid
modifications are based on the relative similarity of the amino acid side-chain
substituents, for example, their hydrophobicity, hydrophilicity, charge, size,
and the like. Exemplary conservative substitutions which take various of the
foregoing characteristics into consideration are well known to those of skill in
the art and include: arginine and lysine; glutamate and aspartate; serine and
threonine; glutamine and asparagine; and valine, leucine, and isoleucine.

Further details on such changes are described in the following sections.

Unlike in CDRs, more substantial non-conservative changes in structure
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properties of an antibody. Changes to FRs include, but are not limted to,
humani zi ng a non- human derived framework or engineering certain framework
resi dues wha/oares i nportant for antigen contact or for st @orhise2/sgst he
binding site, e.g., changing the class or subclass of the constant region,
changi ng specific amno acid residues which mght alter an effector
function such as Fc receptor binding (Lund et al. (1991) J. Inmun. 147:
2657-2662 and Morgan et al. (1995) |Imunol ogy 86: 319-324), or changing
the species fromwhich the constant region is derived as described bel ow
[068] In an drayoeweeniegions(Riie)xam be madeovithad aaiverdehyd affectinethiel bindingy
bind to mature GDF-8 protein, regardless of whether it is in nononeric

form active prdpertiesfafram amtiboulynClearasbsi to RREGPICIRL, duehte AONMIhIEX toM th an
affinity of between about 106 and about 1011 M1, optionally between about

108 and aboym&dizinga nbR4RImdM8eAd RafeRRrRbr %Egin%bﬁﬁg%l ' @‘ée”ti on may

conpri se polyclonal ~"antibodies, nonoclonal anti I es, y

conposi tions, i j Vil - -speci fiGit hu ize

ant ! bodi co. - SraTpBACHRRIR LA A B iR Ginir o SHETRINGS
fragnents such as Fab, F(ah')2,. Fy, gnd other ant]body fragnments which
retain the a '5@@9 S@Pnﬁiég&?a{mgﬁwaﬁsﬁ Resu ?%"‘n?hg‘ﬁt‘%/q{@@ﬂ r¢9Npr esent | y
di scl osed antibodi es may al so be nodified to chineric antibodies. For

i nstance, a Hieagincspedioaminmagd residuas which mighit-adtepandiffegtordynotiorn r om a
murine anti body to generate a chineric anti body. By replacing other
portions of tsuchras Foeeeptoboidgingqltuad d¢ abf(199¢) Ardtingen 1475 2067 AR 7248
PCT/ US02/ 30452 binding region) wth correspondi ng human anti body
fragments, a dnamorgater al. (1995) Immunology 86: 319-324), or changing the species

from which the constant region is derived as described below.

[068] In an embodiment, the presently disclosed antibodies specifically bind
to mature GDF-8 protein, regardless of whether it is in monomeric form, active
dimer form, or complexed in a GDF-8 latent complex, with an affinity of
between about 10° and about 10"" M™', optionally between about 108 and

about 10" M™.

[069] The antibodies of the present invention may comprise polyclonal
antibodies, monoclonal antibodies, antibody éompositions, antibodies having
mono- or poly-specificity, humanized antibodies, single-chain antibodies,
CDR-grafted antibodies, antibody fragments such as Fab, F(ab"),, Fv, and
other antibody fragments which retain the antigen binding function of the
parent antibody. The presently disclosed antibodies may also be modified to
chimeric antibodies. For instance, a human Fc region can be fused to a
GDF-8 binding region from a murine antibody to generate a chimeric antibody.

By replacing other portions of the murine antibody (outside of the antigen
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anti body may be produced. Such chineric or humani zed anti bodi es may

di spl ay enhanced bi ol ogi cal specificity or in vivo stability. They are
parti cul awlbysogehtil i n designing antibodies for human therapiee2/3d452i s
understood that practitioners are famliar with the standard resource
materials which describe specific conditions and procedures for the
construction, rmanipulation, production, and isolation of antibodies (see,
for exanple, Harlow and Lane (1988) Anti bodies: A Laboratory Mnual, Cold
Spring Harbor Press, Cold Spring Harbor, New York). [070] The present

i nvention al sipdingoragiss with terrespmiding htyiani aldibasly ftdgments| atuaeardrgd of t he
presently disclosed anti bodies. One of skill in the art is famli ar wth

the many cel éﬁthtSéWm% HeSpiodrbLE. fserchmrm%ﬁwghamarﬁzw &8tibdids

conpatible wt esent I nvention nmay be used to pr oduce t he pr esently

ar ZCL%SSCZS&'@?P&S/% X 8@0@%%%@*'%#@gﬁﬁf'@?@bhﬁfyﬁﬁ " produces

muri ne anti - n has sited,w th. A ri can Ti ssue
AR ko s B il yrapies HF'apri| 18,
2002. The address of the dep05|tory |s 10801 Uni versity Blvd, Mnassas, VA

20110. Met hodgdenstond:that peadiitioageseareofamilianuithiie siaprad wsourme patarials
i nvention are useful to prevent, diagnose, or treat various nedical

di sorders i nwhiumdsscnibeaspewlcscon'ﬂimk)mmd)pcboedueesafordllwdonstrmoﬂmhbi t or
reduce one or nore activities associated with the GDF -26 WD 03/ 027248

PCT/ US02/ 304ﬁ%nlmﬂ§ﬁ@m probi@b#dn, \éhdt iSoti&6Hof Bhtibedies (Sée, foraxaraplet he same
anti body. Optionally,
Harlow and Lane (1988) Antibodies: A Laboratory Manual, Cold Spring

Harbor Press, Cold Spring Harbor, New York).

[070] The present invention aiso provides cells, such as hybridomas, that
produce any of the presently disclosed antibodies. One of skill in the art is
familiar with the many cells that are suitable for producing antibodies. Any
cell compatible with the present invention may be used to produce the
presently disclosed antibodies. In an embodiment, the presently disclosed
antibodies are produced by a hybridoma cell. A hybridoma cell line, which
produces murine anti-GDF-8 JA-16 antibody has been deposited with
American Tissue Culture Collection (Deposit Designation Number PTA-4236)
on April 18, 2002. The address of the depository is 10801 University Blvd,

Manassas, VA 20110.

Methods of Treating Disease

[071] The antibodies of the present invention are useful to prevent, diagnose,
or treat various medical disorders in humans or animals. The antibodies are

used to inhibit or reduce one or more activities associated with the GDF
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t he anti bodies inhibit or reduce one or nore of the activities of mature
GDF-8 (regardless of whether in nononeric form active dineric form or
conpl exedwoim/oa72@F- 8 | atent conpl ex) relative to a mat ur ®CERRB3@EDt €i N
that is not bound by the sane antibodies. In an enbodi ment, the activity
of the mature GDF-8 protein, when bound by one or nore of the presently

di scl osed antibodies, is inhibited at |east 50% optionally at |east 60,
62, 64, 66, 68, 70, 72, 72, 76, 78, 80, 82, 84, 86, or 88% optionally at
| east 90, 91, 92, 93, or 94% and optionally at |least 95%to 100%rel ative
to a nature (Gokeif, plative to a G pratemotottiomund byythersame antibedyof Optienally,
presently disclosed antibodies. [072] The nedi cal disorder being di aghosed,

treated, or eeyHoRledMhibiEor lRUBES BhkYordherd erihe vititibe &f esatufe GOIF-gnal |y
a nuscl e and neuronuscul ar disorder; an adi pose tissue disorder such as

obesity; typgﬁéa;%]@&?éﬁﬁvlet#eWHoﬁgn@rlé% é&h@&ﬁ%ﬁc fﬁﬁh,agroﬁélﬁg%@gm”es

(e.g., syndr nsu resistance I nduced by trauma suc arns; or

bone degenerati i,.Seas such .as,_@st eoporosi s. i condition is
optionally a'nﬁéi?%'saﬁ%rﬁgﬁméﬁ|a§¥e§?Edpa e%@%’% &g’gﬂﬁz‘iﬂl'gﬂc’hyst rophy,
nmuscl e atrophy, congestive obstructive pul rm_nar%/ di sease, nuscl e wasting
syndrone, shewrpbiithe samecantiRodies. dfameabodinent g actitiyPhihe mafuress of

bone, which include osteoporosis, especially in the elderly and/or
post menopaus@DRx8rpFatein,giiiembound byiathel erduoriobitiequpeenity disclose@dopeni a, and
osteoporosis-related fractures. O her target netabolic bone di seases and
di sorders anantisddies tie intiibited atleiasi\b0%, CPeBallyrdti Ibast 68 62 64he6, 68,6f0,i on
include | ow bone mass due to chronic glucocorticoid therapy, premature
gonadal failwpers appsiranen, 827sX\BE)Ur BB ASHRIAHIYaP a3 9201, 92, 93, or

94%, and optionally at least 95% to 100% relative to a mature GDF-8 protein

that is not bound by one or more of the presently disclosed antibodies.

[072] The medical disorder being diagnosed, treated, or prevented by the
presently disclosed antibodies is optionally a muscle and neuromuscular
disorder; an adipose tissue disorder such as obesity; type 2 diabetes,
impaired glucose tolerance, metabolic syndromes (e.g., syndrome X), insulin
resistance induced by trauma such as burns; or bone degenerative disease
such as osteoporosis. The medical condition is optionally a muscle or
neuromuscular disorder, such as muscular dystrophy, muscle atrophy,
congestive obstructive pulmonary disease, muscle wasting syndrome,
sarcopenia, or cachexia and disorders associated with a loss of bone, which
include osteoporosis, especially in the elderly and/or postmenopausal women,
glucocorticoid-induced osteoporosis, osteopenia, and osteoporosis-related
fractures. Other target metabolic bone diseases and disorders amendable to
treatment with GDF-8 antibodies of the invention include low bone mass due

to chronic glucocorticoid therapy, premature gonadal failure, androgen
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suppression, vitamn D deficiency, secondary hyperparathyroidism
nutritional deficiencies, and anorexia nervosa. The antibodies are

opti onal I'wousea72u® prevent, diagnose, or treat such nedi ear/hoEsMdErs in
manmal s, optionally in humans. [073] The anti bodi es or anti body
conpositions of the present invention are admnistered in therapeutically
effective anobunts. As used herein, an "effective anmount” of the anti body
is a dosage which is sufficient to reduce the activity of GDF proteins to
achi eve a desired biological outcone (e.g., increasing nuscle mass or

st rengt h). Gapprasdign, vtanhiarRdeficienay, Isecondanyt hyperpanatuymoidiegy, mrifionalt h t he
subj ect’'s age, condition, and sex, as well as the severity of the nedical

condi tion i nqdfiferidiey, eftid aﬁ&@xﬁm@sm}’hé%ntlﬂéﬂﬁsmre%ﬁtibnalms;&wsaci an and
t

adj ust ed, as necessary, to suit observed effects of e treat nent

General ly, 2@"% éﬁ%ﬁc{s@”%a gé bak‘éoﬁgoﬁbfre h‘?"ffn%rﬁ‘malsb%ﬁhéﬁalﬁj @ given

at a dose b ng/ kg tionally, anti bodi es are
given as a bl?l us dose, to maxim ze the circulating levels of antibodies
for the greatW®MNPength of time after the dose. Continuous infusion may
al so be used after the bolus dose. [074] The nethods of treating,

di t th b di cal t th t tl
i <ol oseq ank07abaT s AokROHEa SraBUaeLh CoRPaEIERS %ﬁiﬂbe'z Bitee vehioraRe (3"

superfam ly. Many of these proteins, e.g., BMP-1 1, are related in
structure t oa@mmﬂered:MhermwlcailmeﬁQ@tmeamemdAﬁmﬁd heigin;, Aent i on
provi des nmethods of treating the aforenentioned di sorders by adm nistering
to a subj ect“effecting bhasiinttapiaklantibbdy iha kiosagg wWiidh slsufficiant towieduce {38 WO
03/ 027248 PCT/ US02/ 30452

activity of GDF proteins to achieve a desired biological outcome (e.g.,

increasing muscle mass or strength). Generally, a therapeutically effective

amount may vary with the subject's age, condition, and sex, as well as the

severity of the medical condition in the subject. The dosage may be

determined by an physcian and adjusted, as necessary, to suit observed

effects of the treatment. Generally, the compositions are administered so that

antibodies are given at a dose between 1 pg/kg and 20 mg/kg. Optionally, the

antibodies are given as a bolus dose, to maximize the circulating levels of

antibodies for the greatest length of time after the dose. Continuous infusion

may also be used after the bolus dose.

[074] 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, e.g., BMP-11, are
related in structure to GDF-8. Accordingly, in another embodiment, the
invention provides methods of treating the aforementioned disorders by

administering to a subject an antibody capable of inhibiting BMP-11 or activin,
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either alone or in conbination with other TG- (3 inhibitors, such as a
neutralizing anti body against GDF-8. [075] The anti bodi es of the present

i nvent i orwoerg/obr4gised to detect the presence of proteinsPoglusoydnag2zto the
TG--[3 superfam |y, such as BMP-11 and GDF-8. By correlating the presence
or level of these proteins with a nedical condition, one of skill in the
art can di agnose the associ ated nedical condition. The nedical conditions
that may be di agnosed by the presently disclosed antibodies are set forth
above. [076] Such detection nethods are well known in the art and include

ELI SA, radi githefugons Dr¥n combittionatith vier IGF8 inhibitorsysnoh lasar escence,
I mmuno- preci pitation, and ot her conparabl e techni ques. The anti bodi es may

further be ppaVirdffihg BnfibddPEaganti CDF-8. that incorporates one or nore of
these techniques to detect” a protein (e.g., GDF-8). Such a kit may contain

ot her conponents, packaging, instructions, or other material to aid the

detection of [Qééjegﬂéqérﬁfbﬁd%dof‘{ﬁs g?éséﬁ?n\?;r{;ioggrﬂggbeW&%ﬂqotd@e@tr’tﬁébOdi es

are intended agnost1c purposes, esirable to nodify them

for exanple with a ligand.qr such .as -hioti n I rker
group (such B?anpﬁtﬂig’égfd@é%t Bégaél‘ggctg tﬁ%&?@? boﬁ%?ﬁg{agﬁlyagﬁ&i%mﬁ{?f
desired, the antibodi es (whet her Flol ycl onal or nonocl onal(g may . be | abel ed
usi ng convengndi{aPFt&cRyicquelating fhe sseeencen?) level i there Pratanes WWkbaes,
chronophores, radioactive atons, el ectron-dense reagents, enzynes, and

| i gands havi nedige cohiditioni, oderod slrin tiee art @mnzgiagrose the: ggsiasidtey memicalct ed
by their activity. For exanple, horseradi sh peroxidase is usually -29 WO
03/ 027248 PCEbREGH3H3M2medical conditions that may be diagnosed by the presently

disclosed antibodies are set forth above.

[076] Such detection methods are well known in the art and include ELISA,
radioimmunoassay, immunoblot, western blot, immunofluorescence,
immuno-precipitation, and other comparable techniques. The antibodies may
further be provided in a diagnostic kit that incorporates one or more of these
techniques to detect a protein (e.g., GDF-8). Such a kit may contain other
components, packaging, instructions, or other material to aid the detection of

the protein and use of the kit.

[077] Where the antibodies are intended for diagnostic purposes, it 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 polyclonal 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 is usually
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detected by its ability to convert 3,3 ,5,5 -tetranethyl benzidine (TMB) to
a blue pignent, quantifiable wth a spectrophotoneter. O her suitable

| abel s i rwlbwd®?27248 or exanpl e, one of the binding partners Pexarsozso4bt ot i n
and avidin or streptavidin, 1gG and protein A, and various receptor-|igand
couples known in the art. Other pernutations and possibilities will be
readily apparent to those of ordinary skill in the art, and are consi dered
as equivalents within the scope of the instant invention. Antibody
Conpositions [078] The present invention provides conpositions conprising

t he present | Wetedted hysitsdakilityitb cdnesrt 353 ch5'detrpowsithylbenziding (F&1B)Uctablue f or
phar maceutical use and admnistration to patients. The conpositions

typically _cormg?meﬁt , Qentifiiblewrith asbebedplestonietém eOthes safthblernsiesisiinduasd a
phar maceuti cal Iy acceptabl e excipient. As used herein, the phrase

" phar maceut i Cfg} é%am@féc%ﬂbekﬁltﬁe ﬁmlggcﬁaﬁneﬂs@dﬁdﬁb PM a?ﬁ'ﬂlda\ﬁéhh ool vents,

di spersion ne oat’l ngs erial and antifungal agents, isotonic

and absorptiaon dela ts, .and h
phar maceut | odtreRe faG AR prote A ab@ev(@%'oﬁﬁs#%bi{a@%@%i%% E*‘*?vgﬁ” d
pharmaceutical ly active substances | kno in the art.

conposi t i ons tAaRa QHer AARURAIANEAN B‘P?S\}ké'l't'% V23 V@\PP@T‘?RS to those

suppl emental , additional, or enhanced therapeutic functions. The

phar maceut i calf ardinpoys skill Unﬂwen@ryf« andarepeonsidered s equivalesisivighindne spepk, or
di spenser together with instructions for admnistration. [079] A

phar maceut i caf the inxtant ineentidn.t he i nvention is fornulated to be conpatible
with its intended route of adm nistration. Methods to acconplish -30 WO

03/ 027248 PCT/ US02/ 30452

Antibody Compositions

[078] The present invention provides compositions comprising the presently
disclosed antibodies. Such compositions may be suitable for pharmaceutical
use and administration to patients. The compositions typically comprise one
or more antibodies of the present invention and a pharmaceutically
acceptable excipient. As used herein, the phrase “pharmaceutically
acceptable excipient” includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying
agents, and the like, that are compatible with pharmaceutical administration.
The use of such media and agents for pharmaceutically active substances is
well known in the art. 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.

[079] A pharmaceutical composition of the invention is formulated to be

compatible with its intended route of administration. Methods to accomplish
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the adm nistration are known to those of ordinary skill in the art. It may
al so be possible to obtain conpositions which may be topically or orally
adm ni st ewed3/oen24svhi ch nay be capabl e of transm ssion acr ®@EI/URIZ/EMMS2
menbranes. The admi ni stration may, for exanple, be intravenous,

i ntraperitoneal, intramuscular, intracavity, subcutaneous or transdernmal.

[ 080] Sol utions or suspensions used for intradernmal or subcutaneous
application typically include one or nore of the follow ng conponents: a
sterile diluent such as water for injection, saline solution, fixed oils,
pol yet hyl enetheghgmidistratigryaer knoayn for thogberferdingooskibim thiereet. Eymayhalsioc

sol vents; antibacterial agents such as benzyl al cohol or nethyl parabens;

ant i oxi dant ShsWoRsiie tREBRIIME6MpPeEfioAs wiHcH HayHstdpiddlgorerglyat i ng agent s
such as ethyl enedi am netetraacetic acid; buffers such as acetates,

citrates or gﬁ%@@% rﬁﬁ@h@%ﬁgﬁéﬁfa@ébfe@ft s‘lﬁéé;igﬂtac sstl’ﬁﬂléSuéy such as

sodi um chl ori extrose an be adj ust acl ds or bases,

such as hydrochlorlc |ons may be
encl osed i nn}ﬁ%%@n@ @HB? gétwr‘%g @%(‘?ggmﬁ? Cb% |§Er§g 'al s made of
glass or plastic. [081] Phar maceut i cal conpositions sui abl e for I nj ection
i ncl ude sterin @P%@MG’"?@WFH% 'BFraB@‘§WeP§P?JH§n§?i‘éS ot HANseEPRder s f or

t he extenporaneous preparation of sterile injectable solutions or

di spersion. For intravenous admnistration, suitable carriers include
physi ol ogi ca[083| Sedytianscareispsensions usadtf@rrmtr@d@rm@lrmrsua_cmmr(emsF

Par si ppany, NJ) or phosphate buffered saline (PBS). In all cases, the
conposi ti on applicdtidnstypically irhutiestioel bd ntmrefdftﬂlheifdlbmﬁﬂrgacer&ﬂ)onmsoa/smémé48

PCT/ US02/ 30452
diluent such as water for injection, saline solution, fixed oils, polyethylene
glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial
agents such as benzyl alcohol or methyl parabens; antioxidants such as
ascorbic acid or sodium bisulfite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or
phosphates; and agents for the adjustment of tonicity such as sodium chloride
or dextrose. The pH can be adjusted with acids or bases, such as
hydrochloric acid or sodium hydroxide. Such preparations may be enclosed

in ampoules, disposable syringes or multiple dose vials made of glass or

plastic.

[081] Pharmaceutical compositions suitable for injection include sterile
aqueous solutions or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For intravenous
administration, suitable carriers include physiological saline, bacteriostatic
water, Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered saline

(PBS). In all cases, the composition must be sterile and should be fluid to the
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extent that easy syringability exists. It nust be stable under the
conditions of manufacture and storage and nust be preserved agai nst the
cont am naworig/02aag i on of m croorgani sms such as bacteri a aad/tfSongi452 The
carrier can be a solvent or dispersion nmediumcontaining, for exanple,

wat er, ethanol, polyol (for exanple, glycerol, propylene glycol, and

| i qui d pol yet heyl ene glycol, and the like), and suitable m xtures thereof.
The proper fluidity can be maintained, for exanple, by the use of a
coating such as lecithin, by the nmaintenance of the required particle size
in the case ettedt #adessysyanghlilty texistas b nodist beusthblet undes theconditibhewfof t he
action of mcroorgani sns can be achieved by various antibacterial and

anti fungal agemufactlis ask sitPage and i presbhedaydinstahe cohtmihating cor bi ¢
acid, thimerosal, and the like. In many cases, isotonic agents, for

exampl e, Sugges.n BOkEbGRIRSS Yith 88 HARAIOInd ARIT 1AL carfadiaybell or i de

will be included Int nposition. Prolonged abSorption of

i nj ectabl e conpos, tion . ' ' '

compos ti on' SAvaBe Aapr R RAPLR LI IRG der Salrb, HHPE <ol pelwe!
nmonost earate and gelatin. [082 al conposi ti. l.ly includ

i nert dil uen(fobﬁx%ﬁp&ﬂigbﬁcl@L@aP pgqne Q‘Hg@v %%i'ﬁga@%&r%é%ﬂeﬁﬁlggépgﬂe "
capsul es or conpressed into tablets. For the purpose of oral therapeutic
admi ni st r at i the likehearchsuitale srixtues Bereak of w peansy fividityrcasyes pradraineashd
used in the formof tablets, troches, or capsul es. Pharmaceutically

conpat i bl e bfordxagmpigey the aseloba cadfiny auch esienithid, bydhe mainténariceddd as
part of the conposition. The tablets, pills, capsules, troches, and the

like can conjifl pe@itédYartidle st ihake Rasé B HRPERNbS an@hycpBRAesis of a

simlar nature; a binder such as mcrocrystalline cel'lul ose, gum

tragacanth %uHSét%Hs’?? Prevaftion of the action of microorganisms can be achieved by
various antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many cases,
isotonic agents, for example, sugars, polyalcohols such as manitol, sorbitol,
sodium chloride will be included in the composition. Prolonged absorption of
the injectable compositions can be brought about by including in the

composition an agent which delays absorption, for example, aluminum

monostearate and gelatin.

[082] Oral compositions generally include an inert diluent or an edible carrier.
They can be enclosed in gelatin capsules or qompressed into tablets. For the
purpose of oral therapeutic administration, the antibodies can be incorporated
with excipients and used in the form of tablets, troches, or capsules.
Pharmaceutically compatible binding agents, and/or adjuvant materials can be
included as part of the composition. The tablets, pills, capsules, troches, and
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;
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WO 03/ 027248 PCT/ US02/ 30452 an exci pient such as starch or |actose, a

di sintegrating agent such as alginic acid, Prinogel, or corn starch; a

| ubri cantweuwasl2rss magnesi um stearate or Sterotes; a gl i daour/sozbo4as
colloidal silicon dioxide; a sweetening agent such as sucrose or
saccharin; or a flavoring agent such as peppermnt, nethyl salicylate, or
orange flavoring. [083] For adm nistration by inhalation, the antibodies
are delivered in the formof an aerosol spray from pressured container or
di spenser which contains a suitable propellant, e.g., a gas such as carbon
di oxi de, or an ereipidntzech gstBdichSydactose, adisintegtating agent suchlas@lgividy
transmucosal or transdermal neans. For transmucosal or transder nmal

adni ni st rat i &id, PERRIgER MBreorR BRITOIT 4 Ribfichat $lich &8 Mdgdiesiuin Beeapate®at ed are
used in the forrmulation. Such® penetrants are generally known in the art,

and 1nc’ ude, sldbieRXaMHd8nt 50h 5 CANAHCIARIN AENB! &'dhidletaring dRERE Ba8K S.

bile salts, an erivatives. Transnucosal adninistration can

be acconplished through the .use of n i £.0[ | For
transder mal 3uiHRIOSEY tqagﬁﬁarinpl,eor aﬁw@’@%’&%ﬁ%ﬁg (ygrééh%%?métaﬁgg@lnt 0
oi ntnents, salves, gels, or creans as generally known in the art. [085]
The anti bodi ¥alovafeaPisyangefle¥gHP8d in the form of suppositories (e.g.,
wi th conventional suppository bases such as cocoa butter and ot her
glycerides) or retention enemas for rectal delivery. -33 WO 03/027248
PCT/ US02/ 304K83] [ Bespdminisiratiarnby inhatation, the aplikedias pye delivared dytheht i bodi es
are prepared

form of an aerosol spray from pressured container or dispenser which

contains a suitable propellant, e.g., a gas such as carbon dioxide, or a

nebulizer.

[084] Systemic administration can also be by transmucosal or transdermal
means. For transmucosal or transdermal administration, penetrants
appropriate to the barrier to be permeated are used in the formulation. Such
penetrants are generally known in the art, and include, for example, for
transmucosal administration, detergents, bile salts, and fusidic acid
derivatives. Transmucosal administration can be accomplished through the
use of nasal sprays or suppositories. For transdermal administration, the
active compounds are formulated into ointments, salves, gels, or creams as

generally known in the art.

[085] The antibodies may also be prepared in the form of suppositories (e.g.,
with conventional suppository bases such as cocoa butter and other

glycerides) or retention enemas for rectal delivery.
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with carriers that will protect the conpound against rapid elimnation from
the body, such as a controlled release formulation, including inplants and
m cr oencapouBareds del i very systens. Bi odegradabl e, bi oconpatritsoz3q@st yner s
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. The materials can also be obtained comercially from Al za Cor poration
and Nova Pharnaceuticals, Inc. Liposomal suspensions containing the
presently di[€8floda®nerembedimanicihe presenthedigsloged anphadieaesapireparey
acceptable carriers. These can be prepared according to nmethods known to

t hose skil | edvith carriees tirat will protestethp lcempasindesgainstedpidnelivhiBatiéta frent tHeo.
4,522,811. [087] It is especially advantageous to fornulate oral or

parent er al 08iiéh 8% ¢dhtFMeadeleaBkfolnilEtib® ingiadmgdmmAss [ingt rat i on and
uni formty of osage. Dosage unit form as used herein refers to physi cal |y

di screte units: | L Spi [; ; d;
cach uni t comng o icEPguRed Beb Y < RRRARE ioRbotabcty HicEmbaHE phh s
cal cul ated to _produce the desired therapeutic effect in assocjatjon with
the requi r ed GRGHERM TUCH aeiy eé‘re.V'ME%SEKJECP‘?'VEQW%W%PO@E Cag%age uni t
forns of the invention are dictated by and directly dependent on the

uni que char a@cidhicsllagenopolyarhegrsterse abd Meblrclicard. Matheds farqueparation

t herapeutic effect to be achieved, and the Iimtations inherent in the art
of conpoundi rof ssichHoanulationy wiltloepppacentt do thdse skilkest imthe aof. Thendiatedalal s.
-34 WO 03/027248 PCT/ US02/ 30452 [088] Toxicity and therapeutic efficacy of

such conpoundsincaldo p@ obtained commercially from Alza Corporation and Nova

Pharmaceuticals, Inc. Liposomal suspensions containing the presently
disclosed antibodies can also be used as pharmaceutically acceptable
carriers. These can be prepared according to methods known to those skilled

in the art, for example, as described in U.S. Patent No. 4,522,811.

[087] Itis especially advantageous to formulate oral or parenteral
compositions in dosage unit form for ease of administration and uniformity of
dosage. Dosage unit form as used herein refers to physically discrete units

- suited as unitary dosages for the subject to be treated; each unit containing a
predetermined quantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The
specification for the dosage unit forms of the invention are dictated by and
directly dependent on the unique characteristics of the active compound and
the particular therapeutic effect to be achieved, and the limitations inherent in
the art of compounding such an active compound for the treatment of

individuals.
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determ ned by standard pharnmaceutical procedures in cell cultures or
experinental animals, e.g., for determning the LD50 (the dose lethal to
50% of tWwe popizk@ti on) and the ED50 (the dose therapeuti ealrlysozddserti ve in
50% of the population). The dose ratio between toxic and therapeutic
effects is the therapeutic index and it can be expressed as the ratio
LD50/ ED50. Anti bodies which exhibit |large therapeutic indices are an
enbodi ment of the invention. [089] The data obtained fromthe cell culture
assays and animal studies can be used in fornulating a range of dosage for

use i n hunmanf88ThToxicitynaaddherapedatic effipacyndsuth esmppunds@ahyeni t hin a range
of circulating concentrations that include the EDSO with |ittle or no

toxicity. Thge(psaRRl BRYtaraYd phafthdcdltical pfozBaarcianaedidiftutbiosy t he dosage
formenpl oyed and the route of administration utilized. For any anti body

cati mated | neCRATToM P AT o0 TPL g RRERA NS RO o LESe ItRa B RE

estimated ini romce ure  ass ormulated in
ani mal nodel g to achjeve a circul atin asma_concentr at.i on g hat
el udes. ¢ hethecsepntian) anth e et dosd HIESRDe ey S0ECht NG wirHNEn
achieves a hal f-maximal inhibition of synptons) as determned in cell

cul ture. LevBpRulpHoR). aERe drEs ratio helwaandexicrand thesapauic effyetssghe
performance |iquid chromatography. The effects of any particular dosage

can be noni t trezdpdyticiingdek tzall ibcan beexpressedagithegatid LEsi/ERb.eAntibodiesay s
i nclude DNA replication assays, transcription-based assays, CGDF

prot ei n/ r ecephth SiHisit REgeIseEpeutic Brlidasearsi Arpembadiaest, ofahs mientianed on
the differentiation of pre-adi pocytes, assays based on gl ucose uptake in

adi pocytes, and i mrunol ogi cal assays. -35 WD 03/027248 PCT/ US02/ 30452
[089] The data obtained from the 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 optionally 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 1Cs (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, for example,
by high performance liquid chromatography. The effects of any particular
dosage can be monitored by a suitable bioassay. Examples of suitable
bioassays include DNA replication assays, transcription-based assays, GDF
protein/receptor binding assays, creatine kinase assays, assays based on the
differentiation of pre-adipocytes, assays based on giucose uptake in

adipocytes, and immunological assays.
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Modi fied Antibodies [090] It is understood by one of ordinary skill in the
art that certain amno acids may be substituted for other amno acids in a
protei n swouwsterds W t hout adversely affecting the activi tgTafSor/b@spr ot ei n,
e.g., binding characteristics of an antibody. It is thus contenpl ated by
the inventors that various changes mnay be nade in the am no acid sequences
of the presently disclosed antibodies, or DNA sequences encoding the

anti bodi es, wi thout appreciable 1oss of their biological utility or
activity. Such changes may include deletions, insertions, truncations,
substi t ut i onodified Antibodiesaf f| i ng of notif sequences, and the like. [091]

I n maki ng such changes, the hydropathic index of am no acids may be

consi dered. The inportance of the hydropathic am no acid index in
conferring {080 #dsiunelehstobd dyame dflordinaonskil imttry at ehat destageanind | v
understood in the art (Kyte and Doolittle (1982) J. M. Biol., 157:
105-132). It abﬁjsqrﬁaglbbeéwsh&kea IS oths.l amm@a&mgrrpaqirme% §ﬂ§éta€é fhthelt t he

am no acid contributes to the secondary structure of the resultant

protein, whi %ﬂvé%e%%ﬁe&ﬂ%tﬂgsacmﬁ%Bf‘{h% a:?rf){én‘? e@ épb:ntﬁﬂng %ﬁ%@t&&éﬂ rgot her

nol ecul es, for éxa ors d| es,

antigens, and the, like. Each i d has been, assi gn
v opat hi o PRESTDGHYE HeSHHG comEmAReayARsIRUITETS ok A el irves
characteristics (Kyte and Doolittle, 1982); these are isoleucine (+4.5),
val i ne (+4.2may eénade niBesyming pedugnaes qfihe gresentlydlisgloggctystine
(+2.5), nmethionine (+1.9), alanine (+1.8), glycine (-0.4), threonine
(-0.7), seriaatibodic8) or DprSeeIplmmese@nc@ﬁiingtthemitibed(eslw&houipamjrbniab(e 1.6),
-36 WD 03/027248 PCT/ US02/ 30452

loss of their biological utility or activity. Such changes may include deletions,

insertions, truncations, substitutions, fusions, shuffling of motif sequences,

and the like.

[091] In making such changes, the hydropathic index of amino acids may be
considered. The importance of the hydropathic amino acid index in conferring
interactive biological function on a protein is generally understood in the art
(Kyte and Doolittle (1982) J. Mol. Biol., 157: 105-132). It is accepted that the
relative hydropathic character of the amino acid contributes to the secondary
structure of the resultant protein, which in turn defines the interaction of the
protein with other molecules, for example, enzymes, substrates, receptors,

DNA, antibodies, antigens, and the like.

[092] Each amino acid Has been assigned a hydropathic index on the basis
of its hydrophobicity and charge characteristics (Kyte and Doolittle, 1982);
these are isoleucine (+4.5), valine (+4.2), leucine (+3.8), phenylalanine (+2.8),
cysteine/cystine (+2.5), methionine (+1.9), alanine (+1.8), glycine (-0.4),

threonine (-0.7), serine (-0.8), tryptophan (-0.9), tyrosine (-1.3), proline (-1.6),
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histidine (-3.2), glutamate (-3.5), glutamne (-3.5), aspartate (-3.5),
asparagine (-3.5), lysine (-3.9), and arginine (-4.5). [093] In nmaking
such changes3/ortres substituti on of am no aci ds whose hydr egatusoz3o4sdi ces
are within 2 is an enbodi nent of the invention, those which are within 1
are optional, and those within 0.5 are also optional. [094] It is, also
understood in the art that the substitution of |ike am no acids can be
made effectively on the basis of hydrophilicity. U S. Patent 4,554,101
states that the greatest |ocal average hydrophilicity of a protein, as
govern by thistitindr(ehB), glatamatef(-3.5) ghdamiren(-34)) aspartatd<;3.8paspasgize wi t h
a biological property of the protein. [095] As detailed in U S. Patent

4,554,101, t@g aqugm‘éi(n:ggpm-rd)@ﬁgmm@(mw)val ues have been assigned to am no
acid residues: arginine (+3. lysine (+3.0), aspartate (+3.01),

gl ut amat e (+3 01) seri ne (+0 3) asparagl ne (+0.2), glutamne (+0.2),

glyci ne (0) l W%gr(géhc@] ha‘?{g‘é%'tsz uﬁi‘ﬁon @dé}ﬂin%eadldeﬁbse hi st' di ne

(-0.5), cyst I oni'ne , valine (-1.5), leucine (-1.8),

511 (e e Gy VAR 7 o el B

whose hydrophilicity values are wit h| n 2 is an enbodi nent of the

i nvention, twbish argiwithin 21 anecopsionab said, thaae withos£0 A areials@ optienal. opt i onal .
[097] The nodifications nay be conservative such that the structure or

bi ol ogi cal function of the protein is not affected by the change. Such -37
WO 03/ 027248 | 1$$9 alss0drdrsioodde tve birtrabiersubatitudionoafilike eatinoreeids e

based on the relative simlarity of the amino acid side-chain
substi t uent sgaf BE rR¥a8RRCHiVdIPbh th¥ BasrRhstHyeirdphilicity. U.S. Patent 4,554,101
states that the greatest local average hydrophilicity of a protein, as govern by

the hydrophilicity of its adjacent amino acids, correlates with a biological

property of the protein.

[095] As detailed in U.S. Patent 4,554,101, the following hydrophilicity values
have been assigned to amino acid residues: arginine (+3.0), lysine (+3.0),
aspartate (+3.0+1), glutamate (+3.0%1), serine (+0.3), asparagine (+0.2),
glutamine (+0.2), glycine (0), threonine (-0.4), proline (-0.5+1), alanine (-0.5),
histidine (-0.5), cysteine (-1.0), methionine (-1.3), valine (-1.5), leucine (-1.8),

isoleucine (-1.8), tyrosine (-2.3), phenylalanine (-2.5), and tryptophan (-3.4).

[096] In making such changes, the substitution of amino acids whose
hydrophilicity values are within £2 is an embodiment of the invention, those

within +1 are optional, and those within £0.5 are optional.

[097] The modifications may be conservative such that the structure or

biological function of the protein is not affected by the change. Such
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hydrophilicity, charge, size, and the |like. Exenplary conservative
substitutions which take various of the foregoing characteristics into
consi der awoa/oar2es wel | known to those of skill in the art pamdiSomed4azie:
arginine and lysine; glutanmate and aspartate; serine and threonine;
glutam ne and asparagi ne; and valine, |eucine, and isol eucine. The am no
acid sequence of the presently disclosed anti bodies my be nodified to
have any nunber of conservative changes, so |long as the binding of the
antibody to its target antigen is not adversely affected. Such changes may
be i nt r oducecbngesvativecamimuacid deodificatinsaarei psedmthienglaiivetsimiiaity afhe

anti body. For exanple, changes introduced inside of the antigen binding
portion of tine ARl sitch&in stdstitient, for &ahslas theiheydibphabitity,of the
antibody for i1ts target. [098] In addition to the changes to the am no acid

sequence out faiedh ARRY ohord5A0 drkoEaRC A EARIRRA, Peaylated. o

i nked to al 0 I naceous p For 1 nstance, the

presently disclgsed antjbodies may be linked.to pne of.a ety of

nonpr ot ej nac%@?ﬁﬁwwm’m@.ﬁ% y?rlo%%pﬁmeh@r%g%n% Fﬁ@rcﬂc?erb%ﬁpéﬁ%pyl ene

gl ycol, or polyoxyal kyl enes, in the manner, set forth in U S. Patent
Nunber s 4, 64e0mzgerationgse gl knpvgpio hege Q{,sgrs}lgpth art a-’[‘,og@?[,u grargpine

4,179, 337. The ant'ibodies are chemically nodified by coval ent conjugation
to a pol ymerand lysiree;gistamateiandcaspantate;i segineaartd threéeningoglutaraingland Certain
pol ymers, and nethods to attach themto peptides, are also shown in U S

Pat. Nos. 4, 4§6arhgfrie; 4ndARIiAS leudingd anddscleacine 4 The arhifho. aci@Seifieitds 627248
PCT/ US02/ 30452 [099] In another enbodi ment, the anti body may be nodified

f)? Eg;/ievgn fHe FieRenfl Yriodedl dritiboRfsl ia) Hel mBdified!tb Mot drfyUrhbér 6F | 9i nal
conservative changes, so long as the binding of the antibody to its target
antigen is not adversely affected. Such changes may be introduced inside or
outside of the antigen binding portion of the antibody. For example, changes

introduced inside of the antigen binding portion of the antibody may be

designed to increase the affinity of the antibody for its target.

[098] In addition to the changes to the amino acid sequence outlined above,
the antibodies can be glycosylated, pegylated, or linked to albumin or a
nonproteinaceous polymer. For instance, the presently disclosed antibodies
may be linked to one of a variety of nonproteinaceous polymers, e.g.,
polyethylene glycol, polypropylene glycol, or polyoxyalkylenes, in the manner
set forth in U.S. Patent Numbers 4,640,835; 4,496,689; 4,301,144; 4,670,417,
4,791,192; or 4,179,337. The antibodies are chemically modified by covalent
conjugation to a polymer to increase their circulating half-life, for example.
Certain polymers, and methods to attach them to peptides, are also shown in

U.S. Pat. Nos. 4,766,106; 4,179,337; 4,495,285; and 4,609,546.
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gl ycosyl ation pattern). As used herein, "altered" neans having one or nore
carbohydrate noieties del eted, and/or having one or nore glycosylation
sites adwedsweruhie original antibody. [0100] d ycosyl ati ecTafsoasissbodi es
is typically either N-linked or O-linked. N-linked refers to the
attachnment of the carbohydrate noiety to the side chain of an asparagine
residue. The tripeptide sequences asparagi ne- X-serine and

aspar agi ne- X-t hreoni ne, where X is any am no acid except proline, are the
recogni tion sequences for enzymatic attachnent of the carbohydrate noiety
to the asparpg9helrsanethehambodifhanst, thehanfralyemay bef medifiedrto diaverams e
tripeptide sequences in a polypeptide creates a potential glycosylation

site. O-1inkageretll gigstssylationQraticth €i ¢, hterclidrah s briginkl of nathe of the sugars
N aceyl gal act osam ne, gal actose, or xylose to a hydroxyam no acid, nost

commonl y Serggggﬁl?%%ga?é@gﬁ/x@! démgé}gf@ "‘é(lf’ér@&yﬁ{éé'n%ﬂ%vﬂ{g[ endyefiargl ysi ne

may al so be Ition o cosylation sites to the presently

di scl osed antibodies.is_ _.conveni I 0 i I ' . .am no
acid sequenc%arg)ﬁg'xgﬁﬁtm?' ﬁg%@ﬁ?i%@*&ﬂ%%%gg{ Rﬁfg @E@&g%&éggﬂgg‘ed
tripeptide sequences (for, Nlinked glycosylation sites). The alteration may
al so be madeag%fi ke theyeriginglantodyor substitution by, one or nore serine or
t hreoni ne residues to the sequence of the original antibodies (for

O-linked glycosylation sites). For -39 WD 03/027248 PCT/ US02/ 30452 ease,
t he anti body[Qi0h&lyrasylation s eedibpdiess typicallyyeithet d-inkedmeidddiRkeflanges  at
the DNA | evel. [0102] Anot her neans of increasing the nunber of
car bohydr at eNdlriked refersrto the attachment of the carbohydrate moiety to the side chain
of an asparagine residue. The tripeptide sequences asparagine-X-serine and
asparagine-X-threonine, where X is any amino acid except proline, are the
recognition sequences for enzymatic attachment of the carbohydrate moiety
to the asparagine side chain. Thus, the presence of either of these tripeptide
sequences in a polypeptide creates a potential glycosylation site. O-linked
glycosylation refers to the attachment of one of the sugars
N-aceylgalactosamine, galactose, or xylose to a hydroxyamino acid, most

commonly serine or threonine, although 5-hydroxyproline or 5-hydroxylysine

may also be used.

[0101] Addition of glycosylation sites to the presently disclosed antibodies is
conveniently accomplished by aitering the amino acid sequence such that it
contains one or more of the above-described tripeptide sequences (for
N-linked glycosylation sites). The alteration may also be made by the addition
of, or substitution by, one or more serine or threonine residues to the

sequence of the original antibodies (for O-linked glycosylation sites). For
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the anti bodies is by chem cal or enzymatic coupling of glycosides to the
am no acid residues of the antibody. These procedures are advantageous in
that thewodo/oenus requi re production of the GDF peptide i mairhisozsossn a host
cell that has glycosylation capabilities for N or O|linked glycosylation.
Dependi ng on the coupling node used, the sugars may be attached to (a)
arginine and histidine, (b) free carboxyl groups, (c) free sulfhydryl
groups such as those of cysteine, (d) free hydroxyl groups such as those
of serine, threonine, or hydroxyproline, (e) aromatic residues such as
those of phesadalie@anébody #rise Beid squehgpivppiionaligralicted tireugivictangesup of
gl utam ne. These nethods are described in WO 87/05330, and in Aplin and
Wiston (198J)EfNANbVel. Rev. Biochem, 22: 259-306. [0103] Rermoval of any
car bohydrate noieties present on the antlbodles may be acconplished
chemcally or enzymatically. Chem cal deglycosylatlon requi res exposure of

the anti bOdy[rg)HﬁrzLéh{){hléw é?rf]sgéﬂﬁél’élafs 'tﬁF nﬁi?eroc;f Rt nBRes APouNnd.

Thi s treat ment sin cl éavag or a sugars except t he

l'i nki ng sugar (N-.ace lLuc samn ala sani ne)
| eaving the %ﬁ%%é’gl%g ﬁ?r ecqzymet 5‘1?59/ EQB' W‘%@ t%%%?m;ﬁ]?on is
descri bed by Haki nuddin et al . (1987) Arch. B| ochem Bi ophys., 259:. 52;
and Edge et agid residges ofthg an@?%hemese arogedyrss areadyaptageossdaibae of
car bohydrate noieties on GDF peptide -40 WO 03/027248 PCT/ US02/ 30452
i nhi bitors ctheyab aoteguird frgdudtimnusfdhe GRAF peplide ynhibiteid@ hesicell that
exo- gl ycosi dases as described by Thotakura et al. (1987) Meth. Enzynol.,
138: 350.  has glycosylation capabilities for N- or O-linked glycosylation. Depending on
the coupling mode used, the sugars may be attached to (a) arginine and
histidine, (b) free carboxyl groups, (c) free sulfhydryl groups such as those of
cysteine, (d) free hydroxyl groups such as those of serine, threonine, or
hydroxyproline, (e) aromatic residues such as those of phenylalanine,
tyroéine, or tryptophan, or (f) the amide group of glutamine. These methods

are described in WO 87/05330, and in Aplin and Wriston (1981) CRC Cirit.

Rev. Biochem., 22: 259-306.

[0103] Removal of any carbohydrate moieties present on the antibodies may
be accomplished chemically or enzymatically. Chemical deglycosylation
requires exposure of the antibody to trifluoromethanesulfonic acid, or an
equivalent compound. This treatment results in the cleavage of most or all
sugars except the linking sugar (N-acetylglucosamine or

N-acetylgalactosamine), while leaving the amino acid sequence intact.

[0104] Chemical deglycosylation is described by Hakimuddin ef al. (1987)
Arch. Biochem. Biophys., 259: 52; and Edge et al. (1981) Anal. Biochem.,

118: 131. Enzymatic cleavage of carbohydrate moieties on GDF peptide
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Sequence Anal ysis [0105] Wile not al ways necessary, if desired, one of
ordinary skill in the art may determ ne the am no acid or nucleic acid
sequenceswofostbm4present |y di scl osed anti bodi es. The pre®emUSozs®@nt i on

i ncl udes these amno acid and nucleic acid sequences. The present
invention also include variants, honologues, and fragnents of these

nucl eic and am no acid sequences. For exanple, the antibody may conprise a
heavy chain vari abl e regi on sequence that conprises SEQID NO 1, or a

nucl ei ¢ acid sequence that encodes SEQ ID NO 1 (e.g., SEQID NGO 6). The
nucl ei ¢ or amhibitersichnses achieved pyitbaaiseyf acwaristy skendosanfience at | east
70% to 79% identical to the nucleic or amno .acid sequence of the
presently di sxbagpsbsidasestaedbsaibeddhalhotakgizost al. (1987 oMelH. \eradymatast 80%
to 89% identical, optionally at |east 90%to 95% identical, and optionally
at | east 96%ik@- 360% i dentical. One of skill in the art wll recognize
that the CDR region, which determ nes the antigenic binding properties of
the anti body, can tolerate | ess sequence variation than the other portions

of the anti b%lugﬁbﬁi%\gjl!g{gd in antigen binding. Thus, these non-binding
regions of t contain substantial variations wthout
significantly altering the binding properties of the antibody. However, one
of skill in W | sQ recogni z hat .man hapges n de to
The cor  reqibiTRUbic et el TeERARNE e B pFEREREY Kindfe ARty o
the anti body for -41 WO 03/027248 PCT/ US02/ 30452 its target. Such
af fi ni ty-i ncreassaigramaBesanine agidios aucleicacidseonencee rhing rreseytlyy
altering the CDR region and testing the antibody. Al such alterations,
whet her wi t hidisddredCmikadiesit $hderesent@prRntiandneludes thwse amineeacid and
nucleic acid sequences. The present invention also include variants,
homologues, and fragments of these nucleic and amino acid sequences. For
example, the antibody may comprise a heavy chain variable region sequence
that comprises SEQ ID NO:1, or a nucleic acid sequence that encodes SEQ
ID NO:1 (e.g., SEQ ID NO:6). The nucleic or amino acid sequence optionally
comprises a sequence at least 70% to 79% identical to the nucleic or amino
acid sequence of the presently disclosed variable heavy chain region,
optionally at least 80% to 89% identical, optionally at least 90% to 95%
identical, and optionally at least 96% to 100% identical. One of skill in the art
will recognize that the CDR region, which determines the antigenic binding
properties of the antibody, can tolerate less sequence variation than the other
portions of the antibody not involved in antigen binding. Thus, these
non-binding regions of the antibody may contain substantial variations without
significantly altering the binding properties of the antibody. However, one of

skill in the art will also recognize that many changes can be made to the CDR

region that are specifically designed to increase the affinity of the antibody for
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scope of the present invention. [0106] Rel ative sequence simlarity or
identity nay be determned using the "Best Fit" or "Gap" prograns of the
Sequence woaByzizgs Sof t war e Package TM (Version 10; Cenet iPCT/USOPUSES

G oup, Inc., University of Wsconsin Biotechnol ogy Center, Madison, W).
"Gap" utilizes the algorithmof Needl eman and Winsch ( Needl eman and
Winsch, 1970) to find the alignnent of two sequences that naxim zes the
nunber of matches and mnimzes the nunber of gaps. "BestFit" perforns an
optimal alignnment of the best segnent of simlarity between two sequences.
Opti mal al i gisrtamyet. aBech affinity-ibgreanmgrahangeg ape typicatydeateurinetle nunber of
mat ches using the | ocal honology algorithmof Smth and Waterman (Smith

and Wt er mangmp@hily b§_ra'|tetaingtth@ICDR1@§iah-ar{optbaﬂﬂrm%iﬁwammc@u due ysi s

Sof t war e Package descri bed above contains a nunber of other useful

sequence anaéq(éjaﬁclagg,%ﬁ%{hgf Wit {ef ¥DROMATBHEIHE TOR, aldiRcREBASH the

di scl osed nucl eot and am no acld sequences. For exanple, the "BLAST"

program (Al t schul al .. 1990 rches for sequences sinmilar to a query
sequence (ei tHEH® B‘g |Qf838?t9'ﬂ\tﬂ%rl‘ti?er§ acid) in a specified database (e.g.,
sequence dat abases mai ntained at the National Center for Biotechnol ogy

I nf ormati on I n. Bet hesda, MD): . "FastA". (Li n. and . Pearson, 1985;
see al so Pea@%ﬁ E@hﬁthiepﬁ%g,engggsgp?quggpg rE'P‘ g]ag'?ﬁg%ml W9 ¥927248
PCT/ US02/ 30452 perforns a Pearson and Lipnan search for simlarity between
a query seqiBesidition "@agr pragramssédhe Seskience Analysimaottypes Padkaas T aci d
or protein); "TfastA" perforns a Pearson and Li pman search for simlarity

(Version 10; Genetics Computer Group, Inc., University of Wisconsin

Biotechnology Center, Madison, WI). “Gap” utilizes the algorithm of

Needleman and Wunsch (Needleman and Wunsch, 1970) to find the

alignment of two sequences that maximizes the number of matches and

minimizes the number of gaps. “BestFit” performs an optimal alignment of the

best segment of similarity between two sequences. Optimal alignments are

found by inserting gaps to maximize the number of matches using the local

homology algorithm of Smith and Waterman (Smith and Waterman, 1981;

Smith et al., 1983).

[0107] The Sequence Analysis Software Package described above contains a
number of other useful sequence analysis tools for identifying homologues of
the presently disclosed nucleotide and amino acid sequences. For example,
the “BLAST” program (Altschul ef al., 1990) searches for sequences similar to
a query sequence (either peptide or nucleic acid) in a specified database
(e.g., sequence databases maintained at the National Center for
Biotechnology Information (NCBI) in Bethesda, MD); “FastA” (Lipman and

Pearson, 1985; see also Pearson and Lipman, 1988; Pearson ef al., 1990)
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between a protein query sequence and any group of nucl eotide sequences (it
transl ates the nucl eoti de sequences in all six reading frames before

per f or m ngoto@22asrpari son); "Fast X' perforns a Pearson an@cCoiysomso4search
for simlarity between a nucl eoti de query sequence and a group of protein
sequences, taking franeshifts into account. "TfastX' perforns a Pearson and
Li pran search for simlarity between a protein query sequence and any group
of nucl eoti de sequences, taking frameshifts into account (it translates
both strands of the nucleic sequence before perform ng the conparison).
[0108] The fpdrifamsg Rocasm and uipmad seardidor sinitagitpbetwaen awvgety on. One  of
ordinary skill in the art will recognize the nunerous nodifications and
variations t&ajudire difi agf&m Bﬁgeqﬂédmégtof@hé eamedypd ¢nagleicidcidor scope of
the present invention. Such nodifications and variations are believed to

be e”C0W?fﬂ%@?mt“ﬁkégmhp%ﬁgﬁ%?ggﬁér% LAY EBrhaR seAth RF djRidtty do not in

any way |i i nvent e entire contents of all”references,

op 1 cat on ety & PrOBiclens RERLGAES ARY Bnd e bPhEURLR sbdicnss
PCT/ US02/ 30452 EXAWPLES  Exaimple L. Pur i 1 cation, of COF: 8 [ 0110
Condi t i oned mwa’fasrfbﬁ]rw@t%%&usépﬁs in ﬂ'LS'&E?a@Q.f@“% FI"€ngt h human

GDF-8 protein (mature GDF-8 + CGDF-8 propeptide) were acidified to pH 6.5
and appl i ed perfarngiag:;thecomparisras “FastXAiperfosxs iraearseslanghlipman sgaieh to a
80 x 50 mm POROS SP cation exchange columm (Per Septive
for similarity between a nucleotide query sequence and a group of protein
sequences, taking frameshifts into account. “TfastX” performs a Pearson and
Lipman search for similarity between a protein query sequence and any group
of nucleotide sequences, taking frameshifts into account (it translates both

strands of the nucleic sequence before performing the comparison).

[0108] The following examples provide embodiments of the invention. One
of ordinary skill in the art will recognize the numerous modifications and
variations that may be performed without altering the spirit or scope of the
present invention. Such modifications and variations are believed to be
encompassed within the scope of the invention. The examples do not in any

way limit the invention.

[0109] The entire contents of all references, patents and published patent
applications cited throughout this application are herein incorporated by

reference.
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Bi osystens, Foster City, CA). The flow through was adjusted to pH 5.0 and
applied to a 75 x 20 mm PORCS SP cati on exchange col um (PerSeptive

Bi osyst erwp oanel72e8 ut ed with a NaCl gradient. Fractions comcaiusozgosshe
GDF- 8, as indicated by sodi um dodecyl sulfate polyacrylam de gel

el ectrophoresis (SDS-PAGE), were pooled, acidified with trifluoroacetic
acid (TFA) to pH 2-3, then brought up to 200 M with 0.1 % TFA to | ower
the viscosity. The pool was then applied to a 250 x 21.2 mm C5 col um
(Phenonenex, Torrance, CA) preceded by a 60 x 21.2 nmguard col umm
(Phenonenex) and eluted with a TFA CEXAMBLESI ent, to separate nmature

GDF-8 from GDF-8 propeptide. Pooled fractions containing mature GDF-8 were
concentrated by lyophilization to renove the acetonitrile and 20 Ml of 0.1
% TFA was adegshmpiEht SRuBficativasoftGBR-gpplied to a 250 x 10 nmm C5  col um
(Phenonenex) heated to 60C to aid 1n separation. This was repeated until
further separation could no | onger be achieved. Fractions containing

mture COF-Jouane 'GerBgRedtheuis! iBhbHSBleci bl ARexpRRLRY fllieRytAnd

applied to Bi 0Sep S-3000 size exclusion colum (Phenonenex)

BE??E%SS/ 3%4@9951?ﬁéf%e%bﬂrﬁa‘ﬁ'd%@?%?éé%%?8%@“@2@%&%@?@?@ br s
[ [ ., [0111]_ C5 I i ni -
or opept i de. WBHE BERLEPPIERLo KGN PONES HRNADSK AR, 20

of 0.1 % TFA was added, and the sanple was then injected onto the 250 x 10
nm C5 col unmtaadeso© a BRIx%650 Wy FFQB@Z%) oF Gation exchiapge colunar Eeraapiisul d no
| onger be achi eved. Fractions

Biosystems, Foster City, CA). The flow through was adjusted to pH 5.0 and

applied to a 75 x 20 mm POROS SP cation exchange column (PerSeptive
Biosystems) and eluted with a NaCl gradient. Fractions containing the
GDF-8, as indicated by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), were pooled, acidified with trifluoroacetic acid
(TFA) to pH 2-3, then brought up to 200 ml with 0.1% 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/CH3CN 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 ml 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
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containing the GDF-8 propeptide were then pool ed and brought up to 40%
acetonitrile and applied to a 600 x 21.2 Bi oSep S-3000 size exclusion
colum (Woanoareagx) preceded by a 60 x 21.2 guard col umrm PCErE02/B@m8s
containing the purified GDF-8 propeptide were pooled and concentrated for
use in subsequent experinents. [0112] On SDS- PAGE, purified mature GDF-8
mgrated as a broad band at 25 kDa under nonreducing conditions and 13 kDa
under reducing conditions. A simlar SDS-PAGE profile has been reported
for murine GDF-8 (McPherron et al., 1997, supra), and reflects the dineric
nat ure of theurifitdineatpreoGBMS drdRjoldhandgpacentratedifecusaiin sebsguent
purified GDF-8 propeptide was 38 kDa under both reduci ng and nonreduci ng
condi tions. ERperimaftscates that the GDF-8 propeptide by itself is
nmononeric. The difference between the apparent nol ecul ar wei ght and the
predi cted nol ecul ar wei ght of GDF-8 propeptide, - 26 kDa, may reflect the

addi tion of hy qgog, I
potenti al ﬁﬁmd g{sycosrg gﬁbgﬁh%??ggq ﬁ/@cﬂgﬁéo@% g?‘g“&?g??b@ug?%) -45
WD 03/ 027248 4 anLaC f Purifi
Reconbi nant - AT TES aS e nexEd B aptiatiai” 6P hien ke TRR wrs Sbsefengh
purified GDF.8 propeptide were mxed and_dialyzed into 50 nmM sodium
phosphat e, pﬂwezswnpéﬁmwaséh%am%gdmma @ x3bmn ¢.5E§°|LHWBia@)§@pC-ST@'§OO
si ze exclusion colum (Phenonenex). Mol ecul ar weight of the mature
GDF- 8: pr opepwaggepeatsidenntilfarheleseparatiertcouldmasiongenbe wichievedsFragtions ecul ar
wei ght standards (Bio-Rad Laboratories, Hercules, CA) chromatographed on
the same col gontaining the GDF-8 propeptide were then pooled and brought up to 40%
acetonitrile and applied to a 600 x 21.2 BioSep S-3000 size exclusion column
(Phenomenex) preceded by a 60 x 21.2 guard column. Fractions containing
the purified GDF-8 propeptide were pooled and concentrated for use in

subsequent experiments.

[0112] On SDS-PAGE, purified mature GDF-8 migrated as a broad band at
25 kDa under nonreducing conditions and 13 kDa under reducing conditions.
A similar SDS-PAGE profile has been reported for murine GDF-8 (McPherron

et al., 1997, supra), and reflects the dimeric nature of the mature protein.

[0113] The apparent molecular weight of purified GDF-8 propeptide was 38
kDa under both reducing and nonreducing conditions. This indicates that the
GDF-8 propeptide by itself is monomeric. The difference between the
apparent molecular weight and the predicted molecular weight of GDF-8
propeptide, ~ 26 kDa, may reflect the addition of carbohydrate, since its
amino acid sequence contains a potential N-linked glycosylation site

(McPherron et al., 1997, supra).
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[0115] When purified GDF-8 propeptide was incubated with purified mature
GDF-8 at neutral pH the two proteins appeared to conplex, as indicated by
t he size woaBwogizen profile. The primary protein peak el ut@dTatsod20432 m nut es
had an estimated nol ecul ar wei ght of 78 kDa from nol ecul ar wei ght standards
(Bi o-Rad Laboratories, Hercules, CA) chromatographed on the sane col um.
The size of the conplex is nost consistent wwth one dinmer of the mature
GDF- 8 associating with two nononers of propeptide. [0116] To confirmthis
observation, a preparation containing both mature GDF-8 and CDF-8

propepti de wAgampkuRat ChavadiéristicswiftRuwified Récombihaft Huinan GDF-8

3-(3-di met hyl am nopr opyl ) car bodi i m de hydrochl ori de (EDC, Pierce) for 1
hour at roomtenperature (RT), acidified with HCl to pH 2-3, and

concent r at %E[cwm 50 MyGe-ifr dithuNTle8 HatePd It 8dd plifidd GDIF-8 préissiitifed, MA)
for SDS- PA using a tr| cine buffered 10% acryl am de gel. Proteins were

visual i zed b §h8d | osfn?d Bbr?ﬂ\llcgootu]l'}ﬁéﬂﬁgrph gﬁﬁorgﬁ nce of EDC,

a Cross- Ilnkeg conp n apparent no f 75 kDa was

observed. WO 3/ 02 248 P / I/ de DNA
and ami no ac&U QE%BQW Qr@g ?%ﬂ ﬁq%e%n% Jrogy]siﬁ%?g&@s'%%br oc.
Nat|. Acad. Sci. USA, 94: 12457- 12461 I__Pr oduction of anti-CDF-8
Ant i body [ 01(RfjermneRed) d\ﬂoéﬁU|§‘ﬁWedﬂm>Pfé%Hlﬁt'éreo@q nBriPEPRERY e(ggm@
activity, a group of CGDF-8 knockout mice were imunized every two weeks

wi th mature webRletemnioedifrong glutioni tinde assing swleddar WﬁlgE)’f(a’tﬁb‘ld@l’i% (BipsRad i n
Freunds conplete adjuvant for the first two i mmunizations, and inconplete

Freulndz adj uypolatdisy, ¢Rfrteles, Cm@hmtbgtérﬁwddmmﬂiez@arhemqnﬂnh.od, bl ood was
sanpl e

[0115] When purified GDF-8 propeptide was incubated with purified mature
GDF-8 at neutral pH, the two proteins appeared to complex, as indicated by
the size exclusion profile. The primary protein peak eluted at 12.7 minutes
had an estimated molecular weight of 78 kDa from molecular weight
standards (Bio-Rad Laboratories, Hercules, CA) chromatographed on the
same column. The size of the complex is most consistent with one dimer of

the mature GDF-8 associating with two monomers of propeptide.

[0116] To confirm this observation, a preparation containing both mature
GDF-8 and GDF-8 propeptide was incubated with or without 100 mM 1-Ethyl
3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC, Pierce) for 1 hour
at room temperature (RT), acidified with HCI to pH 2-3, and concentrated with
a Micron-10 Amicon concentrator (Millipore, Bedford, MA) for SDS-PAGE,
using a tricine buffered 10% acrylamide gel. Proteins were visualized by
Coomassie blue staining of the gel. In the presence of EDC, a cross-linked

complex with an apparent molecular weight of 75 kDa was observed.
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and tested for the presence of circulating anti bodies. At week 9, an ani nmal
with circulating anti bodi es was sel ected, immunized for three consecutive
days, andweacnefuged. The spl een was renoved and honpgeni Ped/isot/a046El | s.
The spleen cells were fused to a nyel oma fusion partner (line

P3- x63- Ag8. 653) using 50% PEG 1500 by an established procedure (G &

Her zenberg (1980) Sel ected Methods in Cellular Inmunology, W J. Freenman
Co., San Francisco, CA p. 351). The fused cells were plated into 96-well

mcrotiter plates at a density of 2 x 105 cells/well. After 24 hours, the
cells were [QdhifectEae GDH8Tpropeptide DNA and eheno ekl fekidhce Soe et Eritl45:
709) effectively killing any unfused and unproductively fused nyel oma

cel I's. [0119} MjEPEESSEH Wnd deie0b7hFRné. doam Arld Sckees Al 94101 %71+ 24%+. 8
anti bodies were identified by solid and sol ution phase ELI SAs. Mature

GDF-8 protein was prepared from CHO cells as described above and coated on

pol ystyrene i B das; S re Rlhathnyl ated (for a sol ution based
assay). Ne kafbled: | Br 31 SRHTGDPLS Anfibs where the ActRI | B receptor

was -47 WD 03/027248 PCT/ US02/ 30452 coated on a pol ystyrene plate and

uper nat ant - I 2o ERRRIOPATAAEho cehBle B BN EDRUACUE groue,
cul tur 651 enfil RO-S KRB EORERC QIR MERNIFRE Ury ook B Rt by

limting dilution and cryopreserved. [0120] Fromthese cell cultures, a
panel of ant GbYuSdsotein (Muiedasedesaibed s Fxantale ) mixedbvhiaundsmat ur e

GDF-8. Isotype of the antibodies was determ ned using a nouse
i mrunogl obul complete wdijuvank fdr th& finstdwbaimonwatizatioss, and incomplete Freunds

adjuvant thereafter. Throughout the immunization period, blood was sampled
and tested for the presence of circulating antibodies. At week 9, an animal
with circulating antibodies was selected, immunized for three consecutive
days, and sacrificed. The spleen was removed and homogenized into cells.
The spleen cells were fused to a myeloma fusion partner (line
P3-x63-Ag8.653) using 50% PEG 1500 by an established procedure (Oi &
Herzenberg (1980) Selected Methods in Cellular Inmunology, W. J. Freeman
Co., San Francisco, CA, p. 351). The fused cells were plated into 96-well
microtiter plates at a density of 2 x 10° cells/well. After 24 hours, the cells
were subjected to HAT selection (Littlefield (1964) Science, 145: 709)

effectively killing any unfused and unproductively fused myeloma cells.

[0119] Successfully fused hybridoma cells secreting anti-GDF-8 antibodies
were identified by solid and solution phase ELISAs. Mature GDF-8 protein
was prepared from CHO cells as described above and coated on polystyrene
(for solid phase assays) or biotinylated (for a solution based ellssay).

Neutralizing assays were also employed where the ActRIIB receptor was
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San Francisco, CA). One of the antibody clones, designated JA-16, was
studied further. Exanple 4: Characterization of JA-16 Binding Specificity
[0121] Towoeseetmdsie t he binding specificity of JA-16, a paaglusot3eygnt hetic
pepti des corresponding to portions of the GDF-8 protein sequence was
produced. Fig. 1 shows the GDF-8 synthetic peptides used in this study.
Even nunber peptides (N2-N14) were biotinylated on the primary am ne. The
bi oti nyl ated peptides N2, N4, N6, N3, N10, N12, N14, and an irrel evant
peptide DAE-10, were coated at | pg/m for 2 hrs at roomtenperature on
Reacti - Bi nd doatst ogpa polystyrens ptatd apd| bistiry (EHe8dindiey wasi iahbited ycthee,
Rockford, IL, Cat. No.15124) follow ng the manufacturer's protocol. [0122]
After bl ocki@@ditidm\oiﬁybﬂdmaryugbma&dnmae@dulmabnaﬁiéd hysiidoroas expressing added
to the ELISA plate at 100, 10, and 1 nM (JA-16 only), and incubated for 30

mn. After WapiH.-8@ntiBBdRkalthest FRfRRIGHNeSWerd ediure8eid expdmdddrfore IgG
-48 WD 03/ 027248 PCT/ USOZ/ 30452 (H+L) - HR?D Cal bi OL(I:hem S%F]ﬁD ego, pCA,

No. 401215) tes at
room t enperatu g?g)?ﬁog/ aT (]’uv!/gtggg éj'h %?ﬁl M@%&@éﬁ%& ggltlmgl e was
added (KPL, Galtglersaz)yg ﬁ? . 50- 76- 04 Colorinetric

neasur enent sWRET €088 tmlﬁ'%cw ipm and cRIEs®NPdDevi ces i cropl ate reader.
The results are shown in Fi g 2. JA-16 bound strongly and specifically to

the biotinylated N-term nal Etlde N8 (SEQ I D NO 65). [0123] I\/ature GDF- 8

and BWP- 1. 1. [0426] 905/5qmﬁlaﬂ&ﬁ;@%l culiurene panelefantigodies s geyejopey thathr ee of
t hese changes are present within the N8 peptide. To
specifically recognize mature GDF-8. Isotype of the antibodies was

determined using a mouse immunoglobulin isotyping kit (Zymed Laboratories,
San Francisco, CA). One of the antibody clones, designated JA-16, was

studied further.

Example 4: Characterization of JA-16 Binding Specificity

[0121] To determine the binding specificity of JA-16, a panel of synthetic
peptides corresponding to portions of the GDF-8 protein sequence was
produced. Fig. 1 shows the GDF-8 synthetic peptides used in this study.
Even number peptides (N2-N14) were biotinylated on the primary amine. The
biotinylated peptides N2, N4, N6, N8, N10, N12, N14, and an irrelevant
peptide DAE-10, were coated at 1 pg/ml for 2 hrs at room temperature on
Reacti-Bind™ Streptavidin coated polystyrene 96 well plates (Pierce,

Rockford, IL, Cat. No.15124) following the manufacturer’s protocol.

[0122] After blocking, JA-16 or a unrelated monoclonal antibody control was
added to the ELISA plate at 100, 10, and 1 nM (JA-16 only), and incubated for

30 min. After washing the plate, a secondary antibody (goat anti-murine IgG
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conpare the specificity of JA-16 towards GDF-8 and BMP-1 1, shorter

pepti des were designed GL and 131 specific for GDF-8 and BWMP-1 1,

respect i vwioy3/oiziis er ences between GL and 131 are indi cat e@CEtsS02/30452
underlining. [0124] Gl:

Asp- Phe-d y- Leu- Asp- Ser-Asp-Qd u-Hi s-Ser-Thr-d u-Ser-Arg-Cys (SEQ ID NG 10)
[0125] 131: Asn-Leu-dy-Leu-Asp-Ser-Asp-d u-Hi s-Ser-Ser-d u-Ser-Arg-Cys
(SEQ ID NGO 9) [0126] The peptides GL and 131 were conjugated to BSA using
a PIERCE conjugation kit (Cat. No. 77116ZZ) follow ng manufacturer's

protocol . GHBSAHRPJCRlbiESHemesan GiayeCANCat Nel401218) wastddoiedaatsay
plates (Costar, NY, Cat. No. 3590) at 1 tag/m in 0.2 M sodium carbonate

buffer -49 WG ih&RE394530 Bizgh t dites PTRE re
washed and b ggéggj@mﬁt&ﬁ aﬁ%ﬁ 1 rré??ﬁ ng\Hﬁ% 05 %)/f))@i'\}ggﬁefroﬂr& 1 houﬁftéer oom

te t o A : ' 1t ] ' '
adg‘e’S;?o”{ neBp ken B . oA TN slibHiotyfs plicd (e GpkAcishERE 1CCT
se t i bod i- i.ne,l.gG (H+L) - HRP, Cal bi Cat. No.
301215)  was MG NCS0 767060 CIPLMEGHE SRALRIBRE Ao RoALSP B A

Pl ates were washed four tinmes, and TMB substrate was added (KPL, Cat. No.
50- 76- 04) . GalMpleawar Devicesdigrentate: reader.o T Ao fesuis arsshawn i FINBI ecul ar

Devices mcroplate reader. Fig. 4 shows that JA-16 binds to GL-BSA in a

concent r at i ohA-1delpaurttestromgiy med, spectficaty ta theBliothgAatesMértemninahgeptidghest
concentrati on.

N8 (SEQ ID NO:65).

[0123] Mature GDF-8 and BMP-1.1.are 90% homologous at the amino acid
level (Fig. 3). Three of these changes are present within the N8 peptide. To
compare the specificity of JA-16 towards GDF-8 and BMP-11, shorter
peptides were designed G1 and B1 specific for GDF-8 and BMP-11,

respectively. Differences between G1 and B1 are indicated with underlining.

[0124] Gt
Asp-Phe-Gly-Leu-Asp-Ser-Asp-Glu-His-Ser-Thr-Glu-Ser-Arg-Cys (SEQ ID

NO:10)

[0125] Bf:
Asn-Leu-Gly-Leu-Asp-Ser-Asp-Glu-His-Ser-Ser-Glu-Ser-Arg-Cys (SEQ ID

NO:9)

[0126] The peptides G1 and B1 were conjugated to BSA using a PIERCE
conjugation kit (Cat. No. 77116ZZ) following manufacturer’s protocol.
G1-BSA and B1-BSA were coated on 96 well flat-bottom assay plates

(Costar, NY, Cat. No. 3590) at 1 pg/ml in 0.2 M sodium carbonate buffer
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[0127] To l ook further into JA-16 specificity, Gl-BSA was coated as

descri bed above, but this tinme, JA-16 at 5 nMwas preincubated with either
Gl pepti dwoas/oBi24pepti de, GDF-8, or BMP-11 at various coneemtusar/B@ns. The
result is shown in Fig. 5. The BMP-11 specific peptide Bl does not inhibit
bi nding of JA-16 to Gl-BSA, but Gl does. The 1C50 for GDF-8 is 0.8 tag/m,
while BMP-11's IC50 is 3.8 tag/m denonstrating that JA-16 recogni zes GDF-8
with a 5-fold higher affinity than BMP-1 1. Exanple 5: Mapping of JA-16
Epitope [0128] In order to map the exact epitope of JA-16, overl apping
13-mer pept bdemidiBED4°0. NMs platdsiwerewabhed ahdblockedasiftoPBS)d g/mbrti ons
of the GDF-8 sequence were synthesized directly on cellul ose paper using

the spot sthstesj.@sbmw&émr@Wdr%r@ém%mgéﬂe&a@. &P @enrpagar ch, 9
151-155; Frank et al. (1992) Tetrahedron, 48: 9217-9232). In this array,

cvst e e - SO PHRALE 1o CTH R e AR B LI PRAgERE .

serine in or he Chenm ca ar e caused by
t he presence, of , cysteines. . Ce | o nbranes nodified wt ol yet hyl ene
Gl'ycol Cand Firebgit Bl minats . Bfesd VBt aftandany ratibody Glat
(Lagenfeld, Germany). The array was defined on the nmenbrane dlﬁ/ coupling a
R- al ani ne spadtémufiee |85 (HiblHRE, Calbipshams CasdNas402 ) avafaadday @ a
(diisopropyl carbodiimde)/HOBt (hydroxybenzotriazole) coupling chem stry
as descri bed1ptGHa dildion gridbincobated foaB0 njihda 6 T.PPLHtes eveRe sshed ,fodr
151-155; Frank et al. (1992) Tetrahedron, 48: 9217-9232). [0129] Activated
am no aci ds WRie®, SRAtTME sibstititeaadidaed (RBE, 222, No. 50-76-04). Colorimetric
measurements were done at 450 nm in a Molecular Devices microplate
reader. Fig. 4 shows that JA-16 binds to G1-BSA in a concentration

dependent manner, but not to B1-BSA, even at the highest concentration.

[0127] To look further into JA-16 specificity, G1-BSA was coated as
described above, but this time, JA-16 at 5 nM was preincubated with either
G1 peptide or B1 peptide, GDF-8, or BMP-11 at various concentrations. The
result is shown in Fig. 5. The BMP-11 specific peptide B1 does not inhibit
binding of JA-16 to G1-BSA, but G1 does. The ICs, for GDF-8 is 0.8 pg/ml,
while BMP-11’s ICsp is 3.8 ug/ml demonstrating that JA-16 recognizes GDF-8

with a 5-fold higher affinity than BMP-11.

Example 5: Mapping of JA-16 Epitope

[0128] In order to map the exact epitope of JA-16, overlapping 13-mer
peptides (SEQ ID NOS:17-64, see Fig. 6A) corresponding to portions of the
GDF-8 sequence were synthesized directly on cellulose paper using the spot
synthesis technique (Molina et al. (1996) Peptide Research, 9: 151-155;

Frank et al. (1992) Tetrahedron, 48: 9217-9232). In this array, cysteine
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robot. Washi ng and deprotection steps were done manual ly and the peptides
were N-termnally acetylated after the final synthesis cycle. Follow ng
pepti de wonBheris, the nmenbrane was washed i n nethanol f@ecTaGowBrstes and
in blocker (TBST (Tris buffered saline with 0.1 % (v/v) Tween 20) + 1 %
(wv) <casein) for 10 m nutes. The nmenbrane was then incubated with 2.5
pg/mM JA-16 in blocker for 1 hour with gentle shaking. After washing with
bl ocker 3 times for 10 m nutes, the nenbrane was incubated with

HRP- | abel ed secondary antibody (0.25 pg/m in blocker) for 30 m nutes. The
menbrane waresidws wassheplacead witls sérne rDordendo esdwezcthevdhiemibélocker and 2
times for 10 mnutes each with TBST. Bound anti body was visualized using

Super Si gnal coplicdtRa@enbt 4fd eRRH RMhedprabehdabf Eias ( Adnarisanot ech

Fl uor | mager). esults are shown in Fig. 6B. JA-16 bound to the first 4

pepti des of - , ' 3 t.o. 18 residues
on the N-t erﬁémkgrgbgg n@ﬁ%@j %Wﬁ%‘%@%%’ E@%@%‘g?%gg%d {?B%'%O] I n

d to furth h teri t he, JA- 16 it ,~del ' tituti
gLaF;seg O]lcj rﬁ:\lggﬁ\?ﬁ%{@&cﬁés'ezdﬁfromeAblmed (LealB'enPeﬁ)(?, Geremgrt\)})fmrh%ng'raf\lfv%% rtution
G y-Leu- Asp-Ser-Asp-Q@ u-Hi s-Ser-Thr-d u-Ser-Arg-Ser (SEQ ID NO. 18) were
per for med usPatineshen thg merakiane %C‘?'-I'fé'n&ﬁ:)@ﬁ‘@'ﬂf‘ﬁ@ﬁagﬂra?% P§Pt"§%§c}’¢ef%si due
of this peptide was individually replaced with each of the 20 natural
ami no aci ds syxbesizedwsirg siandgehBlG{(diisgpsEglsapbodisnids)/HBBt 66- 104,
106- 113, and 115-128. Synthesis and bindi ng assays were perfornmed as
descri bed abgweiroxyBetizogfirole) cauplind ohemistryFagdescribBdistiiousiydiviolina éthe 4
N-terminal amno acids and the 4 Ctermnal amno acids were well

tolerated, sypgesdd)Wepitit REEESRA, 9: 151-155; Frank et al. (1992) Tetrahedron, 48:

9217-9232).

[0129] 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) + 1% (w/v)
casein) for 10 minutes. The membrane was then incubated with 2.5 pg/ml
JA-16 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 ug/mi in blocker) for 30 minutes. The membrane
was then washed 3 times for 10 minutes each with blocker and 2 times for 10
minutes each with TBST. Bound antibody was visualized using SuperSignal
West reagent (Pierce) and a digital camera (Alphalnnotech Fluorimager).
Results are shown in Fig. 6B. JA-16 bound to the first 4 peptides of the array
(SEQ ID NOS:17-20), which corresponds to 18 residues on the N-terminus of

GDF-8.
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am no aci ds were not needed for JA-16 binding to mature GDF-8. However, no
changes were tolerated in the mddle segnent of this peptide,

Asp- G u- Hve-See»hr (SEQ I D NO 3), except for a few substipcatisozsosar t he
serine residue, suggesting that this peptide sequence was required for
JA-16 binding. In addition, the sequence Asp-d u-His-Ser-Thr (SEQ I D NO 3)
was the smallest peptide to which binding could be detected in the
deletion analysis. Thus, the results suggest that JA-16 recogni zes the
epitope Asp-Au-His-Ser-Thr (SEQID NO 3) in GDF-8, with the Asp, Qu, Hi's
and Thr res[d38®} (HKsprddrdo Firthexadaracte(REDd JANG &)ijopeeidetptiomzord ant f or
bi nding. Exanple 6: Characterization of JA-16 In Vitro [0131] Two assays

wer e perfor nggodtRuier ahalysEs bhetherpéptidey of JA-16 to neutralize CDF-8
activity in vitro. First, JA-16 was tested for its ability to inhibit

mat ure GDF- 8 |

hot R 1B Po oRyEeE! %ngp@g S “f%ﬁﬁﬁi@é?ﬂ'%ﬁﬁﬁ’béef (§Egy[@§g§lgg ) Were s,
WO 03/ 027248 P /US 2/ 30452 . was coat bott om assay pl at es
(Costar. dysLgPoL Y | 83 upR et anelisic el TRt
over ni ght at 4C "Plat es weredtélgi ocked with 1 ng/md bovine serum

al buni n and s Reatidewasindiyi Ma%placectwtb/sacmmﬂgl?@snatpmaa@}m@@@lqﬁ of
biotinylated mature GDF-8 protein at various concentrations was added to

t he bl ocked EX¢eA qysteins, genearatiag SEQ H NOS03ir18, 6ont04yvaded]3, e anmount  of
bound mature GDF-8 protein was detected by streptavidin-horseradish

o e by e i, fReeR M on i Sy oo ettt oo ested v
The results are shown in Fig. 7. Substitutions in the 4 N-terminal amino acids
and the 4 C-terminal amino acids were well tolerated, suggesting that these
amino acids were not needed for JA-16 binding to mature GDF-8. However,

) no changes were tolerated in the middle segment of this peptide,
Asp-Glu-His-Ser-Thr (SEQ ID NO:3), except for a few substitutions at the
serine residue, suggesting that this peptide sequence was required for JA-16
binding. In addition, the sequence Asp-Glu-His-Ser-Thr (SEQ ID NO:3) was
the smallest peptide to which binding could be detected in the deletion
analysis. Thus, the results suggest that JA-16 recognizes the epitope

Asp-Glu-His-Ser-Thr (SEQ ID NO:3) in GDF-8, with the Asp, Glu, His and Thr

residues (Asp-Glu-His-Xaa-Thr (SEQ ID NO:2)) being important for binding.

Example 6: Characterization of JA-16 In Vitro

[0131] Two assays were performed to determine the ability of JA-16 to
neutralize GDF-8 activity in vitro. First, JA-16 was tested for its ability to
inhibit mature GDF-8 protein binding to the ActRIIB receptor. Recombinant

ActRIIB.Fc chimera (R&D Systems, Minneapolis, MN, Cat. No. 339-RB/CF)
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50-76-04). Colorinetric neasurenents were done at 450 nmin a Ml ecul ar
Devices mcroplate reader. The results are shown in Fig. 8. The mature
GDF- 8 exhwhbiosea72asy ED50 of 12 ng/m . [0133] The sane prot ecaluseaso4at so
perfornmed after preincubating the JA-16 antibody with biotinylated mature
GDF-8 protein at 5 ng/m for 30 mn. An irrelevel ant nonocl onal anti body
was included as a negative control. Fig. 9 shows that JA-1 6 has a very
weak in vitro neutralizing activity of around 1 pM This in vitro data
suggests that JA-1 6 is unlikely to be a very good neutralizer of active
CDF- 8, partiwababbiediod®6 welb flatsiosttomldsedy ptates (©ostandrati dles3590)14] In a
second set of assays, a reporter gene assay was perfornmed to assess the

bi ol ogi cal Félrﬁl'lﬁb 2\ a6diune c4BondtePh &Y cﬁ\/érﬁlfqhi bf 5°C.TPrates aye Hses  a
reporter vec pA.3(CAGA) 12, coupled to lucifterase. The CAGA seguence

bromter of PR R%%@W.n?%ﬂ’aﬁ?821%2%5&f“p%i{’ﬁi“mﬁ%%%”%@sﬁ%d‘afﬁ“e
PCT/ US02/ 304E£ }gg %UJ The reporter vector containing 12 CAGA boxes was
nmade Usi ng t REISARGNSSHr t er plasmid, pGL3 (Pronega Corporation, Madison,

W, Cat. . E1751). The TATA box and transcription initiation site from
the adenow rus najor |late prom) (- 35/ E}g) was j nserted between the
Bgl Il and Hi K32 %Wé%Of@qt'QM'ﬁ BRtrgd3 &Péﬁtﬁi”rﬁfW}QWe repeats of the

CAGA boxes AGCCAGACA were anneal ed and cloned into the Xhol site. The
human r habdooncardrations was addeditq thedalackedrELISAY plades, ingikated doris1 Batir.y
transfected with pA.3(CAGA) 12 using FUGENE 6 transfection reagent (Roche
D agnosti cs, ahodvzashero! Tise aMduBabf bdnd inlire GBF)-8 pFateirmwas detecied bgct i on,

‘streptavidin-horseradish peroxidase (SA-HRP, BD PharMingen, San Diego,

CA, Cat. No. 13047E) followed by the addition of TMB (KPL, Cat. No.

50-76-04). Colorimetric measurements were done at 450 nm in a Molecular

Devices microplate reader. The results are shown in Fig. 8. The mature

GDF-8 exhibited an EDsg of 12 ng/ml.

[0133] The same protocol was also performed after preincubating the JA-16
antibody with biotinylated mature GDF-8 protein at 5 ng/ml for 30 min. An
irrelevelant monoclonal antibody was included as a negative control. Fig. 9
shows that JA-16 has a very weak in vitro neutralizing activity of around 1 pM.
This in vitro data suggests that JA-16 is unlikely to be a very good neutralizer

of active GDF-8, particularly under less controlled in vivo conditions.

[0134] In a second set of assays, a reporter gene assay was performed to
assess the biological activity of active GDF-8 protein in vitro. The assay uses
a reporter vector, pGL3(CAGA)2, coupled to luciferase. The CAGA sequence
was previously reported to be a TGF-B -responsive sequence within the

promoter of the TGF-8 -induced gene, PAI-1.
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cells were cultured on 48 well plates in McCoys 5A nedium (Life

Technol ogi es, Rockville, MD, Cat. No. 21500-079) supplenented with 2 nmM

gl ut am new0obB214s1 streptonmycin, 100 pg/m penicillin anecr0%ot/aisat cal f
serumfor 16 h. Cells were then treated with mature GDF-8, BWP-1 1, or
activin in MCoy's 5A nedia with glutam ne, streptomycin, penicillin, and |
nmg/ M bovine serumalbumn for 6 h at 37C. Luciferase was quantified in the
treated cells using the Luciferase Assay System (Pronega Corporation,

Madi son, W, Cat. No. E1483). CGDF-8 maxinmally activated the reporter
construct 10[FGBEY, Whe heportdidettarfcobfainipgm?2 CBAIGA boBdéwas Inadd Lisingithe90%

I dentical to GDF-8 at the amno acid level (Ganer et al. (1999) Dev. Biol.,

208(1): 222-ggsic Nearsdyi prasid, PIGLY FEBMegeCorpoRetion, Médigon, WBSCA). Nand

activin elicited a simlar biological response. [0136] JA-16's neutrali zing

activity Wasgqohey TrReGADA BEF LG HRAREAGtiol niftioli<itB. Bt thE abBRofingy of i n

for 30 mn prior to addition to the n irrelevant an ody
bCT/ Usoa! 30480 d1R nRindeh 985D S sty Pefiler B aerahaldrdilorey
RS R RIS S
while the Myo-1 9 IC50 is around 100 nM Based on this in vitro data, one
woul d have eRGEIEAGACHR weye-angealedtansbelpned inje the péol site.nbig humaner of
active GDF-8 protein than JA-16 in vivo, which is not the case, as shown
her ei n. Exanfiabdémyosaicsmacell fine aAR0H (ATCCORTB-82)t tvad ArabGiently

transfected with pGL3(CAGA) 2 using FUGENE 6 transfection reagent (Roche

Diagnostics, Indianapolis, MN Cat. No. 1 814 443). Following transfection,

cells were cultured on 48 well plates in McCoys 5A medium (Life

Technologies, Rockville, MD, Cat. No. 21500-079) supplemented with 2 mM

glutamine, 100 U/ml streptomycin, 100 pg/ml penicillin and 10% fetal calf

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

activin in McCoy’s 5A media with glutamine, streptomycin, penicillin, and 1

mg/ml bovine serum albumin for 6 h at 37°C. Luciferase was quantified in the

treated cells using the Luciferase Assay System (Promega Corporation,

Madison, WI, Cat. No. E1483). GDF-8 maximally activated the reporter

construct 10-fold, with an EDsg of 10 ng/ml GDF-8. BMP-11, which is 90%

identical to GDF-8 at the amino acid level (Gamer et al. (1999) Dev. Biol.,

208(1): 222-32; Nakashima ef al. (1999) Mech. Dev., 80(2): 185-9), and

activin elicited a similar biological response.

[0136] JA-16's neutralizing activity was determined by preincubating JA-16
with mature GDF-8 protein for 30 min prior to addition to the A204 cells. An

irrelevant antibody (monoclon;I control) as well as a human GDF-8 antibody
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[0138] In order to evaluate the binding of JA-1 6 to mature CDF-8 and
GDF- 8 conpl exes, a series of imunoprecipitation studies were conduct ed.

[ 0139] Fiwstoz/oem4gletermne if JA-16 can i mmunopreci pit at e PCrars@Bo482 | at ent
conpl ex, CHO cells expressing GDF-8 were radiol abel ed with 35S-net hi oni ne
and 35S-cysteine. 100 pl of conditioned nmediumfromthese cells containing
GDF-8 | atent conplex was incubated with 1 ng/m JA-16 for 1 hour at 4C.
Protein A Sepharose was added to the m xture, which was then incubated
overnight at 4C. The i mmunopreci pitate was col |l ected, washed three tines
w t h a PBS/ Tdervea fMdmEtRystayemid dibremrpessiterphage didgplayrigcsnoipbe (Myb$4) and
anal yzed by SDS-PACE. The gel was fixed overni ght, enhanced with

aut or adi ogr aphy: 58838sey. sol ution, dried and the autoradi ogram was

devel oped. Figure 18, |ane 2, shows that JA-16 can i munoprecipitate the
GDF-8 | atent conpl ex and unprocessed GDF-8. -55 WD 03/027248 PCT/ US02/ 30452

[ 0140] Secong, det:er g I - i e _pRt onpl ex
formed bet We@r?szﬁF gﬁlg'nfp ?@?\{V% ght]agt ﬂqﬁth%% e sgré’x{)Ar ggslf’l&gea?glcl istatin were
radi ol abel ed_wi t h. 35S- qet hioni ne_and 35Sk t.ei.ne.n,10 of i tihpned
medi um cont a?%‘i'tfé]'z!%wgﬁf@e'ﬁé]eOFBE%“Stﬁﬁl\’ﬁm@ tﬁ?}\@éo-&? 5?5%6\35@9@88 to
forma conplex of GDF-8 with follistatin. e mxture S | cu‘Pted wth 1
mg/ M JA- 16 nM Basgs,en dhis devithy data; ﬂ@"‘@é’&ﬁ?&@xmeﬁa%w%

m xture, which was then incubated overnight at 4C. The i mmunoprecipitate
was col | ect edntiratly=hodbey adnbtias ndutalizasof agtive EDF-Bguptein ghan divd 66N Wraws

that JA-16 can co-imunoprecipitate |labeled follistatin conplexed with
CGDF- 8. which is not the case, as shown herein.

Example 7: Immunoprecipitation of GDF-8 with JA-16

[0138]  In order to evaluate the binding of JA-16 to mature GDF-8 and

GDF-8 complexes, a series of immunoprecipitation studies were conducted.

[0139]  First, to determine if JA-16 can immunoprecipitate the GDF-8 latent
complex, CHO cells expressing GDF-8 were radiolabeled with ¥3-methionine
and ¥S-cysteine. 100 pl of conditioned medium from these cells containing
GDF-8 latent complex was incubated with 1 mg/ml JA-16 for 1 hour at 4°C.
Protein A Sepharose was added to the mixture, which was then incubated
overnight ath 4°C. The immunoprecipitate was collected, washed three times
with a PBS/Triton-X100 buffer, resuspended in reducing sample buffer and
analyzed by SDS-PAGE. The gel was fixed overnight, enhanced with
autoradiography enhancer solution, dried and the autoradiogram was
developed. Figure 18, lane 2, shows that JA-16 can immunoprecipitate the |

GDF-8 latent complex and unprocessed GDF-8.
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[0141] Third, to investigate whether JA-16 can i mmunoprecipitate mature
GDF-8 protein, conditioned nmedia from CHO cells containi ng radi ol abel ed
GDF- 8 | atwotosmoreps ex was aci d activated to dissoci at e t he PGDRISB2/pra6opEPt | de
and mature GDF-8 (see van Waarde et al. (1997) Analytical Biochem stry,
247, 45-51). This material was then incubated with JA-16 for 1 hour at 4C
The remai nder of the protocol was perfornmed as descri bed above. Figure 18,
| ane 3, shows that JA-16 can i mmunoprecipitate mature GDF-8. [0142] The
results indicate that JA-16 can recogni ze the GDF-8 latent conplex, the
GDF- 8: fol | i sfoetdOh c Bgard, taddtemming & JBPFS 8an limmudprecipitateM/corhiplexannot

bi nd any GDF-8. conplexes (Fig. 18, lanes 4 and 7) and can only

i munopr eci pidraied hdtveed GDF-8ahffifdlisthin, CRIEcS)s exfrEsify failiStain dkere
PCT/ US02/ 30452 Exanple 8: Characterization of JA-16 In Vivo [0143] In

order to det ] ' 3 i JA 16350 LASES i adul t
mce, an in ﬁ{,@%?@ﬂ%ﬁé%ﬁ@?ﬁgﬁ%ﬁfh sgg%sg%ﬁ\%eég@'@féﬁ?mﬁ%ﬁ ALB/ c

m ce. Mce were.wei ghed and evenl i.st.ributed with respect t wei ght
into groups B}edélﬂvéﬁngﬁ'“lé‘ﬁdﬁﬁﬁéb@iﬁgf@hstﬁ Vits RS s\%@}ﬁ'@%%@P%g){%nti body
to snake venom (control) was injected into the mce intraperi tgne lly at
50 ng/ kg tw smeermplexabGhgiwinhiollistaiin. nliae miviure wigs | ed xXfithnhl s
were assessed for gain in | ean body mass by subjecting themto dexascan
anal ysi s bef orggmhdA-15 farrt howr atrdS& RrateimAr$epharhbe was ardes tadbeassessed

by di ssecting and wei ghing the gastrocnem us and quadriceps. The

peri - ut eri nerdigure) aghivhsvad henriscubeted andriightaiteldC. Thee inmsuhbsreeipitdie s
study indicated that JA-16 significantly inhibits GDF-8 activity in vivo

resul ting inyas collected and analyzed as described above. Figure 18, lane 6, shows

that JA-16 can co-immunoprecipitate labeled follistatin complexed with

GDF-8.

[0141]  Third, to investigate whether JA-16 can immunoprecipitate mature
GDF-8 protein, conditioned media from CHO cells containing radiolabeled
GDF-8 latent complex was acid activated to dissociate the GDF-8 propeptide
and mature GDF-8 (see van Waarde ef al. (1997) Analytical Biochemistry,
247,45-51). This material was then incubated with JA-16 for 1 hour at 4°C.
The remainder of the protocol was performed as described above. Figure 18,

lane 3, shows that JA-16 can immunoprecipitate mature GDF-8.

[0142]  The results indicate that JA-16 can recognize the GDF-8 latent
complex, the GDF-8:follistatin complex, and mature GDF-8. In contrast,
Myo-19 cannot bind any GDF-8 complexes (Fig. 18, lanes 4 and 7) and can

only immunoprecipitate mature GDF-8 (Fig. 18, lane 5).
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i ncreased nuscle mass (Fig. 11). [0144] A longer study was al so perforned
in which the anti bodies were admnistered intraperitoneally at 60

ng/ kg/ weewofoam248 weeks. These mice were | oaded at the begirnrsomgo4et t he
study with 60 ng/kg intraperitoneally and 10 ng/kg intravenously. The mce
in this study were male C57BL mice that were either wild type at the
agouti locus (a) or carried the lethal yellow nutation (Ay) at that |ocus.
The Ay mnutation causes adult onset obesity and diabetes, which allowed us
to determine the effect of JA— 16 on rruscl e, excess fat, and bl ood gl ucose
in a di abetikExdmapledd:oud priviativn df JAe4S Imd#0 measured weekly (Fig. 12).
Muscl e mass was assessed by di ssectl ng and wei ghi ng the gastrocnem us and
quadriceps (Fig. 13). The epididymal and -57 WO 03/027248 PCT/ US02/ 30452

i ngui nal fat[opads war®det sodetemoinedif thedantiiaglyalA(IBiigcreades nliselesmase ék s
into the study, the mce were fasted and bl ood gl ucose | evel s were neasured

(Fig. 15). Asdii fiice, B hAkvo ¥eel wwdsiedndudied vethlevenatedihble fehisly i ndicate

that JA-16 inhibits GDF-8 activity in vi vo causing an |ncrease in nuscle

rlralfnsbl {lnont OEAL%;?%C%; 18‘%% fraove eve &t%@ Eééﬁ%)omdg] The
L orhee 2ot b P oddy A S@vaérﬁérééﬁﬁa#%qﬁﬂeﬁi qrrane@%s@g%cr%%h%& o

intraperitoneally for five weeks with vehicle contr or WI 60 /h}g
| oadi ng dos@nihiagy teEnakeenest (Q&e’@l@%wa\?AUJ?GtQS‘r'”M&el@ceﬁﬁ raPe%fegg ss
was neasured weekly and nuscle mass was assessed by di ssecting and

wei ghi ng t heays6 mgky émiceavesidy.qlihe tieatpen{ ¢arginued)for fanir veseiisy Anieails of

were assessed for gain in lean body mass by subjecting them to dexascan
analysis before and after the treatment period. Muscle mass was assessed
by dissecting and weighing the gastrocnemius and quadriceps. The
peri-uterine fat pad was also removed and weighed. The results of this study
indicated that JA¥16 significantly inhibits GDF-8 activity in vivo resulting in

increased muscle mass (Fig. 11).

[0144] A longer study was also performed in which the antibodies were
administered intraperitoneally at 60 mg/kg/week for 14 weeks. These mice
were loaded at the beginning of the study with 60 mg/kg intraperitoneally and
10 mg/kg intravenously. The mice in this study were male C57BL mice that
were either wild type at the agouti locus (a) or carried the lethal yellow
mutation (Ay) at that locus. The Ay mutation causes adult onset obesity and
diabetes, which allowed us to determine the effect of JA-16 on muscle,
excess fat, and blood glucose in a diabetic background. Total body mass was
measured weekly (Fig. 12). Muscle mass was assessed by dissecting and

weighing the gastrocnemius and quadriceps (Fig. 13). The epididymal and
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treatment with JA-1 6 led to an increase in nuscle nmass, treatnment with
Myo-1 9 did not effect nuscle nass. In another experinent, Myo-1 9

treat mentwowa®2mig ended to 10 and to 15 weeks, and no i ncreagsor/s4spdy nmass
or nuscle mass was seen for these tinme points. [0146] Thus, despite the
fact that the in vitro data suggested that JA-16 was a weaker neutrali zer
than Myo-1 9, the nouse studies clearly, but wunexpectedly, denbnstrate
that JA-16 effectively reduces GDF-8 activity in vivo while Myo-1 9 does
not. These results indicate that the specific site on GDF-8 to which JA-1

6 binds is unggnel fat pedatwerkiaiseraraoved aed weighasl @ ig.ot4) heveliewagkson of a
stable inhibitory CGDF-8:antibody conplex in vivo. Thus, it is -58 WD

03/ 027248 PGhidfpe24t88¢ he racpardredasiedtarailyload tylummdy Iem!smereahéasmeddl ng
site, as identified in Exanple 4, wll possess in vivo neutralizing

properties Sgﬁg] ?sg 1ﬁ%mhlﬂ%¥cﬁfrv&éa@staay 1th€ restitPhis Study mdiéatbnpagases

Muscl e Stren humans, nuscle size and strength decreases by
appr oxi mat el i %ﬁi‘ [ r many
aged peopl e, ‘Y%ﬂé @gé q[ﬁe%égﬁfé&#gg’s‘)ol%ghgl é’% {n%gn ﬁngg?lé g |Sngm Thi s
condition is known as re ia, or. _age re Ioss of I n order
to determ nea‘i'q't‘%"r‘rtthlscﬁligﬁ C?‘F%ﬁ?ﬁﬁtmo eé?@é‘atcfgté W'%F@ﬁ%ﬁﬂpg aged
m ce (19 nonths of at the beginning of the study and 21 nonths of age
at the end oBD8 |® )Imm@éed levels efdblopd Blupases for 8 weeks at 60 ng/ kg
once a week. In the same experinent, young mce (2 nonth of age at the
begi nning of the study and 4 nonths of age at the end of the study) were
treated w thOH8] safiee dosiroactiviefl$A-18twahalserapraparet do e dyvive @chivigy oups
of m ce had greater muscle nass

of another GDF-8 antibody, Myo-19. C57B6/scid mice we injected

intraperitoneally for five weeks with vehicle control or with 60 mg/kg loading

dose plus 60 mg/kg per week of JA-16 or Myo-19. Total body mass was

measured weekly and muscle mass was assessed by dissecting and

weighing the gastrocnemius and quadriceps (Fig. 17). While five weeks of

treatment with JA-16 led to an increase in muscle mass, treatment with

Myo-19 did not effect muscle mass. In another experiment, Myo-19 treatment

was extended to 10 and to 15 weeks, and no increase in body mass or

muscle mass was seen for these time points.

[0146] Thus, despite the fact that the in vitro data suggested that JA-16 was
a weaker neutralizer than Myo-19, the mouse studies clearly, but
unexpectedly, demonstrate that JA-16 effectively reduces GDF-8 activity in
vivo while Myo-19 does not. These results indicate that the specific site on
GDF-8 to which JA-16 binds is unique in that this site is responsible for the

formation of a stable inhibitory GDF-8:antibody complex in vivo. Thus, it is
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than the vehicle treated controls as seen, for exanple, fromthe quadriceps
mass conparison (Fig. 19A). [0148] In order to confirmthat the increase in
nmuscl e siwe l@artssto an increase in nuscle strength, we perfusosasyrip
strength tests with aged and young mice treated with JA-16 for eight weeks
using a neter purchased from Colunbia Instrunments (Col unbus, Chio; nodel
1027csx). Mce were allowed to grip and pull on the grid, and the peak
force of the pull was recorded. Untrained mce were tested five tines in
successi on without rest. The peak -59 WD 03/027248 PCT/ US02/ 30452 force
for each tesixpested thatadydntibddy kpecificallytindihgtsite, &5 identifistisn amplaver aged
for each nouse. After seven weeks of treatnent, the peak force for the

young JA- 16 4 iarbedsdsm vins ndlitaliingpripertiss sinilal e orbetledrahA-tiGeat ed
m ce was 13% greater than the peak force for vehicle treated mce (Fig.

19B). In addition, |ongitudinal neasurenents taken before and after 7
weeks of treatnment showed that strength of the aged m ce increased by 17%
(p <0.01) with JA-16 treatnent, while the strength of the vehicle treated
aged mce was not significantly changed (3.3% p = 0.66). These results

confirm thaggE %I’eeg'i n[]ja\lgiéimeé%q@ugaegﬁ'@ﬁease in nmuscle size and
strength in j it may be a useful therapy

for sarcopenia. Exanple 10: JA-16 Increases Muscle Mass and Strength in

R RN My NERIER AT P e

eDl; 223?2?' Ey rT‘}J‘%Cpuelr%/rear Oslgrh['g ?nhyhe(t%)decggg o?ll\i/f%. nEgF Jnaﬂ?sag%%egeo%?es,ctwebed’ For
loss in muscle mass is significantly debilitating. This condition is known as
sarcopenia, or age related loss of muscle. In order to determine if anti-GDF-8
treatment is effective for sarcopenia, aged mice (19 months of age at the
beginning of the study and 21 months of age at the end of the study) were
treated with JA-16 for 8 weeks at 60 mg/kg once a week. In the same
experiment, young mice (2 month of age at the beginning of the study and 4
months of age at the end of the study) were treated with the same dose of
JA-16. At the end of the study, both groups of mice had greater muscle mass

than the vehicle treated controls as seen, for example, from the quadriceps

mass comparison (Fig. 19A).

[0148] In order to confirm that the increase in muscle size leads to an
increase in muscle strength, we performed grip strength tests with aged and
young mice treated with JA-16 for eight weeks using a meter purchased from
Columbia Instruments (Columbus, Ohio; model 1027¢csx). Mice were allowed
to grip and pull on the grid, and the peak force of the pull was recorded.

Untrained mice were tested five times in succession without rest. The peak
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Torres et al. (Brain (1987) 110, 269-299) and Hoffman et al. (Science
(1987) 238, 347-350). [0150] Four week old male ndx mce were treated with
weekly iwDroaper2isg oneal injections of JA-16 (60 ng/ kg), amdTaeshe/sd4s2 al one
(control group) for 3 nonths. To quantify the increase of nuscle nass,
animals were sacrificed and extensor digitorumlongus (EDL) nuscles

di ssected out and weighed. As shown in Figure 20A, EDL nuscles fromthe
treated group of -60 WD 03/027248 PCT/ US02/ 30452 ani mal s wei ghed
significantly nore than controls. O note, the relative increase in nuscle
mass was gr efares fdriemchttest was reccrded mnddte resultshof the fiveHesis wereFi gure 20B.
Consistently with this data, other nuscle groups including the

gast rocnen Ugyerhbbdl i Sadifriuser g seven iekpof Wesaembnt) iide peak evee fof m | ar
increases in weight. [0151] To quantify the absolute force production or

nusc e Str engeloi JAABAIRE] Wi TR 1% dr88ZR ol fiefod 9aled upon

depol ari zation "o scle using Fi gures” 20C and 20D show

that the JA-16 treated ndx.,, r and fi J y higher
maxi malf or RGP G cer P DGR e BehR LSS FeBb @M it e
strength was proportional to the increase in nusc S Fi gures 20A,
20C, and 200§Fi9-THER)e ln@qmo;mamwdm{ma%am@a?s @ngr‘?z‘é&r%%j ﬁ&%rd?ct ed
t herapeutic efficacy of GDF-8 inhibitors such as JA-1 6 in treatnent of
nuscul ar dysweelhpf tiedtmentshawvet twehstrength| afibejaged misadpeisased by Wdpi fy
the anelioration of the dystrophic phenotype observed in the ndx

di aphragnms, @s<\Ged1) with dAcHs treaiméntpndile s strémngthhef theathileopeated ageat us of
nmidx skel etal nusculature in toto, we analyzed serum

mice was not significantly changed (3.3%, p = 0.66). These results confirm

that GDF-8 inhibition leads to an increase in muscle size and strength in both

young and aged mice and that it may be a useful therapy for sarcopenia.

Example 10: JA-16 Increases Muscle Mass and Strength in Dystrophic

Muscle

[0149] The ability of in vivo inhibition of GDF-8 to ameliorate muscular
dystrophy was tested in the mdx mouse model of Du)chenne's muscular
dystfophy (DMD). The DMD model has been described, for example, by
Torres et al. (Brain (1987) 110, 269-299) and Hoffman et al. (Science (1987)

238, 347-350).

[0150] Four week old male mdx mice were treated with weekly
intraperitoneal injections of JA-16 (60 mg/kg), and vehicle alone (control
group) for 3 months. To quantify the increase of muscle mass, animals were
sacrificed and extensor digitorum longus (EDL) muscles dissected out and

weighed. As shown in Figure 20A, EDL muscles from the treated group of
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Creatine kinase (CK) levels fromthese mce. Extrenely high levels of CK
are consistently noted with dystrophin-deficiency in mdx mce and humans
due to swoaoloereaml damage (Bulfield et al. (1984) Proc. RatriusoXsmd2 Sci .
USA 81, 1189-1192 and Matsuda et al. (1995) J. Biochem (Tokyo) 118,
959-64). At the start of the trial both the treated and control groups of
mix m ce had marked el evations of serum CK conpared to normal m ce.
However, after three nonths of in vivo nyostatin bl ockade there was a
dramatic decline in -61 WO 03/027248 PCT/ US02/ 30452 serum CK | evel s of
treated ndx aminelg Riejghvesl gighificahtly vhece thesecontrotas Ofeoteldhenelativé on and
fibrosis coupled with reduction of CK offers histol ogi cal and bi ochem cal

evi dence f oringrdageGhiringdle infasonasgréatenthathausataspirmbodgdeight asyost ati n
bl ockade in vivo. Exanple 11: In Vivo Role of GDF-8 in Trabecul ar Bone

[0153] I ncregssgh b W’FF@ER%QQB. '@&%}é’l‘éntl?\nﬁth%lscﬂﬁatchbF‘ﬁ{L%%ﬁ'ﬁQ\’o’iﬁ%C' e

activi ty or iIncreas I's associated wth 1 ncreased bone mass

Alered. bonBois &%r%ﬁ#@m »ttﬁve%ﬁ[%"%*‘tgﬂéf A

m ce showed that bone densi t?/ he spine of the KO mce was nearly
two-fol d hi GRes Sinlas Inergases NWeIgNtwi | d-type littermates. This increase
far exceeded what night have been expected to be sol el y due to the

i ncreased nmuscle mass in the GDF-8 KO mice. [0154] High resolution

mi cr ot onogr affisd]i mhgigvgntihahembsslda fercrutpeustion @WU%@?I%@@WW used to
assess the trabecul ar bone volune fraction and mcroarchitecture in the
5th | unbar vesdopthedéheanthxithalisbmetimivaceapbducediupain depolarization of muscle

using field electrodes. Figures 20C and 20D show that the JA-16 treated mdx
mice were able to exert a significantly higher maximal force during either
twitch or tetanus. The increase in muscle strength was proportional to the
increase in muscle mass (Figures 20A, 20C, and 20D). These results offer
physiological evidence for predicted therapeutic efficacy of GDF-8 inhibitors

such as JA-16 in treatment of muscular dystrophy and related diseases.

[0152] To independently verify the amelioration of the dystrophic phenotype
observed in the mdx diaphragms, as well as ascertain improvement in the
pathological status of mdx skeletal musculature in fofo, we analyzed serum
Creatine kinase (CK) levels from these mice. Extremely high levels of CK are
consistently noted with dystrophin-deficiency in mdx mice and humans due to
sarcolemmal damage (Bulfield et al. (1984) Proc. Natl. Acad. Sci. USA 81,
1189-1192 and Matsuda et al. (1995) J. Biochem. (Tokyo) 118, 959-64). At
the start of the trial both the treated and control groups of mdx mice had
marked elevations of serum CK compared to normal mice. However, after

three months of in vivo myostatin blockade there was a dramatic decline in
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bone geonetry at the fenoral m d-diaphysis of adult GDF-8 wi | dtype (W)

and KO m ce. Specinens were taken from9-10 nonth old GDF-8 mal e and

femal e KOvarvd/oki2ug ermate controls (four mce of each genotrgpaisazsossex). The
entire vertebral body and fermur were scanned using m croconputed
tonography at 12 pmresol ution. Regions of interest enconpassing the
trabecul ar bone of the vertebral body or the trabecul ar bone of the distal
femoral netaphysis (i.e., secondary spongiosa) were identified using a -62
WD 03/ 027248 PCT/ US02/ 30452 sem -automated contouring algorithm The

fol | owi ng pasem Ekslewelseof trantedi el migen(Figureds). Bre deceasaimmusdrne

volunme fraction (%, trabecular thickness (pm, separation (pn) and nunber
(/). |In adéi¢naratiot bed fibvosie coupletywite resiucyion af Gkadfferst listotdgitaivande| |
the trabecul ar network is connected, was assessed as well as cortical bone

paranet ers apigchemidHi & |RPRETERA fiikdiopal inﬁprbbémteﬁmﬁmdxnﬁuwie Pﬂodd&e@l ar ea,
bone area, and <cortical thickness. [0155] Both male and fermale KO m ce had

dramatically bone density in the vertebral bod
conpared to WW%%?%WW%'%’ES %’lm ‘%393% and +70% respectively, p<0. 0%01)
This i ncreased trabecul ar bone density was acconpanied by a 14%i ncrease

i n trabecul ar thi ckness (p 0. 03) a 38% increase in trabecul ar nunber
(p=0. 0002), 0! j on (p=0.009). The
conbi ned eff ot ‘ arct density resulted in a
3.4- and 1.7-fold increase in connect|V|ty in male and female KO

respecti vel y[0153)panedased nienhanithl laadirey, reithes dup 40 iridédged muscledalitivityn, a
rough nmeasure of the level of mneralization of the trabecul ar bone

or increased body weight, is associated with increased bone mass and bone

density. Therefore, GDF-8 knockout (KO) mice were assessed for altered
bone mass and microarchitecture. An initial assessment of adult mice
showed that bone density in the spine of the KO mice was nearly two-fold
higher than that of their wild-type littermates. This increase far exceeded
what might have been expected to be solely due to the increased muscle

mass in the GDF-8 KO mice.

[0154] High resolution microtomographic imaging (UCT40, Scanco Medical,
Switzerland) was used to assess the trabecular bone volume fraction and
microarchitecture in the 5th lumbar vertebrae and distal femora and cortical
bone geometry at the femoral mid-diaphysis of adult GDF-8 wildtype (WT)
and KO mice. Specimens were taken from 9-10 month old GDF-8 male and
female KO and littermate controls (four mice of each genotype and sex). The
entire vertebral body and femur were scanned using microcomputed
tomography at 12 um resolution. Regions of interest encompassing the
trabecular bone of the vertebral body or the trabecular bone of the distal

femoral metaphysis (i.e., secondary spongiosa) were identified using a
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indi cated that the average mneral content of the trabecul ae was 8% hi gher
in the KOmce relative to the controls (p<0.0001). There is a hint that
the effecwomsm2i2as ger in nmale than female mce, but the saaplEsoyB®me2i s t oo
smal |l to make definitive conclusions. Vertebral trabecul ar bone
characteristics assessed by high-resolution m croconputed tonography are
shown in Table 1. [0156] In contrast to observations in the spine, nmale and
femal e KO mce had |ower trabecular bone density in the distal femur than
W littermates -63 WO 03/027248 PCT/ US02/ 30452 (n=4, p=0.05 for overall
genot ype ef fsemi)aytFaiated 2pntoliring algaritementhe followiirg paesiseteys wase nor e
pronounced in female KOthan in male KO mce. GF8 KO mce had simlar

trabecul ar tdyngsuitedussy dineitrsYassédsnesntet ipsne bolunteaftactianwdb), trabeealdrae and
i ncreased trabecul ar separation conpared to littermate controls. However,

al t hough conhickabed [lirfkpSratiort (finf S hambeT ¢rRwhS. Weaddisbithar in mal e
C} t Itter

GDFﬁ Kngzin e:cr te controls, it was approximtely 10% greater

in the -8 KO ; l.Le i | = 0. 04) (see

]'cl'abl e 3). bThC@J E‘e\?ﬁw ﬁ%ﬁ%ﬁ'f Ph?@ﬂgé@?ﬁ)ﬁh%ﬂéﬁél&%ﬁ@ On{éuéé@étgvp ® sone area
racti on between the two genotypes. TABLE 1: Vertebral Trabecul ar Bone
Char act eri stq%eetﬁéwa%ﬁ%e%ﬁﬁés\me'k@% SO5aHAARE Qawn?@ﬁﬁﬁg Bone

vol une 23.34.7 45.05.5 27.55.5 46.910.8 fraction (9% Trabecul ar 523 586

525 61 8 t hhigdirphysephiegiomiveibel famurincluding todal areg, hene ares algo 41

cortical thickness.

[0155] Both male and female KO mice had dramatically increased trabecular
bone density in the vertebral body cdmpared to WT littermates (n=4, +93%
and +70%, respectively, p<0.0001). This increased trabecular bone density
was accompanied by a 14% increase in trabecular thickness (p=0.03), a 38%
increase in trabecular number (p=0.0002), and a 10% decrease in trabecular
separation (p=0.009). The combined effect of these changes in architecture
and density resulted in a 3.4- and 1.7-fold increase in connectivity in male and
female KO, respectively, compared to their WT littermates (p<0.0001). In
addition, a rough measure of the level of mineralization of the trabecular bone
indicated that the average mineral content of the trabeculae was 8% higher in
the KO mice relative to the controls (p<0.0001). There is a hint that the effect
is larger in male than female mice, but the sample size is too small to make
definitive conclusions. Vertebral trabecular bone characteristics assessed by

high-resolution microcomputed tomography are shown in Table 1.

[0156] In contrast to observations in the spine, male and female KO mice

had lower trabecular bone density in the distal femur than WT littermates
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separation (pm Trabecular 4.60.4 7.00.4 5.20.4 6.61.3 nunber (1/mm
Connectivity 137 15 470 114 198 t 29 339t 81 -density (1/nmmB Degree of
1.68 0.08003827249.02 1.54 0.12 1.34 0.03 anisotropy - @TWS0D304627248
PCT/ US02/ 30452 TABLE 2: Characteristics of the Trabecul ar Bone in Distal

Fenoral Metaphysis (nean SEM Male WI Mal e KO Femal e WI Fenmal e KO Bone
volunme 5.1 1.8 2.9 1.7 11.9 7.05.4 3.1 fraction (% Trabecular 68 1.2
68 2.7 73 7 63 9 thickness (pnm) Trabecular 353 t 16 472 t 90 296 t 73
464 t 98 separation pm Trabecul ar 2.840.12 2.240.51 3.460.69 2.260.57
nunber ( 1/ mh=EppxeObi for byetallYerdiypeteiiectp(Batda 25 Thizcdecregent in bena
density (1/mB) TABLE 3: Characteristics of the Cortical Bone at the
Fenoral M d-ddWedsmor&pidholpicdd iviémaldTK bthan KOnfte W@ nvide. FSDIF -8

KO mice had similar trabecular thickness as their WT littermates, but had

fewer trabeculae and increased trabecular separation compared to littermate

controls. However, although cortical thickness at the femoral midshaft was

similar in male GDF-8 KO and their littermate controls, it was approximately

10% greater in the GDF-8 KO female mice than their WT littermates (n=4,

p=0.04) (see Table 3). There were no differences in cortical bone area or

bone area fraction between the two genotypes.

TABLE 1: Vertebral Trabecular Bone Characteristics (mean + SEM)

Male WT | Male KO | Female WT | Female KO
Bone volume 23.3+4.7 45055 27.5+55 | 46.9+10.8
fraction (%)
Trabecular 523 58+ 6 525 61+8
thickness (um) )
Trabecular 210 £ 21 145+ 8 183 + 21 169 £+ 41
separation (um)
Trabecular 4604 70+£04 52+0.4 6.6+1.3
number (1/mm)
Connectivity 137 £ 15 470 £ 114 198 £ 29 339 £ 81
density (1/mm®)
Degree of 168+0.08| 1.29+0.02( 1.54+0.12| 1.34+£0.03
anisotropy

- 64 -




KO Bone Area (mm5.11.8 2.91.7 11.97.0 5.43.1 Cortical Thickness 68t 1.2
68 2.7 73 7 63 9 (pn) Bone Area/Total 353 16 472 90 296 73 464 98
Area (% woaapkm4d?2: Treatnent of Muscl e and Bone Degener CTMsS0DB®ISL der S
[0157] Inhibitors of GDF-8, such as, for exanple inhibitory antibodies,
useful for treatnents directed at increased nuscle mass, and al so for
prevention and treatnment of osteoporosis. In addition, inhibition of CGDF-8
may be useful in other instances mhere a bone anabolic effect is desired,
such as augnentation of bone healing e., fracture repair, spine fusion,
etc.). The BABLEGHF- @harractemdme@fﬂﬁe reéaaculaérad@rindaietahEemaral treat a
subj ect at disease dviisttphysisimeangt &Mt abl i shed nuscl e or bone
degenerative disease. -65 WO 03/027248 PCT/ US02/ 30452 [0158] Efficacy of
anti-CGDF-8 antibodies for treat il WT bonrIé KO Férhale W Feni2dé ¢@pPr osi s,
I's confirmed|using well establjshed nodel s of osteoporosis.| For exanpl e,
ovari ect om zedBgneevdlante been Used 1@ testotihe7 el iy ©acy f 508w 3.1
ost eopor osi s | dfdagtionS@tyent s (Al exander et al. (2001) J. Bgne Mn.
' Trabe

16: 1665-1673 0 )68J+ ZE'}"UO 12 _07 ine.fé

Simlar to hi a rapid | oss of bdg
Oval’l eCt On-y a¥a¥al Ot €0 accaoacacrmnt

are

Res.
37) .

W ng
based

300
ollo

Y0

—

on bone ni net al 1ag b och
urine, bone &t BRRArationiMh; st

TSP

onmor phone

)2%5éﬂﬁ¥89

454 %,985 ¢

Trabecular
number (1/mm)

2.24'+0.51

3.'46 +0.69

2.26 £0.57

Connectivity
density (1/mm?®)

40+6.9

31.56+25.2

15.4 +£15.1

TABLE 3: Characteristics of the Cortical Bone at the Femoral Mid-Diaphysis

(mean + SEM)

Male WT | Male KO |Female WT| Female
KO
Bone Area (mmz) 51+1.8| 29+17| 119+7.0| 54 +3.1
Cortical Thickness 68+1.2 68 +2.7 737 63+9
(um) |
Bone Areal/Total 353+16| 472+90| 29673 464 + 98
Area (%)

Example 12: Treatment of Muscle and Bone Degenerative Disorders

[0157]

Inhibitors of GDF-8, such as, for example inhibitory antibodies, are

useful for treatments directed at increased muscle mass, and also for

prevention and treatment of osteoporosis. In addition, inhibition of GDF-8

may be useful in other instances where a bone anabolic effect is desired,

such as augmentation of bone healing (i.e., fracture repair, spine fusion, etc.).

The anti-GDF-8 antibodies of the invention are used to treat a subject at

disease onset or having an established muscle or bone degenerative disease.
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[0159] In one study, normal and/or imune conprom sed female mce are
ovariectom zed at 12-16 weeks of age and allowed to | ose bone for four to
si x weekwO oBobk12esvi ng this bone | oss period, treatnent w tloTarsozsi4s2 CDF- 8
antibody such as JA-16 (IP injection) or vehicle is conducted for one to
six nonths. The treatnment protocol could vary, with testing of different
doses and treatnent reginens (e.g., daily, weekly, or bi-weekly
injections). It is anticipated that untreated ovari ectom zed m ce (or
rats) would | ose approximately 10-30% of bone density relative to intact
(i.e., non- [0/4G8] e Efficaced)antaGOh+atantibddies der tréatmentaibiovepdisederhat i ce
treated wth the anti-GDF-8 anti body woul d have 10 to 50% greater bone

mass and boggy destebp¥rdsigins Ebefendt Gsing SRt astalglishledarbaelsid nor eover t hat
this increase I n bone density would be associated with i ncreased bone

bone Conpar oo OB LraYrY Eof ok B Syt o G U Bl 1P 18 15 oy

The goal of apother ;study is to denpn Lz - b h
as IA 16 1 By s S S ober T OB et A 2B URER L 80 o Bone® 1
m croarchitecture and strength associ ated wi.t roge eficie . Thus,
the study hdnaResnd ¢3a16%g$6$i gl gﬂ@eréﬁﬁ %@Z&gﬁééhgatg%‘g‘é” }”Qlfccg(p:)%/ t ha'tJ >
treatment with anti-GDF-8 anti body would be initiated inmediately after
ovari ect ony, 170829537 haSinifar éo humansothesegedeptisrexdubit arapid lags Df:gﬁ@%@ ed

that mce treated with the antibody would | ose significantly | ess bone

mass fol | ow f@iowiag iovatieswmyt kspediateint carmetidusibbhey €nitcome dsdebdinetite
i nhibitory anti bodi es against GDF-8 are al so used to prevent

are based on bone mineral density, biochemical markers of bone turnover in
H

serum and urine, bone strength, and histology/histomorphometry.

[0159] In one study, normal and/or immune compromised female mice are
ovariectomized at 12-16 weeks of age and allowed to lose bone for four to six
weeks. Following this bone loss period, treatment with an anti-GDF-8
antibody such as JA-16 (IP injection) or vehicle is conducted for one to six
months. Thé treatment protocol could vary, with testing of different doses and
treatment regimens (e.g., daily, weekly, or bi-weekly injections). It is
anticipated that untreated ovariectomized mice (or rats) would lose
approximately 10-30% of bone density relative to intact (i.e.,
non-ovariectomized), age-matched mice. It is anticipated that mice treated
with the anti-GDF-8 antibody would have 10 to 50% greater bone mass and
bone density than those mice receiving placebo, and moreover that this
increase in bone density would be associated with increased bone strength,
particularly in regions with a greater proportion of cancellous bone compared

to cortical bone.
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and/or to reduce severity and/or the synptons of the disease. It is
anticipated that the anti-GF-8 anti bodies woul d be adm nistered as a
subcut anewosiozj2ect i on as frequently as once per day and ®€Tiusbz/ageent |y as
once per nonth. Treatnent duration could range between one nonth and
several years. [0162] To test the clinical efficacy of anti-GDF-8 in
humans, postnenopausal wonen with | ow bone nmass are identified by bone
density testing and random zed to a treatmnment group. Treatnment groups
include a placebo group and one to three groups receiving antibod

(di fferent d{@E0]. Thelgealhfanotherstudyid f@wg@npmaisqiedhamty&%%m%pdyt hr ee
years to assess changes in biochem cal markers of bone turnover, changes

i n bone ni nesathdeuA-tg.is effdctivdin precemtirgnihe déclihedgiboneynéssictures. It is
anticipated that individuals receiving treatnment would exhibit an increase

in bone m nergbARASdNul R dI8trORGhi d8BbciatdTWith @3¢ ohEARRAIcRIACHE THius 2tha0 %
relative to baseline, and would have a -67 WD 03/027248 PCT/ US02/ 30452

a

q d inci ¢ ey : O

b?SLEZ‘EfcaI “%hﬁoﬁgﬁ%s A SiBRAC B L HREBE BRporited SodR BBt ipBiment

anti bo 1 0] . h I i V. : d in. i [

W th anot her WBHBBURDISE SBHHBY 43 PoURERI TP SR LA 85 OV EHRGBYe act i ve
conmpound or in conbination with another conmpound, or conposition, the dosage
may be bet wedsathepthax aftat thebanelgsk pesind. Jois anjicingied Bt maica dresied weth
severity of the synptons and the progression of the disease. The

appropriate ¢fié¢ eatibuey dostd losesigrefitandlydgsabone massgfodowingod\atiectaroy t he
foll owi ng ranges: | pg/ kg and 20 ng/ kg, 1 pg/kg and 10 ng/ kg, 1

than mice treated with vehicle.

[0161] The inhibitory antibodies against GDF-8 are also used to prevent
and/or to reduce severity and/or the symptoms of the disease. Itis
anticipated that the anti-GDF-8 antibodies would be administered as a
subcutaneous injection as frequently as once per day and as infrequently as
once per month. Treatment duration could range between one month and

several years.

[0162] To test the clinical efficacy of anti-GDF-8 in humans, postmenopausal
women with low bone mass are identified by bone density testing and
randomized to a treatment group. Treatment groups include a placebo group
and one to three groups receiving antibody (different dosels). Individuals are
followed prospectively for one to three years to assess changes in
biochemical markers of bone turnover, changes in bone mineral density, and
the occurrence of fragility fractures. It is anticipated that individuals receiving
treatment would exhibit an increase in bone mineral density in the proximal

femur and lumbar spine of 2-30% relative to baseline, and would have a
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pg/ kg and 1 ng/ kg, 10 pg/kg and 1 ng/kg, 10 pg/kg and 100 pg/ kg, 100 pg
and 1 ng/ kg, and 500 pg/ kg and 1 ng/kg. Exenplary treatnent regi nens and
out cones woa3sermari zed in Table 4. -68 WO 03/ 027248 PCT/ ©602/S804&22 TABLE
4: Exanples of Cinical Cases Patient No. Status prior to Treatnent Cutcone
treatment Reginen Patient 1 No clinical 0.01-1 ng/kg Miintenance signs,

bi weekly for and/or increase postnenopausal 4-24 weeks of nuscl e/ bone
and/ or over 60 mass years old Patient 2 MId clinical 0.01-20 ng/kg

Mai nt enance signs, nuscle weekly for 4 and/or increase wasting and/or
nore weeks ofleciemskd/ihcidencerohisagibiySranidrespdt isanticipaied Hatdiochensab. 01- 20
ng/ kg | nprovenent of of osteoporosis twice weekly for clinical signs, 6 or
nmore mai Nt enagRersVdfichefoihatioh nouwdkereade. nuscl e/ bone mass Patient 4

Severe nuscle 0.01-20 ng/ kg | nprovenent of and bone |oss daily for 6 or

clinical signs,
[0163] 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 dosage may be between approximately 1 pg/kg and 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 ug/kg and 20 mg/kg, 1 pg/kg and 10 mg/kg, 1
ug/kg and 1 mg/kg, 10 pg/kg and 1 mg/kg, 10 ug/kg and 100 pg/kg, 100 pg
and 1 mg/kg, and 500 pg/kg and 1 mg/kg. Exemplary treatment regimens and

outcomes are summarized in Table 4.
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nore weeks reduction in severity of synptons and/or increase of
nmuscl e/ bone mass Exanple 13: Treatnent of Metabolic D sorders [0164]

I nhi bi t orwomB/o2DEs 8, such as, for exanple inhibitory anti PadieEe2/3@se
useful for treatnent of netabolic disorders such as type 2 di abetes,

I npai red glucose tol erance, netabolic syndrone (e.g., syndrome X), insulin
resi stance induced by trauna (e.g., burns), and adi pose 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 netabolic

di sease. - 69 TABLIBA ErsplesDf BhniyabCases [ 0165] Efficacy of anti-GDF-8
anti bodies for treatnent of netabolic disorders, e.g., type 2 diabetes
and/ or obeslty, is confirnmed using mell established nurine nDdeIs of

b ty, | tance 2 et ob;—dh/ db,
gngsst)r/al Ingsgcupra&t'eﬁﬁ"r e | ef ﬁgﬁ' ;;J"%w FE azﬁie'\tnsul In Lb“?*@iﬁ%t ance can

al so be i nduced hV high fat RH calori _g_e_pt_a_l_n_s_t_r_a_l_ns of
m ce incl udi ngPatEml 6J. S NOI cliniezd huma @,01‘('%% goddriYlaintenansop ijnsul i n
resi stance, hyperinsuliemn a]sigpsl i pi deni a| binegklydoer i or|aandder i lBﬁreafleuc ose
homeost asi s resul ting i n hypeoginyEpaasalu4-Cdmnecealss es s neoftrausele/bobasdd on
serum neasurenents of gl ucosandionswer 80 and |ipids. | nprroassl insulir
sensitivity cqn be determ nedelis dlgsul in tol erance testls and gl ucose
Patient 2 Mild clinical 0.01-20 mg/kg | Maintenance
signs, muscle weekly for 4 and/or increase
wasting and/or | more weeks of muscle/bone
bone loss mass
Patient 3 Advanced stage | 0.01-20 mg/kg | Improvement of
of osteoporosis | twice weekly for | clinical signs,
6 or more maintenance
weeks and/or increase
of muscle/bone
mass
Patient 4 Severe muscle | 0.01—20 mg/kg | Improvement of
and bone loss daily for 6 or clinical signs,
more weeks reduction in
severity of
symptoms
and/or increase
of muscle/bone
mass

Example 13: Treatment of Metabolic Disorders

[0164] 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), 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.
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tol erance tests. Mire sensitive techni ques woul d include the use of

eugl ycem c- hyperinsulinem c clanps for assessing inprovenents is glycemc
control awo o312k n sensitivity. In addition, the clanp technisqesessnwoul d
allow a quantitative assessnment of the role of the major glucose disposing
tissues (e.g., muscle, adipose, and liver) in inproved glycem c control.
[0166] In one study, treatnment with an anti-CGDF-8 anti body such as JA-16
(P injection) or vehicle is conducted for one week to six nonths. The
treatment protocol could vary, with testing of different doses and

treat nent r¢giemn<Effieagy of anti-GDF-8emttibpdiesrfobireatedntyofimetabblions) . 1t is
anticipated that mce treated with the anti-CDF-8 anti body woul d have

greater gl uCQRRrddisaksy., tybB §apetbsBndI6of yisésitya RcafiyaRaasINy Wellesi s, | over
free fatty acids and rirglycerides in the serumas conpared to mce

recei ving pl aceRfcht §H B morkk HDAMUOAF2h PETALRO2LAN1Re 2lfdTLs The

[
i nhibitory an I'éS agal n SO used to prevent —and/or to

reduce severit nd/ or, th t of the. disease. |t . is anticipated that
he ant i - cor nelufifg oot ShEH AN FPalhching B8 8EaLyoicy piflfiah L B:Ehn
injection as frequently as once per day and as jnfrequently as_ once per
nont h. Tr eat fiesistange Sanciise beliadycashiay highletar bigd HGF g Qkcritaln years.

[0168] To test the clinical efficacy of anti-GDF-8 in humans, subjects
suffering fr eimaors etmidesikcliuding, {5 BL/6l.aSunibar taheimarsh théseetbdamnds r andoni zed
to a treatnent group. Treatnent groups include a placebo group and one to

three groupgeierp iMbiith pEYistaned, Hypetihetlmiad agsipiderhizgdiaviddieadsoration of
foll owed prospectively for one nonth to three years to assess changes in
gl ucose glucose homeostasis resulting in hyperglycemia. Outcome assessments are
based on serum measurements of glucose, insulin, and lipids. 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

(e.g., muscle, adipose, and liver) in improved glycemic control.

[0166] In one study, treatment with an anti-GDF-8 antibody such as JA-16
(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.

-70 -



metabolism It is anticipated that individuals receiving treatnent woul d
exhibit an inprovenent. [0169] The anti bodies are adm nistered as the sole
active cowpaaner2es in conbination with another conpound @®CTOOPB®EISLI ON.
When adm nistered as the sole active conmpound or in conbination with

anot her conpound or conposition, the dosage nmay be between approximately 1
pg/ kg and 20 ng/ kg, depending on the severity of the synptons and the
progression of the disease. The appropriate effective dose is selected by
atreating clinician fromthe follow ng ranges: 1 pg/kg and 20 ng/kg, 1
pg/ kg and 10[0rtBHg, THe inhixickg antibodiesgbhinst GDHpG/dcg adsaludeadrty pigvehd | ag/ kg
and 100 fag/ kg, 100 pg and 1 ng/kg, and 500 |ag/kg and 1 ng/kg. Exenplary

treat nent reghiRitto:8ducd bt andla? the ptarad of thelaikkass. Itigl WO
03/ 027248 PCT/ US02/ 30452 TABLE 5: Exanp s of Clinical Cases Patient No.

Status prior g Bc@é@:‘ﬂ‘%‘ﬁ HhfBI5F- 8téﬁ%'a?é§wgﬁﬂf@5dﬁ%él‘é%d és%lo clinical

0.01-1 ng/ kg enti1on signs, famly every weeks type 2 abet es

hi st ft f 48 .week d b -
mui kg | mpr ovSHBPenRPHS TG 8f MealRly #5BheE Ber Bpliand hiReGOnatind X
nore weeks gl ucose net abol. sn% and

once per month. Trea ment duration could range between one month and

several years.

[0168] To test the clinical efficacy of anti-GDF-8 in humans, subjects
suffering from or at risk for type 2 diabetes are identified and randomized to a
treatment group. Treatment groups include a placebo group and one to three
groups receiving antibody (different doses). Individuals are followed
prospectively for one month to three years to assess changes in glucose
metabolism. It is anticipated that ihdividuals receiving treatment would exhibit

an improvement.

[0169] 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 dosage may be between approximately 1 pg/kg and 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 pglkg and 20 mg/kg, 1 yg/kg and 10 mg/kg, 1
pg/kg and 1 mg/kg, 10 pg/kg and 1 mg/kg, 10 pg/kg and 100 ug/kg, 100 ug
and 1 mg/kg, and 500 ug/kg and 1 mg/kg. Exemplary treatment regimens and

outcomes are summarized in Table 5.
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| ower bl ood pressure Patient 3 Advanced stage 0.01-20 ng/ kg | nprovenent of
of type 2 twice weekly for clinical
weeks sevepiidy2mfis synpt ons
ratio Patient 4 Severe insulin 0.01-20 ng/ kg | nprovenent of
si gns,
and/ or decrease

daily for 6 or clinical
severity of synptons

to a GDF-8 protein,

wher ei n

and/ or

si gns,
i ncr ease

I n body fat

di abetes 6 or

sequence Asp-Qd u-Hi s-Xaa-Thr (SEQ ID NGO 2), wherein Xaa is Ala, Ay,
Met, Asn, Arg, Ser, Thr, or Trp, and wherein the antibody reduces one
mor e bi ol ogi GABIGE5: VEXa®pledssfClirdai Cagesh t he GDF-8 protein, relative
Patient No. Status prior to | Treatment Outcome
treatment Regimen
Patient 1 No clinical 0.01-1 mg/kg Prevention of
signs, family every 4 weeks | type 2 diabetes
history of type 2 | for 48 weeks
diabetes
Patient 2 Mild clinical 0.01-20 mg/kg | Improved insulin
signs of weekly for 4 tolerance and
syndrome X more weeks glucose
metabolism, and
lower blood
pressure
Patient 3 Advanced stage | 0.01-20 mg/kg | Improvement of
of type 2 twice weekly for | clinical signs,
diabetes 6 or more reduction in
weeks severity of
symptoms
and/or increase
in muscle mass/
body fat ratio
Patient 4 Severe insulin 0.01-20 mg/kg | Improvement of
resistance daily for 6 or clinical signs,
and/obesity more weeks reduction in
severity of
symptoms
and/or decrease
in body fat
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PCT/ US02/ 30452 We claim 1. An isolated antibody that specifically binds
the GDF-8 protein conprises the amno acid




to a GDF-8 protein that is not bound by the sane anti body. 2. The anti body
of claim1, wherein the anti body binds to the region from amno acid 1 to
am no aciwo30/0ef24¢ he GDF-8 protein sequence. 3. The anti bedy/usb2/ad4a2 m 1,
wherein the anti body binds to the region from amno acid | to amno acid
25 of the GDF-8 protein sequence. 4. The antibody of claim1l, wherein the
anti body binds the amno acid sequence Asp-Phe-G |y-Leu-Asp-Cys-Asp-G |
u-His-Xaa-Th r-G | u-Ser-Arg-Cys (SEQ ID NO5) in the GDF-8 protein,
where Xaa is Ala, Gy, H's, Met, Asn, Arg, Ser, Thr, or Trp. 5. The
antibody of gl@i-gik: Wherein the ant i body bi nds the am no acid sequence
Asp- Phe- A y- Leu- Asp- Cys- Asp- G u- Hi s-Ser-Thr-G u- Ser-Arg-Cys  (SEQ I D NO 8)
ina GDF-8 protein. -73 WO 03/027248 PCT/US02/30452 6. The antibody of

I 1 wh " ) ‘ e ot _
Ap- G - H - der ”Té\Fﬁeé%%cF%HM@{‘f*?agﬁﬁmﬁ%&“%ﬁ%éE’%%ﬁ'—"ﬁ%ﬁ@%‘  WHETSI 4y of
I 1, wh t d t hat
Cs At | east 7504 1 o EIE AID e%@%bﬁ@?o fe a@m%g%%%sﬁﬁé of claim7, |
wherein the GDF-8 protein is SE N015 The, anti body of clalml
wherein the anti bé‘@P GlcbignKaas rK\SE@jﬂ plo: Bhtv@mreww isAlegty.disn conpl ex

with follisatin, or GDF-8 in conplex wth a follistatin related protein.
10. The anti body detc AshpAdg, Serelbi, or{Thie, anmd iWwbedsinitke antibody reshities one

or more biological activities associated with the GDF-8 protein, relative

to a GDF-8 protein that is not bound by the same antibody.

2. The antibody of claim 1, wherein the antibody binds to the region from

amino acid 1 to amino acid 50 of the GDF-8 protein sequence.

3. The antibody of claim 1, wherein the antibody binds to the region from

amino acid 1 to amino acid 25 of the GDF-8 protein sequence.

4, The antibody of claim 1, wherein the antibody binds the amino acid
sequence
Asp-Phe-Gly-Leu-Asp-Cys-Asp-Glu-His-Xaa-Thr-Glu-Ser-Arg-Cys
(SEQ ID NO:5) in the GDF-8 protein, where Xaa is Ala, Gly, His, Met,

Asn, Arg, Ser, Thr, or Trp.

5. The antibody of claim 1, wherein the antibody binds the amino acid
sequence
Asp-Phe-Gly-Leu-Asp-Cys-Asp-Glu-His-Ser-Thr-Glu-Ser-Arg-Cys

(SEQ ID NO:8) in a GDF-8 protein.
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anti body. 11. The anti body of claim 10, wherein the antibody is the JA-16
nonocl onal anti body produced by a cell having ATCC Deposit Designation
Nunmber PTWo438672442. A cell that produces the nonocl onal aatriusogigoset cl ai m
10. 13. A pharmaceutical conposition conprising the antibody of claiml.
14. The conposition of claim 13, further conprising a pharmaceutically
accept abl e excipient. 15. A nethod of treating a patient suffering froma
nmedi cal di sorder, wherein the patient vvoul d therapeutically benefit from
an increase in mnmass of nuscle tissue, rising: administering to a
mammal a - 74600 037@2@?@@@/%0213@@1 ”Pheeammmymm {hectini a¢id dose of
an anti body that is capable of specifically binding to a GDF-8 protein,
wher ei n t he CDF- 8 sprjatrce AspaBiorHiseSert-Tier (BEQdDaAYOMB)de the BEOF-8 protein.

Asp-d u-His-Xaa-Thr (SEQ ID NGO 2), wherein Xaa is Ala, Ay, H's, Mt, Asn,
Arg, Ser, Thr, or Trp, and wherein the antibody reduces one or nore

bi ol ogi cal ac7t | Vi tTiRSantifotycarallSim WWhe@enﬁ:Pre@DW 8ipeoteid BorhpAs@ahhent
relative to a patient not ‘receivi ng t he sane antibody. 16. The nethod of

cl ai m 15, wher o1 1 o 3id Bade RSt ! B8R fiordlel &) SELND RD-4891 on

fromamno acid 1 am no pro el n sequence. 17. The
nmet hod of claim 15, wherein the antlbody binds to the GDF-8 protein in the

region from am no gei éjnt%bocﬁ/ STA% A Rert He EBE- §roin is SEQ ID NO:15.

9. The antibody of claim 1, wherein the antibody recognizes the GDF-8
latent complex, GDF-8 in complex with follisatin, or GDF-8 in complex

with a follistatin related protein.

10.  The antibody of claim 1, wherein the antibody is a monoclonal

antibody.

11.  The antibody of claim 10, wherein the antibody is the JA-16
monoclonal antibody produced by a cell having ATCC Deposit

Designation Number PTA-4236.
12. A cell that produces the monoclonal antibody of claim 10.
13. A pharmaceutical composition comprising the antibody of claim 1.

14.  The composition of claim 13, further comprising a pharmaceutically

acceptable excipient.

15. A method of treating a patient suffering from a medical disorder,
wherein the patient would therapeutically benefit from an increase in

mass of muscle tissue, comprising: administering to a mammal a
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protein sequence. 18. The nmethod of claim 15, wherein the antibody binds
the am no acid sequence

Asp- Phe- Gvp-odeerr24sp- Cys- Asp- G u- Hi s- Xaa- Thr - G u- Ser - Ar g- OpsT/USBES)45D NO 5)
in the GDOF-8 protein, where Xaa is Ala, Ay, H's, Met, Asn, Arg, Ser, Thr,
or Trp. 19. The nethod of claim 15, wherein the antibody binds the am no
acid sequence Asp-Phe-Qd y-Leu-Asp-Cys-Asp-G u-Hi s-Ser-Thr-d u-Ser-Arg-Cys
(SEQID NOS8) in a GDF-8 protein. -75 WD 03/ 027248 PCT/ US02/ 30452 20. The
met hod of claim 15, wherein the antibody binds the am no acid sequence
Asp- G u- Hi s- Ser - TimergaEgically B@edjive dosehef @DBnBbpatheit is capable he et hod of
claim15, wherein the GDF-8 protein conprises an amno acid sequence that

is at |east 75% i gestificey Biﬁdiﬁg% BIGDE-4 protéid, wheesinehd DB mrotdim 15,
wherein the GDF-8 protein is SEQ ID NO 15. 23. The nethod of claim15,

wherein the anti bodyoHECORM 2find AGGeRLENcS ASBILICARIXAXTHEREER It compl ex

with follisatin, I n conpl ex ITistatin rel ated protein.
24. The nethod of . ¢l ai m,15 . I Rt i Yad e ﬂﬁ | onal
anti body pr oducedN@%%rP'%% ﬁsfﬁf@y’@%b@@? rgll-%r aﬂl@n %@&C
PTA-4236. 25. The nethod of claim éS, erein the rregioial. dli scgr&.er is a
nuscul ar  di sor defnd wehareimibe andipo Vé‘?dléf@rs,o’b?d?b@é’ée [ ALYIGE! |
di abet es, or

associated with a GDF-8 protein in the patient, relative to a patient not

receiving the same antibody.

16. The method of claim 15, wherein the antibody binds to the GDF-8
protein in the region from amino acid 1 to amino acid 50 of the GDF-8

protein sequence.

17. The method of claim 15, wherein the antibody binds to the GDF-8
protein in the region from amino acid 1 to amino acid 25 of the GDF-8

protein sequence.

18. The method of claim 15, wherein the antibody binds the amino acid
sequence
Asp-Phe-Gly-Leu-Asp-Cys-Asp-Glu-His-Xaa-Thr-Glu-Ser-Arg-Cys
(SEQ ID NO:5) in the GDF-8 protein, where Xaa is Ala, Gly, His, Met,

Asn, Arg, Ser, Thr, or Trp.

19. The method of claim 15, wherein the antibody binds the amino acid
sequence
Asp-Phe-Gly-Leu-Asp-Cys-Asp-Glu-His-Ser-Thr-Glu-Ser-Arg-Cys

(SEQ ID NO:8) in a GDF-8 protein.
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bone degenerative disorder. 26. The nethod of claim 15, wherein the nedical
di sorder is a nuscular or neuronuscul ar disorder. 27. The nethod of claim
15, wher ewo oBhe72aedi cal di sorder is nuscul ar dystrophy, maIalise2aisophy,
congestive obstructive pul nonary di sease, nuscle wasting syndroneg,
sarcopeni a, or cachexia. -76 WO 03/027248 PCT/ US02/ 30452 28. The met hod of
claim 15, wherein the nedical disorder is nuscular dystrophy. 29. The

nmet hod of claim 15, wherein the nmedical disorder is obesity, type 2

di abetes, or osteoporosis. 30. A cell that produces the nmonoclonal antibody
of claimil. 2B1. Fhemstbpd ofclaimetis wdiengintthe antibpgy indsithelaminpacid2. A

di agnostic kit conprising the anti body of claim1. 33. An antibody produced

by the cell havi ngecpiEpGeEgSIu-HReSiegThr (SEQ IRUNIEB) iATtAe 4206-8 BrbteiAn
anti body conprising a heavy chain variable region that conprises an am no
acid sequence at |east 85%identical to SEQID NO 1. 35 The antibody of

clai m 34, whgqei NTREGSALAOF i ﬁﬁ%’rﬂ—ﬂém the GIBRL8 Protdi cbm@fsesfamucl ei ¢
acid encodi ng a heavy chain variable region that conprises an amno acid

sequence at 'eastaﬁi@ égiﬂ%téqg@hcé rmgge I%a@pﬁr% ﬁéntqu%gg{?gqu\gg{sd of

claim 36, wherein nuclel aC| conpri ses

22. The method of claim 15, wherein the GDF-8 protein is SEQ ID NO:15.

23.  The method of claim 15, wherein the antibody recognizes the GDF-8
latent complex, GDF-8 in complex with follisatin, or GDF-8 in complex

with a follistatin related protein.

24. The method of claim 15, wherein the antibody is the JA-16 monoclonal
antibody produced by a cell having ATCC Deposit Designation Number

PTA-4236.

1

25.  The method of claim 15, wherein the medical disorder is a muscular
disorder, neuromuscular disorder, adipose tissue disorder, diabetes, or

bone degenerative disorder.

26. The method of claim 15, wherein the medical disorder is a muscular or

neuromuscular disorder.

27. The method of claim 15, wherein the medical disorder is muscular
dystrophy, muscle atrophy, congestive obstructive pulmonary disease,

muscle wasting syndrome, sarcopenia, or cachexia.
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38. An isolated antibody that specifically binds to a protein conprising an
am no acid sequence as set out in SEQID NO 2. -77 WO 03/027248

PCT/ US02/®048827239®. The anti body of claim 38, wherein thepamusonsss2
specifically binds to a protein conprising an am no aci d sequence as set
out in SEQ 1D NO 3. 40. The anti body of claim38, wherein the anti body
specifically binds to a protein conprising an am no acid sequence as set
out in SEQ 1D NO 5. 41. The anti body of claim40, wherein the antibody
specifically binds to a protein conprising an am no acid sequence as set
out in SEQ | 28. NOTh8 mdthod dfelaim 1 Houdyerein theanadi®a| disbrdst i$ smussaiarusi ng
cell line wwth ATCC Deposit Designation Nunber PTA-4236. 43. The anti body

of cl aim 38, conpaygmsph at | east one single chain COR chosen fromthe
am no aci ds 30-35 of gl D NO 1, amno acids 50-66 of SEQ ID NG 1, and
am no acids 99-102 of SEQ ID NGO 1. 44. A nethod of increasing nmuscle nass,

sai d met hod ngf&ﬁhﬁﬂeg@%frwﬁﬁﬁw nﬁhé?reimﬂfe%eurdapaisbwe&fné%éswe rpp®aNt _of
the anti body of claim to a mammal, thereby increasing nuscle nass. 45.

A met hod of incregsin f ne density, said nmethod conprising a
i Ster Bt e R Ec |

adm nistering at ctive anmount of the antibody of claim
38 to a manmal, thereby increasing trabecul ar bone density 46. A net hod

of increasing nuscgle r engt said net hod co i nistering a
t her apeut i cagpy e%\‘ %fﬁ%ﬁp%@ﬁ?%ﬁs "EQ{E)Cgf}ﬂq(f S’gﬁéo BFciaif™.
31. A nucleic acid encoding the antibody of claim 1.

32. A diagnostic kit comprising the antibody of claim 1.

33.  An antibody produced by the cell having ATCC Deposit Designation

Number PTA-4236.

34.  Anantibody comprising a heavy chain variable region that comprises

an amino acid sequence at least 85% identical to SEQ ID NO:1.

35.  The antibody of claim 34, wherein the amino acid sequence is SEQ 1D

NO:1.

36. A nucleic acid encoding a heavy chain variable region that comprises

an amino acid sequence at least 85% identical to SEQ ID NO:1.

37. The nucleic acid of claim 36, wherein the nucleic acid molecule

comprises SEQ ID NO:6.

38. Anisolated antibody that specifically binds to a protein comprising an
amino acid sequence as set out in SEQ 1D NO:2.
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claim38 to a mammal, thereby increasing nmuscle strength. 47. A nucleic
acid encodi ng antibody of claim38. 48. A nethod of inhibiting GDF-8
activity wormpnering providing the antibody of claim1l anecalisomsng2it to
inhibit GDF-8 activity. -78 WO 03/027248 PCT/US02/30452 49. An isolated
antibody that specifically binds to a protein, wherein the protein
conprises the amno acid sequence of SEQ ID NO 9. 50. The antibody of claim
49, wherein the protein is BW-11 or a fragnent thereof. 51. The antibody
of claim49, which is made using cell line with ATCC Deposit Designhation
Nurmber PTA-4386. Bhe ahtivethod clHimi 38; vdwseingheasdibedynspecifisalibings o @

conprising admnistering a.therapeutically effectiy t .

anti body of clai H{C&@l%cﬂapﬂ%lmn,af{‘ﬁ‘é’r%%g?ﬂ'd?’é%%?%geﬁg“sftgﬂes%é?N@é' A
nmet hod of increasing trabecul ar bone density, said method conprising a
adni ni steringpa t fraeanfibodydf lclaief 38 cihereinatiienitivotly tshecifisally bindg tofa cl ai m
49 to a manmmal, thereby increasing trabecul ar bone density. 4. hod
of increasing nuspraieit eFNPLSING S AMiAS 2id SeaHPNTS AR gt aﬁﬁﬂﬁﬁé@épﬁﬂé‘?
therapeutically effective anmount of the antibody of claim49 to a mamal,

thereby incr ﬁGf.Si n?h%ﬁ'b%d?/%f%@hhm,'v@l?erein the antibody specifically binds to a
protein comprising an amino acid sequence as set out in SEQ 1D

NO:18.

42. The antibody of claim 38, which is made using cell line with ATCC
Deposit Designation Number PTA-4236.

43. The antibody of claim 38, comprising at least one single chain CDR
chosen from the amino acids 30-35 of SEQ ID NO:1, amino acids
50-66 of SEQ ID NO:1, and amino acids 99-102 of SEQ [D NO:1.

44. A method of increasing muscle mass, said method comprising
administering a therapeutically effective amount of the antibody of

claim 38 to a mammal, thereby increasing muscle mass.

45. A method of increasing trabecular bone density, said method
comprising a administering a therapeutically effective amount of the
antibody of claim 38 to a mammal, thereby increasing trabecular bone

density.

46. A method of increasing muscle strength, said method comprising
administering a therapeutically effective amount of the antibody of
claim 38 to a mammal, thereby increasing muscle strength.

47. A nucleic acid encoding antibody of claim 38.

48. A method of inhibiting GDF-8 activity comprising providing the antibody
of claim 1 and allowing it to inhibit GDF-8 activity.
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49.

50.

51.

52.

53.

o4.

An isolated antibody that specifically binds to a protein, wherein the
protein comprises the amino acid sequence of SEQ 1D NO:9.

The antibody of claim 49, wherein the protein is BMP-11 or a fragment
thereof.

The antibody of claim 49, which is made using cell line with ATCC
Deposit Designation Number PTA-4236.

A method of increasing muscle mass, said method comprising
administering a therapeutically effective amount of the antibody of

claim 49 to a mammal, thereby increasing muscle mass.

A method of increasing trabecular bone density, said method
comprising a administering a therapeutically effective amount of the
antibody of claim 49 to a mammal, thereby increasing trabecular bone
density.

A method of increasing muscle strength, said method comprising
administering a therapeutically effective amount of the antibody of
claim 49 to a mammal, thereby increasing muscle strength.
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