WD 2004/ 037861 PCT/ | B2003/ 004748 NEUTRALI ZI NG ANTI BODI ES AGAI NSTGDF-8 AND

USES THEREFOR ‘L,gg%”‘g%os application clainms priority to ppotigespbales
provisional Se /419,964, filed Cctober 22, 2002, which is

i ncorporated herein by reference in its entirety. TECHNI CAL FI ELD [ 0002]
The technical field relates to anti bodi es agai nst grow h and
differentiation factor-8 (GF-8), in particular human anti bodi es, and

anti body fragment NEUTRAMAIZING ANTIBOBIESHNAGAINGT IGDF-GNE USES YHEREFORvi tro
and/or in vivo. The field further relates to diagnosing, preventing, or
treati ng degenerative disorders of muscle or bone, or disorders of insulin
nmet abol i sm BACKGROUND [0003] G owh and differentiation factor-8 (GDF-8),

al so known as nyost atipgg1]i S PhiSESHIBARM d@é.ms%er.@rta urﬁeas'mai)ﬁfovefonhhe
transformng gromh factor-beta (TG-P) superlam |y of structurally related

growth factors, agér R, 6%'19'@6@%&?@&089&’% %@Q'Wﬁ’lkﬁ % |h66?86fta?é2fherem 54)

gr owm h-regul atory and norp ogenetlc properties (Kingsley et al

Genes Dev. et al. (1998) Curr. Topics Mcrobl ol .

3@? i'ng ?e%{ . :
| nunol ., 228 23 %é%e |mrﬁ y to TGF-(3, human GDF-8 is synthesized as
a 375 amno acid long precursor protein. The precursor GDF-8 protein fornms a

honodi ner. During processing the am n opeptide is cleaved off
at Arg-266. The cleaved propeptide, 'E'g% h?é'— LFE!-FHI at ency- associ at ed

peptide” (LAP), nay renmain noncovalently bound to the honodiner, thereby

inactivating the conpl eeroz( M yrw0aBehidal féld rdial® 18 BRtibdiiessTai m&wea@/ 004748

(1988) J. Biol. Chem, 6407=6415; Wakefield et al. (1988) J. Biol.

Chem , : differentlatnon factor-8 (GDF-8), in particular human antibodies, and antlbody
fragments, eépecially those that inhibit GDF-8 activity in vitro and/or in vivo.

The field further relates to diagnosing, preventing, or treating degenerative

disorders of muscle or bone, or disorders of insulin metabolism.
BACKGROUND

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

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

bound to the homodimer, thereby inactivating the complex (Miyazono et al.
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263: 7646-7654; Brown et al. (1990) G owmh Factors, 3: 35-43; and Thi es et
al. (2001) Gowth Factors, 18: 251-259). The conplex of mature th
propeptide is MIBHE eferred to as the "snmal | |atent coPrﬁ')rI'IE%“W?Oé%'ﬁtry et
al. (1990) Biochem stry, 29: 6851-6857; Derynck et al. (1995) Nature, 316:
701- 705; and Massague (1990) Ann. Rev. Cel | B ol ., 12: 597-641). O her
proteins are also known to bind to mature GDF-8 and inhibit its biol ogical
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100% i dentical in the C-termnal region, while in baboon, bovine, and ovine
they differ only wpgptsﬂﬁ'ﬁsow% r (@dzt@lﬁ‘ﬁétl"? ssﬁ‘adﬁﬂieB“P%”R% (F8YY B der ged:
however, it is still 88% identical to hu [ 0005] The hi ree of
conservation suggd9eg) ﬁﬁﬁ'ﬁe'@#yaz%%m 5%57@%)‘&‘]"&{1‘ a}. (hR95) GD%58 i s highly
expressed in the devel oping and adult skeletal muscle and was found to be
i nvol ved in the réQurasiand Nassepue (1890) Apn.dRe)yiCelBigls dée3¥e64 1)n Qthe! nuscl e
and in osteogenesis. For exanple, GDF-8 knockout transgenic mce are
characterized by BrofRRkeE aﬁﬂa'@?qwfdpfwﬂ@@dﬂathsm@Dﬁ’r&a@ﬂdambblltﬂﬁ@l@maét al
muscle (McPherron et al. (1997) Nature, 387. 83-90) and altered cortical
bone structure (kmtmty;ksmh @hlbthWGI!QfFeromﬁéUderplll§@)ln ang Adlitatn-relaedi | ar
i ncreases in skeletal nuscle nass are evident in naturally 2 WD 2004/ 037861
PCT/ 182003/ 0047 48proteinsitGamey ehal. 41998) MRevoBiotr#08B2R2-288) -t | e (- Ashnore et al .
(1974) G owh, 38:

[0004] An alignment of deduced amino acid sequences from various

species demonstrates that GDF-8 is highly conserved throughout evolution
(McPherron et al. (1997) Proc. Nat. Acad. Sci. U.S.A., 94: 12457-12461). In
fact, the sequences of human, mouse, rat, porcine, and chicken GDF-8 are
100% identical in the C-terminal region, while in babooh, bovine, and ovine
they differ only by 3 amino acids. The zebrafish GDF-8 is the most diverged;
however, it is still 88% identical to human.

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

343-349). Similar increases in skeletal muscle mass are evident in naturally
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501-507; Swatland et al. (1994) J. Anim Sci., 38: 752-757; MPherron et al.

(1997) Proc. Sci. U S A, 94: 12457-12461; and ]m al
(1997) GenoneNgozoA&@’q“élO 915). St udi es have indicated tH m%og%:} 04%]vvastl ng

associated with H V-infection is acconpani ed by an increase in
expression (Gonzal ez-Cadavid et al. (1998) Proc. Nat. Acad. Sci. U. S. A,
95: 14938-14943). CGDF-8 has also been inplicated in the production of

| e- i fi f
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mor phogenet i ¢ proétﬁréqf%a%d@ta 1b§£’Fﬂ%uﬁ‘§é?%§' Omdﬂécﬁgrrbﬂet’" pumber

of ot her physiol ogic processes [‘udi n utose asis in

devel opnent  of tngg‘é #jrbé‘t%%teﬁcad @?U§g\ %4”9?@% ]iﬂc?elc ﬁggan{ﬂgéﬁrél S en as

syndrones (e.g., syn I'm'regi'stance in

(G m et al: (2005 B RRl S ARRET BhEREhae Rérﬁaé?éy%?ﬂﬂws'ﬁ"iﬁé' o el

FLZSLF; Sdli‘éf r §§ﬁ@°%%§%?a%ﬁ““ﬂéd wsﬁxﬁ&-ﬁﬁs&@nﬁaeé*%?@éaea@g”f%?)ﬁytéaﬁéﬁot r oph ¢
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el abl 6 or of f eddiive: ?ﬁewggbeéﬁfﬁmﬁ-@éw”@'é%p'et?%%é@pf@%é Bitpe Brebgton

di sorders. [0007] There are. aI SO a ng%nber of. cand Hlpf(ﬁ?socl ated with a

| oss of bone, whidrNysstersrecifigenaypes Qscrﬁﬁﬂf‘eo@? gatigfecial Iy in

the 3 WO 2004/ 037861 PCT/1B2003/ 004748 el der Ig/ and/ or post nenopausal
wonen. -i n addi t i JRYORist §84 (VEOHQHSTHiMk Ja@gdition to its growth-regulatory and .

morphogenetic properties, GDF-8 is thought to be also involved in a number
of other physiological processes, including glucose homeostasis in the
development of type 2 diabetes, impaired glucose tolerance, metabolic
syndromes (e.g., syndfome X), insulin resistance induced by trauma, such as:
burns or nitrogen imbalance, and adipose tissue disorders (e.g., obesity) {Kim
et al. (2001) BBRC, 281: 902-906).

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

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

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

pr emat ur e gona%mf)ﬁ?%ﬁe, androgen suppression, vitamn 0 50%;/&%4)4,
secondary hyperparatnyroidism nutritional deficiencies, and anorexi a

nervosa. Currently available therapies for these conditions work by
inhibiting bone resorption. A therapy that pronotes new bone formation
woul d be a desirable alternative to these therapies. [0008] Thus, a need

ists to d | op, ' Yol : : ' f
exists to deve Opel@éf{’& 5H&Bﬂ&%sﬁ@fé%&%%dﬁér@.”FneaddﬁtBn?‘H\e%‘gB[@!’;&rlsén&ﬁ%a‘%ﬁg_ 0

muscl e mass and/ or engt one density, especl

SUMVARY [ 0009] . En# EisB%rsoit'\cﬁJBg Id[?»ﬁ%ﬁget I?(a)g d&éﬂﬁ‘) &?ﬁ&ﬁggfgcb%\{'ﬁ&% MRrdey, P ovi de

safe and effective erapeutic ne muscl e andFPor bone-assocl at ed

6 sorcers 00301 o SURSNE AL S s LN DUERLBRYLD R ™ "o

tebrates. 0011] 1% i t th he . t t id
Phi bi tors of coreHay pERarflinbm Atk he ekl Ayt i T
th bj ect of the i ti ' i d ti bodi . :

T O et ! b TR Tl R B R o BT
0013] Thus, t hpds f . [ I b d ti ' d
OO s, ™o e S PP Tk e R PRt VPRt 2o
2004/ 037361 PCTI | BEUBHIGRIPPRINE S ESeIBPBIRT- bod e, termod. MWo29, - Myo2E,
and Mo22, and anti bOd[b888] Thus, a need exists to develop new therapies that contribute

to an overall increase of muscle mass and/or strength and/or bone density,

especially, in humans.
SUMMARY

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

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

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

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

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

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



and antigen-binding fragnents derived therefrom The antibodies of the

i nvention possess a nunber of useful properties. First, the antibodies are
capabl e of bi n¥Of§o4fd{%¢te GDF-8 with high affinity. SecondCTHRHIMEES osed
anti bodies inhibit GDF-8 activity in vitro and in vivo as denonstrated, for
exanple, by inhibition of ActRIIB binding and reporter gene assays. Third,
the disclosed antibodies nmay inhibit GDF-8 activity associated with

negative regul atiqgn.pf skeletal nuscl, s . and bone, density. .-[0014]

Certai n enbodi rrerﬁ'ﬁ"ggkfi%’%mg@ﬁt%ﬂe%W’Mﬁea%@ﬂgcﬁ“d a\?ﬂb%‘g‘ﬁ%i n of
the Fv fragment of 29, M028, or 22. further nbod| nents, conpri se one
or nore conpl enerﬂ’gjr\%/'&gea'é’f%"?ﬂ ffﬁgﬁ’éerfqga?%‘f?éj tH?’GERE’) ﬁpaéﬂbg@ps Pﬂgge VH and
VL domai ns. O her, enbodi nents conprise an H3 fra nt of the VYHdomai n of
M/029, My028, or 'WW&RIBION POSRESS|a %gﬁ%fb“(%’OB‘?'Bﬁg-gE"%dHﬁéﬁf"P‘?%?%aréont ai ni ng
anti bodies of the invention or their antigen-binding fragnents, and their
use in nethods ofCaraRle ¢ibinding HatupRGOFS$ Wﬂgﬁ'@h@ﬁﬂ"& eqend;dhegiseiesetbds of
treatnent of the human or aninmals. The antibodies of the invention may be
used to treat or HHibedigs iNRIHAPFCrrivithinyire andin vivkcasedereonsiralads tare ti ssue
or bone density is desirable. For example, the presently disclosed

ant i bodi es may beexasenle.iy iphibition pEACRIB bindiag andieapageruenessisays. el wrd, the
nyocardi um di aphragm etc. Exenplary disease and di sorders include nuscle

and neur onuscul ardigglesadiantibodige maydnhibitSOIT-& activty epeqsiaieq itk neaativg
Duchenne's nuscul ar dyst rophy)él anyotrophic lateral sclerosis; nuscle
elat

atrophy; organ atnegplajion pfsk musglenepsssgndibenieedensgpngest i ve obstructive
pul nonary di sease; sarcopenia, cachexia, and other 5 WD 20041037861
PCT/ | B2003/ 004748 ~ - mie@14}- wksariaingershodimensof thadinpergiontcompriee tes\br arstier
(e.g., obesity); type 2
V. domain of the Fv fragment of Myo29, Myo28, or Myo22. Further
embodiments comprise one or more complementarity determining regions
(CDRs) of any of these Vy and V| domains. Other embodiments comprise an
H3 fragment of the Vydomain of Myo29, Myo28, or Myo22.

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

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

congestive obstructive pulmonary disease; sarcopenia, cachexia, and other
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di abet es; inpaired glucose tol erance; netabolic syndrones (e.g., syndrone
X); insulin resistance induced by trauma such as burns or_nitr

i mbal ance; andCBYH&8generati ve diseases (e.qg., osteoarfﬁppyﬁgﬁgﬁﬁ
osteoporosis). [0016] In addition, the presently disclosed antibodi es may be
used as a diagnostic tool to quantitatively or qualitatively detect GDF-8
or its fragnents in a biological sanple. The presence or anount of GDF-8

oo cted oo P APAANER bR o R P e Cal bR 21,
whi ch i [ . ' t
R I o T i
di il . f tly discl d VH
Sequence one ! o3 g Tl VP Sk PE B RE ket RS
i Si h l,ei id. [0018] Y th t i d t hod of
compLL 511, U B e bl BB BB BRS¢
ti f h i der.i f t he. V VL d ' f 29,
o s™h o PACh SRR SRR B o AT Sl
or L B oSS BN SR el e SR B i 2

Vari ous objects, aspect S"n aﬁ@'d advant ages of the invention be realized
t

il
and attained by rfP9Mmentsin@giologicalRaMRe. 5 hhe BeseNGee prunb of PPER detestedoi nt ed
out in the appended clains. s WO 2004/037861 PCT/1B2003/ 004748 [0020] It is
to be under st ood PRIE 9FERtehwith gpe goMALe ¢fdhe madicabeenditions dsted aBoYge

foll owi ng detail ed descri 5“ on are exenplary and explanatory only and are
not restrictive of th&41dentinether agpect proyidgs an isolated nucleic acid, whic

comprises a sequence encoding a Vi or V| domain from an Fv fragment of
Myo29, Myo28, or Myo22. An isolated nucleic acid, which comprises a
sequence encoding at least one CDR from any of the presently disclosed Vy
and V_domains, is also disclosed. Another aspect provides host cells
comprising such nucleic acid.

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

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

elements and combinations particularly pointed out in the appended claims.



BRI EF DESCRI PTI ON OF THE FI GURES [ 0021] Figure 1 shows that bioti nyI at ed
GDF- 8 and EI\/P- ActRI I B receptor with an ED50 4gand 40
ng/ M, respecti ve?)I 613[7%822] Figure 2 shows inhibition of MZ(& ndi ng to
the ActRIIB receptor by scFv fragnents of the invention. As illustrated,

the 1C50 for scFv's of My029, Mo028, and Myo22 are 2.4 nM 1.7 nM and 60
nM respectively. [0023] Fi gures 3A and 3B show that preincubation of M/029

wth biotinyl ated R BMELhednadGioddiit toiligrbbgBRE dngfar BVP- 11

binding to ActRIIB br nding assay wth 0.2-0.4 nM

R s

assays, in which eline

conditions, i. BWP- 11,
and activin. Fi gu?w%sg%&%%&%g OF ﬁe% ﬁl/ogﬁn %h{elas“ @{@8 activity
in a dose-responsive manner, wth an | C50 of 15- 30 ng/nl, and inhibits the
bi ol ogi cal activity of BI\/P-ll to the sane extent ure 4D illustrates
that Myo29 does not affect th@'ﬂEFMﬁQ(iR'BF'%QR/TMElF&;Uﬁ@ assay [ 0025]
Figure 5 shows results of epitope mapping for I\g: M/029. The
epi tope for My029 was [A8%Hed Figyis lashoms t |b(!P“7‘23t%GQET %”%%ME B‘Bb'B‘F theat ur e
GDF-8; for Myo22, fromanmino acid 1 to amno acid 44, for Myo28, from am no
acids 1 to anino ééﬁR!'Bg'Scemo'V\Q)"Z905;%8‘7@631"95@@'1%?@OQ/FUUEM‘SCUVFUO26] Fi gure
6 denonstrates results of a substitution analysis of the M/029 epitope.

Resi dues Lys-78, Pro-d9022nd Fguredsshawsriehibitien af3pDE-8 l@ipﬁeaﬁo the &féR“Emortant

for Myo29 binding to GDF-8. [0027] Fi ?ure 7 depicts results of an
i mrunopr eci pi t at i &ggeptor by scFv fragments of the mventlon As |llustrated the ICso for scFv's

of Myo29, Myo28, and Myo22 are 2.4 nM, 1.7 nM, and 60 nM, respectively.

[0023] Figures 3A and 3B show that preincubation of Myo29 with
biotinylated GDF-8 or BMP-11 at 10 ng/ml inhibits GDF-8 or BMP-11 binding
to ActRIIB in the ActRIIB binding assay with an ICs of 0.2-0.4 nM.

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

[0025])  Figure 5 shows results of epitope mapping for Myo22,
Myo28, and Myo29. The epitope for Myo29 was mapped from amino acid 72
to amino acid 88 of mature GDF-8; for Myo22, from amino acid 1 to amino

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



experinment performed with Myo29 and Myo28. Conditioned nediumfrom CHO
cells expressing GDF-8 which were radiol abeled with

35S- et hi oni ne)"@{&"ﬁ"g‘?:‘ﬁgl was subjected to i mrunoprecipi tat'?(gﬂBﬁaoflﬁMWOZQ or
My028. The i munopreci pitates were then anal yzed by SDS- PAGE under reducing
conditions. Bands on the gel are identified as mature GDF-8, CDF-8
propeptide, and unprocessed GDF-8. [0028] Figure 8 depicts results of a

L L R bt 1
(I\:/Iy ear an(I\:/Z ar oundw% WY#&/‘%@OPG Tﬁgs'f’?'%%lﬂs?.}ng gﬁ%’éﬁb 'Bg\'ﬂ W@F”Ir%g:ﬁlr%‘gcti on
C5786/ S0 D m ce t PR I ENARYTaR 16 MH22D BRSO DR 020 (60, 10, and 1
"ovelt for four weeks B?é%?d Fatred epins sl 3 TR REPRCr case i n

nmuscl e mass of 19% and 23% respectlvel [ 0030] Figure 10A and 108 show
gast rocneni us and%ﬂ?&'ﬂﬁ”&@?]@m}‘?&é@ hi MyeZShanidMyeds; Cendiioneddnediviafiom weekl v
W th various doses of 02 5 2.5, and /[ kg) or PBS for four
weeks. Miscl e mas&HGcsl ﬁ@P‘B’&§§HQl§%P'f §owhigh wees rwﬁ@kﬁectw@at ed with M029 as
conpared to the v$h| cle control. 8 WD 2004/ 037861 PCT/I.B.20.03/ 004748 [0031]
Figure 11A and 1 §raeﬁhm516fcez§@meewé@pmeqey tg BMHBRRTEAPIAIoANNIRRES Feps
muscle mass in female CB17 SCID mce treated weekly with various doses of
My029 (10, 5, 2.5Myga% Ihwmgr)omcmnmeweretmewealm SD#RAGE padared wit h

My029 show i ncreases in nuscle mass ranging from12 to
reducing conditions. ‘Bands on the gel are identified as mature GDF-8, GDF-8

propeptide, and unprocessed GDF-8.

[0028] Figure 8 depicts results of a pharmacokinetic study in which
C57B6/SCID mice received a dose of 1 mg/kg as a single intravenous (V) or
intraperitoneal (IP) administration of Myo29. Myo29 shows prolonged
terminal half-life of around one week and low clearance around 1 mi/hr/kg.
The fraction absorbed following IP injection is about 77%.

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

[0030] Figure 10A and 10B show gastrocnemius and quadriceps
mass in female CB17 SCID mice treated weekly with various doses of Myo29
(10, 5, 2.5, and 1 mg/kg) or PBS for four weeks. Muscle mass is increased by

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

a grip strengt 0r5%54%{3§§| n female CB1 7 SCID mce treated ﬁ%ﬁ‘ﬁi}%om Ul?: My029
r

(10 and 5 ng/k for twelve weeks. Front linb stre eased
by 17% and 23%in mce treated with Myo29 at 5 ng/kg and 10 ng/kg,
respectively. DETAILED DESCRIPTION 1. Definitions [0033] The term
"anti body," as used herein, refers to an imunoglobulin or a part thereof,

and enconpasses any pfdosqﬁrpt lpg;‘q.re Q?m%b%glagse%ﬁgﬁtgg&%ﬁe%hvéiﬁg%t%cBSmuus

regardl ess of the sou species of o Ion, and

h t t I d

human, or angut an, A EgganCes MUl thas e, %%"”7 SF% id DhatpR el Wby %7 .
| ud but t t d fic,

pol yspeci 1, non2tpte bt onheBldE s 2 epg 1o EHBC%F” PREVESHT e i <.
nbi t,hbd fted antibodi For, th

of the present i MERAEBIRE FH MPEE sn%nnﬂwéges?m?@sscle BERR O ARl

anti body fragment /such as Fab, F(ab')2, 9 WD 20041037861 PCT/ 1B2003/ 004748

Fv, scFv, Fd, d and other antibody fragnents that retain the

ant| gen- b| nd| ng functl 0 [0 &% Ant | bodj es cap be nade, for exa Vi a
traditional hybri domé? (?@(},hnlg %1£Rh?l‘f"%7'heaffﬂﬁ‘t Rﬂngé‘i“lﬁc‘? s(trf@g %B’edZSG
495-499), reconbi nant DNA ne 567) or phage

di splay techni qu¥s? 4R atgength Fl?@fdy'"(f?'ﬁla&%q:%g %@Daﬁ‘v@dfﬁaé?d weekly ¥851) Nat ur e,

352:
Myo29 (10 and 5 mg/kg) or PBS for twelve weeks. Front limb strength is

increased by 17% and 23% in mice treated with Myo29 at 5 mg/kg and 10

mg/kg, respectively.

DETAILED DESCRIPTION

|I. Definitions

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

includes, unless otherwise stated, antibody fragments such as Fab, F(ab'),,



624-628; Marks et al. (1991) J. M. Biol., 222: 581-597). For various other
anti body production techniques, see Antibodies: A Laboratory Mnual  eds.
-Harl ow et al .,Wodg?“éf’:%gﬁ}i ng Harbor Laboratory, 1988. [003 R0V 7P
"antigen-binding domain" refers to the part of an antibody nol ecul e that
conprises the area specifically binding to or conplenentary to a part or
all of an antigen. Wiere an antigen is large, an antibody may only bind to

i cul f th ' The "epi " y j icd ' !
"2 portion of di.aRtYgeh chbra pec BB PRlopli i fdaintie Cpecific

interactions with the antjgen-hinding domain of an anti body. An
ant i gen- bi ndi ng MFH%M%Q{Q“SPSW ded by one or nore antibody vari abl e

dormains (e.g., a so-c ed F tibody fra nt consisti.ng of a VH domain).
An anti gen- bi ndi ng doiééqﬂcompg‘ggsﬁ%‘ %ﬁﬂg’g‘éd{‘?' P1‘?jﬂ?'ec‘ﬂég’ﬁ8‘b%'??'abl e region
NO and an anti body heavy chain variable region (VH). . [0036] Th m
"repertoire" ref e’%/yé’”fjﬁmé t@‘g}‘n‘éqqeéé'l(?ri)e’o?w&ée'e&gﬁ’?ewﬁﬁ%‘ﬂfe' @#6‘ ﬁggﬁégii des,
e.g., DNA sequences derived wholly or partially from_sequences which
encode expressed r@ﬁ%ﬁ@@ﬂb%ﬂﬁi%h°‘¥r@-§epqﬁlém 4,816.5QfarPheae displayn vi vo
rearrangenent of, e.qg., V, D, and J segnents for H chains and, e.g., V and
J segnent for L cleahmauespysing aptibogy(iBranesClagdgar gtals (1891 et 85837861
PCT/ 1 B2003/ 004748 may be generated froma cell-line-by-in vitro
stimul ati on-and i%24-e<hdirrks etal. (IRPDH- MalrBialkh F2dedl1-89 €l For valiqusrather vel v,
part or all of the _seguences_may be obtained by conbining, e.g.,
unr earranged V se@jiibady prdduptiqn tgplniguess semAntikpdiasy Ad@abpeadery dansiphedasi s,
random sed mutagenesis, and other methods as disclosed in U S. Patent No.
5, 565, 332. [ 0037]Harnaw etalimColtheprirg Marbart kabosatoon 198&%r "specifical |y binds,"
or the
[0035] The term “antigen-binding domain” refers to the part of an

antibody molecule that comprises the area specifically binding to or

complementary to a part or all of an antigen. Where an antigen is large, an

antibody may only bind to a particular part of the antigen. The “epitope” or

“antigenic determinant" is a portion of an antigen molecuie that is responsible

for specific interactions with the antigen-binding domain of an antibody. An

antigen-binding domain may be provided by one or more antibody variable

domains (e.g., a so-called Fd antibody fragment consisting of a V4 domain).

An antigen-binding domain comprises an antibody light chain variable region

(V1) and an antibody heavy chain variable region (V).

[0036] The term “repertoire” refers to a genetically diverse collection
of nucleotides, e.g., DNA, sequences derived wholly or partially from
sequences which encode expressed immunoglobulins. The sequences are

generated by in vivo rearrangement of, e.g., V, D, and J segments for H

chains and, e.g., V and J segment for L chains. Alternatively, the sequences
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i ke, means that two nolecules forma conplex that is relatively stable
under physi ol c conditions. The termis also applicable where, e.g., an
ant i gen-bi ndi n GOREPR! specific for a particular epi toppec,T%olO%f??q“g
carried by a nunmber of antigens, in which case the antibody carrying the
antigen-binding domain will be able to bind to the various antigens
carrying the epitope. Thus, an antibody may specifically bind, for exanple,
BVWP-1 1 and GDF- ,_ rdm B dS$ind By ir R Fhrel rgied by
both. [0038] Speg'u"?f gbg’?ﬁ%ﬁang "u"ssm%héaé(r@%%g E@@ﬁggg}ﬁ‘ggﬁ?%ﬁﬁ%ﬁﬁeﬁﬁ?@gééd a | ow
to noderate capacji. £ 1ndj I f i1l with a
bt PRI Socpl bR iU b BEE G b eicrlb by

noderate to hi gh capaci pica spec

when the affinit K...:ks highe | er ably hi gher
than 108 W If n%ecééégg'%g%r?grmb%@ie%?td%%%gélh%gg/a%é%erﬁéﬁﬁéZiiar\‘/ﬂafhout
substantially affecting.,specjfi.c binding by varyjng, the binding conditions.
Such condi tions %ﬁgé“%%m qu&leph@e yr{?r,les&%aarﬁ!ogﬁ% rggtagpp?sgsar?nga routine
t echni ques can sel ect . apptropriate di tions onditions are usually
defined in terns ’BFﬁ‘°86ﬁ§é’f?€E’§F$5hU§??’3Lﬁ“i‘8‘8d?'é§5593m c strength of the
solution, tenperature, t] | I owed for. binding,, coqncentratjion of

non-rel at ed ol ecul es l?@@e -@@rtﬁrﬁ? 1SP99\E5° mﬁfﬁﬁlsﬂﬁﬁ&bﬁ%ﬂﬁwfﬁS

al bumn, mlk-casegin-),-etc. Exenplary.conditions are set forth in anpl es
o T Mg 10, T OREOIeRRS ok MR BRI ST SPiS ex 4tk rRlivel, AR gty | T e
relevant CDR, VH, or VL domain will be either identical or highly simlar
to the specified PHERIRFGCHIINGNS: A he feImsie GiRorRplicable whergy - 9vetei n.  For
exanpl e, such substitutions include 1 or 2 out of any 5 ami no acids in the
sequence of a Cmtpﬂm-,blr}cmg qigpauni§ s;p_eg;ﬁcgq)r-q_ggr_tlcular epitope, which is carried by

a number of antigens, in which case the antibody carrying the antigen-binding

domain will be able to bind to the various antigens carrying the epitope. Thus,
an antibody may specifically bind, for example, BMP-11 and GDF-8 as long
as it binds to the epitope, which is carried by both.

[0038])  Specific binding is characterized by a high affinity and a low
to moderate capacity. Nonspecific binding usually has a low affinity with a
moderate to high capacity. Typically, the binding is considered specific when
the affinity constant K, is higher than 10° M™", or preferably higher than 10°
M. If necessary, non-specific binding can be reduced without substantially
affecting specific binding by varying the binding conditions. Such conditions
are known in the art, and a skilled artisan using routine techniques can select
appropriate conditions. The conditions are usually defined in terms of
concentration of antibodies, ionic strength of the solution, temperature, time

allowed for binding, concentration of non-related molecules (e.g., serum
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[0040] The term "TG-[i superfam|ly" refers to a famly of
structurally-rel ated %rowth factors. This famly of related _growh factors

is well knownOPPHR738] ¢ (Kingsley et al. (1994) Genes DN TTIBRS/IP44E 1 46
Hoodl ess et al. (1998) Curr. Topics Mcrobiol. Immnol., 228: 235-72). The
TGF-R superfam |y includes bone norphogenetic proteins (BMP), activin,
inhibin, nmullerian inhibiting substance, glial-derived neurotrophic factor,

d till ' 2 - \OLQW ' tjati ,
cuch as cor-a” (bR FRE oo CheRiiery LinES L Bnh MR Eieshe) o,
functionally rel a% %gd 10° GDF- 8. For exanple, human BMP-11, al so known as

1'de

GF-1 1, is 90% ntical to GOF-8 at the am no-acid |evel (Ganer et al.

. Biol. , - ; kshi | . h. .
50: 185 169) . [0041] TROBE: miteapre: AUTpEapos seostit heahe ol R et

i ff iati f - I f 1h -
Structural Ly or  GORCVrGRdr ComPLl ol e TeLapRisal prfouy sfie® hfspegtiorhq
other factors belonging to the TGE-[3 superfam.ly._ The termrefers to the
full-length unpr’88@8§88wb'f;€i'ﬂﬁ §‘?ﬂ“ef‘g‘? fﬂ???oﬁﬁﬁ’%’"ag%ﬁ’ﬁmég' 458 mature and
propeptide fornms resulti ngqlf ror1n post-transl ational cleavage. The term al so

refers to any 12 SNBSYBONsORTEde /QUBSLRY) DEMNPLCIYS 18 hRsRAERFRIONAr i ant s of

GDF-8 that mmintain at |east sone _biol ogical activities associated with
mature CDF-8, as @PBIHdsHE Wdridi h2. et udi ng sequences that have been

modi fied. The am no acid sequence of mature human GDF-8 is provided in SEQ
I D NO 49. The present [0G40nt iT68 tern h@fPsgprerdanilys refesie a femiept epr at e
species, including, but not limted to, human, _bovine, chicken, nouse, rat,
por ci ne, ovine, t¥ifuchyalyygiateshgrontiyfactasy Thisfamilyefielates grawiyfastprsdp wellee,

e.g., MPherron et al. $1997) Proc. Nat. Acad. Sci.
known in the art (Kingsley et al. (1994) Genes Dev., 8: 133-146; Hoodless et

al. (1998) Curr. Topics Microbiol. Immunol., 228: 235-72). The TGF-
superfamily includes bone morphogenetic proteins (BMP), activin, inhibin,
mullerian inhibiting substance, glial-derived neurotrophic factor, and a still
growing number of growth and differentiation factors (GDF.), such avs GDF-8
(myostatin). Many of such proteins are structurally and/or functionally related
to GDF-8. For example, human BMP-11, also known as GDF-11, is 90%
identical to GDF-8 at the amino-acid level (Gamer et al. (1999) Dev. Biol. 208,
222-232; Nakshima et al. (1999) Mech. Dev., 80: 185-189).

[0041]  The term “GDF-8" refers to a specific growth and
differentiation factor-8 and, where appropriate, factors that are structuraily or
functionally related to GDF-8, for example, BMP-11 and other factors
belonging to the TGF-B superfamily. The term refers to the full-length
unprocessed precursor form of GDF-8 as well as the mature and propeptide

forms resulting from post-translational cleavage. The term also refers to any

12



US A, 94: 12457-12461). [0042] The term"mature GDF-8" refers to the

prot ei n that i §olbassd; fromthe carboxy-term nal donai n b 06 s 8
precursor protein. e mature CDF-8 may be present as a nononer, honodi mer,

or in a GDF-8 latent conplex. Depending on conditions, nmature GDF 8 may
establish equilibriumbetween any or all of these different forms. Inits
biologically active form the nmature GDF-8 is also referred to as "active

GDF-8." [0043] Thieagrrénts afdPbarfarits oPEPFigkAat mahtiirsatloasthkenedivipgipsll de that is
cl eaved fromthe am no-term nal domain of the GDF-8 precursor protein. The

GDF- 8 propepti de adivitie®abdiadéd With diatgetGDE-BEaddionBed Berdm, idiGnglomai n on
the mature GDF-8. [0044] The term "GDF-8 | atent conpl ex" refers to the

conpl ex of  prot eddhpehSesMRe HREWRRR nidiffidd tTheGantihl adidRe el desdf nadigret he CGDF- 8
propeptide. It is believed that two GDF-8 propepti des associate with two

nol ecul es of mat UkgnsABDF-8 B groRdEPNTSE QRD NCP49.0TRe %sbﬁﬁﬁ@éﬁ(i@n?@bt@@ﬁ@” c
conpl ex. The latent conplex may include other GDF inhibitors in place of or

in addition to Or@oﬁraﬂﬂ&h%u%néth}ste%c% G&aaeaglmﬁot ﬁfﬁ.témoZHQrﬂéH?»?%l
PCTI 1 B2003/ 004748 [0045]- - The term 8-acCtivity' -refefs to one or nore

of physi ol ogi cal | I, i soci at ed
W tﬁ yactl vg CDF- %oﬂie’(;}[ﬁﬁel:aﬁér? L@é;’r; rcnﬁ?ég‘@lfh\%gﬁ@, ga@és‘otnagh(?agat‘&s

regul ator of Skeée@:{u@hcé%ﬁff %tné’r‘ﬁ%%e,é t'z\)/c‘?-’h%n 8t Sla{‘l Prd@ﬁ)‘;ﬂ Acsq L

producti on of e-specifirc enzyne , Creat I nase stinulate

nyobl ast prolif o] te preadi pocyte differentiation to
adi pocytes. Exere}upsa)?yggr?ggél%gl‘? measuring GDF-8 activity in vivo and

invitro are - [0042)  The term “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 conditions, mature GDF-8 may establish
equilibrium between any or all of these different forms. In its biologically
active form, the mature GDF-8 is also referred to as “active GDF-8."

[0043] The term “GDF-8 propeptide” refers to the polypeptide that is
cleaved from the amino-terminal domain of the GDF-8 precursor protein. The
GDF-8 propeptide is capable of binding to the propeptide binding domain on
the mature GDF-8.

[0044]) The term "GDF-8 latent complex” refers to the complex of
proteins formed between the mature GDF-8 homodimer and the GDF-8
propeptide. It is believed that two GDF-8 propeptides associate with two
molecules of mature GDF-8 in the homodimer to form an inactive tetrameric
complex. The latent complex may include other GDF inhibitors in place of or

in addition to one or more of the GDF-8 propeptides.
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set forth in Exanples 2, 3, 6, and 13. [0046] The term "GDF-8 i nhibitor"

i ncl udes any aggnt ?@?8% le of 1inhibiting activity, eXprestjiﬁﬁP%%%"g@?SSi ng,

or secretion o uch inhibitors include proteins,

pepti des, peptidom netics, ribozymes, anti-sense oligonucleotides,

doubl e-stranded RNA, and other small nol ecules, which specifically inhibit
GDF-8. Such inhibitors are said to "inhibit," "neutralize," or "reduce" the

bi ol ogi cal activity of - 8.1 0047] ~dhe teras " ralize "peutralizing,"”
"inhibitory," and theilp&gjogr;r 3ng e@é?%%c%glﬁé%@%ﬁ?)g%ei% "N{g 0gcti vity of
GDF-8 by a GDF-8 inhibit.or relative to the tiVi. f.. GDF-8 .in th
absence. of the saRBNIRdY groihTrasohioraeaRbaenelt bt FssSpBratBy y
| east about 10% 2Q% %, 40% % _60% 70% %. 90% or higher. [0048]
The ter m 1 r sat reAEVe QI BAIOE R, 2PE RAADRELPIVA SR 5 AROTRYE reudpay o
"therapeutic nethod" .and refers to bot erapeutic treatnent, and

prophyl acti c/ pr ev%'fﬁ'%fg]i s Q?ﬁ?'e’g‘?t'v?hggé'%i%n sé)de‘f]u'?Vagh? mﬂucﬂcﬂlpfi ncl ude
i ndi vi dual s al read aving_.a particul ar di cal djsgQrder as || as those
who' 1410 20041 03 TREHSPPIIGoBRRIS S BatToa R TiAee . SATUIRE BoelRtte- {ne

di sorder (i.e., thoésj_fe needi ng- prevent ative r‘r&ﬁsur esliP. %0049] The term
"isol ated" ref er sPiogfeatiop; ardimadylate preadigenyls difereqtialipn tpadiposytest s nat ur al
envi ronnment. For instance, an isolated protein is  substantially free of
cel lul ar nat eri al E¥¢MBRAERrosRAN s 195 MeasRng@DE S actiyity i b and guticres r om
which it is derived. The termrefers to preparations where the isolated

protein is sufficferiemyinfaanles B3 8dathidtered as a therapeutic

cohposition, or at |least 70%to 80%éwl . rt]),u_re,,.m)re preferably, at |east
: [0046] The term "GDF-8 inhibitor’ includes any agent capable of

inhibiting activity, expressibn, processing, or secretion of GDF-8. Such
inhibitors include proteins, antibodies, peptides, peptidomimetics, ribozymes,
anti-sense oligonucleotides, double-stranded RNA, and other small
molecules, which specifically inhibit GDF-8. Such inhibitors are said to

“inhibit,” “neutralize,” or “reduce” the biologicél activity of GDF-8.

” u L H

[0047] The terms “neutralize,” “neutralizing,” “inhibitory,” and their
cognates refer to a reduction in the activity of GDF-8 by a GDF-8 inhibitor,
relative to the activity of GDF-8 in the absence of the same inhibitor.. The
reduction in activity is preferably at least about 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, or higher.

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

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

individuals already having a particular medical disorder as well as those who
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80% 90% (w w) pure, even nore preferably, 90-95% pure; and, nost

preferably, atweEasde:deye 96% 97% 98% 99% or 100%(w\@cmg5@3/00gﬂ950] The
term"manmal " refers to any animal classified as such, including humans,
donestic and farm ani mals, zoo, sports, or pet animals, such as dogs,
horses, cats, sheep, pigs, cows, etc. [0051] The term"effective dose, " or
"effective anount,"” refers to that anmount of the conpound that results in

amel i oration of syapulifatdlyaéqudalthebisorder (i. dR6dd Mesbdiigadregértativeout come
(e.g., increasing skeletal nuscle mass and/or bone density). Such anmount
shoul d be sufficimeasurés)r educe the activity of GDF-8 associated with
negative regul ation of skeletal nuscle nass and bone density. The effective

anount can be determ gmgzs dReaEinbeshlatBd? fefers S8 FRIEaNR! thalas sLuBstantiallp VWO
2004/ 037861 PCT/ 1B2003/ 748 11. -Antibodi es Agai nst GF-8 and

Ant i gen- Bi ndi ng Hraosmitratial éﬂWﬁBﬁrnM'm(ﬂis%cW&?%olaM@&&elrﬁ@d Myo22 [0052]
The present disclosure provides novel antibodies against GDF-8, and

anti gen-bi ndi ng fsfn.f%@fﬁ%ﬂélﬁl ﬁé@éf%flulamme'nﬁl 6r'd”t'l9er'drbtléﬁ1%rﬁ%mfh% ceﬁ%PﬁéHu@Ent s of
such anti bodies are terned M029, Mo028, . These exenplary

embodi ments are %&Yd@ﬁ&n'ﬁhuéﬂ?usfﬂn%é’fm@'%ﬂ réi@Eﬁ ha g@ﬂs%eré 3] The

anti bodi es of the invention possess uni que and characteristics.

First, these ant'l?&ﬁk@j}r@t@ i€ 0B At DUl B BEmifiBibNBs Dhrefholfd N on

af fi ni ty. Second nt1bodies o e invention nmay

activity in vitr %o?ug%é’iti%nvbr"éi st 96‘7‘3}8%b'%a§»9\9)rﬁur%r mp e‘?ablgyat ldhdéhi bition

of ActRI | B bi ndi reporter gene assay e ant I es
‘ 80%-90% (w/w) pure;-even more preferably, 90-95% pure; and, most

preferably, at least 95%, 96%, 97%, 98%, 99%, or 100% (w/w) pure.

[0050] The term “mammal’ refers to any animal classified as such,
including humans, domestic and farm animals, zoo, sports, or pet animals,
such as dogs, horses, cats, sheep, pigs, cows, etvc.'

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

subsequent sections.
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present invention are also capable of specifically binding and/or inhibiting

activity of Bl\/a;orl%’lngj?&ggginonst rated, for exanple, by inhi bil’tdgﬁﬁf@fg@%m | B

bi ndi ng and repo ehe assays. Third, the disclosed anti

inhibit GDF-8 activity associated with negative regul ation of skel etal
muscl e mass and bone density. [0054] In an exenplary enbodi nent, the
presently disclosed antibodies are capable of specifically binding to both

GDF-8 and BVP-1 1y, Antibb8iesORgAAS GDFS dritPAnfigén-BiNdiRg HrégmBRK al so react

with other proteins, for exanple, those belonging tothe TG (i superfam |y
such as nmullerian inhibiting substance, glial-derived neurotrophic factor,
or growth and differenti atA.odumaniAmtibodidscMyd28 Myd28; 8nd Myo22rt ai n

enbodi nents, Myo29 16 WD 2004/ 037861 PCT/ 1B2003/ 004748 reacts

enbodi ment s, | CT/ 182003/ 004748 react s o o
SEQ 1D NG 40, 1n' 1 urt NS ol aarat ppSe gl o aTiboBlk Safitel 7, 7 ”

(he seavence L ol g AR RIE PR A R, 202

and Xaa3 each is an east one of

the foll ow di ti i f. Xaal = , = d (3

Kana o 1 e: a1 1 ibbp@RRoleEbs chdiada e el MydzS) MERE, aae RBieRe” o)
i i ithin the fi 44 N-t. 1 nal i iids in th

Sequance. of - mat ur beagrE Ry B bed mets e R AS for QIR T B ng)

[ 00551 One of ordinary.skill in the art will recognize that anti bodies of

the invention maya'ﬂg’oﬁ?éd to detect, measure, and inhibit proteins that

differ fromthose stat bove. 1n gener .ant|bodies of the invention can
bel used with any pr otlggﬁt haﬁ‘%%ﬁ‘ﬁg&&%g%%’@’&ﬂb%@“ﬁﬁ?ﬁH”'iqge 80d| east about
70% beneficial characteristics. First, these antibodies are capable of binding

mature GDF-8 with high affinity. Second, the antibodies of the invention may

inhibit GDF-8 activity in vitro and in vivo as demonstrated, for example, by

inhibition of ActRIIB binding and reporter gene assays. The antibodies of the

present inventién are also capable of specifically binding and/or inhibiting

activity of BMP-11 as demonstrated, for example, by inhibition of ActRIIB

binding and reporter gene assays. Third, the disclosed antibodies may inhibit

GDF-8 activity associated with negative regulation of skeletal muscle mass

and bone density.

[0054] In an exemplary embodiment, the presently disclosed

antibodies are capable of specifically binding to both GDF-8 and BMP-11. It

is contemplated that the antibodies may also react with other proteins, for

example, those belonging to the TGF-f superfamily such as mullerian

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

differentiation factors other than GDF-8. In certain embodiments, Myo29
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80% 90% 95% or nore identical to any sequence of at |east 100, 80, 60,

40, or 20 of i am no acids in the sequence of the rm of
GDF-8 set fort%ﬁ&@g%ﬂ'ﬁ%?m 49. Nonlimting exanples of suc Cl!é?%)(tdge(&ﬁ%‘gi ncl ude

sequences of CGDF-8 derived fromvarious species, which are described in the
present specification. The percent identity is determ ned by standard
al i gnnent al gorithnms such as, for exanple, Basic Local Alignnent Tool

S gort thm of Neodl Gaspiupé e egipishd Yishuchgeifientictlapynd 3oy 723520 11
| gori t hm of INO4a9 AnDl A BEgsEE 4 11217, 17 WO
2004/ 037861 PCT] 1 Ro30d/ 048" FhrGRr Bdbou ARRte, Mb25 Gings ig'a piterd - 17
o4 oareoL B Tyl .
ol ycosyl at ed- pr ot o BHISRAUER A EN LR ISR GIBRTERE | 5o
I 0, D SRR B Bl R 1

of light chain, terne X, are foun péndi ng on the

can be assi gnad.t SMPEUEenE SRS e Sl lofing 8o R MA ) XBE TR 0r ' "
T S VD b £
the art. For a re§MeRABEnts, Mysae eroapies Al eplivrs witin the ffstagVdgmin

5oty Sach | T oRTTA e S asiRisacn obmatrE RUFS (AR 625 Bion 38 S domai o

(VL) and a consta omai n (CO. Each heavy chain is conposed of an
N-term nal V dom’gkp(méé‘ggr four C dommins, and a hinge region. The

[0055]  One of ordinary skill in the art will recognize that antibodies
of the invention may be used to detect, measure, and inhibit proteins that
differ from those stated above. In general, antibodies of the invention can be
used with any protein that comprises a sequence which is at least about 70%,
80%, 90%, 95%, or more identical to any sequence of at least 100, 80, 60, 40,
or 20 of contiguous amino acids in the sequence of the mature form of GDF-8
set forth SEQ 1D NO49. No'n|imiting examples of such proteins include
sequences of GDF-8 derived from various species, which are deséribed in the
present specification. The percent identity is determined by standard
alignment algorithms such as, for example, Basic Local Alignment Tool
(BLAST) described in Altschul et al. (1990) J. Mol. Biol., 215: 403-410, the
algorithm of Needleman et al. (1970) J. Mol. Biol., 48: 444-453, or the

algorithm of Meyers et al. (1988) Comput. Appl. Biosci., 4: 11-17.
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CH domain nost proximal to VH is designated as CH. The VH and VL donain
consi st of four regions of relatively conserved sequence cal |l ed franmework
regi ons (FRL, M®200438615nd FR4), which forma scaffold f FCHHPUHYUSi ons of
hypervari abl e sequence (conplenmentarity determ ning regions, CDRs). The

CDRs contain nost of the residues responsible for specific interactions with
the antigen. CDRs are referred to as CDR1, CDR2, and CDR3. Accordingly, CDR
constituents on the_heavy chain ange rﬁeﬁr ed.tso as _Hl, H2, and H3, while
CDR constituents on the light chai ATAPE YeP8IM%d to as L1, L2, and L3. CDR3
is the greatest source of nolecular diversity within the anti body-bi nding
site. 18 WD 2004/ 0378d203&}T/ |l B2003tidOdies Sal$B kndvir assiemyagloledins, lage as short
as two-am no-acid residues or greater than 26. The small est anti gen-bindi ng
fragment is the Ftypically tetrageris glycosyfiatet rofgins eonmipdseddef o fight (Thehaieshof
fragment (Fragnent antigen binding) consists of the VHCHlL and VL-CL

domai ns coval ent | gpprorikeitelp 25 &Ddiesaah and dwd beavyl{El) eleains of dpproximateind0 r egi ons.
To overcone the tendency of non-covalently Iinked VH and VL donains in the
Fv to dissoci ate wbaeach-Ewptypesoflight chainptetmeeh land &, arofoond ireghtibbdigs.e chai n
(sc) Fv fragnent (scFv) can be constructed, in which a flexible and

adequaj[el y long p@bw&ﬁtﬁﬁd dﬁtHeiéiKiﬁo%bfdequéﬂf& SHhEESR S d@fna'im@‘_h\éb'vyto t he
N-term nus of the VL or the C-termnus of the VL to the N-term nus of the

VH. The npst comemdiis, WhRdnbdlBk@ins kah HeeRBiged By iRThaBECcIGEdesdRED) B, gpept i de,
but other linkers are also known in the art. [0057] Antibody diversity is

created by the usgn@i, BHY Ebwirsl dIed¥el sy bQﬁIﬂﬁ\%r@iOiﬁ@éiidwsM@dléé%'éE%sét?ﬁéé)ﬂs and
a variety of somatic events. The sonatic events include reconbinafion of

vari abl e’ gene segERNSGIIAE,, 5ty RG], ighl Md AP, TRE BUBGhi(shuclrEEaREIMENt S tO

make a conpl ete VHegron and
three-dimensional configurations of different classes of immunoglobulins are
well known in the art. For a review of the antibody structure, see Antibodies:
A Laboratory Manual, Cold Spring Harbor Laboratory, eds. Harlow et 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
Cw domain most proximal to Vy is designated as Cq1. The V4 and V| domain
consist of four regions of relatively conserved sequence called framework
regions (FR1, FR2, FR3, and FR4), which form a scaffold for three regions of
hypervariable sequence (complementarity determining regions, CDRs). The
CDRs contain most of the residues responsible for specific interactions with
the antigen. CDRs are referred to as CDR1, CDR2, and CDR3. Accordingly,
CDR constituents on the heavy chain are referred to as H1, H2, and H3, while
CDR constituents on the light chain are referred to as L1, L2, and L3. CDR3
is the greatest source of molecular diversity within the antibody-binding site.
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t he reconbinati on of variable and joining gene segnents to nmake a conpl ete

VL region. The tion process itself is inprecise, I n the
WIFRRIRLARt on | [ morect se, [ Eaulhl g b

|l oss or addit no acids at the V(D)J junctions. ani sms of
diversity occur in the developing B cell prior to antigen exposure. After
antigenic stinulation, the expressed anti body genes in B cells undergo
somatic nutation. Based on the estinmated nunber of germine gene segnents,

the random recombigafor BRafbie! EfiPL: SEABHLStw éﬂéc]'ﬁgﬁ%gmgéﬂbbv&g@?ﬂeﬂh%ﬂ up to

1.6 x 107 different antibodies co d be pro anen nmunol ogy,

3rd ed., ed. Paul 037861
PCT/ 1B2003/ 00474826R? E?mﬁ'%%?é“s@&“‘&ﬁ?@ﬁ’"a FPf‘Eute {0 ‘}"3‘ ??ﬁ'?gé/ws. ty

(such as somatic iﬁ&'g'_{dérﬂgﬂwsaﬁ'ﬁe? VAghBhP SR anuddn § ﬁ.ﬁg.hgp%%@gtst&at

upwards of 1 x 10 erent mrunogl obul i n

Cones, 2nd ed. . effs. IOl 8n8%, 2l Fﬁ%gc%egeﬁtﬁn%agbxéws@%%ﬂm deios)

Because of the many teSses nera g an verS|ty it

[ li kel h d bod h

anti gen speci 1 ci 1§ w”?ﬁm ;%%%s: ﬂ? 'erre%n{mtmgﬁ% B0 ahéwéﬁeg"%ﬁe%%ﬁﬁé‘e
t he present |nvent| further |de er|v d fromh

i nmunogl obul i n geﬂ@ rB?’H?'i"aé“ &fﬂ}é/' tgt #588? aﬁew?‘?ﬂc %W?ﬁsﬁ n g hepee f the

et on b || 9oDet Bl 2T B gl eeééc?g op B SRS,
Soondi 1o e o Lot Uy el Vg W e s
e o T SRR B LB AN oL TP G T\ S

Vu. The most commonly used linker has been a 15-residue (GlysSer);

peptide, but other linkers are also known in the art.

[0057]  Antibody diversity is created by the use of multiple germline

genes encoding variable regions and a variety of somatic events. The

somatic events include recombination of variable gene segments with

diversity (D) and joining (J) gene segments to make a complete Vuregion and

the recombination of variable and joining gene segments to make a complete

Viregion. The recombination process itself is imprecise, resulting' in the loss

or addition of amino acids at the V(D)J junctions. These mechanisms of

diversity occur in the developing B cell prior to antigen exposure. After

antigenic stimulation, the expressed antibody genes in B cells undergo

somatic mutation. Based on the estimated number of germline gene

segments, the random recombination of these segments, and random Vu-Vi

pairing, up to 1.6 x 107 different antibodies could be produced (Fundamental

Immunology, 3rd ed., ed. Paul, Raven Press, New York, NY, 1993). When
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[ 0059] DNA and am no acid (AA) sequences of the presently disclosed

anti bodies, their scFV fragnent, VH and VL domai ns, and C% r forth
in the Sequenc%@zl’_‘I“@ﬂsﬁg and are enunerated as listed in fl"%m%mﬁ or
conveni ence, the positions for each COR within VH and VL donains are |isted
in Table 2. The sequences of heavy and |ight chains excluding the VH and VI
domains are identical in M/029 My028, and Myo22. 20 WD 2004/ 037861

a0 0 By A e e 1 20,
NG 2 DNA sequench s *@@Lﬁ’%%%%ﬁﬁ%éﬁ@e&ﬁﬁow@* e R R
o153 17 S0 PRl i B Rl SRS
PRI A e et
02 L T Bl R G o 5
NG 24 AA sequence I NO. 37 AA sequence
of H2 SEQ I D NO 3% B ”§é"!‘\|’gﬁb‘}f§ .‘E‘isa'}iﬁ\ag e?Pc?&Hgl’y h&¥®y | p NO 33
SEQ 1D NO:39 SEQ |denl\lo I amino acid sequences.

{0058]  Thus, the present invention further provides novel CDRs
derived from human immunoglobulin gene libraries. The structure for carrying
a CDR of the invention will generally be an antibody heavy or light chain
sequence or a substantial portion thereof, in which the CDR is located at a
location corresponding to the CDR of naturally occurring V4 and V. The.
structures and locations of immunoglobulin variable domains may be
determined as described in Sequences of Proteins of Immunological Interest,
US Department of Health and Human Services, eds. Kabat et al., 1991.

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

listed in Table 2. The sequences of heavy and light chains excluding the Vy

and V|, domains are identical in Myo29, Myo28, and Myo22.
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AA sequence of LI

SEQ I D NO 35 SEfyhddsh§s41 SEQ I D NO. 47 AA sequence of L3
ID NO 42 SEQ ID NO 48 Table 2: Positions of CDRs within s
(SEQ I D NG 26) (SEQ I D NO 20) (SEQ I D NG 2)

35 H2 50-66 50-66 50-66 H3 99-106 99-110 99-113 L1 157-167 160 -
198 L3 222 -

M/028 My022
31 -

163 - 176 L2 183-

SEQ ID NO 34 SEQ I D NO 40 SEQ I D NO 46 AA sequence of L2

189 189 - 195 192 -

H1 31 -

228 228 -

233 231

21 WD 20041037861 TR@[/ESLﬁZOWQMA%moA{:Q%%Lencégr@%@?@ i HdS! O6Rsins,

antibodies may further conyhyHROti

For exanple, a VL

domai n may be

body const ant
attached at

ﬁ%@n&&&s%@ﬁﬁ SEQ
35 31 -

35
173
242

regions or parts thereof.
its Cterm nal

end to anti body

| i ght chai n const apt—domai-Rs—ireludiprg—huran of—GA—chairrs—preferabl y CA
chains. Simlarly] a specific anti gerM)tﬂZRdl ng f Wént bas8yodh a VH| dormmi n
neavy chai n deri v R Felterb LY CISELAI 18T SERTD 7 71 SERTBNEE Op g "
IgM and any of t ﬁéAls'gﬁn%‘eof sefyc| ;sse%EQ mél16L Isgﬁ D "1’@@5 SHQ DY (n
erEP'aLY_ﬁﬂbogiﬂﬁﬂﬂﬁseqaﬁkbbpdueshgonnmaﬁfnéhse@ﬁkﬁ@ﬁg@ggg@é@h@nﬁﬁ@vv and
CI- tger m'Cng: ?r ggrreh%{xéf‘q‘f'ﬁ‘ée of Y'c'lllr:tc M SEG 1D MO | SEG 'Q?NCQIW}IW?ECBIDNS) 40 50 and
SEQ I D NO 51, respeNAis¥qiance of e DNA SBED D07 3GED IDNDen ¢ SEQfIDING:Hie
Ctermnal fragmemgt fQEr v SEQ ID NO:18 | SEQ ID NO:12 | SEQ ID NO:6
Germlined DNA seq. of scFv | SEQ ID NO:25 | SEQ ID NO:19
[ Germlined AA seq. of scFv _SEQ IDNO:26 | SEQ ID NO:20
"Germlined DNA seq. VH SEQID NO:27 | SEQ ID NO:21
Germlined AA seq. of VH SEQ ID NO:28 | SEQ ID NO:22
Germlined DNA seq. of VL | SEQ ID NO:29 | SEQ ID NO:23
Germlined AA seq. of VL SEQ ID NO:30 | SEQ ID NO:24
AA sequence of H1 SEQ ID NO:31 | SEQ ID NO:37 | SEQ ID NO:43
AA sequence of H2 SEQID NO:32 | SEQ ID NO:38 | SEQID NO:44
AA sequence of H3 SEQ ID NO:33 | SEQ ID NO:39 | SEQ ID NO:45
AA sequence of L1 SEQ ID NO:34 | SEQ ID NO:40 | SEQ ID NO:46
AA sequence of L2 SEQ ID NO:35 | SEQ ID NO:41 | SEQ ID NO:47
AA sequence of L3 SEQID NO:36 | SEQ ID NO:42 | SEQ ID NO:48
Table 2: Positions of CDRs within scFv's
k’ CDR Myo029 Myo28 ~ Myo22
(SEQ 1D NO:26) (SEQ ID NO:20) (SEQ ID NO:2)
H1 31-35 31-35 31-35
H2 50 - 66 50 - 66 50 - 66
H3 99 - 106 99 - 110 99- 113
L1 157 - 167 160 - 173 163 - 176
L2 183 - 189 189 - 195 192 - 198
L3 222-228 228 - 233 231-242
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heavy chain are set forth in SEQ ID NGO 52 and SEQ I D NO 53, respectively.

[ 0061] Certai nﬁg%%%mﬁts of the invention conprise the V§%2%Q%7ML

dormai n of the ragment of Myo29, Myo028, or Myo22. Furth ment s
conprise one or nore conplenmentarity determ ning regions (CDRs) of any of

t hese VH and VL domai ns. One enbodi nent conprises an H3 fragnent of the
VHdomai n of Myo29, Myo28, or Myo22. The VH and VL donains of the invention,

D Lan, oTood! TN ordet, SRRl hBGae FATRURIS RN () ©
0oL he cone SRRy BB PR AR R £V RIBE A BEn 8 e

products. In other e nen sequences' re

f h m i ne, l,. : . ! i f.i ed
At bout eo and ThaseeiR BERUARERR nd e Uil SR bonttapfBRAET | o,

id hod. f or,. obt ai nj i bod i - bi ndi. in. i fi
Por s The skionsing el R4 ER Alns Felerdly bR Tha ke St oA pReiEr °F e ©
i nvention are not I{m t_ed .tofthe fgeci fic ieguen.ces of VF?.Fg{ég V| as stat ed
in Table 1 but al 8BY9s:PIIRO raoMent Rasegon g, Ny dormaln Mgy he AL n anti gen
bi ndi bility. h vari b derived f h vi ded
oS b ks R R A b o bR A B R

addi tions, can be nade.in either the E r_in.t ) [l e changes in
the framework r egiaBYI?"'él?‘é’yd%wq’)?'g'd'@ﬁ%ggﬁ'@"pﬁgﬁoé}@ %‘P)é%}iv}"? {SOYRRd r educe

i mmunogenicity of the antibody, changes.in the are usual |y designed to
i ncrease affini tySB'PS?grf’@SaPﬁrf'éﬂﬁfy '9%0%"51'%&{‘ dp xemp ﬁmQPé'l‘WNsy-i ncreasi ng

changes are typically determ ned. enpiricall alterijn he CDR regi on and
t est igng t he a%t? i b@ag}godﬁﬁztppmprise C-terrr\TnIi)nal fragme%/ts?%avy and Iigh%| chains of humar%J

IgG1a. The DNA and amino acid sequences for the C-terminal fragment of the
light A chain are set forth in SEQ ID NO:50 and SEQ ID NO:51, respectively.
The DNA and amino acid sequences for the C-terminal fragment of IgG4
heavy chain are set forth in SEQ ID NO:52 and SEQ ID NO:53, respectively.

[0061] Certain embodiments of the invention comprise the V, and/or
V\. domain of the Fv fragment of Myo29, Myo28, or Myo22. Further
embodiments comprise one or more complementarity determining regions
(CDRs) of any of these V4 and V. domains. One embodiment comprises an
H3 fragment of the Vy domain of Myo29, Myo28, or Myo22. The Vy and V|,
domains of the invention, in certain embodiments, are germlined, i.e., the
framework regions (FRs) of these domains are changed using conventional
molecular biology techniques to match the consensus amino acid sequences
of human germline gene products. In other embodiments, the framework

sequences remain diverged from the germline.
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alterations can be made according to the nethods described in Antibody

Engi neering, 2nd. ed., ed. Borrebaeck, Oxford University Press, 1995  10063]
The met hod f orweatwejset VH dormi n which is an amno aci d PSEBIMAE% Bar i ant
of the VH donmain set out herein conprises a step of adding, deleting,
substituting or inserting one or nore amno acids in the amno acid
sequence of the presently disclosed VH domain, optionally conbining the VH

dormai n thus provided with er.lqw&?iﬁggrpg}“\qom‘??heigpgcﬁtﬁéﬁ%ng the VH donain
Ic-binding fo

or VHI VL conbi nation or conbinations for specil GDF- 8,

optional 1y, testing tfgogi |idNinAb: skt Srthé ffenitrlonBed gt for Neut ral i ze

GDF-8 activity. The VL domain nmay have an am no acid sequence which is

substantially as gtgsan&gt%mﬁﬁb% 3§§ei\4§a.vz&3§ggg&ﬁziﬁ@§eaﬁ€ for 81998/ 904 édifleg [ 0064)

An anal ogous net hod nay be enp one Or nore sequence variants

of a VL domain di %Lé’ﬁ@ﬁi Oa{b%h‘:c*gé?? %ztrfeomfbﬂﬁﬂsﬂfhﬁ inEA ?rﬁéﬂéﬁm}@h HoHRg! ns-

[ 0065) A further aspec ntl1on provides a ne preparing an

ant i gen- bi ndi ng f%%%glﬁ%tsqgggc{eg X f?ﬁéﬁ\h%@'a‘s&d@@ﬁ\tﬁb‘{! § BGEs ﬁfcldndy\]/gri%ﬁg hod

conprises: (a) pr repertol re of nucleic aci'ds encoding a

encoding ' egi on: (BT ELBEN RGN F EI phen il AR Shen Potknfl 2B o
U e e S Ve A Tk T EA T s
region i n the 1 CRELOLS s Kufthoh LhliBHe S dacloRE tSh beTRESS B difecthe G ©' ©

\ or in the CDRs. While changes in the framework regions are usually

designed to improve stability and reduce 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., ed. Borrebaeck, Oxford University Press, 1995.

[0063]  The method for making a V4 domain which is an amino acid
sequence variant of the V,, domain set out herein comprises a step of adding,
deleting, substituting or inserting one or more amino acids in the amino acid
sequence of the presently disclosed Vi domain, optionally combining the Vy
domain thus provided with one or more V| domains, and testing the Vi
domain or Vu/V, combination or combinations for specific binding to GDF-8,
optionally, testing the ability of such antigen-binding domain to neutralize
GDF-8 activity. The V_domain may have an amino acid sequence which is

substantially as set out herein.

23



domai n; (c) expressing the nucleic acids of the product repertoire; (d)

sel ecting a spegjfi i gen-bi nding fragnment specific for_GDFE-8: and (e)
recovering the%g%g@?/ﬁ%gﬁtlanti gen-bi ndi ng fragnment or nucl ei RO Wi Bo i ng
it. [0066) Again, an anal ogous nethod nmay be enployed in which a VL CDR3
(i.e., L3) of the invention is conbined with a repertoire of nucleic acids
encodi ng a VL donmain, which either include a COR3 to be replaced or |lack a

e ere o B, i, RO A WA § 0

repertoire of variable domains.|lackin CDR (e,q. CDR3 usi.n .
reconbi nant DNA t EERhBTBIE I!%rfa'@§<3'!n$9b,go'ﬂa'f‘lfés%q%egth?re'? E?%?%@ﬂ%&”%y
(1992)10: 779- 783%) descri b@ HE'[ hods of producing repertoires of antibody
vari abl e domai ns PR RhMOF toALBA®Es priners directed at or adjacent to the

5' end of the variable in area are us iin conjunction wth consensus
primers to the third f[pg V\or‘k?"l"\z’ﬁf Bsrest Oﬁﬂﬁme"\m é’@ﬁ@??d’”ﬁhﬁqp e a
repertoire of VH variable domai ns | acking a CDR3. .;ghe regert‘oi re may be
conbined with a CPIe®aBR9 an patigenchindipg fagmepidhat weriigallygasts yHCRBnni ques,
t he CDR3-derived sequences of the present invention may be shuffled with
repertoires of VHTBE M@thegkamRiisesacki ng a CDR3, and the shuffled conplete
VH or VL donmains conbined with a cognate VL or VH domain to provide

speci fic antigen-bi ndi@y f PERYRING 3 skrtinceperQiesef Misleicraeds epedingia ¥n  may

t hen be displayed in a suitable host Séstem such as the phage di spl ay
domain which either include a CDR3 to be replaced or lack a CDR3 encoding

" region; - T
(b)  combining the repertoire with a donor nucleic acid encoding an
amino acid sequence substantially as set out herein for a Vy CDR3 (i.e., H3)
such that the donor nucleic acid is inserted into the CDR3 region in the
repertoire so as to provide a product repertoire of nucleic acids encoding a Vu
domain;
(c) expressing the nucleic acids of the product repertoire;
(d) selecting a specific antigen-binding fragment specific for GDF-8;
and
(e) recovering the specific antigen-binding fragment or nucleic acid
encoding it.
[0066] Again, an analogous method may be employed in which a V_
CDRa3 (i.e., L3) of the invention is combined with a repertoire of nucleic acids

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

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

sel ect ed. [0069&70%9 Rﬁus shuffling or conbinatorial techniques are al so
di scl osed by Stenfier % ture (1994) 370: 389-391), who desB¢TIREUW30¢sa48
technique in relation to a [3-1actanase gene but observes that the approach
may be used for the generation of antibodies. [0069] A further alternative
is to generate novel VH or VL regi ons carrying a CDR-derived sequences of

the invention using r wenbé COREhe MERtICHILS apd/ or VL
genes to generate rru?atlons vvlthl n enentl re vari abl 0?‘3 g 5S(Hn y

techni que is descgg P\?f@d%é@ﬁo‘@eé@%ﬁ@@ﬁ@a%bl@%aﬁ%qgé&%)éZﬁ’ﬁ? Famet al.
(Proc. Nat. Acad. Sci. U 92) 89: 3576-3580 who™ used " error-prone

POR [ 0070] Anot hepg E&ﬂﬁmﬁ?ﬁ&WAmﬁob tpoﬁé{aﬁﬁﬁ% sis to ODR

regi ons of VH or VLg techni ques are d| scl ose as et aI

P Acad t al
ﬁ/blr OCBl ol . (1836) (%ec@%g@é}?é&%é %1 | %1%% @%ﬁgﬁggg;ﬁﬂ%r@énfor aal I t hr ee
CDRs b ft f h
Screencd for a spebeid oofERE JaE%P%@%moar*%'W&Y*h CHBAILS HHNED 9BEed N0

CDF-8. [0072] A's eatat%ré[tc-hﬁt]tgg%f)"e% Qinélh dla%]@{b%%.é??fﬂ 'A}Fmaaﬂpl e domain

w |l conprise at reglrons an Rerr "I nterveni ng

Wil also i nel uariHeigs ffﬁ%E isGR BB B %'8%‘62)*\’%"5 Dl e

igodA: t Ibglnglg the C erg@ngsallo p?g a reperto?re%f R/h%alr\nléélg g%ls Iacq<(|){(1)goa]1c CBB% The

repertoire may be combined with a CDR3 of a particular antibody. Using
analogous techniques, the CDR3-derived sequences of the present invention
may be shuffled with repertoires of Vi or V_domains lacking a CDR3, and the
shuffled complete V4 or V| domains combined with a cognate V, or V4 domain
to provide specific antigen-binding fragments of the invention. The repertoire
may then be displayed in a suitable host system such as the phage display
system of WO 92/01047 so that suitable antigen-binding fragments can be
selected.

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

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

mutations within the entire variable domain. Such a technique is described by
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residues at the NNterminal or Ctermnal end of the substantial part of the
vari abl e domain y:=\% be those not normally associated with natura

| |
occurring vari 3N EOYEHE N regi ons. For exanple, const r uct i S ?)%Z:‘isfi C

antigen-binding fragnents of the present invention nmade by recomnbi nant DNA
techniques may result in the introduction of NN or Ctermnal residues
encoded by linkers introduced to facilitate cloning or other mani pul ation

Var bl & domai no. CEA haF (R ORFR ReH, ST A R HeRR b S Brsmhn b e o ng”

i mrunogl obul i n heavy _chai ot her variable domains (for exanple, in the
producti on of di aﬁgéri %rg)f’gg{&’prot ein | abels as discussed in nore details

bel ow. 26 WD 2004/ 037 CT/ ) B2003/ Q04748 0073] - Al t hough-the enmbodi ment s
illustrated i n Exanpl ggéé(grrpré‘%oih%{ m%ﬁ?%ﬂ]ahalay &i ‘lsegi’s @ﬁ@ﬂﬁmiﬁgafbﬁ% s, the
i nvention also en asses i ndjng fragments containing . a sjngle varjable
domai n deri ved frgﬁgﬁe@f%‘rﬁ O\f/&” 06% 3)?."%0%?#?&‘%‘@8[9&%@? d'g%' tﬁ’?éifb'ﬂ’ﬁ—?t
domains. In the case of either qf. ' chal.n . specific .bindi

donmi ns, these doﬁ’aﬁ?fgcrfg?"- 683%2"%&[?%%2192’3&815‘ 9&%?15?@%#@?&6%331 ns
capable of form ng a _two-donain specific antigen-binding domain capabl e of
bi ndi ng CGDF- 8. Thﬁ@'-r?é?/- G@gﬁhgﬁ%é')géﬁﬁ})- phage di spl ay screeni ng net hods
using the so-called hierarchical dual conbinatorial approach as disclosed
in WD 92/ 01047 in whi dROAH i neimilady;@ne of B1asener i drae Ly ®ay heeraftedipter L
chain clone is used to infect a conplete library of clones encoding the

ot her chain (L orargresiairetah¥meeYudemags whichcnaithen sgreenedifer aipredifien- bi ndi ng
domain is selected in accordance with phage display techniques such as

. e ge di.
t hose descri bed i hindingtParieeeercieding fragraents spaciticifor GPFaBso  di scl osed in

Marks et al., supra. _ ) . _ _
: [0072] A substantial portion of an immunoglobulin variable domain

will comprise at least the CDR regions and, optionally, their intervening
framework regions from the scFy fragments as set out herein. The portion will
also include at least about 50% of either or both of FR1 and FR4, the 50%
being the C-terminal 50% of FR1 and the N-terminal 50% of FR4. Additional
residues at the N-terminal or C-terminal end of the substantial part of the
variable domain may be those not normally associated with naturally
occurring variable domain regions. For example, construction of specific
antigen-binding fragments of the present invention made by recombinant DNA
techniques may result in the introduction of N- or C-terminal residues encoded
by linkers introduced to facilitate cloning or other manipulation steps. Other
manipulation steps include the introduction of linkers to join variable domains
of the invention to further protein sequences including immunoglobulin heavy
chains, other variable domains (for example, in the production of diabodies) or

protein labels as discussed in more details below.
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[0074] Anti bodi es can be conjugated by chem cal nethods vvith radi onucl i des,

drugs, macronolgpubfinsssgy Ot her agents or can be nade as .E;u%q;mpgméai ns
conprising one or nore CDRs of the invention. [0075] An anti usi on

protein contains a VH VL pair where one of these chains (usually VH) and
anot her protein are synthesized as a single polypeptide chain. These types
of products differ fromantibodies in that they generally have an

addi tional functional poegRntAnidigh i biBoffieRisirafbdiExbmpliRl Bftfige or the
princi pal nolecul ar structural. fedture of the conjugated or "fused

macr ol ecul e. 27 WAGRARH 3T 8PY, BRTAY B8AGRL 004 TARNIEAGES Lnkemaglet  on Lo

the changes to the am no "aci d sequence outlined above e anti bodi es can be

gl yoosyl ated.  pegylithradertd BERANNG a Ghdlk Vbl oBmARNRI QLS BASARREY,

pol ymer. For instanc presently” di st ant i Ies may be linked to

one of a variety g V”G&%fﬂts"’é!?oxy kyﬁpee%hw%amaﬁ'sg In tr%oééégtd?lébﬁéT%f%eyCC’l

pol ypropyl ene gl ycol, or enes manner set torth 1n U S

Patent Nos. 4,640 ﬁmé% dph%ind'gﬁecﬁ%%mﬁ\f(?cﬂm% dh?sﬂé %mabﬁslka‘);%iezgéd Io&redh

4,179, 337. The anti chem ent conjugation

to a polynmer to ||;10<:r ?ﬂﬁﬁefﬁ {r{]gﬁél %aggpc{??écféqs*dar ?nrnam %%%j;e Exerrpl ary

pol yners, and netho own in US

e o T Gy i PR AR, B o A1,
pattern (1 o g naé%%"ﬁra'"%oa%n@"& tﬁl#ica"%&aﬁwsézi?%ﬂ“@g pritern)
defeted, and/or h%grlngﬁ’\ai)r}%l g;gprggéheasgdlga 1-\/{/8%27%1%3'? in which an individual-
colony containing either an H or L chain clone is used to infect a complete
library of clones encoding the other chain (L or H) and the resulting two-chain
specific antigen-binding domain is selected in accordance with phage display
techniques such as those described in that reference. This technique is also
disclosed in Marks et al., supra.
[0074] Antibodies can be conjugated by chemical methods with
radionuclides, drugs, macromolecules, or other agents or can be made as
fusion proteins comprising one or more CDRs of the invention.
[0075]  An antibody fusion protein contains a Vk-VL pair where one
of these chains (usually Vu) and another protein are synthesized as a single
polypeptide chain. These types of products differ from antibodies in that they
generally have an additional functional element; the active moiety of a small

molecule or the principal molecular structural feature of the conjugated or

fused macromolecule.
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added to the original antibody. Addition of glycosylation sites to the
presently disclosed antibodi es acconplished by altering the am no acid

sequence to cAHPA%°YP4cosyl ati on site consensus sequenceBCABRHAMT48 nown

in the art. Another neans of increasing the nunber of carbohydrate noieties
on the antibodies is by chem cal or enzymatic coupling of glycosides to the
am no acid residues of the antibody. These nethods are described in WO

87/ 05330, and in Apli d iston (1981) CRC Cr,jt. Rev. Biochem,6 22:
259-306. Renpval of a g?gar %W&ﬁ'&?ioﬁﬁ‘)@@f‘g? ﬁ&‘b’%@ﬁ‘ﬂn% '&ﬁ%q‘%fﬁ‘??bodi es nmay
be acconplished chem cal | r enzynatically as scribed b i muddi n et
al . 28 WD 2004/ os?B@Te%‘?‘(eBM'ééggﬁﬁan %&9@??33&58@peﬁ?@&%%ﬂ%‘eﬁ%hys. ,
259: -52; and Edge %t al . n%l%l) Anal . Bi ocher’e, .118: 1& and by Thot akura
et al. (1987) Met RIPURNE QWS NONPretetacesys Plypers)FokiiSaNss: ke Riesentf¥ i nventi on
may al so be tagged with a detectable or functional | ab?l. Det ect abl e | abel s
i ncl ude radi ol abeMdisciogeghantibodiesmay,be linked to pAe Oha Yagety & aenrietaibaceqys
anti bodi es of the invention using conventional chem stry known in the art.
Label s al so i ncl uelYBEES, -1 Ryathyleng givcahsPaipreRyiens alycohar pelvaxyatkyianes,
al kal i ne phosphatase. Labels further include chem cal npieties such as
bi otin, which nayim®edeanser set foithyingy) S Patent Nos. 464083%:14:496,689; 4,301,144;
cognat e- det ect abl e- noi ety, e. g , labeled avidin. [0079] Antibodies, in which
CDR sequences di f #7074, 7Phd8Bsr£n179%337% FhecantibAdies ac¢hemieally mnatfigd) D
NO n, whereinnis 2,4,6, 8 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,
31, 32, 33, 34, 3bycewmlerdronpgatigoo ayplymerto inzeasegthein girculgingdeif-lifr foror 48,
are enconpassed within the scope of this invention. Insubstanti al
di f f erences i ncl uésampleoExamiplasy pely ahetsh and exethasdsdn attaeibthem totpeptidesodre 1 or 2
out of any 5 amno acids in the sequence of a CDR

also shown in U.S. Patent Nos. 4,766,106; 4,179,337; 4,495,285; and

4,609,546.

[0077]  In other embodiments, the antibody may be modified to have

an altered glycosylation pattern (i.e., altered from the original or native

glycosylation pattern). As used herein, "altered” means having one or more

carbohydrate moieties deleted, and/or having one or more glycosylation sites

added to the original antibody. Addition of glycosylation sites to the presently

disclosed antibodies accomplished by altering the amino acid sequence to

contain glycosylation site consensus sequences are well known in the art.

Another means of increasing the number of carbohydrate moieties on the

antibodies is by chemical or enzymatic coupling of glyooéides to the amino

acid residues of the antibody. These methods are described in WO 87/05330,

and in Aplin and Wriston (1981) CRC Crit. Rev. Biochem., 22: 269-306.

Removal of any carbohydrate moieties present on the antibodies may be

accomplished chemically or enzymatically as described by Hakimuddin et al.
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Typically, an amno acid is substituted by a related am no aci d havi ng
simlar charge, hydrophobic, or stereochem cal characteristics. Such
substitutions Wﬁﬁ”%@%\j thin the ordinary skills of an HTEBZHMOWHE| ke in
CDRs, nmore substantial changes in structure framework regions (FRs) can be
made w thout adversely affecting the binding properties of an anti body.
Changes to FRs include, but are not limted to, humani zing a non- human

derived framework g5 i REEr 1 NGk ai ) of E& r&si t are
i nportant for an{(liggaﬁgghgggﬁé@?B'ﬁgir:&SS’tiaggi F?VZE:?‘ \ﬁ?ﬁ?eeq%?-gﬁa Alélg{'e, e.g.,
changi ng the cl asg;. S l.ass_of, the nst ant Wely hangi,n jfic
am no acid residu '8% ’Pcﬁqgg%%%ﬂb%‘%%‘ie@d@@%@%%%&%@”-ﬁ?é%m ter
an effector function as . receptor .bi ndin Lund et al 1991) J.
| mmun.  147: 2657-26625@%1Nbr"gﬁ'ﬁﬁ'{”&f&‘e("i‘@é‘g?" ﬁ}?&@#&qﬁg{?g%‘? W&'i@-324), or
changi ng the speci,es from whi ch t opstant region is derjved nti bodi es
may have nutat i ongetﬁﬁtaf’lﬁ@r&’?%%ﬂF%???'oﬂe{eﬁgatbf?elag?)s dg '?ﬂ'&la%elﬁéﬂﬁ 8or
alter effector fupgti e , Fc receptor bindin d .conpl enent
activation. For exafr%lgﬂ',c’ ‘é(hghﬁ?ﬁ}'l l@satf?é@eﬁé‘b%mmf"&giogﬁ? IBYRIWOR &S os e
described in U S. Patent Nos. 5,624,821 and 5,648, 260. In the | or lg&x
heavy chain, for &¥ygplienal E'DEJH'SFPA{(%?%HQ%%&Q trabels gisodpcluds Wyg%q'abels
-residues 117 and-120-of SEQ |ID NO 53, which_ re%esents the Fc portion of
1 gG (these resi diid agiarealpainh petoxidasa or aikpling Bhosphaiase stahels fupher
full-length sequence of IgG{e or 1g&). Antibodies maé al so have nutations
that stabilize tReludeshemicabmpistias pethashiolimhichgnarbe detestediyia bindigg
i mrunogl obul in, such as nutations in the hinge region of 1g&, as disclosed
in Angal et al. (‘roSpecifigognzigfigiratablemomty eipglabgied @uidinei c Aci ds, C oni ng
and Expression Systens
P Y [0079] Antibodies, in which CDR sequences differ only

insubstantially from those set out in SEQ ID NO:n, whereinnis 2, 4, 6, 8, 10,

12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,

41, 42, 43, 44, 45, 46, 47, or 48, are encompassed within the scope of this

invention. Insubstantial differences include minor amino acid changes, such

substitutions of 1 or 2 out of any 5 amino acids in the sequence of a CDR.

Typically, an amino acid is substituted by a related amino acid having similar

charge, hydrophobic, or stereochemical characteristics. Such substitutions

would be within the ordinary skills of an artisan. Unlike in CDRs, more

substantial changes in structure framework regions (FRs) can be made

without adversely affecting the binding properties of an antibody. Changes to

FRs include, but are not limited to, humanizing a non-human derived

framework or engineering certain framework residues that are important for

antigen contact or for stabilizing the binding site, e.g., changing the class or

subclass of the constant region, changing specific amino acid residues which
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[ 0080] The present invention further provides an isolated nucleic acid
encodi ng anti baglbesasesrski ndi ng fragments of the present | nyepte,fR0047MUC] €1 C
acid according to the present invention nmay conprise DNA or RNA and nay be
whol Iy or partially synthetic. Reference to a nucl eotide sequence as set
out herein enconpasses a DNA nolecule with the specified sequence, and
enconpasses a RNA nol ecul e with the specified sequence in which Uis

substituted for Tm@tﬂ'aﬂéﬁarﬁ@f@cﬁiﬂfuﬁc@i%'sD%aQFB%dé?ﬁﬁ‘ bindthg¥Pur§ 4108 6861
PCT/ 1 B2003/ 004748 - [ 0081] Shesucl ei caci d t hei nvention conprises a

codi ng sequence f grninGDR4Pr 26672562 \¥ndda6RLR ePhl. 11985) MiBOLdISEy 86 set forth
herein. [0082] The present invention also provides constructs in the form

of plasnids, vecges3p4} bﬁ&%@lr@tth%p@ae§mwmne%aﬁéisﬁtt ioffi gériveanpri se
at least one nucleic acid of 'the invention as above. [0083] The present

invention also pr m&ﬁﬁe@maﬁév&ﬁuaﬂo%|n<‘1he cagw%bﬁsﬁhe%aw chE ﬁha@onst ructs

as above. A nuclelc acid encodi ng any L3), VH

or VL domain, or spgebt k%n&%&%ﬁﬁ'«;@ %f.be.,s &g '%%EEBLm din %'c&ﬁ%lé?ﬁé&' n forns

an aspect of the present I nvention, pro tiron of the
ded duct h I

cncoded product . Sl o EBRP KSR SARR ANBR I aE flag nucl o
mbi t host II ct b

[econbi pant host BekibeBarba %%tm@g.» PUEEE) Bnd e 8! hoenGcbhege! | o bY

| sol ated and/ or ULLE) SR UaARK, <5HI hAREN FEDRL e JFTNaRH o

appropriate. [008 pecitic a |ng nent's dror VL

domai ns,  and e““?é%‘n&%s’%‘i%'a‘ﬁhcrzﬁ%'f%E@I'De%lf)%?wﬂi?:ﬂ-r&?r‘é&é’rﬁé tRCEOpGHiBAof © the

pr esent
IgG+ (these residues correspond to amino acids 234 and 237 in the full-length

sequence of IgG, or IgG2). Antibodies may also have mutations that stabilize
the disulfide bond between the two heavy chains of an immunoglobulin, such
as mutations in the hinge region of IgG4, as disclosed in Angal et al. (1993)

Mol. immunol. 30: 105-108.

D. Nucleic Acids, Cloning and Expression Systems

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

substituted for T, unless context requires otherwise.



i nvention may be provided isolated and/or purified, e.g., fromtheir natural

envi ronment, | osiﬂpﬁ(}a%“ ally pure or honmpgeneous form orpeyiiBydhiifosfagse of
nucleic acid, free of substantially free of nucleic acid or genes of origin

ot her than the sequence encodi ng a pol ypeptide with the required function.
[ 0085] Systens for cloning and expression of a polypeptide in a variety of
different host cells are well known. Suitable host cells include bacteria,
manmal i an cel | s, . and.)[8081] arkhelaridioacid ostheymiention comprisds aacodidg WO

2004/ 037861 PCT/ |1 B2003/ 004748 cell lines available in

t he-art - f or- expr essquencefora CER er ¥, oy M) somainygd ¢pe indentionres sed éortBriieneine
hanster ovary cells, HelLa cells, baby hanster kidney cells, NSO nouse

nmel anoma cel | s and nar{g0&R]herkhe pkesenminventicrcales peadvidesonstsudts in the fdrm dfor
cells suitable for producing antibodies, see Gene Expression Systens, eds.

Fernandez et al ., plasmiisnvectdts sgsnscaPih. orAxpressioh cassgies iHich comridetane
present invention may be used to produce the presently disclosed

ant i bodi es. [ 0086jeaSidrieatickeic/asid of heGmenkien afabeve.or construct ed, cont ai ni ng
-appropri ate-regul atory-sequences, i ncluding-pronoter sequences, term nator

sequences, pol yadenyl g0088) seeaitessnt iiRRBdIEE0 PRIVIRB G Sost BAII, kdichgenes  and
ot her sequences as appropriate. Vectors nmay be plasmds or viral, e.g.,

phage, or phagem domprisedRite®P moré @ondtRicts 48 dttRe. dehidis asi8@nchding %rml e,
Mol ecul ar C oning: a Laboratory Manual: 2nd ed., Sanbrook et al., | d

Spring Harbor Labopb® @1y HZr BSSL1, 1288 LYY okMOdEmAIRCEHEpRERE aRtigen-BIh@hgCOl S
for mani pul ati on of nucleic acid, for exanple, in preparation of nucleic

acid constructs, _TFHERERNRYIrsvid&EReIRNTonEs ah B5F<t BEthe PRestint IAVEntioM 8s d6&d | S
and gene expression, and analysis of proteins, are described in detail in
a method of production of the encoded product. The method comprises
expression from the encoding nucleic acid. Expression may be achieved by
culturing under appropriate conditions recombinant host cells containing the
nucleic acid. Following‘ production by expression a Vy or Vi domain, or
specific antigen-binding fragment may be isolated and/or purified using any
suitable technique, then used as appropriate.
[0084]  Specific antigen-binding fragments, Vi and/or V| domains,
and encoding nucleic acid molecules and vectors according to the present
invention may be provided isolated and/or purified, e.g., from their natural
environment, in substantially pure or homogeneous form, or, in the case of
nucleic acid, free or substantially free of nucleic acid or genes of origin other
than the sequence encoding a polypeptide with the required function.
[0085] Systems for cloning and expression of a polypeptide in a

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

bacteria, mammalian cells, and yeast and baculovirus systems. Mammalian
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Current Protocols in Mlecular Biology, 2nd ed., Ausubel et al. eds., John
Wl ey & Sons, Jv? 2. F'30g687] Thus, a further aspect of the present invention
provi des a hos #8437 dnpri sing nucleic acid as discl osed?HEBAIOH 004 M8 j | |

further aspect provides a nmethod conprising introducing such nucleic acid
into a host cell. The introduction may enploy any avail abl e techni que. For
eukaryotic cells, suitable techniques may include cal ci um phosphate

e R S e L
retrovirus or oth rclu\c'ibréjrﬁnesg'rﬁmsté/rgo&%bg%ﬁqls,oﬁa &is! t;?o‘?/q{an?s?%njclﬁdungg cells, .

bacul ovi rus. For Dbacterial ce € techni ques ‘nay | cal'ci um
hl oride t f [ t ' j .
O e oL s haBbAARSERLA R BR b  E5h1 8 el ot
| 1 owi i t ' i d oM I ' host |
o 09 el M BB bengehnofodens Bl S ERISRET: o obso
E. i | t knhdi vi dual Ly t f d with 4h i d t or. pCANTAB6
ool o onmor ot SMEMoRE) EEiB8E LOpTTRath M S, HOE o SFhBfnds
Cct ob 2, 2002, at ' .Ti Cul t | | ecti AT .und
resgeg'[ i ve Deposi g’“b@?&ﬁ%&ﬂdﬂ’%ﬁ&fg@% ﬁ%ggggfo%gﬁ&%ﬂ&erﬁ%@ u%ﬁ\g&WSQ. The
address of the de g@ot ory is 10801 University Blvd, Mnassas, VA 20110,

a

US A [l. Mthod ting Disease and Gt her Uses [0090] The anti bodies

of the present inventign are useful to prevent di agnhose, or treat various
medi cal pdi sorders in h@%ﬁs uita'a,qtérfﬁcp_rg $aR.be chosen orgconstructe ,contauntlng
{

- —appropriate regulatory-sequences, including-promoter sequences, terminator
sequences, polyadenylation sequences, enhancer sequences, marker genes
and other sequences as appropriate. Vectors may be plasmids or viral, e.g.,
phage, or phagemid, as appropriate. For further details see, for example,
Molecular Cioning: a Laboratory Manual: 2nd ed., Sambrook et al., Cold
Spring Harbor Laboratory Press, 1989. Many known techniques aﬁd
protocols for manipulation of nucleic acid, for example, in preparation of
nucleic acid constructs, mutagenesis, sequencing, introduction of DNA into
cells and gene expression, and analysis of proteins, are described in detail in
Current Protocols in Molecular Biology, 2nd ed., Ausubel et al. eds., John
Wiley & Sons, 1992.

[0087] Thus, a further aspect of the present invention provides a
host cell comprising nucleic acid as disclosed herein. A still further aspect
provides a method comprising introducing such nucleic acid into a host cell.
The introduction may employ any available technique. For eukaryotic cells,

suitable techniques may include calcium phosphate transfection,

32



anti bodies can be used to inhibit or reduce one or nore activities

associ ated W t\p,G¥Pge0r a related protein. Mst preferap& %&0 48
anti bodies inhibit or reduce one or nore of the activities o g

relative to the GDF-8 that is not bound by an antibody. In certain
enbodi nents, the activity of GDF-8, when bound by one or nore of the
presently disclosed antibodies, is inhibited at | east 50% preferably at

PCT | B2003/ 0047 4b R Do i oRdRler Bpockne-Hbuiela yaifectin 2700, 500!
94% and even m’r?ran?cf&f?r‘i ﬁ%'né r%?oa)urﬁé‘ﬂotﬂé/ﬁhh% g (Pfahéhuﬁtdrvf‘c?r @?e&ggﬁé ur e

GDF-8 protein that 1S no one or re'sen I'sc¢l osed

ti bod I nhi b 3 GA) 12
ant o= 01 D G . (oAl A0 SRR M AR )
2001) 18: 251-259 trated tRl | B
eceptor ascays aéh'%rﬁ'%gf?ﬁ%?féaa“%"rg"ﬁ%a%%r%gnf"ﬁa "af%cmaﬁ'rg %8%%0&1%931
anti bodi es 1 5 a miscl etBPEheu] BtV PR A Sorcaow by R sﬁfﬁ%”%"pé g 0
o corder such 2 Bhce i UL, PR B, B SRF S ARS
trauma such as burns or nltr &en i nbal ance; or bone degenerative di sease

such as ost eopor o&9'EXP[568510f }&Q8"eredi cal di sorders bei ng di agnosed,
treated, or prevented by the presently disclosed anti bodi es are di sorders

associated with a |oss of ude osteoporosis, especially in
the el derly and/or post nen% "’é?a?"’ﬁgﬁ%%&q{i ucocorticoi d-i nduced

ost eopor osi s, o0steopeni a, ost eoarthritis, and osteoporosis-rel ated
fractures. Q her tar ge[OOBQI abbl ¢a@li cultures mdnvudually transformed with the phagemid

vector pPCANTABG6 encoding nongermlined scFv's Myo29, Myo28, or Myo22
were deposited on October 2, 2002, at American Tissue Culture Collection
(ATCC) under re_spective Deposit Designation Numbers PTA-4741,
PTA-4740, and PTA-4739. The address of the depository is 10801 University

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

ll. Methods of Treating Disease and Other Uses

[0080] The antibodies of the present invention are useful to prevent,
diagnose, or treat various medical disorders in humans or animals. The
antibodies can be used to inhibit or reduce one or more activities associated
with GDF-8, or a related protein. Most preferably, the antibodies inhibit or
reduce one or more of the activities of GDF-8 relative to the GDF-8 that is not
bound by an antibody. In certain embodiments, the activity of GDF-8, when
bound by one or more of the presently disclosed antibodies, is inhibited at
least 50%, preferably at least 60, 62, 64, 66, 68, 70, 72, 72, 76, 78, 80, 82, 84,
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bone di seases and di sorders include | ow bone mass due to chronic

gl ucocorti coi d“}&z%ﬁogy%lprenat ure gonadal failure, androg%@#@ﬁ{l&ﬁ‘gon,

vitam n D deficiency, secondary hyperparathyroidism nutriti

deficiencies, and anorexia nervosa. The anti bodies are preferably used to
prevent, diagnose, or treat such nedical disorders in mammual s, especially,
in humans. 34 WD 2004/ 037861 PCT/ | B2003/ 004748 10093] The anti bodi es or

anti body conposi t s@ns g8%, hitfe BFiS@Bly dt 158 ?é,%,@t,ﬁgaaéﬁbmséﬁd ddore
t herapeutically effective anounts. nerally, a therapeutically effective

amount may vary Whidkrshe abieBiedHy, & ‘f’(ﬂ?ﬁ rE2R1 b la0NaturBHESE Brotél? th¥e|slnokS the

severity of the nedical condition in the subject. The dosage may Dbe

det ermined b i G i . - d
eternined by a piamdcarﬁcghe%}g?@g{#ﬁ%aeﬁ,ge%ﬁ@y%%ﬁﬁéarax}lweéL\hﬁ.P.t.engﬁrVe

effects of the treatne apeutic efficacy of su

copounds.can be e JURAFcH o BNl ROLTRSROA SheRSESESIYE 1 °2L
erhal, Lo SO%C, e PaPNANATh A 438 ErRl b Epiey Beraon GaL

effective in 50% pop ose ratio oX1¢’ and

rati o LosoLEDs0.  AiBetrE CREIE At bR ASUTI lesS B0y A SRR TRRRERE” 11
preferred. [0094]. The dé gbt ai ned fromcell culture assays and ani mal
studi es can be us@ahh)iaﬁ"@l S?:?wﬁ?i?l ng a range of dosage for use in humans. The

cosae O Such SOOI SS hGA et HBIR e RS T PR 0
AN ALRE R TR R e R
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 nitrogen imbalance; or bone
degenerative disease such as osteoporosis.
[0092] Other medical disorders being diagnosed, treated, or
prevented by the presently disclosed antibodies are disorders associated with
a loss of bone, which include osteoporosis, especially in the elderly aﬁdlor
postmenopausal women, glucocorticoid-induced osteoporosis, osteopenia,
osteoarthritis, and osteoporosis-related fractures. Other target metabolic
bone diseases and disorders include low bone mass due to chronic
glucocorticoid therapy, premature gonadal failure, androgen suppression,
vitamin D deficiency, secondary hyperparathyroidism, nutritional deficiencies,
and anorexia nervosa. The antibodies are preferably used to prevent,

diagnose, or treat such medical disorders in mammals, especially, in humans.
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invention, the therapeutically effective dose can be estimated initially
fromcell culture assays. A dose may be fornulated in aninmal nobdels to
achieve a cir VP 203431 asna concentration range that i ncPGRBI00B/AW48C50
(i.e., the concentration of the test anti body which achieves a hal f-maxi nal
inhibition of synptons) as determned in cell culture. Levels in plasm may
be nmeasured, 35 WD 2004/037861 PCT/|1B2003/004748 for exanple,-by high

performance |iquid chr ography. The effects of any . particul ar dosage can
be nonitored by a sui t@g&g biﬁg&éwod@%né@d&wm#wa% ef the Eeseqys i ncl ude
DNA replication assaﬁs, transcription-based aiysa s,. GDF-8 praqtein/receptor
bi ndi ng assays, ci¥gblienargiaspupisigsadipdherageudico ﬂ%@&e gmounts. Gere@¥A i ati on
of pre-adipocytes, assays based on glucose uptake in adipocytes, and
i mrunol ogi cal ~ ass #esapquiicalilyjefiestive ampynt mayevary wib e subicts pge £PRPEPBL er ed so
that antibodies or their binding fragnents areq%i ven at a dose from1l pg/kg
to 150 ng/ kg, 1 BHAREx.t38 welms e isgverty phthrdgnedicat conditiangn the pipiecs The 20
ng/ kg, 1 pg/kg to 10 ng/kg, 1 pg/kg to 1 ng/kg, 10 pg/kg to 1 ng/kg, 10
pg/ kg to 100 pg/ KgSageomaype determingdiy,a Wé'mqﬂg'#q{‘gs?@% as negesegry, to suit
Preferably, the antibodies are given as a bolus dose, to maximnze the
circul ating | evel obggrvedaffedtmef the treatmenie Tgxieiti anst theeapgutic efficadyraé su¢h er t he
dose. Continuous infusion nmay also be used after the bolus dose. [0096] The
met hods of treat i sgmpdurdsrasibegdetenmipedbystanderdipherraaceutical pretiedutesdmnell t i ons
with the presently disclosed antibodies can al so be used on other proteins
in the TGF-[3 supevhtuas byexpeimentH anineals: eqg.ofoedeterraining the LBt«(the dosst r uct ur e
to 'GDF-8, such as BMP-11. Accordingly, another enbodi nent provides mnethods
of treating the alethaneh@%amithe popdatida) andthe EDsq (the dose therapeutically

effective in 50% of the population). The dose ratio between toxic and

therapeutic effects is the therapeutic index and it can be expressed as the

ratio LDso/EDsg. Antibodies that exhibit large therapeutic indices are

preferred.

[0094] The data obtained from cell culture assays and animal

studies can be used in formulating a range of dosage for use in humans. The

dosage of such compounds lies preferably within a range of circulating

concentrations that include the EDsq with littie 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 ICsq (i.€., the

concentration of the test antibody which achieves a half-maximal inhibition of

symptoms) as determined in cell culture. Levels in plasma may be measured,
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adm nistering to a subject an anti body capabl e of inhibiting BMP-11 or
activin, weither alone or in conbination with other TG- (3 inhibitors, such

as a neutrali NP4 $Body agai nst GDF-8. The anti bodi es T BHEAUANnt i on

may also be used to treat a disease or condition associated with or
medi ated by BMP-11. See, e.g., U S. Patent Nos. 5,639,638 and 16, 437, 111.
36 WO 2004/ 037861 PCT/82003/004748 [0097) The-anti bodies ofl h present-

invention may be psed to detect the presence of proteins bel opnging to the
i Supertan 1 SeabReaty FghperGmiAne dproshrart GG T s o o,
correlating the presence or leve|l of _these prqotejns with medi ca
condi tion, one of p%‘%?‘lﬂf“ d95app can Pe "ﬂwo@dﬁr%%‘étaﬂ?g"o%&s%cEé?'@ﬂ'eﬁré’ i cal
condition. The madi,c%!% conditions that nmay be di agnosed 'bé the presently
di scl osed ant i bodP¥@ble Rioasspys Brlude LNy eeplicaiipadssays: Haprarption-Bes6tket hods ar e
well known in the art and_include ELISA, radioi munoassay, i nmunobl ot,
Western blot, i nAthyel QBFSRretek@ecepinibipging @staYsatieatine Kinase?s§8Ys.conpar abl e
t echni ques. The anti bodies may further be provided in a diagnostic kit that
i ncorporates onea¥aYRbaeeden theddifferertiaian gfpre-adiperytascassaypibased o (e. g. ,
GDF-8). Such a kit may contain other conponents, packaging, instructions,
or other materi al 9iueoseiriakenp adipoeyies.cinddmmuinelagicat asseyand use of the kit.
[0099] Where the antibodies are intended for diagnostic purposes, it may be
desirabl e to nodify tHEA9SIF orCenesallyl the agmposiions grerarrgjpistased sauthiat as  bi ot i n)
or a detectable marker group (such as a fluorescent group, a radioisotope
or an enzyne). | fartibodies®r theirebinding fsaginents @ik giver et pdpseiramdl paskg to 150
nocl onal) may be | abel ed using conventional techniques. Suitable |abels
i ncl ude fl uor ophomgikg, ¢ iwgtkade 169 axg/kg, ddigdkeatoi Semakont poikp ée 20 og/kdeise
pa/kg to 10 mg/kg, 1 pg/kg to 1 mg/kg, 10 pg/kg to 1 mg/kg, 10 pg/kg to 100
pa/kg, 100 pg to 1 mg/kg, and 500 pg/kg to 1 mg/kg. Preferably, 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.
[0096] The methods of treating, diagnosing, or preventing the above
medical conditions with the presently disclosed antibodies can also be used
on other proteins in the TGF-B superfamily. Many of these proteins are
related in structure to GDF-8, such as BMP-11. Accordingly, another
embodiment provides methods of treating the aforementioned disorders by
administering to a subject an antibody capable of inhibiting BMP-11 or activin,
either alone or in combination with other TGF-f8 inhibitors, such as a
neutralizing antibody against GDF-8. The antibodies of the invention may

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

BMP-11. See, e.g., U.S. Patent Nos. 5,639,638 and6,437,111.
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reagents, enzynes, and |igands having specific binding partners. Enzynes
are typically detected by their activity. For exanple, horseradi sh

per oxi dase can' QHYLY’Rt ed by its ability to convert tet r%ﬁ@i”ﬁ@?’%"éﬁ‘fi di ne

(TMB) to a blue pignent, quantifiable with a spectrophotoneter. O her
suitable | abels may include biotin and avidin or streptavidin, 1gG and
protein A and the nunmerous 37 WO 2004/ 037861 PCT/ | B2003/ 004748
receptor-1|igand coupl e own_in the art. O herpermutations, and
possibilities will be@@dw@‘%’ﬂ}%’ﬂﬁ? of theRigRa grentay RAY HeYRPIIC i n the
art, and are consi dere as equiyalents within the ope of the instant

i nvention. [0100] 9¢tect ﬁd’f‘f'ﬁ&"g‘éé’ %’efe"aﬁbff'?ﬂ-,g"?%\?éﬁ? F@%—Igﬁ'emr@&'yas t8%d of
identifying therapeutic agents useful in treatnment of nuscle and bone

di sorders. Appro MPaﬂZeaggﬁ&Fnﬁng vivepayrsvitra. By coteelpting thenseseanss 89 levelefe
known in the art. In such a screening assay, a first binding mxture is
formed by conbi ni Higsgmrotgins i@ medicalicendition ranedy skilin thelarirandgliagnoge thegDr- 8,
BW-1 1, activin, and the anount of binding between the |igand and the

anti body in the fpssaciaiechaiedigal eanditione Them)edical aenditinns dhat mayckbardiagmsedi ng

m xture is also fornmed by conbining the antibody, the ligand, and a
conmpound or agent by thebpresentyedigalpsed antibedies %fmhéﬂbfabbi/ﬁdi ng between the

|l igand and the antibody in the second binding mxture (M) is neasured. The
amount s of binding i n IOA88J i r Stchadetectionauatbiods ardiwed) known i the attand hen
conpared, for exanple, by calculating the ML/M ratio. The conpound or
agent is consi der #glude EdSA anadisiramohodsshy binmungbloGWWeseraddatyi ty if a
dedrease in binding in the second binding mixture as conpared to the first
bi ndi ng m xt ur e i snobseflupeekcente: imuunopretiptationnand other comperable tedhnigjuedi ng

m xtures is within the level of skill in the art, such binding m xtures may
al so cont ai n buf f #he aatibbdied may fethesba psovidedeam b alfageostic Kitthat 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.

[0099] 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 pdlyclonal or
monoclonal) may be labeled using conventional techniques. Suitable labels
include fluorophores, chromophores, radioactive atoms, electron-dense
reagents, enzymes, and ligands having specific binding partners. Enzymes
are typically detected by their activity. For example, horseradish peroxidase
can be detected by its ability to convert tetramethylbenzidine (TMB) to a blue
pigment, quantifiable with a spectrophotometer. Other suitable labels may

include biotin and avidin or streptavidin, IgG and protein A, and the numerous -
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optim ze binding, and additional control assays may be included in the

screeni ng assaﬁv‘ggooggﬁs&nvention. [ 0101] Conpounds found }\ﬁ%ﬁ’gﬁb%“t’ﬂe
in ML/ . 9),

anti body-1i gan I'ng by at |east about 10% (i.e., preferably
greater than about 30% may thus be identified and then, if desired,
secondarily screened for the capacity to 38 WO 2004/ 037861 PCT/ | B2003/ 004748
I nhibit GDF-8 activity in other assays such as the Act R11B bi ndi ng assay

(Exanple 2), and —%%Sffé—_qis&lnd-éﬁ%?& »&J&d«nisnlﬁ@-%/re BERR énﬁtﬁaﬁ‘&é%rdidg@gﬂg@gesof

Exampl es 13, 15, I'l'l. Pharrmaceutical Conpositions an

mnistration [Qh0g] regeﬁyd?[gﬁ&mo *”5\4’8%%%@1,““932? Qétgﬁﬁe%ﬂnaﬁé?ﬂ&ﬂ§ldered

conprising the presentl osed anti conposi tions nmay be

itabl e f h Lcal . J.0i I : tients. Th
curtabl e Tor  phetgagebbie e a oAU BL SR RRTIGP2L | enLs. The

conpositions typic rrse one or

I nvention and a phar@ﬁﬁ@ut [ ggtl%némaegggﬁécﬁgjfﬁegé&éﬁgﬁ%ﬂvi&%ﬁﬁgﬁaggrFi n, the

Eglrszﬁts"phgirgagﬁu}[ic. 'accggati ngs t= egttelr'nC aﬁs Z Lfungal agents
o otom ¢ and - Dotttk Apeliftidetiusellin fastt B miSe AR bje BRaBRE LS .
i Dhar oot ol A ALk, I KO8 M A, AR
S eneniar, nan Bidia FOEb Y aftath BT bindPgTRORRE ™ Rribed bt EomBiigo an
EE?Lgﬁggft | oot hambidyor STEcR R 5 lgAnt S ar Rtk BrRRESH bR phal < O

arnmaceuti cal conposjtion,of the inventiqn i
amg)un otJ O ﬂ1e~ ngang anld'%htlac grrm old(;j}'[ine getﬁ(r)st binding

binding between

mixture (Mo) is measured. A second binding mixture is also formed by
combining the antibody, the ligand, and a compound or agent to be screened,
and the amount of binding between the ligand and the antibody in the second
binding mixture (My) is measured. The amounts of binding in the first and
second binding mixtures are then compared, for example, by calculating the
M./Mg ratio. The compound or agent is considered to be capable of inhibiting
GDF-8 activity if a decrease in binding in the second binding mixture as
compared to the first binding mixture is observed. The formulation and
optimization of binding mixtures is within the ievel of skiil in the art, such
binding mixtures may also contain buffers and salts necessary to enhance or to
optimize binding, and additional control assays may be included in the
screening assay of the invention.

[0101] Compounds found to reduce the antibody-ligand binding by at

least about 10% (i.e., M1/M<0.9), preferably greater than about 30%, may thus

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

acconplish theyagglghsiration are known to those of ordi R psshbdsrdsn t he
art. It may also be possible to obtain conpositions which may be topically

or orally adm nistered, or which nay be capable of transm ssion across
mucous nenbranes. The 39 WO 2004/ 037861 PCTI | B2003/ 004748 adm nistration
may, for exanple; be intravenous, -intraperitoneal,-intranuscular,

intracavity, subguihREEORLS é@:hvuwlﬁrb’iﬁtﬁra%%ys sﬂﬁﬂ@élheﬁ%tmllamuﬁd assg§pensi ons
used for intradermal or subcutaneous application typically 1ncldde one or

nore of the fol | gnighple EPQH@'BH&%eII BasdcPdrld iR vAlolddeays éé%cﬁ@emwanfpw
injection, saline solution, "fixed oils, polyethylene glycols, glycerine,

propyl ene egcoI19q505n@ﬁ63ynthet|c sol vents; antibacterial agents such as
benzyl al cohol or 'methyl parabens; anti oxi dants such as ascorbic acid or
sodium bisulfite; chelating agents such as ethyl enedi am netetraacetic acid,

buffers such as acet C|t_r tes or . .phos nd agents for the

adj ust nent of ton|“clefq'§?r§‘@Eﬁ"té &ﬁ?ﬁﬂ?'ﬂﬁp%?ﬁgyetéﬁ’d EP‘F’gE'é'Str?HB"pH can be
adjusted with acids 3{) @sesr such s %groch ric aci.gd

hydr oxi de. Such prep 19%4ons Veﬁ@ QLpfoy! egﬁﬁrgapggonsqﬂn%laggﬁhee
syringes or rrultl ose Vi ass or | astic. 10

Phar maceut i cal @ﬂ’tc? eglﬁrlt'ga Esf%i’g? CHRRASIORS iMay bRysut aéleg%l | e aqueous
sol utions or dis er si ons sterile powders for th ext enpar aneous
preparation of Sggqrmageytfﬁagﬁeagn a%l"ﬁf’?ﬂ%“’cﬂa '8?'§p§r"§i°8ﬂ‘png'8?"s WRERY enous
adm nistration, suitable carriers jnclud g gersgol ogi cal sal i ne,
batteriostatic warBPISeQNERIIRGEANPOIEH Séh PESENLIPXERIIONA &1 phosphat e
buffered saline (PBS). In all cases, the conposition nust be sterile and
should be fl ui dPhymageuticaliyacceptale exdnienty Asisadinerain, thgpeiase |+ nust be

st abl e under the ) o )
“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.

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

or which may be capable of transmission across mucous membranes. The
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conditions of manufacture and storage and nust be preserved against the
contam nating action of mcroorgani sns such as bacteria a [ The
carrier can be WP BVt or di spersi on nedfun1containing,qggﬁﬂgggwgﬁg,

wat er, ethanol, polyol (for exanple, glycerol, propylene glycol, and |iquid
40 WD 2004/ 037861 PCT/ 1 B2003/004748 pol yet heyl ene glycol, and the like),
and suitable m xtures thereof. The proper fluidity can be maintained, for

exanpl e, by the 'éaﬁmﬁétra%oﬁﬂ?av,-fwea%taneas?trg.i%'wérm’ug;mtrgyemtaﬁ%{/mmé.ﬁm&@ of

the required particle size in the case o spersion an e use of

surfactants. PreygnliboR Qiodubhedtd Bf’f?ar‘iéfdemmﬁlf oorgani sns can be achieved by

L@
various anti bacteri aia and antifungal agents, for exanple, parabens,

chl or obut anol , phenol %013§]C°r§$|9tid?}féi&’suéﬁgdgﬁ:m%@bd f&%récféﬁn%f &e. I'n many

cases, it wll be preferable to i nclude 1sotonic agents, Tor exanple,

sugars, pol yal COQBB&tg?e%ggggﬁu tIgﬂwgﬂapy{j@fu%toﬂ{e%f&%%Pﬁ’\ie% m%k ride in the

conposi tion. Prollonged - orp e I'njectable conmposi can be
brount, about b ipbhghath flc it AAIBREL U8 AREH: sl udBharee, .,
composit ons. 9eniel bl DoihedR, Vo HskSRbe ity SEUMBBRLLT T
Purpose of 0o OGRBRHBREA Bl A B re R AR T T SR o e
T SR L B T
simlar nature; eH‘YH’\‘?@@P“%‘ﬁE‘ﬁa%&ﬁw&'ab%‘B@gﬁ %H‘ﬁ%i ar?eéc@gqt?%lcgg’g‘?s Yum tragacant h
o gelating an  ekel SR aRYShed AL ShuSenfSH SRRy SucH & JIRH 2hibRS 20°™

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.

[0105) 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 extent that easy syringability exists. It must be stable under the

conditions of manufacture and storage and must be preserved against the

contaminating action of microorganisms such as bacteria and fungi. The

carrier can be a solvent or dispersion medium containing, for example, water,

ethanol, polyol (for example, glycerol, propylene glycol, and liquid
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Prinmogeltm or corn starch; a lubricant such as nmagnesi um stearate or

SterotesTM a | dan ch as colloidal silicon dioxide; ' agent
such as sucrogléég()?whssgcdéhari n; or a flavoring agent such g]é eg@g&ﬁgﬁt,

methyl salicylate, or orange flavoring. 41 WO 2004/ 037861
PCT/ 1132003/ 004748 - - [01-07] -For adm nistration by inhalation,
anti bodies are delivered in the formof an aerosol spray from pressured

cont ai ner or i SBENBHeviehblbGEol SADIRIRS) 334 HAR FORGARILEN T Hoper? 025

such as carbon d zer” stem ¢ adni ni st on can
o 20,08, 00 1SS TURRP B B b ANRSG B IE T e SO Gu L RRE D,
o ST on 2ot By S an E B A0SR B BRI EenB g S ) v
L e eOsal At L RABnEE RO St Pl BB BB
AR CHRE R S I A R TG R e i
e a0 Sl A S sl e WS P o £
e 2 b SR s AP s ey P
A o A e TR
M CroencapsUl At eg ol 0P S INecabic composiibne can ba brought 2bBat by InGubing th'e"

the composition an agent which delays absorption, for example, aluminum

monostearate and gelatin.

[0106] Oral compositions generally include an inert diluent or an

edible carrier. They can be enclosed in gelatin capsules or compressed into

tablets. For the purpose of oral therapeutic administration, the antibodies can

be incorporated with excipients and used in the form of tablets, or capsules.

Pharmaceutically compatible binding agents, and/or adjuvant materials can be

included as part of the composition. The tablets, pills, capsules, an.d the like

can contain -any of the following ingredients, or compounds of a similar nature;

a binder such as microcrystalline cellulose, gum tragacanth or gelatin; an

excipient such as starch or lactose; a disintegrating agent such as alginic acid,

Primogel™, or corn starch; a lubricant such as magnesium stearate or

Sterotes™; a glidant such as colloidal silicon dioxide; a sweetening agent such

as sucrose or saccharin; or a flavoring agent such as peppermint, methyl

salicylate, or orange flavoring.
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can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic

aci d, coIIagen al orthoesters and polylactic acid. Methods

preparation of %Qrg /*Wrrul ations will be apparent to thos%CTél?lz?ot‘/g%Hsn t he
art. Liposomal suspensions containing the presently disclosed antibodies

can al so be used as 42 WO 2004/ 037861 PCT/ TB2003/ 004748 pharmaceutically

acceptabl e carriers. These can be prepared according to nmethods known to

t hose skilled in_the exa ribed i enf. No.
4,522,811, [0110] It @é@”be A r@@‘e%l&’é‘sft P3P t“éb°8reé|a'8rde@’a?#’e‘¥f?er al
conpositions in dosage unit formfor, e i.stration and uni form:t
of rrpdos age. Dos agl-f? faﬁT' toy??)Pﬁ'Pég' ﬁ?ﬁ%’o"%rpé‘?ﬁ‘?ureé‘?‘@nga'?% %WQFE%W Vh'ﬁé‘ scr et ey
units suited as u i tar gog or, the subje cb &}P&‘t ea% each unit
containing a pré ?@Fﬁiysr‘r' 8 'ﬁg’é(?ﬂer » B9 £99 ‘ﬁ%ﬁ' &I%fed to
produce the desired  therapeutic effect i n associ at| on with the required

phar maceuti cal cBebYIZEr The specification for the dosage unit forms of the
invention are dictated b \éy di rectly dependent on the uniq

characteristics of thE8®ki @GHEP'atfﬁi'O"t‘Wé Jrerg %\’%W%Fﬂﬁéutl c
effect to be achieved, and the limtations inherent in the art

f ormul ati ng sucht’ai*ﬁ%'t"?\/'@e%‘%ﬁrrf(ﬁﬁ fgample. ineaserad aptRagiesghat %Wﬁﬁ@lﬁ EC [0111]
The follow ng exanpl es provide illustrative enbodinents of the invention
whi ch do not in BAYORESPMRAsItiONS MaYibe@pebleref trenemispion AGrasaMmucONs || in the
ail will recognize the nunerous other enbodi ments are enconpassed wthin
the scope of theMeMREANEGS.-{iDtEstNe. MAMItRAr iungst Atk eRbfecaplor-medigtethces,

pa!t ents and published at ent applications cited throughout this application
are herein incor p@t,har@@ @Pafe@ﬁ &%eﬁ@'éo 613). Transmucosal administration can be

accomplished, for example, through the use of lozenges, nasal sprays,
inhalers, or suppositories. For transdermal administration, the active
compounds are formulated into ointments, salves, gels, or creams as generally
known in the art. 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, detergents,
bile salts, and fusidic acid derivatives.

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

containing the presently disclosed antibodies can also be used as
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43 WO 2004/ 037861 PCT/|1B2003/ 004748 EXAVPLES Exanple 1: Purification of

GDF-8 [0113] Congl hed media froma selected cell Iine Ry
r econbi nant human0 -8 protein (mature GDF-8 and GDF-8 propep?ﬂﬁ%&?m

acidified to pH 6.5 and applied to a 80 x 50 nm POROSTm HQ ani on exchange
colum in tandemto a 80 x 50 nm POROSTM SP cati on exchange col um
(PerSeptive Biosystens, Foster City, CA). The flow through was adjusted to

pH 5.0 and appl i an@cé\Jtz:% d}a@&PmﬂéDWINﬁﬁEs&éédQ@ @Ps%%%om
elu

(PerSeptive Bi osystems ed wth a NaC gradien Fractions

containing the Gekods kﬁb@mo megpkﬁned .ﬁtin@ﬁﬁbf%&y asdesBida in'Bse pool ed,
acidified with trifluoroacetic acid to pH 2-3, then brought up to 200

m with 0.1% TRA R N@VﬁSZﬁ Bfy viscosity. The pool was then applied to a 250
X 21.2 mm C5 col um (Phénonenex, Torrance, CA) preceded by a 60 x 21.2 mm

guard colum (Pheno Pﬁj) q@ﬁgggtgrgg%ﬁg%é&ggggml %gé @gﬁ Brrbér@ntgFa"l‘d' ent, to

separate mature GDF- racti ons cont ai ni ng

and 20 i of Seé&ﬂﬁé%ﬂ%‘?‘%ﬁsaé%ﬁ SOLRHEPIRL eBfab Rl Qs SiEr S50, . 10
mm & - col um (Pﬁﬁégg‘; Qﬁf'ﬁg fefmtad u@?ﬁh&ﬂen tfers o B phySic %'d%@r(ftg Ehn?s nas

repeated until ara I'on cou on er eve actions
and a;BLP?ed”?L”%ﬁg%'? @‘éﬁfﬁé%@%e‘ chitR "L@tf%B%s@é“éé’%E%eu?h%ﬁ" SR
bur' 11 ed mat ur o DERFEAnEr SuanaY efiuRa BRRuierlb o lasBos neBsEbhucn:
experinents. 44 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 formulating such an active compound for the treatment of individuals.

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

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

patent applications cited throughout this application are herein incorporated by

reference.
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WD 2004/ 037861 PCT/ |1 B2003/ 004748 - [0114] On SDS-PAGE, purified mature

GDF-8 m grated d band at 25 kDa under nonreducin ﬁﬂﬂ and 13
kDa under reduﬁgﬂ/@(’)n itions. A simlar SDS-PAGE profil gp as%ggléo(f%&?eported

for murine GOF-8 by MPherron et al. (Proc. Nat. Acad. Sci. U S A (1997)
94: 12457-12461) and reflects the dineric nature of the mature protein. The
active mature BMP-11 diner was purified fromconditioned nedia froma cell
line expressing reconbinant human BVP- Ey App@es§i M.l ar manner. [0115] Active
mat ure BMP-11 was purified fromconditioned nedia -froma cell line
expressi ng reconbi nant human GDF-8 propeptide/mature BMP-11 chineric
protein. The conditioned nedi umwas | oaded onto a 10 mM  TALONTM col umm

(Clonetech, Palo Bkifiple®?) Porificafidh &fGBFE1 8.0, 1 M Nad at | m/mn. The
bound protein was eluted with a 50 MM Tris pH 8.0, 1 M NaC, 500 mM

| mi dazol e. Pool ed frgoti3ns Cunditvined ngadidwﬁorﬁﬁl?se?eqwd)wmtnb@b%nél | at ent
conplex were acidified with 10% TFA to a pH of 3. The pool was then applied

to a 250 x 4.6 nracdmpinadt hisdas CDF® pidiéie (MERACEDFI® bH @ BDF-8 pfapkptidd)ive was
heated to 60C for better separation of mature BMP-11 and GDF-8 propeptide,

and el uted W th acidifiéd &csH 815 drd gplied &sla 80 x-50RAM PORDSTE H®Afion eRdHanbsi Ng
mat ure BMP-11 were concentrated by |Iyophilization. On SDS-PAGE, purified

mature BMP-1 1 nt@imhesltanbedo a0 w@ﬁfm PORCSBUSH BatiortéNtbhdeOiuamd at 12
kDa under reducing conditions. Exanple 2: Biological Activity of Purified

Reconbi nant HUMB[p&EEptRe E[l@slylufé}nsT‘FoQ@mﬂﬁtG/%t erheRwAthidughtwasdjddda 8. a

reporter gene assay (RGA) was devel oped using a reportér vector

PCL3( CAGH) 12 exPERZs) 56 A5piI2R0%08) P BREISIBZASRALkdandel Sl i ase.  The

CAGA sequence was previously reported to be a TGF-p
(PerSeptive Biosystems) and eluted with a NaCl gradient. Fractions containing

the GDF-8 latent complex, as confirmed by SDS-PAGE, were pooled, acidified
with trifluoroacetic acid (TFA) to pH 2-3, then brought up to 200 mi 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/acetonitrile gradient, to separate
mature GDF-8 from GDF-8 propeptide. Pooled fractions containing mature
GDF-8 were concentrated by lyophilization to remove the acetonitrile and 20 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 purified mature

GDF-8 were pooled and concentrated for use in subsequent experiments.
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responsi ve sequence within the pronoter of the TGF-p induced gene PAI-1
(Denner et al. wd9R8h37KBO J., 17: 3091-31,00). [0117] A rpepid265006%5t OF
cont ai ning 12 CAGA boxes was nmade using the basic luciferase reporter

pl asm d pG.3 (Pronmega, Mdison, W). The TATA box and transcription
initiation site fromthe adenovirus major later pronoter (-351+10) was
inserted between the Bglll and HindllIl sites. digonucleotides containing

12 repeats of the CAGH1hgxesonNSBSEAGE, pifed ANDRAG -y %igrstbe%% brﬂé@ the
Xhol site. The human r habdomyosar coma cel i ne A204 ( ATCC HTB-

transiently tranghgrghbesh Khd bn&h@-n%ﬁ%ﬁ%on&ﬁbﬁ&am%dé red ect ' on

reagent (Boehringer Manheim Germany). “Follow ng transfection, | s were

cultured on 48 t RER gV
gl utam ne, 100 \lﬁ?b'l‘dlgc%r?eﬁ%m%ﬁ@f%éééoﬁm%rﬁg? JI)l n akﬁﬂ'f\oq%/ob;bet al calf

serum for 16 h.“bz\ﬂﬁtfh% rxgﬁ@{eaut B tNiahesh, %f@@rA (14d Pg t1211@7g9/i@1n)97%-8 in

McCoy' s 5A nedi a tamn streptonycin,

bovi ne serum al by ﬂégmﬁaﬁsre%z\s rhagjéﬁrrg ’?pro il fe fleL e

treated cells using th ucl rerase nega) . igure 4A

shows that GDF- SF%'w'H% %fu?&?rb%ar{?%lnbﬁ@d @%B%rfl'o% a ﬁgﬁ‘ﬂﬁé {a)‘zﬁ‘r:ﬁ{r‘}’%f old, with

gn :EDBO O}‘l 10 ng uri reco |na|n o I

; 'erpS%'sféf"‘ 3% 0 %m%é%“%’é%»ﬁ%m%ﬁ%%ﬂéﬁnﬁ 5 Bi ndi ng E»?Opert. es
Purifi GDF-8 i Al T

gorrprtralx :I\S.S bi ot i n;/lnalio ?5] Ctﬂt’r\’gtn?%b&f%gg W@%&Q\é&%m Q@%F&'A%ES Biotin

(Pierce, Rockfor ?lrb é éln%'ese’xp%tsmgN&or%t:)l'%g‘r?t)human GDF-8 propeptide/mature

BMP-11 chimeric protein. The conditioned medium was loaded onto a 10 ml

TALON™ column {Clonetech, Palo Alto, CA) in 50 mM Tris pH 8.0, 1 M NaCl at
1 ml/min. The bound protein was eluted with a 50 mM Tris pH 8.0, 1 M NaCl,:
500 mM Imidazole. Pooled fractions containing the GDF-8 propeptide/BMP-11
latent complex were acidified with 10% TFA to a pH of 3. The pool was then
applied to a 250 x 4.6 mm Jupiter C4 column (Phenomenex, Torrance, CA)
which was heated to 60°C for better separation of mature BMP-11 and GDF-8
propeptide, and eluted with a TFA/acetonitrile gradient. Pooled fractions

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

conditions and at 12 kDa under reducing conditions.

Example 2: Biological Activity of Purified Recombinant Human GDF-8

- [0116]  To demonstrate the activity of GDF-8, a reporter gene assay

(RGA) was developed using a reporter vector pGL3(CAGA)q2 expressing
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1 nmole of the GDF-8 conplex for 2 hours on ice. The reaction was termnated

by dropping th 0.5% TFA and t he conpl ex was subj S0ty ﬁ?u
chr omat ography%(’)(ﬁﬂa @&%upl ter 250 x 4.6 mm col umm ( Phenonenex /6)0474§epar ate

mature GDF-8 from GDF-8 propeptide. Biotinylated mature GDF-8 fractions
eluted with a TFA/ CH3CN gradi ent were pool ed, concentrated and quantified
by M croBCAT" protein Assay Reagent Kit (Pierce, Rockford IL, Cat. No.

23235) . 10120] ' 0y gl oY 60 CTRANS BAP: dad SRR SOANRS D0 FPn1 1 latent

conplex in the sane nmanner as desc B— Fc

hi R&D Syst M ted

ohi el (AP ket SRR feemﬁgpmw@aw G
0.2 M sodium carbonate huffer overnjght at Pl ates were then bl ocked
with 1 ng/m bo@%egsﬁlnﬁg%kﬁf’ﬂﬁoahd7\/\&9%81@‘8}|owu ng standard ELI SA

protocol. 100 pl aI| uots of biotinylated GDF-8 or BMP-11 at various
concentrations were [H4tdd t/brqpﬁee'b\rmé@n@m'@%%@ boxes y¥astBR0E USinQ hr
washed, and the amount of bound GDF-8 or BMP-11 was detected b

St r ept avi di n- Hor herhagicducifesraegepertes @lasand pRe3 (Bomeas Maﬁgengwﬁaﬁhgi ego, CA
Cat. No. 13047E)_followed by the addition of TMB (KPL, Gaithersburg, MD,
Cat. No. 50- 76- OBATA boxjapditieassripiominitintip st fremibe adengvisusmaimsdatan i n a

Mol ecul ar Devices mcroplate reader. 47 WO 2004/ 037861 PCT/ |1 B2003/ 004748
rui / U uy | V promoter ((351910) was irsesied h‘ehmingtne@gll and dindHisitgsed GDF-8 and
BWP-1 1 bound to ActRIIB, the putative GDF-8 type Il receptor with an ED50
of 15 and 40 ng/ Qilgonuc@@pée,qmr&alyngnademqt$ n@hGI%GA h@XM&CBGﬁ%Wﬁ@ assay

isla sensitive in vitro
annealed and cloned into the Xhol site. The human rhabdomyosarcoma cell

line A204 (ATCC HTB-82) was transiently transfected with pGL3(CAGA)42
using FUGENE™ 6 transfection reagent (Boehringer Manheim, Germany).
Following transfection, cells were cultured on 48 well plates in McCoy’s 5A
medium supplemented with 2 mM glutamine, 100 U/mi streptomycin, 100 pg/ml
penicillin and 10% fetal calf serum for 16 hrs. Celis were then treated with or
without 10 ng/mt GDF-8 in McCoy's 5A media with glutamine, streptomycin,
penicillin, and 1 mg/ml bovine serum albumin for 6 hrs at 37°C. Luciferase was
quantified in the treated cells using the Luciferase Assay System (Promega).
[0118])  Figure 4A shows that GDF-8 maximally activated the reporter
construct 10-fold, with an ED50 of 10 ng/ml, indicating that purified recombinant
GDF-8 was biologically active. BMP-11 and activin elicited a similar biological

response.
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bi ndi ng assay for GDF-8 and BMP1 1. Exanple 4: Isolation of Myo22 by Panning
of scFv Librari -8 [0122] An scFv phagemd I|i brar ]fﬁ@l an
expanded ver si ('gﬁ)so 0%%KE 1.38 x 1010 | i brary descri bed (Valyucgir anog/{;b"lqﬁ
(1996) Nature Bi ot ech. 14: 309-314), was used to select antibodies
specific for CDF-8. Sol uble GDF-8 protein (at 10 pg/m in 50 mM sodi um
carbonate buffer, pH 9.6) was coated onto wells of a mcrotitre plate

overni ght at 4C. Eﬁé‘b?lé’@:re a%ﬁgeﬁﬁgof%g%fmdogbp% 'the%age at 37Cin

MPBS (3% Marvel ' " urifie 1012
transducing units (tu)) in 100 I A)NPBS were added to bl ocked wells and

i ncubated at roomte ur S wth
PBST ( PBS cont ai ni ngn[gﬂ%) v/.e]e]cT%E’grjle'l'll?/lﬁbléll coMFIhle(ﬁvasWtﬁ '\r%%?m\e/{m%trég%gfsmmund

phage particles pei& &lesfifk éleo'NﬂQ%u&!? @er%%%&%or& rllllﬁ&g'yéﬁn}\lﬁe%‘fgaﬁ

m nutes at roomtenperature, then 1 nme neutral i zed of 1 M
rowing £ coi i TEIOT g HeDPRIRRAEOE2Ruls bl B0 2he eholln Bt Pe‘?%%ﬁh't es
St roaked onto 2TUAUPLREE ph<ih CRRHER A it o waTkBiedBla oo™ er o
Storage at - 70c, CYEMRsYE %s%?af@é?“f@%%@%ﬁ%ﬂ'<F6§é°3#e%‘*$€°§r of st ock
el per phage anderieeneEh PR BB es  BLloHREAhEGEF A"l os
Rt e I R e
Libraries quantified by MicroBCA™ protein Assay Reagent Kit (Pierce, Rockford, IL, Cat.
No. 23235).
[0120] Biotinylated mature BMP-11 was prepared from BMP-11 latent
complex in the same manner as described above. Recombinant ActRIIB-Fc
chimera (R&D Systems, Minneapolis, MN, Cat. No. 339-RB/CF) was coated on
96-well flat-bottom assay plates (Costar, NY, Cat. No. 3590) at 1 pg/mlin 0.2 M
sodium carbonate buffer overnight at 4°C. Plates were then blocked with 1
mg/mi bovine serum albumin and washed following standard ELISA protocol.
" 100 pl aliquots of biotinylated GDF-8 or BMP-11 at various concentrations were
added to the blocked ELISA plate, incubated for 1 hr, washed, and the amount
of bound GDF-8 or BMP-11 was detected by Streptavidin-Horseradish
peroxidase (SA-HRP, BD PharMingen, San Diego, CA, Cat. No. 13047E)
followed by the addition of TMB (KPL, Gaithersburg, MD, Cat. No. 50-76-04).

Colorimetric measurements were done at 450 nM in a Molecular Devices

microplate reader.
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[0124] Sol ubl e sel ections were carried out using biotinylated GDF-8 protein
(bi 0GDF-8). BiI Q,gg)f used at a concentration of 1 pg/

library, as descrl%)gﬂél’ I'n Exanple 4, was used. Purified sc v\,p 9003/&0?%&2

in 100 pl 3% MPBS were bl ocked for 30 m nutes, then biotinylat ed anti gen
was added and i ncubated at roomtenperature for 1 hour. Phage/ antigen was
added to 50 pl of DynaF M280 streptavidin nagnetic beads that had been

blocked for 1 hour aligggf | dsillvith P?é?r%’ﬁ’?@ﬁ@@atb&%ﬂ@é%ﬂdfé?\ﬁp 31bgGhder 15

m nutes at roomtenp rat re S wer usi n netirc rac

vashed four U1 Mo LAkt USaid) el Whklon BEERT o aada@hgmned by

t hree washes in resuspende h 100

pl PBS and used Fe%Pe& v%y 61% c%hnf Q]%“Aétﬁhé% rgfy'%v%%gy% Asva% %trgel 's.

Cel | s and phage were in holur "at Stati onary,

m nut es shaki ng @}_d ead on 2TYAG pl at es Pl at es were
i ncubat ed at SOC%WQSQSS&@% 6%[3 ﬁ%@p\% sual i zed the next day. Qutput

col onies were scraped off the plates and phage rescued as descri bed above. A
second round of soluble selection was carried out as described above. 49 WO

2004/ 037861 PCT/ 1B2amBleotr47solatiomapMyod2 byRannig péeehu bibranigs on G068 Assay
and Screen [0125] Qut But col oni es, obtained as described in Exanples 4 and
5, were picked into (6823l |ApsehverhagsmidibiamigWhish ipan exparvedeersgomf
production was induced by addition of 1 mMIPTG to exponentially grow ng
cultures and i n§18ob8® ¥ 0oVibrary grecribed Sbaighanai el S1936) Makira iBinteh. -c‘l:ﬂl tur e
supernatants were screened for the ability to inhibit the bindin
bi 0GDF-8 to Act RBPB3d4): wasiuaed (o select @atikadiascspeciiic frpF 8. $HolueG s%ly was
nodified slightly in that binding of bioCGDF8 was detected with
Eur opi um | abel edpesteie patzhd 1i/m! arkd i sagiumhearbonate buffer, pH 9.6) was coated
onto wells of a microtitre plate overnight at 4°C. Wells were washed in PBS
and blocked for 2 hrs at 37°C in MPBS (3% Marvel™ skimmed milk powder in
PBS). Purified phage (10" transducing units (tu)) in 100 | of 3% MPBS were
added to blocked wells and incubated at room temperature for 1 hour. Wells
were washed 10 times with PBST (PBS containing 0.1% v/v Tween™ 20), then
10 times with PBS. Bound phage particles were eluted with 100 pl of 100 mM
triethylamine for 10 minutes at room temperature, then immediately neutralized
with 50 p! of 1 M Tris-HCI pH 7.4. The eluted phage was used to infect 10 mi
exponentially growing E. coli TG1. Infected cells were grown in 2TY broth for
30 minutes at 37°C stationary, followed by 30 minutes at 37°C with aeration,
then streaked onto 2TYAG plates and incubated overnight at 30°C. Colonies
were scraped off the plates into 10 ml 2TY broth and 15% glycerol added for

storage at —70°C.
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DELFI ATM reagent kit (PerkinEl mer Life Sciences, Boston, MA) in
ti me-resol ved védg,%&%grl c assays (TRF). Positive clones, csljﬂﬁy}fog)&nm

i nhibition of binding signal greater than irrel evant cIones wer e piI cked
and assayed to confirmactivity. [0126] Purified scFv fron1p03|t|ve cl ones
identified fromthe receptor inhibition screen was tested in the inhibition
assay as above. A titration of scFv concentrations was used in order to

establish clone potenewsps Bipsisatodkycultlifed&orathedipstirduidsarmfigelectibe

results of the experinments are shown in Figure 2. As determned in these

assays, |C50 forwsrefvpérirFecttl 9d, he‘lﬂé?%ﬁa?@éﬁh féeved todive o4 "M 1.7 nM  and

60 nM respectively. Therefore, these antibodies are potent inhibitors of

GDF-8 activity. ﬁi%ﬂ&h@x&essﬁﬁ?ﬁh&%ébérﬁcl@ﬁﬁ%Fet&rcbﬁéi?ém @baﬁﬁiﬁ%eAE&bﬁﬁ

[0127] To determ ne e specificity of antibodies, a phage ELISA was

performed for pogidd ¥Endd nfrfgqmrb*&%m%eto%k InBhGifen agai nst GDF-8 and
unrel ated proteins. Indivi coli colonies containing phagem d were

i nocul ated into 96 well pl at es containing 100 pl 2TYAG nmedi um per well. 50
L L GRS o A B R B o
T EERA R el LBl
oL o o B BB b af 0o A PO S0
P a0 Rl R S R P BT, T
concentration Oftusg% ?3](" I(APJBSh\?vgrre tﬁockeg?om merBteersat en%lotﬁlyfa? n?lgELI SA
was added and incubated at room temperature for 1 hour. Phage/antigen was
added to 50 pl of Dynal™ M280 streptavidin magnetic beads that had been
blocked for 1 hour at 37°C in 1 ml of 3% MPBS and incubated for a further 15
minutes at room temperature. Beads were captured using a magnetic rack and
washed four times in 1 ml of 3% MPBS with 0.1% (v/v) Tween™ 20 followed by
three washes in PBS. After the last PBS wash, beads were resuspended in
100 pl PBS and used to infect 5 m! exponentially growing E. coli TG-1 cells.
Cells and phage were incubated for 1 hour at 37°C (30 minutes stationary, 30
minutes shaking at 250 rpm), and then spread on 2TYAG plates. Plates were
incubated at 30°C overnight and colonies visualized the next day. Output

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

A second round of soluble selection was carried out as described above.
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[0128] GDF-8 or irrelevant protein was coated overnight at 4C onto 96-well

mcrotiter pla g/m. After coating, the solution ed
fromthe well s,“?(gﬁﬁs/ ?33{%69 SP%?OOS/&WM [

pl ates bl ocked for 1 hour at roomtenperature in 3%
MPBS. Pl ates were rinsed with PBS then 50 pl of pre-blocked phage added to
each well. The plates were incubated at roomtenperature for 1 hour and then
washed with 3 changes of PBST foll owed by 3 changes of PBS. To each well,

50 bl of a 1:5000gdbhitid 1 NerRilbiRdbAdHR AN ARLS SRISEIRG @) vas added

and the plates incu ed at roomtenperature pl ate was

washed three ti 1es w ohoEBSTORB oGl ATBb M b BScrfbd FEGIAA BRI S of TNB

substrate was added to each we and i ncubated until col or devel opnent. The

reaction was st Omwpigb(eb& i SdLd bR s@oggag}}iﬁg@d ulor2 TV S8¥Fy pFB&udibANal

generated was neasured by reading the a nce at 450 nmusing a

2004/ BEZSBJ’E&‘;}? 53850 By gRviioof) R ETC & ShonEndidy srhy Ll es 3ty \s/\ioog to
out onto 2rvac LCapaibhEtkrhE o 3bic! EfloBcky bontEie AUERCS AL LERCEC
from these Pl 2t e ek 1o SANASh RIS ORAIABLKRHEK P RAMGRGS BIAPS 1O

anplify the VH an regi ons trom ["one. sequenceés o

Cepr csented by SEOUFESERAM SxatpE e %8 s MUISRRMAN Gardirbing e .
Q1901 Peay 0 S b RED B RSB A,
DO Op Lot 1 o5t kP8 BATKTER AP A S SN Bl g e
fluorometric assays (TRF). Positive clones, showing inhibition of binding signal
greater than irrelevant clones, were picked and assayed to confirm activity.

[0126]  Purified scFv from positive clones identified from the receptor
inhibition screen was tested in the inhibition assay as above. A titration of scFv
concentrations was used in order to establish clone potency as measured by
ICso values in the assay. The results of the experiments are shown in Figure 2.
As determined in these assays, ICs for scFv's of Myo29, Myo28, and Myo22
are 2.4 nM, 1.7 nM, and 60 nM, respectively. Therefore, these antibodies are

potent inhibitors of GDF-8 activity.

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

inoculated into 96 well plates containing 100 pl 2TYAG medium per well.
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contai ning human | anbda |ight chain constant domain as appropriate (for VL
dormai ns) . Corr e¥0 2pH8&8BeL on of V regi on domai ns into pl asnPABIBNS/00E4S f i ed
by sequencing of plasmd DNA fromindividual E. coil colonies: Plasmds
were prepared fromE. co/i cultures by standard techni ques and heavy and
light chain constructs co-transfected into COS cells using standard
techni ques. Secreted_ |gG was purified using Protein A Sepharose | Pharnaci a,
Peapack, NJ) andMBRKO7delnex phaggjwas pades opamultigheityof infertien dmoiyat 20 for t he
scFv clones was used to identify the nearest germine sequence for__the
heavy and |ight €xBPENgalvegIewing cyiture anddpe piatesaineubated fustier dbporr aetfeCusi ng
standard site directed nutagenesis techniques with the appropriate
mut ageni ¢ pri mer £latrgiware eantiifpgeting benshieprestifygesatcdfPirpmder ymisetsence
anal ysis. Germined scFv and VH and 52 WO 2004/ 037861 PCT/ M2003/ 004748 VL
domai n sequer r ceJ hesupennezat was ramevzd andeed pelléts mehe resuspended MO1d®uand  SEQ
| D NO 25, respectively. Exanple 9: Biological Activity of Antibodies (0132]
Fi gure 3A shows t2AXAKmas inculizted arB06€ ovprofuit with Ishakiog.i hiye aexidlay Gibiteg at 10
ng/mM inhibited GDF-8 binding to ActRIIB in the ActRIIB binding assay, as
descri bed i n Examsre céntrifvged ah20000p0n fof 10 nin@tes and/ 0Guhphagelgpntainingi gur e 3B,
Myo29 i nhi bited biotinylated BMP-11 binding to ActRI1B with the sane |C50.
(0133] My029 al ssuptrneteptifr@dieagh aetl transferred taa fresh 96 wed pliteaBbage sdByplesvay of
exanpl e, when GDF-8 was preincubated with Myo29 for 1 hour at room
t enper at ur e, t he wareblogkedin afital voricgntréticBDN-386 WRBS forl d dedr atsrodmt er mi ned i n
RGA assays perfornmed essentially as described in Exanple 2. Figure 4C
temperature, prior to ELISA.

[0128]  GDF-8 orirrelevant protein was coated overnight at 4°C onto
96-well microtiter plates at 1 pg/ml. After coating, the solutions were removed
from the wells, and the plates blocked for 1 hour at room temperature in 3%
MPBS. Plates were rinséd with PBS then 50 yl of pre-blocked phage added to
each well. The plates were incubated at room temperature for 1 hour and then
washed with 3 changes of PBST followed by 3 changes of PBS. To each well,
50 pl of a 1:5000 dilution of anti-M13-HRP conjugate (Pharmacia) was added
and the plates incubated at room temperature for 1 hour. Each plafe was
washed three times with PBST then 3 times with PBS. Fifty microliters of TMB
substrate was added to each well and incubated until color development. The
reaction was stopped by the addition of 25 pl of 0.5 M H,SO4. The signal
generated was~ measured by reading the absorbance at 450 nm using a

microtiter plate reader. Specific binding to GDF-8 was confirmed.
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shows induction of pG3(CAGA) 12 reporter activity at the ED50 for GDF-8, 20
ng/m, in the f My0o29. My029 reduced the GDF-8 i i Lp a
AR, ol o, 5. PR g

dose-responsi ve nanner, with an | CED of 15-30 029 al so
i nhi bited the biological activity of BMP-11 to the same extent (Figure 4B).
In contrast, the activity of activin in this assay was not affected by
Myo29 (Figure 4D), presumably due to the relatively | ow honol ogy between

GDF-8 and acti Vi'*ﬁxalﬁﬁleecﬁ:”p%reﬁﬁeﬁﬁnﬁ’g.%F@P@o%@ijonllo |§e,1§{4& dw.%%%g@nd Myo28

were also tested Int RGA and Act bi ndi ng assay Bot h ant1 bddi es

bl ock GDF-8 and BMP- Ii12gt i VNél){rali{ihg stEPE. cditdlondéQnte sirOske@ARBh®: 1S
0.2-0.35 nM 53 WD 2004/ 037861 PCT/TB2003/ 004748 Exanple 10: Mppi ng of

Epi t opes for M/o2g1vMaqifes 8R4 indi£8d b0ddint kst eipliCatEBRohids reKAREsEPi t ope

of the antibodies, 48 overlapping 13-residue peptides representing the

entire sequence gbidtRlifeReqfilcefl S dAhBE VR JRDRATGHE Tyl s Zed

directly on cell Ul ose paper using e spot sy esis te I que I'na et
38 6217-6235).  Thane Ve rdiths fiot hlschy viorcl B Sy fhocel ol HCryAaEHAR D
chem cal” compl  c Tt B M ARAAEEE, orli b2 eTtnk Rl riiid By SREES 11
i no aci ds. wer o SrrRRE At ReRRABNO TN eMYEE, TN " The array vas
def ed, on e, et SRl SR 8 By gl 3 FARGSE Pl o vere
(P omybenzot () 6okl SANPbLAS e Uy PORTO RN 1 12

with appropriate restriction enzymes and subcloned into vectors containing

human IgG, heavy chain constant domain (for Vyy domains) or vectors

containing human lambda light chain constant domain as appropriate (for V.

domains). Correct insertion of V region domains into plasmids was verified by

sequencing of plasmid DNA from individual E. coli colonies. Plasmids were

prepared from E. coli cultures by standard techniques and heavy and light

chain constructs co-transfected into COS cells using standard techniques.

Secreted IgG was purified using Protein A Sepharose (Pharmacia, Peapack,

NJ) and buffer exchanged into PBS.

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

techniques with the appropriate mutagenic primers. Mutation of scFv

sequences was confirmed by sequence analysis. Germlined scFv and Vi and
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et al. (1992) Tetrahedron, 48: 9217-9232). [0136] Activated am no acids were
spotted using an Abi ned ASP 222 robot. Washing and deprotection steps were
done manual |y RPPHEHepti des were N-terminally acetyl atEdBFOEI%{%Be i nal
synt hesis cycle. Follow ng peptide synthesis, the nmenbrane was washed in

met hanol for 10 mnutes and in blocker (TBST (iris-buffered saline with 0.1
% (v/v) Tweent" 20) and 1 % (wWv) casein) for 10 mnutes. The nenbrane was

t hen i ncubated wth 2.5 /m _of an anti-GDFE-8 antipody ipn blocker for 1
hour i th_gent | 6 Vs RaieR s e p R B debon e BRSO Thene

m nutes, the ne n s, Jncubated wth HRP-|abeled secondary anti body
(0.25 pg/m in ggé@'@r%f%ﬁ respeeivelt es. The 54 WD 2004/ 037861

PCT/ 1 B2003/ 004748 nenbrane was then washed three Iinmes for 10-m nutes each
with blocker and 2 tines for 10 m nutes each with TBST. Bound anti body was
vi sual i zed usi ng Esample®:gnBidlogivakActivitypefmAntiiddiese) and a digital canera
(Al phananotech Fluoronmager). Results are shown in Figure 5. In particular,
as seen from Figure [8132]he Eguredfestows thytaieinarization op MyoRe itk biotinyfated aci ds
72 and 88 of mature CGDF-8. Myo22, on the other hand, recogni zes an epitope
within the firsGDF48 ikt 1@ngimiddhittedr@DE8ibirdingitot ActREB druthedetRIB bintinge GDF- 8
(amno acids 1 through 44 of SEQID NG 49). Finally, the epitope for M/028
conprises resi dassay, asdesdlibed irhExarhpie 3f witls in 98soMdf O2-0d md. Bimiilady mci ds of
mature GDF-8. [0137) In order to further characterize the My029 epitope,

del etion and submgurd 38, Myo2hiahipited bioknydatpe BMR-re tinddigrtg ASIRIIB wigmtheesi s. I n
the substitution analysis, each residue of this peptide was individually
repl aced with esahed€sot he 20 natural ami no aci ds except cysteine. Synthesis
and binding assays were performed as descri bed above. The results are shown
in Figure [0133] Myo29 also blocked GDF-8 activity in an in vitro bioassay. By

way of example, when GDF-8 was preincubated with Myo29 for 1 hour at room
temperature, the biological activity of GDF-8 was reduced as determined in
RGA assays performed essentially as described in Example 2. Figure 4C
shows induction of pGL3(CAGA)4, reporter activity at the EDsg for GDF-8, 20
ng/mi, in the presence of Myo298. Myo29 reduced the GDF-8 induction in a
dose-responsive manner, with an 1Cso of 15-30 ng/ml(0.1-0.2 nM). Myo29 also
inhibited the biological activity of BMP-11 to the same extent {Figure 4B). In
contrast, the activity of activin in this assay was not affected by Myo29 (Figure
4D), presumably due to the relatively low homology between GDF-8 and
activin, ;as compared to GDF-8 and BMP-11.

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

for Myo28, for example, is 0.2-0.35 nM.
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6, wherein the first row, first two colums and | ast three colums represent
w ld-type peptide controls. The results denonstrate that when

Lys-78
Pro-81, and AR ¥ ¥leach individual | y mutated to anot I‘F&Tﬂﬁﬁ%ﬂ%&‘ﬁ%i d, the

binding affinity of Myo29 to the peptide is significantly reduced.
Therefore, My0o29 recognizes a sequence conpri sing
Lys- Xaal - Xaa2- Pro- Xaa3- Asn JSEQ ID NGO 54), wherein Xaal, Xaa2, and Xaa3

ndopendont 1y of  EXERPR 1B Mergiha AP Shiaper i MARZ MYESBRROMSIE ol o

11: i nmunopreci pitat ”g?% 1; %’%’éﬁ%ﬁ%ﬁe E%C‘:g%ng@epe;@fﬁé/gh%tdﬁst Qg bi ndi ng of

M/o(219 and M/ozg to . X ian I'MTunopr eci pi tation
355 met hi oni no. acePeBRRIIBe R BERBR LAY s O Ehte sBRG R hratue. coi
wth 20 porm wSEEbf R BE 48T NGl K sy R B RO a5 B s
R A R B
aut orad was dev8%0('8@'338}1%38EFLalg(@ﬁgmeq%mﬁoﬂﬁz wgnggﬁ'd%k@B%%Qﬁshe

i mrunoprecipitate ture at ent comrJI ex and unprocessed

-8 th -8 |
GDF-8. Both anti BERHAES Was/] q%'h%ﬁﬁgf?%armdggﬂﬁﬁ-‘?sé‘é}{?éi"}‘f’de6 @€di ons as

determ ned by Western. blotting. ampl e 12: Pharmacoki netics [0139] The
phar macoki net i Cs%‘bﬁ?"'}ﬁ'“%&%@’%ﬁ%‘? Ef%ﬁ'@ﬁa'icﬁm%&a}%‘i%@tlﬁr %@eg%oya dose

of 1 ny/kg aft er'thae-psr(ias?e%lcg oif Q}Esrteai\r{gsqoggllqus\é)mg%branes modified with polyethylene
glycol and Fmoc-protected amino acids were purchased from Abimed
(Lagenfeld, Germany). The array was defined on the membrane by coupling a
B-alanine spacer and peptides were synthesized using standard DIC
(diisopropylcarbodiimide)/HOBt (hydroxybenzotriazole) coupling chemistry as
described previously (Molina et al. (1996) Peptide Research, 9: 151-155; Frank
et al. (1992) Tetrahedron, 48: 9217-9232).

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

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

HRP-labeled secondary antibody (0.25 pg/m! in blocker) for 30 minutes. The
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intraperitoneal (I1P) adm nistration. The animals received a m xture of

unl abel ed and - | ed Myo29 at the dose |isted above and seru
concentrations V&(igogoghﬁge)ﬁer m ned based on 1251 radi oacti vi tvjiﬂﬁzotoﬁ%mg']ér um and
the specific activity of the injected dose. Figure 8 shows a plot of serum
concentration versus tinme for Myo29 adm nistered either 1V or IP. 56 WO
2004/ 037861 PCT/ 1B2003/ 004748 --- [0140]- -MWo029 showed -a- prol onged

it 8l vorume of el B el st eB 1 cB oy W, 1 AR R iockefbad" 1O
G st butt on v PR iAo AP E2B0EH Ay SR NRCARLHR 2
[0141] T or dor " SoPASTatA WAGaGeas (Rilssdent 8 dlotdsinus (ABRGn el " Vivo,
combi ned | mune. AUATATEARE) Fatl® ERes el B KRG ThBRAPURE 8 ePRE ogi cal
wos used s an' | RBUEBDRe eofoRaer BYGRS WEF rsbRe BEVEP et At e 17 o B0,
e o Sob B S5 ube S o 5 S S e o, e
e S ) ekl oo oo BV e o e S5k
Vehi cl e(PBS)-treated or untreated mce were used as controls. The treatnents
continued for f odrthigugik 44 Of\/ﬁggl I N@49)-whigalys éf&%'epﬁgordww@aqw@%ﬁd
wei ghi ng the gastrocnem us and quadriceps followi ng treatnent. After four
weeks of treat mefsidypsdeqatedyithin ineshirst 3§ MAemmnalieming agids ahpature BPES-wi t h
(0137}  In order to further characterize the Myo29 epitope, deletion

and substitution analyses were performed using spot synthesis. In the

substitution analysis, each residue of this peptide was individually replaced with

each of the 20 natural amino acids except cysteine. Synthesis and binding

assays were performed as described abové. The results are shown in Figure

6, wherein the first row, first two columns and last three columns represent

wild-type peptide controls. The results demonstrate that when Lys-78, Pro-81,

and Asn-83 are each individually mutated to another amino acid, the binding

affinity of Myo29 to the peptide is significantly reduced. Therefore, Myo29

recognizes a sequence comprising Lys-Xaa1-Xaa2-Pro-Xaa3-Asn {SEQ ID

NO:54), wherein Xaa1, Xaa2, and Xaa3 each is either any amino acid, or

Xaa1 = Met, Xaa2 = Ser, and Xaa3 = lle, independently of each other.
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Myo29, ranging from10%to 23% wth groups treated w th higher doses

reachi ng S|gn| level s (Figure 9, pc0.01). [0143] In ot her

experi ment, &g?%’f§ﬂ§;SCID mce were treated wth NVoZdP %Pymﬁysvarious
doses (10, 5, 2.5, and 1 ng/kg) for 4 or 12 57 WD 2004/ 037861

PCT/ 1 B2003/ 004748 weeks. Again,-treatnments with Myo29 for 4 weeks resulted
in an increase in gastrocnenius and quadriceps weight ranging from10%to

20% ( Fi gures 10A 0. vveeks resulted in greater
inc(; (easgs in rrusc ﬂes?(l{%ﬁ}] 6rfgl%qéﬁ'g§%(§[??gr oups)treat ed with gI3/51029
nhfom‘éal% aeh‘lﬁla?héghSiH

reachi ng statlstlcallm i g SFmbd: [0144] In
order to determ ne Wnet%@ |ncrease nmuscl rrass‘{J Mgsé?gﬂgwﬁlg%ﬁgoer nmuscl es,

nmuscl e strength ﬂéoqréfgﬁj,:shlam Asss e ?)wéog éﬂ)%@lﬂécﬂmﬂﬁ% %Q’agest nmet er

(rmodel 1027 csx, I'nstrunents weeks of

treat nent, the f g & ted
wth 5 ng/ kg or i(ﬁmuc;e'lg ﬁgl respé;](gl ve yeéga@:%ér%‘gﬁﬁ ‘ éqmeﬂ%e ev%%?cl e
control (p<0.01, ure 1 The results of this stu nst t hat
Wo2o i nhi it s ae-gidhe 3?9#’ AndiRo8e Ml rom ok SR cor R BPER caces i n
Di sor der's. [ 0145 PPH p@v?@?eﬁaﬁﬂb@@%@“@Eerﬁﬁﬁgf%%‘%ngﬁ%ﬁ%wﬁhmgﬁn ygpo

anti bodi es, are usef for trea t of tapolic_diso rs such as type 2
di abetes, i mpaj ?@Mvg#%@agé%?@? fRCL s S e T AR
X), insulin resistance | traunma . urn nitro

i pbal ance), and QYfrpigakat ‘&Qg gﬁ@ ) BPFI@F@"%‘@ "gas coﬁg@gé,trﬁuspgﬁge Wi - cDF-8
antibodi es of the jnvention are used to treat a subj ect at di sease onset or
havi ng an est abl redysing sampisoyfter and analyzed by SDS-PAGE:. - The gel was fixed,

enhanced with autoradiography enhancer solution, dried, and the autorad was
developed. Figure 7 shows that both Myo29‘and Myo28 can
immunoprecipitate mature GDF-8, the GDF-8 latent complex and unprocessed
GDF-8. Both antibodies bind to GDF-8 dimer under non-reducing conditions as

determined by Western blotting.

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

versus time for Myo29 administered either IV or IP.
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di sease. [0146] Efficacy of anti-CGDF-8 antibodies for treatnent of netabolic

di sorders, e.qg. di abetes and/or obesity, is confir | Il 58
VO 2004/ 037861 %%%‘%P@%%s/ 004748 established nurine- rodel @P@B@%ﬁ%;

insulin resistance and type 2 diabetes, including oblob, db/db, and strains
carrying the lethal yellow nutation. Insulin resistance can also be induced
by high fat or high caloric feeding of certain strains of mce, including

C57BL/6J. Simlarly , , i | [ )
| miar >L'[[IBE) : m%loita@%ﬁ e?%qﬁ'gﬁ)ﬁ?eéj%Yﬁ]lr\%P5+lﬁlif§ gzgﬁhﬂﬁ'oﬁ ance

hyperinsuliem a, dysl eterioratron o onmeostasi s

resul ting in hypgegy gﬁ&i}}“?de%%eog%gﬁﬁgﬁ@gﬁat hifliSoulRe R bidhash W

measur ement s of glticose, |RAsSulln an Measures of | nprove

sensitivity can n i in.t d |

ol er ance { oot s. o S ahiRel Phodier Hins Lo RS e BERE Fmy 6

eugl ycem c- hyperinspl inem ¢ cl anps,.for, ass ing Lnpraovenents i s glycemc
Cont ol and 1 nsulSaied AR sPrerRfortat APRRER bt e Ericion, i o
allow a quanti tg)t"i ve sesamant of t [ ol e of the major glucose disposing
tissues, (muscl ®lowhglbluectionwvas 3ot /7%y i nproved gl ycemc control . [0147]
In one study, treatnent with an anti-CDF-8 anti body such as MWo029 (IP
injection) or vehicle is conducted for one week to six nonths. The

treat ment prot ocoExampled13zady Viug Etfected Myap9ain MustlerMass ad Strength t r eat nent
regimens (e.g., daily, weekly, or bi-weekly injections). It is anticipated
that mice treated wilPMthe lawrderdppetgrmaineivheiier Myokg bipke GhFe8 eelivityliticose

uptake, increased glycolysis and glycogen synthesis, lower free fatty acids
and triglyceri deyoi Myedfwasiesteddn aéwt@gﬂémiqeo $18emice suffer fram plsgrenso
treatment. [0148] The inhibitory antibodi es against GDF-8 are al so used to

combined immune deficiency, and therefore do not generate an immunological

reaction following injections of human antibodies such as Myo29. Muscle mass

was used as an indicator for GDF-8 activity in mice treated with Myo29.

[0142] Male C57B6 SCID eight weeks old mice were weighed and

evenly distributed with respect to body weight into groups of eight. Myo29 in

PBS buffer was injected into the m.ice intraperitoneally at various doses (60, 10,

and 1 mg/kg) weekly. A double dose was given the first week.

Vehicle(PBS)-treated or untreated mice were used as controls. The treatments

continued for four weeks. Muscle mass was assessed by dissecting and

weighing the gastrocnemius and quadriceps following treatment. After four

weeks of treatment, muscle mass was increased in all groups treated with

Myo29, ranging from 10% to 23%, with groups treated with higher doses

reaching significant levels (Figure 9, p<0.01).

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

with Myo29 weekly at various doses (10, 5, 2.5, and 1 mg/kg) for 4 or 12
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prevent and/or to reduce severity and/or the synptons of the disease. It is

antici pated thgfq ohfosqdeyi - GOF- 8 antibodi es woul d be adm niﬁﬁﬁﬁ?}%/ﬁﬁuﬁ
subcut aneous injection as frequently as once per day and as Infrequently as

59 WD 20041037861 PCT/1B2003/ 004748 once per nonth. Treatnent
duration-could range fromone nonth to several years. [0149] To test the
clinical efficacy of anti-GDF-8 in humans, subjects suffering fromor at

risk for type 2 gbaRetLsmiRhtatAems %th%@?@%r%ﬂ@%&é@@!té&n%n ildr&eTRNt

group. Treatnent groups include a placebo group and one to three groups

recei ving anti bo | W ,{B.‘lﬁd re ctively
for one nonth to&¥ﬂ%2£@§}§?ghtqg@g§§%p§sv& éﬁéﬁ%es |ﬁmgl1?c/§)g;ei@ tg@%?ﬁg% It is

anti ci pated that %’B‘T‘ﬂ% qeRber ﬁgg@%ﬁé@g WeeREf B "ég%tﬁjn&r%%es iRPhuscle

i nprovenent. [01 ant'i bodi a mni stere e sole active

adm i sterad  astERe (2 KPR it ANGIRRE yERBB A MRS RERRS Leeal )

adm ni stered sol e ac in conbination®w ot her

conmpound or co ny . aﬁﬁ j ferably from approxi mately 1
pg/ kg to 20 ng/ E%?ﬁ'h%ée”gqebﬁ’&}%'gg‘ﬁéﬁ e é’gdv{e){rél:})ty of the synptons and the

v eating ol inician {iBerine InFRfer AFBRERRENReMe) Fid et iy Mpiiasia gl
o/ ko, 100 g t ocrigt ol ridisie bl St by s Pessed A 8 ohB. on

Irp(é% Eggog?gozgzggem%?h %%szpemghélq%ﬁ rc]:sx,-@)%r%bgs InSsPrur\rQQnt%,O 86‘{ur91%3s8,6&|-|)

After12-weeks of treatment, the front limb strength was 17% and 23% higher in
mice treated with 5 mg/kg or 10 mg/kg of Myo29 respectively as compared to
the vehicle control (p<0.01, Figure 12). The results of this study demonstrate
that Myo29 inhibits GDF-8 activity in vivo resulting in significant increases in

muscle mass and muscle strength.

Exémple 14: Treatment of Metabolic Disorders

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

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

disorders, €.9., type 2 diabetes and/or obesity, is confirmed using well
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TABLE 3: Exanples-of Cinical Cases - Patient No. Status prior to Treatnent
Qutcone treat Len Patient 1 No clinical signs, 0.01- every
W&oogﬁ%sﬁm. ax%%rpégﬁ?é&i%s

Prevention of type am |y history of 4 weeks for 48 di ype 2

di abetes weeks Patient 2 MId clinical signs 0.01-20 ng/kg Inproved insulin
of syndrone X weekly for 4 nore tolerance and weeks gl ucose netabolism and
| ower bl ood pressure Patient 3 Advanced stage 0.01-20 ng/kg tw ce

| mproverent of Ofesltalﬂﬁs%ea;rﬁ\ﬁ'ﬂétl?{o&é?é‘opot%sitg,ﬁ@%ﬁﬁ kiditisAle §r'\c9f|")'/§e 2 dHLERRL es

weeks reduction in severity synpt ons or 1 ncrease muscl e 'nass!

body fat ratio Pﬂ%&%céb/%‘éﬂcﬁ:ékﬂé%lréi sQa%h&ﬂmﬁ@%&%@?{@utﬂ%%%ﬁm of

resi stance for 6 or I nical SIgns, ctiron in

sever ity of YDl QBRI ot 6E 388 bnAdH d Bigh IR ediEoPRgEl] L 2t on

I s nost thoroughly unders he teachings o e references

LSS ML 0 hBREY bR gl A g AFEAB!rRBERAREL 0 P

reference in their entire cation

provide an illustfalloRsGfin RIROMNAEAIserRlukhfa, ¥ ida, S0 aaBRthtbn of

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

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

[0148]  The inhibitory antibodies against GDF-8 are also used to
prevent and/or to reduce severity and/or the symptoms of the disease. 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
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not be construed to limt the scope of the invention. The skilled artisan

recogni zes that er enbodi nents are enconpassed by |
i nvention and tvﬁa &)}‘4{09{8@ i ntended that the specification a%{:jlﬁle}})%g&;r{)ﬁ% be

considered as exenplary only, with a true scope and spirit of the invention
being indicated by the following clains. 61 CLAIMS 1. An isolated antibody
or fragnent thereof conprising an am no acid sequence selected fromthe

Ro 14 or st 1 bokes SEmORR deptlsnf ittt B roptondmeRfREEeRl P S
I D NO 8 or SEQII? .26; and c¢) SEQID1N02, or a frégrrent of SEQ I D NO 2,
wherein said ant 50 y or fragment thereof is capable of specifically binding

0 o BT 2 g el e e D SR RS,
NG 3 1, SEQID ) 32 I NQ -1,.D. NG, I D, NO 35. SEQ | D
NO 36. 3. ‘?he awg“ﬁ?)@)f’s%%glpgf %%f?égggggﬁlasl%e%s?%ide&iﬁ%a %f@dggidzlféﬂgg 019 any
T S R, s PR BAAB S,

one of : SEO 1D P resky e ARy (GRERNH R R R RELES D Ro 45
S0 1D NG e, S N BT St B B bR 2Ll 1 m L

wherein said anti ctivelyfor gpe-fnon 16€ YERI5 1 AS8ePSNaRgeT M 9UCOsGyi ng ATCC

claim 1, wher o n FEHEPGIR. o e ePag Mt e e A DRl e
“ an improvement.

[0150] The antibodies are administered as the sole active compound
or in combination with another compound or composition. When administered
as the sole active compound or in combination with another compound or
composition, the dosage is preferably from approximately 1 pg/kg to 20 mg/kg,
depending on the severity of the symptoms and the progression of the disease.
The appropriate effective dose is selected by a treating clinician from the
following ranges: 1 ug/kg to 20 mg/kg, 1 pg/kg to 10 mg/kg, 1 pg/kg to 1 mg/kg,
10 pg/kg to 1 mg/kg, 10 pg/kg to 100 pg/kg, 100 pg to 1 mg/kg, and 500 pg/kg
to 1 mg/kg. Exemplary treatment regimens and outcomes are summarized in

Table 3.
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protein conprising the am no acid sequence set forth in SEQID NO 54. 7. The
anti body of cl rein SEQID NGO 54 is characteri ze aat one
of the foll ovma‘yghﬁ)z/g the second am no acid of SEQ | D NO 54 {Bzﬁogret hi oni ne;
(b) the third am no aC|d of SEQID NO54 is serine; and (c) the fifth amno
acid of SEQID NO 54 is isoleucine. 62 8 The antibody of claim1l1, wherein
the anti body is human. 9. The antibody of claim1, wherein the antibody is
g3 or 1g&4. 10. TABLEt Exardplesfof@limical Caseserein the am no acid sequence
of the antibody is nodified to reduce or alter effector function. 11. The

anti body of cla s nodified at
res: dueg correlspgﬁtd‘%'ﬁg g‘m"r?d’"z%h g‘g e'gm no aci (9"1‘?@“?)f SEQ | D NO 53.

. trea
12. The anti body tgf=¢elgm Mei—n—%—k o 13. A
i ST oo™ WE‘S o8 gmanowa% 1-12.

nr~|\l lo |
14. Use of the antl body of ?

phar maceuti cal conp

Elei/ryof %
e%@%}n t he ﬁcture of

medi cament for use i a N atat %WIS
adm nistrable to aatr'r%}trT’ral ﬂ&)&nﬁnmf‘?hg &g@,@,mpi %Fe pr ¢ sor der

. | =vo¢gojac%n9 a dilsort
chosen from nuscle di sordey, neur onmusculagks di sorder, nerative
di sorder. 15. Use¢ of claim 14, wherein|the nedi carrent laﬁd@q,g;m&jtrabl e to a
mammal in need off treatmept or preventgion of a disordefesshresen from
muscul ar dyst r ophPatidsthenpedvancedistagel 210.00y23 moRGwice] iaprevemenony, @r gan
atrophy, carpal tunnel syngeftype,2 congestieekdy foobst moret i| einiqausignsnar y dilsease,
sarcopeni a, cachexi a, nusc|@abgtesti ng symeeksne, and anyestuctimplin sevedty en al
sclerosis. 16. Use of claim 14, wherein the nedi canent of sympthmsdndior abl e to a

mamal in need off treatmept or prevention of Duchennginsregs&unuseiedyst r ophy.
mass/ body fat ratio

,.-

Patient 4 Severe insulin 0.01-20 mg/kg daily | Improvement of
resistance for 6 or more weeks | clinical signs,
and/obesity reduction in severity

of symptoms and/or
decrease in body fat

[0151]  The specification is most thoroughly understood in light of the
teachings of the references cited within the specification, all of which are
hereby incorporated by reference in their entirety. The embodiments within the
specification provide an illustration of embodiments of the invention and should
not be construed to limit the scope of the invention. The skilled artisan
recognizes that many other embodiments are encompassed by the claimed
invention and that it is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit of the invention

being indicated by the following claims.
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17. Use of claim 14, wherein the nedicanment is admnistrable to a manmal in
need of treatnent or prevention of a disorder chosen from obesity and

adi pose tissue disorder. 18. Use of claim 14, wherein the nedicanent is
adm nistrable to a manmal in need of treatnment or prevention of a disorder
chosen from syndrome X, inpaired glucose tolerance, trauma-induced insulin
resi stance, and type 2 diabetes. 19. Use of claim 14, wherein the nedi canent
is adm nistrable to a mammal in need of treatnment or prevention of type 2
di abetes. 63 20. Use of claim 14, wherein the nedicanment is admnistrable to
a mammal in need of treatnent or prepamgson of obesity. 21. Use of claim
14, wherein the nedicanent is admnistrable to a manmal in need for repair

of damaged mslqécﬂateﬂntit}dlagopfragrhaitm&éafcmmﬁmﬁ@aﬂ AiRind ABRGEELABS &l RteldS
nyocardi al nuscle. 23. e of claim 21, erein the danmaged nuscle is

di aphragm 2&omiiBe gwoup 6pasisingAf: wher ei n t he nedi canent is adninistrable at
an effective dose chosen from 1l pg/kg to 150 ng/k?, 1 p%/kg to 100 ng/ kg, 1
pg/ kg to 50 AYPKE, IDING)KgSEQ IRONOR) kiga fragnpeat RESEQ IRANGgd Aoy SEQ IpgNRZ6t 0 1
ng/ kg, 10 pg/kg to 1 ng/kg, 10 sg/kg to 100 g¢g/kg, 100 sg to 1 ng/kg, and
500 g/ kg to hz)glé(DII@.NQ& SEQ ID0 20eet anfiragment ofa¥H @ 112 Ndion FECHD WOt20badly of
any of clains 1-12. 26. An expression vector, conprising the nucleic acid
of clai m 25. cRYEQADMNGL, ared fragnoemtrpf SEQAD NMi@, vect or of claim 26. 28. The
host cell of claim 27, wherein said host cell is E. coli having ATCC Deposit
Desi gnat i on MNaereRTsAiddatdibpdPdrrdpfdkt thereoPEAagabdOof pocifiddily bindihe GDFagord of
claim 25, wh§ in the nucleic acid conprises a nucleotide sequence selected
fromthe gro Ep\ﬁ%xl)h'sisti ng of: SEQ ID NO 13, SEQ ID NO 15, SEQ ID NO 17,
SEQ 1D IEIO 25TheS En?iblogyo élgin’x I,acrégnp%%i%glt}% 'cl\lrr?lhg ?1éid sequence of any one of: SEQ ID

NO:16, SEQ ID NO:18, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID

NO:33, SEQ ID NO:34, SEQ ID NO:35, and SEQ ID NO:36.

3. The antibody of claim 1, comprising the amino acid sequence of any one of: SEQ ID
NO:10, SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:24, SEQ ID NO:37, SEQ ID
NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, and SEQ ID NO:42 .

4. The antibody of claim 1, comprising the amino acid sequence of any one of: SEQ ID
NO:4, SEQ ID NO:6, SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46,
SEQ ID NO:47, and SEQ ID NO:48.

5. The antibody of claim 1, wherein said antibody is an scFv fragment expressed by E. coli

having ATCC Deposit Designation No. PTA-4741, PTA-4740, or PTA-4739.

6. The antibody of claim 1, wherein the antibody is capable of specifically binding to a
protein comprising the amino acid sequence set forth in SEQ ID NO:54.

7. The antibody of claim 4, wherein SEQ ID NO:54 is characterized by at least one of the

following:
(a) the second amino acid of SEQ ID NO:54 is methionine;
(b) the third amino acid of SEQ ID NO:54 is serine; and

(c) the fifth amino acid of SEQ ID NO:54 is isoleucine.
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30. The nucleic acid of claim?25, wherein the nucleic acid conprises a

nucl eoti de sequence selected fromthe group consisting of. SEQ ID NO 7, SEQ
ID NO9, SEQID NG 11, SEQID NO 19, SEQ ID NO 21, and SEQ I D NO 23. 31.
The nucleic acid of claim?25, wherein the nucleic acid conprises a

nucl eoti de sequence selected fromthe group consisting of: SEQ ID NO 1, SEQ
ID NO 3, and SEQID NO5. 32. Anethod for identifying inhibitors of CGDF-8,
conprising: (a) preparing a first binding m xture conprising the antibody of
any of clainms 1-12 and CGDF-8; 64 (b) measuring the anmount of binding

bet ween 8t he @h¢ abibdyty aficlaisDE-vbherdin tHeeantibédtis homad.ure; (c) preparing a second
bi nding m xture conprising the anti body, GDF-8, a test conpound; and (d)
measuri Bg t hghasmiboty of clbinh O wigrdie themtbsdis & ragy, .and GDF-8 in the second
m xture. 33. A cosnetic nethod of increasing muscle %trength or mass, the

t hod ARG - . ' ' . ot ti ¢
0F o1 ai n0 o B¢ MliogBORT Bhl IR el BE ALY SecRORU o arh BT M G120
reduce or alter effector function.

11.  The antibody of claim 10, wherein the amino acid sequence is modified at residues

corresponding to amino acid 117 or amino acid 120 of SEQ ID NO:53.
12.  The antibody of claim 1, wherein the antibody is IgGi or IgGy,.
13. A pharmaceutical composition, comprising the antibody of any of claims 1-12.

14.  Use of the antibody of any of claims 1-12 in the manufacture of a medicament for use in
a method of treatment, wherein the medicament is administrable to a mammal in need of
treatment or prevention of a disorder chosen from muscle disorder, neuromuscular

disorder, and bone degenerative disorder.

15. Use of claim 14, wherein the medicament is administrable to a mammal in need of
treatment or prevention of a disorder chosen from muscular dystrophy, Duchenne's
muscular dystrophy, muscle atrophy, organ atrophy, carpal tunnel syndrome, congestive
obstructive pulmonary disease, sarcopenia, cachexia, muscle wasting syndrome, and

amyotrophic lateral sclerosis.

16. Use of claim 14, wherein the medicament is administrable to a mammal in need of

treatment or prevention of Duchenne's muscular dystrophy.

17. Use of claim 14, wherein the medicament is administrable to a mammal in need of

treatment or prevention of a disorder chosen from obesity and adipose tissue disorder.

18. Use of claim 14, wherein the medicament is administrable to a mammal in need of
treatment or prevention of a disorder chosen from syndrome X, impaired glucose

tolerance, trauma-induced insulin resistance, and type 2 diabetes.

19. Use of claim 14, wherein the medicament is administrable to a mammal in need of

treatment or prevention of type 2 diabetes.
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Use of claim 14, wherein the medicament is administrable to a mammal in need of

treatment or prevention of obesity.

Use of claim 14, wherein the medicament is administrable to a mammal in need for repair

of damaged muscle.
Use of claim 21, wherein the damaged muscle is myocardial muscle.
Use of claim 21, wherein the damaged muscle is diaphragm.

Use of claim 14, wherein the medicament is administrable at an effective dose chosen
from 1 pg/kg to 150 mg/kg, 1 pg/kg to 100 mg/kg, 1 pg/kg to 50 mg/kg, 1 pg/kg to 20
mg/kg, 1 pg/kg to 10 mg/kg, 1 pg/kg to 1 mg/kg, 10 pg/kg to 1 mg/kg, 10 ug/kg to 100
ug/kg, 100 pg to 1 mg/kg, and 500 pg/kg to 1 mg/kg.

An isolated nucleic acid encoding the antibody of any of claims 1-12.
An expression vector, comprising the nucleic acid of claim 25.
A host cell, comprising the vector of claim 26.

The host cell of claim 27, wherein said host cell is E. coli having ATCC Deposit
Designation No. PTA-4741, PTA-4740, or PTA-4739.

The nucleic acid of claim 25, wherein the nucleic acid comprises a nucleotide sequence
selected from the group consisting of: SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17,
SEQ ID NO:25, SEQ ID NO:27, and SEQ ID NO:29.

The nucleic acid of claim 25, wherein the nucleic acid comprises a nucleotide sequence
selected from the group consisting of: SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:11,
SEQ ID NO:19, SEQ ID NO:21, and SEQ ID NO:23.

The nucleic acid of claim 25, wherein the nucleic acid comprises a nucleotide sequence

selected from the group consisting of: SEQ ID NO:1, SEQ ID NO:3, and SEQ ID NO:5.
A method for identifying inhibitors of GDF-8, comprising:

(a) preparing a first binding mixture comprising the antibody of any of claims 1-12

and GDF-8;
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33.

(b) measuring the amount of binding between the antibody and GDF-8 in the first

mixture;

©) preparing a second binding mixture comprising the antibody, GDF-8, a test

compound; and

(d measuring the amount of binding between the antibody and GDF-8 in the second

mixture.

A cosmetic method of increasing muscle strength or mass, the method comprising
administering an effective amount of the antibody of any of claims 1-12 to a mammal,

thereby increasing muscle strength or mass.

65



