WD 2004/ 037861 PCT/ |1 B2003/ 004748 NEUTRALI ZI NG ANTI BODI ES AGAI NST- GDF- 8 AND

USES THEREFOR iis application clains priority to Upd890DbRtas
provi si onal Ser&%&a)/qs-l;@d/ 419,964, filed Cctober 22, 2002, ichis

i ncorporated herein by reference inits 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 fragnment NEWERALIZINGYANTIBODIEBAGAINS DGDFADAND BSESVIHEREFORI tr 0
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 nyostat jgho1j S qhg%%@g?era%gbnom% URitéy SERRSSoASiohdl®

transform ng gromh factor-beta super fam of structurally rel ated

growth factors,  alder oo, ol RAORRHRGTSCIBB 20000, s WBRAL AR hereip by,

grow h-regul atory and nor phogenétic properties ngsley et a

Genes Dev., 8: 133; - ok | t al. (1998) Curr. Topics Mcrobiol.
| munol ., 228: 233?%%@'@?%6@@ y to TG (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 no-termnal ri)_ropepti de is cleaved off
at Arg-266. The cl eaved propepti de, K IGALHELD at ency- associ at ed

pepti de"” (LAP), may renmai n noncovalently bound to the honodi mer, thereby

inactivating the conpl epo2M yaretéchaicablield felh6l DHIHOAIE] al?ﬁr{grbﬁﬁ‘pﬁiﬁl004748

(1988) J. Biol. Chem, 263 6407-641-5; Wakefield et al. (1988) J. Biol.

Chem , : differentiation factor-8 (GDF-8), in particular human antibodies, and antibody
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 Thies et
al. (2001) Gowth Factors, 18: 251-259). The conplex of mature GDF-8 with
propeptide is CHRRMOI3¢leferred to as the "small |atent coRpF/EBR03OEMH ry et
al. (1990) Biochem stry, 29: 6851-6857; Derynck et al. (1995) Nature, 316:
701- 705; and Massague (1990) Ann. Rev. Cell Biol., 12: 597-641). O her
proteins are also known to bind to mature GDF-8 and inhibit its biol ogical

activity. Such inhibitory proteing.include fqlljstatin and .
follistatin-relat ngéeéﬁog@r@%%%épyg%y({%@ie? ."6}939%).‘1,- Bighd-hem.,
222-232). [0004] An I gnpent _of dedyced amino acid sequences from vari ous
speci es denonst rat2@§?‘% %@FBSOW%%‘HQHI%OE%W%’F (%@Epfsh otryfiddndlHes el on
(McPherron et al .@21997 Proc. Nat. Acad. Sci._U S A, 94: 12457-12461). In
fact, the sequenced (POhGrawth Fagiers, 18:2451-259).c The cormpigx hmakun QB8 &vithr e
100% i dentical in the G-termnal region, while in baboon, bovine, and ovine
they differ only IPOREPHAS ifcomnarly refgeed ihasthessmabiatenticamplex” (eritryditekr ged;
however, it is still 88%identical to human. [0005} The hi gh degree of
conservati on suggd$?%))Bieaheixnyg 28685168545 Demnciap aluﬁwﬁbﬁatum%a: is highly
expressed in the devel oping and adult skeletal nuscle and was found to be
i nvol ved in the r&§dt7b; @ndgMaseaguei(d%O) Ao IReyi eell Biok. ot S9864i1h Other nuscl e
and in osteogenesis. For exanple, GDF-8 knockout transgenic mce are
characterized by @reteingade hlgpdnowo ptbindre matyrp&F-8sind indfibit teebislogicat al
muscle (McPherron et al. (1997) Nature, 387: 83-90) and altered cortical
bone structure (Haetivityk Sschanhibifarp 0oteiBs insjude Tol(igatin arguHigtatin-reigtedi | ar
i ncreases in skeletal nuscle nass are evident in naturally 2 WD 2004/ 037861
PCT/ | B2003/ 004748 proteinsri{(Gamgs etiala( 9985 Dev. BBDF-288i 222:232) e- ( Ashnor e- et al .
(1974) -G ow h, 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 baboon, bovine, and ovine
they differ only by 3 amino acids. The zebrafish GDF-8 is the most diverged;
however, it is still 88% identical to human.

[0005]  The high degree of conservation suggests that GDF-8 has
an essential function. GDF-8 is highly expressed in the developing and aduit
skeletal muscle and was found to be involved in the regulation of critical
biological processes in the muscle and in osteogenesis. For example, GDF-8
knockout transgenic mice are characterized by a rﬁarked hypertrophy and
hyperplasia of the skeletal muscle (McPherron et al. (1997) Nature, 387:
83-90) and altered corﬁcal 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 at. (1994) J. Anim Sci., 38: 752-757; MPherron et al.

(1997) Proc. Sci. U S A, 94. 12457-12461; and ]m at .
(1997) Genone e%.m,%? :8‘310-915). St udi es have indicated tha wg@g@(gﬂsmsti ng

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

nuscl e- specific -85@%6%@%@yar@@rz!enﬁ—ckﬁug@&@m&%reﬁﬁi éﬁgq%mnae)f

nyobl ast - cel I s- (WO 00/ | n-addition to its grow h-tegul atofy and
Tor phogenet | ¢ pr Ogef ke Swdllia & b5 (19RRH9Hnih 0 38l 765 rEX Lo o gf1uber

. ESJ
of ot her physiol ogical ‘processes, Including glucose honedstasi's Int

devel opment of ty@?ﬁ@%ﬂg&b@ét?ﬁca&.%id.gfk% 19936749k é%ﬁﬁgcyanﬁ‘r%%ﬁp@él?

syndronmes (e.g., S) rasul’'n”resi stance induce aumg, such as
T o S cne ey
muscul ardyst r opnyat st ngS YA RERe s SRR Rp s TbY BRI E S ot roph <
i e T
rgl iable or effec %lﬁlg‘"pﬁé?%‘%\"éﬁﬁiﬁzvg%é&éﬁasﬁ%B%TJEH‘p?'f)gﬁp&Wetqﬁé@@%m

di d . [0007] Th al mb , diti iated with
oss. of bone, whi BRI SRS BYI6F LEBe ComlnG BOBEEh RO NS00 i ol | y | n

the 3 WD 2004/037861 PCT/1B2003/,004748 -elderly and/or st nenopausal
wonen. - | n- addi t i oY staells R&%ﬁd{%&&@e%@mon to s gromﬁ-regpu?atory 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., syndrbme 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 dystrophyb(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 gonaq,gé?(%%%yél ¥ androgen. syppressi on, vitamn D gﬂﬂz%ﬁ&g&

secondary hyper sm nutritional deficiencies, anorex
nervosa. Currently available therapies for these conditi ons wor k by
inhibiting bone resorption. A therapy that pronotes new bone formation
woul d be a desirable alternative to these therapies. [0008] Thus, a need

exists to devel op Foﬁbfewgta*aafo? P d}}géus%?% RUIIr? déif?or?‘?né%}!%h boné!a&éﬁ

of nuscl e mass and treng one enS| mans.

SUMMARY [ 0009] 11 nh%ls%?c?erg nclitnl%l \Elbgﬁe ?na%g th Bﬁr%'ﬁ@r&j)ué r?’ E&H%rg& provide

safe and effectivé therap aut|C ave fusct & "an BONE s S Bah 4t ed
isordrs. 10610) kS SRS BY i0hHho Bl WEel4RE bR, ™ oo
vertebrates. [0011 et a [_obj.ect of Lnvention to provide
hi bitor s of corsBeriday RyaktbaBligiter s tewﬁd?ft es: ar%aaozfx'gt. §
Fragment o 1 her eof TERgEanHTeBraY b BRHARS SrdheR carilfions oncy Phibitp
are provi ded. The HBe RRREPleG s MeceRYaBF HromBIes et bt RgaHsocreid hEds and
bone density in no mal s 0 provi ded are novel hurran 4 WO

2004/ 037861 PCT/lgfﬁtﬁ%‘?'_ﬁ@h‘?’&é"vea‘ﬁt‘ﬁﬁej&a@ﬁt%odi es;-termed Mo029, - M/02S;
-and-Moz22, and-antl bof'o'o%ﬁ] 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] Itis one of the objects of the present invention to provide
sefe 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]  ltis 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 nYOYIHB e GDF-8 with high affinity. Second®CHEOHIUEHBosed
anti bodies inhibit GDF-8 activity in vitro and in vivo as denonstrated, for
exanple, by inhibition of ActR I B binding and reporter gene assays. Third,
the disclosed antibodies nmay inhibit GDF-8 activity associated with

negative regulation g kel etal nuscl e s, .and bone density. |0014]
Certain embodi rren?'%t"gg':t%@m't?ﬂ%qﬁ ‘egﬁegwgs'@y?%& aoai%@'ﬁgﬁo?"alw{bag'ﬁﬁi n of
the Fv fragnent of 029, )28, . or 022. further nbodj ments_conpri se one
or nore conpl enen?%%?&'ﬂed‘éql\'%&ﬂg ﬁ?gf@e'!r‘\%é’ieﬂﬁ%d #'@E%I%’) 'gtpe apiipodiesh e VH and
VL domai ns. O her enbodi nents conprise an  H3 fragnent of the VHdomai n of
M/029, M028, or I0yBPYON PAsSESs a eyrRRer ofiisetul BrapeBiEs d & rtlo SANtPPYRS 28Nt ai ni ng
anti bodies of the invention or their ant i,%er)- bi ndi ng_fragnents, and their
use in methods of caRahig of Ringiao Ayatuie GRF:B Wi hghepiinty. “Seronddha gissiosadds of
treatnent of the human or animals. The antibodies of the invention may be
used to treat or phiihasias inkibihGDF-Hactivity inwilre@ndin vine pedemonsiraied dore ti ssue
or bone density is desirable. For exanple, the presently disclosed
anti bodi es may beexgraple; by NhibitigpictACtRIIB biaging end zenagier genssessays.eThird, the
myocardi um di aphragm etc. Exenplar K _di sease and disorders include nuscle
and neur onuscul ar digtlosed antibodiesimaysinhibil -8 ractiyitytasspeigted iwildl negating
Duchenne's nuscul ar dystrophy); anyotrophic lateral sclerosis; nuscle
atrophy; organ at regiationfof skeletat musaheaiass pndbone densityngest i ve obstructive
pul monary di sease; sarcopenia, cachexia, and other 5 WD 2004/037861
PCT/ | B2003/ 004748 - muld04- waSeraiy empadimeants; of thelinyeption ¢asrprisedne ¥r dod/or
(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 Vi and V. domains. Other embodiments comprise an

H3 fragment of the V,domain 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 dr 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 'hﬁﬂﬂﬁ 4748

i mbal ance; ahgoﬁﬁﬁﬁmaﬁbenerative di seases (e.g., osteoarthritrs an
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

detected can be @%a_@kﬁggﬂ%@w&?me@%&r ogeggss&fdag&ae&ggiggadbegip@ﬁgﬁé ons

| i sted above. [06 r’ aspect-provi an 1 sol nuc aci d,

which conprises é’ig?%@@@%irﬁ@ﬁﬁ% toféré%egbe}gboﬁ(?%d?eé#%E@.@gﬁ&\ﬁrérﬁ@grrent

of Mo029, MWo028, n¥i'sol ated nuclelc ac rses a

Al Gt T S LA

and VL domains, is”al'so drsclo oVl :
ot oduci ng new VH S0 st bS itere o la P B BHBIRSEIRG i ng a1
o o3t oSt ae B SRE I b o e
o b Bt 3 oA BB SRRREY PO obBeFRER o,
o e AR Ao R b SRRt R o,
out in the appended clains. 6 W 2004/0378 PCT/ 1B2003/.004748 0020] It is
to be under st ood £qube ﬁﬁfﬂaﬁﬁé"’ ' @g@i%eﬁz pedigalcopdifiens it QVRe
ot restrictive of hdOPHlent NS ASPERGAides an isolaied nuciels i whigh " 21
comprises a sequence encoding a Vyor 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 V. domains of Myo29, Myo28, or Myo22.
[0019]  Additional objects of the invention will be set forth in part in
the description which follows, and in part will be obvious from the description,
or may be learned by practice of the invention. Various objects, aspeéts, and

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

elements and combinations particularly pointed out in the appended claims.



BRI EF DESCRI PTI ON OF THE FI GURES [ 0021] Figure 1 shows that biotinylated
GDF- 8 and BMP- he ActRIIB receptor with an ED50 and 40
W 29&4}3?76 . r-wth e Ggé /&;528 %mn

ng/ M, respectively 2] Figure 2 shows inhibition of gto
the ACtRIIB receptor by scFv fragnments 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] Figures 3A and 3B show t hat preincubation of My029

i Doty ol ed. X G2l IR HhinckO B bR L B AT,
200l 9107 DI B I O S 8
condi 1 ons, V.. adhign 2% A3 FEORESTe BB e BB, O

activity in a dose-responsive manner, wth an | C50 of 15-30 ng/m, and

inhibits the biological activi tlg of BI\/P- to the sane extent. F| gure 4D
illustrates that Myo29 does nd® @FfléE\SCRH"E”@UtQEFﬂF PDCURESvin in this
assay. [0025] Figure 5 shows results of epitope pi ng for 022, 028,
and M029. The epit opeld®8i] mybigyradshempivetiviptimpat ‘Prﬁm:gﬁ -19 Gingriheo

acid 88 of mature CGDF-8; for Myo22, fromamno acid 1 to am no acid 44; for
My028, from am no ARRUR receptor aithrad B4 @ 9B na/mlapd 400w/rok respectively.

PCTI | B2003/ 004748 [0026] - -Figure 6 denonstrates results of a substitution
anal ysis of the My029 K$i2RbpeFioRes? dhews inhibitipg of B8 bindinatoAbe AgtRIBn mat ur e
GDF-8 appear to be inportant for M/029 binding to GDF-8. [0027] Figure 7
depicts results ofregepwrrhylmrﬁprfr@gnpmsagﬁtlammventuon As |Ilustrated the ICsg 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 Myo029 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 ICsg 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 1Csq 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 1to amino acid 98.



experinment performed with Myo29 and Myo28. Conditioned nediumfrom CHO
cells expressin whi ch were radiolabeled with

GDF- 8
35S- et hi oni ne/‘g%?“éd"ﬁéﬁ,l was subjected to i mrunoprecipitat FSW‘F‘WMIWOZQ 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
propepti de, and unprocessed GDF-8. [0028] Figure 8 depicts results of a

h Ki [ dy | 6/ SCLD.m.ce. | ved..a.do f. 1. nmg/k
e e a1 ngl o1 nt r avenouldSRP) “Beure Y EPmBRR E ERATHE) S aRRepe Rt of
29. 29 sh I inal half-Llif f d d |
of car ancearound. MEIPREY Ratore RS RS LYSHD JploaTls B0 FSTTEP APWE GO Bot i on-
[ bout 77% [0029] Fi 9 sh . dri [ I
G786/ S0 D m ce t ARRETORERPY RIS Npase oo eGP V026 (B0, 10, and I
ng/ kg), or vehicle (PB@QQUHE t me the 10 and. 60 ng/ kg dose

n,} with I\%/@ZQ, at ana,

| evel' s for four weeks sFigHrey/ deRjetsLesylts|af gn paHNepregiRtatiofcr ease i n
muscl e mass of 19% and 23% respecti vel 0l Figure 10A and 10B show
gastrocneni us and %B%WPF’BQSQO"H%%‘Q”"P Mvpé%a@%ﬁ%&- épﬁt'W%mPg'éﬁlfé%“V\eekl y
w th various doses_of 029 (10, 5. 2.5 and 1 ng(akgl) or. PBS for four
weeks. Miscle mas<CHQ celiceprassinasGOF £y whishywreiradigiabeled Witht ed with Myo29 as
conpared to the vehicle control. 8 WO 2004/037861 PCT/ LB2003/004748_ [ 0031]
Figure 11A and 11-B-Detioripe/aysteipesirsceybigoted damusoreaanitationwitt Myed9 eeps
muscle mass in female CB17 SCID mce treated weekly with _various doses of

My029 (10, 5, 2.5 Mya?§. Thednryopiecipiatesyere ienanalyzed by SOR-BAGEwdeed wi t h

My029 show i ncreases in nuscle nass ran&l ng 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 (IV) or
intraperitoneal (IP) administration of Myo29. Myo29 shows prolonged
terminal half-life of around one week and low clearance around 1 mi/hr/kg.
The fraction absorbed following IP injection is about 77%.

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

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

10 to 20% in mice treated with Myo29 as compared to the vehicle control.
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28% [0032] Figure 12 shows the front linb nuscle strength, as neasured by
a grip strengt @X&%?/Eygggln femal e CB17 SCID mice treated m?ﬁ%z%ﬁ)&uswozg
g) or. g (S

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

and enconpasses any pophypfpt iﬂgureqq?(pérj{dsg f%d@rﬂor?é%iegr%gpgégl&g!X[%s}?%%r%meil%%

regardl ess of the source, ‘specrTes of ori nmet hod

characteristics. As, ugmp;eg% muéklg%gs’éa}mérﬁalgﬁﬁ7C$](ﬂbrﬂwi"c§’?rteita?egi%eé&ﬁ. des

human, orangutan, nodse, T oat, sheep, I cken an e term
i ncludes but is nof.li M I , nos i G,

pol yspecific, non?ésrboéjé{q‘qgggohﬁﬁg%% é@dgn?ls;i Mﬁ‘gﬁgﬁ%gﬁl %We@%q%%fr'{ heti c,
reconbi nant, hybr| mut.at e n -grafted antibodies. For the purposes
of the present i nvcéi‘?ﬁtf%%eé ?’vﬂh yﬁ'ggg sﬁﬁ\glrﬂ:&%@s’esthngggle&aﬁérrap@gg g?@ﬁ 0

anti body fragment EB‘Z,UCh as Fab, F(ab')2, 9 WD 2004/037861 PCT/ 1B2003/ 004748
Fv, scFv, Fd, dAbT~&nd-other antibody fragnents that retain the

ti - bi ndi f ti 0034 ti bodi . i l e, vi
raditional  hybr | dordO0¥Rhni FAUE ARV e eI Tirel FUeah ADerured 5o
495-499) , mbj t. DNA net hods . (U. S. Patent .. 4,816,567 ) h
i splay "t echn queX SaspryeRRToay 1 esrals P Haraies esediveeky by} nat ur e

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

[Y,

increased by 17% and 23% in mice treated with Myo29 at 6 mg/kg and 10

mg/kg, respectively.

DETAILED DESCRIPTION

|. 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 exarﬁple, 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
CDT\"—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 , h  eds.
-Harl ow et -al - .9 E?(?I”&”gz%pri ng Harbor Laboratory; 1888. [OO%S/IB%W&/OQ‘%Qm
"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

a particular part -of_theant, y _tepitope” aed@nt i.geni ¢ determ nant”
is a portion of aﬁva%c’?:pg[é_ﬁ' %qgégﬂPégfﬁ%tqu%d&?@grsnﬁgﬁstf’gtla@b"? specific
interactions with_the antigen-bi.nding domain of an anti body. An
ant i gen- bi ndi ng dSHﬁﬂ?%@WBE}ﬂSE“’]&#'%% ded by one or nore antibody vari abl e
domains (e.g., a so-call Fd, antibody fragnent consisting of.a VH domain).
An anti gen- bi ndi ng doﬁfgpﬁg]conﬁﬁ\i%g?s ”&ﬁt’ﬁ%ﬂ&f"ﬁ"awﬁ%H@ﬂﬁfk'}!%?bm e region
NO and an anti body heavy chain vayjapble regi on . [0036] T . m
"repertoire" ref e%XbT‘g’"X\a &&ﬁ@ﬂ?%(@gaﬁoéﬁ@at%&gg%} '?’%tHre'g]fssh )i des,
e.g., DNA sequences deriv wholly or partially from _sequences which
encode expressed i’?ﬁﬂﬂﬁ%@?”tﬁﬁ% %thoﬁzuéegﬁ@%bg' ‘é’Pégf’S@r’n@F Bhage ‘ﬁﬁp"fﬁh Vi vo
rearrangenent of, e.g,, V, D, and J _seg_rren&s for H chains and, e.g., V and
J segment for L cteEhhiquen usipg 2atibody)liprafiegdClaskzmiifial (189 WHate4395 7861
PCT/ 1 B2003/ 004748 n:% be generated from-a cell-line_by in vitro
stinulation and i §2f62BoMaeksted al. WHISIhJrMak Biohegddd 98150 Uir EOr varipws pter vel v,
part or all of the sequences nmay be obtained by conbining, e.g.,
unrearranged V seghtbady Ripdyction tsehinigues sgrdintisodips: Ababasalonidaryali eflssi s,
random sed nutagenesis, and ather nethods as disclosed in U S. Patent No.
5, 565, 332. [ 0037] Herewtetah Cald&pring EHarboar dpheratasy, 1988r " specifical Iy 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 molecule that is responsible

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

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

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

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

(VL) 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

10



i ke, means that two nolecules forma conplex that is relatively stable
under physiolQgic conditions. The termis also applicable where e.3:, an
-ant i gen- bi ndi ﬁgbfpgﬂ%ﬁmﬂi s speck-for -a particular epi topel,’CWF??P(O?“g carried
by a nunber 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,

e o) Sec D S i e &SRR Bl o 1Y
(o groterat e apacliky DRSRERII Bl N, bl BB B UEELG B it L
rhen | L1e o1 e RaRAN ol B0 T gty Vbl R 5T,
substant a1y =1 LEGhA APRFIG e B APLIE (oo BB P on
e ques can o) Shloos MUORAYR O s Hiypnal L ons are woual Iy
ool L on, LeTBer 2L o b Bl Qe o SSER AL 0o by e
e o A SN e L2 b Dl BT
o the speci ] cd PREURIBSIE COPOFTS: 1 oHg e Bl eRPIFE NP ast e HePBi . For
g)e(?]gglrlgé 3? 02 S%t‘@éﬁl‘)l%?\g Hgﬁwlalin%gsé@c%%f%r—g-%_rt%tﬂa?g it(?pe?r\}vih?c?\ ig 8ailrcrlusad w the

a number of antigens, in wﬁich 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

11



[0040] The term "TG-[i superfam|ly" refers to a famly of

.-structuralIy-wé]ﬁ'?‘ﬁg,’%rovwh factors. This famly of rel g’ge}:dr/l% 0%@ factors
0; .

is well known Y (Kingsley et al. (1994) Genes ?:."8146,
Hoodl ess et al. (1998) Curr. Topics Mcrobiol. Immnol., 228: 235-72). The
TG (3 superfanmly includes bone norphogenetic proteins (BWMP), activin,
inhibin, mullerian inhibiting substance, glial-derived neurotrophic factor,

and a still grO%negmwmgcag/angfeof ke é?ﬂﬁ rgcBﬁ&f.&&tAr@fsbpfanmﬁé%rﬁgu@

such as GDF-8 (myostatin oterns are structura and/ or
functionally rel ajegdq {0 GDF-8. For exanple, human BWP-1 1, also known as
GF-11, is 90% identical to GDF-8 at the amino-acid |evel (Ganmer et at.

25 g5 o ooBE R g bbb o B
o ferenty i or f?@ﬁ&"ro‘ﬁm PSR AL e
ot her factors belon The te fers to the
FUlL -l ength —unpr SERO8RY bPEéﬂ? SEROTGP IS S ORI, Fo Rl SR g ur 6 and
e ore to any 12 HOILHRPORSRES TP Tishany BaHRECS HGRERFAIIFROIAr | ants. of
e o BBy St ot v o
T T o e S SR T bl o 1 S50
SE o L B8 kBT s S B R o
e.g., MPherron etnoamlm |n(1%32r7t)(ngslgy e{\lg]t. (1 9@2?8énesscg)év., 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 as GDF-8

(myostatin). Many of such proteins are structurally and/or functionally related

to GDF-8. For example, human BMP-11, also known as GDF-11, is 90%

identical to GDF-8 at the amino-acid level (Gamer et al. (1999) Dev. Biol. 208,

222-232; Nakshima et al. (1999) Mech. Dev., 80: 185-189).

[0041]  The term “GDF-8" refers to a specific growth and

differentiation factor-8 and, where appropriate, factors that are structurally or

functionally related to GDF-8, for example, BMP-11 and other factors

belonging to the TGF-B superfamily. The term refers to the full-length

unprocessed precursor form of GDF-8 as well as the mature and propeptide

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

12



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

protein that i@(piogg%%l fromthe carboxy-term nal domain g Ehes s
precursor protein. The mature GDF-8 may be present as a nonomner, honodi ner,

or in a GOF-8 latent conplex. Depending on conditions, mature GDF-8 nay
establish equilibriumbetween any or all of these different fornms. Inits
biologically active form the nmature GDF-8 is also referred to as "active
GDF-8." [0043] Thieadreents 'at®afans op@PFigibat mainezisat leastisonjeobiplpgioall de that is
cl eaved fromthe am no-term nal domain of the GDF-8 precursor protein. The
CDF- 8 propeptide adtivitiepabssriaiéd bith thagret GDF-Beap dispessed therdm,NAdiognglonai n on
the mature GDF-8. [0044] The term "GDF-8 | atent conplex"” refers to the

conpl ex of  prot esgtuchoesmbdt hlewen rhbdifiett THecarkihb -aBidrynenhdest idtdret he CGDF- 8
propeptide. It is believed that two GDF-8 propepti des associate with two

nol ecul es of nat UREMEVETF-8 B BroGded PIEQED N®48 OTHe PreseRBifléntRnrEbiedBr i C
conpl ex. The latent conplex may include other GDF inhibitors in place of or

in addition to ongpptg fiBmallVerteb@dtdEFechsPineRamMgl B@sot hditd¥ro? AdMaR37861
PCT/ | B2003/ 004748 [0045]--- -The-term"GDF--8 activity" refers to one

or-nore of physi oh&ghe &hlcker)rR¥sR; F2 PHrahOr i, ks BaBSSHCBhE figifby i ti es
associated with active CGDF-8 protein. For exanple, active GF-8is a

negative regul at ogedifence lfdriatibn M8ERCL g, WickherrOh et ¥E (1997) BrecaNaklazaa nogul at e
the production of nuscle-specific enzynes (e.g., creatine kinase),

stinul ate nyobl asgy g gr @} §£4571{@q).and nodul ate preadi pocyte differentiation
to adi pocytes. Exenplary procedures for neasuring 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 ali 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 agent capable of inhibiting activity, expression, processing,
or secretion ofVERYB378Z,ch jnhibitors include proteins, BRVIAIHA0I48
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._[0047] The terns, "neutralize," "neutralizing,"
"inhibitory," and thei P%Ban:g'g%?’me%’ PR Betyity JE{RES E‘b‘ﬁ"‘? Fropeectivity of
GDF-8 by a GDF-8 inhibitor relative to the activity of GDF-8 in the
absence of the samBYsiRREGAlygrowthriegulatony g mombhoggneticaclivitios agsasiatadawilih| v at
| east about 10% 20% 30% 40% 50% 60% 70% 80% . 90% or higher. [0048]
The term "treat merctivg GDfsdprotain. cFemdgwih PetiveeEBF 1B 1Ria negative regulater of
"therapeutic nethod" and refers to both therapeutic treatnent and
prophyl acti c/ pr ev&kelgtal jwsglg Mmasse Active,GBE-§ pamalse modulate Brenradudiig) of ncl ude
i ndi vi dual s al ready having _a particular nedical disorder as well as those
who 14 WO 2004/ 03 T@stlerspeCifig 200@neniEra gereating kinase).fiimllgte mypbiast- t he
di sorder-(i.e., those-needing-preventative nmeasures). [0049] The term
"isol ated" refers m@lfqaﬁm.@ag moduleie preadipgpye gifterentiation tq adipegytés s nat ur al
environnment. For instance, an isolated protein is substantially free of
cel lular material Exemplaneprosedures fer measwring &0Fe8 lactbiity in siva@ndgovitre are r om
which it is derived. The termrefers to preparations where the isolated
protein is sufficisehforth ipEkxamples Be3 filrindi1St ered as a therapeutic
copposition, or at least 70%to 80% (W w) pure, nore preferably, at |east

: [0046] - The term“GDF-8 inhibitor*includes-any agent capable of

inhibiting activity, expression, 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.

[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

14



80% 90% (W w) pure,--even nore-preferably 90-95% pure; and, nost

preferably at yeaniodade 96% 97% 98% 99% or 100%(V\/IV\§C%5@3,0({4%50) 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 "effecti ve dose," or
"effective anount,"” refers to that anmount of the conpound that results in

anel i oration of SM@EﬁJﬂmﬁatéIO adqind thefisordir (Pe. d@oké Aeedim@pegbmativeout cone
(e.g., increasing skeletal nuscle mass an /or bone density). Such anount

shoul d be sufficigebsires).educe the activity of GDF-8 associated with
negative regul ation of skeletal nuscle nass and bone density. The effective

anount can be deternmi g@ ﬁs dafeCteth G9olbfedt Plers3y BSREIBEIN th%e&tduagt%nua'h@ WO
2004/ 037861 PCT/ 1B2003/ 004748 1f. Anti bodi es Agai nst-CDF-8

and- Anti gen- Bi ndi fige bf RORRDIaP evirdiHIERD FHihRaNEE 8 ek pMiGir® and Myo22

[ 0052] The present disclosure provides novel anti bodies agal nst GDF-8, and

anti gen-bi ndi ng fgagnen nts of
such anti bodi es a%e ter %g%¥r€€g§<géllulaw%k%rf§é%&ﬂei ér'o\é‘i‘rﬁ fﬂ%’?ﬁ&@?ﬁ%@

erbodi ment s are PEARELREm MR i G6rveal THEREM et to GBbLRAGAEANere 3] The

anti bodi es of the 1 nvention possess uni que and ral ¢ aracterlstlcs

i finity Second. PRSI SARGT Ry ‘%Sﬂgﬁ%%ﬁgﬁ%@a%eﬁ?f@%ﬁég_h |
activity in vitro.gag, dé fony grgt |§§st%"/‘3{2>séd°ﬁg\%széx?er n%%%f%rgb@%’attlhé@ bi ti on

of ActRIIB binding a gene assay antl
| - 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, et_c.'

[0051] The term “effective dose,” or “effective amount,” refers to that
amount of the compound that results in amelioration of symptoms in a patient
or a desired biological outcome (e.g., increasing skeletal muscle mass and/or
bone density). Such amount should be sufficient to reduce the activity 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 BMP-1 1 as denonstrated, for exanple, by inhibition of ActRIIB
bi ndi ng” and repb? t¥#%Y8He assays. Third, the disclosed antTEEEHRWY4S
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

CDF-8 and BVP-11. gl mntib%d@&mﬁg@gaépgaésgwabébgﬁea-@ah{mé 'FrSgie] SO T eact

with other proteins, for exa gi ng t he -{3 superfamly
such as nmullerian inhibiting substance, glial-derived neurotrophic factor,

or growmh and differenti atA.0Ruha®l AitihdefidseeM bﬁamﬁm,&ndlwmrtai n
enbodi ments, My0o29 16 WO 2004/ 037861 PCTI | BZC‘;OS/ 004748

--reacts-with-a-protei . .zCOoNMPLI Si N equence-identical roamno acid 72 to
88 of SEQ ID NO 49. | Bosg {h b misdatldrsiheare ‘?&%’gﬁs By entts lies AaRInst
conprising the se e Lys- Xaal - Xaa2- Pro- Xaa3- Asn, (SEQ.ID.NO 54), wherein
Xaal , Xaa2, and Xg;ﬁﬂ g’a@ﬁ’y‘?@'gﬁﬂ?"ﬁﬁ%ﬁa%‘?"& %FFFA‘qu\‘%’HgS""%WHB@W)EntS, at

| east one of the follqw ng conditions,is t: al =_Met, Xaa2 =
Sor - and (3) xaa3emopREiorss 67 sanapEReR 1 tmetNYo R Hye2b areniiz2.

enbodi nents, Myo22 recogni zes an epitope within the first 44 N-term nal

am no acids in t hdhegg Rlagyrembadipentegre Royidad Hothgdergsohihumandalm 44 of
SEQ ID NGO 49). - - [0055) One of ordinary skill in the art will recognize

that antibodies @ntiRqes nvention may be used to detect, neasure, and
inhibit proteins that differ_fromthose stated above. In general,

anti bodi es of the inveldOP3h cabhe patibodies@f iheiinvention pestess yniaygr@ndonpri ses a

sequence which is at | east about ,70(@, o o
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-B 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 th rm of
GDF-8 set forﬁggk%&ﬁﬁslm 49. Nonlimting exanpl es of sucﬁcgr&%‘#@?‘ﬁg&i 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

(BLAST) descri be(iréé"ht@lmhﬁ-ﬁg‘;ﬁte(ﬁ&cg%a)risgaﬁgaghﬁq_ué%?égﬁéntie?%@l—%rﬂiﬁ)%?, #3-g8l0. the

al gorithm of Needl eman et Oy or the

I ith f Me 9 ; . B i : =17. 17 WO
5004] 037863 PCT) 5%383?1'?0%9% ' q'?}“-rﬁ%@%c’?%?ﬁ W28 Binds 3 of %18'1110056]

I nt act ti bodi , i i i YA [
ol yeosyl at ed pr of SPET S BRqtEntd THEIRE RRH 4 Do BE S A L BN S o1y 25
k Da h and t . ' j K . Two t

of 11 aht chai nt L Kok k2" Sp @R REEH < Bk Entno ded WRERER. .. 1°on” he
can be- assi gnad t SRty o R ERhe SR el Ring elong SR (R T oy ' ™
h be f divided i bel . (o Qg ) |l g&2,
{hese my be, Lur g dlar de Ll SUBS LR SEbh RN et Mo
tho art For a reSRBRSTH MR iR Apes wion e i 4a  Bermig " | "
Lab Manual ,  Col d .Spri Har b b ds. Harl . 1988.
o e B 3o P ORI PR 8 3 £l iathe eromar
NO(and a constantréﬁ%Eﬁ A (QJ. Each heavy chain is conposed of an
N-term nal V domaidth ! &g)g (‘@r four C domains, 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 ID NO:49. Ndnlimiting examples of such proteins include
sequences of GDF-8 derived from various species, which are deséribed in the
present specification. The percent identity is determined by standard
alignment algorithms such as, for example, Basic Local Alignment Tool
(BLAST) described in Altschul et al. (1990) J. Mol. Biol., 215: 403-410, the
algorithm of Needleman et al. (1970) J. Mol. Biol., 48: 444-453, or the

algorithm of Meyers et al. (1988) Comput. Appl. Biosci., 4: 11-17.
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CH domain nost proximal to VH is designated as CHL. The VH and VL donain
consi st of four regions of relatively conserved sequence cal |l ed framework
regi ons (FR1, M2004RI615nd FR4), which forma scaffol d f FCHHIVEWHESi 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 chaingah erred.to as Hl, H2, and H3, while
CDR constituents on the |ight cﬁai\%r{aar%iee trséﬁ%ﬁsed to as L1, L2, and L3. CDR3
is the greatest source of nolecular diversity within the antibody-binding
site. 18 WD 2004/ 0378d90%&tT/ 1pobItiodiessalsggnawnas inpemgglebulioa@réegs- short
as-two-am no-acid residues-or greater than 26. The small est anti gen-binding
fragment is the Flypioally tetramens glycosifiated rofeins gampusedieftwp tight (Thehainsof
fragment (Fragnent antigen binding) consists of the VHCHlL and VL-CL

domai ns coval ent | gpproxiketely 25 &Ddiesah and éwd beavyEt) whains of approximateynd0 r egi ons.
To overcone the tendency of non-covalently linked Vii and VL domains in the
Fv to dissoci at e kbaeacln- Bwptypesefllight chainptermeehlanda, asofoand ireahtibodigs.e chai n
(sc) Fv fragnent (scFv) can be constructed, in which a flexible and

adequat el y | ong pokepesdihd 6 tHe atkino icidsqubhse EHtheenstari domaihef ndavy t 0 t he
N-term nus of the VL or the C-termnus of the VL to the N-term nus of the

VH. The nost comemdiiis,Useinbglok@insitan HeerBighed o fikSmeideclasiest ReD) 8, Gpept i de,
but other linkers are also known in the art. [0057] Antibody diversity is

created by the usgn®M, and bbwiral d¥edel M8y bERIRr BRNRHIIRE suBElasHRk fisbt9peHns and
a variety of somatic events. The somatic events include reconbination of

vari abl e gene segBRNUSCHIIGE, 1G6Y R, WA Bhd R, TTRERUBG(SHuctlRefaseamEnt s 10

make a conplete VH regi on an
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
Cn domain most proximal to Vy is designated as Cy1. The Vi 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 reconbination process itself is inprecise, in the

resultin
| oss or addit MSh*%8¥*33lno acids at the V(D)J junctions. W@zoﬁﬁ%ﬁgﬁi sns 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,

t he random r econbj,natiopn.of, t hese seagnents, and. r: VH- VL iring, up to
16 % 107l 11 or He: ohery Bt S5 Be AR hS bl RO AR e s oBRel I oy,
3rd ed., ed. Paul ven Press. .New .Yqrk, NY, 19 en 19 04, 037861
PCT/ [ B20051 0049482500 ﬁ%F"]SE'%%@QE%%“'WH?E‘H-@8%“%\83&%FY’%%{ F%ﬁ%&\‘?é’ﬁbi ty
(such as somatic t.ion) ar n _int ccount, it js thought that
Upnar de of 1 x 10708 ¥ poBRlns; The e iaamest E3tetengatnbiebal PR85! obul i n
Genes, 2nd ed., egs.,,Janjo | ., Academ c, Press, Sa . €00, . 1995) .
Bcause of the' iy YrouboedVi-CleoersiavReguritanug SR Reeel oy, i
is unlikely that independent]| derived nonocl opal anti bodies with the sane
anti gen specificifRg %“Isfa”ﬁﬁ’iﬂéa/”si- J@rﬁ‘ﬁeé%m%tr’?ﬁﬁ%"‘{]f@ﬂﬂ obRfue@lantly fipfeseYH Thus,
the present invention further Pr ovi des novel CDRs derived from human

i mmunogl obul i n geABd Vi gpmaIngdn therfey terdissorigleswhelt ca-axRressed in a hesreadi at he
invention will generally be an antibody heavy or |ight chain sequence or a
substantial porti é‘PrC?“ﬁJ%W'? chaingg)dy fragen F¥) ¢ eansiuctgd, ip yehigh Hn
corresponding to the CDR of naturally occurring VH and VL. The structures
and | ocations of flexblecydasdentatelydendpeiyrepidaiinks eifer the C-trsminusioh e Ys

descri bed in Sequences of Proteins of |mmunol ogical Interest, US Departnent
of Health and Huniththedarginys ofdhe Vieishe Celerminus of the Vi to the N-terminus of the

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 germiine
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 Viregion and
the recombination of variable and joining gene segments to make a complete
Viregion. The recombination process itself is imprecise, resultingv 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-V.
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 domains, and CDRs are set forth
in the Sequencw® 2004178y and are enunerated as |isted in T4BIB2093/004743,
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 VL
domains are identical in My029, Mo028, and Myo22. 20 WD 2004/ 037861

PCT/ 1 B2003/ 004748 , TABLE-|: - -- - andAm noA-ci dSequences- of - sckv, - VH and- Vc
bomai o, and. CoRS!E) BEBeREASRY BB DR anfiedy BVEERY (Ried SmAieNG 13- Se0
ID NO7 SEQ ID NO 1, AA sequence, of scFv. SEQ | 1,14 SEQ | D 9 | D
NO 2 DNA sequencSHtian)a ¢HNGRLRUREH'S 8%&’@‘9%@@“@ %XN?Q\Ad@g?ﬁJ nce
of VH SEQ ID NO 16 SEQ.ID 10 SEQ | D NO. 4 .sequence of VL SEQ.ID NO 17
SEQ ID NG 11 SQ | B"ﬁ@%&es %Al\ﬁ% egﬁ"ﬂm“'ﬁﬁg\qﬁub“ Rénes, 28859 $ROIAO &) | D
NO 6 Germined DNA seq, of scFv_SEQ ID NO 25 SEQ I D NO, 19 Germl i ned AA seq.
of scFv SEQ ID No.abﬁ'a%%@m'%"f@e&z‘%ﬁ” (o @ﬁebe%iAg%ﬂ’.se\ﬂilt@@aﬂpr&W% SEQ
ID NO 21 Germined AA seq. of VH SEQ ID NG 28 SEQ I D NGO 22 Germ ined DNA
seq. of VL SEQ | D'Noived isgenerasinganiiodydiversity,dijs malikebrthatindependensly b No 30
SEQ I D NO 24 AA sequence of H1 SEQ ID NGO 31 SEQ I D NOW SEQ | D NG 43 AA
sequence of H2 SEdefiysd\nonoclaahantiyodiosygthdbespmenntiaen spesificty wdllhaveof H3 SEQ
ID NO 33 SEQ ID NO 39 SEQ ID NG 45
identical 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 Vi and V,. The-
structures and locations of immunoglobulin variable domains may be
determined as described in Sequences of Proteins of Immunological Interest,
US Department of Health and Human Services, eds. Kabat et al., 1991.

[0059] DNA and amino acid (AA) sequences of the presently
disclosed antibodies, their scFV fragment, Vi 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 Vyy and V. domains are

listed in Table 2. The sequences of heavy and light chains excluding the V4

and V, domains are identical in Myo29, Myo28, and Myo22.
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AA sequence of LI SEQ ID NGO 34 SEQ ID NGO 40 SEQ ID NO 46 AA sequence of L2

SEQ I D NO. 35 S

E% | D Ng.841 SE

QI D NO 47 AA sequence of L3 SE

| D_NO_ 36 SEQ

I D NO 42 SEQ | 04878 apl e 2: Positions of CDRs within sEE/BREM 0209
Myo2B Myo22 (SEQ ID NO 26) (SEQ ID NG 20) (SEQ ID N0:2) H 31 - 35 31 - 35
31 - 35 H2 50 - 66 50 - 66 50 - 66 H3 99 - 106 99 - 110 99 -113 LI 157 -
167 160 -173 163 -176 L2 183- 189 189- 195 192- 198 L3 222 - 228 228 - 233
231 - 242 21 WO 2004/0378¢ >CT/1,B2003/ 0Q4748 [ 0Qf v---Presentl
di scl osed anti bodi%g%{rrEgﬁ f%@ d(%'?’rB %glg%éﬁ%llgg% yoq%gkgtvdh?n$\é‘§§?fﬂ§'n%'r parts
t hereof. For example, a VL 79 I?‘Ismaty be attached at its CGtermnal end to
anti body |light chain constant domains__including human CK or CA chai ns, .
preferably CA chajns. Simlarly, a spasyd2ec ant|imy@28bi ndi ngryor2gnent | based
on a VH donmai n may—ke—attached—gi—ts—C-termnatend—to—al—er—part—0of an
i mrunogl obul i n he agyxc?ﬁﬁ'i'er?cﬁ rFa}é’d f rlothQ@ Wﬁ?t isg'gr\ﬂﬂ;’ N4t v EQ BN [gG
| gA, 1gE, and | gM Aanrdquenceof stfve i SOtSERID SONe!|SERD NQ3r tised iBNg:21 G and
| g&4. | n exenpl ar YoEROUIITENT Tt T qQEATd Ctermgr ~fragment s
heavy and | i ght C1gN§§§§ en ﬁr?x?a\nm 19G1%§6r N ‘{ aén '},3;1“?@ :(S:@'QJ‘.J nces for
the C-termnal fraghsaquericech¥H | i ght| SEQRENG:16r|SESEID KO0 h) SEQ IBEND:4 D| NO. 50
and SEQ I D NO 51, 'BRAREGENEEIYvL The 3 o | Ee o e SEerpNg:sT |t he
C-term nal fragnmept—ef—g6G;
AA sequence of VL SEQIDNO: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 ID NO:26 | SEQ ID NO:20
“Germlined DNA seq. VH | SEQIDNO: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
Ger_mlinedAAseq. of VL SEQ 1D NO:30 | SEQ ID NO:24
AA sequence of H1 SEQ ID NO:31 | SEQ ID NO:37 | SEQIDNO:43
AA sequence of H2 SEQ ID NO:32 | SEQ ID NO:38 | SEQ ID NO:44
AA sequence of H3 SEQ ID NO:33 | SEQ ID NO:39 | SEQ ID NO:45
AA sequence of L1 SEQ ID NO:34 | SEQ ID NO:40 | SEQ ID NO:46
AA sequence of L2 SEQ ID NO:35 | SEQ ID NO:41 | SEQ ID NO:47
AA sequence of L3 SEQ ID NO:36 | SEQ ID NO:42 | SEQ ID NO:48
Table 2: Positions of CDRs within scFv's
(,
) COR Myo29 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] Certain i ts of the invention conprise the V| L
dormai n of the ﬁ@“ﬁggﬁgﬂnt of Myo29, M028, or Myo22. Furth&%g@g/é%?%ents

conprise one or nore conplenentarity determ ning regions (CDRs) of any of
these VH and VL domai ns. One enbodi nent conprises an H3 fragnment of the VH
domai n of Myo29, Myo28, or Myo22. The VH and VL domains of the invention,

in certain enbodi nent s[g,oeogé]ﬁ;QSF&E%Q%‘%)SE%@&Q”@F H%rfﬁ?{\%rgoé‘gﬁg%ms (FRs) of

t hese donai ns are chan “using co ona %cu ar | echni ques
broduces. 1 ot heiniBehEnPleofeS AYUEAE RRred! FOLERIMAEILY, Bmaf By be
fromthe gernline. 037861 PCT/ 1.B2 8 ! di f.i ed
Ant i bodi eg and Th@ftsgﬁé%ﬁg%éewﬁﬁgﬁﬁ'd g ?’U'Bf’%gﬁéhggﬁéétwg%a% P4 ent i on
rovides a nethod.for, obtainin nti bod t i.gen- bi ndi. n onmai n.specific
Por s The skiierising Bt R AR Mins Selerdly EAHRaPs o Siftfarliof FRebi °F he
invention are not |jmted,to. .the eci fic sequences of V nd VL. as stated
i Tobl o hut "ol apligbFabS sabhent BSSdstona U BoRARTBACke tedRd AL, ant! gon
binding ability. Such variants be derived fraomthe ovi ded sequences
usi ng '? echni qugs inmm'"ﬁ[]efﬂCﬂ@ %{H?'.ypaﬂ/%aﬁ&“awag'géwm%w %ﬂ'," dedyed As, or
additions, can be made in either the FRs or_in the CDRs. Wil e changes in
the framework regi@@h&ntibedy jsotupe.¢-9.dl9&: (b d9&.AndigMeaRd abweli the iSPYRRJ r educe
i mmunogeni city of the antibody, changes in the CDRs are usually designed to
i ncrease af finity SBPclasresapatigdaly 190 @ndieGy. dp sEempian: gMRediMentsy- i ncr easi ng

changes are typically determined enpirically by altering the CDR regi on and
testing the anti b@ayfpodigrgpmprise C-terminal fragments heavy and light chains of human

IgG1x. 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 IgG,
heavy chain are set forth in SEQ ID NO:52 and SEQ ID NO:53, respectively.

[0061]  Certain embodiments of the invention comprise the Vi and/or
V\. domain of the Fv fragment of Myo29, Myo28, or Myo22. Further
embodiments comprise one or more complementarity determining regions
(CDRs) of any of these Vy and V. domains. One embodiment comprises an
H3 fragment of the Vy domain of Myo29, Myo28, or Myo22. The V4 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 germliine.
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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. [0063]
The net hod forwaedosnspsel VH dormai n which is an amino aci d PSEBRIMRO¥4Par 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

o "VHL' conb nat i on o contr GRS ArsodiPd Thel Rladritbls S g, T O™ "
optionally, testing tqgg%éri;: in'& m}g}gh%%ta gﬂhé&@gﬁ%%ﬁgeggmtnﬁ&neyt ralize

GDF-8 activity. The VL an amno ac sequence Ichis
bstanti al | . Qut in. . 4/ 61 _P /1 Q047 0064
substanti o1 2. Sfa SHEbA afelATR OBRAR BT B33, 304 dfeq 000
VL d in disclgsed h ' nbi i th , H i ns.
[0065] A further SapeRpapererdde niR T Bitgtishinud Batongir il g an
ti - bi ndi f rent that ificall t ith -8. . The .net hod
compr Sest | (a) pr ORI oUS oSt VAP ShaR P ToTehltd Bl Ba I hYedREdarng o
VH donmain which ejther includ CDR3 to be .repl aced K _
encodiogI nr eg: gn; 8*(‘5?56%6%%%?8‘“?}1@‘?'%aeﬁ?%e‘?"réde'gﬁ ?ﬁ'ﬁté(' %ﬁh?’g?ﬁf&% g\:a)?%&ci d
encoding an amn acidf sequence substantially as set out herein for a VH
COR3 (i e, H3)  Serdieciiromn therRIowgeRiseqzares Lsitk feghpigues iawin e t he CORS

region in the repertoire so as to provide a product repertoire of nucleic
aci ds encodi ng a ino acid substitution, deletions, or additions, can be made in either the FRs

“ _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 Vy domain set out herein comprises a step of adding,
deleting, substituting or inserting one or more amino acids in the amino acid
sequence of the presently disclosed Vy domain, optionally combining the Vy
domain thus provided with one or more V| domains, and testing the Vy
domain or V4/V combination or combinations for specific binding to GDF-8,
optionally, testing the ability of such antigen-binding domain to neutralize

GDF-8 activity. The V| domain may have an amino acid sequence which is

substantially as set out herein.
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domai n; (c) expressing the nucleic acids of the product repertoire; (d)
sel ecting a specific antigen-binding fragnent specific for GOF-8; and (e)
recovering the ¥@aW#Pi7gélant i gen- bi ndi ng fragment or nucl ei BCHBI20P3/04i¢80di 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
CDR3 encodi ng region. 24 WO 2004/ 037861 PCT/1B2003/ 004748 [0067] A-coding
sequence CDR of the i ni@8fdli orAl angfogousiirgthodayayhe emiplipyerlipevhichone or
repertoire of variable domains |lacking a CDR (e.g., CDR3), using
reconbi nant DNA t suiie eequppce Mariards ahd Ve domkinkdisclesed|hereip Breotarelined witkyy
(1992) 10: 779-783) describe nethods of producing repertoires of antibody
vari abl e domai ns ionewhinohe ¥odemaimas priners directed at or adjacent to the
5' end of the variable domain area are used in conjunction with consensus
primers to the third f0868worA furthgr espext ohtheamventibh genietestaanethod iofie a
repertoire of VH variable domains |acking a COR3. The repertoire nay be
conbi ned wi th a CipRpadhg anjpatigensbihding fragmentithat djsacifigallyereatts yathsGDE-BNNI ques,
t he CDR3-derived sequences of the present invention may be shuffled with
repertoires of VHThe méthetbeamprisesacki ng a CDR3, and the shuffled conplete
VH or VL domai ns conbined with a cognate VL or VH donain to provide
speci fic antigen-bindi @y froagnging a sedrtitdepeAvienbf tutleid BEids enedding 4 ¥y May
t hen be displayed in a suitable host system such as the phage displ 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 Vi 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 V_ domain, which either include a CDR3 to be replaced or lack a

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

sel ected. [0068] Anal ogous shuffling or conbinatorial techniques are al so
di scl osed by SteHR¥#H/OIBEt ure (1994) 370: 389-391), who deseciiBemsniueds
technique in relation to a [i-lactamse 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 regions carrying a CDR-derived sequences of

the invention using r t agenesi s of nor e,. sel ect H and/ or VL
genes to generate gmﬁgm]ns%‘{‘ﬂ’?%“{%@"&%?ﬁidﬁ? f"eYB?té’"cfﬁrﬂaﬁ(ﬁgRéf@ﬁya
techni que is described by 25 WO 2004/ 037861, PCT/ |1 B2003/.0047 Gram et al.
(Proc. qNat . Acad. b%ﬁ?rpd@ead_ it a(rfgg%nre&gf: vagigble apEEys lagling @ (&9 or - prone

PCR. [0070] Anoth thod that nma used js tQ direct nutagenesis to CDR
regi ons of VH or %Rggr\’é?.g ’Sﬁf?fﬂb'?%%ltﬁ%ﬁﬂzna':ogy-d Qe 'W’B%P'bajs et at.
(Proc. Nat. Acad. Sci. U S A (1994)_91: 3809-3813) and Schieéer et at. (J.
Mol . Bl ol . (1996)(%?C'H@P%éﬁf??)[1@0??71%7@?%146158?*?%/{"93\988SFDWSP%DQor all three
CDRs may be grafted into a repertoire of VH or VL domains which are then
screened for a sp@Pefipices ofiantibedy yrsiableddomainginyhiciycansgpsHsRrimerp dkested f or
GDF-8. [0072] A substantial portion of an inmunoglobulin variable donain
will conprise at plesdiacret tothe p'eyidsr sheyvrriablgdareainErep arewsed in nt er veni ng
framework regions fromthe scFv fragnents as set out herein. The portion

wi |l al so i ncl udeorgndtien with g8psanses wimereioithe ihirdrframawerl fegigriofdwinanR4, t he
50% being the CGtermnal 50% of FRL and the N-term nal 50% of FR4.

Addi ti onal Vx genes to provide a repertoire of V variable domains lacking a CDR3. 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 Vy or Vi domains lacking a CDRS3, and the
shuffled complete Vi or Vi domains combined with a cognate V, or Vi domain
to provide specific antigen-binding fragments of the invention. The repertoire
may then be displayed in a suitable host system such as the phage display
system of WO 92/01047 so that suitable antigen-binding fragments can be
selected.

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

[0069] A further alternative is to generate novel Vy or V regions
carrying a CDR-derived sequences of the invention using random

mutagenesis of one or more selected Vy and/or 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 donmain may be those not normally associated with naturall
occurring vari g% In regions; For exanple, constructidn/GrUYaussic
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 rabl & dommi no. CHIM Bha (R GEnRners SEh AL R (HeET b SRy o Refl i ng”

i mmunogl obul i n heavgr rchai ot her variable domains (for exanple, in the
producti on of di aBd i"é?fe ‘protein | abels as discussed in nore details

bel ow. 26 WD 2004/ 037 CT/ | B2003/ 004748 0073] -Alt hgugh-the enbodi nents
illustrated i n Exanpl glg%Z@rrprﬂL%‘éh%fm 9<Zﬁha|1@lay & L15381‘3 \ﬂ—&ﬂfghm\ﬁ?gﬁ’b‘?ﬁéﬁ ®s, the
i nvention al so enc&rgasses bi ndj n fra%gq%nt s . cont ai ni n_g a single varjable
domai n derived fr&RREIEOIRAS ofMHop VL §negorrich teabRiauRs ate digelpsad by Barbas et
dormains. In the case of either of the si{ggl e _chain specific bindi Rg
domai ns, these dofbi{frecniigt HEadisich Y-8-As £1999) 915 H0%HHS) and sehieretdbidi ns
capable of form ng@a t wo- domai n specific antigen-bindi ng domai n capabl e of
bi ndi ng GDF-8. ThMel.R&igl. (@95 B6FBBEE-56Y). phage di splay screening nethods
usi ng the so-called hierarchical dual conbinatorial approachas disclosed in
WD 92/ 01047 in whi ch aR07Hdi vBimilarly, apglos mpere.iedlitiren &LRs may bagraftedintp chai n
clone is used to infect a conplete Ilibrary of clones encoding the other
chain (L or H ané repritairefMHonY. damaiosarhich arpdhert sareentd fgea spgaifigi ng donai n
i s| sel ected in accordance with phage display techniqgues such as those
descri bed in t hat bindingrrantner ombinging Fegmealsspeefiafos &0Bscl 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 finkers to join variable domains
of the invention to further protein sequences including immunoglobuiin heavy
chains, other variable domains (for example, in the production of diabodies) or

protein labels as discussed in more details below.

26



[ 0074] Anti bodi es can be conjugated by chem cal nmethods with radionuclides,

drugs, nacronol r other agents or can be made as é‘ﬁﬁ ei ns
conpri sing one vg(‘riwr?g/?sgs of the invention. [0075] An an%l 086}3@%2%8%

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 \ghesentiyihoy ldnifodiRbmbiRlaRa BB LEMKSe O the

princi pal nol ecul ar structural, ure o e conjugated or used

macr ol ecul e. 27, U 2ARY B37BA, BTV 2003 G4 FAEhud P bnddindildhd | on O

the changes to the amno~a sequenc I'ned ove, e ant es can be

gl ycosyl at ed, peggihgﬁ]sq;;[aﬁﬂ{enlsi %?%1{1/8 a dsff”gtgqu\rfgrﬂag%;dn I%@QBFi\%oeiirm%ﬁﬁéfvdk ed to

pol ymer. For instance; e presen ose res nmay be
ool ypr opyl ene. gy BoYs SAPARSEYITEES pebBly UF iimafie 1 nR AL b SHEP B D) 5
4179, 337 The antPRBSTE Seune Rndfho SR hest ey hay f ke bissredl  on
pol yrbr's. and et REGE BB A FOPRER BeHE faairas Bo-TtanShaRlE i n U.S
embodi ment s, t o AHIBGNAR YOBE SR HR DRI ARRF -8 T PR EY bR SGNRIAO ol on
Ao used her i, - BRI P S REAETIRG DN a5 hr 3 Gl BB UL BB D ot e
deleted, and/or haying N roronen s Uit i § 821555 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 Vh-Vi 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 cOYRHHYP4cosyl ation site consensus sequenceRCTABRH 448 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 Wiston (1981) CRC Crjt. Rev. Biochem, 22:
259-306. Renoval of a 9‘?@ar HBW&P'QP&%?&'@PS%Sﬁ?rtbgé‘m'”%‘r"nc' REAUSAE? bodi es may
be acconplished chem call r enzynmatically as described by Haki nuddi n et
al. 28 WD 2004/ os?ggme%ﬁ% ippdios gan PQQW?SY%‘E .PGQWB&%RU.'"W to
Bi ophys. 7259--52; and Edge et-al. (1981) Anal._Biochem, 118: 131 and by
Thot akura et al. @beg ondpPANPrEteinasapus palgper. 351 insteneeaiheiesasdivi es of the
invention may al so be tagged with a detectable or functional |abel.
Det ect abl e | abel s disglopediantibadies aaebe linkedro gge of 8 varigly oboanprolginpeepusay be
attached to anti bodies of the invention using conventional chem stry known
in the art. Label §OlMess.iert:| Rlyetvenmelycalalypropyigne glucahar polyaniatkylenes,
per oxi dase or al kal i ne phosphatase. Labels further include chem cal
moi eti es such as b beimannghietforimin US. Ratant Ned. 4:640.88%idi.4119.68%4 3033441 fi
cognat e-detectabl e-noiety, e.g., labeled avidin. [0079] Antibodies, in
whi ch CDR sequencds578i417e4,78mN92; ards 119533t The antibbdiemarenchamisally nedifisdn SEQ
ID NOn, whereinnis 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28,
30, 31, 32, 33, 3y celegonpgati@sto B3dglymer, to idcreasttheit 8irculatingd@/f-lifi for47, or
48, are enconpassed within the scope of this invention. Insubstanti al
di ff erences i ncl udsampleoiExemplasy pelyohecshand exthardsdh atigcibthent otpeptidesodrel 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 glycoéides to the amino
acid residues of the antibody. These methods are described in WO 87/05330,
and in Aplin and Wriston (1981) CRC Cirit. Rev. Biochem.,.22: 259-306.
Removal of any carbohydrate moieties present on the antibodies may be

accomplished chemically or enzymatically as described by Hakimuddin &t 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 “RHPE3BE within the ordinary skills of an ZFFIRAPO0HAS | 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 framewor ngi feering..certain.frame resj hat are

i nportant for ané?é@rﬁggnﬁggrﬂe%%'% ysst2§8i {’ﬁﬁnﬁgﬁﬁgﬁl' gth%ﬁékgglt e, e.g.,
changing the class. or subgclass of the, constant i hangi ng.speci fic
anino acid resi dﬁ'§%~cﬁpg§%“§(ﬂy4mgﬁe%1ng)d@%)‘ogalyy "'ﬂ’?g%:s%al ter
an effector function as JFc. rece r .binding (Lund et al 1991) J.

| mun. 147 2657-2662?m] NDI@SEHO‘S?S 5%‘%%'1‘@9!39" a0l Jeoerd WM 3 324)  or
changi ng the species from which th onstant region js derived. Antibodies
may have nut at i on‘%etF?‘alPlﬁé”&?"?%i’f’?ﬂ?fo@eﬁeﬁ'@bﬁé%?gﬁ}s E‘ﬁ&ﬁﬁ radijglabels sHeh@s or
alter effector fu;g,cti%n, e.g., Fc receptor binding and conpl enent
activation. For exdfpl &C WhiEh Msyikesatiaghedinantibadigs pbihe inygplonysingose
described in U S Patent Nos. 5,624,821 and 5,648,260, In the 1gG or |1g&
heavy chain, for @pyapianal chemistiy krawnbindherar. babelgalsoncluds enzyae;lapels
-residues-117 and-120-of -SEQ I D NGO 53; whi ch-represents the Fc portion of

| gG (these resi diHed asdioreespeinll peexigase or alkaline pheaphatese 3abiels fuRer
full-length sequence of 1gG or 1g&). Antibodies may al so have nutations
that stabilize tiRelude shemicaempighies srahasdyiotins whichanaebs getentgdyia inding

i mrunogl obulin, such as mutations in the hinge region of I1g&4, as disclosed
in Angal et al. t(tegopecifigspgnatamgiastablemorts exndabeed pvidinei ¢ Aci ds, C oni ng

and Expression Systens
[0079] Antibodies, in which CDR sequences differ only

insubstantially from those set out in SEQ ID NO:n, wherein n is 2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 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 bggh $mamdsddl Ndi ng fragnents of the present iny, b3 o0a7dyuc! ei ¢
acid according to the present invention nmay conprise DNA or and may 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 ecule with the specified sequence in which Uis

substituted for Tpy laﬁérSarP&féTc?dﬂfur{cﬁeHEﬁ&?a&F@féc '@?bin%&g\/(&.?&)%élgg?@@)l

PCT/ 1B2003/ 004748 0081] --The-nucleic acid-of _the.invention_conprises.a

coding sequence f gy iPRapr2e8H s nadiTBhA 041, £1095) IRKAINIISHY @ip set Tor th

herein. [0082] The present 1nvention provi des constructs I'n the form

¢ I | ds. A _ . YR, .
2t east one nuoPLy 224k PRARRIRLNE SoliecHih ST EB°R G B0 R Shved ' =
. i I 1 Y g " N
as above. A nucl eftisEiertuap iyeEliaoi it ci PR ST  REQ R g BF IS T UL ©
VL donai n. t . bi ndi e . A
an aspect of i he. piRbeh et i BPASRRRALESN, St P REERRLATPE LY RPN " e T
ded d . T h ' , ' h di | ei
aci d. Expr essi on MR adfl B By AR ER T TR AL S Ef PLB Bond 1 ons
mbi t host | I tai n h ' [ I i ducti b
xcpr 55t on a Vit oo aB LY Palent NScs PPEeEt endEietahll e MelEghiEthmy Do
i solated and/or purified.using an suita hetechi ue, then used as
appropr i ate. [ 00BAPPYSEIT 1o CARTP Y. AUG WARHENS MRy heNAde JEMIRGRTR i

g?g‘;iegf’ and encodl AsN49a3t 528 S SEPDHNY s whilh i Sret s 1aESp 0T of © the
IgG1 (these residues correspond to amino acids 234 and 237 in the full-length
sequence of IgG4 or IgG;). 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 IgG,, as disclosed in Angal et al. (1993)

Mol. immunol. 30: 105-108.

D. Nucleic Acids, Cloning and Expression Systems

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

substituted for T, unless context requires otherwise.



i nvention may be provided isolated and/or purified, e.g., fromtheir natural
environnent, in substantially pure or honbgeneous form or, | se of

nucl ei ¢ acid, PORR'¥P 8 pst anti al | y free of nucleic acid Cljgg??ég&“%gori gin
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,

mammal i an cell's, and_){6e81) anmthebatidi®Néit bsthe)miedtitn cHMPTBes RBodig VWO
2004/ 037861 PCT/ | B2003/ 004748 -yel | -lines-available in

the-art-for-expresequencefora CBRF W, W FoMainydTems indentiond 46l forfAHergiRe
hanster ovary cells, HelLa cells, baby hanster kidney cells, NSO nouse

mel anoma cel I's and mangog)herthe feSéHTiMRnleHA186 bAdvidk@TonkBudts in th@kdrm dfor
cells suitable for producing antibodies, see Gene Expression Systens, eds.

Fernandez et al., pReRHRMEctdis SFsnschftih or@iﬁré&%h casdatRkviich cd%%rhsetahe

present invention nmay be used to produce the presently disclose

anti bodi es. [ 0086]gagtbicdlcivvS6E OF heSAVENRBn SHQB6EVE. OF constructed, contai ning
€ 1Ryent

-appropri ate-regul atory-sequences, 1 ncluding-pronoter sequences, term nator

sequences, pol yadeny| abogd) S t if/RRASIE S5 ; . .genes  and
ot her sequences as apgr o%g]i aﬁ&e@/gg%o#@ngﬁpﬁeogmﬁggﬁ%?@’ra|c,hge_ g

phage, ‘or’ phager dom i AR hdtk Conbiflcid 4¢ 4. JERRILE 25A%mobiiha sgm’)ie,

Mol ecul ar C oning: a Laboratory nua I oo | d

Spring Har bor Lab@?ﬁl‘ ¥ HZ ASSE1 1380 nggﬁgfgpwlsmgﬁcm;gg@ﬁ aAlgen-Bh@hgeo! s

for mani pul ati on of n cI'elg': acrd, for. . pfep on 1 nuctei c
oLy et DA EgaF U ot P bE oty AN igH e 58 |
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 Vi 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 Vi 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
Wley & Sons, 1992. 4;0087) Thus, a further aspect of the present invention

provides a hodYO M8 i sing nucl eic acid as di scl 0secPFEBAKOMNSSt | | |
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 cel I s sui tabl e techni ques may i ncl ude cal ci um phosphat e
transfection, l2004/ 0 ¢ CTI/.1.B2003/ 004 g PEAE Dext r.an, id

el ectroporat i on W%W?Sr?é'a 'Qt %aW%rn'g‘Pé%ﬁSP& EeTPIogRUSPRIYREBYisi ng

retrovirus or other Vi vaCC|n| for i nse cells
bacul ovirus. For P58 %l?esgé]%plstersqypfyaﬁ & Ifl%lr%?ﬁ"a &Wsi?‘ﬁéﬁ 0 CEUS: ci um
chl oride transfor ion, electro tion and transfection usin .
bact er | ophage. | OJBBIMaHE THERITACHRAT 9%@5*%% ARSIy bEgteaRkipsts £
all ow ng expr e55| on l;rom t he nucl ei c aci é?%ul turing host cells
under conditions C‘Pbr %’)FSP%E‘&"B}? gt p’PHH"’@%ﬁBt'b(@'eSBF §P%§P‘p'lgé§}8§| ts [0089]
E. coli cultures individually transformed with the phagem d vector @CANTABG
encodi ng nonger $M gmscds. Eefjpndez eWo?@adW'cl\Wﬁeﬂg r BNy eelbeqraragib
Oct ober 2, 2002, at American Tissue Culture Collection (ATCC) under
respective Deposi Withég gigaentdnentiomeray bemsed fo prodpgathernrgsendly dispipaed 739, The
address of the depository is 10801 University Blvd, Mnassas, VA 20110,
U.S.A 1. Methodant@iodigseati ng Di sease and Qther Uses [0090] The anti bodi es
of the present invention are useful to prevent, diagnose, or treat various
medi cal di sorders i n HGR8%Is oPuitablernectors Tarbe chosen or constructed containing
{
- —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 Cloning: a Laboratory Manual: 2nd ed., Sambrook et al., Cold
Spring Harbor Laboratory Press, 1989. Many known techniques and
protocols for manipulation of nucleic acid, for example, in preparation of
nucleic acid constructs, mutagenesis, sequencing, introduction of DNA into
cells and gene expression, and analysis of proteins, are described in detail in
Current Protocols in Molecular Biology, 2nd ed., Ausubel et al. eds., John
Wiley & Sons, 1992.
[0087)  Thus, afurther aspect of the present invention provides a
host cell comprising nucleic acid as disclosed herein. A stili further aspect
provides a method comprising introducing such nucleic acid into a host cell.

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

suitable techniques may include calcium phosphate transfection,
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anti bodies can be used to inhibit or reduce one or nore activities

associated w %ﬁbgﬁﬁ or a related protein. Mst pref eralpé_ly t
. . 0 /037861 2({%&4 8
i'br T or e af.

anti bodi es inh reduce one or nore of the activiti

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

| east 60, 62, 64, \ 2004/ 037861
bea! | B2003! 6047 45PERE ég""%“a%ﬁ?e ok Y s ﬁ‘e"ﬁg o}t "f’}%?&ﬁg’b% - 93;
-0r94% -and even ferably at |e 50/ %.r1 el tlve mat ur e
GDF-8 protein tha nsduc ér? % hed?&wu%ﬂr oefﬁér VIoP égf ‘1'3?(: '%Pé HE‘?";F g?'%cl osed
anti bodi es. I nhibj t| be .measured in pG.3 GA) 12
reporter gene ass3ye oY rﬂ&AfGDE fggréajlcp g'fa&??eﬁ‘?cﬁg'qlé?s Ry '"6@‘18\}6%? lﬁg?;lct ors
(2001) 18: 251-25 and a ustrated in Exa in AcCtRI I B
receptor assays gtzlm%g?r?sz?rg@tlop,nelggm{aéngn §“§Rra"%fe°‘f%b‘931']d Eﬁ?éerWBB?%%ll
di sorder bei ng di agnos reve
present | y-di scl osed- arh ﬁgﬁgdl e trag‘fﬁﬁ'g%l"@yg)re %QW%%%‘&HS&Q Qellewiggr . an
adi pose tissue disorder, s obesi t type 2 di abet es; ai red glucose
tol erance; net aboﬂ“ﬁe%%}%ﬁ epgclslc acéiyﬁ@r' Hyring hast cells 4‘%@[ cqnditiogs
i nduced by trauma, such as burns or nitrogen |nbalance or bone degenerative
di sease such as o%f &3p/ssyeNOf thewt®8] Ot her nedical di sorders being
di agnosed, treated, or prevented by the presently disclosed antibodies are
di sorders associ at ed W th aﬁ #B’is .Of Sl?one whi ch incl ude osteoporosis,
especially in the elderly andfor = 7 ausal wonen,
gl ucocorticoi d- i nduced osteopor05|s ost eopenia, osteoarthritis, and
ost eopor osi s-rel at ed f[088%Jur ek. calitdutbures indipiduathe trabsfbined with the phagemid

vector pPCANTABG6 encoding nongermlined scFv’'s Myo29, Myo28, or Myo22

were deposited on October 2, 2002, at American Tissue Cuiture Collection

(ATCC) under respective Deposit Designation Numbers PTA-4741,

PTA-4740, and PTA-4739. The address of the depository is 10801 University

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

iIl. Methods of Treating Disease and Other Uses

[0090] The antibodies of the present invention are useful to prevent,
diagnose, or treat various medical disorders in humans or animals. The
antibodies can be used to inhibit or reduce one or more activities associated
with GDF-8, or a related protein. Most preferably, the antibodies inhibit or
reduce one or more of the activities of GDF-8 relative to the GDF-8 that is not
bound by an antibody. In certain embodiments, the activity of GDF-8, when
bound by one or more of the presently disclosed antibodies, is inhibited at
least 50%, preferably at least 60, 62, 64, 66, 68, 70, 72, 72, 76, 78, 80, 82, 84,
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bone di seases and di sorders include | ow bone nmass due to chronic

gl ucocorticoid thera&)# premat ure gonadal failure, androgen_suppression,
vitanin D defi YBH] %Gécondary hyper par at hyroi dism nutr i]{ngﬁgq?’3/°°474s
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 WO 2004/ 037861 PCT/1B2003/004748 -- 10093] -T-he-anti bodies
or antibody conpoggtd. of Ll et t goNgfle g@eNLNj jn
Cherapeuts var Iy oppr e, Hork ofcrbaBf ilieact B WY, b20RoP ATRU BT AERET |

arount, Y vary ke o MALESE 969k SR bRar@BESE e wRkdnd® 1 1e
cffects o the tr BAPHERFShE i mBiq e breo ARVARGRRRE rip ey rbpriah o
cul turos or - exper R APV oA pe TRESgred R aPLARAACAIE RipgRERETEAS R ne-_dose
Lethal o 50% of LAEASPIEhT Sk 10 RO R IR A S Y
Fati o LDSAEDG0. - ARFISEREE r RAEh P e o o ACLD IRSeRty Sorm sdlonipied. -
St udi es can bo. uSELEFIHEE FAMABI ng  range of dosage for use |n humane. The
Concent rat i ons. tha i oPelle. tHE BEGEAGRrOeRe G BANaRE GSAUER) PrerREHos age
may vary within this range dependi ng upon the dosage form enpl oyed and the
route of admi ni st PYthespresentlyidiscipsedgntingdiessin @i miesle Qfs@?j"?’ﬁ“?%'[ﬂ\{ t

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 cirdc¥PamMagse asna concentration range that i ncPOHER2003/0¢4748C50
(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 chromatography. The effects of any particul ar dosage can
be nonitored by a suit#998] bi e eatjpodmsarsnibodyrcompgsitions ef bedseseals i ncl ude
DNA replication assays, transcription-based assays, CDF-8 protein/receptor
bi ndi ng assays, crrEntierRang aiministesedipstherapegtioplly B e @mounts. Geneealyn@ i at i on
of pre-adi pocytes, assays based on glucose uptake in adipocytes, and

i mrunol ogi cal assdlyerap¢wically] efiestive amoynt maevarymitbdhe suhiectsrageachriditiost er ed so
that antibodies or their binding fragnents are given at a dose from 1 pg/kg

to 150 ny/kg, 1 podisgxias i€lDasitpelsgyerity pfitHegnedicdl Gondjficryin the pubjkd. Tbe20
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/ ldpsadthappetdetetmingdday, a pimcicd@r0anhddjgsted, ds negessary, to suit
Preferably, the antibodies are given as a bolus dose, to maxi m ze the
circul ati ng | evel sbsérvedeffedtodf the tfeatmerite Toxieiy esd tHeeapgutic effichdcynaf sath er t he
dose. Continuous infusion mnay also be used after the bolus dose. [0096) The

met hods of treati rgmpduadsics bgdetermipee be standgrd prarmbeauticaledietiatesdniedil t i ons
with the presently disclosed antibodies can al so be used on other proteins

in the TG-[Ii supeauftaesloy expérimyertdl dniresls, g 0faeidetermining thell @£ dhe doskt r uct ur e
to (GDF-8, such as BMP-1 1. Accordingly, another enbodinment provi des nethods
of treating the afiethgneBsoiosiate Popaatie’)and¥he EDs, (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/EDso. 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 EDsg with little or no toxicity. The dosage may

vary within this range depending upon the dosage form employed and the

route of administration- utilized. For any antibody used in the present

invention, the therapeutically effective dose can be estimated initially from cell

culture-assays. A dose may be formulated in animal models to achieve a

circulating plasma concentration range that includes the ICsg {i.e., the

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

symptoms) as determined in cell culture. Levels in plasma may be measured,
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adm nistering to a subject an anti body capabl e of inhibiting BMP-11 or
activin, either alone or in conbination with other TG0 inhibitors, such
as a neutrali 2Y%&00%4P¥7B8ody agai nst GDF-8. The anti bodi es BET/IBRW3NHM8Nt | 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 66, 437, 111.
36 WO 2004/ 037861 PCT/1B2003/ 004748 [0097] -The antitsodiss

of t he- presentinventi on may be used to detect the presence of proteins

bel ongi ng to the TatExgmple, By idhperiprmangediakigd chpnpetography. Eheetects af 3w o or
invitro. By correlating the presence or |evel of these proteins with a
nmedi cal condi t i onpagiselapgosage|danibe repitosed by-a fuitAbigybiegtsayh &xamples Af at ed
medi cal condition. The nedical conditions that may be di agnosed by the
present |y di scl oséuitabig bibashays ingludedNA replicatianassays, tR0sg]ptisabhsettt ect i on
met hods are well known in the art and include ELISA, radioi mmunoassay,

i mmunobl ot , West epssdyisoEDF-8ipnetein/reskptoo birdingrassays, oraatiop kinas@assayson, and
ot her conparabl e techni ques. The antibodies nay further be provided in a
di agnosti c kit thassaysdesedpathesdiffenestiationrad pee-adipodyes, assayisrhiagedtont o det ect
a protein (e.g., GDF-8). Such a kit my contain other conponents,

packagi ng, i nstr ugtucoseyptake it ddipocyscandiimrhanolagichl bhsaydet ect i on of t he
protein and use of the kit. [0099] Were the anti bodies are intended for
di agnosti c purposes, i[0095jy Genetaly, tlebtampasitiondiafe/ adimimisteredsoehanpl e, with
a ligand group (such as biotin) or a detectable marker group (such as a

f1 uorescent groupantibodiexbraheipbingiag dragmentrarg gien ot & ddes froadh pg/ke tatdo bodi es
(Whet her pol yclonal or nonoclonal) may be | abel ed using conventi onal

techni ques. Sui t abigikd, abyey/ieg toi 100Irigleg f1 pgkg IS0 BR/kas higrigboesg/kg,adi oact i ve
atons, el ectron-dense

pa/kg to 10 mg/kg, 1 ug/kg to 1 mg/kg, 10 pg/kg to 1 mg/kg, 10 ug/kg to 100

pg/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- 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 caVOHRYedted by its ability to convert tet rMBRPPAMHSI 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/ 1B2003/ 004748
-receptor-1|igand-coupl nown-in the-art.-Q her-pernutations and

possibilities wll Opggdl I hegpedEs omet%%e‘é‘weam Ray Yesred 10 in the

art, and are consi dered as equivalents within the_scope of the instant

i nvention. [0100] detect hedresance spereteins belenginghedhe iTGR-ih Fepartaaily ssuebtasod of
identifying therapeutic agents useful in treatnment of nuscle and bone

di sorders. Appr opMPRx & asd IGEmBnig vivesmyrsyitre.. By cofelatiig hageesanss ay levekofe
known in the art. |In such a screening assay, a first binding mxture is
fornmed by conbi ni thesarprotaimsivibdymedicallvenditior mniea skilléh thelarigzamddiagnoge theGCDF- 8,
BMP- 11, activin; and the anount of-binding-between the |igand-and-the

anti body in the fissdcidieddiedigal conditione Thé/edical nwratitions dhat s elodidginsedi ng

m xture is also formed by conbining the antibody, the ligand, and a
conpound or agent by thépresentiyatisibsed antibddies ampmsenforthfabbvedi ng bet ween t he
ligand and the antibody in the second binding mxture (M) is nmeasured. The
amount s of binding in [00E8Y i rStichadidecti®acasttods ardiwel kibwh i 8@ it &nd hen
conpared, for exanple, by calculating the ML/M ratio. The conpound or

agent is consider agidde EldSAaRARIMMONods38Y dinmumgbloiWedleradiotyi ty if a
deérease in binding in the second binding mxture as conpared to the first

bi ndi ng ni xture i smvlbASNuceebcelts ihmunbbatibrRatioraNdnd okl corpdrable tédhnkjuedi Ng

m xtures is within the level of skill in the art, such binding m xtures may
al so contai n buf f #hs aAtibodied inay NEhes Béprovidedan B ag@ostic Kithat 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 desi‘rable to modify them, for example, with a ligand group {such as
biotin) or a detectable marker group (such as a fluorescent group, a
radioisotope or an enzyme). If desired, the antibodies (whether polyclonal or
monoclonal) may be labeled using conventional techniques. Suitable labels
include fluorophores, chromophores, radioactive atoms, electron-dense
reagents, enzymes, and ligands having specific binding partners. Enzymes
are typically detected by their activity. For example, horseradish peroxidase
can be detected by its ability to convert tetramethylbenzidine (TMB) to a biue

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 assay_of the invention. [0101] Conpounds found to reduce the
ant i body- | i gandvB2WEPHE by at | east about 10% (i.e., M/ NOSHESY0304748t or abl y
greater than about 30% may thus be identified and then, if desired,

secondarily screened for the capacity to 38 WD 2004/ 037861
PCT/ 1 B2003/ 004748 inhibit GDF-8 activity in other assays such as-the

ActRI I B bi nding assay, (Example 2), and qgther cell-based.and in viva.assays
as described in EX }Oé'i'ga'lg,g%ﬁ’,les)am&wférf ﬁ]el "1"'." éﬁbﬁr &R *'%Ia'@o‘}?ﬁﬁ'éﬁ"f%ns
and Met hods of Administration 02] Th resent. 1 nyention, provides
conposi ti ons corrpt"vl'@?%rgfa?{%appﬁ%’giﬂﬂ%e ?gﬁmak'gm%ﬁ@&i’ aed gwsﬁered
conpositions may be sui tlabl e .{S‘or phar mafceuti cal .use _and administration to
patients. The confd&RtivaiRatsintthe|sgore ohifeinstantvegliotnr e anti bodi es of the
present invention and a__pharnaceuti ca!a‘l?% acce_ﬁt abl e excipient. As used
herein, the phrase "I98Pkacéskanciher pseeet apthednentiopipvidasa meted@bs any and
all solvents, dispersion nedia, coatings, antibacterial and antifungal
agents, i sot oni c i¢gRfyingbenapetiagedisyaeiy imtjeatment ghpusde and Rane diggrderss o
conpatible with pharmaceutical adm nistration. The use of such nedia and
agents for phar FRPEAPFRtESTSLNNG SP8YS (Gt BHISAsbased asspys aeknawn io e att . The
conpositions nmay also contain other active conpounds providing
suppl enent al , add? sY&aFcreeRipg apgayne dEst bindingpeixture is fgrmed byisomipiRiag an
phar maceutical conpositions may also be included in a container, pack, or
di spenser t oget ha@ntihgdyrofithsinvertionand & ligand aelgi, G Rt-BaBMBn! 1, potivirBjand the
phar maceuti cal conposition of the invention is fornulated to

-amount of-binding-between the ligand-and-the antibody in the first binding

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 (M,) 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 level of skill in the art, such

binding mixtures may also contain buffers and salts necessary to enhance or to

optimize binding, and additional control assays may be included in the

screening assay of the invention.

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

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

acconplish thg,o(?%gj/&gs%rlrati on are known to those of ordi r}acrr'{é??“ﬁjg}’”lf‘@%n t he

art. It may al poSsi bl e to obtain conpositions which ically
or orally adm nistered, or which nay be capable of transm ssion across
mucous nenbranes. The 39 WO 2004/037861 - - PCTI |1 B2003/ 004748

adm ni stration-may; -for exanple, be intravenous, -intraperitonea

£y ntramiscul ar iy BBRa3Aibk, in BRI IRUIE 8L 1id AQRHIBNIRIN LQsjag‘” N
Sol uti ons or suspensions used for 1Tntradermal or ~subcut ANeOuSS S plication
typically includ f o] 1 owin onent s:. steril
di l uent such as gEvax[%gﬁlefO%)f gﬁé}j%}ah%tricgﬁr},gaéseg %nnemé/of)uat%?%,&f{ﬂe é’&b&oﬂ@‘? mp?es
pol yet hyl ene ¢l yiglﬁs, ﬁé){ erine, propylene glycol or other synthetic
sol vents; anti ba ert 8 ag‘ent s such as benzyl al cohol or nethyl parabens;
anti oxi dants such as ascorbic acid or sodiumbisulfite; chelating agents
such as ethylenediam netetraacetic acid; buffers such as acetates, citrates
or phosphat es; allld RipemasceatiealiGumpesitionsrand Metheds ptAdmirigtratian sodi um
chloride or dextrose. The pH can be adjusted with acids or bases, such as
hydrochl oric acid orl0%@Ai untheRressitdaventiprpropidep seapesitienshgynnsisingile osed i n
ampoul es, di sposable syringes or nultiple dose vials made of glass or
plastic. [0105] mﬁéelh'h/c%mlfpiﬁﬂ antibapiesi Sueheormpasitions amaydpe suifabletfPon i ncl ude
steril e aqueous solutions or dispersions and sterile powders for the
ext enpor aneous ppeymegeutinal use ane administnatierciomsitientsolTheiconposition ypisali on.
For intravenous admnistration, suitable carriers include physiol ogi cal
sakine, bact eri cgnpriisecongaeranore@ndibo@ding ofithe prisepBABMtioRandigppany, NJ) or
phosphate buffered saline (PBS). In all cases, the conposition nust be
steril e and shoupbarnaeetticallyl aceeptalde extipiant. Asatsedhereisytheé phralsel ity exi st s.
It nmust be stable under the

“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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condi tions of manufacture and storage and nust be preserved against the
contam nating action of m croorgani snms such as bacteria and funqi

The
carrier can be W0 XMWWMY or di spersion medium contai ning, ¥OVBPAAYIE

wat er, ethanol, polyol (for exanple, glycerol, propylene glycol, and |iquid
40 MD 2004/037861 PCT/ 11B2003/ 004748 polyetheylene glycol, and the like),
and suitable m xtures thereof. The proper fluidity can be naintai ned, for

R e Pl he (REpBRL AR Afb) B SURIE B FRAERDL, mtﬁéeh@?\ggﬁ Iibgaas, ©f

the required partlcle Sl ze ersi'on e of

surfactants. Pr ev&nééaggsﬁgtb(g@g?eao%l (?Qa%detmg\% [ oor gani sns can be achieved by

various antibacterl unga agen ‘for exanpl e, parabens,

chl or obut anol , phenol t hi mer osal | i ke. I n many
cases, it will be pr& rﬁg goﬁ%g' {P&B n%?ﬂ omed fgglgﬁ%‘ze’"%ﬁ’ exanpl e,
sugars, polyal coho suc toI sodi um.chl oride in the

conposi tion. Prolsé’h{j%tane%sacﬂpﬂ? 8H %qlce{llménql eeqf'teaqflrgorg I9WAS can be
b ht about b | udi t h |
absor pt i on, f orykﬁgpa%s'tgg sl e TRS 28 oL L. 2P e Sq'dEveIeg a

conpositions gener al | ncl ude an inert diluent or an ible carrier. They
can be encl osed iHSged! Fﬁe%@ﬁﬂ'%g)(ﬁe”ﬁ%r%?mw‘??ﬂ B’O‘gﬁb?m‘%‘a 'CFor t he
purpose of oral therapeutic admnistration, the antibodies can

i ncor por at ed wi t [FOMER ?@ﬁ'ﬁ%"te&'ﬁhagﬁﬁ'ﬂs‘ﬂ‘?ﬂ asrheneyralsabiol ?’dﬂﬁ@%pa%‘?e@apsul es.
Phar maceutical ly corrpatl bl e bi ndi ng agents, and/or adjuvant materials can be
i ncluded as part WOXARNESHEdS @Mﬁbw?ﬁ@ qraewewsbls%ﬂtﬁl @e'%@s@gree@ sughast he

| ilke can contain any of the follow ng redients, or ounds of a
sinilar nature; %{hlﬂﬁfﬂﬁj’éﬁm'ﬁﬁ@ﬁaﬁ@%a&d@w g &keh ﬁ%a%ﬂeﬁl n&@es 8Um tragacant h

or gelatin;, an excipient such as starch or lactose; a disintegrati ng agent
such as al ginic dehogphates; and agents for the adjustment of tonicity such as sodium chloride

or dextrose. The pH can be adjusted with acids or bases, such as hydrochloric
acid or sodium hydroxide. Such preparations may be enclosed in ampoules,
disposable syringes or multiple dose vials made of glass or plastic.

[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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Prinogel TM or corn starch; a lubricant such as nmagnesium stearate or
SterotesTO a glidant such as colloidal silicon dioxide; a sweetening agent
such as sucros¥0dW4838Bharin; or a flavoring agent such aBCHERMaPH:
met hyl salicylate, or orange flavoring. 41 WO 2004/ 037861 PCT/ 1B2003/ 004748
- - - -[0t07] -For atlmnistration by inhalation, antibodies are delivered
in the formof an aerosol spray from pressured contai ner or dispenser,
which contains a sujtaple propellant, e.qg., as.such as carbon di oxi de,
or a nebulizer. pf’gffg‘g}"%gﬁgg’@ﬂ'i ﬁ"%m‘ﬁ"r'fPlxta?'QtSP@?Pq%HT'I"%%'Ie%h?f@c’fbyT?\erpéﬂ%erfucosaI
or transdermal neans. For exanple, in case of antibodies that conprjse the
Fc portion, comjddity Fynee thfge‘géﬂhﬁa@%?' by the URg 8L2 Gratingrsyeh aﬁﬁ%ﬁh’é‘*
menbranes (e.g., intestine, nouth, or lungs) via the FCcRn receptor-nediated
pat hway (U:S. Pab¥hie Ngintenange obthe)requires) 8iz¢ IARicAPS of disPRiop 2Adbe
acconplished, for exanple, through the use of |ozenges, nasal sprays,
i nhal ers, or supp¥dhe bye dsurfeeianis, Fevantinarf temcker Pt micreniganisies gaf bee
conmpounds are fornul ated into ointnments, salves, gels, or creans as
general | y known achieveftbyyariousgntibacigrialand satifungal mgams dier ax@meldnparakensat i on,
penetrants approRri ate to the barrier to be perneated are used in the
formul ati on. Suclehlopeintanchphenelr asqgehie peif| hrinerosal, and thediker tn manyicases| iide,
for exanple, detergents, bile salts, and fusidic acid derivatives. [0109]
The presently di ¥dll bepreferableltoifichilensgtonie agerdp.doeexample, sugars; pelysicotieis wi | |
protect the conpound against rapid elimnation fromthe body, such as a
control | ed rel easecith as manaitélpgorbital,canddiodiyni oipbrde in the dompositiare rRrafpngedit ed
delli very systens. Bi odegradabl e, bioconpatible polyners

absorption of the injectable compositions can be brought about by including in

the composition an agent which delays absorption, for example, aluminum
monostearate and gelatin.

[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
acid, collagen, polyorthoesters, and polylactic acid. Methods for
preparation of QUMYX myl ations will be apparent to thosECEBRIPRY78BN t he
art. Liposomal suspensions containing the presently disclosed antibodies
can al so be used as 42 WO 2004/037861 PCT/|1B2003/004748 -pharnmaceutically
acceptabl e carriers These can be-prepared according to nethods known to
those skilled in the art, for exanple, as described in US. Patent No.
4,522,811, [0110] It 1R&07Ine FRNPSMINISIERS tydnhalatiam aptibogies are delygrediner al
conpositions in dosage unit formfor ease of admnistration and uniformty
of dosage. Dosathe fafy of anaeoael speaydrere Pesssurest Ntaines op Hispersar Whieh scr et e
units suited as unitary dosages for the subject to be treated; each unit
contai ning a preREaies @ sydable peapellant; o0.. acgassich @ssohan dedidaioaBed to
produce the desired therapeutic effect in association with the required
phar maceut i cal cBaebyliger. The specification for the dosage unit forns of the
invention are dictated by and directly dependent on the unique
characteristics of tHe16&t i Rystesipadministrationtdas atserbe byulransmucesalpeut i ¢
effect to be achieved, and the limtations inherent in the art of

f or mul at i ng suchtramsdecinalpeansrgouedample, irheaserof antitmdiesahati qodipriselthel S [ 0111]
The foll owi ng exanples provide illustrative enbodi nents of the invention
whi ch do not in poiomagompasitions ey ibevaapablerof tr@nsmissionradiasamuceks [ | in  t he
art will recognize the nunerous other enbodi nents are enconpassed wthin

t he scope of thememizaesoe.g.[iBkbitt]e, Muate rdrilungsy via tenEcRmofecaplor-nmetatedhces,
patents and published patent applications cited throughout this application
are herein incor pathatag U9y Paterit 8loe,080,613). 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 viny! 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 WD 2004/ 037861 PCT/ 1B2003/ 004748 EXAMPLES Exanple 1: Purification of
GDF8 [0113] Conditioned nmedia froma selected cell |ine expressin

reconbi nant huME?4B 1 protein (mature GDF-8 and GDF- 8 pridgaBtad®474as
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

(Per Septive Biosystens, Foster City, CA). The flow through was adjusted to

pH 5.0 and applied to a .75.x_ 20 POROST" ', SP_cation exchange col umm
(Per Sept i ve. B oS YRGSV afrpIARS P71 aere GATLEY Brepored Sibordiso
containing the - aten onpl as, conf.irned S| PS- PAGE, re
pool ed, acidifi e’HGg:'W%F kn?\fyp:lq \3‘8?@5@@%‘1 'Bﬁ%l%%'- ff"r%"“?é a}?ﬁP -"@t?e%Héngbr ought
up to 200 mM with 0.1 % | ower the viscosity. The pool was then
applied to a 250'%33?%”% '}r%}:&ho'col um ( Phenomenex, Torrance, CA) preceded by
a 60 x 21.2 mmguard __colum (Phenonenex) and eluted with a TFA/ acetonitrile
gradient, to separatd0THit ur'b'g“ébgg@W‘?”Bﬂ&@_ﬁ-‘%?%?‘&[?éep?'iabéﬁ PEBREEY fractions
containing mature GDE-8 were concentrated by | yophilization to renove the
acetonitrile andcorggtiongdn dosagemni forsfor gaseiof admainiskiatinneantauniforraity @lppl i ed
to a 250 x 10 mMmm C5 col um (Phenonenex) heated to 60C to aid in separation.
This was repeat e®psagat Dospge HRkfor@iasaisgd ihgreintaierg 1o ahysisaly disseetebnitsev ed.
Fractions containing mature GDF-8 were then pooled and brought up to 40%
acetonitrile -andSU'KQgpﬂsi usitapydasagenfox theisubiest tohgtraated: 336h usit gentainglamsi on
col um (Phenonenex) preceded by a 60 x 21. nguard col um. Fractions
cont ai ni ng puri f Predeteamnined quenity of agtive coapPruRd ealeulaled de prodycetherdasirede in
subsequent 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 iliustrative 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.

43



| WD 2004/ 037861 PCT/1112003/004748 - -- [0114) On SDS=PAGE, purified

mat ure- GDF-8 mgrated as a broad band at 25 kDa under nonreducin

condi ti ons and M®2¥#378Mder reducing conditions. A sim | aFCTIBROPNEHESr of j | e
has been reported for nurine GOF-8 by MPherron et al. (Prot. Nat. Acad.
Sci. US A (1997) 94: 12457-12461) and reflects the dineric nature of the
mature protein. The active nmature BMP-1 1 diner was purified from

conditioned nedia froma cell |ine expr i econbi nant hurman BMP-1 1 in
a simlar manner. [0115] Active mature m’qgﬁEﬁﬁsﬂpUriTi ed from conditioned
media -froma cell |ine expressing reconbinant human CGDF-8

propeptide/mature BMP-11 chineric protein, The conditioned nmedi um was

| oaded onto a 10 éjt_p\l etech, Palo Alto, CA) in 50 nM
Tris pH 8.0, 1 M %@Ea ) 1%’?@1Lﬂgn?k§%€nd protein was eluted with a 50
mM Tris pH 8.0, 1 M ' ; ] ) t nt ai ni ng
the CGDF-8 propepti deﬁEﬂ?—]ll é‘?ﬁ’f@rﬂe E‘)rrp géﬁ\?e{eg&égqjgélglﬁgdéx\%%ﬁﬁ%% TFA to a

Pt o Bk bR EERE ot 3R chrSe By A ooy

(Phenonenex, Torrance, aration

of mature BVP-1 L apdy COER3 5 BLOBSHENIS, eBNboEb RN o TEANSLElARLLr 1| @

gradi ent. Pool ed Tractions contaimning mature were”conce atéd by
under noner educi fanEreeave i S EPOEOR RS ol b il ons. -
Exarml o 2 510 ORhGRbalaN Hertd AU LR PR ol 0119
dével oped usi ng %Hrf(g) 855 g;gpli\é%% %r75p x%&%%k%?sﬁ@ gastlsgnneg(cﬁa‘r)nge column

(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 ml with 0.1%

TFA to lower the viscosity. The pool was then applied to a 250 x 21.2 mm Cs

column (Phenomenex, Torrance, CA) preceded by a 60 x 21.2 mm guard

column (Phenomenex) and eluted with a TFA/acetonitrile gradient, to separate

mature GDF-8 from GDF-8 propeptide. Pooled fractions containing mature

GDF-8 were concentrated by lyophilization to remove the acetonitrile and 20 mi

of 0.1% TFA was added. The sample was then applied to a 250 x 10 mm Cs

column (Phenomenex) heated to 60°C to aid in separation. This was repeated

until further separation could no longer be achieved. Fractions containing

mature GDF-8 were then pooled and brought up to 40% acetonitrile and

applied to a 600 x 21.2 BioSep™ S-3000 size exclusion column (Phenomenex)

preceded by a 60 x 21.2 guard column. Fractions containing purified mature

GDF-8 were pooled and concentrated for use in subsequent experiments.
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WD 2004/ 037861 PCT/ 1 B2003/ 004748 | uciferase. The CAGA sequence was

previously rep e a TG~ (i responsive sequence w {hi r onot er
of the TGF-p i%ﬁgg’é}"g’gg‘e PAI-1 (Denner et al. (1998) EMB .,25“?5‘.’3“8

3091-3100). [0117] A reporter vector containing 12 CAGA boxes was made using
the basic luciferase reporter plasmd pG3 (Pronmega, Mdison, W). The TATA
box and transcription initiation site fromthe adenovirus nmajor |ater

t -351+10) _wagLgser. e t he 1 and Hndl )l sit
& gonucl ot 1 des bont Diring 98 SRR shnfertMelue B Ehidialen R ioe.

| ed and cl oped,i xXhol site. The h |
e azoa” (atce Bree 858 iBd Bpddhiontsd el RO EE Pud FERPR IHREEEERTY 15 ' usi ng
FUGENETM 6 t f t ' ' . E i
{ransfeot 1 on, - coFpeoniis AL shSIAGE e Mo Beuephiad B phina FORA: Ui

I ted with | ut anj ne, 0 t t ' 100
e S TR e 0L 58 AT Rae PR M raans

it hout 10 ng/ -8 in MCoy'.s 5A nedi i th gl utam ne, strept in,
peni 61 111 n, and" TeRgiiResauinaap At el fpRsAnG The che e UETTer ase
was quantified in the treated cells using the Luciferase Assay System
(Promega) . [0118fimerg¥aePuried framscandiionepmegiaiom sallying expreaeiedl  he
reporter construct 10-fold, with an ED50 of 10 ng/m , indicating that
purified reconbi feaambiegnthgman BME-J(dg sy maele. BWP-1 1 and activin
licited im | bi ol ogi cal .46 WD 2004/ 037861
I%CIT;: I11(132033/S 6814725 2 3%1' gaéc.stivrsﬁfswgtﬁpﬁjghﬂf’obbwgsf‘ pyrifigd fram renditipnedymeglia n t he

ActRII B Binding Assay . . _
~from a-cell line expressing recombinant human GDF-8 propeptide/mature

BMP-11 chimeric protein. The conditioned medium was loaded onto a 10 mi
TALON™ column {Clonetech, Palo Alto, CA) in 50 mM Tris pH 8.0, 1 M NaCl at
1 mi/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 256 kDa under non-reducing

conditions and at 12 kDa under reducing conditions.

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

(RGA) was developed using a reporter vector pGL3(CAGA)2 expressing
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[0119] The CDF-8 |l atent conplex was biotinylated at a ratio of 20 noles of
EZ-1ink Suifo-NHS-Biotin (Pierce, Rockford, Illinois, Cat. No. 21217) to 1

nmol e of the GDM®B20YPPPEx for 2 hours on ice. The reacti onPTAB2O¥PHTRat ed

by dropping the pH using 0.5% TFA and the conpl ex was subjected to
chromat ography on a C4 Jupiter 250 x 4.6 nm col um (Phenonenex) to separate
mature GDF-8 from GDF-8 propeptide. Biotinylated mature GDF-8 fractions

eluted with a TFA CH3CN gradi ent were pool ed, .concentrated a uantified
by M cr 0BCATM pr@é@%s%géﬁg eps WE’PP@"!%’,SE’FQBB etaﬁlrta%el{?c‘f%t. No.
23235). [0120] Biotinylated mature BMP-11 was prepared from BMP-11 | atent
conpl ex in the sEEFRORGHYERAUSHCE Wikipthe Bromiercof e L SRt iRdueedmenrIRAR:-1FC
chinmera (R&D Systens, M nneapolis, M\, Cat. No. 339-RBICF) was coated on
96-wel | fl at - bot (Renres ehgl. (HI°Q8EEMBQOL BF: 3083103 . No. 3590) at 1 pg/nl in
0.2 M sodium carbonate buffer overnight at 4C. Plates were then bl ocked
with 1 ng/m bovi ne [§é1Tm aA baportar wedonemetaiting 02 ICAG A boxstsavasamaddclsigA
protocol. 100 pl aliquots of biotinylated GDF-8 or BMP-11 at vari ous
concentrati ons wieshasiddeiterase fehertdyl pladoaid pRILBRrqrhegee Madisonpwl)edhieor 1 hr,
washed, and the anpbunt of bound GDF-8 or BMP-1 1 was detected by

St rept avi di n- Hor $ATAdoxlandeaneeripties iit{dtian SR froBRh&hdendvirgs majdsdateDi ego, CA,
Cat. No. 13047E) followed by the addition of TMB (KPL, Gaithersburg, MD,

Cat. No. 50-76- Ofjomotéiol-85/+ tiiwdsdnserrelietwedt the \BylieanAmdHL sit) NnMin a
Mol ecul ar Devices mcroplate reader. 47 WO 2004/ 037861 PCT/ 1B2003/ 004748

l-ul /lu ubD, u - Oligenutiddiididd forginingaltep&atsobheCAGA borés AGCERSACDvee and

BWP- 11 bound - o
annealed and cloned into the Xhol site. The human rhabdomyosarcoma cell
line A204 (ATCC HTB-82) was transiently transfected with pGL3(CAGA)12
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/ml streptomycin, 100 pg/ml
penicillin and 10% fetal calf serum for 16 hrs. Cells were then treated with or
without 10 ng/ml GDF-8 in McCoy's 5A media with glutamine, streptomycin,
penicillin, and 1 mg/ml bovine serum albumin for 6 hrs at 37°C. Luciferase was
quantified in the treated cells using the Luciferase Assay System (Promega).

[0118]  Figure 4A shows that GDF-8 maximally activated the reporter

construct 10-fold, with an ED50 of 10 ng/ml, indicating that purified recombinant

GDF-8 was biologically active. BMP-11 and activin elicited a similar biological

response.
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to AcCtRIIB, the putative GDF-8 type Il receptor with an ED50 of 15 and 40
ng/m, respectively, indicating that the ActRIIB binding assay is a
sensitive in vIMYYPOH#di ng assay for GDF-8 and BWPL 1. BEXEGHIBENF0047480| at i on
of Myo22 by Panning of scFv Libraries on GDF-8 [0122] An scFv phagem d

i brary, which is an expanded version of the 1.38 x 1010 library descri bed
(Vaughan et al. (1996) Nature Biotech., 14: 309-314), was used to sel ect

anti bodi es specific for GDF-8. Sol uble GDF- ofeip (at 10 m in 50 nM
sodi um car bonat e Eﬁ?'f“@ie, %)E n Q\HQPEB!ftse‘tf%‘Hﬁ{e& %PTSS'"(}PQ&%@#OH tre

pl ate overnight at 4C. \Vell S0EMNGAREMNed in PBS and bl ocked for 2 hrs at
37C in MPBS (3% Marvel |l " " skj j | owder in PBS).  Purified ge (1012
transducing units (tu 119, WBS;B @E%rﬁﬁg@p(ﬁéy\@s bﬁ@él@te{d@t@rgﬁggg Il's and
PBST (PBS cont ai ARG @ BT Sk BIRBTAFieres oo tatIings, Gt NoRRE 7 bsing
phage particles were el ute ¥vith 100 pl of 100 mM _triethylamne for 10

m nutes at room f&RYJEPhINGGE IBI‘Fé’I‘PH"?ﬁﬁgH?QPB'is;PWé‘Ert roe feféﬂg" wes terswated of 1 M
Tris-HQ pH 7.4. The el uted phage was used to infect 10 m ~exponentially
growing E. coli *PEP.’OHPHTQetB?@g' wsing QSeliA gréile complenwas sibiedted to 30 ni nut es

at 37C stationary, followed by 30 mnutes at 37C with aeration, then
streaked onto 2T¢GMAtegraghyemaGadupitar£§04e® mmselugn (Bbenormenaxi®es were
scraped off the plates into 10 ml 2TY broth and 15% %I ycerol added for
storage at - 70C. sageraie rpaury GRFsbopGDA-B8vosyntide. 7 Bptinylatedmatgle GDF-8

-G ycerol -stock cultures fromthe first round panning selection were

superi nfect ed wi fractipsisiuted with @ EhdCHeGN wearliend were poelegh\coarentrately aes pr essi ng
phage particles for the second round of “panni ng. A total of

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 i 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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t hree rounds of panning were carried out in this way. Exanple 5: Selection
of Myo28 and 029 from scFv Libraries [0124] Sol ubl e sel ecti ons were
carried out usMR2MYBI%yl ated GDF-8 protein (bi oGDF-8). FYBHEIHI s, used
at a concentration of 1 pg/m. An scFv library, as described in anpl e 4,
was used. Purified scFv phage (1012 tu) in 100 pl 3% MPBS were bl ocked for
30 mnutes, then biotinylated antigen was added and incubated at room

tenperature for 1 ho hage/ anti gen.was & added .t | of Dynal Tm M280
streptavi di n magneti gbﬁ%ﬁds @%giowar}%@%xgp%ﬂgag‘(ﬁ%@ aﬁﬁﬁw%l'ﬂ?g?@ n1lnm
of 3% MPBS and incubgbgd for a furthgr 15 m nutes at roomterrperq?tur?.
Beads were capt uleRCtiiPntepulalyR &0F:S typed! recaptop Wi @n EQsapf 15 ARd49 RO of
3% MPBS with 0.1% (v/v) TweenT 20 followed by three washes in PBS. After
the | ast PBS wasfESPBEEY. dicatipgthas heridlIB Rindingoassey isgssenfitivedautreo i nf ect
5 m exponentially growing E. co/iTG 1 cells. Cells and phage were

i ncubated for 1 Ribdingassaytor GRF-3PRABMP 1 at i onary, 30 mi nutes shaking at
250 rpm, and then spread on 2TYAG pl ates. Plates were incubated at 30C
overni ght and col oni es visualized the next day. Qutput colonies were

scraped off the pEsampledrd pdaigtion efMyen2 by Rimdirig bEscRLDIbEaries GreGOFE8 r ound
of soluble selection was carried out as descri bed above. 49 WO 2004/037861
PCT/ 1 B2003/ 004748 EXamptle 6An schvijHaBeRerldpargt whichiidan expanded agrsiontdfScr een
[0125] CQutput col onies, obtained as described in Exanples 4 and 5, were

pi cked into 96 weid1.88 at1e¥ libeary desdrivgd PAughanast ak YE6) Naare Bisteshiclid: on  was
i nduced by addition of 1 mMIPTG to exponentially growi ng cultures and

i ncubati on over nBEHB14Y, was Gse@lakskte ahtiboziytt §ieifid JoroGDF. SELNEGDELENt S Wer e

screened for the ability to inhibit the binding of bioCGDF-8 to ActRIIB

essentially protein (at 10 pg/ml in 50 mM sodium carbonate 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 pl of 1 M Tris-HCI pH 7.4. The eluted phage was used to infect 10 ml
exponentially growing E. coli TG1. Infected cells were grown in 2TY broth for
30 minutes at 37°C stationary, followed by 30 minutes at 37°C with aeration,
then streaked onto 2TYAG plates and incubated overnight at 30°C. Colonies

were scraped off the plates into 10 ml 2TY broth and 15% glycerol added for

storage at —70°C.
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as described in Exanple 3. The assay was nodified slightly in that binding
of bioGDF-8 was_ detected with Europiuml abel ed streptavidin and using the
DELFI ATM r eagent? RPYS($&r ki nEl ner Life Sci ences, Boston, NETIB03/004748
time-resolved fluoronetric assays (TRF). Positive clones, show ng

i nhibition of binding signal greater than irrelevant clones, were picked
and assayed to confirmactivity. [0126] Purified scFv -from positive clones

[ dentified fromthe. 1600 OiGiyddbl Rl AMRSTRAMNEIRSTEHN S thrring edihi bi ti on

assay as above. Atitration o concentrations was used I'n order to

establish clone RelalpYrifiecB It iibd pnagéat KRLUES ] divd Bigrassay.  The

results of the experinents are shown in Figure 2. As termned in these

50 n ' respoct | vaTEoO Refer g SRandlaides R UReRs (A0 fcanfibly, Mufielo, 7
GDF-8 activity. W&%L{ﬁdgbfe%%ﬁﬁé\wﬂeg%m L@%ttﬂl’slvgﬂ.l on by Phage ELI SA

[0127] To deterniné tThe sp antibodi es, ‘a phage ELI SA was
performed for positive clones fromthe ActRIIB screen agai nst GDF-8 and
unrel ated proteins. Individual E. co/i colonies containing phagemd were

i nocul ated i nto dexample 33| Selectionrfye2ipnd¥ypr9 ﬁpms:ﬁegmm«pﬁer wel | . 50
WO 2004/ 037861 PCTI | B2003/ 004748 ML3KO7 hel per. phage-was. added
to-a-nultiplicity of PH4ct iSalullaselectians were sarrigd syhesing botipylted @8 cul ture
and the plates incubated a further 1 hour at 37C. Plates were centrifuged

in a benchtop cepfoiain (RRGRE-820B8PGRfrBvss used @t A goacentratipr ok ggiMafant was
renmoved and cell pellets were resuspended in 100 pl 2TYAK and incubagted at
30C over ni ght wi $¢Fvdikeaty.rap depisebedintExpample b wasusedydtusified sekry phaged 1@t 2000
rpmfor 10 mnutes and 100 pi g)hage-cont ai ning supernatant fromeach well
transferred to atuine9 1963%\/&3 Swatacbloghedder Ihmisiutes, then biotinylated antigen

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 mi exponentially growing E. coli TG-1 cells.
Cells and phage were incubated for 1 hour at 37°C (30 minutes stationary, 30
minutes shaking at 250 rpm), and then spread on 2TYAG plates. Plates were
incubated at 30°C overnight and colonies visualized the next day. Output
colonies were scraped off the plates and phage rescued as described above..

A second round of soluble selection was carried out as described above.
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were bl ocked in a final concentration of 3% MPBS for 1 hour at room
tenperature, prior to ELI SA [0128] GDF-8 or irrelevant protein was coated
overni ght at 4CV90YSYELwel| microtiter plates at 1 pg/ n PCRRRPOLYAR i ng,
the solutions were renoved fromthe wells, and the plates bl ocked for 1
hour at roomtenperature in 3% MPBS. Plates were rinsed wwth PBS then 50 pl
of pre-blocked phage added to each well. The plates were incubated at room

ermer e Lor L Aol | Reyg RibGRol G SRR, ¢ | rei B °
conjuaat e (Pharmec 2 068 2045 bR RSy BB S P00 5, 4

tenperature for 1 hou al e was three tines w

and i neubat ed unt VFrerpiRo e obiAch dcted UenahifsSidoth 8 ¥ KRR bt o'
eadi ng t he absorBaninguced LR gL o ABPRPS B e AR ek 11
. Exanpl e 5 - SodlERA RGP RIERY 2Rk, S U R ARG G PP RP R Y2o)
mcubat ed over ni cesieasache AP BaaT st StioB Aol Pudfn "
" egi ons 1rom t he SLBRACEPe 6 ERURIS 8 BREEYFES mEILERSIaY SRt 8Mohgad 1 o
1D NOL7.and' SEQ PEPRErWSY Belseled i SiropHTaaborR s sP AT aHaE n
;‘f?ing?; from ;fgggng.ﬁg ,%afeg{gﬁbug@{i%g&iﬁél?n%r IR Siehcas, BoSton MASinfme. resolved
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, I1Cso 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 ul 2TYAG medium per well.
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Wi th appropriate restriction enzynes and subcl oned into vectors containing
human 1 gG heavwoepdiosrseonst ant domain (for VH domai ns) or PCEER20038004748

cont ai ni ng hurman | anbda |ight chain constant donain as appropriate (for VL
dormains). Correct insertion of V region domains into plasmds was verified
by sequencing of plasm d DNA fromindividual E. coli colonies: Plasmds
were prepared fromE. coli cultures by standard techni ques and heavy and

| i ght chai n condtild7shelpertphage vesdded tramottipligy of infeetiond moi)ofida tal

techni ques. Secreted 1gG was purified using Protein A Sepharose (Pharnacia,
Peapack, NJ) ancxpanérdialiegroming@dtuierany thBplateoingabater g denthws 1choua at 3°Ct he
scFv clones was used to identify the nearest gernline sequence for the
heavy and |ight dHales wefre eendtifugédine benghtopogaritrifuge al2G00i romsfordtd minddele usi ng
standard site directed nutagenesis techniques with the appropriate

mut ageni ¢ pri ner sStheMupatriatant efas serfovedayliesiiqedetsasere oeduspemdbdin 18@glience
analysis. Gernmined scFv and VH and 52 WO 2004/ 037861 PCT/|1B2003/ 004748
VLdomai n seM.r en@3eY Aloaid/ in2@batert at\303C Dverright with-shaking. iThe ek} ddy, pidtes19 and
SEQ I D NO 25, respectively. Exanple 9: Biological Activity of Antibodies
[0132] Figure 3A wérewsntrifigfedpat 2000 wppatar d0 noihutel @R 100thphage-coydiningd GDF- 8
at 10 nglm inhibited GDF-8 binding to ActRIIB in the ActRIIB binding

assay, as descri hugeinatdot ropl eacB wellitidnsteired @ Q frrish ®62vé)l. plate MPhagersarapley | n
Fi gure 3B, Myo29 inhibited biotinylated BMP-11 binding to ActRIIB with the

same | C50. [ 0133]weérk@Rtkad Hoa i ekssbntalioof®% IMPBS forn louriafroohi r 0 bi oassay.
By way of exanple, when GDF-8 was preincubated with Myo29 for 1 hour at
room temperature, prior to ELISA.
[0128] GDF-8 orirrelevant protein was coated overnight at 4°C onto
96-well microtiter plates at 1 pg/mi. 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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tenperature, the biological activity of GDF-8 was reduced as determned in
RGA assays perforned essentially as described in Exanple 2. Figure 4C shows
i nduction of pOYBROAEIA$T2 reporter activity at the ED50 fo’FC 03/00474§

ng/m, in the presence of My029. M029 reduced the GDF-8 induction in a
dose-responsive manner, with an I C50 of 15-30 ng/m,(0.1-0.2 nM. M029 al so
inhibited the biological activity of BMP-11 to the sanme extent {Fi gure 4B).

W025 (F gure 0Pl egea0E By CParF 3B 186 ARR TSN vien
wore arco tosted in (RIS NERAEnEsERY £p ol sa%%fsfirgg‘sed%n S hodi o8
0 500, 55 nw g AbVAGHIAES pad pcbeadd Bypih ol e Bibliare SoS S TRmE RS of

of the ant | bod: eBlaidkgueTs sERuSAERN B CANT A Vel sesdenceinioas unematy Bk 7

entire sequence of ure -8 set forth in SEQ ID NO 49 were synthesized
directly on cell &Hé‘g&bpé‘?ﬁ?“s ﬂgﬂ‘%eﬁ & dongy DINAL$ §P%est‘§é'Pﬁ1F‘Eft)’ef' NMHa et
at. (1996) Peptide Research, : 151- 155; Frank et al. (19 Tetrahedron
48: 9217-9232). ¥Hed yaEaking M¥°2t9hMYO%%-p?fldd\é%O%‘gGﬂafer%S e48Y SER i s

array, cysteine residues were replaced with serine in order to reduce the
cheni cal “conpl i cQ:BHhSERYY NGE QI&’L%%@ ”B);\'Oﬂh'@sb?@%@'bice of cystei nes.

Cel | ul ose nmenbranes nodified-with get hyl ene %/col and Fnoc- protected
ani no aci ds were pur clR33ed f'ﬁ%ﬁﬁﬂﬂﬂdd’é tcf(a_rayéﬁglensj fromyschualpnes Weee array was
defined on the menbrane by couplin (i-alanine sgacer and peptides were
synt hesi zed usi n@n@{nmr@g PER-and: cene-specuﬁc primers. PCR products were digested

with appropriate restriction enzymes and subcloned into vectors containing -
human 1gG, heavy chain constant domain (for V4 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 I1gG 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. Germiined scFv and Vi and
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(diisopropyl carbodiimde)/HOBt (hydroxybenzotriazole) coupling chem stry as
descri bed previously (Mlina et al. (1996) Peptide Research, 9: 151-155;
Frank et al. (WOQ2m®yo3redir ahedron, 48: 9217-9232). [0136] ArQ1/mB2103004248%1 NO
acids were spotted using an Abinmed ASP 222 robot. Washing and deprotection
steps were done manual ly and the peptides were N-termnally acetyl ated
after the final synthesis cycle. Follow ng peptide synthesis, the nenbrane
was washed in nmethanol for 10 minutes and in bl ocker (TBST (Tris-buffered
saline with 0.1 % @orain seguencesXoy MyozB andiiyorS/jre sedfmihrin SECH IDUYOi9andes.
The nenbrane was then incubated with 2.5 pg/m of an anti-GDF-8 antibody in
bl ocker for 1 hoSEQID NOg2mtréspestnadly.ng. After washing wth bl ocker 3 tines
for 10 m nutes, the nenbrane was incubated with HRP-|abel ed secondary

anti body (0.25 pg/m in blocker) for 30 mnutes. The 54 WD 2004/ 037861

PCT/ | B2003/ 00474855%{5% ghe m?gmfﬁéﬁ@iygp,\ﬁﬁgg&egi nmes for-10-m nutes each

with bl acker and trmes for m nutes each wth TBST. Bound anti body was

vi sual i zed using Supgy8bpnakiqure& Shévio® (RUBA of h B lafgyTer a
{ Al phananot ech Fl uor @rrraggr) . i(‘:‘Igre'a\sgjl %26 ar e@g%rgwgz [ n@?ongg.ﬂr?%g’?tai cul ar,

as seen from Fi gifegy 1bg\§/rﬁwgﬁ2ighpé% é@F—e“é{R&ﬁge‘g@ﬁcg@,Bﬁﬁﬂwebﬁétﬂﬁﬁ'Birﬁ'i'i’ﬂg”o aci ds

72 and 88 of mature GDF- , on the ot h recogni zes an epitope

within the first.4 hhal: ' ' -Net ecff: ture GDF- 8
(amno acids | {aﬁ?%ugﬁ%ggmo%%é%%%@&ﬁg&gﬁ.ahlrl?:?loa on%g%ﬁ@ﬁ'egﬁ'%ggqfor My028
conprises resid a 1l f fiJ . ef 1M ' | ds of
ma':rEr e GDF-8. | Omé ?% %’I?g%??%?gﬂ 'tP ﬂHb ﬁréwb%ﬁtgr@%t‘lgﬁ ﬁﬂq @?%%gﬂ'égﬁ ope,
deletion and Sugﬁmetlfiti on anal yses were perforned using spot synthesis. In

the substitution analysis, each residue of this peptide was individually

replaced wth [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 EDsq for GDF-8, 20
ng/ml, in the presence of Myo29. Myo29 reduced the GDF-8 induction in a
dose-responsive manner, with an I1Csg of 15-30 ng/ml (0.1-0.2 nM). Myo29 aiso
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 ICsq

for Myo028, for example, is 0.2-0.35 nM.
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each of the 20 natural am no acids except cysteine. Synthesis and binding
assays were perforned as descri bed above. The results are shown in Figure

6, wherein the WQ#/03784 first two colums and | ast thr eePEHABAWRE04748pr esent
wi | d-type peptide controls. The results denonstrate that when Lys-78,

Pro-81, and Asn-83 are each individually nutated to another am no acid, the
binding affinity of Mo029 to the peptide is significantly reduced.
Therefore, Mo029 reCO('q nizes a sequence co

ri
Lys- Xaal - Xaa2- Pr oExamplelll; Marpingof Rejtorgs™ W@f‘e&n“@i&?pﬁ%wﬂand Xaa3

each is either any a aC|d r and Xaa3 = lie,

i ndependent |y of eacmoagﬂ %’\A@"ﬁmﬁ?@é@%@ﬁwfﬂ GU@‘?W&@ Exanpl e
11: imrunoprecipitation of GDF-8 - - [0138] |n order to evaluate the

bi ndi ng of wyozgO&W&fmmsz@-rtea'duwmeseewese%wa lEpEPieSERYPROE Majre

I mmunopr eci pi tation stu conducted. CHO cells expressing GDF-8 were

| abel ed wi th 35SGRf %FBH%HE'%%EQ l@s‘@é%wﬁﬁwthqwdp@'r%wntqe Qe PARGT a from
these cells, containing GDF-8 protein (ma GDF-8 and | atent conpl ex).

was i ncubat ed wi vﬁmsz@qagpqﬁﬁympea@teceﬂlqushmt al. (ﬁ%?ﬁ) RaptideRepeaeli n

A- Sephar oseTm was added and incubated overnight at 4C. The
i nmunopr eci pi t at 8:\kds198oFrasked al. (1820 Iplsafasson, 48: 9217-9232). The overlap of the
reduci ng- sanpl e- buf f er - and- anal yzed by- SDS- PAGE. - The gel -was fi xed,

enhanced wit h aupeptd¢sygsalingmisatagitsenn thig amay, Aysteine sesiduesiveredeplatest ad was
devel oped. Figure 7 shows that both Myo29 and Myo28 can i nmunoprecipitate
rrat ure GDF-8, t haitaBErige incardentocedydedhe shemigalomplicatians teaifarg calBediby
anti bodi es bind to GDF-8 di ner under non-reducing conditions as deterni ned
by Western bl ot t thegprefermendf eysiginePh feliulosskinambrares 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/iv) Tween™ 20) and 1% (w/v)
casein) for 10 minutes. The membrane was then incubated with 2.5 ug/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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[0139] The pharmacoki netics (PK) of Myo29 was evaluated in C57B6/SCID m ce
at a dose of 1 9 after a single intravenous (1V) or intraperitoneal

(1 P) adm ni st réYn‘!PJ N4/037BE ani mal s received a mi xture of unl BEEIBYH3004AE

1251- | abel ed My0o29 at the dose |isted above and serum concentrations were
determ ned based on 1251 radioactivity in the serumand the specific
activity of the injected dose. Figure 8 shows a plot of serum concentration
versus time for Myo29 adm nistered either |V orb¢] 56 WD 2004/ 037861

PCT/ 1B2003/ 0047 48"ekyang pas thepy wasiied {Brge di "aeﬁrfe'r G@H"?Se*?%ﬁhﬁwh blagker ppd e of
around one week and | ow cl earance around 1 Initial volume of

di stribution was 2 HpRRIOT 83minytegeackwith Eﬁ?Tv&oH%agtfboﬂlyé"ﬁslvﬂﬁﬂal'%ﬁﬁ’ YS9 about
227 m/kg. Myo29 reached a peak concentration at about 6 hrs post

i nj ection. Fractiwerhgna Boleskrepgenti(Rigraepapdjactigiiabramipia (Atp@aﬂam?%h Exanpl e
13: In Vivo Effect of Myo29 on Muscle Mass and Strength [0141] In order to
det er mi ne whet herFluajepages). odrsulispre shewn infigyrein Inpaltisulaaszeendiom est ed in
adult SCID mce. SCID mce suffer froma severe conbined i mune deficiency,
and therefore do Figire §ethereaitepeiior Myndf slasgnarped hetwran aminp @cidsvi2ragd 88

i njections of human anti bodi es such as My029. Miscle mass was used as an

i ndi cator for GDRfgahgeiGOR-§. Myod?cen theasherdhandt lecognizes. arf €nitopg Withindh€57B6
SCI D ei ght weeks old mce were weighed and evenly distributed with respect
to body wei ght i first 4¢ribteminaf amingtecids\p d#dséquenessf afuFeBDReS (anmipeacidsl i nt o
the mce intraperitoneally at various doses (60, 10, and 1 ng/kg) weekly. A
doubl e dose was ditheughldd of SES IDNNOI49). Vataily, tb¢ PEBpetfoeidye2B comprises eat ed

m ce were used as controls. The treatnents continued for four weeks. Miscle
mass was assessedesiguati loszted willginaimelfirst 98 N-terminal amino acids of mature GDF-8.

[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 resuits 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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wei ghi ng the gastrocnem us and quadriceps following treatnment. After four
weeks of treatnment, muscle nass was increased in all groups treated with
My029, rangi ng W9 #9088t 0 23% with groups treated w th hPEHEBRFHUWES
reaching significant levels (Figure 9, p'c0.01). [0143] In another
experinment, female CB17 SCID mce were treated wth My029 weekly at various
doses (10, 5, 2.5, and 1 ng/kg) for 4 or 12 57 WD 2004/037861

PCT/ 1 B2003/ 004748__weeks,, Agai n. -treat.nents-witb _M/029 for 4 weeks resulted
in an increase i nEx@@gFer H:‘ﬁ&ﬁ'?‘ﬂ@ﬁ'ﬁﬁf"ﬂﬁm %f\gﬁép'\?ei ght ranging from 10%to
20% (Figures 10A and ) . Langer, treat t 2 fYﬁ result in greater
i ncreases in nuscle mgg (1'9‘%@% tagy/selu%%ﬁﬁe Bﬁ‘%"na\r,\(ﬁ Z’b?ﬁaawg(?s&}? h Myo29
reaching statisticall i,ani f t leyels (Figures 1.1A and 11B). [0144] In
order to determ H@i&(ﬁé‘?‘%’iﬁgﬁ"ﬂc‘#@%?eﬁﬁ’"?&\f@i?ﬁeé R °"§{“%’6H)€ér nuscl es,
R IV T N T N M
treatment, the front linb strength was 17% and 23% higher in njce treated
with 5 ng/ kg or @'%@M@e'éioorbﬂ/%@“ﬂ%@ﬂéﬂ?q'%gp?‘ theseestpatastpinipd GOeB vehi cl e
control (p<0.01, Figure 12). The results of this study denonstrate that
My029 i nhi bits Gorigindmetuse GPF-§ apd ladenteampiaxnhyas incypated withaat a/mbMgedes i n
muscl e mass and nuscle strength. Exanple 14: Treatnment of Metabolic
Di sorders [0145] of MypB8 fasrishast at#iC. gProtaie A-Sephafase ™ewasrptided and iptuhsated
antibodies, are useful for treatment of netabolic disorders such as type 2
di abet es, i npai peernightisot’€. tTlesmamuoepreavipitateoascalleaied oresugrended insyndr one
Xﬁ, insulin resistance induced by trauma (e.g., burns or nitrogen
i tbal ance), and eafiusisgesamplebuffer-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 My029'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 biotting.

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 (IV) or
intraperitoneal (IP) administration. The animals received a mixture of unlabeled
and '®l-labeled Myo29 at the dose listed above and serum concentrations
were determined based on % radioactivity in the serum and the specific
activity of the injected dose. Figure 8 shows a plot of serum concentration

versus time for Myo29 administered either IV or IP.
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ti ssue disorders (e.g., obesity). The anti-GDF-8 anti bodies of the i nventi on
are wused to treat K| suﬁ%ect at di sease onset or having an_establish
metabolic di seX98°"P¥ 6] Efficacy of anti-GDF-8 anti bodi EQTWP”@P‘L%S[ nent

of netabolic disorders, e.g., type 2 diabetes and/or obesity, is confirned
using well 58 WO 2004/ 037861 PCT/ | B2003/ 004748 establ i shed nuri ne- made
| s-of -obesity, insulin reS|stance and type 2 dlabetes i ncl udi ng ob/ ob,

db/ db, and strains_ca t haI tatl S resi st ance
can al so be induced b 1%% #A OPﬁe& @’806‘973 EUH H@'f‘h{;"’géf‘?"é\dr? strains
of mce, includin Slmlarl humans, ro ents devel op
insulin resistan 9%9829 ﬁ'gar@gﬁ?@unég VrHH‘@ H?Ha' E‘H‘ IRoN RS of

gl ucose honeost asi s r@ﬁ%ll.t' ngql n hypergl ycem.a. Qutcone assessnent s are
based on serum n@R8Yy kG RPagent velvme ‘Pfrf’éﬁj'i'l?%'oarYstlquPH%” kg UM¥2% 1
inproved insulin sensitivity can be determ ned by insulin_tol erance tests

and gl ucose t ol éfaghed aregksonggntratianatlsahoul @ hf%%‘l’ﬁ'll"lﬁ@’@"\/\/ﬁiﬁcéoﬂ abserBed t he

use of euglycem c- hyperl nsul i nem ¢ cl anps for assessing inprovenents is

gl yceni c cont r offoligMing IRJniertipnewassahqul ¥7%: 1 n addition, the clanp techni ques
woul d allow a quantitative assessnment of the role of the maj or gl ucose

di sposing tissues, (nuscle, adipose, and liver), in inproved glycemc

control . [0147] | Exanpletddyin WiveBHEEIG My649 6m Muscie iR5s 8nd'Stidigtly such as
Myo29 (IP injection) or vehicle is conducted for one week to six nonths. The

treat ment protocol coj@d1)arin ordertth detesminegyviadtheti Myo29eoidckd GHBB-8 &ativityrieat ment
regimens (e.g., daily, weekly, or bi-weekly injections). It is anticipated
that mce treat efhoyMiyb29 Was tasted inladul SEND inficsl yS Giuinitelwaifer fyomal ssve ucose
upt ake, increased glycolysis and gl'ycogen synthesis, lower free fatty acids
and 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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triglycerides in the serumas conpared to mce receiving placebo treat rrent.
[0148] The inhibitory antibodi es against GDF-8 are al so used to even
and/or to reduct?d¥ \/garfmr‘y and/ or the synptons of the di sea8el/TB03 5@748
anticipated that the anti-CGDF-8 anti bodi es woul d be adm nistered as a
subcut aneous injection as frequently as once per day and as infrequently as
59 WO 2004/ 037861 PCT/1B20031004748 -once per nonth. Treat nent

duration-could ran om gone .nont h 149]. To test the
'l i cal erti cachearehoTh e eits WS ol nebfE Sud B aincRrtsinor
risk for type 2 di betes are jdent.ified d rand I eat
group. Treat ment 9§° BQPBS"\'WC‘? uagr'ﬁ?%f‘c"é%&qd?%[ﬁg {atil ﬁcﬁ’ét‘? 88%’14:'(98'%;?0&%
recei ving anti bod ferent doses | ndi vidual.s,are fol| owed prosp tlvely
for one nonth to? %H(@@ - leofj0eT { ’Sat&eé‘ieg? WeEkS r@?”lt‘ﬁd @9]86@6'"°??@§%’£‘8I’P%§?f
anticipatedthat i ndi v al.s_recei mgtreatrren uld exhibit a
i mprovenent . FE?P§(§T % 2§?ﬁ ) WD @éo“ﬁ’ﬁéreélfr‘l’i‘ﬁ'itﬂ%p@f"%%’%hl"ﬁétaé'éﬁ'@"&ct| ve
conmpound or in conbination wth another corrpound or conposition. Wen
admi ni stered as Signdicanylevele(figet /P304 "8: i n conbination with anot her
conmpound or conposition, the dosage is preferably fromapproximately 1
pg/ kg to 20 my/kg, dB3&Hi nk Qler trdletaspise; WRether igreassrhptiesnie Mane leaps to
progression of the disease. The appropriate effective dose is selected by a
treating clinici éﬁO'ﬂQQirﬁ"!SWl@S ﬂwsqslg rﬁ@gth aﬁig@rﬁ limp wg,% waﬁwegawth@/mty 1 pgl/ kg
to 10 ng/ kg, 1 pg/kg to 1 ny i)? to 1 nmg/kg, %uto 100
pg/ kg, 100 pg t o strengfhiept "&ﬁﬁq (Blwebbo SX{%°'!I!"W§$ tfuﬂ)@@ﬁﬁpf@i se@Hkent
regi mens and outconmes are sunmarized in Table 3.

After-12-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, e.g., type 2 diabetes and/or obesity, is confirmed using well

58



60 WO 2004/037861 PCT/ 1B2003/ 004748 - TABLE- 3: - Exanpl es-of -d i ni cal - Cases- -
Patient No. Status prior to Treatnent Qutcone treatnent Reginen Patient 1 No
clinical signsVYo281%%y/ kg every Prevention of type 2 fEMWMBORU 4y of 4
weeks for 48 diabetes type 2 diabetes weeks Patient 2 MId clinical signs
0.01-20 ng/ kg Inproved insulin of syndrone X weekly for 4 nore tol erance
and weeks gl ucose netabolism and | ower blood pressure Patient 3 Advanced

o0 L 20 el BB BT o b e
oL 1 T bl e R P o BB R Dl 20
P RRGEE AR T TR L T
T o TR b LR reRBER ol st o o o

the develop insulin resistance, hyperinsuliemia, dyslipidemia, and deterioration 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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specification provide an illustration of enbodi nents of the invention and
should not be caonstrued to Iimt the scope of the inventign. The skilled
artisan recogni‘?gsz('(f“ﬁﬂsshany ot her enbodi nents are enconpagggamﬂg?mpﬁés
claimed invention and that it is intended that the specification and
exanpl es be considered as exenplary only, with a true scope and spirit of
the invention being indicated by the followng clains. 61 CLAIMS A nethod
of making an antibody that.specifically .reacts with CDF-8 or BVMP-1 1., the
met hod conpr i ses:on(cg)ypebF"cS’\%hdJioﬁ a?@? g}’"%lait'ﬂ'éc 'ﬂéé?'}gc?ir}pé“ 8P AOtEtO. severals
encodi ng a vari able domain which either include a CDR3 to be replaced or
| ack a CDR3 encocﬁeﬁ‘bs' regi on; (b) conmbining the repertoire with a donor
nucl ei ¢ aci d encodi ng m go .aci d sequepce suybst. ial.ly as set_out in
any one of SEQ I D NO ﬂ{hggEQq-P[SeStN&? %’E‘,'C%g 79 ‘?L\*IG“E%B%%@ Fﬁ“ﬁﬂfé&?legﬁQ | D
NO 35, SEQ ID NO 36, . SEQ ID NOQ 37, SEQ | D NO 38,. SEQ | D NO 39, SEQ ID
NO. 40, SEQ ID Nd“%ff'"%&%“l%ah@'&éf yged qigheles are 'dﬁﬁg‘?#lﬁ"m@:‘ﬂ?@,m'@gom
NO 45, SEQ ID NO 46, SEQ ID NO 47, and SEQ ID NO 48, such that the donor
nucleic acid is ifRAPERIOTPYR-o T FeRlmeRtREOUPSINdHE  Plarebg gioup @pd cBe dthiee ¢ o
provi de a product repertojre of nuclejic acids _encoding a variable domain;
(c) expressing t HEOPRRIESEVING@nBogyr (diffeeent dasgsds | oeiedollqwed sel ecting a
speci fic antigen-binding fragnment specific for GDF-8; and (e) recovering the
speci fi ¢ anti gen-RIPSRACHYE!Y fi @nermonth tomihegecyearsle) aFsesetAnNggs in glecesendi ng
fragment. 2. An antibody produced by the nethod of claim 1.

metabolism. It is anticipated that individuals receiving treatment would exhibit

anmimprovement.™

[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 pg/kg to 20 mg/kg, 1 pg/kg to 10 mg/kg, 1 pg/kg to 1 mg/kg,
10 pg/kg to 1 mg/kg, 10 pg/kg to 100 pg/kg, 100 pg to 1 mg/kg, and 500 pg/kg
to 1 mg/kg. Exemplary treatment regimens and outcomes are summarized in

Table 3.
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3. A nethod of making an antibody, conprising culturing E. coli having ATCC
Deposit Desi gna‘%io%mm%sﬂPTA- 4741, PTA-4740, or PTA-4739 angc%/%:overi ng t he

anti body. 62 2003/00474

——-FABLE-3: Examples-of Clinical Cases — - -

Patient No. | Status prior to Treatment Outcome
treatment Regimen _
Patient 1 No clinical signs, | 0.01-1 mg/kg every | Prevention of type 2
family history of | 4 weeks for 48 diabetes
type 2 diabetes weeks
Patient 2 Mild clinical signs | 0.01-20 mg/kg Improved insulin
of syndrome X weekly for 4 more tolerance and
weeks glucose metabolism,
and lower blood
pressure
Patient 3 Advanced stage | 0.01-20 mg/kg twice | Improvement of
of type 2 weekly for 6 or more | clinical signs,
diabetes weeks reduction in severity
. of symptoms and/or
‘ increase in muscle
B ] 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 shouid
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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CLAIMS

A method of making an antibody that specifically reacts with GDF-8 or BMP-11,

the method comprises:

(@)

providing a starting repertoire of nucleic acids encoding a variable domain
which either include a CDR3 to be replaced or lack a CDR3 encoding

region;

combining the repertoire with a donor nucleic acid encoding an amino acid
sequence substantially as set out in any one of SEQ ID NO:31, SEQ ID
NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ 1D NO:36,
SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID
NO:41, SEQ ID NO:42, 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, such that the donor
nucleic acid is inserted into the CDR3 region in the repertoire so as to

provide a product repertoire of nucleic acids encoding a variable domain;
expressing the nucleic acids of the product repertoire;
selecting a specific antigen-binding fragment specific for GDF-8; and

recovering the specific antigen-binding fragment or nucleic acid encoding
the binding fragment.

An antibody produced by the method of claim 1.

A method of making an antibody, comprising culturing E. coli having ATCC
Deposit Designation No. PTA-4741, PTA-4740, or PTA-4739 and recovering the
antibody.
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