MODI FI ED AND STABI LI ZED BMP- 11 PROPEPTI DES AND USES THEREOF Fi el d of
the Invention - This invention relates to inhibitors of G owth
Differentiation Factor-8 (CGDF8) proteins and nethods for their use.

" More particularly, the invention provides nodified and stabilized
propepti des of GDF-8 proteins which inhibit the activity of GDF-8.
The invention is particularly useful for preventing or treating human
or animal disorders i-n which an increase in skeletal, nuscle tissue
woul d be therapeutically beneficial. Such disorders include nuscle or
" neuronuscul ar disorders (such as anyotrophic |ateral sclerosis,
nuscul ar dystrophy, nuscle atrophy, congestive obstructive pul monary
di sease, nuscle wasting syndrone, sarcopenla or cachexia), netabolic

di seases or disorders dependent
di abetes nel litus, Vﬁéﬁg fﬁpfm?r‘{i&ﬁ% %ﬁ%@#ﬁsue

di sorders (such as obesity), 5%% SN ET Flve di seases (such as

ost eoporosi s). Baekgnund of the I nvention G ow h and

D fferentigli (GDF-8), also known as nyostatin, is a
th@%)vwhi

menber of @%id #r gnﬁi o?rﬁgﬂg G owth Factor-beta (TG p) superfam |y of
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muscl e mass, and there is consSiderable interest in identifying
factors wHBERR-8& @ulla‘teetlbuss n@nmuegiymtﬁlh&trpmvtmngﬁmrtreemﬂpmﬂ @DF-8 is
Lghly express e et al scle. The
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hyper t r ophye-apshtibypesaakRcha Skh Hi6rdskah@bdd midescd:@e(MaRRenEOGisetedl -
(1997) Nature 387:83-9Q). Sim|ar increases in skeletal -nmuscle nass

are evi derffushres gEQHapG lagwalselerasis, MYSAET SHEaphy CRscE: AtFPpbt t | e
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i n GDF- 8 pisQbeiit)), ¥ BoRSSdgeRerkiRNE L84 (&RHAY bedbralsy. (1998) PNAS
95:14938-43). In addition, GDF-8 can nodul ate the productlon of

nmuscl e- speci fic enzynes (e g., creatine kinase) and nodul ate nyobl ast

cell proli qecti{a]t,‘{uo “f\é\ﬁ)"-ﬂw §781) In addition to its
growt h-re ory and norp ogenetlc properties in skeletal nuscle,

GDF-8 may al so chemmmi DigftrdnfiagorBaehe s (@DRR}elko RBU\Sh et PFos@lin, isa
processes (e.g §§ucose honeost asi_s), as well as abnorna
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directs the protein to the extracellular domain and | S0 of eaved -
from the pegilgkerts bidogisal bethviigy dar exvatpld €710K-8 ichiebly agpreededtihehe
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Derynck et al. (1995) Nature 316: 701-705; and Massague (1990) Ann.
Rev. Cell BioL 12:597-641). The mature donmain is believed to be
~active as a honodi mer when the propeptide is removed. Qther proteins
~are also knowmn to bind to GDF-8 or structurally related proteins and
inhibit their biological activity. Such inhibitory proteins include
follistatin (Ganer etal. (1999) Dev. BioL 208:222-232) and
follistatin-rel ated proteins. Further, a nunber of human and
ani mal disorders are associated with |oss of or functionally inpaired
nuscl e ti ssumassiancéwidiinniy mangelly aocuntimptmoptiohs oNGBF-@ iatatdplifishmore et al.
congesti ve o@%& t| ve 83% rrg&ary di sease, nuscle wasting syndrone,
sar copeni a, ) 30 %@tlmﬁeﬂ?ﬁeﬁﬁn@ﬁ?@o{éw . B8RS T
t her api es ex r The stk ry; S i at ed
with these ﬁ@‘é?%@?’ﬁ“@%ﬁ%}@ﬁ PhEE L e B UgE SPEB AT AcERE At ed
t her api es t Haambador gabd1$%7e GeromaReo(7: 9rhOsSdB§e Re&aua'udlﬂshatele&%tsﬁown

sufferingfr mthe dIS rders i es woul d si.gnificant
i nprove t he GEAPFY VBF Pg ?Séo‘f‘%tfz&lf’”?\t@ég CEH‘Pé“ ]&WHaIE?dﬁP‘Ef"&}Pé{”F‘é)gét e

many eff ect Sn@zfeas%hﬁﬁ@DP“Sﬁﬂ@t%ﬁﬁe JasSn (@&%Eﬂ@adﬁvi@ee?gl t1@9t851PN§S't to
identify new therapies that cong) bute to an overall 1ncrease In

muscl e ti ss:1493%48)- éntaddlﬁgﬂ,f(élaFﬁg:ah muydutateetbe podistideofmuscle-specifive

t di d
D aor T zed DR BR el SpAgT o BB o Bt e SR e
bi ol ogi cal a@w4378t)y and inhibit the activity of GDF proteins. The

KDd,IfI ed propept| des _of the invention nmay be used to treat human or
ni mal di sor der s 1 AddiBgnie Ihﬁrgr@w%#réa@etonhmm@npbogwggerqmguiea impekeletal
therapeuti cal)ybgpef HIVIRY |0 CDE- 8
involved in the rgggl salﬁlhg%\h%?;srmn e}érn?{l P{J:Igﬁerd} ogl P ‘?OIOglca] 335 SesDue
to its key f(el.gc'gluotmselhontehﬂms)pﬁneﬂlsaaeﬂmoﬁﬁﬁndiﬁyn@m@ a@leﬁt}feabl e
target for ther&?eutl g@ %%éﬁ ent i o Al t hough natural ly occurring

GDF- 8 prope F’éé{‘ JEPPRs JRc s ST iy el paehestY- flf’Q)'m an
ef ficacy an@x&ﬁﬁ]’ecﬂ}DF @ﬁé&ﬂﬁ% br\é@d:i)éé}% BREESERLG ﬂ\ﬂ%ﬁ&) ep?&?n et al.

di scovered that the circul ator f-life of t e nat opept 1 de
may be too $HOND Bk G B8I: H@ﬂ-@@@le to have practl cal therapeutl c or

prophylactic utikt resent vention is
based, at |east :L nkt%’é‘?*f B-lotes f”ﬂ ?’? (gbg ESPr?Tﬁ Stsﬁﬁthﬁ??géaﬁtalﬂiﬁcufﬁpr
Gowth Diff erattihicansiNing of6h Shind-tefAalropeplidhbda tABo AL ek idaY mSfure

GDF-8 protein, and that other Transform ng G owh Factor-beta
(TGF- 13) pr SemridMeRherromans lyes) B%9dsupm)gs meltasasigrs! eopege whidhdizssts

al 50 i o bi 1By et rad a1l SRRV in ot tls”

provi des cobpidesied t}mnbefan&cblmhguhfshé propepifde thé bR@utsOFGDIFO Bididn f@fhs a
|1 as met ods for tdentlf maki ng_and usi ng such inhibitors.

- noted ab89BOdKE Lhewmine- t?lﬁveﬂtprwpil%e iglthem Peayed fromthe arature gameine
di scovery thag t%Qﬁa@tﬁBﬂptl%aﬁ dh4ah %BHO@?] Pﬂ}z‘ bgurqcﬁ!o"#xé %%we r?oqgal{l}l in

vivo half-life, which may preveht practica rapeuti c
prophyl act i dirogri inhibiting Ttsusologila apridseiyarnert koKl QIBSQVIHGB g fi ed

phar macok: nebt e apies DBl (St F Pldate e e oAb g3 Brov e

or increasegd proOYEGEHAA FLERM PEQUSIYd r )
presently di sgl osgg GDF- 8 propept ?}c}els;sot%h%%_tg%%roggggﬁP&egepmgs Bind

stabilized Hytha@ﬁ'r%am@rkﬂw (Thies £1e21.42001) Eyowelx Angrbes, 18:25 16269). Due to
enbodi nent, ;the fied 0 tide is.a fusion pprotein conprising.a
GDF- 8 pr opeBﬁ Icﬁlgmﬁ{&ngt wgp%g/ JiTBREPGIAE Ikney®, qﬁﬁhgclaﬁegcy -g§5pcigted peptide
propepti dc {USPREdhOt&HhHIE , I
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propeptide of a GDF-8 protein, or an active I on
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In other enbodi nents, the nodified propeptide is a fusion protein
conprising a BMP-1 | propeptide and the Fe region of an I1gG nol ecul e.
BMP-11 propeptide fusion proteins may conprise, as the active
subunit, the propeptide of a BMP-1 | protein, or an active portion of
the BMP-1 | propeptide, fused to an Fe region of an 1gG nol ecule. In
ot her enbodi ments, or in addition, the BVP-11 propeptide nay be

gl ycosyl ated, or Ilnked to albunln or a nonpr ot ei neous pol yner.

The nodified GDF-8 propeptides or nodi fied BMP-11 propeptides of the
i nvent i on Pergnaapabl®99f Nombd Did: 1019705 endMdsstghy (1 BRPASSE Ke®NCell Biol
processin% or secretion of a GDF-8 protein, mature GDF-8, or a GDF-8
honodi mer 18:5%t4d). e mereciomagn w:ﬁEééYﬂdeto bvraétwmlarh@@dmﬁt\shen the

propepti des i B t may be
adm ni st efe d]9 UHPq rérb‘?\%rqt Mahérjpr&% ﬁgr%%péel%ie]?rﬁogﬁ t%h) 4 ose, to
treat or pfremfﬁllymaﬁit@pfoteimdtlhmmﬁ their biﬁl@kaamcﬂvr@r Sasemﬂafbmmscl e
ti ssue would be,ther%p?utlc |y beneficial. D seases_and disorders
t hat nay I?éOTFP’ééﬁCMe 1tRgn srickal- A998 D6r dfiebeP4edZ¢i e f i ed
BWP-1 | Q&hg@aea & but are not Iimted to nuscle or
neur orruscu di sor def s such as anyotrophic |lateral sclerosis,
muscul ar dyst r diakther, ammnb@r od thomph wnd mn@béisondersdnsasswath@enqhdbssmfary
di sease, scl e stl n rome eni a,, or cachexi a), netabolic
i Seases GPiogH bR BT 6 S RGBSyt Rrag it aUOHRY,
noni nsul i ReAeRENAGRILIRBRIBSNIPREIstdsH SmuYPREAINY GORABme MarQPESA T 3N
.pose tissue disorders (such as obeS|ty) and bone degenerati ve

i seases (stheniaadoglateebpip s ir@iyableBmeéﬁectD@stbﬁIiameB GmISbfbr thhee dpayderes

Figure 1 Sflﬂgmémgfé%ﬁmg sa\égoc? é)d \995 ﬁ%lse %%&rd\élliftcloxelisd u ant:a’llyﬁé\é?lce&

and activininacr gene assay S OWs

bi ndi ng pbyReiflédse mérapieg tl-fal ﬁﬂrdas@mbmwoahe@hhmmlm%n&anmmmﬁ&m’él B
bi ndi ng assay. i gure 3 .shows induction of pG.3(CAGA) 32

reporter &om fedsomers @CEWPF%WWSBHI m@tlnlmproa%aleae@w |0ﬁ11f‘-“nfof he
dent
presence %BS?BE HentsHhAREME AR age IBann)F @éﬁﬁ@oﬂkﬁs{é&i‘%@%ﬁf%%@@ﬁ%ﬂ en

inhibition o 1otinylated ding to

propept i deeedringbe &t to idéroify ntwehdapies uhgt mrmMe ® dnoovefzlldedrease in
Figure 6 sho { he .dose- dependen |on of CGDF-8 specific

bi ndi ng t 848 eé’éf’qeé“ B?“%ﬁfp“gﬁ?%EQ discrders Figure 7A shows the

am no aci d sequepersQft el NBs @Cnédmg%@@&m@%&@ﬁé&m%&mrz@mﬁp
Figure 7B shows a nurine GDF-8 propeptide-Fc fusion protein wt

short gl y@mr@pts@qs ionBMfT-y t prigepiedes that (C8ESeit binkagicad epiivitarhd glhulheme
GDF-8 pr O%et?w'ry (:féISIppro erfﬁas & emHifila propeptides of the invention may be used to
treat human or animal disorders in which an increase in muscle tissue would be

(J therapeutically beneficial. -



Figure 8A shows the effects of hunman GDF-8 propeptide and two nmuri ne
GDF- 8 propeptide-Fc fusion proteins on GDF-8 binding in an ActRIIB
conpetition ELI SA Figure 8B is a table conparing the 1C50's
- of human CGDF-8 propeptide and two nurine GDF-8 propeptide-Fc fusion
pr ot ei ns. Figure 9 shows the relative biological activities of
human GDF-8 propeptide and nurine GDF-8 propeptide-Fe fusion protein
in a reporter gene assay. Figure 10 shows the pharnacoki netics
of iodinated GDF-8 propeptide and a GDF-8 propeptide-Fc fusion
protein after a single intravenous admnistration of 0.2 Rg/nouse or

2 hg/ nouse, respectively. Fi gure 11A shows the am no acid
sequence of a human GDF-8 propepti del gGlL Fc fusion protein.

Figure | hows thﬁtﬁﬁ CI d sequence of a hunman GDF-8

propept i del g e Gsion F(nj & n nodified for reduced effector

functi on. F@pur&smvcﬁm thdre @l@ﬁ@@t&ﬁaﬂdﬁiﬂkaumbgbﬂlme%s Due

GDF-8 binding.in an ActRLIB conpetition ELI SA by human GDF-8
propept i de dRdtskad TwnsHian 1@3@“@%?5@?}’@{)@13&3 may b8 desiraple gareptder therapeutic

Figure 13 igpa ghaph ahm%%gnmaﬁ Sgaocn eéxag%cngp%'ha@&agwgnmam

adm nistered In Vivo I Nncreases ¢ adritep mas nd
decr eases f aheamns$ GDﬁJmodolesomﬁbmahfeﬁ%dacj( mthiyicity phﬂsp&ﬁvﬂ;ﬂ&Spr@ﬂﬂfﬁDal’ ed

to untreated mce m.ce tre wi.th the c ntrg}% protein, ®RafFc.
Fi gures 14A- ‘P"?”F‘rfﬁgﬂ%’t"‘é"‘?’ﬁ@e“é " Circplptony el & e ntvgl Eféa‘éFgﬁlE &gy
correspondi ng th@sifddr thd¥dofcdic IPhARPrABBALRIA AT bhGbARactic utlity.

IEef initions A

ccordingly, the present invention is based, at least in part, on the discovery
that the propeptide of Growth Differentiation Factor-8 (GDF-8) inhibits the activity of
GDF-8 protein, and that other Transforming Growth Factor-beta (TGF-g) proteins
which are related in structure to GDF-8, such as Bone Morphogenetic Protein-11
(BMP-11; also known as GDF-11), are also inhibited by GDF-8 propeptide. The
present invention thus provides compositions and methods for inhibiting GDF
proteins, as well as methods for idehtifying, making and using such inhibitors.

As noted above, the present invention is also based, in part, on the discovery

that the natural GDF-8 propeptide has a relatively short in vivo half-life, which may
prevent practical therapeutic or prophylactic utility. Thus, the present invention

provides modified GDF-8 propeptides and modified BMP-11 propeptides having

M

improved pharmacokinetic properties, such as increased circulatory half-life or
increased protection from proteolytic degradation.

The presently disclosed GDF-8 propeptides or BMP-11 propeptides may be
stabilized by any means known in the art. For example, in one embodiment, the
modified propeptide is a fusion protein comprising a GDF-8 propeptide and the Fc
region of an IgG molecule. GDF-8 propeptide fusion proteins may comprise, as the
active subunit, the propeptide of a GDF-8 protein, or an active portion of the GDF-8

propeptide, fused to an Fe region of an IgG molecule. In other embodiments, or in



The terns "CGDF-8", "CDF-8 protein”, or "CGDF-8 pol ypeptide" refer to a
specific growh and differentiation factor including but not limted
to that set forth in SEQ ID NO 1, and any now known or | ater

* descri bed honol ogs t hereof, including honol ogs of other species.
Particularly preferred are mamral i an honol ogs, nost preferably human.
The present invention also enconpasses GDF-8 nol ecul es and hunol ogs
fromall other sources, including but not limted to GDF-8 from

bovi ne, dog, cat, chicken, nurine, rat, porcine, ovine, turkey,
baboon, anghditicahthe GIDF-8ysofabhi8e ny Be dlyessyhavd; obHglredde aibubligdr 4 n
MePherron et al. (1997) Proc. Natl. Acad. Sci. USA 94:12457-12461.
Honol ogs aR@PIR$INEdRR M the art. Honol ogy may be determ ned by any
met hod known in t ; S . 4 AL E - -8
protein may beqﬁg 3¥a ng@%%%fF?ﬁ%§%$9§§ﬁﬁﬁ%@F§¥1 gggggggﬁghpﬁgﬁéde
the full -1 2Byl UpppanRriead throygisanf uoigG afoldchle. BMNOP-4il pripepiie 8
precursor protein"), as well as the natube_forns resultingp&;om

post - t r ansTUSOR AT IEY (RIS 2 fhe 2pispuptmtidhe prarentids 52 BMIG 1 ef er
to any fr alg.gg AL | %8]_ t i j .

bi ol ogi cal ac?llt’ é?ﬁaecgﬁggglg%?é)? fgg W th laﬁ}%c%cr_[{{gk,% gétdg?%??ggégd%gﬁasnsed
her ei n, i niglGudolaguls ebpushresitodatentis veinaiditionpthe AMNB-1Wiprdpeptdesmry bt i ve

- t] h th i i d ) " Mat
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car boxy-ter m napheGRomied GO Broftdtids BF SGHIRABNIP At @tdpeptiddioTae form
~mature GDF-8 protein is provided in SEQ ID NO 3. The mature GDF-8
y be natigretioy atsaepable pfjinbibigngthh ectivity, FireesympupreceSEIbg Sorrsasretyen of
present as gnoner., I Loen,  Of~ERy: be present. in +& | at ent
Porp! ex. - hiRRa e TGS g SorF Y b fe b e o TRF R o
GDF-8 may mslealt.iThe nidtiReGIIFDS propeidengr moyified BAIP-10hrdpapsdes of the
different forms. Wthout |imtation_as to the mechani sm mature GDF-8
i s bel i evedvensop@agibs adpirisiered toa Prijeatds afbsrereiHesly effeciivesdose, to treat
bi ol ogi cal I £.orm lhe. .nat I : r as
"active Gﬁllf)béa'%ﬂ Mgdléaq‘fﬁhedl{ﬁﬁ%algg w@?%%%eﬁSﬁl%&e?lg%‘%r\g&?%B%ne or
nore of phjieepiutgalyatenyfigrlovidiseasepndalirderothamepbogenet by thectodifidd es

associ ated_ wi.th acti.ve GDF- ‘ i For exa e, .active GDF-8 is a

egati ve ralEmaRrgrcsgaretar YT pioreatii s vibee a0t el

nodul at e tfigscR RA&lbRBchr dTMTEdrE(HBR &d Arh FotfIPRWTBR A SelrosisGhERbiape

ki nase), stimulate myoblast cell proliferation, and nodul ate .

pr eadi pocydveirephyi mpegie ptaenhyncangesiviepbsiynctive paben8ryalisgsh ahiselg ehsting

i ncrease sensitivit o_insulJdn.and cose upt ake i ri,pheri,al

Ul ssues. papooie aheeptia: GRarisi RedbglE g fealiop Shoidbe B S

GDF- 8 bi ol 1pgd Ealab&es, hvhihb@fh-ddpehdefie diabéte nellMG, hypendly@ehik orioBBdigh,t i on
muscl e formation, inhibition of nuscle celi growt i nhi bition of

scle devasinasprissie digerdersdsiect 3 obege).andhose dessperplirg @ecages (such as
nuscle-quﬁifb&ngggynes, i nhibition of nyoblast cell proliferation,
modul at i on of preadi pocyte differentiation to adi pocytes, increasing
sensitivity to insulin, regulations of glucose uptake, glucose

henost asi s, .and mydul ate _neuronal cell devel opnent and mai nt enance. A
human f or B¢ Reseription of Y15 JHIBUXEDF- 8 precursor protein is provided in

SEQ ID NO I . oure 1 S5 8ar LR ; D%Oé tjdeqt hat is
cl eaved fromt ﬁégué?ﬁ %\ﬁr mr‘%g d%gngigﬁ%g%&i{vﬁleeg %Bé ﬁ?ﬁe}ggrls}gar%d
protei n. Tdeavichia S=portopgpiiadeyi S associ ated with one or nore

bi ol ogi cal actiyvities including but not Ijmted to the ability to
bind to a mat urFég@ﬁ-Sémﬁ% Blegauwgireﬁprﬁa?mm Apurife @“ﬁwr«# ey GIRF 5 t
one or nong A LYle &y activities, the ability to enhance .
nmuscl e devlel opr(r:ent, thgﬁab%ﬁ ty to enhance nuscle mass, the ability

to pronote nuscle formation, and the ability to pronote nuscle cell
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correspondi ng unnodi fied- GDF-8 propeptide. In a highly preferred
enbodi nents the ----- nodi fied GDF-8 propeptide of the invention has
an increased in vivo half life (as neasured, for exanple, by the
nmet hod set forth in Exanple 8). In another enbodinment, the nodified
GDF- 8 propeptide is capable of inhibiting one or nore activities of a
mat ur e GDF- 8. The ternms "MP-11", "BMP-11 protein”, or "BMP-I 1
pol ypeptide" refer to a specific growh and differentiation factor
including but not limted to that set forth in SEQID NO 7, and an
now | cnown or | at @ngmleé(shcp\b‘iaindmw(ﬁg@wf@h‘ééiu Tepnmrwdil‘ﬂg' ﬁ@iﬂﬁ%g ) o

ot her specie r refer ed ar e 4 an h | ogs, nost
preferably hwg &rﬁﬁ graﬁgé‘ﬁfv"?ﬁ\/t ﬁPfCS‘?chgggﬁgnc%rﬁ'B 85[8)5 BMVP- 11

mol ecul es and honpings 4AR @k HoRLRPen&AIMBRRIon TG REABIDF 80inding
limited to BWP-11 fTom bovi ne, dog, cat, chicken, nurine, rat,

por ci ne, ovi heActRIFkby | G%S@mep fish. Various BWP1l mol ecul es
have been describ d |n Phe P Nat|. Acad. Sc!.
USA 94: 12457- 12461. St% ac}f%él%éﬁg}ﬁ C@ﬁe art. Honol ogy nmay
be determ ned by azmtuérstsmwls tkaam ddpetdeat mhibitionrof GDHIE spdcificisindiap & D6
The BMP-1 1 or BMP-1 1 protein may be naturally occurring or
synthetic. Thelkebit P8 Pioesrige- the ful | -1 ength unprocessed precursor

formof the prot e u(re %@h&\bs f?l'é ﬁé%l I?C'erafb u‘}ﬁle\@ﬁ ?ﬁﬁ)ﬁ%ﬁ'@de-&

mat ure forns resu rom pos rans onal eavage o]

propepti de. ]ikbeoﬁlﬁrbtmnal so refer to any fragrrents or variants of
-11 that maintain one or nor e b| cal actl}yoé_ll .es assom
th a BWP-11 profésie /Hsh VSR B Rl B PIPPeRRETKF Mge Bré’a%%w 1B Pra,

have been nmo ink@P Ekpeiit e BDHILE pFIRPERSTEA
the am no aC|gl Cislggsﬁgh(&:reélﬁ%%%m@f\/a%(ﬁ%g BI\/P—E l?%f ers to fdr?g protein

or pol ypepti te Edwzgions cl eaved from t he carboxy-term nal dOfTB.I n of

< provi ded' n SEBHEE RO VHHE TGRS e Sy ChE Rar i R

occurring or Gmghesiepticd e ﬁ%;%r&e%@%%xrﬁﬁm@h&%@(&ﬂ&@ campeutlon
nononer, honodi ner, or nmay be present in a BMP-11 | atent conpl ex.

Dependi ng onElA®Ain vivo or in vitro conditions, mature BMP-11 may

ot Py SO FSAEL YEETIOR Al S 1col LR O LSk O o

to be bi ol ogmiaine\GRER prepspidtrbodulidreprotehms. | t' S b| ol ogl cally actl ve
form the mature BMP-11 js also referred to as cft %%

"BMP- 11 propept i dé?!g%PéP%W%@}eaﬂﬁw%@ﬁgica!eacvwafs éuew@ a fPFQB‘?PWFe |
am no-term najy JIAL Kof.g & L ARIAGHERA RIS %enzassa MP- 11
propeptide is aSSOC|ated h one or e biological activities
i'ncl udi ng but not Phgureﬂédhctw)s mhphamabwklyettwoblpdmawd @H?&pwpepﬁﬂbﬁmaa

oteln or h inmer t0| hi bi t, ane or nor.e

Iogl cal . gﬁ’ﬁﬁﬂr@w@ﬁgcgﬁm rotef A 7 AHels lﬂfa%‘féfl%usc?éwafmmof Ohe
ability to eplanc@&eMHIG)EmBBSSrespdravabi ity to pronote nuscle
formati on, ana’ the ability to pronote nuscle cell proliferation. The
BVP- 11 propept i de Foguye BéArshows ik lapineanid siqugneoof 8 pmmpe GDE-8 prepentisiepl e
of a BMP-11 E%@P?E i de |n Ludes but is not limted to a human form of
BMP- 11 provi ei’ho 11. In one enbodi nent, the BMP-11
propeptide is capgge QﬁBthEWlé 1hg abrnd &8d mgﬁ/g@@bmau@hmmgs popaitileof
mature GDF-8. In _another enbodi nent, the propeptide is
capabl e of |hgfﬁbfpfnﬁyoronr@tmnwdxf@dé@mrequeﬁéﬁemr@nmmure GDF- 8

The term "nodifie etld gl
whi ch conpri ses aq: di f] %Hp pep??g'zllbltbqan%%%gr? of varl ant

t her eof , whi gfrtRERaASHeAIeh ELlsmbga hﬁxlnﬂﬂl COE@bropeitidéiahd 8o Biman GHP-8L1
pr opept| de and further conprises a stabilizing nodification as set
forth herei npropepiigertc fiesiemsprofeimBVP- 11 propeptide, include, but are
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The met hods and conpositions of the invention provide CGDF inhibitors
whi chreduce the activity of GDF protein relative to the activity of a
GDF protein asconpared to the same GDF protein not bound by an
inhibitor. In certain enbodinents, the activity of a GDF protein,
when bound by one or nore of the nodified GDF propeptides is reduced
at |least about 10% 15% 20% 25% 30% 35% 40% 45% 50% or -55%
preferably at |east about 60% 62% 64% 66% 68% 70% 72% 74%
76% 78% 80% 82% 84% 86% or 88% nore preferably at | east about
90% 91% 92% Fgdhe 1Dfs Hhaph dndimyvda maliReGDF & @bpaptidt atiwbsiterabout
95% to 100%relative to the sanme GDF protein that 1s not bound by
sai d nodi PPEdNYRSpRESITagsmIvS AN fuadiicep Blas @D ATERsseAt magsh Butgoes not

i nhi bi tor ; iof 1€ rg%g Tl ' d%a'rmg ' jalyr
propept i deelf%g\?(é{ﬂe%gtow %i n eag?g an cllrrggta(?{gﬁ 0 a%gﬁrg% nntfel(%%l e..
The ter m 'cattadiiproteinlgQPaBe.f i cati on” is any nodification known in the
art or set forth herein_capable of stahilizing.a protein, enhancing
the in vitro h F&“”fsilgé“Bfl?‘ﬁtrﬁﬁe&WPoéﬁH&ﬂ%P ICPPESTRERTS hal f life
of a prot ehReRMiRE 1of SEY FHNED BN NSl ¥ fardngfRARS I On of a protein.
Such stabili Ezzgl‘apﬁg Irrét)di fications include but are not limted to fusion
proteins (including, for exanple, fusion proteins conprising a GDF
propept i dﬁ}F d.a second protein), nodification of a glycosylation
site (inclf HPRst o exanpl e, addition of a glycosylation site to a
GDP propept i de)rhe &fdls NODFLECaEDER Bbtem?! HOBIN-8161yRBhRIeY rdinglaudi ng,
f(gr..J exanmpl e, renoval of car E)(_)hydrate,m)l eties froma GDF propeptide).
o the caseeciffc growthasd|differaptistionifactar ardleshngbit oht oited toshat sgt foathiinn
protein (g h 1S, of o
propept i deg b ﬁfgggéé%%%n%%’?gﬁ%ngry%g&rgg%F rhég-‘%?otgtsghse?%’% lé.l 8 zer
portion" GomoRizabf dtaarsppeied. etanticuldrlyrprefaddre maiinabias hemblugsMmodt, a
nodi fi ed GDE-8 prop%ﬁ)j{' de of the invention conprises a fusjion between
i

a human GBFEaRY 6@ RETHPERph ae Preerpasses BRFabeolqerles 28hd an
1 gG nol ecy|,fiolopb 6 AU AGhSrcaS iRt hbt 1E%edRb A8 1¥m ﬁ&ﬂgé,' i zer
portion). As used herein, in addition to referring to a secon

prot ei n oflog chyshioken, proheirat, percinst aie, fulay, pabobn.cnd fah sYainc|GREs

nonpr ot ei naceous nodifications.such as a car ate .npiety, . or
nonpr ot ei é’&‘g%‘iﬁlzesﬁﬁm}?%ﬁadesmbed 1%@(@0}}9 % @gpi)td"éﬁc f&‘?q?"‘%ﬁ&isf"i"ed"
refer to poiseRubeitdalt HemsldPsiraNell&hbwn i B€ aRf HobididhatHEPbe
environnment. For instance, an Isolated protein is substantially free

of cel | ul determpined paanygpetbodkpovwomthivivh ar phéespribeddierein.f FlonGDFe8 el | or

ti ssue so 2ot I ' i 1.5 deri.ved. The .phnhase "substanti y
free of cgﬁ? grro(?ér% e&i(%’agln""“;"‘rréeI eoggurtngg g?gﬁg]regg%hﬁge ‘&Bﬁﬁlélcf“ﬁst*ﬁez‘la"at ed
protein i $ength UunpAitsséd poetarsSOemt of ik ppiieia (“GIDF-S et pRtsindl ad wast

-89% (W w) pure, even nore preferably 90-95% pure, and nost

of er abl §S %e Mauys forpggssuding, frap pestdgsigronsdervesy of) hppiopeptide. TheThe
term"cle [Py § i i i1 - in or
pol ypept | B e hae g (g Gefmtls f PAhERLEhIFcs ol el 8FbR o'
t he cl eavhipdogidal sduiitips pssodiatddonicth a GBFeherorir) addisanted lerahgavadiegsi t e
of the invention.is "RSRR' a frg r@sented by the one-letter am no
aci d codeSeauences thathave been medifie Eﬂ‘ (FORTENGH VE BT Motoassy drvecdreges 19 o
the Fc dopRihiff addsdqbasaogl obulin of the isotype IgG as is well
known to those skilled in the art. The Fc region of an 1gG nol ecul e
is that porti ofMathirel GBFYreferd to tifd mGein drgGpeptiiel3hatandedvg@Hont tirt i s

responsi bl e, for, increasin e ivo serumhalf-]ife of the 19gG
ol boul e, CRPEREPIBIG ST pHBE (iHik BiegusE gen: A human Ry trasthal
life" ref giss.g protdiisPraliidd SIS NG Pt BhdImBBASHDER [W §& ﬂcg}uf&ihgi o

context of a living organism Assays to measure In vitro
are wel | kenowmng ar syttbetay. fThanunire GDFdembybe aresemes 2 hionbtned hbmodimer,- -
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The term "TG--p superfam |ly” refers to a famly of structurally
related grom h factors, all of which possess physiologically

| nportant growth-regul atory and norphogenetic properties. This famly
of related growh factors is well known in the art (Kingsley et al.
(1994) Genes Dev. 8:133-46; and Hoodl ess et al. (1998) Curr. Topics
M crobi ot I munol . 228:235-72). The TGF-p superfam |y includes Bone
Mor phogenetic Proteins (BMPs), Activins, Inhibins, Millerian

I nhi biting Substance, dial-Derived Neurotrophi¢ Factor, and a stil

growi ng nunbermef béFreswhhinaGDRIS hRhedtn bt ODefead i@l ¢n th&FS)e oSHGHS
GDP-8 (myostatin). Many of these proteins are related in structure to
GDF- 8, such emndRiops, matyrg|&F-R meanrestedlisiom aqu)libramml smpng enyi ar allof these h
as activin. .. m.treatnment” .refers .to both r ut.i c
treatment ang ffﬁrregb i gc?‘ﬁ{(}:w%trhr%f?ag\g’gﬁtsg? g &g %We@?%%@g'fﬁ%ﬁﬁ%v&dé‘f
treat ment nalye hivlkidaldy adtise vi Heiabdimat.r RetybioloRiaxily getivedaimt, itk indfure GDF-
medi cal disorder as well as those who may-ultimately acquire the

di sorder (i .%&isalsoppfsEes toasi agiver@Iediati ve neasures). The terns

" f ; n " i " i .
transtormation e"@ﬁﬁ:lhratsé a@?gfegzgétﬁg% &80 #»r% & M@fe'o?&x}‘g%ﬁ?@o%}g?l&f %rg%l?-1

art-recogni zed t ques I ntroducing foreign nu
DNA and RNA)reguitioryporhosipheghttic dcrieltied assgciatet! witt adtiveiGDE 8 peoteial Eobm

ﬂlosphat e or xcal i um c_fggﬁlg_igde I(1:0- reci gg} at | on,letD%E- ext rsfsm- magi at e_(gj

ansf ect i orf*aPPFof Ve YN -8 ARnerEYs I8P B! sFelctabmpids mess. Maire PliE

| human GOP-GnRIBmYdRRke e Btdaubid rRhddle-specific enzymes (e.g., creatine kinase),

C; stimulate myoblast cell proliferation, and modulate preadipocyte differentiation to
adipocytes. GDF-8 also believed to increase sensitivity to insulin and glucose uptake
in peripherial tissues, particularly in skeletal muscle or adipocytes. Accordingly,
GDF-8 biological activities include but are not limited to inhibition of muscle
formation, inhibition of muscle celi growth, inhibition of muscle development,
decrease in muscle mass, regulation of muscle-specific enzymes, inhibition of
myoblast cell proliferation, modulation of preadipocyte differentiation to adipocytes,
increasing sensitivity to insulin, regulations of glucose uptake, glucose hemostasis,’
and modulate neuronal cell development and maintenance. A human form of the full
length GDF-8 precursor protein is provided in SEQ ID NO:1.

“GDF-8 propeptide” refers to a polypeptide that is cleaved from the amino-

(,J terrminal domain of the GDF-§ precursor protein. The GDF-8 propeptide is associated
with ene or more biological activities including but not limited to the ability to bind to
a mature GDF-8 protein or homodimer, the ability to inhibit one or more GDF-8
biological activities, the ability to enhance muscle development, the ability to enhance
muscle mass, the ability to promote muscle formation, and the ability to promote
muscle cell proliferation. The GDF-8 propeptide may be naturally occurring or
synthetic. An example of a GDF-8 propeptide includes but is not limited to 2 human
form of GDF-8 propeptide provided in SEQ ID NO:5. In one embodiment, the GDF-8
propeptide 1s capable of binding to the propeptide binding domain of mature GDF-8.



- 2 human GDP-8 precursor protein DNA 3 human GDF-8 mature protein 4
human GDF-8 nature DNA 5 hunan GDF-8 propepti de

In another embodiment, the GDF-8 propeptide is capable of inhibiting one or more
activities of a mature GDF-8.
The term “GDF-8 inhibitor” includes any agent capable of inhibiting the
activity, expression, processing, or secretion of a GDF-8 protein, mature GDF-8, or a
GDF-8 homodimer or other active GDF-8 molecule including but not limited to
modified GDF-8 propeptides and modified BMP-11 propeptides. A GDF-8 inhibitor
also includes any agent capable of enhancing the binding of a GDF-8 propeptide to a
mature GDF-8 molecule, or to a GDF-8 homodimer. Such inhibitors include but are
7 not limited to proteins, antibodies, péptides, peptidomimetics, nbozymes, anti-sense
C ' oligonucleotides, double-stranded RNA, and other small molecules. In one
embodiment, the activity of a GDF-8 protein is inhibited by a modified GDF-8
propeptide as described in Examples 3 - 6. In another embodiment, the activity of a
GDF-8 protein is inhibited by a modified BMP-11 propeptide.
“*GDF-8 latent complex” refers to a complex of proteins formed between a
mature GDF-8 homodimer and a GDF-8 propeptide. Without limitation as to
.mechanism it is believed that two GDF-8 propeptides associate with two molecules of
mature GDF-8 in the homodimer to form an inactive tetrameric or latent complex.
The latent complex may include other GDF inhibitors in place of or in addition to one
or more of the GDF-8 propeptides.
. The term “modified GDF-8 propeptide” refers to 2 GDF-8 inhibitor which
(,— comprises a modified GDF-8 propeptide, fragment or variant thereof which retains
| one or more biclogical activities of a GDF-8 propeptide and further comprises a
stabilizing modification as set forth herein. Variant forms of GDF-8 propeptide,
include, but are not Iimited to, for example, GDF-8 propeptides that have been
modified to include mutations (including insertion, deletion, and substitution of amino
acids) in the signal peptide or propeptide proteolytic cleavage sites to make the sites
less susceptible to proteolytic cleavage. In a preferred embodiment, the modified

GDF-8 propeptide has a substantially increased half life relative to that of the

corresponding unmodified GDF-8 propeptide. In a highly preferred embodiment; the -ws oo -~ -
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protein 6 , human CGDF-8 propeptide DNA 7 human BMP-11 precursor
protein protein 8 human BMP-11 precursor protein DNA 9 human BWP-11

mat ur e

modified GDF-8 propeptide of the invention has an increased in vivo half life (as
measured, for example, by the method set forth in Example 8). In another
embodiment, the modified GDF-8 propeptide is capable of inhibiting one or more
activities of a mature GDF-8.

The terms “BMP-117, “BMP-11 protein”, or “BMP-11 polylieptide” referto a
specific growth and differentiation factor including but not limited to that set forth in
SEQ ID NO:7, and any now known or later described homologs thereof, including
homologs of other species. Particularly preferred are mammalian homologs, most
preferably human.. The present invention also encompasses BMP-11 molecules and
homologs from all other sources, including but not limited to BMP-11 from bovine,
dog, cat, chicken, murine, rat, porcine, ovine, turkey, baboen, and fish. Various BMP-
11 molecules have been described in McPherron et al. (1997) Proc. Natl. Acad. Sci.
USA 94:12457-12461. Homologs are well known in the art. Homology may be
determined by any method known in the art, or as described herein. The BMP-11 or -
BMP-11 protein may be naturally occurring or synthetic, These terms include the full-
]engﬂ1 unprocessed precursor form of the protein (“BMP-11 precursor protein™), as
well as the mature formé resulting from post-translational cleavage of the propeptide.
The terms also refer to any fragments or variants of BMP-11 that maintain one or
more biological activities associated with a BMP-11 protein, as disciissed herein,
including sequences that have been modified with conservative or non-conservative
changes to the amino acid sequence.

“Mature BMP-11” refers to the protein or polypeptide that is cleaved from the
carboxy-terminal domain of the BMP-11 precursor protein. A human form of mature
BMP-11 protein is provided in SEQ ID NO:9. The mature BMP-11 may be naturally
occurring or synthetic. The mature BMP-11 may be present as a monomer,
homodimer, or may be present in a BMP-11 latent complex. Depending on the in
Vivo or in vitro conditions, mature BMP-11 may establish an equilibrium among any

or all of these different forms. Without limitation as to the mechanism, mature BMP-
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protein 10 human BMP-11 mature DNA 11 human BMP-11 propeptide protein
12 human BMP- 11 propeptide DNA 13 CGDF-8 signal sequence

11 is believed to be biologically active as homodimer. In its biologically active form,
the mature BMP-11 is also referred to as “active BMP-11.”

“BMP-11 propeptide” refers to a polypeptide that is cleaved from the amino-
terminal domain of the BMP-11 precursor protein. The BMP-11 propeptide is
associated with one or more biological activities including but not limited to the
ability to bind to a mature GDF-8 protein or homodimer, the ability to inhibit one or
more GDF-8 biological activities, the ability to enhance muscle development, the
ability to enhance muscle mass, the ability to promote muscle formation, and the
ability to promote muscle cell proliferation. The BMP-11 propeptide may be naturally

C\: occﬁrring or synthetic. An example of a BMP-11 propeptide includes but is not
limited to a human form of BMP-11 provided in SEQ ID NO:11. In one embodiment,
the BMP-11 propeptide is capable of binding to the propeptide binding domain of
mature GDF-8. In another embodiment, the BMP-11 propeptide is capable of
inhibiting onc or more activities of a mature GDF-8.

The term “modified BMP-11 propeptide” refers to a GDF-8 inhibitor which
comprises a modified BMP-11 propeptide, or fragment or variant thereof, which
retains one or more biological activities of a BMP-11 propeptide and further
comprises a stabilizing modification as set forth herein. Variant forms of BMP-11
propeptide, include, but are not limited to, for example, BMP-11 propeptides that have
been modified to include mutations (including insertion, deletion, and substitution of

CJ amino acids) in the signal peptide or propeptide proteolytic cleavage sites to make the
sites more or less susceptible to proteolytic cleavage. In a preferred embodiment, the
BMP-11 propeptide inhibitor is modified to provide an increased in vivo haif life.
(measufed in one embodiment in Exmnple 8) relative to that of the corresponding
unmodified BMP-11 propeptide. In another embodiment, the modified BMP-11
propeptide is capable of inhibiting one or more activities of a mature GDF-8.

The GDF-8 propeptides of the invention and BMP-11 propeptides of the

invention are collectively referred to as “GDF propeptides.”
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protein 14 BWP-11 signal sequence protein 15 1gG Fc protein 16 1gG Fc
nodi fied protein Detailed Description of the Invention

fe

The GDF-8 proteins of the invention and the BMP-11 proteins of the invention
are collectively referred to as “GDF polypeptides” or “GDF proteins.”

The methods and compositions of the invention provide GDF inhibitors which
reduce the activity of GDF protein relative to the activity éf a GDF protein as
compared to the same GDF protein not bound by an inhibitor. In certain
embodiments, the activity of a GDF protein, when bound by one or more of the
modified GDF propeptides is reduced at least about 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, or 55%, preferably at least about 60%, 62%, 64%, 66%, 68%, 70%,
72%, 74%, 76%, 78%, 80%, 82%, 84%, 86%, or 88%, more preferably at least about
90%, 91%, 92%, 93%, or 94%, and even more preferably at least about 95% to 100%
relative to the same GDF protein that is not bound by said modified propeptides. In
one preferred embodiment, the GDF inhibitor is a modified GDF-8 propeptide ora
modified BMP-11 propeptide covalently linked to an Fc region of an IgG molecule.

" The term “stabilizing modification” is any modification known in the art or set -
forth herein capable of stabilizing a protein, enhancing the in vitro half 1ifé of a
protein, enhancing circulatory half life of a protein and/or reducing profeo]ytic
degradation of a protein. Such stabilizing modifications include but are not limited to
fusion proteins (including, for example, fusion proteins comprising a GDF propeptide
and a second protein), modification of a glycosylation site (including, for example,
addition of a glycosylation site to a GDF propeptide), and modification of
carbohydrate moiety (including, for example, removal of carbohydrate moieties from a
GDF propeptide). In the case of a stabilizing modification whichr comprises a fusion
protein (e.g,, such that a second protein is fused to a GDF propeptide), the second
protein may be referred to as a “stabilizer portion™ or “stabilzer protein.” For
example, in one embodiment, a modified GDF-8 propeptide of the invention
comprises a fusion between a human GDF-8 propeptide (with an inactivated cleavage
site) and an IgG molecule (which IgG acts as the stabilizer protein or stabilizer

portion). As used herein, in addition to referring to a second protein of a fusion
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The present invention is based, in part, on the discovery that GDF
propepti des have a short in vivo half-life thereby reducing their

ef fecti veness as pharnocol ogic inhibitors of GDF-8 or BWMP-11
activity. Accordingly, in one aspect, the invention features nodified
and stabilized GDF-8 or BMP-11 propeptide having inproved

phar macol ci netic properties, specifically an increased circul atory
hal f-1ife. The present invention provides novel nodified GDF
propeptides that forminactiyve conplexes with GDF proteins (for

exanpl e GDPOFimAdsBbzarpogiast alsadnclpdes nprproteamagequs medibcatippesugbds £ ed
GDF pr opept.| i I f bind to a propeptide

bi ndi ng do%ﬁﬁﬁ’gﬁi@%'hgﬁ%?ﬁrr?@&%%ﬁn%%?%ﬁ;%éécordi ngly, in certain
enbodi nent s of Tiketeinmy/@suldted?, or t'perifiaaidtiréferd FR6cphiepiepts Wesieimyifees a
fusion protﬁi n between a CDF_pr.opeptide and a stabilizer protein. A

st abi | i zer OPFdERIS HUYOBRENANFOTIRTEEE A IRPlted Srtisind e s bsatidefres af
stabi LIty Qhiulfeafll & itr ChiaRARER bidiins frofitndbdl ofiRsIEHARDIERGH DY
one of ordinary skill in the art, s usion protein may optionally
conpri se awhichiies dpepti Tbe petwebubttdntiay Gpepf calmiqyoumatérinli” @fets tohe

stabilizin ortion, As,is well known in t art, fusion proteins are
pr epar ed s%&ﬁa’?tf'f’é’f Whete e aiAted proeiain at least 2@)@&0 i8R &%ng\}ﬁgt RO%he
first protgiferamuch 14R080-89%% (WRSWkd, R0erd ﬁ@%x@feﬁ%lfQ@?ﬁ‘%rbu?é?m hes

both the first and second proteins. For exanple, T1n the present
i nvent i on, prafefally & deast e N me§%h 89Yraz d4PBdWw hurehat t he GDF
opepti de port4 i s.fused to,a.second protein (e£.9. a.stabjlize
tein portion. %chl% hlefLél\ja eosrlltepfeti)r Bih? Prsc%?ﬁ)yetbcasr]%dlns%%rﬂ%f’h%{tpolyﬁgpnd’e
resul ting hadnaded ggbndyelRbBoS 0O ERIyRE Ralllnd Hletheua@@gt:ioﬂﬁle%ggtdeon and
the stabiljzer portiaon., | n other enbodiments, the
propept i deP@Enp Precembodimynt, s deswaes Hie okl inveptiands FRERRY as 1eaipeented
greater in,whYa.ELich f-1ife conpared to unnodified GDF
propept i de.wtk?t%ofﬁg%%t g‘?%ér‘ig'g?ié; mechani sm and tim ng of nodified GDF
propepti de bi ndihagerirs“Henkziomnf art Ip€ mocéleetkfbio theMec@lpeanin gdas and -
nodi fied BMP-1 ropeptides o he.invenption are beljieved to hind to
the. ot ur anepogoByaT b FEVB ARG 25§ WOLKERE i hecr SOdh et Kite
present lr}V@r@%ibQBfﬂ{}gﬂ HER TR thi nﬁ?ﬁcom;@%&kbﬂé?lgbﬁ?‘ggdz?rgm, and
inactive conplexes with GDF-8 or BMP-11 proteins in"vivo or in vit
I n one entalifthidatis rashenstibriop inspresingdesinpied saraipl halfdifa df the 1gG
propepti de_pindi oRAi n~th tur.e -8 or mature BWP-11
pr ot ei n. éﬂ@ﬁ&g‘%‘n F%ﬁaﬁrﬁ&egggd?&eg@ lselﬁg | e, follow ng rel ease of
native propept i‘tievib halfgif@irtRrsab ik itaBligng sBMhtehlmashiedidintidefigd | owi ng
di spl acenent of the native propeptide by the nodified GDF-8 and
nodi fi ed EBOPCEIof3AbiREME B aASTAYF 19 BEIHIA Nyl Balf lfpcare e kopewin de

fifom t he = UL SO, tel I f the
fochani sm maar T oo dph g iR o BORPAGE, CERIL o BRI pulee-

pr opept i dehbienviestgn bisung, soitifera blogthg; tico Thief andetios usaeasedys bizave]!

bi ol ogi cal, acti.vities associated with GDF-8, relative to a mature
GDF- 8 pr ot®PHM{REE 2ts not bound by the same nodified propeptide. In
one preferred e | cfard {d : - - r tides
reduce GDF-8 anng%f}%lﬁM%c]{a?\l}%ﬁh %ggggﬁzﬁgﬂ%{% ?rhﬁﬁg%%a}n\%sg? r@&ﬁ %tion
of skel et dizlfifswhe bermsssured by a nimbadtizaiodp keden irethe arthodidi®nbut rohe

present invention provide di fi ed GDF, propeptijdes that form

i nactive B{SW{FP&E’SVW fﬁﬁmﬁﬁﬂﬁ?ﬁ CHFgﬁ@%E‘Bf HPCVF‘%asé?YSi St flortbi"t g In
one enbodifBRples tdieinGDF propeptides preferably bind to a propeptide
bi ndi ng domain on the mature EMP-11 protein.ln yet another

enbodi ment, the nodified ODE propeptide is a fusion protein
conprising a GDF propeptide and an Pc region of an 1gG nolecule (as a
stabilizing protein). Such GDF inhibitors may conprise a CDE

ro.
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Critically, in enbodinents of the invention involving nodified GDF
propeptides conprising fusion proteins, it is essential that the
fusion protein be produced or designed such that the native

proteol ytic cleavage site (e.g. RSRR) in the GDF propeptide is

di srupted, destroyed, inactivated or renoved in the resulting fusion
protein. As one of skill in the art will recognize, failure to do so
woul d result in the second protein (e.g., the stabilizer portion) of
the fusion protein being cleaved fromthe first protein (the

propept i de porti ofijn iro seremihad life” jefess i the halfdife dﬁmglogﬁm eirapiating gmthe

aspect of t t |desfor ctivat r..elimnatin

cl eavage si '?Dg %’/tle‘%eér amgﬂ: PP Op ?Odgggﬁvﬁgﬁv%’gﬁqﬁbﬁéﬁ%“ﬁﬁ %Bg‘pf‘b
prepare a f usiaipl98o0ehdt ifthadd knswa inddiaftires) KedtORCRIICR \‘Wo hdi€ife.
invention. Methods for inactivating such proteolytic cleavage site

are known in the Hiettemndmppealgmclydes defiaitoss knovwi icte rg apd plsoirefers o

del et
ol et Lo Ol AABERL 8L b8 AN, B0 AURL SOHAR SRRl
i nvention, ramtiabo,cpertsey pb:eanmdla gunh hhéo@)&tsem@mgs tcowspke Inhe -

sites Iess su ge to oteolyt c.cl eavage. For exanple in one
embodi ment , ?fgﬂ"%ﬁ? pdimegt, t 1 #Rt nutation at ami no acids

45, 46, 49, 50, S2he 1€rdn « x@énl}@@vef%& %rfax%
at amno acids 122 123, 2863%p 587 of SEQ 2 %%St%%%h%ﬁég%ﬁeag“’%

enbodi ment , fgcuolts, @ib@ﬁ\thWmaSSemysabglmllymdpont@tghnevthmgulntaxgriadé of

I D NO. : reer red nt rmnut.ati nls
Boimt mut ai FE LR BroRE e oSG ferelir s ekl i ot el dap fy e
preferred ergbtqqh ettal @1 tlenpbal RAN314% t W@ no
acid 99 of SEQ Iﬂg@ ° I %fgrmglr)n Ag o Ala. | n&;dral%lt)ﬂg?ﬁlgfg (61??2}3@ &

enmbodi nent , Toris Aﬁ@rqﬁofnmramﬁrﬂwaﬁat?@) mibie TOH-R twperiamip ingbiddsBofie SEQ
I D NO.: 11.
sof t war e, ]\&:&%ﬂﬁé%}e ?Atéﬁﬁ&%ﬂ g%églné, %31“5 b h%/naé‘l%’llbﬁ{”ig?#bﬂﬂcf )

can al so be Gl&M)eh@ed tentotfophiprrat @ |ayt h@tlnlgﬁﬁaﬁagﬂuﬁabéx&ﬁ‘ Gré6rivadd be
recogni zed one .of skill in the art any of the described nutations,

vari ants or Hgrepigtan FaslorsdyDER: @ich 26 -§ Opyostatie- Meny 106 thegeprerens
acid level . ;RUCHdBAHLOMRSIAEBFCkIch Ko BWep.] (1:? éﬁl?{?}dﬁf as @B#ellf aadfor

Exenpl ary Am no Acids Mitatahl'e to Prevent avage of Propep
GDF-8 (Ami pouaty, sudasteerisinr ef er to SEQ | D 140:1) Arg-45 dn-46

GNP 11 (m no_aci BE OGP 670 B Sl meleyenbpnrad b igoil o

Gd u- 286 TUe'ﬂr@%Ktatwe meagures. Those in need of treatment may include individuals already

having a particular medical disorder as well as those who may ultimately acquire the
Q disorder (i.e., those needing preventative measures).
The terms “transformation” and “transfection” refer to a variety of art-
recognized techniques for introducing foreign nucleic acid (e.g., DNA and RNA) into
a host cell, including but not limited to calcium phosphate or calcium chloride co-

precipitation, DEAE-dextran-mediated transfection, lipofection, and electroporation.

SEQID NO: NAME TYPE
1 human GDF-8 precursor protein protein
2 human GDF-8 precursor protein DNA

14



As noted above, the present inventors have nade the discovery that
t he GDF propeptides have a short in vivo half-life. Thus, to be
pharmaceutical ly useful as a therapeutic or prophylactic agent, the
" GDF propeptide nmust be chemcally or physically stabilized for
i ncreased | ongevity under physiol ogi cal conditions. GDF
propeptides may be stabilized or nodified by any nmeans known in the

art, so long as the nodified GDF propeptide maintains an ability to
inhibit a GDF protein or pature GDE protein 1n a preferred

enbodi nent, the nodgfied GDF pr}ggﬁgtmgpgmn%ai ns tspﬁ,@,ﬁl ty to bind
to its target -cB—proteinor—a—cB—propeptde—binehRg—si-te—{ n one
preferred enbpdi nend, the| nodi fhuﬁﬂnGEF-pmmatl de tonpbNAes @ GDF-8
propepti de. or [BWP-T— I propeptide fused—adjacent tojor via a | i nker,

to an Fe regi pn of an |1gQg nol éémﬂléGDﬁ'@PE@ePié@l on pf peEin gd provi des

a protective pr stalllzmgefect opepti fde ( erby acts
as a stabiliz[ng m)ificalong1 # gﬂqon the n@g‘gved

phar macoki net| c propertieg h(u'maﬁ BMqu ??c%f's@ ﬁﬁqéﬁn hal I)oeul fe)|of the
fusi on protei p—as-conpare The corps Ag unmodPired -8
propeptide orfunnodgfi ed Bl\iﬁﬁﬂaampgqmrélﬁasorpmtem I n @Npart| cul ar

enbodi nent, tpenodified —8—propepttde—conprises—a—huran -8
propeptide or|a nut@nt of hunahur@:BMPpHapetpm de andpiokedn | gG
nol ecule is the Fe reglon of an Tgd, or. an or ail _Fe regi on of
| gGL rodi fied| for r'@duced effe@f”éﬁ“?WcH’Bﬁmrﬁ n_one et neht, the.

lgG fragment |s Ig@ﬁ ( SEQ ID}N% ]B§Q4P1 (gpo er enbpdlio{gent, the 119G

agnent is |g ified far Ared PEEC £ 1 | D NO
16) Exanpl es of mybecul e nugdigfaneshvbarn Frr%ggg ef f ectiggaf ungcti on
i ncl ude nodi f i i i | ne (A
at am no aci d| posi tldons14} and CBDFa&sxgml séqmende | N SEQ pibdteMO, : 116.

Modi fied GDP-Bor BVP-1I1 l{)r P’ptl des maP/ be Tsolatgd or purified
according to ktanddfd prof ei n BNBilatsignal waENSEri i Cat POKIDr okedur es
wel | known injfthe grt. - In ano&‘tszr enbodi nent|, the nodified GOF
propepti de copprises a hunan BMVP- 11 Xﬁpnudp ar bR o hunman
BWVP- 11 propeptl de, jgnd an IgG mqupptﬁomﬁh |s th|e Ferofefi@i OP of an
I gG or an | g\}-l-, or—armrtga—F Fagn"em reoct-ed—For—+edueced—ef f ect or
function. In one preferred enbodi nent, the stabilizer is the Fe

regi on of predib bedetiptiobQr tHe Mekntlon or the Fe region of hunman |gG
nodi fied for reduced effector function (SEQ ID NO 16). The BMP-11
propepti de rray T&)@N%@@tdnwpaemasqdalmampaﬂw disoakery thatl@%wprmeepméqu on
of an 1 9Gy, e ventl on
al so provi ggsgme gd@@ gﬁﬁ%égﬁgby 1%8 (fm%tc?e]éﬁgw}' (‘E'Slf)eesgf'i fﬁ% v‘?%

i ncr eased inhibivéry of GDH-8 ovBIPO] haﬂﬁfvn#l,&@orduﬁglpnﬁ ofi¢ g¥pettl e ifeiadi ment ,
QF met hod conprises preparing a nodified GDF prop eBtlde corrpr|S| ng a
8/ | gGleapegmogisd g F@h;iIZFbePEsﬁ @rnBWdtlewrﬁpqﬁ»y% @p@&w\@ cDNA

nol ecul e
propept i dgﬂﬁggégiﬁﬁellq\@rg?e ﬁ%gﬁ)t, E‘gﬁ’ ﬁeffggdrcg%@p }r,ggmy@(? I D NO 11)
whi ch i s nodi f iTéd pira:senmamtmmpmvideenm@hﬁsﬂiﬂeﬂ@l@b@@eﬁ@hg that farrand t he

D No»15) inaeti o€ coelens gt G BEofgng Wor EESURIs WOBTE HApMBr ey in

prokar yot igrPindkany/ %e%@&iﬂé@éﬁ)&’%oﬁf){:ﬁ&@srﬂf‘{ﬁé i1fer MR LRRELRY Bind to a

expression plasmds and cel
propeptide binding domam on the mature GDF protein. Accordingly, in certain

embodiments of the invention, the modified GDF propeptide comprises a fusion
protein between a GDF propeptide and a stabilizer protein. A stabilizer protein may

be any protein which enhances the overall stability of the modified GDF propeptide.
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(3) isolating and purifying the expressed fusion protein containing
the nodified GDF propeptide, wherein the nodified GDF propeptide has
an increased in vivo or in vitro half-life as conpared to an
unnodi fi ed GDF propepti de. An exanpl e of such preferred
modi fi ed CGDF propeptide of the invention is set forth is Figure 11A
CDNA expression systens are well known in the nol ecul ar biol ogy art
as are nmethods for isolation and purification of the expressed

pr ot ei ns (Exanpl_?st and, 7, herein, provide exanples of such
enbodi ment s) As Wwill e pepeRized Py enerpftosdiasy lillip e art, huch-oRangovistruay |

used for exp ta| nucl eot i des
encodi ng a | Fﬁﬁ@aﬂgep{nlpgwﬂlé%\gg%%tdﬁé%ﬁ {E?édljeg’?e%B Iﬁf’ ‘%ﬁg
propepti de aﬂtdbﬂizmglpgﬁld?c Asdgivel kown &t thbhdt] fasion pestting Be. préﬁﬁwed such that

orientation the Jinker. peptide relative to the GDF or
region is unf BF‘E"éirRmte*méR{ F‘&]Weff%ﬁfth% Wﬂwf%té%ﬁﬁuphélahﬂlﬁlfé@ﬂﬂ%s

encoding 2, ﬂ*ans@ate@grojcé?m contpriseébotit fhe S an ngg%c ﬁ?é]teltn% GF?LIZn 0 195, R €

am no acids in | eng In a particular e %érf) “de
conpri ses nuplesattimiestionedaingprbein mhebapiepaedsidh tiaqheGOF ]SIQB?IEIU ng
of gl ycine- serl ne- Sg}%#%ﬁstne seri,ne %G%GS) - | n anot her. enbodi nent,
the expr essi BAUSP & O RGO PrUHA (58 i lizen PEOIEja PAFosw) SHCH Bision

conveni ent i stedh isoitesuel RUF ithi ﬁu@frésqnmgftmm&e@ﬁ&ﬁéﬁ%Gﬁza 58ba e The
use of such tagged expression plasm ds and the ods for 1solating
and purifyi n@@h@ldea@gw 39 theetabilipevportios. are wel | known in the art.

T GDF propeptid Spec fi.cally incl fusi on
oteins in whi chq‘?ﬁ Ea%SEg"dr‘@g“g%%“?d@ (?F(EPBBhgeo‘fo HEHD uP’é’pF%tlde that

i denti cal orisgnadifiet tothaae gieaies nama @gﬂusory BalEllfe E6thpREPRNGIASKified GDF

sequences from a rticul ar specjes, while the stabl lizer gortl on, -

such as the BEPFRiEomBpughHke P@@Sﬁﬁie@&msﬁ‘ g timiagiof erndifaesl Bprmpeptlde

greater tha h_pﬁgjn eque a

i frerent opanite oAU e TR S R ST P
fragnent t herrr'echptnﬁa;/otiée fnyemibntape berlieked toendom thé :ran® G5 -8 83 mature
nmol ecul e, I\gf F versa, . so, | ong,. as ttﬂg resultlng fusion protein
exhi bits the &k 8 ATEieBE TRPOLBETt IPE Preseid ipyephion H@Viq’i’ﬁi“!ﬂdﬁiﬁ%ﬁﬁﬁf
COF bi 0! 09 Ctbpdidey/iay fon InaROUIHenlcl ot WD 8%r v 1| oRIRGE L1 8%
enbodi nents of the invention, fusion proteins of t ention are
chimeras of RYHEh Brosesmbedimast, \ToheI$DB@ernpieiesmmfckabiy tinlxr%atoaar propéptiven

[ eatmont o hing Aozl s RblEBE- Sl maral ARPE frlin, uch it pu

to the abovescdestsr eh@xdpE;:foﬂU@ha@ ﬁei@i&‘éto‘? hitﬁ:c p&&]ﬁp@ﬁ%:aﬂhé’ﬁ?e%f d be
stabilized %& variety of ot her methods and resource materials I ch
are wel | ahlqtigd fPovsna Aisalapasmans of the npii v rriopeptide by Sie modiietods

rraterlal | at o | i nkage to
Zﬂbum n or aé%gn@pﬁgg?dﬁg%%ﬁﬁwr@?e& gé%§§/§cfc’l dhgﬁe%l"@?ﬁf’?gg@fawe
The nodi fi edrd@DEhepBDPefpind P prdeersos prorire R euaedipisdf kicaflediuinfigh,

standard prote ion and purification -techniques well known in
the protein3f 4&‘5 e p@B@“BFBB‘é’B’%‘F’H iGeq BMRsd prapgpiabrbipdiogapuits isa

can be prodyghitiBY irfoNdringdry optine Bfoﬁoég&@wwﬁt?ﬁ%mﬂ&ﬂ?ﬁ% wftl? Grigt %nr'%la%’ve to

such propepti des can be synthesi zed
r econbi nant Iayylamrcs@DEtEemotaHdhqiuss ndtibednd e saxat aobdi fud ﬁrb@&;ﬁldab[ﬂ by

to f mat BVF- 11 pr ot
e mot hods PRERFT B0 HBFE: R B1oCHERAU0E SRO AV | ERepea es Torupsepbl dos
can be synt Qﬁém@—]!ﬁbﬂ”’@gﬁaﬁ%ﬁ%ﬂwﬂ RaakTL 1%?1‘?1%3:# oY) fe?ég%%%ﬁfrﬂazsgfg

as those described in Bo slcy, M PrincipFes o
Springer Verlag, IBensther ptafed®)emirndir@ma the fhefent (Iﬁd:nﬂwn ﬁyyntdeg'&mﬁjlﬁcd

Pept i d F d Co New York (1992
he cont ent ST PIREEH 8 e {HEd TSt SaP REPar i By bl Broisiesn vilp or
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art. For exanple, the expressed propeptide of GDF-8 or BMP-1 1 may be
purified by, for exanple, using the nethod described in Bottinger et
al. (1996) PNAS 93:5877- 5882 and Gentry and Nash (1990) Bi ochem stry
29: 6851- 6857, the contents of which are incorporated herein by
reference, or any other art recogni zed nmethod for purifying peptides.
Alternatively, the nodified or unnodified GDF propeptide or fragment
thereof nmay be tagged with, for exanple, FLAG or 6-H's for subsequent

urification usin rotein t abl i shed t echni gues. _The
o 1 6d ot o Pt S FDBIRoRp U T AR ST @ PTRRCHAE be
produced anG'rh@%%ﬁm'aﬁlranf’le Rat §Mnyl Pﬁ%’tﬁﬁ ' nglr‘r"’}etraﬁgtﬂgpém}ngnt the

produced GDF-8"or BMP-11 using, for exanple, a protease,
trypsin, tmedifef @E]propd:mmisrwusmm propEpsomprising pa}m"edrdpalstnde atian@e

o 0 SO LN SR o AT APl oL anal ot o isibitpcnshe,
Mol ecul ar @infpHsahiGINF plo P{ipt)de‘%ﬁpe%ﬂ{@%ds& RrifRRE M)PJCSJB%PH dr%

cl eavage sites. Alternatively, such propept i des- be produced
f r om nat uraggmens ecvarianhef Selrd nf@-‘ty‘phdﬁ whigh retaips onhmedox@:hﬁelsgmal aBvAtigs

such as st q he art suc m c

ol eavage. (TEODF ot SRBIIA Gn PG BipPaiiden 85t pie ofiigiing Be

pr ot eol yt i &tioity SﬂGDﬂ?qirtthxn@FhﬁGBFCB SNEMEL 15r0peRidedesenes iHeQRvenfibn t he
nodi fi ed GDF Ero pept.i de ma nprise as many am no acid residues as

are necessawy s ypicHgplbpre gfi) segead fopr npiul qrcwmer(wyfeb ﬁ?ﬂﬂﬂfﬁ el ng,
tiall
F e: ﬁ yI %Oﬂrsﬁ%tﬁggsd |Salrrjgﬁn‘1?r ol of E%@ Oglbi]naﬁﬁ*fdl\é nr%halng I‘:’?rgomﬁf 0 says I n

par ti cul arrgagenrschosvpells ahd agrheds shizh a@FeIBkﬁmdvi o thBMP-of kenutiepept i de

sequences t hat mai anteablt late or inhibit GF-8, are
i ngruded vﬁntg’rﬂe?f’ﬁlﬁgmé’b%ﬁ'@ %qlmﬂl‘fetlhie %&BPW"—‘@F‘ I Flt%léqﬁdrwp'

portions prigirepepaby cGRPRkS & Sudhn beess 0158M§°01 1 #Opepiie C%O%;eéillyzrbmg éo7 0,

80, or 90 amino acids; nore preferably at |east 100, 11

140, 150, azldeG malecula 90 fragmerthiersof. nBzea@Dw oraBMDnﬁspropc;erdemmylbp at

| east 200 3 or. 24 no_ac . dn a
preferred fap agiarcr%nnttoa} %«3 g By iﬁggoﬂ’tofe oo 1136 ‘%Sotf’ t‘{‘]fh% Iﬂ“foiféllf
GDF- 8 pr Opggtmtﬁiecdléwaﬁ?pmﬁ&ilﬂﬁmﬁac|T§’s% df@udlﬁﬂ%f" peptides is \?&ﬂ&%ﬁﬁﬂﬂ%é’g to
SEQ I D NO 5; and the BMP-11 propeptide portron of the BWMP-1

propept i deprotgingrechsmisiy 2Hei ds in | ength, i.e., correspondi ng to SEQ

I D NO 11. The s set

Nal 1, and i nel dnce i PROUARER: LAk MTRBAA e BiopBigs? b el
embodi mentepmphiss ﬁsrqme:mamftrdﬂm}:bi@repﬁwdrden beghdfusinidtofelifisam no
aci d sequen uence for human BMP-11 is

set forth PF‘?fe’éQEé 3t f5afibouy 74~ glrj]d‘dieﬂtécraérﬂe% EQ AR Y973 r bl more pecfaablugt of
Q | D NOjéast’aboliN819 48 Mdut B%Hdcﬂﬂc?ﬁc}g? galthél. %'L_,?céfgfé) P%%erably

peptide sequence as a function nment o
propept i det least abertdiols; 36%, 88%c89%, R, I by, S2%a Pl or Wi identibs @ SRy S

o opept | 4D ARELE ind Rin ST el pLrR AR e DR Yo 824 PReed e
i ncl ude Gor jpowRepkicses smrmgsdaeldatl1Wm@Fk@é}&a%%ﬁhﬁfﬂtnﬁa@ddpc@%ons

(i ncl udi ngiMnsertr on, deletion, and substitution) ong as suc
vari ants Pdil rprepeptidss Cﬁ‘mpesfche@quede deoticite aie sequanndm tet foothyin SEQ

activitie f rope trvrt e neas, red for
exanpl e, 39% eg‘%r & g ?'et %?Q‘ﬁ{)?rgg %ﬂr‘@?’? PgaﬁrPB‘?Pé’ FrRg g of
i ntroduced ﬂlﬂbﬁ)?iof@n Bnlhee%ﬁnann@n&ﬁﬂ%eta*f?agﬁféh{ ¥ SafianChfTReGRIFOT Y Or
storage hal f-1i or production of the GDF-8 or BMP-11 propeptide

For exanplPEcpepisaget farthan SERSIDNME: Her 1 hisp dehgoasdhe fragmenter grriamd reains
prot eol yt i es..L. r or in roteolytic .
~degr adat i oﬁe g‘# ;%%ﬁq%&o laCt ) % @%&éﬁ%@ qﬂ a??B r&%‘%{?ﬂt er
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" In anot her enbodi nent, the GDF-8 propeptide may be nodified to have
an altered glycosylation pattern (i.e., altered fromthe wld-type

gl ycosyl ation pattern). As used herein, "altered" neans having one or
- nmore carbohydrate noieties added or deleted,-to/fromthe wild-type
GDF propeptide. dycosylation of proteins and pol ypeptides is
typically either N-linked or O-linked. N-linked refers to the
attachnment of the carbohydrate noiety to the side chain of an

asparagi ne residue. The tripept] se 1GeS jNes X tRevand
aspar agi ne- xeuthodignhdhe mﬁé&@gﬁfﬁjﬁ'gé’ﬁ@mﬁEB‘@?@%@&’Q’ tng%p§§llﬁli ne. are
the recognition R orwBHEY IR inGtaad K8 Gagembdifiedtttinclude one or more
car bohydrateoﬁmg'ﬁgﬁélg’%gﬁ@i ne side chain. Thus, the&%rgesence
of either of mesesi(incheplyiderseydelsties of bsipEPPhEpiong as BF ferentyr
potential glycosylation site. Q-ljnke | i ES to the
att achnent ofvapad Tgiping Qae ghﬁﬁfegblﬂloﬁggcﬁcgﬁ%g? %ésggﬁob éilgact ose, or
xyl ose to a hydr oxyafh.g, idehbodimsis cfanemnentoadntaieingmadifialddbhe,

al t hough 5- hydroxyprolinhe or 5-hydroxylysine nay al so be used..

Addi tion or gebgipiides winpgisinedusiPAPIHNS ilttlégss_‘t""t‘}‘ai( et MS‘P‘&BE"E‘?P ®is

conveni ently acconplished gysugﬂ, Ler {h@%a{i?@?ﬁ{&ﬂlﬁc%@éaﬁia@@ﬁﬁ_ gagmm}ﬁn the
e

that it cont &FASUEY CbRFtE°6nd or nore of the above-descri _ _
tripeptide sqgpencsRpldonk drhpteda@dsiglygddsydtiabticdnr sireesy in thggesulting fusion
alteration may al'so be nade by the addition_ of 1L (S obésot\!\%\#]&%%@hﬁyme
one or nore gEPiere /Atonerialil Rdhe ad Wa Eoogze: I IR EHTD e
rt.d-type GDE propeptide (f fﬂiiﬁﬁlt ¥habh protéih beiay cleberd from
se, the @ﬁeg?%dgpégﬁe?“d@'%ﬁﬂi%tgg‘!cﬂ seaﬁ%ﬁggﬁi S prgf_erabl ygar:g&pgred.
through changes fiadt ptdiein QN8 prapeptide partio) afdesivsign @sotaine AGEPIGINERO RFTHFA!

the art. Anot her, neans of .ingreasing.the n :
noi eti es on t%ﬁ@e@lﬁt}ﬁrlﬁﬁfﬁ‘ﬁ‘f’l‘@@"i@”g@r 18%‘#%% groerlﬂlgﬁ%@ie gﬁé‘g“%?ﬁ?ﬁe

of glycosi destot@li)ﬁg?op ARVAREREInd @uctT iopeptide a6 prtpres: fasien protein which is 2
advant ageous T t 'they do not require production, of t

he .
propepti de i nmadifed GRepioptptide dfshe igrentiony Mathesls fenipaperRs é@ﬁfpmtewm

"0-1inked gl l.ation. Dependi ] | i onth
Sugar () may GETEEE SEEARETEY) CaF D RO op el nlTes f Mo e

carboxyl gr OURSeridt br frk@8os bt feyeiyé agd orpelatioh sementrmefdboproteolytic
cysteine; (d) free hydroxyl groups such as those of serine,
t hr eoni ne, orcleydigosyprol i ne; (e) aronmmtic residues such as those of
phenyl al ani ne, tyrpsj e AW iRlcrioh, mbRiaRE Sey B Midde Bfthe GDF
gl ut am ne. These Yo BineL bmbOieBR M Me Blerkion, 05330 publ i shed 11 .
Sep. 1987, angeduendnb nmkarit: skh Bsonista9Blg toPRYedyTie clereaze. BPOTHERS; 1D
pp. 259-306, incorporated by reference herein. g | o0 48N 49
car bohydrate ABé¢ é‘?g%mﬁ?‘eé myant IRy ?ﬁﬂ‘—a"bfigﬁgﬁﬂl‘éﬁéloﬁésg%}e% acttls 43,86, 49,
g?lo”p' | shed chesy 83y cBre:caeyomiisnaISEQ EIMID: agbr dlagliseasgd WO 123, 256
uires exposureé of t’ﬁe’ GDF propeptide to the compound . be mad
trifl uor omet hapesubf SEQ DDA, Ioenetherembiodinayitsuglh RPHG AYLatpRT Gan be made

ST o g S COERIEN  E PHRR d

| eaving the am Q?oi d}ngtaﬁgﬂﬂteé}ﬁi%oiaﬂﬁdalgof SEQ ID NGhenlicaparticularly preferred
degl ycosyl ation s described by Hal ci nuddin et al, (1987? @roggﬁ D NO.-
Bi ochern. Bi ophydindEe: (bepeintmbiaticnl e paintMutatigrogfigmiracid 98 FSHEHP NO-
118:131. Enzymatic cl eay of carh r [ eti Bin Gt be
propept i des cd%%%&ﬁ?@@%glnﬁoﬁ’ﬁ r%?é—%g%ﬁngo\%eﬁgtsgég endo- and

exo- gl ycosi daggéde% atessnb hads BySAQADAROr: a1 eComputer 4RBA)s (M52
Enzynol . 138: 350. Wien the nodified GDF prope tipg:?'is 1GDF
propept i de- Fc dousnaeiaiy avasiahle safwaes é@i;ﬁéﬁi’r\’é%&é},m?gf’e eP%dﬁ% e
o sco ot on SeEBbn oS B RREL HBla lguA AR e e

gl ycosyl ati on h-anot he pr opepti de
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I n maki ng such changes, the hydropathic index of ami no acids nay be
consi dered. The inportance of the hydropathic am no acid index in
conferring interactive biological function on a protein is generally
understood in the art (Kyte and Doolittle (1982)1 Mdl. Biol.
157:105-132). It is accepted that the relative hydropathic character
of the amno acid contributes to the secondary structure of the
resultant protein, whichin turn defines the interaction of the
protein with other nolecules, for exar}p enzymes, substrates,
receptors, remzedrhy deqfébﬂi laﬁhft geany, o Abrideshrbddirketations, variaBaoh ami no

acid has be hIC e basi

Ay ophobi oV CAT® dis Qs PRt dp el 18 R AN Sr e efaes gy

supra); tr@s@eﬂn@omqhewme (+4.5), valine (+4.2), leucine (-1-3.8),

phenyl al ani.n £+2 8), cysteine/cystine (+2.5), nethionine (+1.9),

al ani ne (+ bg‘j glycine (-0.4), threonine (-0.7), serine (-0.8),

tryptophan (-0.9), tyrosme( 13) prollne( 16) hi stidine (-3.2),

gl ut amat e ExenHary 4 hgias : reyeat Cida AL adpar agi ne

(-3.5), lysine (-3.9), and arginine (-4.5). I'n maki ng such

changes, tOPFsYIpAiiAdIadi0AudbeRFeeploBB@EED NmsEe hydropat hi ¢ indices

are W thingg.-4s preferred, those which are within 1 are particularly

preferred,ggvk those within th.0.5 are even nore particularly

preferredL - 40 It is also understood in the art that the

substituti f | i ke am no acids can be nmade effectively on the basis
,hydrop ity For exanple, U S. Patent 4,554,101 states that the
at est average hydrophilicity of a protein, as govern by the

hydr ophi | | e its adjacent amno acids, correlates with a

bi ol ogi callysr erty of the protein. As detailed in U S. Patent

No. 4,554,104 t he fol |l owi ng hydrophilicity val ues have been assi gned

to am no akigdhs esi dues: arginine (+3.0), lysine (+3.0), aspartate

(+3.01), glastggmate (+3.01), serine (+0.3), asparagi ne (+0.2),

gl utam ne/(fg();gZ) glycine (0), threonine (-0.4), proline (-0.51),

al ani ne (-4 hi stidine (-0.5), cystei ne (-1.0), nethionine (-1.3),

valine (-1. 5?) | eucine (-1.8), isoleucine (-1.8), tyrosine (-2.3),

phenyl aI a ( rypto I n maki ng such

changes, t E @ﬁ‘%ﬁ EHBFX’E% E% é‘f%@%ﬁ&@ hydrophilicity val ues

are withirf* preferred those which are wwthin 1 are particularly

preferred, aﬁ those within 0.5 are even nore particularly preferred.

The nodi f i@at286ns may be conservative such that the structure or

bi ol ogi calLeuf2@icti on of the protein is not affected by the thange.

Such conservative amno acid nodifications are based on the relative

simlarity of the am no acid side-chain substituents, for exanple,

Qel r hydrophobicity, hydrophilicity, charge, size, and the |iKke.
enpl ary conseéeksvtéd/abaebidt prastntomenwing bdvetradde tlveaahsamuqyonat tieeGDF

f oregoi ng_char risti £S LNnto copside atlo are wel | own .to those

of skill |pﬁoqeﬁgg%§ VL hRd Pﬁ%éfr uléf8(ij Qﬁﬁ? n Hhﬁ'g???éuncﬁﬂhf’%ﬁfr‘éltaéaand

aspart at eth&@idufie oPPFbphYeeNhie, 1B GD?'ﬁrék%pﬁH@mﬁﬁ%rcﬁ&hﬁgﬂ &nd

val i ne, |eucine, and isol eucine. The am no acid sequence of t he

modi fi ed @hisienbypeahilizrdSoningrasecchiongevite ande phasielogivsl aouditiens. of

conservative c Qn i ndi f. the nodified
propeptide to i@ﬁg? rdrpegfdeélﬂu—%preo?%bﬂemg %gfagk}’é'raé‘ell?)eaﬂsf }l”é’é’“f“e’(BEQ%:6
Rel ative sequelag asthe hedifity GDF prdgeftide Yndidhine ak MW th hHiki€a BDEL €i N
and nol ecul ar_ biology arts as sequence honol ogy) is preferably

det er mi ned’“ﬂ%‘iﬂﬁﬁ mahge Gk pratein: lpp prefeyysd thwgm th¢ H?Dﬁlé8$§@fence

'Ibﬂgl YSIU?N rpte p? F %SCOH%{%}L% 8tS° ecc{}ﬂé&g(%aet@ {: Brr'omﬂlﬁng? ?gj'r{: ere)pP’ae

"Gap" uti bimksg me Ialoge prdféiradodmivaieeta aB najdeh MG E Brdpbiner eAmAsand
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The Sequence Anal ysis Software Package descri bed above contains a
nunber of other useful sequence analysis tools for identifying

honol ogues of the presently disclosed nucleotide and am no acid
sequences. For exanple, the "BLAST" program (Al tschul, et alL, 1990)
searches for sequences simlar to a query sequence (either peptide or
nucleic acid) in a specified database (e.g., sequence databases

mai ntai ned at the National Center for Biotechnol ogy |Information
(NCBI') in Bethesda, Maryland, USA); "FastA" (Lipman and Pearson,
1985; see al §Ph8aropsaticher BYBrid propeods fuprsladiasant tetor aia,a 1ilg@a)to an Fe -

perfornms a Pegkso Li pman reh f.or simlarity,between.a query
sequence and?%mgnré(;fua%quns1 Sﬁué%(s‘:@% Pg:fmglﬂ%Oitgggg(??boé){?eﬁﬁd“lr‘étieﬁt“éec(?rd or
protein); " Th@bilifingRefetdnthe proBeRids ¢ahdandby kSEa &ERNSe ¥ dification), as
simlarity between a _protein query sequence and any group of

nucl eoti de s&EdGelee astheiimprqvad shasmacokingtic pieprdiss (ide iBaerreA seruT halflife)
si x readi ng -he oIl i y i
erforms o paat Bam A LRl ROkl i dGrEBERALL ARG EEIRERF § propepiide
nucl eoti de quesnmeifeEBdP-Ahpropergideup of protei n sequences, taking
frameshifts into account. "Tfast X' perfornms_a_Pearson and Li pman
search for sinila %W%?lwpoglr‘ﬂﬁ%tt@ﬁoagg‘ﬁ {8 REIRSBUGMEPTBRTECY R oUp
of nucleotid C i 1 FREC i .

transl at es bg%rﬁﬁgét}rggnﬁgmgkﬁggﬁrew ﬁ%@@gﬁﬁﬁeﬁgg%@?g&gﬁ%bﬁﬁp ?nl‘%% t he
conpar i son) . molecule is thed'catgisk pf 4n lig 11 drendg G4, wirlah Feeegigmof BzG habdified for

di fied i £ied : tides,. t Ai
bsti tut | onte PR HEE P SRR ol e SOREREds e dtre bt BERY (SRRiTD
bi ol ogi cal pNOPesY. iI8Snother &nlﬂ{d%@{t,rtﬁéjlg@Tﬁﬁa%iﬁéﬁ?MIgC?FﬁﬁHiﬁ?@ﬁﬁ%dt%@@

conservative amno acid substitutions, t are we nown in the
art. Exenpl a¢ffectsdumtipaiSHe IBUH £Y Jixampies i mobecule enodafi ¢ blps rasizcedhe

foregoi ng ch [ St1.GS.ql Nt i 0 # |l kno 0, thos
of s 111 1 ERR HalcEoh SRotldl PR Aol ron f PuleRe (o
limted to: argin méd godtibnssé agd 1 Dhskadsith én BRQ 1BSPOr.t@t e; serine and
t hreoni ne; gl utam ne_f_and asparﬁghpe' and valine, |eucine, and )

i sol euci ne. Mpified GIaP§ ca Bt hropeptises max be ispdated erpurified depording
vivo stabili L / i . In
one enbodi rret%%éfaggg‘rat% %%nq% (?lgtgﬁ(rabn g?ﬁgﬁ @Hg?fe%ch%rr%egg fg‘gﬁ%\{;ﬁgn @%)ré?tét y of
time points foll dniangthdetmbatimentf tht hedifred G hpwiptjnide conipriseay Binaas| v

or intraperi eally or.the proteip is radiolabeled, i.e wth

o ne- 125, BUPSE RbpRUE aP ok shirie MHBSd RAPe R antee Tasteue
of radi oact iwhitl isth€5€MgibioRAARG S &I uM&E4, bk %?}%ﬁﬂﬁ@h&u%ﬁﬁih@d for
determ ned using a gamma-counter. |n another enbodi nent, the

i ntegrity/ stragidei effeerpr funetipn: it eepréfaredemiyeimentc i stabiitres sgbeHc agion

R anot her _CHOMAHRENC T (RGBT oy LR EE MRS RO Ry ok b

measur ed usirsgucad yffesier filhcBon (SEQED ]0: {6)NThd BRE-1 PERAYSide ) bidhag: an
ELI SA or cell-based assay known in the art. Methods of Treat’i n2
Di sease: adjacentiie orpiR Ajinkge fr ifesregonohan faGemetaculenssedastabeddreesin.

useful to preventnar I i i,sorders in r
ani mal s. The GDF %?c?ﬁée%ﬁﬁéggnq%}rlggélp g?’ gdregg‘:%h%g g% T%kl??]mogﬁl%oﬁl)feduce
one or nor e pacfdptidés lesimsiaoeiad ¢ovivh bhinaikal PG Ghdne brefanas hi dhly

preferred enbqadipent, the nodified GDF propeptide inhibits or o
reduces- onéMedirRsG the Method compysasipERpating aranedified GHRE @ropeptds camprising

t GDF- ot 1t ; . i .
et orred crban e The Sarr e PRt SRR BT SRR Gl

bound by onencedimpre of the nodified GDF propeptides, is inhibited at
| east 50% prefergblé at least 60, 62, 64, 66, 68, 70, 72, 74, 76,
78, 80, 82, 84, &b 2GPTgyoperids Hoppaempledniman DT dappauidegIEQID NOS),
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" so that GDF propeptides are given at a dose between 50 jig/kg and 20
ng/ kg. Preferably, the CGDF propeptides are-given as a bolus dose, to
maxi m ze the circulating |levels of CGDF propeptides for the greatest

- length of time after the dose. Continuous infusion may al so be used
after the bol us dose. The present invention also provides

met hods for preventing or treating netabolic diseases or disorders
resulting fromabnormal glucosehoneostasis. Normal glucose
honeostasis requires, inter alia, the finely tuned orchestration of

i nsul i n sewharmasBMy- bopropenside.SHR 112 NEB 1 Dewhioh isasqsbfieretotinact vise the

changes in_bl ond. glkucose.l evel.s.. One of .th undament al actions of
Tnouttn 1 o SBl RS RE i AR LR e ot sttt RAHPERRE bPopta Sl
tissues, gg@¢FAkLnVEQIE NOAsT;at . Accordi ngly, in one
enbodi nent, the present invention provides a nethod for treating

di abet es el | i t{33 cxprassing the eBNai is @n @pproprigia prokarrobb estukgryoric
hyper gl yceni g, .hy .adm nistering.to a subject a. nmodifjed

o bpent | ae Bt TSy Bk S SHhf Rt T R S A noun

sufficient to appisobitiagand perifsipphOetreked figiod ipfRéis @ontdinp@ 1= Of

noni nsul i n-dePendent di abetes nellitus (N , In particular, is

char act er iB¥H1p§ GPk progeptisle. vhoreingls wedided GLY prapentide hascan; ipgreasad in

gl ucose upt I8 Rk ' [ | muscle and

adi pocyt es,@c}z% i rlrpalﬁjrig ?‘f %SCSHpﬁ&gg?%ﬁgaﬁhﬁ%ﬁﬁg g??c gl ucose
producti on, andAy 8jamiyis vEawhatreddrédraotifind SET wbpapnidé BEthe anzmjon(ii 927)

(I;{a_bet es ?ev.S: /7- 21[612% Therefore, subjects suffering fromtype 2
i-abet es %h ‘BP¥at'éd according to the present invention by

admi ni stration @INA NBrbdibee sl 2Rt KRR REOWSin m@hﬁtecm@fsi%ﬁj%gﬁn as are

sensitivity to insulin and dlucose uptake by cells. imlarly,

ot her di seeeteadsdariseiatiapend purificsberief be ckpressed profeiesd Epgmplas b7,

dysfunctiqgn_f(e. . i st.an i hagcti.vit or deficiency) and/or

i nsuffici %ﬁ{eglél;%%vo]gég%@pr%p%ﬁ%m}f enTgoc{é@FT%),' al so can be treated

accordi ng to tHa aprnéselte cnibogitdngthdYDRANoRbEIEAEDfor ekprassiadirihad

GDF propeptide, which increases sensitivity to insulin and glucose

upt ake by fesaen groteins may teptaigsyriepades cprodinghbpker Bertide bewsert led GDF

propeptid it r i i : LALstered in
t her apeut ?lgglgﬁg&gfe%%g@?%g%aén%ﬁ R{bg gﬁmaﬁldglge @%&egﬁ? g @%@g&f 1r‘rzéltrlt of
di abet es andiam| Jhe driditstirrdelitse lidter peftidectlatre: @nUBDF o8igG Reregion is

nodi fi ed- CDF propeptjde s a dosage which ig sufficient to reduce the
Rt vi ty GRTRESEoTEE NUT Benioh ey RS PUsleietiaepsian 21 frdv kbt 2o

results, ucls,asg, 2601+ eXEPLE.300 M6 LEHRDCIH ih Ragh! T SeRELVI Y ~or
gl ucose uptake by cells, a decrease in fat body nmass or a desired

change i nembpdimérntghedinkes peptidel coptpirives misteotiviesl ancating fogkhecatielacid

nmogl obi n | ucose. t.ol erance, or inpr.ovenent . he secondary
Jopli cat FHBH B aiuRe S BERe g AV REPRSGSESkal 1y of fect ] ve
amount may var YnWhéthet digbodibROhe SxOQionGRRM il By oﬁtMaﬁ)eb‘ontﬁﬁta%?”
as the severity of the insulin dysfunction in the subject. The dosage
may be de@Bewingelgr pynygnishliseletiemandridgpuon efdhe Q@rqs@tzsfem stainy. Thoussyi t

observed t : i er wtlhe co sitilons_.are
adm ni stergé%&gl&g%%gte&%é 1%’?@%%%@%685 arnéaé‘%)c%/é A lgglatén%%?ewﬂ %g‘ﬁ 50
ug/ 1 cg anekgged pertiig. préueiserabitly knd e ifdBE afr opepti des are given as a

bol us dose, to _maxim ze the circulating levels of GDF propeptides for
the greatest |dhgPPorrapepidesof the ipyratige seecifcghy ingluda fusionfpieteian imray

al so be u hat?]E e r pnventio | so
provi des S‘E‘ﬁ% g%%g?"f"gﬁk Cléﬁjeogt?oﬁl} ?/W%mﬁlr%%g i|%8§65C0P 5ré5€a\f%% eé;;bto/?des.
Such t her apyolupolisl taChFasaresgondinh @eqratdsiffoneh batitullyspesitd, e theon of

the GDF pr og_?pti de pol ynucl eoti de sequences into cells or tissues
havi ng t h&tabilizer ppriigp farkaside Fr sggien aliae (G melacylempayde idmticgodpept i de
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Various viral vectors which can be utilized for gene therapy as
taught herein include adenovirus, herpes virus, vaccinia; or,
preferably, an RNA virus such as a retrovirus. Preferably, the
“retroviral vector is a derivative of a nurine or avian retrovins.
Exanpl es of retroviral vectors in which a single foreign gene can be
inserted include, but are not limted to: Ml oney nurine | eukem a
virus (MOMULV), Harvey nurine sarconma virus (HaMuSV), nurine mamrary

tunor virus (MuUMI\), Rous Sarc Virus ,(RSV). A nunber ..

d i onal - r XA AR BT RS PR PR R e T B Ot D P of
these vect or §p&3@. Fop e,%eﬂr.ﬂ%rm-@_tp?opﬁ{nﬂcﬁaﬂ& fr¥medt BREFARI R fused
mar ker so that transduced cells can be identified and generated By

i nserting a GDmM be mgegdfdanpst jglinokotleds visgumaces ohg entherestitingifusion

the viral vectqr. .al. with ot.her .gene whi ch encodes. .t he_.l.igand
for a recept 8?0(%%1% e’étjuglpgéhle F%re? E’l"%‘éﬁmaégftf‘?wf ?ﬁJmZX(’a frg”?blflﬂ%ogbiggr is
now target sprtbditd actRaty; ovdnitdldiedas Eﬁﬁxﬁ?léﬁm— beinBiericaleaffodhemnt bf Ge
by attaching, for exanple, a sug%r_, a glycolipid, or a-protein. _
Prk _e}‘ er _r_eolt th abyyeniiony fpsionpretsing of Siedavanionar f_bmemas?@ﬁhmwrfnrgh@s ésofill be
ski in the - ide .
sequences can %St%%ié]rtglgg&’?%ﬁﬁ%ébgﬁﬁ%rO&é Sg’% J%Slgsﬁtgttfea%ﬁ%geégl a
viral envel ope traatradrt ofihtragrgeibiespeci fi ¢ delivery of the retroviral

vect or contai ning . the ropeptjde polynucleqtide. I n one preferred
enbodi ment, the véétaBP%)_FatF‘?r‘ﬁéft oy tﬁé#sﬁ&%%éﬁ%lb%@ Ferfiadoneprofedasuthe
S@Ce reconbmroﬁ@ﬁt{deymwﬁ@§caari§edd®fﬁa§ab&eofo@mﬁ&me'am bl Rer
cell lines that contain plasm ds encoding all of the structural genes
of the retrowmatamglsuvhich atevelldonvmehd ofadileguilaltie iy thegueteincet Sudhhhahods
the LTR These, pl asm ds . are.m ssi nucl eoti de .sequence whi ch
enabl es the %‘b%%ﬁtéf]ﬁl@ R a??!r S’fﬁI?ng 8@"&?@@" %rghwefor‘gﬁ‘é@ﬂ Pt2 f or
encapsi dat i oRongrietkResus RNy méri RQRsMYeE h NWELIRY eThe hvd e GBF ropeptides
packagi ng signal include, but are not |imted to .PSI. 2, I_DA31‘}) and PA
12, for exanieE beTekded and| pusifipdhusingstanfiardpretein ipolation enspuificatien no
genone is pa&Eﬁ?ﬁ sv!/efilk}ﬁnoﬁxﬁtiﬁﬂq\éigo@gtl' vector is i ntroduced into such
n

. . m.art. .
cells in whic e packagl ng sl ar i ntact, but the structural
genes are repl aceGDbypropdpetesgr meslifidd GDF gropsptidek tén Bepiodic&Pby HQariety
packaged and vector virjaqn produced. Al ternatively, other
tissue cult u‘i”ééa"& U EgrigRes g F PrRImple: puch repeplagesan ke pynibesierd (e-g.,
encoding th : i d fok:To R ! N o\
conventi onalec%g?]%@\gnc{rgﬁcggfo r}(;c:'tﬁ{;e%:’ i}glr?s g%tﬁipon. dTEJg%tee%{c}glf&s%glrr te%{hktnyeﬁo form
t ransf ect ed sompietdsevithenttore GDESrdnatara BMP] hgrdtbia uymgake ofetliodt er est .

The resulting cells release.the retr.oviral vectar, intqQ the culture
medium  CoRRGRTER P RERAIEIONPAP e (FRPRAPHFeCEID D BpBgERRusng

@-ynucl eot i flgndafd Frofedh EiRhflaly @EimRfLes RN a8 WRkEMRscHotd R BldandiySREr Sion
systens include nmacronol ecul e conpl exes, nanocapsul es, m crospheres,
beads, and |Prineiplstapbenside SenthesisnSpringenyedad, Barlwai! 893 )amd| GriaonG,A. (ed.),

icelles, nixed picell.es, ,and i = Th ferred col | ojdal
Cystem of ¢ hoRhel SRpIEY: + B0 1 ERRRONE il Sy, Rer k1500,

nmenbrane veshelkesientiof Whithereifedrpdrard heleln biaederatRB] 1l 288iton, Yhibfgeand
in vivo. RNA, DNA and intact virions can be encapsulated wthin the

aqueous i nt rdPHAe gyidhasizetsarq camraercielly evdileblei(nga AsivanasdiGem Rechdadek
form (See e. g y\Fhal . Trends Biochem Sci., 6:77, 1981).
Met hods for %‘%Pﬂ%ﬁ%ﬁ%ﬁ%ﬁ?%@f er using a lipsosone vehicle, are
known in the art,AR&8atnely, theladdifieDor @inadlfied (BYP peSHRPidHART frBnfR8R,
1988. The conposition of the |iposone is usually a conbination of
phosphol i pi daeregsmay by recamepatshyripdusad whing vaious sKpssiasgistdns feye., E.
chol esterol . h DI r h i pid | s@ be used.
co&&ﬁfnegﬁ?ﬂ%}g 09&?%&13 CB% c%fls, é%%é%vérugﬁ&pﬁwq }H}O&Nn In the

The physi cal arac stIcs o I'pOSONES 0
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exci pient. As used herein, the phrase "pharmaceutic: 0ly acceptabl e
exci pient” includes any and all sol vents, dispersion nedia, coatings,
anti bacterial and antifungal agents, isotonic and absorption del aying
" agents, and the like, that are conpatible wi th pharmaceuti cal

adm ni stration. The use of such nedia and agents for pharmaceutically
active substances is well }nown in the art. Exenplary

phar maceutical |y acceptabl e eXC|p|ents can be found in "The Handbook
of Pharmaceutical Excipients” 3' Ed. 2000, Am Pharnmaceutical Press,

A E. Ki bbet. &Pf exarppled seqdgnepeptige af SHFcher BMY- bt may baewsified by,
conpounds f8£r S J‘r%mﬁ 'rﬁé{ﬁfﬁ@wnb@ﬂ%h 13k 1. l(?@lﬁe | nCP?g‘é?"Pe““ ¢

functi ons. eutlca ositrons nay ed in a
cont ai ner ,5882akd Geﬁtrﬂmﬁipénsewgnmethﬁmsm PAZ; 6851568511;&&&)@31té:ﬁof which
adm ni strati on. A pharnaceuti cal conposition of the | nvent| on
is formul a?F%H’CP’é’OB‘éﬂd&SFFHaPX FtenfEs o7 any Sthen pd Aehogn) for puntying
adm ni str gf?&ks quena%e]; QhSo @RS bﬁ&ra&ﬁfe@@w ;[%)%5 id% afmEfOWn to
t hose of inary skill 1n the art. It nmay al so OSSI e to obtain

conposi ti dhsewmna}hberﬂaggeﬁeﬁvltmmr@aﬁhme GrLAG air byHiadon swbstqeemtchurificandn ch

may be capabl e of. tran n,acr oss nucous nenbranes. The

admi ni st r APSPHER %ﬁﬁ%%’iﬁg CBMAPE- i ntravenous (IV.) ,

i nt raper i t onealie kR dified RHuhABEBEH GOF-§ br MMP-11 p}dpagﬁaesway further be

subcut aneous (S.C.) or transdermal. Preferred enbodi nents include

| . V., |.P.projucgs badgesiogof nﬁ}n@Hr pemlmngwororneorpblemé}merddmwmérw t he
t I t.h d t d.

phar race B GRITROR) Hele o iB8e! Y BLIRE ALEAAM M Shebadn

t ravenous S or ’S S1 0Nns US

or subcut qiapﬂnl,Sor@maéd teasiciagind ydid e@ivkxymgrmkpﬂe(mEp rComap@efinalyRl
fol |l owi ng conponents: a sterile diluent such as water for injection,

sal i ne sol(Bn®acomngisipllyiavailablespinapiey . gnM@erT@p@m@sw@ﬁ%
propyl ene ber sagents
ek e b e S BHiOE Y H HE b SRR ol SCAENEEL Bloe 02
ascor bi ¢ adiegnativelypslich ﬁinﬁ wopdntite; mahbd pﬁoﬂn@pdffgﬁnmhlsﬂlymcamnng or

et hyl enedi am net et.raacetic i.d fers such ates, citra es
or phosphaveubzaty sgdire o B i Ny St R DR e g g dethe
sodi um chlar hidg 296y d@ﬁhemgavélélageg%fﬁegaﬁmaﬂh&@w&o%mxﬁal ds or

bases, such’ as hydrochloric acid or sodium hydroxi de.” Such
preparati ons maye proteaiyticos éﬂnthﬁlca(ﬁl@wl E@S‘ BMPsldGE ammnds Wﬁwgegf e

mul tiple dose,- ass L r maceut i cal
* conposi ti ons sw(?'lbﬁlp%pg%rﬁ%’l IHj%’ec on | n%’fmujé Heaiq res’g&use%gﬁeg ot ons
or di sper 36 bind ten@ t@*g&@ﬂ)ﬁpﬂﬁ&iﬂl,&h&elfy%hiﬁl@g@pmanpbawﬁpl&te[}f emw-gtion
of sterile injectable solutions ar dispersion. For intravenous

admi ni st r &F BYE-13 activil Examples &r 6. hepdnpdustprg enbedgicntsiof Sadingeand

Shosphat o Bup P Brets, | REE Bfueiond FRPhent O SIRBRBAAGPRMIPL) st

be steri I @rc@j&ﬁt@quhdmﬁ&héﬂmmdlahahé fisligxbemdduldiabr wakyt GRFiIggabi | ity

exi sts. abl e u er the co d| bg:ns of manuf acture and
st or age ah%F tWl }%’F "'é@"éﬁnH%‘E nt BIAPRRIdeRprURAsiPERlemPly

ni cr oor ga@bﬁgg%ezér{q&s@i 1@3&{196'@ %%of?’d‘%'o orREarkAb ahi%"s 588 ﬂ?&eﬁaﬁl y

sol vent or di spersion medi um’contai ni ng, for exanple, water
pol yol (f etleestddp) 80, HA0y &30, A10, 1900100l &HE 1§Dyardl90 aarido kéidstiadld most

| yet heyl e d t abl { th f.
The” or operratriartint e 280t e 56 kol P St edchyr ehghudasof a
coati ng syedferdsd ér@&ddhﬂén@ thOBDREpEBL R R fihd hedfRawmed particle

size in t%e case of dispersion and by the use of surfactants.
Pr event i oprapfeptideois 343 aromooibldmncieggihgml neseadingdo $EQ B 2D firyandakd ous

chl or obut S 1 RReee ARG e El fﬁ’#ﬁéﬁépaﬁ‘m BAtT SR feog 1
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System ¢ adm ni stration can al so be by transnucosal or transdernma
means. Fortransnucosal or transdernal adm nistration, penetrants
appropriate to the barrier to be perneated are used in the
" formul ation. Such penetrants are generally known in the art, and
i nclude, for exanple, for transnucosal adm nistration, detergents,
bile salts, and fusidic acid derivatives. Transnucosal adm nistration
can be acconplished through the use of nasal sprays or suppositories.
For transdermal admi nistration, the active cgnpounds are fornul at ed

into oi nt nent; C%réﬁm§}ngge|3§QHPmréh-n§h%§g@ FreraPgefoRbgnn PRT dis set
art. The GDFrprQRRRE HPRAIRY a3k SRR BARE8 drliflo hOBs 5510 % NO:1. In
supposi tories Fe. g.,  wth donventional 'suppository bases such ‘as
cocoa butt er omndmbbdiateng theceenneles of BMP-étpofeptde bepdnawith dre andnd adid
delivery. I n'}%[)e enbodi ment, the nodified GDF propeptides are
prepared wi t HFEHF QPAfY4t will protect the conpound agai nst r api d
el i mnation fromieg; _¥GC¥LI§H@é.'fCﬁ§luﬁlaﬁ'9MPr-?i 1586t foRh8RSEQNIP N B AR,
i ncluding inplants and m croencapsul ated delivery systens.

Bi odegr adablieclud¢sabe fipsi 24 ahenp etiisref SEQ dld Néb: TsEhk idsntificatisn ef hydrazle

vinyl acet at I i des, .pol yglycoli cid,.colla
ol yor ¢ hoeat GPE e ANBE PR Ert T e Budiontt ~iRenlPERPES ereMEen
for mul ati onsy WhlbbefiRleaRRFERIy bOddiE1RSRdS Kr bk 2Eb1E Nistdpah@bdsaysSeribed in
materials can also be obtained conmmercially from Al za Corporation and
Nova Phar macexammes 46 bereén- Li posonal suspensi ons contai ning the
ified GDF pro I e_us a hat paceut i cal |. .
ar@ept abl e carri Fe)lr% gaﬁdqlﬁ)ésugﬂ@gﬁgt%ée)p%?? eepggir%g%ﬂug%c(%g’r ?RE;OPF é)n et %ndsshff{ﬁlgm
to those skidpeeifically inblRdaGDF p@ipeptideehhing pintdasatibizad oilier thoBifickaémnt
No. 4,522,81]1. . . It is_especiall 3{7 advant ageous to fornul ate oral
or par ent er P ylinsuETigRcdal s audBIbSHIEOD IOHPRYHRS Wigh yarants contain one
adm ni strat i gn,a0d-41251RbL - “esage @b vt
herein refers to pﬁysi ca‘f IB% é]i %;lpﬁel']{tggca%%t?‘?gsw te(gﬁg?r{f%??%%;s gggbvé?
for the subjeotsetueabaet rfentaupleashlesmibtd mdiMaaiphisdgs.aSyahaededi cationechay
quantity of aetive compound cal cul ated to produce .the desired .
Uher apeut i c B PEREFA MR dECPalrd GrRHotHEl PO, Sty A ceter Baf it
carrier. Ther§Resiclibsaf iRGHRIE JrEeMIOSaE6peptid, tFr@kapief pdiftenutations
invention are dictated by and directly ‘dependent on the uni que
char act er i stingsbohtoHeceddniovmessmpue prhtevhdicclravagersitet 19l prevenherinpibiit i ¢
effect to be hi. ev t | i m.tati inherent. in t art of
conmpoundi ng BBu¢ fyglﬁ%g%rta ?@goncogﬁ%%ﬂ]ﬁglf?egr ng{otpggﬁ%elﬁtv%% Qf‘%{al?“f}?r&ﬂ%%r@?
Toxi ci ty andutiighapeutdrcial®f AvLARbY sofiwatc g CRRBYYRES OhadgabBCdeteer M ned

by standard pharnmaceutical procedures in cell cultures or )
exper i nent alMaifewar Simiatipn, Inco) cagdearse Wiidgtibherotepboic(lqsuagsdiles. | et hal
0 50% of the pop §: @d}e iecally
teg‘fecti ve in 50%%#‘:%%#112@ %3’0%8 g??%ﬁ%%’?‘ﬁe o}?srg&}gltd %%&{)tg?\ﬁ/\gg}ﬁ@%oxi c and
t her apeut i c spkfificdlly inslutif)én bldikiap evithieavildagipxcNA dodingaBqixacaxgbeased
as the ratio fL:]D50/ ED50. GDF prﬁ?pg‘pti,?es which exhibit large . .
t her apeut i ¢ GOAHISCESVACE BriANSPRetre wild-type GDFpgopeptigett v if#dm t he
cell culture [ St ' LRG
ranee of dosz;g;;n\gﬁ]fal % egg‘gﬁi&% Lﬁﬁ#&%sgg éI'ﬁg) osaﬁgedg? l‘?dgsjﬁudc tég{ﬁp@ggﬂﬁgﬂﬁf gg
pref erably vht genztia codngrenllefic weratiina t{nangaltye et galtase nisanpbain thangplecieke
the ED50 with ljttle. or no toxicity. The dosage r vary within this
range dependiPRYIBB VR EREEY PO e ahBIeB FBARE FHEER e TBYention also
adm ni st at |ehudii7BHA EateARY AR GO BEAREPAIHIRIUAEH ohRidhe
present invention, the therapeutically effective dos€ can be
estimat ed i rint oee dybddimenteeldesaribed in €. Masiaysst al\ (R Mudscudve Cloning (4

concentrat1 dREPHGE Ve el 5B RibbeTstroron pr PR RETR Eneriie e
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Exanple 1: Purification of GDF-8 Condi tioned nmedia froma
selected cell |ine expressing reconbinant human GDF-8 protein (mature
GDF-8 + GDF-8 propeptide) was acidified to pl-1 6.5 and applied to

a 80 x 50 mm FORDS HQ ani on exchange columm in tandemto a 80 x 50 mm

FORDS SP cation exchange colum (Perseptive Biosystens). The fl ow
t hrough was adjusted to pH 5.0 and applied to a 75 x 20 mm PORCS SP
cation exchange coltunn (Perseptive Biosystens) and el ut ed wth a

NaCl gradi ent. Fractions containi n% t he, GDF-8, as .i.ndi c gﬁ?‘g sadi um

dodecyl suAmcatiag SR BFIRCRHR guIcicia 361 TERHIBR a3TYCip SHROBREBH S hjHPe
ool ed, ac ; 5@9 t hen

Br ought upflhgi (Igi;%%dt M‘U} é]h%r{ % T APHJ&G%\A%%H&EE@&% g’é@ﬁlég &‘?he pool

was then apaidtieds trotha cmm XeqRin@s nansed sy p@htmmta(lmmmyd proddieded

TEAT BN G0 B HRSSURE GRS ARG LGOR i8 TRhe s - OBEAYs o

Pool ed f rgﬁ%&%n%?mea('}ﬂ?@om[ﬁ feblep ﬁdéﬁn@o@é&ﬁﬁ&%){ &b aHo Ryeful for
| yophilization to renove the acetonitri I e and 20 m of 0.1% TFA was

added. Theths argskre imeemitiphe ﬁtoaqppter prpetamsaisefsbindha detammigicoati i
(Phenonmenex) heat ed in se on, . Jhi.s was repeated
until furt¥EYeEE a?lélhgé’rf‘f%%?ﬂ ghff%—ﬁﬁnerar%e %c ?J'('J’e}\lleemlsl Fracticns

cont ai ni ng mat utie: BiyGraeheliieeODPQRbRLeNE BfH d@bhcavhlehtofiplex with
acetonitrile and applied to a 600 x 21.2 Bi 0oSep 5-3000 size exclusion

col um ( Pre@BFames)n wné@mehpawsi by agigristy pf rr@ﬂ@éakao‘t@bmhﬁanspfl%lwé%ns
i}nt ai ni g uefx'c usﬁ)% c%rﬁgtggr%{E . ?os g aﬁﬂgseg%%%*%:ﬁpﬁwr};efse

subsequént “experi fren y| e nat ure
was 0. 33 rmhﬁfamprmiﬁbﬁmpﬁlﬁthbkr?_ dfe Cﬁbﬁdl}'fropﬂpade foemhis anoncova}ent C5

colum fractigns containin r t| de
acetonitr |43é°%ﬁ§nr‘éﬁ%9’éauﬁg;ﬁﬁﬁ’rt‘g¥ é:f 8/ g%?/f ?ﬁ‘gﬂe added,
and the sappl 8. VR3 agnreh‘gxﬂafeﬁi ﬁBE@QaP@&QnttJ?‘i ,%59@%@19 75DE5 col umm at

60C. This was repeat until further separatl on could no | onger be
achi eved. Fr actAmstated@th, i a@lmmommpmamhqddﬁwepmﬁﬁ paobed

and brought t.q 40% and to a_6 i 0Sep
53000 of ARy, ERROt o e plre AR e O SRty et g,
guard col Lﬁmaleﬁﬂyﬁﬁhk% EPGDFE}J'rdiﬁeﬂﬁdéﬁtﬁn&Ufol d‘rta@@la %ﬁar&éﬁpmﬂ de were
pool ed and concentrated for use in subsequent experinents. A typical

yi elj d of td;ferr@nn;ﬂg @DBp?epmp@éldwydaeémkﬁ%tomr@t%m%efa Yariest ofof
road band TRzl PN Ee Bty R REW Boltlonlicl Aland 5 2

reduci ng C;ﬂ:ﬂjikbi mmsvscnesg ifi n}m ﬂxarmesmmﬂﬁnm Sf]i’dtmtﬂrhs 439430; RT5e g @P6,689;f or

nmuri ne GDF-8 on al é‘ ‘?%é\%ture 387: 8‘15 and refIIects
the di rrem‘b”ﬂa%ﬂ‘é(lﬂo ‘{Iﬂe“ﬁ’ﬁ! 4705t bY%7 3y, 1ncorporat HrEAEen. n
ecul ar f LARGRH A8y RS §§1ﬂ> dRatpder both
|(lx;dum ng aérllggllaﬂﬂér{rrle H??{llté %gg gﬁcggdeg Thi s |1nd|ycat és th}gt ?he GDF- 8
propept i decanfugaion ex pelym‘Ehm dirfetertncerdobtine dnlfillie Rgpfeaed polymers,

| | nd th di ct ed, nol ecul ar- wei ght . of 5
o opept | e Maodia atiadh BB GERenarSalth FroHou M AT dee, si nce
its amno @?6@'1@@@“@@%7‘3@%%% a@dm%wsasahcd}lg raf2l 8¢ r&'eﬁéﬁ@esb’drﬁhl on

site (McPhérron étal. (1997) Proc cad. ScL USA 94: 12457-

12461). Thus, thenatisyempodiowst the@DF4 nrhkemd@matbpmpd@iedﬁgmm@d and
active natyr

Char act er|é{cf%d§?F?°Sﬁ%FloPlp8§erﬁ&%h% F'fg Odp“?—lﬁ"r?avﬁl?%ﬁe §%O%1§10n5’6ﬁem) each

of purifi efls (BddWHeeifDRiBrean cheRtl havirR b ndrdELBRR I EembREEs addsd ¥ed
and dialyzed into 50 nM sodi um hosphate pH 7.0, and cl uomat ographed

on a 300 xdefetgd,pifiRinotbepvill-a0me Qﬁzrep@t@buﬁlmsﬂemm r(rwn@ﬁemsnex)
Mol ecul ar of. the u &%
--det er m nedpvg}!g"rﬂtllg?stjltsl%r?ic%n%{hehgaf érgﬁ Q 'ﬁg‘lfl 5}{1\%?? ds
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When purified GDF-8 propeptide was incubated with purified mature
GDF-8 at neutral pH, the two proteins appeared to conpl ex, as

i ndi cated by the size exclusion profile. The primary protein peak
eluted at 12.7 minutes had an estinmated nol ecul ar weight of 78 |cDa
from nol ecul ar wei ght standards (Bi o-Rad Laboratories, Hercules, CA)
chr omat ogr aphed on the sane columm. The size of the conplex is nost
consistent with one diner of the mature GDF-8 associ atrng wth tvvo

nononers of pro eptld thus formng a tetranmeric conple
confirmthi sa@lfgé* |tbﬁ°m50fﬁrdéaéea¥’8{efyo‘ﬁ t’éﬁ)ﬂ@%‘ih@lr‘rﬁaﬁ@ﬁw ?&P%Feé‘deDFIQB

and GDF-8 pr )
O . by ARSI DU D s OO B X e
1 hour at roamino dcinpeeptipicitne, ae it rbccgdititntsbudbtestfor gnizyatc awatiment of

concentrated wit ron-10 concentrataqr (Arnicon) for SDS-PAGE,
using a tri crhﬁéﬂg’agﬂgﬁﬁd“‘ile%t%‘reﬁ%ﬁﬁﬁi%e geéa ch aﬁdﬁ%‘ﬁ 118 REss@cHof gikher 26 d
by Coonassi e i I

wi ght of - abE B e R LB e BT e
and not in tPdikedghubsilamm, refcmfbﬂhcmﬂagﬁhhﬂoﬁomdﬂb@srgbrst he GDF-8

ture/ GDP- 8 tid Thi des .th ful f
moasuri g HECKEIEUFY G R An GREioN: PREYIE 5P BN Famo fbaes caopgonly

_?_' mér EX?”D%&@lngﬁr ﬂﬁ‘er%ﬂ'lﬂd ?ltﬁrlgh%ygﬁﬂxyﬁ%ﬂlhé’ bxt%ih?cirof’ﬂﬂ:ﬁé gy @E‘&%)used
o denonstrate the activi a reporter gene assa Was
devel oped usi ng aM@EiQFPéFiEIMQf@lM@@NGA}*S@ tb@%@é’rmepqp@épn%d to

lcaci f er ase. 0 eported to

{ek pe v oaponsseteih SEOHENGR S BB ORI LRI, ditntRarl conl

gene, PAT-1 ¢Denied ®c @tmat of t}ﬂ:QBr&)e debBDed tnﬁeﬁh&@&hu%ﬂ:@ﬁ?{me linked The
reporter vect or cont ai ni ng CAGA boxes was made using.the basic

reporter pl aSHFFY aB@_?,’tf(sbr Eh%@lgr"t‘:@iﬂrﬁ’éﬂya&lﬁodﬁ magefydbmaddion eisar  cat .
No. Bl 751) - sobliGnddil gy Ro% oRffbrd reﬁrrgs%%oh&@ résruées?&rh%%qgrea@e dpEAIRe

adenovi ms nej or | ate Pronoter was | nserted tween t

Bg1ll and Hityde GLIspropentidel(fog ﬁhlmdded ghicdgdatoonited)nFogedswehe SDFgpeptmide
of the CAGA boxes .AGCCAGACA we eal.ed and cl oned i the Xho

ot The nuHBHS EHAGERIOSAALGHEL BettE e HeC PG G AT e LA 165, vk
transiently kgﬁ@j@gg@gelmawp%g;{\@) 12 using FuGENE 6 transfection
reagent (Roche Diagnostics, |ndianapolis, USA, Cat. No.1814443).

Fol | owi ng t r ansf etndtber, meass Dﬁlnmﬁsn&metwm@dr afrrazi@hydskte mpbietiesson the GDF
McCoy' s 5A nediu Life . Technal o Roc ,

No. 21500 078) PHTHE I EREEt S Rir GGtk Y chGhY (e ODF propepide.

strept onyci nrhetagroké’cgﬁm]arpe@mtdgbm nanﬁh HeYwb abereqEnd fro&@ftieMof efe GﬁF
h. Cells were then treated with GDF-8, BMP-11 or activin in MCoy

SA medi a wi tROBFREEG R hBOst sell Eist b Ebicasylatean C@P*FhﬂltﬁﬁsaﬁUNiOTn@f]rﬁ]\e%OV| ne
I b
0,01 T 0, 800, AR AL 0L

Cor polr iatr on, (a}vgtgrmhnd\msnchjﬁA(b)@ai: carsoxyl gEriu@Bl ) frddeilfhg 8By gfcg@ﬂklﬁtﬁl as
are illustrated in Fi e results are expressed as nean
S.E for thré@ses‘%cﬁ};’ﬁt @ié@? FW[MGEEI@BF syshyss thoge ?eﬁfnge,tthvpﬁmef@sur t's
are represeng i

GDF\@M)%E oq’ifne1 q&@ar%ﬁﬂﬂlé%s 3@@‘ b b8 Sor her(r))hlglta;r’l- lli}g,ttgrﬁ%lﬂgb? A

show t hat X1 ma activate e reporter C
with an E%&mﬁopm@n;tg/(fbitheﬁ)ﬁrcﬁ groupdif ghttarmnmet Mhatsetnheehquisrard degdribed in WO

r ecombi nant | | tive - 11, which is _90%

i denti cal &%ﬁ@%l@ﬁg g%ﬂ’é%é ﬁl‘%é@fm E‘@%}Sﬁ)@t\l%@) Q"?L@)ggﬁ'-t%‘if:

Bi ol . 208:2 h. Dev. 80:185-189),
and acti vi nZ%I I Ci tgﬁﬂg&%ﬁ%&hh&@%ﬁgsgg? %r%’?%)shgﬁlge, i ndi cating that
the reporter gendeassayof myaashohydbleenassaprdsentaatibe G DFhmopaptide tiay be

i ol ogi cal BWP-11
bi ol ogi ca aa%%%llalgs\/]eg hemlcal?y' or enzymahcg{ly a&t'remlc'gi deglycosylation requires .
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Exanpl e 4: Binding Properties of Purified GDF-8 The GDF-8

| at ent conplex was biotinylated at a ratio of 20 noles of EZ-link

Sul fo-NHS-Biotin (Pierce, Rockford, Illinois, USA Cat. NO 21217)..to

| mak of the GDF-8 conplex for 2 hours on ice, inactivated with 0.5 %

TFA, and subjected to chromatography on a C4 Jupiter 250 x 4.6 nm

col um (Phenonenex) to separate mature ODE-8 from GDF-8 propepti de.

Biotinylated mature ODE-8 fractions eluted with a TFA/ CH3CN gr adi ent

wer e pool ed, concentr d and. guantitated by M croBCA protein Assa

Reageﬁt Kﬁxp@frepfﬁze R@BFQ}{d%m?hee@ﬂPO%tryiﬂmo sgulﬁn?c acid, or a3
uAGIRL b8 FGuraN TRRMRARAD VBRI 1Y g@@@ﬂqﬁbﬁsﬁ s ddSA

Cat. No. 339-RB/CF) Wwas coated on 96-well flat-bdttom assay pfates

(Cost ar, N¥geptdbe lidong 35800(N-atetylglpepsaminieror N-2cehtlgaditosandae)hohit e

buf f er OVﬁI‘ niﬁghhﬁat 4C. .Pl ates wer € then bl ocked with 1 ng/m bovine

serum al bt PFaHE ALK FEMFHRIME st andar d ELI SA protocol. 100 jJ.1

of Dbiotinyl at eackdafics d@él?&%ﬂaﬁoﬂs déabedl By CRRGAM AL NI o¥BN pdded

to the bl ocked ELI SA plate, incubated for 1 hr, washed, and the

amount of Hietiwe. GH/gs wal:Sdenéby Ededry abl( 1831 dvald BrockonsErfatiilsh

per oxi das A- HRP, Phar M.ngen D e CA,  USA, t. ..
No. 13047 Ej%n%gﬂag'\%gl a%?ﬁ?ﬁ%‘”%@d’&g a'on JSEBﬁWB@@Eﬁ?pc&ET%%PC}B&FB‘FVCd by
Maryl and, thiSse dZatvaridly. of28dfGnddyo-gled sidakésie ldedgibe® BS UThetiR St WET €
done at 450 riMin a Ml ecul ar Devices mcroplate reader. As
shown in K @PIMIA Fizgpeiny$8i#d GDF-8 bound to ActRIIB, the putative
-8 type Il r k . I di L { 1 he
LRI b ndi ng Siaby rioticd GO preee if £ o1 Bopep bl plotBh s
Exanpl e 5:desantbied iaboenthefFc@Re:8otthe Ig8MBoletule ynagliscBbeRnogigiet itdRave an
When CDF- 8, wa rei ncubated with GDF-8 propeptide for 1 hour at room
terrperatutag‘?’earﬁ%'cﬁ’ﬁﬂf’tb%@gF”‘acti vity of CGDF-8 was reduced. Figure 3
shows i nduct i onn gfothEleHohFonl 2 GBPQ{%E;Sti&QE liMkddhoRhe bidfeifrRAniPbr 2
GDF-8, 10 ng/nm, in the presence of GDF-8 propeptide. GDF-8
-~ propept i ddereatiiced attmicDMeghodntiy dinkiog pratein: aokymlyreppdestiopeotamnner

with an | C50 of 25.ng/ 0..6. NnM .. -8 .propeptide al inhi bjted

the biol o§ica mé’f:f?llb\llll @eﬁva%w_a%w?gﬂ:% %éﬁegargx%%energ., ﬁ?ﬁ%}ﬁjf gtgt ,
the acti vistiy 6@f44qSiviani 61 al.)) ifcbiporaasB)reWaence ftredd. f ect ed by CDF- 8
propeptide, presumably due to the relatively |ow honol ogy between
GDF- 8 and act i W i§ WnagSteshpypesoliadicoy skillip dhegwpthat certain aminpjaRishaineay,

Figure 4 ; e t0.00 - ide wi.th, the ..

bi oti nyl at%gg.‘i%gtehgé 4 °?eﬂg E\%ﬁcﬁﬁf’&j ?@?‘:‘b%ﬁ%ggi@‘ﬁ%‘?gﬁ‘ga 8}52\‘&%1%%‘% n

t he Act Rl kg detinity nfjthapsatyin. diss das contéeplaied biedenipventdss thattvariains-| C50 of
0.3 riM Ipn conclusion, th GDI.:-SQ%LSOpe tide of the invention is a
pot ent  suSAAISSHBIZEPCMHIF Bt e Ao aeprsegucties Hivpe mpduted;ariumnadried ¢ r o,
S nmeasur e ide@RBITH : I i, di assay.
g’éor di ngﬁ? ?rr??agﬁ a_tss’ay gﬁ%&sgﬁ{aﬁ%eﬁaﬁgl%gc%ﬁgp g%‘edpg%’i‘g‘gp(%ds?qgé:}tg??/%§and
i s a pot emssiohtichitiopgiotl WBDE: & astiviyilhpne ambbdimeat segh adBvayd e 6:

I nhi bi ti Orllne%gure n ]gﬁalﬁr?p &> J_glr Stlia’(l:hnc%laj?g%s %y%ﬁcﬁe, lgtod?g ggt‘ I?lrgited 1o,

deletions, insertions, truncations, substitutions, fusions, and the like. For example,

Recombi na

alterations of amino acid sequences at proteolytic cleavage sites within the modified
GDF propeptide are explicitly encompassed within the present invention.

In making such changes, the hydropathic index of amino acids may be
considered. The importance of the hydropathic amino acid index in conferring

interactive biological function on a protein is generally understood in the art (Kyte and
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GDF-8 was iodinated with chloramne T as described by Frolik et al.
(1984),1. Biol. Chem 259:10995-10999 to a specific activity of
100- 200 ACi /i 2g. | odi natedGDF-8 showed conparabl e biol ogical activity
" to unlabeled GDF-8 in the (CAGA) 32 reporter assay described in
Exanple 3. 'I-labeled GOF-8 was eval uated for specific binding to a
nyobl ast cell line, LG6. L6 nyobl ast cells (ATCC CRL-1458) were
grown to confluence in Dul becco's nodified Eagle's nedi um
suppl emrent ed_wi 0%, activated fetal calf serum on
gel ati ni zed QEOK}\@F% 9&2232@/ % i 1376445 U]rﬁ:’§1 Hdp Agreniad thee teoelative as
described in 3980 | ﬂga{ %ﬁg
i ncor por at edh%&%eﬁter:gér{ggél n |%%‘Egl§%?{de(ffbgl esrjtﬁ‘al':"zg%go‘?h %’?ﬁﬁp@h
(Wi th or wi ttesuitantplogie] veld clDFuB) defimss ihedntesdcton m‘ﬂhlsn pmﬂhlvumrttthd:G
cells for 4 ho rlz] atf 40 C. After rﬁﬁ’g cells, nd VI‘JBGDF-8 was
extract ed anﬁ‘oéﬁ Fbifes SRS Aaymes %f%ﬁptoﬁe *"t§ﬂ§ edigs, patigesnd
as nmean S. Eapdafe Jikd.pl i cate determ nations and are represent ative of
t hree separate experinents. As shown in Figure 5, '25I-GDF-8
bound to L6 cel | sEaghtaming gﬂdawbmnmlgMEaMdyqpaBWHﬁ&x obhe hasis of its

(but not TP kisky 8 el BiePish PR DB o fobd e 1 it dise

Shown) . - FT orsele bt GHES)h g (Y60 [bink 163 SFEhEn bietha0v2 4 8yt
-estimated to, be 140 pM FurtEer rr);re IWE @th )h P"G&t}@ys e"@%tme

pr ei ncubat eddipHnetyonedr b8k slanine (ﬂérS)ﬂglh@u¢ ? -81d), rtbl@nmne ﬁ“@é’bdﬁun@( -0.8),

ecific I ed.wi,th in esrng
ncentrat i otr?gj (%Pﬂg:g 393@‘?{&531 %%I:&fp%?gp Pt hlsﬁf {Ifg) &1 m’ﬁ@é”&] Care
expr essed asglnemine (R3.S), Bspadditet(3. ), aspafag:ﬁte@ksmy&tel(%g aﬁwlargrrﬁae( -4.5).
representative of t se arate experr ments. The | C50 for 1 ng/
GDF-8 was 140 ng//Rimas 6% itkreSubsEEoR gEaiBing 2Bils whegehmmthw

CGDF- 8 propepthids -0t bty by bl oc

receptor bi ndrlng Exé r{ﬁ %ﬁf %%Or%glr‘f&g# %%ﬂrﬁchvr lé%f—e-@lzea’
Propepti de- I-'aedrﬂmseanthﬁrﬁ% Giareseven more Aartizhiavip praferddanpl e 8 beI—ow :
muri ne GDF-8 prope short. in vivo half-life. To

Qgta'?d Bas a.rel atlvel

i ncrease the bi odVSi3sqsim FRSSPOBfn?ﬁ the sptspamion ablike aeingssidp sarvieen
the GDF-8 praprRRifeti®yehNsn thePdtit BER r r

usi ng standard genet |eg§]eng| neeri ngﬁgglﬁk:gﬁ)ﬁeg&]&%% gsc?g%{gﬁ%;bs}
were int rodw@é@ thaittiee gﬂﬁeteﬂdoqaégvﬁnagetfo’drqduhcetyeﬁhqmmm fugrokeitoby, thas
descri bed i 2l hllh 8k (il( g% E}) mmnol 5 1165-1174. Usin
standard PCRYTEPROGOY S§Y° “Paes™F &ai SﬁCb%n%?WW?% 7 b9 %Eﬁir’weﬁl}"fﬁe
fusing a cDMotemcodl ng the murine GDF-8 propeptide (am no acids

1-267) to the nurine I]gGZa Fc regqi on‘{g gure 7). Fusion 1 (Figure 7A)
encodes the firstAsHStikaimb. hlpiest p ﬁé4 AL ithefolioming hydopdpiditslealues

| udi 4 d f to 233
Q (rzroualcrn gs%o%E be%WaQé? I?E%ﬂetg F%‘E?f crerééiélrg%na?g%lﬁ Eiﬁg) h{%xn[ekg%? rﬁgﬁa“érﬁ no
acid in the (hi.ogp, §le€2trmm(+3|:0ﬂl)(§&rlﬁe§] gya@a?a%)nel(so onRHithMGegdo b a

manner simlar to Fusion 1, except that a shor

gl yci ne- ser igheingl 0k itreonine (-A), (]-‘@@8)( -0. 5ﬁrk)ealasmparﬂe&)e}ssﬁmee @B, 8ysteine
propeptide fr e i

i ntroduced i n a%%eolﬂl% C@éf‘“ﬁ‘“é%%ﬁofgéé?we\/elcgﬁarso eﬁ@fbe Gﬁeaﬁr)f%mét('zaﬁ)a
(1991) Nucl ehénylaarise ResS), alqatlﬁﬁ had @)4 and transiently expressed in -
COs-1 M6 cells (Horovvrtz et a &?198 our nal of Mol ecul ar and

Appl i ed Genet i cslrpmeking 58d) chaugrmgne@iu ftoteraef ansn@ 000s Whasesfydmiphiity

G ) Rockvi | | | USA, . Ca
o 11668, 0180 S0E S E2 [P TIRRE AL S G &1 MR Sy TR
i ncubat i on, af tHeRlwitBin s Efe%de%M al-aaﬁ%ﬁ}ug?er%%@ cul ture medium

was added. Conditioned nmedi um (CM -was poole esh RLCD1 repl aced,

and CM was harveghemwjmnos&}n#wmeoﬂsmrwe ﬁahdlhﬁtﬂ&%chramwaglcﬁlhen C e
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A stable cell line (PF-4/0.02) was established by selecting cells in
0.02 M et hotrexate. Conditioned medi um containing the GDF-8
propeptide-Fc fusion protein froma selected |ine was harvested and
"its pl-1 was adjusted by addition of 10%v/v 1M Tris pH 8,0 and
purified over Pharnmacia rProtei nA Sepharose Fast Fl ow (Amersham

Phar maci a Bi ot ech, Bucki nghanshire, HP7 9NA, England, Cat. No. 17-
1279-02) previously equilibrated with 50mM Tris 150nM NaCl pH 7.5.
Fractions were eluted with 100mM Acetic Acid, 150nM NaCl pH 2.5 and
i mredi at el §angeenr ¢fahe E’é’(ﬂelﬁys e affRgied by thewhange: Sush fmsgvetwwano acid
fractions (A ETHE 00 Size
Excl usi on Cofjﬁ'cgt? ,&mers g%ljgﬂgﬁgn%g’%ggﬂof%?ﬁ& Buc ?ﬁgﬁ§%{éﬁ%ﬁ?é HP7

9NA, Engl assbstiaits, ioexatipld GGES: ByidropHabl By Joy dvapdilicR), shasgeasidednd thet he
fractions 1 revent aggregati g&' Fracti onsg\gﬁre eval uatgd by

SDS- PAGE ol Pl cnseRaH¥e Sgt“(“ﬂﬂﬁl‘é’klc Vﬁ‘%‘tfdﬁ OTqg8IRE Cat .
No. EC6675)aracteristics Bﬂpéo%lidg{aﬂﬁﬁ LR VEToBmAY ast bANEH iPYe art and

spectrophotonetry and assayed for activity in the ActRI I B binding
assay as deskdelzegining aEd@rspieeghltarazgem dspataté; setpeanddiieonioe; ghaamine

assay (Figure 9). .The I.C5 t he u i f.ied -8 tide- Fc .fusion
b A o A TG b R B o B R S e s
invention @8kl GNP pbdfded nidly %Qﬁﬁdxﬁ'&i‘tgﬁaxﬁélﬁiyq{hnﬂf&Bﬁédﬁs@ﬁﬁwe

retai ned potent - |nh|% Fory (neutraI|2| n activity conpared to GDF-8

propept i deChaEK%rrfﬂ long as s hindanp kY the magt ed GDF pmupeptidedp ita seitiGie i cs -
K) of eprﬁge‘ nB?Q&degs%p)(arfFec%dr ed to herein as "GDF8-Pro”) and GDF-8

opeptid Usion protern (referred to herein as "CGDF8- ProFc")

were eval uat ed Rélat®/Rhidnde Bintitaray opidetite (aido khomlig Avapierin 4aF8- Pr o)
or 2 ug/nouse (CGDFE8-ProFc) after a single int ravenous adm nj stration.
The ani nal @olree@éﬁ Righoy ap 2% trauense mmom,d Isoeeigizg! Y\Mftqr@mé’amaﬂma- Pro

or CDF8- Praf: ple Lo Ba0sadi 5t 60 sahaye. ARty SE SUEVERHSBNGEAL (Aon

wer e determ ned base tivity int serum
specific ath lGﬁmBchsdIom;bmeri(hjoap,tIﬁad U@sersxtfngms:oh@: %omshrtoh:@yﬁbmtmn

: concentrat n. ver, e urv 0 GDF8-

Pr oFc. Baiiptle “PrE RS Mo e SR Neellpabrn B
after a S' A0 Wuhddh! @ﬂ@ﬁ'ﬁilﬁncﬁ@@aﬁgﬁrhérﬁtdf% u@ndé%&?ﬁk%ﬁimﬁéﬂ%esef um
concentrations and PK paraneters for the 8-Pro are normalized to a

dose of 2 pupbepaimatches agnpaimizey thepurmpesdeaps ABbastFit” perfoyns apraptimal

d earance alhlgfnmlent of the best segment of similarity between two sequences. Optimal

alignments are found by inserting gaps to maxtmize the number of matches using the .
local homology algorithm of Smith and Waterman (Smith and Waterman, 1981;
C ‘Smith, ef al., 1983).

The Sequence Analysis Software Package described above contains a number
of other useful sequence analysis tools for identifying homologues of the presently
disclosed nucleotide and amino acid sequences. For example, the “BLAST™ program
{Altschul, et al., 1990) searches for sequences similar to a query sequence (either
peptide or nucleic acid) in a specified database (e.g., sequence databases maintained at
the National Center for Biotechnology Information (NCBI) in Bethesda, Maryland,
USA); “FastA” (Lipman aﬁd Pearson, 1985; see aiso Pearson and Lipman, 1988;

~ Pearson, et al., 1990) performs a Pearson and Lipman search for similarity between a |
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V1 Vss (hrs) (ng/nm) (m/hr) (hrs) (nL) (mL)

query sequence and a group of sequences of the same type (nucleic acid or protein);
“TfastA” performs a Pearson and Lipman search for similarity between a protein
query sequence and any group of nucleotide sequences (it translates the nucleotide
sequences in all six reading frames before performing the comparison); “FastX”
performs a Pearson and Lipman search for similarity between a nucleotide query
sequence and a group of protein sequences, taking frameshifts into account. “TfastX”
performs a Pearson and Lipman search for similarity between a protein query
sequence and any group of nucleotide sequences, taking frameshifts into account (it
translates both strands of the nucleic sequence before performing the comparison).

C ' One of skill in the art will recognize that the modified or unmodified GDF

| propeptides may contain any number of substitutions to their amino acid sequences

without altering their biological properties. In a preferred embodiment, such changes
are conservative amino acid substitutions, that are well known in the art. Exemplary
conservative substitutions which take various of the foregoing characteristics into
consideration are well known to those of skill in the protein biochemistry art and
include but are not limited to: arginine and lysine; glutamate and aspartate; serine and
threonine; glutamine and asparagine; and valine, leucine, and isoleucine.

In certain embodiments of the invention, the in vivo stability of a protein can
be measured in a number of ways. In one embodiment, serum or tissue samples are
harvested al a variety of time points following delivery of the protein either

C; intravenously or intraperitoneally or the protein is radiolabeled, i.e. with iodine-125,
using methods well known to those in the art. The amount of radioactivity present in
each serum or tissue sample can be determined using a gamma-counter. In another
embodiment, the integrity/stability of the protein in the serum can be assessed by
SDS-PAGE followed by either autoradiography or Western blot analysis. In another
embodiment, the biological activity of the protein can be measured using any one of a

number of functional assays, including an ELISA or cell-based assay known in the art.

Methods of Treating Pisease:
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GDF8- ProFc 232 1392 0.03 286 1.4 8.7 GDF-8-Pro

The GDF propeptides of the present invention are useful to prevent or treat
various medical disorders in humans or animals. The GDF propeptides are preferably
used to inhibit or reduce one or more activities associated with a GDF protein. In one
highly preferred embodiment, the modified GDF propeptide inhibits or reduces one or
more of the activities of mature GDF-8 relative to a mature GDF-8 protein that is not
bound by the same propeptide. In a preferred embodiment, the activity of the mature
GDF-8 protein, when bound by one or more of the modified GDF propeptides, is
inhibited at least 50%, preferably at least 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82,
84, 86, or 88%, more preferably at least 90, 91, 92, 93, or 94%, and even more

C preferably at least 95% to 100% relative to a m’afurc GDF-8 protein that is not bound
by one or more of the modified GDF propeptides.

- The medical disorder being treated or prevented by the modified GDF
propeptides is preferably a muscle or neuromuscular disorder (such as amyotrophic
lateral sclerosis, muscular dystrophy, muscle atrophy, congestive obstructive
pulmonary disease, muscle wasting syndrome, sarcopenia, or cachexia), a metabolic
disease (such as such as type 2 diabetes, noninsulin-dependent diabetes mellitus,
hyperglycemia, or obesity), an adipose tissue disorder (such as obesity), or bone
degenerative disease (such as osteoporosis). The medical condition is most preferably
a muscle or neuromuscular Hisurder, such as amyotrophic lateral sclerosis, muscular
dystrophy, muscle atrophy, congestive obstructive pulmonary disease, muscle wasting

syndrome, sarcopenia, or cachexia. In another preferred embodiment, the medical

()

condition 1s a metabolic disease or disorder, such as that resulting from dysfunctional
ghucose metabolism and/or insulin resistance, such as type 2 diabetes or noninsulin-
dependent diabetes mellitus, or metabolic disorders such as hyperglycemia or obesity.
The GDF propeptides are preferably used to prevent or treat such medical disorders in
mammals, most preferably in humans.

The GDF propeptides or propeptides compositions of the present invention are
administered in therapeutically effective amounts. As used herein, an “effective

amount” of the modified GDF pro;;éptide is a dosage which is sufficient to reduce the
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2.2 390 12.4 2.3 5.1 28.3 th: half life during the term nal
elimnation phase. Crn", :peak serumconcentration MRT: mean
residence tinme VI: initial volune of distribution V': volune of
distribution at steady state Note: CGDF8-Pro PK paraneters normalized

to a dose of 2 ug/nouse.

activity of GDF proteins to achieve a desired biological outcome (e.g., increasing
skeletal muscle mass). In one embodiment, the desired biological outcome may be
any therapeutic benefit including an increase in muscle mass, an increase in muscle
strength, improved metabolism, decreased adipostty, or improved glucose
homeostasis. Such improvements may be measured by a variety of methods including
those that measure lean and fat body mass (such as duel x-ray scanning analysis),
muscle strength, serum lipids, serum leptin, serum glucose, glycated hemoglobin,
glucose tolerance, and improvement in the secondary complication of diabetes.
Generally, a therapeutically effective amount may vary with the subject's age, weight,

C physical condition, and sex, as well as the severity of the medical condition in the
subject. The dosage may be determined by a physician and adjusted, as necessary, to
suit observed effects of the treatment. Generally, the compositions are administered
so that GDF propeptides are given at a dose between 50 pg/kg and 20 mg/kg.
Preferably, the GDF propeptides are given as a bolus dose, to maximize the
circulating levels of GDF propeptides for the greatest length of time after the dose.
Continuous infusion may also be used after the bolus dose.

The present invention also provides methods for preventing or treating

metabolic diseases or disorders resulting from abnormal glucosehomeostasis. Normal
" glucose homeostasis requires, inter alia, the finely tuned orchestration of insulin
secretion by pancreatic beta cells in response to subtle changes in blood glucose
C. _ levels. One of the
fundamental actions of insulin is to stimulate uptake of glucose from the blood into
tissues, especially muscle and fat.

Accordingly, in one embodiment, the present invention provides a method for
treating diabetes mellitus and related disorders, such as obesity or hyperglycemia, by
administering 1o a subject a modified GDF propeptide or modified GDF propeptide
composition in an amount sufficient to ameliorate the symptoms of the disease. Type
2 or noninsulin-dependent diabetes mellitas (NIDDM), in particular, is characterized

by a triad of (1) resistance to insulin action on glucose uptake in peripheral tissues,
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As can be seen in Figure 10, the clearance is 400-fold sl ower, and
the half-life is 100-fold |l onger for the GDF8-ProFc as conpared to
the GDF8-Pro. Both the initial volune of distribution and the vol une
" of distribution at steady state are approximtely 3-fold greater for
the GDF8-Pro conpared to the GDF8-ProFc, indicating that the GDF8-Pro
distributes to a |larger extent outside the vascul ar space conpared to
t he GDF8- ProFc. Al t hough the stabilizing effect of the Fc
region of an 1gG nolecule on a GDF propeptide is exenplified using
t he nouse W”gb’o%ébﬁl guiseg apg, é‘ﬂlB?FY]S?SoF?é impgyeddasulin actgytorinkiBiponent s
derived fr | t
appl i od t SRR E ke sl AR8 BN Aol B RH FRGRA of R ERE R (BB7)

r egar dl essDabetehRes 77260 R ITHerefens Sibfecprsoffefing om appentiliabgeciaadef r om
whi ch the components are derived, provided.the fusion protein_is _
proper |y dBASOAGEITEWES hegiraient iquentipnity adminstratign ofa BeatoREr o n).
Exanpl e 9:p, DertiMatinp pRfkaA6tkyhdMyab ifWRn SHTER oGRS RO de Fe
Fusi ons Two GDF-8 propeptide-Fc fusion Constructs were

prepar ed, usi ngisilanyartberdiiRasee ahdoietabglic dianders ¢hdractenizad byfinsulin

t her apeut i otentjal. A cDNA encodi ng,the human, GDF- r tide

(oE0 T o NPt G RS Or et et R b o ictonf BeReses c.
Fi gure 11A)an%5orhi_ﬂf@&ll'sﬁ@o%ﬁn epékét&@&cbﬂﬁn%ﬁdh@ﬁése%i fiReh®@dn hunct i on
(SEQ ID NO 16; Figure 11B). 1. Human GDF-8 propeptide-1gGlL w Pc

f usi on pr cdeiimstFiogunfe madified GDF proprpside, whith inggasgsisersitagiyde msblia he

an GDF- 8 i j uding am no acids 1-241 of SEQID NO.: 5
Kggat he angﬁuﬁggegéﬁt%&swg%g% peptide as set forth in SEQ ID NO 13)

were fused in fierRodifithGDFeprdgeptiderbnmotditied SN propeptide EBMmpbgbns of
consc,Int region, starting at the first amnpo_acid in the hinge

regi on ( SE PrESauOnVERYon are aMﬁereﬂ)m DeFPEEIcALY eficctiyeamaypian Ri gure
11B) : use T{aag tife e &hr BIEHORS A% A8 dis&gerawgﬁ%e%ﬂ;ﬁp%mde,

as descri be ove, were fused Iin frane wmth tthe 227 am no acids of a
mut-at ed hunedifi¢édGGDFRoopepgde s { BEGEd WhidDis suffidient Towednor &t aomsty HIGHH ne
residues (Al a-14 and I\/ta-l?%J at (?et ‘{ rth in SEQ ID., NO.. 16 V\?re

i nt r oduced VRS IHRFITS PEJUTe eI Eed BiETaPEHIL Pl 85 dPT BEHPI% 2 und

etal . (199ddrdase ifiHdillin dchéitidRP 6r 20BkeapthkMBYy dallk, SHadrease 19BR body mass
| mmunol ogy 86: 319- 324.
or a desired change in serum lipids, serum leptin, serum glucose, giycated

hemoglobin, giucose tolerance, or improvement in the secondary complication of
diabetes. Generally, a therapeutically effective amount may vary with the subject's
age, condition, and sex, as well as the severity of the insulin dysfunction in the

C;‘ subject. The dosage may be determined by a physician and adjusted, as necessary, to
suit observed effects of the treatment. Generally, the compositions are administered so
that GDF propeptides are given af a dose between 50 ug/kg and 20 mg/kg. Preferably,
the GDF propeptides are gii.ren as a bolus dose, to maximize the circulating levels of
GDF propeptides for the greatest length of time after the dose. Continuous infusion
may also be used after the bolus dose.

The present invention also provides gene therapy for the in vivo production of

GDF propeptides. Such therapy would achieve its therapeutic effect by introduction

of the GDF propeptide polynucleotide sequences into cells or tissues having the. ... ... ...
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The two fusion proteins were introduced into an eukaryotic expression
vector, pED (Kaufman et al. (1991) Nucleic Acids Res. 19:4485-4490)
and transiently expressed in COS-1 Ms cells (Horowtz et al. (1983)
Journal of Ml ecular and Applied Genetics 2:147-159), using
Li pof ectam ne 2000 transfection reagent (G bco BRL, Life
Technol ogi es, Rockville, Maryland, USA, Cat. No.11668-019 ) according
to manufacturer's protocol. After 24 hours incubation, RLCDl (a

o1 ONEMIERE- SR SR, SO R To0k Wbl AR 20t
_agai n 60 houbsathitwxd. ustﬁgradmtomﬂmdnmgﬁemdma&ctbhmm@alcﬁﬂwﬂadrlrlil%}éi ed .

over Protein % al arose CL-4B ‘(E_IAmersham Phar maci a Bi ot ech,
Bucki nghanshf? LordalysispeRgen setep aftpecielly PquﬁTcdetthWQW@ibWw pEGDF

ddi tion of tied prot
vas ol uted | BB R A e Yoot RS e desel e Wi o1y

neutral i zed with Vagdeudwiabketnes th@MaE%b%txﬁi&d%Bgen@&]@&ﬁiy% tAWh€herein
guantitated us stand rd human | gG ELI SA protocol, and assayed in
the ActRIIB &?Fh’g'rg'ﬁgerﬁ’é’é%@ IPEhYITW, 3FCEnif @F.iFrelen arblyuAmRNGDENS such as a
propepti de, r re shown i.n

Fi gure 12. I%%Sgﬁ%fu%?gcgaw)ggﬁ@ﬁm il §ecrtghgad§1§9an§z§ fugjiu{:)‘ﬂe Bt %‘f‘%‘} ns
are potent iwshbbintoEsamplecifreBotiral dfbd&tgrstlﬁwﬁﬁﬂﬁl ditkile Fo¥@pPb&hel@n bk N

Vi vo Testing._of l8 Prboﬁa: ti de Fe Fusion Protein The nuri ne
GDF- 8 pr opeplFdEdprclpdis by gf“ﬁt Bpited tp; Mielquen mpriae doukowie vims (MaMul.V),

ult mce. 18N8 I BALB/c.mc
Rando zed v Ty o i B oo B G0
seven (excepmndfRoustSaecone Yma(RBﬁ?ijI Agnmbpr oﬂmumbnﬂaar@hrm VHcERY earM CeE
wer e dosed tw ce week ction with a total weekly dose of
10 ug, 100 uf§f®® ‘B?Taﬁ?dﬁb%ﬁgﬁy é’ﬁ{é"rs e%‘fﬁC‘PW@H\H@éﬁgr or@sirpastte a gene for
i nj ections ViedeReciabld M8rkkO{FRatFanad the h
dose of propeptide-Fc. At thetl%end uoc gﬁlé%é?ggwe}{%ﬁ]ro Rent dlg)g
quadri-ceps, @?ﬂf@!ﬂmﬁﬂF Iirapeppddpolkznuh’nmmdea:mi:ehcte\/cﬁ?ﬁnmgtentb&l@v:%! vairdr,
wei ghed. Fi rel t he raetls ue mpss, With the error bars
i ndi cating t &Y é”f’?eo‘fy efyig ligant or 3 5¢cEpiosRn ¢ specifirdtrgst es
a statisti calen foSbﬂﬂh 1!=.-Ctﬁmec£8rf udents T,
test) when cbc/)rrpare with the grnﬁ%\g%geéggég ﬁl%lvﬁgh%%tﬁﬁ SR oS Al n,
| g®aFc. Bl @@gpﬁ-@e@pbg aiacthingi foy elxamp]eymsm: b.gRicolipidpetai ;ﬁﬂteﬁf l@%rr@d
propepti de- ftli,un3|lgn 3 hgrha k (treated m ce}3 resulted in
a 6.2%incr ea g5 63 BERERTUE! @%lﬂ?ﬁ%ﬁ%ﬁ“i‘ﬁt tadmidep
nuscl e nass reEpE bt kFecHRI PoliRhuc [
propeptide-Fe fusion pl%ot eerr? }Qﬂlunmgﬁ&i :‘{éﬁ%ﬁfc@ﬁ o\(ye:}%&n mg%th“ tf°\71‘rta§/ in
vivo by | . PgeRgipeet atsshest to@DbiuBepielpe po alttev facget sizicit deliadreiofitat 100

o/ week (tr results. i 0% i cre se in fat pad nass. The
h-gh dose ( %%9%\?\%%30?% QUPERETPe E:Y@gp“’@%l’t 8P8 BB@F%‘E@eII} opeRrefepad
mass, but dembblinidng iNevdcaRid thff@étédﬁo?xﬂiscl@%ﬂl@?ﬁq{sﬁfe%sﬂ' fference was

not hi ghly statisti cal | y signiflcant = ere was no effect
of treat rrent on tsmsemglbmanbrteh"emrusesmmeﬁ,d&y requirehaipagcdli vk taurd

kidney. In sunmar epti de bl ocked GDF-8
activity i n VIVO pYaSH] Fe%cﬁ’o ggg Of%;gggtgrafge%g the refepyirus ey the
decrease i Ncdrttol BBSGuldkdty SEHRBRICY wilhh PGl n.vivo by
l.P. inject |con 0of S%E aBd}%r opepti c\llael FIE&F&Q?{O%%C t]%ls;&r]lb (Atr% )eﬁé%sm& m ce)

resul ted i nnRHeqtidsseqreges vhiok reatilcube ﬁﬁdagugdfebl@zeﬁ)snmb&eéc%nm:‘aﬁ RNA
conpar ed to, gcontro cei vi propepti de- Fc fusion

protein. EqUiV 5?8"}#5 encaps"?a“?ﬁ p§T<‘FeIn]|gléHS ?‘”H‘@H@V‘éﬁ%letwnﬁ pf theqaejeagineg,
or be able §ignass@idablt #5hA%iMed Bl B ti{,}gﬁﬂ?%d PRISH reéhgﬁ”ﬁt ﬁhés%”cen

many equi val ents to the specific embodifents
--descri- bed--hknasimod®a cmpéguitivias, emtSn@galdmbhepﬁlﬂcdgé@lﬂh&e@&ﬁméééﬁg by
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3. The nodified BWP-11 pro-peptide of claim1, wherein the anmino acid
sequence is at |east 95% identical to SEQ ID NGO 11, and is capabl e of
inhibiting a BMP-11 or GDF-8 activity. 4. The nodified BMP-11
© pro-peptide of any one of clains 1-3, wherein the nodified BMP-11
pro-peptide conprises a fragnment of the am no acids of SEQ ID NO 11,
wherein the fragnent is capable of inhibiting a BMP-11 or GDF-8
activity, and wherein the fragnent has a rrutation at the residue
correspondi. n to p05| ti.on 98 of. | D NO 11. The m)tgl fied BI\/P- 11
pro- pept i d&HBrudapiR spch (ol PR MotAaTeaaEl b RtCH P (e pry el
conpri ses | Jo! has
B AfY B0t ) GRAURAES MMicreliQnt ReddR cbit be BXTGPLS %@gef:%t

a nutation-at the tesidue corresponding to position

NO 11. 6. virva prathicéd.ed BMP-11 pro- pepti de of any one of clainms 1-5,
wherein the nutation that nmodi fi es the %m d sequencg t he
resi due corresp Ell'nﬁtj"ﬁtboﬁ'&i-’éltﬁ‘tﬁr?u@‘ge&? f Byragely frenpigctgd wit

substi tuti Pfésrmﬁts %Eéﬁnegrthe fetrolA18] ARG E%&Eg@g, #%l da:%FiQ:nQ Rt ¢SiReondDY

one of clains 1-5, ein the nutatio i es’tthe am ho acid
sequence ataltinm plmsp}dmaetrmfen'e&pd’mdsemglls ae ttmsitxtahsfer:t&Bwuh tigBegctdd NO 11

is a deletion nutati qn. nodi fj.ed BVP-11 tide aof any
one of cl aPkimid agntajng B’ier%etl??é%ﬁ‘i}f’rétt b respling gsifs f“i? ﬁwerew% aci d

sequence aleddi8nioqid AHRrCRARNGSPONdI ng to position 98 of SEQ ID NO 11
is an insertion nutation. 9. The nodified BWMP-11 pro-peptide of any

one of claims 1A8¢thwitergeied deheery epstaiuéor €3¥F popanide pglyhocipatdletis on 98

~SEQ I D dified - d t
o0 o Sl i Rp Bk BT Sern O aag ST SR DG B gy
conpri ses gorpleks! hahbbihsilRs infib bR, bcaasl anJ hﬁdfﬂa@d‘céy@t@nﬁﬁﬁb'lﬁﬁﬂ%:gﬁ-e

of claim10, wherein the stabilizing nmodi'fication comprises an
regi on of anwatgﬁrmilsleouIrm0¢11¢s,ed1xte(bnn¢w@quamd bepptmds. Thel;ﬂ‘ﬁfeﬁeé colbdidli ed

g: OI ggﬁt IFge gzérf 64{%15 1n\’enhox\4\@sear I?}Iaogmtngel,gpg%mneg la?ecalJJ*L cxaI r’rE Lrsagg vgsrllclalzs gGL
which are useful as delivery vehicles in vitro'and in vivo. RNA, DNA and intact
* virions can be encapsulated within the aqueous interior and be delivered to cellsin a
biologically active form (See e.g., Fraley, et al., Trends Biochem. Sci., 6:77, 1981).
Methods for efficient gene transfer using a lipsosome vehicle, are known in the art,
see e.g., Mannino, et al., Biotechniques, 6:682, 1988. The composition of the
liposome is usually a combination of phosphoifpids, usually in combination with
i steroids, especially cholesterol. Other phospholipids or other lipids may also be used.
Cy The physical characteristics of liposomes depend on pH, ionic strength, and the
presence of divalent cations.

Examples of lipids useful in liposome production include phosphatidy!
compounds, such as phosphatidylglycerol, phosphatidylcholine, phosphatidylserine,
phosphatidylethanolamine, sphingolipids, cerebrosides, and galngliosides. Illustrative
phospholipids include egg phosphatidylcholine, dipalrtlitoylphosphatidylcholinc and
distearoylphosphatidylcholine.

The targeting of liposomes is also possible based on, for example, t)rgan-

specificity, cell-specificity; and organelle-specificity and is known in the art. et
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13. The nodified pro-peptide of claim1ll, wherein the amno acid
sequence of the 1gG nolecule is at least 75%identical to SEQ I D NO
15. 14. The nodified pro-peptide of claim1l, wherein the amno acid
sequence of the 1gG nolecule is SEQID NO 15. 15. The nodified
pro-peptide of claim 11, wherein the amno acid sequence of the IgG
nolecule is at least 75% identical to SEQID NO 16. 16. The

.modi fied pro-pepti de of claim 11 wherein the am no aci d sequence of

theIgGm)IecuIe 17.. The difi ro-peptid
claim 11, wherei n i Pgﬁ‘ﬂNo 1%or|p§e\fe@gg@ eoEl Keme ""P @HSWOB? Wﬂtﬁ

1 gG nol ecul em%ified dDPﬂBI%Eeﬂ?ﬁ% ¢Silso b]ceusea- REnARM Jth&hrPefis E’rfg)te'ﬁﬁ: -8f
claim 10, wherein the stabilizing nodification conprises albumn or

derivative ofupaﬁhmh' nMapy efithtss préteing aogreltddde strudire HHEDFBdsdch el BMP--
_pro-peptide pof 0,. wherein .t stabilizin rmd'ﬁelcatl
conpri ses a hi n‘Ei ‘Pﬂéﬁd&@%‘ erpﬁﬂt&?ﬂlﬂ‘ k& ePtdgrl Rev 65&8}%%&81” Teaigg
~The nodi fi edhp ragbr@ﬁéﬂtioelai HeSAEF b dehﬁu?e&Yn%% fDbjet 2bdMiffed!EDP.
wherein-the nodified pro-peptide has an altered gl ycosylation site.
_ propeptide capable of inhibiting a non-GDF-8 protein, either alone or in combination

with a modified GDF propeptide against GDF-8.

Modified GDF Propeptide Compositions

C - The present invention provides compositions comprising the modified GDF
- propeptides. Such compositions may be suitable for pharmaceutical use and

administration to patients. The compositions typically comprise one or more modified
GDF propeptides of the present invention and a pharmaceutically acceptable
excipient. As used herein, the phrase “pharmaceuticslly 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 admunistration. The use of such media and agents for
pharmaceutically active substances is well known in the art. Exemplary
pharmaceuticajiy acceptable excipients can be found in “The Handbook of
Pharmaceutical Excipients™ 3™ Ed. 2000, Am. Pharmaceutical Pres;‘, AE. Kibbe, ed..

(7 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.

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 ﬁay be topically or orally administered, or which may be capable

of transmxssmn across mucous membranes. The administration may, for example, be
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21. The nodified pro-peptide according to any one of clainms 1 to 9,
wherein the nodified pro-peptide conprises at | east one carbohydrate
noi ety. 22. The nodified pro-peptide according to any one of clains
1 to 9, wherein the nodified pro-peptide further conprises a
purification tag. 23. An isolated nucleic acid nol ecul e encoding the
nodi fied BMP-11 pro-peptide of any one of clains 1 to 22. 24. A

phar maceuti cal conposition conprising the nodified pLF-peptide of any
one of clajms 1 to and a pharmaceutically acceptabl e excipient.

25. A pharWﬁﬁﬁﬁPP%gﬁzé0Wﬁ6§¥$ﬁ@ﬁqi8ﬁpWF§Pﬁﬁukﬁ@Jﬁch@?%“ﬁ¥id mol ecul e

A § sol ot ca T e P e e L T,
nodi fi ed BiRE-S.Clinprcoepelt arderefercalr atibuogirtant,ahy planaacfuticd] abmpoditibas &2.
the invention are administered intravenously.

Solutions or suspensions used for intradermal or subcutaneous application
typically include one or more of the following components: a sterile diluent such as
water for injection, saline solution, fixed oils, polyethylene glycols, glycerine,
propylene glycol or other synthetic solvents; antibacterial agents such as benzyl
alcohol or methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite;

C\ ; chelating agents such as ethylenediaminetetraacetic acid; buffers such as acetates,
citrates or phosphates; and agents for the adjustment of tonicity such as sodium
chloride or dextrose. The pH can be adjusted with acids or bases, such as
hydrochloric acid or sodium hydroxide. Such preparations may be enclosed in

‘ “ ampoules, disposable syringes or multiple dose vials made of glass or plastic.

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

C be stable und?r 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, cthahol,
polyol (for example, glycerol, propylene glycol, and liguid polyetheylene glycol, and
the like), and suitable mixtures thereof. The proper fluidity can be maintained, for
example, by the use of a coating such as lecithin, by the maintenance of the required
particle size in the case of dispersion and by the use of surfactants. Prevention of the
action of microorganisms can be achieved by various antibacterial and antifungal

agents, for example, parabens, chiorobutanol, phenol, ascorbic acid, thimerosal, and
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27. The isolated reconbinant cell of claim 26, wherein said nucleic
acid conmprises a nucleic acid sequence encoding a stabilizing

nodi fication. 28. A nodified BMP-11 pro-peptide according to any one
of claims 1 to 22 for use as a nedicanent. 29. Use of a nodified
BMP-11 pro-peptide according to any one of ‘clains 1 to 22 in the
preparation of a nedicanent for the treatnent of one or nore
conditions selected fromnuscul ar di sorder, neuronuscul ar di sorder,

di abetes nellitus obesity, hyperglycem a and bone degenerative

di sorder. 3the lilgelionany ¢ases. ftival temrefernblsrte iprdpdd igetonic espras. for axemptey

one of cl ai | i gt | f_a. | canent., for_the. '
treat nent OFEU ogrj?{ast g?l% n%éﬁg)]%:%ﬁlalg{ ?‘%ﬁlg&‘séeq?g(t:@ésc?%ftﬁ%‘%ﬁygg?lr%% RPEPTAEY al
scl erosi s, nBsdedgad alshpsitioaplivhe imestable catipositiyns eoMNGashigheahsbyuct i ve
pul nonary di sease, cl e wasting syndrone, sarcopeni a_and cachexi a.

31. Use of amﬁﬁﬁ%iig&%@wpﬂlnweﬂa@&fM&hafké@ﬁdbmpw, Enpxempleof

claine 1 to Z4dmifhint REnBLERAL Atd Qipf @ nedi canent for the treatmnment
of osteoporosis. SEQUENCE LI STTNG <110> Anmeri can Home Products

Cor por ati on <120>Oiebdirfipasticas deBiralhi inclndel atblertRiibpandriad edibdachrkilse For

Thereof <130z 019 i) La0Benchorda i s e tap ol AP pressed ibto tab s Tz the!
purpose of oral therapeutic administration, the GDF propeptides can be incorporated
with excipients and used in the form of tablets, troches, or capsules. Pharmaceutically

C _‘ : compatible binding agents, and/or adjuvant materials can be included as part of the
composition. The tablets, pills, capsules, troches, and the like can contain any of the
following ingredients, or compounds of a similar nature; a binder such as
{gicrocr}'stalline cellulose, gum tragacanth or gelatin; an excipient such as starch or
lactose, a disintegrating agent such as alginic acid, Primogel, ¢r com starch; a
lubricant such as magnesium stearafc or Sterotes; a glidant such as colloidal silicon
dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent such as
peppenmint, methy! salicylate, or orange flavoring,.

For admimistration by inhalation, the GDF propeptides may be delivered in the
form of an aerosol spray from pressured container or dispenser which contains a
smtable propellant, e.g., a gas such as carbon dioxide, or a nebulizer.

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

known in the art.

The GDF propeptides may aiso be prepared in the form of suppositories (e.g.,
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<150: US 60/ 267,509 <151> 9001-02-06 <160> 16 <170> PatentIn version
3.1- <21n> 1 <211> 375 <919> PRT <213> Honp sapiens <400> 1 Met G n
Lys Leu G n Leu Cys Val Tyr Ile Tyr Leu Phe Met Leu Ile 51015 Val Ala
Gy Pro Val Asp Leu Asn Gu Asn Ser Qu Gn Lys Qu Asn 90. 2530 Val
GQu Lys Au Ay Leu Cys Asn Ala Cys Thr Trp Arg G n Asn Thr

with conventional suppository bases such as cocoa butter and other glycerides) or
retention enemas for rectal delivery.

In one embodiment, the modified GDF propeptides are prepared with carriers
that will protect the compound against rapid elimination from the body, such as a
controlled release formulation, including implants and microencapsulated delivery
systems. Biodegradable, biocompatible polymers can be used, such as ethylene vinyl
acetate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic
acid. Methods for preparation of such formulations will be apparent to those skilled
in the art. The materials can also be obtained commercially from Alza Corporation

C\ : and Nova Pharmaceuticals, Inc. Liposomal suspensions containing the modified GDF
propeptides can also be used as pharmaceutically acceptable carriers. These can be
prepared according to methods known to those skilled in the art, for example, as
described in U.S. Patent No. 4,522,811.

1t is especially advantageous to formulate oral or parenteral compositions in
dosage unit form for ease of administration and uniformity of dosage. Dosage unit
form as used herein refers to physically discrete units suited as unitary dosages for the
subject to be treated; each unit containing a predetermined quantity of active
compoungc caiculated to produce the desired therapeutic effect in association with the

=+ required pharmaceutical carrier. The specification for the dosage unit forms of the
invention are dictated by and directly dependent on the unique characteristics of the

C active compound and the particular therapeutic effect to be achieved, and the
limitations inherent in the art of compounding such an active compound for the
treatment of individuals.

Toxicity and therapeutic efficacy of such compounds can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for
determining the LD, (the dose lethal to 50% of the population) and 'the ED, (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

LD,/ED,, GDF propeptides which exhibit large therapeutic indices are preferred.
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354045 Lys Sex Sex Arg Ile Qu Ala lle Lys Ile Gn Ile Leu Ser Lys
Lau 505560 Arg Leu Gu Thr Ala Pro Asn Ile Ser Lys Asp Val Ile My Gn
Leu 65707560 teu Pro Lys Ala Pro Pro Leu Arg Gu Leu Ile Asp G n Tyr
Asp Val 659095 G n Arg Asp Asp Ser Sex Asp Ay Ser Leu Qu Asp Asp
Asp Tyr His 100105110 Ala Thr hr Gu Thr Ile Ile Thr Net Pro Thr Qu
Set Asp Phe Leo 115120125

The data obtained from the cell culture assays and animal studies can be used
in formulating a range of dosage for use in humans. The dosage of such compounds
lies preferably within a range of circulating concentrations that include the ED,, 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 modified
GDF propeptide 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 IC, (i.e.,
the concentration of the test modified GDF propeptide which achieves a half-maximal

C inhibition of symptoms) as determined in cell culture. Levels in plasma may be
] measured, for example, by high performance liquid chromé;tography. The effects of
any particular dosage can be monitored by a suitable bioassay. Examples of suitable
bioassays include DNA replication assays, transcription-based assays, GDF
- protain/receptor binding assays, creatine kinase assays, assaz’s based onthe }

differentiation of pre-adipocytes, assays based on glucose uptake in adipocytes, and

immunological assays.

The following examples provide preferred embodiments of the invention. One
of ordinary skill in the art will recognize the numerous modifications and variations
that may be performed without altering the spirit or scope of the present invention.

C Such modifications and variations are believed to be encompassed within the scope of
the invention. The examples do-not in any way limit the invention.

The entire contents of all references, patents and published patent applications

cited throughout this application are herein incorporated by reference.

EXAMPLES
Examplel: Purification ¢f GDF-§
Conditioned media from a selected cell line expressing recombinant human

GDF-8 protein (mature GDF-8 + GDF-8 propeptide) was acidified to pH 6.5 and
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" Met Gn Val Asp Gy Lvs Pro Lvs Cs Cvs Phe Phe Lys Phe Set Set
130135140 Lvs Ile Gn Tyr Asn Lys Val Val Lys Ala Gn Leo Trp Ile Tyr
Leu 145150155160 Arg Pro Val GQu Thr Pro Thr Thr Val Phe Val Gn lle
- Leo Arg Leu 165170175 Ile Lys Pro Net Lys Asp Gy Thr Arg Tyr Thr Gv
Ile Arg Set Leo 180185190 Lys Leo Asp Net Asn Pro Ay Thr Gy lle Trp
Gn Set Ile Asp Val 195200205 Lys Thr Val Leu Gn Asn Trp Leo Lys G n
Pro Au Set Asn Leu Ay 210215220

applied to a 80 x 50 mm POROS H{Q anion exchange column in tandem to a 80 x 50
mm POROS SP cation exchange column (Perseptive Biosystems). The flow through
was adjusted to pH 5.0 and applied to a 75 x 20 mm POROS SP cation exchange
column (Perseptive Biosystems) and eluted with a NaCl gradient.. Fractions
containing the GDF-8, as indicated by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), were pooled, acidified with trifluoroacetic acid (TFA)
to pH 2-3, then brought up to 200 ml with 0.1% TFA to lower the viscosity. The pool
was then applied to a 250 x 21.2 mm C; column (Phenomenex) preceded by a 60 x
21.2 mm guard column (Phenomenex) and eluted with a TFAJCH3CN gradient, to
( E éeparate mature GDF-8 from GDF-8 propeptide. Pooled fractions containing mature
GDF-8 were concentrated by lyophilization to remove the acetonitrile and 20 ml of
0.1% TFA was added. The sample was then applied to 2 250 x 10 mm C, column
(Phenomenex) heated to 60°C to aid in separation. This was repeated until further
" separation could no longer be achicved. Fracticns 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. Typical yields of the.mature GDF-8 dimer was 033 mg of
protein-per liter of conditioned media.
C, column fractions containing GDF-8 propeptide were pooled, the acetonitrile
L. was removed by evaporation, 20 m} of 0.1% TFA was added, and the sample was then
injected onto the 250 x 10 mm C, column at 60°C. This was repeated until further
separation could no longer be achieved. Fractions containing the GDF-8 propeptide
were then pooled and brought up to 40% acetonitrile and applied to a 600 x 21.2
BioSep $-3000 size exclusion column (Phenomenex) preceded by a 60 x 21.2 guard
column. Fractions containing the purified GDF-8 propeptide were pooled and
concentrated for use in subsequent experiments. A typical yield of the GDF-8
propeptlde was 0.24 mg protein per liter of condltloned media.
On SDS- PAGE, purified mature GDF-8 migrated as a broad band at 25 kDa
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Ile Qu lle Lys Ala Leo Asp u'Asn Ay H's Asp Leu Ala Val Tin
275230235240 Phe Pro v Pro Ay Gu Asp Gy Leu Asn Pro Phe Leo G u
Val Lys 945250255 Val Thr Asp Thr Pro Lys Arg Ser Arg Arg Asp Phe Ay
Leu Asp Cys 260965970 Asp Gu His Set Thr Qu Set Arg Cys Cys My Tyr
Pro Leu Thr Val 275280285 Aso Phe Qu Ala Phe Ay Trp Asp Trp Ile lle
Ala Pro Lys Arg Tyr 290295300 Lys Ala Asn Tyr Cvs Set Ay Gu Cys Qu
Phe Val Phe Leo G n Lys '

under nonreducing conditions and 13 kDa under reducing conditions. A similar SDS-
PAGE profile has been reported for murine GDF-8 (McPherron et al. (1997) Nature
387:83-90), and reflects the dimeric nature of the mature protein.

The apparent molecular weight of purified GDF-8 propeptide was 38 kDa
under both reducing and nonreducing conditions. This indicates that the GDF-8
propeptide 1s monomeric. The difference between the apparent molecular weight and
the predicted molecular weight of GDF-8 propeptide, ~ 26 kDa, may reflect the
addition of carbohydrate, since its amino acid sequence contains a potential N-linked
glycosylation site (McPherron et al. (1997) Proc. Natl. Acad. Sci. USA 94:12457-

C' 12461). Thus, the above process led to the production of purified and active mature
GDF-8 dimer and GDF-8 propeptide.

Example2: Characteristics of Purified Recombinant Human GDFE-8

50 ug each of purified mature GDF-8 and purified GDF-8 propeptide were™ .
mixed and dialyzed into 50 mM sodium phosphate, pH 7.0, and chromatographed on a
300 x 7.8 mm BioSep S-3000 size exclusion column (Phenomenex). Molecular
weight of the mature GDF-8/propeptide complex was determined from elution time,
using molecular weight standards (Bio-Rad Laboratories, Hercules, CA) -
chromatographed on the same column.

When purified GDF-8 propeptide was incubated with purified mature GDE-8

Cﬁ - at neutral pH, the two proteins appeared to complex, as indicated by the size exclusion

profile. The primary protein peak eluted at 12.7 minutes had an estimated molecular
weight of 78 kDa from molecular weight standards (Bio-Rad Laboratories, Hercules,
CA) chromatographed on the same column. The size of the complex is most
consistent with one dimer of the mature GDF-8 associating with two monomers of
propeptide, thus forming a tetrameric complex.

To confirm this observation, a preparation containing both mature GDF-8 and
GDF-8 propeptide was incubated with or without 100 mM 1-Ethyl 3-[3-
dimethylaminopropyl]carbodiamide hydrochloride (EDC, Pierce) for 1 hour at room
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Tyr Pro Hs Tin Hs Leu Val Hs Gn Ala Asn Pro Arg Ay Ser A a
325330335 Av Pro Cvs Cys Thr Pro Thr Lys Met Set Pro Ile Asn Met Leu
Tyr 340345350 Ph= ..sn Av Lvs Qu Gn lle lle Tyr Ay Lys Ile Pro
Ala Met Val 355360365 Val Asp Arc Cys @ v Cys Set 370375 <210> 2
<211> 1125 <212> DNA <213> Hono sapi ens

temperature, acidified with HCl to pH 2-3, and concentrated with a Micron-10
concentrator (Amicon) for SDS-PAGE, using a tricine buffered 10% acrylamide gel.
Proteins were visualized by Coomassie blue staining. A band corresponding to a
molecular weight of about 75 kD was observed only in the sample EDC was added
and not in the control lane, confirming the presence of the GDF-8 mature/GDF-§
propeptide complex. This valides the assay as useful for measuring the activity and

concentration of punified mature GDF-8 dimer.

Example 3: In Vitro Biological Activity of Parified GDF-8
C To demonstrate the activity of GDF-8, a reporter gene assay (RGA) was

developed using a reporter vector pGL3(CAGA),, Sequence coupled to luciferase.
The CAGA sequence was previously reported to be a TGF-p-responsive sequence

within the promoter of the TGF-p- induced gene, PAI-1 (Dennler et al. (1998). EMBO
J. 17:3091-3100).

The reporter vector containing 12 CAGA boxes was made using the basic
repdrter plasmid, pGL3 (Promega Corporation, Madison, WI, USA, Cat. No. E1751).
The TATA box and transcription initiation site from the adenovirus major late
promoter (-35/+10) was inseried between the Bgll] and Hindlll sites.
Oligonucleotides containing twelve repeats of the CAGA boxes AGCCAGACA wére
annealed and cloned into the Xho/ site. The human rhabdomyosarcoma cell line, A204

C ‘ (ATCC HTB-82), was transiently transfected with pGLB(CAGA)]2 using FuGENE 6
transfection reagent (Roche Diagnostics, Indianapolis, USA, Cat. No.1814443).
Foliowing transfection, cells were cultured on 48-well plates in McCoy’s 5A medium
(Life Technologies, Rockville, Maryland, USA, Cat. No. 21500-079) supplemented
with72 mM glutamine, 100 U/ml.streptomycin, 100 xg/ml penicillin and 10% fetal
calf serum for 16 h. Cells were then treated with GDF-8, BMP-11 or activin in
McCoy’s SA media with glutamine, streptomycin, penicillin and 1 mg/ml bovine
serum albumin for 6 hat 37° C. Luciferase was guantified in the treated cells using

the Luciferase Assay System (Promega Corporation, Madison, WI, USA, Cat. No.
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- <400> 2 augcaaaaac tgcaactctg tgtttatatt tacctgttta tgctgattgt

t gct ggt cca
gct gt gt aat
' gatacaaatc
aagat gt t at
at gat gt cca
caacggaaac
aacccaaatg
cccaactatg
t gagact cat
t ct ct gaaac

60 gtggatctaa atgagaacag tgagcaaaaa gaaaat gtgg aaaaagaggg
120 gcatgtactt ggagacaaaa cactaaatct tcaagaatag aagccattaa
180 ctcagtaaac ttcgtcrgga aacagctcct aacatcagca
aagacaactt 240 ttacccaaag ctcctccact ccgggaactg attgatcagt
gagggat gac 300 aocagcgatg octcttrgga agatgacgat tatcacgcta
aatcattacc 360 atgcctacag agtctgattt tctaatgcaa gtggatggaa
cttcttt 420 aaatttaﬁét Cct aaaat aca at acaat aaa_ gt agt aaagg

5%?%3& Thejaspporeggiiscae bsgated liiguiede FonOit $renltescaaat cc
f ?&9&@&%%%.B%%?%%%&:&éa&g&%&%.tﬂ%ﬁ&ﬁ‘%%d activin,

t'gacat gaa cccaggcact
results are representative of two separate experiments.

The results show that GDF-8 maximally activated the reporter construct
10-fold, with an ED50 of 10 ng/ml GDF-8, indicating that the purified recombinant
GDF-8 was biologically active. BMP-11, which is 90% identical to GDF-8 at the
amino acid level (Gamer et al. (1999) Dev. Biol. 208:222-232 and Nakashima et al.
(1999) Mech. Dev. 80:185-189), and activin elicited a similar biological response,
indicating that the reporter gene assay is a suitable assay to detect the in vitro

biological activity of GDF-8§, BMP-11 or activin.

Example 4: Binding Properties of Parified GDF-8

The GDF-8 latent complex was biotinylated at a ratio of 20 moles of EZ-link
Sulfo-NHS-Biotin (Pizrce, Rockford, Illinois, USA, Cat. N0. 21217) to 1 mole of the
GDF-8 complex for 2 hours on ice, inactivated with 0.5 % TFA, and subjected to
chromatography on a C4 Jupiter 250 x 46 mm column (Phenomenex') 1o separate
mature GDF-8 from GDF-8 propeptide. Biotinylated mature GDF-8 fractions eluted
with a TFA/CH,CN gradient were pooled, concentrated and quantitated by
MicroBCA protein Assay Reagent Kit (Pierce, Rozkford, IL, USA, Cat. No. 23233).

Recombinant ActRIIB-Fc chimera (R&D Systems, Minneapolis, MN, USA
Cat. No. 339-RB/CF) was coated on 96-well flat-bottom assay plates (Cbstaf, NY,
Cat. No. 3590) at I pg/mlin 0.2 M sodium carbonate buffer overnight at 4°C. Plates
were then blocked with 1 mg/ml bovine serum albumin and washed following

standard ELISA protocol. 100 pl of biotinylated GDF-8 aliqouts at various

concentrations were added to the blocked ELISA plate, incubated for 1 hr, washed,
and the amount of bound GDF-8 was detected by Streptavidin-Horseradish peroxidase
(SA-HRP, BD PharMingen, San Diego, CA, USA, Cat. No.13047E) followed by the
addition of TMB (KPL, Gaithersburg, Maryland, USA, Cat. No. 50-76-04).

Colorimetric measurements were done at 450 nM in a Molecular Devices microplate
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- ggtatttgac
tccaacttac
tt cccaggac
* ccaaaaagat
tgctgtcgtt
cct aaaagat

tatcctcata

agagcattga
gcat t gaaat
caggagaaga
ccagaaggga
accct ct aac
dt aaagccaa

t gt gaagaca
aaaagct tta
t gggct gaat
ttttggtctt
tgtggatttt
ttactgctct

gt gtt gcaaa
gat gagaat g
ccgtttttag
gactgtgatg
gaagcttttg

ggagagtgtg

att ggct caa
gt cat gat ct
aggt caaggt
agcact caac

gat gggat t g
aatttgtatt

acaacct gaa
t gct gt aacc
aacagacaca
agaat cacga
gattat cgct
tttacaaaaa

660
720
760
640
900
960

ctcatctggt acaccaagca aaccccagag gttcagcagg cccttgctgtl

020 actcccacaa agatgtctcc aattaatatg ctatatttta atggcaaaga

acaaat aat afe2

125

690 tat ggaaaaa ttccagcgat ggtagtagac cgctgtgggt getcal
As shown in Figure 2, biotinylated GDF-8 bound to ActRIIB, the putative

GDF-8 type Il receptor with an ED,, of 12 ng/ml, indicating that the ActRII binding
'a_ssay 1s a sensitive in vitro binding assay for GDF-8. '

Example 5: Inhibition of GDF-8 and BMP-11 by GDF-8 Propeptide

When GDF-8 was preincubated with GDF-8 propeptide for 1 hour at room
temperature, the biological activity of GDF-8 was reduced. Figure 3 shows induction
of pGL3 (CAGA)!2 reporter activity at the ED_ for GDF-8, 10 ng/ml, in the presence
of GDF-8 propeptide. GDF-8 propeptide reduced the GDF-8 induction in a
dose-responsive manner, with an ICS0 of 25 ng/ml (0.6 nM). GDF-8 propeptide also
inhibited the biological activity of BMP-11 to the same extent. [n contrast, the
activity of activin in this assay was not affected by GDF-8 propeptide, presumably due
to the relatively low homology between GDF-8 and activin, as compared to GDF-8
and BMP-11.

Likewise, Figure 4 shows that preincubation of GDF-8 propeptide with the
biotinylated GDF-8 at 5 ng/m] inhibited GDF-8 binding to ActRIIB in the ActRIIB
binding assay, as described in Example 4, with an IC,, of 0.3 nM. In conclusion, the
GDF-8 propeptide of the invention is a potent subnanomolar inhibitor of GDF-8 and
BMP-11 activity in vitro, as measured in the ieporter gene assay and the ActRIIB
binding assay. Accordingly, this assay shows that the GDF-8 propeptide is active and
is a potent inhibitor of GDF-8 activity in this assay. '

Example 6: Inhibition of GDF-8-Receptor Binding by GDF-8 Propeptide

GDF-8 was iodinated with chloramine T as described by Frolik et al. (1984) J.
Biol. Chem. 259:10995-10999 to a specific activity of 100-200 »Ci/ug. Iodinated-
GDF-8 showed comparable biological activity to uniabeled GDF-8 in the (CAGA)12
reporter assay described in Example 3. '’I-labeled GDF-8 was evaluated for specific

binding-to a myoblast cell line, L6.
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- <210> 3 <211> 109 <212> PRT <213> Honp sapi ens <400> 3 Asp Phe Gy
Lea Asp Cvs Asp Qu H's Set Thr Qu Set My Cys Cys 151015: Arg Tyr
Pro Leo Thr Val Asp Phe Qu Ala Phe Ay Trp Asp Trp Ile 202530 Ile

" Ala Pro Lys My Tyr Lys Ala Ash Tyr Cys Set Ay GQu Cys G u 354045 Ph

e Val

Phe Leu Gn Lys Tyr Pro Hs Thr His Leu Val Hs.Gdn A a 505560

L.6 myoblast cells (ATCC CRL-1458) were grown to confluence in Dulbecco’s
modified Eagle’s medium supplemented with 10% heat-inactivated fetal calf serum on
gelatinized 24-well plates. Equilibrium binding was performed as described in Song
et al. (1995) Endocrinology 136:4293-4297, which is incorporated by reference in its
entirety herein. 1 ngfml '*I GDF-8 (with or without unlabeled GDF-8) was incubated
with confluent L6 cells for 4 hours at 4~ C. After washing cells, bound ['*I]JGDF-8
was extracted and quantified with a gamma counter. Results are expressed as mean +
S.E. of triplicate determinations and are representative of three separate experiments.

As shown in Figure 5, '*I-GDF-8 bound to L6 cells with high affinity.
Notably, BMP-11, but not TGF-B1, displaced '*1-GDF-8 binding, indicating that
GDF-8 and BMP-11 (but not TGF-p1) share a common receptor on these cells (data
not shown). From a Scatchard analysis of the GDF-8 binding, the K3 was estimated
to be 140 pM. Furthermore, when 1 ng/ml '*I-GDF-8 was preincubated with GDF-8
propeptide for 1 hour at room iemperature, specific GDF-8 binding to L6 cells could
be inhibited with increasing concentrations of unlabelled GDF-8 propeptide (Figure
6). Results are expressed as mean = S.E. of triplicate determinations and are
representative of two separate experiments. The ICsq for 1 ng/ml GDF-8 was 140
ng/ml GDF-8 propeptide. As evidenced by these data, GDF-8 propeptide inhibits
GDF-8 biological activity by blocking GDF-8 receptor binding.

Example 7:  Inhibition of GDF-8 Activity by GDF-8 Propeptide-Fc Fusion
Proteins

As shown in Example 8 below, murine GDF-8 propeptide has a relatively
short in vivo half-life. To increase the bioavailability of the GDF-8 propeptide,
ﬁJsions between the GDF-8 propeptide and a murine 1gG2a Fc region were
constructed using standard genetic engineering techniques.

Four mutations were introduced into the Fc reg'ion to reduce effectnr function,
as described in Steurer et. al. (1995) J. Jmmunol. 155:1165-1174. Using standard
PCR methodology, two fusion constructs were prepared by fusing a cDNA encoding
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" Asn Pro Arg Ay Ser Ala Gy Pro Cys Cys Thr Pro Thr Lys Met Sex
65707580 Pro Ile Asn Met Leu Tyr Phe Asn.Ay Lys Gn Gn lle Ile Tyr
Gy 859095 Lys Ile Pro Ala Met Val Val Asp Arg Cys Ay Cys Ser 100105
© <210> 4 <911> 327 <919> DNA <213> Honp sapi ens <400> 4 clatrztggtc
ttgactgrga tgagcactca acagaatcac gatgctgtcg ttaccctcta 60 actgtggatt
ttgaagcttt tggatgggat tggattatcg ctcctaaaag atataaggcc 120 aattactgct
ctggagagtg tgaatttgta tttttacaaa aatatcctca tactcatctg 180

the murine GDF-8 propeptide (amino acids 1-267) to the murine IgG2a Fc region
(Figure 7). Fusion 1 (Figure 7A) encodes the first 265 amino acids of the murine
GDF-8 propeptide (including a 24 amino acid secretory leader) fused in frame to 233
amino acids of the murine IgG2a Fc region starting at the first amino acid in the hinge
section. Fusion 2 (Figure 7B} is constructed in a manner similar to Fusion 1, except
that a short glycine-serine-glycine-serine (GSGS) linker separates the GDF-8
propeptide from the murine Fc region.
The two chimera were introduced into an eukaryotic expression vector, pED
(Kaufman et al. (1991) Nucleic Acids Res. 19:4485-4490) and transiently expressed in
C COS-1 M6 cells (Horowitz et al. (1983) Journal of Molecular and Applied Genetics
2:147-159), using Lipofectamine 2000 transfection reagent (Gibco BRL, Life
Technologies, Rockville, Maryland, USA, Cat. No.11668-019 ) according to
manufacturer’s protocol. After 24 hours incubation, R1CD] (a modified DMEM/F12
. semum-free culture medium) was added. Conditioned medium (CM}-¥as pooled; fresh
- RICD1 replaced, and CM was harvested again 60 hours later. Conditioned media was
then pooled and purified over Protein A Sepharose CL-4B (Amersham Pharmacia
Biotech, Buckinghamshire, HP7 9NA, England, Cat. No. 17-07080-01) after addition
of 1/10™ volume of 1 M Tris pH 8.0. The purified protein was eluted in 0.1 M acetic
acid, 150 mM NaCl and immediately neutralized with 1/20™ volume of 3M Tris pH
_ 9.0. Proteins were quantitated using a standard murine IgG ELISA protocol, and
C assayed in the ActRIIB competition ELISA along with a purified human GDF-8
_propeptide, as described in Example 5. The results are shown in Figure 8. The IC,;'s
of the GDF-8 propeptide-Fc fusions are in the low nanomolar range and there is no
difference between fusion 1 and 2. Fusion 1 (no linker between GDF-8 propeptide
| and murine IgG2a) was selected for use in making a stable CHO cell line, and tested
for inhibition of GDF-8 in the RGA assay.
The GDF-8 propeptide-Fc cDNA was subcloned into the CHO expression
plasmid pHTop and transfected into CHO/A2 cells, as described in Thies et al. (2001)

Growth Factors 18:251-259; which is incorporated by reference in its entirety herein.

47



Ot acaccaag caaaccccag aggttcagca ggcccttgct gtactcccac aaagatgtct 240
Ccaattaata tgctatattt taatggcaaa gaacaaataa tatatgggaa aattccagcg 300
at ggt agt ag accgctgtgg gtgctca 327 <210> 5 <211> 243 <219> PRT <213>
" Honmo sapiens <400> 5 Asn Gu Asn Ser Qu Gn Lys Gu Asn Val Gn Lys
Gn Ay Len Cys 1015 Asn Ala Cvs Thr Trp Arg G n Asn Thr Lys Sex Sex
Arg Ile Qu Ala 907c. 30 Ile Lys Ile Gn Ile Leu Sex Lys Leu Arg Leu
Gn Thr Ala Pro Asn

A stable cell line (PF-4/0.02) was established by selecting cells in 0.02 M
methotrexate. Conditioned medium containing the GDF-8 propeptide-Fc fusion
protein from a selected line was harvested and its pH was adjusted by addition of 10%
v/v 1M Tris pH 8.0 and purified over Phaim-aeié rProteinA Sepharose Fast Flow
(Amersham Pharmacia Biotech, Buckinghamshire, HP7 9INA, England, Cat. No. 17-
1279-02) previously equilibrated with 50mM Tris 150mM NaCi pH 7.5. Fractions
were eluted with 100mM Acetic Acid, 150mM NaCl pH 2.5 and immediately
neutralized by adding 5% v/v 3M Tris pH 9.0. Peak fractions were pooled and loaded
onto a Pharmacia Superdex 200 Size Exclusion Column (Amersham Pharmacia
Biotech, Buckinghamshire, HP7 9NA, England, Cat. No. 17-1069-01). 0.05 % Tween
80 was added to the fractions to prevent aggregation. Fractions were evaluated by .
SDS-PAGE on Novex 10 % Tricine gels (Novex, San Diego, CA, USA, Cat. No.
EC66755).

Pooled fractions were quantitated by spectrophotometry and assayed for
activity in the ActRIIB binding assay as described in Example 4, as well as in the
reporter gene assay (Figure 9). The IC; of the purified GDF-8 propeptide-Fc fusion
was 1.3 nM. The data shows that the modified GDF propeptide of the invention
comprising a GDF-8 propeptide-Fc fusion proiein has retained potent inhibitory

(neutralizing) activity compared to GDF-8 propeptide.

Example8: Pharmacokinetics

 The pharmacokinetics (PK) of GDF-8 propeptide (referred to herein as
“GDF8-Pro”) and GDF-8 propeptide-Fc fusion protein (teferred to herein as “GDF8-
ProFc”) were evaluated in C57Bl/6] mice at a dose of 0.2 ug/mouse (GDF8-Pro) or 2
ug/mouse {(GDF8-ProFc) after a single intravenous administration. The animals

received a mixture of unlabelled and '*I-labeled-GDF8-Pro or GDF8-ProFc at the
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354045 Ile Sex Lys Asp Val Ile Arg G n Leu-Leu Pro Lys Ala Pro Pro
Len 50.5560 Art; Gu Len Ile Asp G n Tyr Asp Val G n Arg Asp Asp Sex
Ser Asp 65707580 Gy Ser Len G n Asp Asp Asp Tyr His Ala Thr Thr G n
Thr Ile Ile 859095 Th./ Met Pro Thr G n Sex Asp Phe Len Met G n Val
Asp Ay Lys Pro 100105110 Lys Cvs Cvs Phe Phe Lys Phe Sex Sex Lys Ille
G n Tyr Asn Lys Val 115120125 Val Lys Ala Gn Len Trp Ile Tyr Len
Arg"Pro Val du Thr Pro Thr

doses listed above and serum concentrations were determined based on 1'%

radioactivity in the serum and the specific activity of the injected dose. Figure 10
shows the serum concentration versus time curves for both the GDF8-Pro and GDFS8-
ProFc. Table 1t shows the PK parameters for GDF8-Pro and GDF8-ProFc after a
single intravenous administration of 2 pg/mouse. The serum concentrations and PK

parameters for the GDF8-Pro are normalized to a dose of 2 pg/mouse for comparative

purposes.
TABLE 1
T Cmax  |Clearance |MRT V1 Vss
CJ (hrs) (ng/mL) | (mL/hr) | (hrs) (mL) |{(mL)
GDF8-ProFe | 232 7382~ 10.03 286 T4 87
GDF-8-Pro 2.2 390 12.4 23 5.1 28.3

T,,: half life during the terminal elimination phase.
C...x ‘peak serum concentration

MRT: mean residence time

V,: initial volume of distribution

V,: volume of distribution at steady state

Note: GDF8-Pro PK parameters normalized to a dose of 2 pgfmouse.

As can be seen in Figure 10, the clearance is 400-fold slower, and the half-life
is 100-fold longer for the GDF8-ProFc as compared to the GDF8-Pro. Both the initial
volume of distribution and the volume of distribution at steady state are approximately
3-fold greater for the GD¥8-Pro compared to the GDF8-ProFc, indicating that the
GDF8-Pro distributes to a larger extent outside the vascular space compared to the
GDF8-ProFc.

Although the stabilizing effect of the Fc region of an 1gG molecule on a GDF

propeptide is exemplified using the mouse GDF propeptide-Fc fuston protein (i.e., ==
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130135140 Tin Val Phe-Val Gn Ile Leu Arg Len Ile Lys Pro Met Lys Asp
Ay 145150155160 - Tin- Mg Tyr Thr Gy Ile Arg Sex Len Lys Len Asp

Met Asn Pro

- Val Len G n

Gnlle Lys
Phe Pro Gy

Ay 165170175 Tin Ay Ile Trp Gn Sex Ile Asp Val Lys Thr
Asn Trp 180185190 Len Lys G n Pro Gn Sex Asn Len Ay Ille
Ala Len Asp 195900205 G n Asn Qv His Asp Len Ala Val Thr
Pro Gy G n Asp 210915220

both components derived from mouse), the methods of the present invention can be

ap}ﬁlied to any combination of GDF propeptide and IgG components, regardless of the
particular precursor protein or animal species from which the components are derived,
provided the fusion protein is properly constructed to retain activity (i.e., as described

herein).

Example9: Derivation and Activity of Two Human GDF-8 Propeptide Fc
Fusions

Two GDF-8 propeptide-Fc fusion constructs were prepared, using standard
PCR methodology, for evaluation of therapeutic potential. A cDNA encoding the
human GDF-8 propeptide (SEQ ID NO:5) was fused to the human IgG1 Fc region
(SEQ ID NO:15; Figure 11A) or human IgG1Fc modified for reduced effector
function (SEQ ID NO:16; Figure 11B).

1. Human GDF-8 propeptide-IgG1 wt Fe fusion protein (Figure 11A):

The first 264 amino acids of the human GDF-8 propeptide (including amino
acids 1-241 of SEQ ID NO.: 5 and the 23-amino acid signal peptide as set forth in
SEQ ID NO: 13) were fused in frame with the 232 amino acids of the human IgGl

constint region, starting at the first amino acid in the hinge region (SEQ 1D NO.:15).

2. Human GDF-8 propeptide-IgG1 mutant (Figure 11B):

The first 264 amino acids of the human GDF-8 propeptide, as described above,
were fused in frame with the 227 amino acids of a mutated human IgG1 Fc region
(SEQ ID NO.:16). Two mutations, alanine residues (Ala-14 and Ala-17) at set forth in
SEQ ID. NO.: 16 were introduced in order to reduce effector function as described in
Lund et al. (1991) J. Immun. 147:2657-2662 and Morgan et al. (1995) Immunology
86:319-324.
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dv Leu Asn Pro Phe Lau Gu Val Lys Val Thr Asp .Thr Pro Lys Arg
230' 935240 Ser Arg My <210> 6 <911> 799 - <912> DNA <213> Hono
sapi ens <400> 6 aat gagaaca gt gagcaaaa agaaaat gt g gaaaaagagg
ggctgtgtaa tgcatgtact 60 tggagacaaa acactaaatc ttcaagaata gaagccatta
agat acaaat cctcagtaaa 120 cttcgtctgg aaacagottc taacatcagc aaagatgtta
t aagacaact tttacccaaa 180 gctcctccac tccgggaact gattgatcag tatgatgtcc
agagggat ga cagcagcgat 240 ggctcEttgg aagatgacga ttatcacgct acaacggaaa
caatcattac catgcetaca 300 . . . . .
e two fusion proteins were introduced into an eukaryotic expression vector,
pED (Kaufman et al. (1991) Nucleic Acids Res. 19:4485-4490) and transiently
expressed in COS-1 M6 cells (Horowitz et al. (1983) Journal of Molecular and
Applied Genetics 2:147-159), using Lipofectamine 2000 transfection reagent (Gibco
BRL, Life Technologies, Rockville, Maryland, USA, Cat. No.11668-019 ) according
to manufacturer’s protocol. After 24 hours incubation, R1CD1 (a modified
DMEM/F12 serum-free culture medium) was added. Conditioned medium (CM) was
pooled, fresh R1CD1 replaced, and CM was harvested again 60 hours later.
Conditioned media was then pooled and purified over Protein A Sepharose CL-4B
C P (Amersham Pharmacia Biotech, Buckinghamshire, HP7 SNA, England, Cat. No. 17-
07080-01) after addition of 1/10™ volume of 1 M Tris pH 8.0. The purified protein
was eluted in 0.1 M acetic acid, 150 mM NaCl and immediately neutralized with
1/20* volume of 3M Tris pH 9.0. Proteins were quantitated using a standard human
IgG ELISA protocol, and assayed in the ActRIIB binding assay along with:a purified -
human GDF-8 propeptide, as described in Example 5. The results are shown in
Figuré 12. In conclusion, both human pfopeptide-Fc fusion proteins are potent

inhibitors of GDF-8 binding to ActRIIB.

Example 10: In Vivo Testing of GDF-8 Propéptide-Fc Fusion Protein
The murine GDF-§ propeptide-Fc fusion protein (from Exampie 9) was tested
C, in adult mice. Seven to nine week old, adult, female BALB/c mice were randomized
| with respect to body weight and placed into groups of seven (except for the no

treatment group, which had six mice). Mice were dosed twice weekly by 1.P. injection
with a total weekly dose of 10 ug, 100 ug, or 1000 ug per animal for five weeks.
Control injections were murine IgG2a-Fc at a molar equivalent to the high dose of
propeptide-Fc. At the end of the study, gastrocnemius, quadriceps, epididymal fat
pad, kidney, and liver were removed and weighed. Figure 13 shows the average tissue
mass, with the error bars indicating the étandard error of the mean. The asterisk (*)

indicates a statistically significant difference (p<0.01 using a students T test) when
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gagt ct gatt
t ct aaaat ac
gagacEctta
" acaaggtata
cagagcattg
ggcatt gaaa
ccaggagaag
t ocaci aaaa

ttctaatgca
aat acaat aa
caacagt gtt
ct ggaat ccg
at gt gaagac
t aaaagcttt
at gggct gaa

agt ggat gga
agt agt aaag
t gt gcaaat ¢
at ct ct gaaa
agt gttgcaa
agat gagaat
tccgttttta

aaacccaaat gttgcttctt
gcccaactat ggatatattt
ct gagact ca t caaaCCt at
cttgacatga acccaggcac
aattggctca aacaacctga
ggtcatgatc ttgctgtaac
gaggt caagg t aacagacac
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gagacccgtc
gaaagacggt

tggtatttgg
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540
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720

729 <910> 7 <211> 407 <212> PRT <213> HOMO sapi ens <400> 7
compared with the mice treated with the control protein, IgG2aFc. Blocking GDF-8

activity in viva by 1.P. injection of GDF-8 propeptide-Fc fusion protein at I mg/week
(treated mice) resulted in a 6.2% increase in gastrocnemius and 11.3% increase in
quadricep muscle mass compared to control mice not receiving GDF-8 propeptide-Fe
fusion protein. In addition, blocking GDF-8 activity in vivo by LP. injection of GDF-8
propeptide-Fc fusion protein at 100 ug/week (treated mice) results in 23.0% increass
in fat pad mass. The high dose (1mg/week) treatement also led to a decrease in fat
pad mass, but due to the variability in pat pad mass, the difference was not highly
statistically significant (p=0.047). There was no effect of treatment on the mass of
other tissues tested, including liver and kidney. In summary, the modified GDF-8
propeptide blocked GDF-8 activity in vivo and lead to an increase in muscle mass and
a decrease in fat mass. In summary, blocking GDF-8 activity in vivo by L.P. injection
of GDF-8 propeptide-Fc fusion protein (treated mice) resulted in increased
gastrocnemious and guadricep muscle mass compare= to control mice not receiving

GDF-8 propeptide-Fc fusion protein,

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, many equivalents to the specific embodiments of t4:
invention described herein. Such eguivalents are intended to be encompassed by the

following claims.
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Met Val Lea Ala Ala Pro Leu Leu Lea Gy Phe Lea Leu Lea Ala Lea
1510,15 Gu Lea My Pro Arg Ay GQu Ala Ala Gu Gy Pro Ala Ala Ala
Ala 909530 Ala Ala Ala, Ala Ala Ala Ala Ala Ala dy VvVal Ay dy GQu
Ang Ser 354045 Ser Ara Pro Ala Pro Ser Val Ala Pro Gu Pro Asp Ay
Cys Pro Val 505560 Cvs Val Trp Arg Gn His Ser Arg Qu Lea Arg Leu
Gu Ser Ile Lys 65707580 Ser An Ile Lea Ser Lys Lea Arg Lea Lys G u
Ala Pro Asn Ile Set 8590 '95

CLAIMS

1. A modified BMP-11 pro-peptide comprising an amino acid sequence that is at
least 756% identical to SEQ ID NO:11 and has a mutation that modifies the amino acid
sequence at the residue corresponding to position 98 of SEQ ID NO:11, wherein the
modified BMP-11 pro-peptide has an increased in vivo or in vitro half-life relative to a
corresponding unmodified BMP-11 pro-peptide.

2. The modified BMP-11 pro-peptide of claim 1, wherein the amino acid sequence
is at least 856% identical to SEQ ID NO: 11, and is capable of inhibiting a BMP-11 or
GDF-8 activity.

3. The modified BMP-11 pro-peptide of claim 1, wherein the amino acid sequence
is at least 95% identical to SEQ ID NO:11, and is capable of inhibiting a BMP-11 or
GDF-8 activity.

4, The modified BMP-11 pro-peptide of any one of claims 1-3, wherein the modified .
BMP-11 pro-peptide comprises a fragment of the amino acids of SEQ ID NO:11,
wherein the fragment is capable of inhibiting a BMP-11 or GDF-8 activity, and wherein
the fragment has a mutation at the residue corresp'onding to position 98 of SEQ ID
NO:11.

5. The modified BMP-11 pro-peptide of claim 1, wherein the modified BMP-11 prd-
peptide comprises the amino acid sequence of SEQ ID NO:11, except that it has a
mutation at the residue corresponding to position 98 of SEQ ID NO:11.

6. The modified BMP-11 pro-peptide of any one of claims 1-5, wherein the mutation

that modifies the amino acid sequence at the residue corresponding to position 98 of
SEQ ID NO:11 is a substitution mutation.
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My u Val Val Lys G n Lea Lea Pro Lys Ala Pro Pro Lea G n Gn
100105110 Ile Leu Asp Leu H's Asp Phe A n Ay Asp Ala Lea Gdn Pro Qu
Asp 115120125 Phe Lea Qu Qu Asp Qu Tyr Hs Ala Thr Thr G u Thr Val
Ile Set 130135140 Met Ala G n Gu Thr Asp Pro Ala Val Gn Thr Asp Ay
Ser Pro Lea 145150155160 rvs Cvs His Phe H's Phe Set Pro Lys Vol Met
Phe Thr Lys Vol Leo 165170175 Lys Ala G n. Len Trp Vol Tyr Leu Arg

Pro Vol_ Pro_Arg Pro Ala Thr .
7 The modified BMP-11 pro-peptide of any one of claims 1-5, wherein the mutation

that modifies the amino acid sequence at the residue corresponding to position 98 of
SEQ ID NO:11 is a deletion mutation.

8. The modified BMP-11 pro-peptide of any one of claims 1-5, wherein the mutation
~ that modifies the amino acid sequence at the residue corresponding to position 98 of
SEQ ID NO:11 is an insertion mutation.

9. The modified BMP-11 pro-peptide of any one of claims 1-8, wherein the residue
corresponding to position 98 of SEQ ID NO:11 is alanine.

- 10.  The modified pro-peptide according to any one of claims 1 to 9, wherein the
modified pro-peptide further comprises a stabilizing modification.

11.  The modified pro-peptide of claim 10, wherein the stabilizing modification
comprises an Fc region of an IgG molecule fused to the pro-peptide.

12. The modified pro-peptide of claim 11, wherein the 1gG molecule comprises an
lgG1 or [gG4 Fc region.

13.  The modified pro-peptide of claim 11, wherein the amino acid sequence of the
IgG molecule is at least 75% identical to SEQ ID NO: 15.

14, The modified pro-peptide of claim 11, wherein the amino acid sequence of the
lgG molecule is SEQ ID NO: 15.

15.  The modified pro-peptide of claim 11, wherein the amino acid sequence of the
IgG molecule is at least 75% identicai to SEQ ID NO: 16.

16.  The modified pro-peptide of claim 11, wherein the amino acid sequence of the
lgG molecule is SEQ ID NO: 16.

54



180185190 Val Tyr Len Gn lle Leu Arg Len Lys Pro Len Thr Av Gn Ay
Thr 195900205 Ala Gv dy dy Gv Gv Gy Arg Arg Hs Ile Arg Ile Arg
Set Len 710215220 Lys lie Gn Len H's Set Arg Set Ay H's Tip Gn Set
Il e Asp Phe 225230235240 Lys G n Vol Len H's Set Trp Phe Arg Gn Pro
Gn Set Asn Trp Ay 245250255 Ile Gn Ile Asn Ala Phe Asp Pro Set Qvy
Thr Asp -Leu Ala Vol Thr 260265270 Set Len Av Pro Ay Ala Gn Ay
Len Hs Pro Phe Met Gu Leu Arg

17.  The modified pro-peptide of claim 11, wherein the pro-peptide is fused to the Fc
region of the IgG molecule via a linker peptide.

18.  The modified pro-peptide of claim 10, wherein the stabilizing modification
comprises albumin or a derivative of albumin fused to the propeptide.

19.  The modified pro-peptide of claim 10, wherein the stabilizing modification
comprises a non-proteinaceous polymer linked to the propeptide.

20. The modified pro-peptide according to any one of claims 1 to 9, wherein the
modified pro-peptide has an altered glycosylation site.

-21.  The modified pro-peptide according to any one of claims 1 to 9, wherein the
modified pro-peptide comprises at least one carbohydrate moiety. R

22.  The modified pro-peptide according to any one of claims 1 to 9, wherein the
modified pro-peptide further comprises a purification tag.

23.  Anisolated nucleic acid molecule encoding the modified BMP-11 pro-peptide of
any one of claims 1 to 22.

24. A pharmaceutical composition comprising the modified pro-peptide of any one of
claims 1 to 22 and a pharmaceutically acceptable excipient.

25. A pharmaceutical composition comprising the nucleic acid molecule of claim 23
and a pharmaceutically acceptable carrier or vector.

26.  Anisolated recombinant cell comprising a nucleic acid encoding a modified BMP-
11 pro-peptide according to any one of claims 1 to 22.
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975280285 Vol Len G n Asn Thr Lys Arg Set Mgy Arg Asn Len Gy Len Asp
Cys 290995300 Asp Qu His Set Set Gn Set Arg Cys Cys Arg Tyr Pro
Lc..,u Thr Vol 305310315320 Asp Phe G n Ala Phe Ay Trp Asp Trp Ile
Ile Ala Pro Lys My Tyr. 325330335 Lvs Al a-Asn Tyr Cvs Set Gy Gn Cvs
Gn Tyr Met Phe Met G n Lys 340345350 Tyr Pro H's Thr His Len Vol Gn
Gn Ala Asn Pro Arg Ay Set Al a 355-360365

27.  The isolated recombinant cell of claim 26, wherein said nucleic acid comprises a

nucleic acid sequence encoding a stabilizing modification.

28. A modified BMP-11 pro-peptide according to any one of claims 1 to 22 for use as

a medicament.

29.  Use of a modified BMP-11 pro-peptide according to any one of claims 1 to 22 in
the preparation of a medicament for the treatment of one or more conditions selected
from muscular disorder, neuromuscular disorder, diabetes mellitus obesity,
hyperglycemia and bone degenerative disorder.

30. Use of a modified BMP-11 pro-peptide according to any one of claims 1 to 22 in
the preparation of a medicament for the treatment of one or more conditions selected
from amyotrophic lateral sclerosis, muscular dystrophy, muscle atrophy, congestive
obstructive pulmonary disease, muscle wasting syndrome, sarcopenia and cachexia.

31. Use of a modified BMP-11 pro-peptide according to any one of claims 1 to 22 in the . -

preparation of a medicament for the treatment of osteoporosis.
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"G V.Pro Cvs Cvs Thr Pro Tin Lys Met Ser Pro Ile Asn Met Leu Tyr

310375380 Phe Asn Asp Lys Gn Gnllelle Tyr Ay Lys Ile Pro Gv Mt
. 405 <210> 8 <211> 1221

Val 385390395400 Val

- <212> DNA <213> Honp sapi ens <400> 8 atggtgctcg cggccccgcet gcetgcet gggce

Asp Arg Cys dy Cys Ser

ttcctgetee tcgeectgga get gcguCeifNCE LISTING

<110>

<120>

<170>

AN AN
[[S IR LS IR CL N b1
Ll el S
WP D

VoV v

v

<400>

Met Gln

Val Glu

Arg Leu

Leu Pro

hmerican Home Producis Corporation

Modified and Stabilized GDF Propeptides and Uses Thereof

019297.002000

Not-Yet~Assigned
2001-02-067

Us 80/267,5098

2001-02-08B

1é

PatentIn version

1
375
PRT

Homo sapiens

1

Lys Leu

Gly Pro
20

Lys Glu
35 :

= _Ser Arg

Glu Thr

Lys Alaz

Asp Asp
100

Gly

Ile

Pxo
8BS

Ser

Leu

Asp

Leu

Glu

Pro

70

Ser

Cys

Leu

Cys

Ala
55

Asn

Leu

Asp

Val

Asn

Asn

40

Ile

Ile

Arg

Gly

Tvr Ile
10

Glu 2Asn
25

Ala Cys

Lys Ile

Ser‘Lys s

Glu Leu
90

Ser Leu
105

Page 1

Tyr

Ser

Thr

Gln

Ile

Glu

Leu

Glu

Asp

Asp

Phe

‘Gln

Arg

45

Leu

Ile

Gln

Rsp

Met
Lys
30

Gln

Ser

Arg

Tyx

Asp
il0

Leu
15

Glu

Asn

Lys

Gln

Asp

95

Tvr

Ile

Asn

Thr

Leu

Leu

80

Val

His



cggggggagg cggccgaggg ccccgeggeg geggeggegyg cggeggegge ggeggeageg 120
gcgggggt cg ggggggageg ctccagccgg ccagccccgt ccgtggecgec cgagccggac 180
ggctgcceccg tgtgegtttg gcggcagcac agccgcgagce tgcgectaga gagcat caag 240
" tcgcagat ct tgagcaaact gcggctcaag gaggcgccca acat cagccg cgaggtggtg 300
aagcagct gc tgcccaaggc gccgccgetg cagcagatcc tggacctaca cgacttccag,

360
420
480
540
600
660

ggcgacgcgce tgcagcccga ggacttcctg gaggaggacg agtaccacgc caccaccgag

accgteatitaThcaGagctiva Iggajae gac Mecapeadthac Gagasagatsgg reageegt ct

tact gccazt lifcacttcag ccccaagdtly atgttcacaa aggtaktgaa ggcccagctg

t gggt gt acc tacggcctgt accccgccca gccacagtct acctgcagat cttgcgacta

aaacccctaa_ctggggaagg _gaccgcaggg ggaggg%gcg gaggccggcg tcacat ccgt
VS H=

Met Gln Val ASp GIV L¥s Pro Lys Cvs C Phe Llys Phe Ser Ser
130 135 140

Lvs Iis Gln Tyr Asn Lys Val Val Lys Ala Gln Leu Trp Ile Tyr Leu
145 . -150 135 160

Erg Pro Val Glu Thr Pro Thr Thr Val Phe Val Gln Ile Leu Arg Leu
165 170 175

Ile Lvs Pro Met Lys Asp Gly Thr Arg Tvr Thr Glv Ile Arg Ser Len
180 185 _ 190

Lvs Leu Asp Met Asn Pro Gly Thr Gly Ile Trp Gln Ser Ile Asp Val
185 200 205

Lwvs Thr Val Leu Gln Asn Trp Leu Lys Gln Pro Glu Ser Asn Leu Gly
210 . 215 220

Glu Iie Lys Alz Leu Asp Glu Asn Gly His Asp Léu Ala Val Thr
230 235 240

Iy -t
AN e
[

Phe Pro Gly'Pro Gly Glu Asp Gly Leu Asn Pro Phe Leu Glu Val Lys
: 245 250 255

Val Thr 2sp Thr Pro Lys Arg Ser Arg Arg Asp PherGly Leu Asp Cys
o 260 265 270

Asp Glu His Ser Thr Glu Ser Arg Cys Cys Arg Tyr Pro Leu Thr Val
275 280 285 :

ksp Phe Glu Als Phe Gly Trp Asp Trp Ile Ile Ala Pro Lys Arg Tyr
290 285 300 -

Lyvs Ala Asn Tyr Cys Ser Gly Glu Cys Glu Phe Val Phe Leu Gln Lys
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720
780
840

atccgctcac tgaagattga gctgcactca cgctcaagcc attggcagag catcgacttc
aagcaagt gc tacacagctg gttccgccag ccacagagca actggggcat cgagatcaac
aLLLLLaat u ccagtggcac agacctggct gtcacctccc tggggccggg agccgagagg
‘ctgcatccat tcatggagct tcgagtccta gagaacacaa aacgttcccg gcggaacctg 900
ggt ct gglct gcgacgagca ctcaagcgag tcccgctget grggatatcc cctcacaghg 960
gacttrgagg ctr.tcggctg ggactggatc atcgcaccta agcgctacaa ggccaactacl
020 tgctccggec agtgcgagta catgttcatg caaaaatatc cgcataccca

ttt ggt goagEro8diedgycdaat éeedéadgst 61ngslgygyoc Crbght gt@DCGer Ala
ccaccaagat gtccccaatcB?%40 aacat gctct acBB@aatga caagcagcag3s
attatctacg gceagatocc tggcatggtgl

Gly Pxo Cvs Cys Thr Pro Thr Lys Met Ser Pro Ile Asn Met Leu Tvr
340 345 350

Gly Lys Giu Gln Ile Ile Tyr Gly Lvs Ile Pro Ala Met Val
355 360 365

Cys Glyv Cvs Ser
375

-1

(oo
et
=
(e}

1125
DML
Homo sapiens

M
I
[\8]
=
v

212>
<213>

<400> 2

atgcaaaaac
&0

=

Nt
[wRle}
o]

w

rt

9]

rt

o

o

=10
o N
o+

W

rt

o

%]

rt
+

omw

13N
[

ttacccaaag
300

ggcagegatg
360

atgccracag
420

atttagct
0

e (1
o

i

cccatcg

Nimis]

zga
540

tgcaactctg
atgagaacag
géagacaaaa
ttcgtctgga
ctcctecact
gctctitgga
agtctgattt
ctzzaataca

agactcctac

tgtttatatt
tgagcazaaa
;éctaaatct
aacagctcct
ccgggéactg
agatgacgat
tctaatgcaa
atacaataaa

aacagtgttt

tacctgftta
gazaaatgtgg
tTcaagaatag
aacatcagca
attgatcégt
tatcacgcta
gtggatggaa
gtagtaaagg

gtgczaatcc
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tgectgattgt
asaaagaggg
gagccattaa
aagatgttat
atgatgtcca
caacggsaac
aacccaaatyg
cccaactatg

tgagactcat

tgctggtcea
gctgtgtaat
gatacaaatce
aagacaactt
gagggatgac
aatcattacﬁ
ttgecttettt
gatatatttg

cazacctatg.-



200 gtggatcgct gtggetgetc t1 <710> 9 <211> 109 <91' > PRT <213> Honp
sapi ens <400>9. Asn Len Gy Leu Asp Cys Asp GQu His Ser Ser Qu Ser
~Arg Cys Cys 151015 Arg Tyr

Ay Gn Cys Gn 354045

gacaogta

caaggtiztac

&z

eQ0

ggtattitgoc agagcattga

o6l

tccaacttag gcattgazsat

720

titcccaggac caggagaaga

780

cCazzaagat ccagsaggga

84D

tgctgtcgtt accctctaac

S00

cctzaaagat ztaaggccas

960

tatcctcata ctcatctggt

020

actcccacaa agatgtcectce

080

tatgggaaaa ttccagcgat

125

<21C0> 3

<211> 1089

<£212> PRT

<213> Homo sapilens

<400> 3

Asp Phe Gly Leu 2sp

1 5

Arg Twr Pro Leuw Thr

20

Ile Rls Pro Lys Arg

35

Pro Len Thr Val
"Asp Trp Ile 902530 Ile Ala Pro Lys Arg Tyr

tggaatccga
tgtgaagaca
aaaagcttta
tgggctgaat
ttt#ggtctt
Tgtggatttt
ttactgctct
acaccaagca
aattaatatg

ggtagtagac

Cvyvs Asp Glu His Ser
Val Asp Phe Glu Ala

Tyr Lys 2la Asn Tvr

40

tctctgasac

w

ctgittgcaa
gatgagzatyg
cegtttitag
gactgtgatg
gaagcttttg
ggagagtgtg
aaccccagag

ctatattits

cgctgtgyggt

10

25
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Phe Gly Trp

ttgacatgas
attggctcasa
gtcatgatct
aégtcaaggt

agcactcaac

gatgggatty

aatttgtatt
gttcagcagg
atggcazaga

gctca

30

45

As Phe G n Ala Phe Ay Trp
Lys Ala Asn Tyr Cys Ser

cccaggcact

acaacctgaa

tgctgtaacc

dacadacaca

agaeatcacga

gattatcgcet
tttacaaesaa
cccttgectgt

acaaataata

Thr Glu Ser Arg Cys Cys

15

Asp Trp Il

Cys Ser Gly Glu Cys Glu



Met Phe Met Gn L')s Tyr Pro Hs Thr Hs Len Val Gn Gn Ala

Gy Ser Ala Ay Pro Cys Cys Tin Pro Tin Lys Met
Anillelle

‘ Tyr
505560 Asn Pro Aro, _
65707580 Pro.Ile Asn Met Len Tyx Phe AsnAsp Lys G n

Ser
"Tyr Gy 859095 Lys Ile Pro Ay Met Val Val Asp Arg Cys Gy Cys Ser
100105 <9E0¥=10rPnIw 827 EOd I DNA<BIS>THIOM sSaRLENMS] His Gln 21a
50 55 60
zsn Pro Arg Gly Ser Ala Gly Pro Cys Cys Thr Pro Thr Lvs Met Ser
&5 70 75 BG
Pro Ils Asn Met Leu Tyr Phe Asn Gly Lys Glu Gln Ile Ila Tyr Gly
g5 : 80 ' g5
Lys Ile Pro hla Met Val Val Asp Arg Cys Gly Cys Ser
106G 105
<Z10> 4
<211> 327
<212> DNA
(ﬁ- <213> Homo sapiens
S ‘
<400> 4 _
gatittggtc ttgactgtga tgagcactca acagaatcac gatgctgtcg ttacccicta
60
actgtggatt ttgaagcttt tggatgggat tggattatcg ctcectamsaag atataaggec
120
- aattactgct ctggagagtg tgaatttgta tttttacaaa aatatcctcea tactcatctyg
180 : . ' :
© . gtacaccaag caeaccccag aggttcagea ggeccttget gtactcccecac zaagatgtet
240 : '
- ccaattaata tgctatattt taatggcasa gaacaaataa tatatgggaa aattccageg
300 . ‘
ztggtagtag accgctgtgg gtgctca
) 327 ‘
C
<2i0> 5
<211> 243
<212> PRT
<213> Homo sapiens
<400> 5

Asn Glu Asn Ser Glu Gln. Lys Glu Asn Val Glu Lys Glu Gly Leu Cys

1

5

10

Page S

15



' <400> 10 aacctgagtc tggactgcga cgagcactca: agcgagtccc gctgctgcecg
60 acagr_ggact ttgaggcEtt

at atcccctc
ct acaaggcc
"tacccatttg
caagat gt cc
gat ccct gge

" <212> PRT

Il=

Val

Thr
145

Thr

Glu

190
180
240
3086

Lvs I

Cvs

Lys A

130

Glw

Lvs

Asn
210

- Leu Gluop

aact act gct
gt gcaocagg
ccaat caaca

arggliyy g

Gln Ile

Ile Asp

Asp

Thr Glu

100

PheAPhe

=0
LU

Gln Leuv

Gln

ccggccagtg
ccaat ccaag

tgctctactt.

ate gZtgthgg

Ser Lys

40

Leu

Ile Arg Gln

55

Gln
70

Asp

Asp Asp.Tyr

Asp Phe

Phe Sex

120

Lys

Ile
135

Trp Tyr

Ile Leu Arg

150

Gly
165

|
<
(B3

Ile Trp Gln

180

Gln Glu
145

Pro

Gly His

Arg Ser

Ser Iie Asp

Leu
200

Ser Asn

Alz
215

Leu

Val

Thr

cggct gggac tggatcatcg cacctaagcg
cgagt acat g ttcat gcaaa aatatccgca
aggct ct gct gggccctgtt gtacccccac
caat gacaag cagcagatta tctacggcaa
Chychyct S3275=2 R0y 1le 21121974
25 30

Thr Ala

45

Leu Arg Leu Glu Pro Asn

Leu-Leu Pro Lys Ala Pro Pro Leu
=0 60 ,

Gln Arg Asp Serx Asp

75

Asp Ser

Glu Thﬁ Ile

95

Ala Thr Thr

80

His Ile

Gln Val Asp Gly

110

Leu
105

Met Pro

Ser Ile Gln Tyr Asn Lyé Val

125

Lys

Val Giu Thr Pfo Thr

140

Leu Arg "Pro

Glv
160

Ile Lys Met Lys Asp

- 155

Leu

Pro
175

Lys Leu Met Asn Gly

170

Leu Asp

Gln
180

Lys Thr val Leu Asn

185

Gly Ile Glu Ile Ala Leu

Phe Pro Pro Gly Glu Asp

Pzge ©



" <213> Honp sapiens <400> 11 Ala Qu Gy Pro Ala Ala Ala Ala Ala Al a
Ala Ala Ala Ala Ala Ala 151015 Page 12 Ala Gy Val dv Gv Qu Arg

Ser
. Pro Val

Cys Val

Sex Arg Pro Ala Pro Ser Val

Sex Ile Lys Sex Gn Ile Leu Sex Lys Leo Arg 505560

Ala 209530 Pro A u Pro Asp Ay Cys
Trp Arg Gn H's Ser Arg 354045 G u Leo Arg Leo Gu

Glv Leu xsn Pro Phe Leu Giu Val Lys Val Thr Asp .Thr Pro Lys Arg
230

225

Ser hkrg Arg

A A
v
[5)]

729
DNA
Homo

IS KNI

(RS R

Whkrk o
VoV

\

A A

<400> €
aatgagaacsa
6Q

~1Q

tdgagacaaz
120
cttcgtetgg
180

gcteccectceceac

7240

ggectctttgg
300

gagtcfgatt

" 360

tctazaatac
420

acaaggtata
540

cagagcatig
600

ggcattgaaa
660

céaggagaag
720

acactaaatc
aaacagctecc
tccgggaact
aagaégécga
ttctaatgces
satacaatas
czacagtgtt
ctggaétécg
atgtgaagac
tzaaagettt

atgggctgaa

agaasatgtg
ttcaagaata
téacatcagc
gattgatcag

ttatcacgct

agtggatgga

agtagtaaag
tgtgcaaatc
atctctgaaa
agtgttgcasz
zgatgagaat

tcecgttttta

"235

gaaaaagagygd
gaagccatts
azagatgtta
tatgatgtcc

acaacggaaa

‘aaacccaaat

gcccaabtat
ctgagactca
cttgacatga
aattggctca
ggtcatgatc

gaggtcaagg

Page 7

ggctgtgtaa
agatacaaat
taagacaact
agagggatga
caatcattac
gttgcttett
ggatatattt

tezaacctat

acccaggcac

aacaacctga

ttgctgtaac

taacagacac

240

tgcatgtact
cctcagtaaa
tttagccaaa
cagcagcgat
catgcctaca
taaatttégc
gagacccgtc
gaaagacggt
tggtatttgg
atccaactta
cttcccagga

accasaaaga



Leo Lvs Gu Ala Pro Asn Ile Sex Mg Qu Val Val Lys Gn Leo Leo
65707580 Pro Lys ,Ala Pro Pro Leo Gn Gn Ile Leo Asp Leo H s Asp Phe
G n 659095 Ay Asp Ala Leo Gn Pro Qu Asp Phe Leo Gu Qu Asp Gu
Tyr H's 100105110 Ala Thr Thr A u Thr Val Ile Sex Met Ala Gn G u Thr
Asp Pro Ala 115120125 Val A n Thr Asp Gy Sex Pro Leo Cys Cys Hi s Phe
H s Phe_sex Pro. 130135140 Lys Val Met Phe Thr Lys Val Leo Lys  Ala Gn
Leo Ti p7ygT'T§/‘rﬂ Leo 145150155160

<210> 7

<Z13> Homo sapiens
Mst Val Leu 2la Alz Pro Leu Leu Leu Gly Phe Leu Leu Leu Ala Leu

Glu Leu Arg Pro Arg Gly Glu Ala Ala Glu Gly de Ala Ala Ala Ala
20 ) 25 30

2}z Ala Ala Ala Gly Val Gly Gly Glu Arg Ser
40 45

(SR
ur
[i}]
»
+
|_:
o]}
'
»
'_l
1]

Pro 2la Pro Ser Val Ala Pro Glu Pro Asp Gly Cys Pro Val
55 60

U
o R
0

Cys Val Trp Arg Gin His Ser Arg Glu Leu Arg Leu Glu Ser Ile Lys
£5 : 70 ‘ 75 80

Ser Gln Ile Leu Ser Lys Leu Arg Leu Lys Glu Ala Pro Asn Ile Ser
BS , 80 - 85

Erg Glu Val Val Lvs Gln Leu Leu Pro Lys Ala Pro Pro Leu Gln Gln
100 105 110

Ile Leu 2Zsp Leu Eis Asp Phe Gln Gly Asp Ala Leu Gln Pro Glu Asp
115 120 125

Phe Lsu Glu Glu Asp Glu Tyr His Ala Thx Thr Glu Thr Val Ile Ser
130 135 140 '

Met Rlz Gln Glu Thr Asp Pro Z2la Val Gin Thr Asp Gly Ser Pro Leu
145. 150 ' 155 160

Page 8



- Aro, Pro Val Pro Arg Pro Ala Thr Val Tyr Leo Gn Ile Leu Arg Leo
165170175 Lys Pro Leo Thr v Gu Ay Thr Ala dy Gv Gy dy dy Qy
Arg 180185190 Arg His Ile Arg Ile Arg Sex Leo Lys Ile Qu Leo H's Ser
. Arg Ser 195200205 Ay His Tr p Gn Sex Ile Asp Phe Lys G n Val Leo
H's Sex Trp Phe 910215990 Arg- Gln Pro Gn Ser Asn Trp Av Ile Gu

|le Asn_Al a. Phe .As 995930238240, Ser, G v, Thr, Asp Leo Ala val Thr
Ser Leo” G’aaC é Bh 19_ %% Gg Pro Ly Y% Mét Phe Bhr ]9\5 ;%

Lvs 2iz Gln Leu Trp Val Tyr Leu Arg Pro Val Pro Arg Pro Ala Thr
180 185 190

Val Tvr Leu Gln Ile Leu Arg Leu Lys Pro Leu Thr Gly Glu Glv Thr
155 200 -205

le Gilv Glv Glv Glv Gly Gly Arg Arg His Ile krg Ile Arg Ser Leu
210 215 220

Lvs I1iz Glu Leu His Ser Arg Ser Gly His Trp Gln Ser Ile Asp Fhe

225 230 235 240

(Y

Lys Gln Val Leu His Ser Trp Phe Arg Gln Pro Gln Ser Asn Trp Gly
245 250 255

Ile Glu Ile Asn Ala Phe Asp Pro Ser Gly Thr Asp -Leu Ala Val Thr
260 265 270 '

S=r Leu Glywbro Gly Ala Glu Gly Leu His Pro Phe Met Glu Leu Arg
275 | 280 285

Val Leu Glu Asn Thr Lys Arg Ser Arg Arg Asn Leu Gly Leu Asp Cys
280 295 300

Asp Glu His Sexr Ser Glu Ser Arg Cys Cys Arg Tyr Pro Lzu Thr Val
(;- 305 310 315 320

Asp Phe Glu 2la Phe Gly Trp Asp Trp Ile Ile Alas Pro Lys Arg Tyr
325 330 335

Lys 2la ‘Asn Tyr Cys Ser Gly Gln Cys Glu Tyr Met Phe Met Gln Lys
340 345 350

Pro His Thr His Leu Val Gln Gln 2la Asn Pro Arg Gly Ser Als
355 , 360 365

+H
<
H

Page 2



945250955 Leo His Pro Phe Met flu Leo Arg Val

Leo A u Asn Thr

Ser 960265270 Arg Arg (1<910> 19 <911> 822 <212> DNA <213> Hono
sapi ens <400> 12 gccgagggcc ccgcggcggc ggcggcggcg gcggcggegg
cggcagcggc gggggt cggg 60 ggggagcgct ccagccggcc agccccgtcc gt ggecgeccg

agccggacgg ctgcccegtg 120 tgecgtttgge ggcagcacag ccgcgagcetg cgcct agaga

gcat caagtc gcagatcttg 180

e
[CR Y

370

Phe
385
vVal
<210> 8
<211> 1221
<212> DHNA
<213>
<400> 8
atggtgctcg

&0
cggggggagd
120 ‘
gcgggggtcg
180
ggctgccecg
240
tcgcagatct
300
zagcagctgce
360
dgcgacgcege
420
accgtcatta
£80
Tgctgecartt
540
tgggtgracc
600
a@acccctaa

¢ Zsn Asp Lys Gln

405

Homo sapiens

cggccccgct

caggccgagdgy

ggggggagcg

tgtgcgtttyg

tgagcaaact

tgcccaaggc

tgcagcccga

gcatggccca

ttcacttcag

tacggecctgt

ctggggzagg

375

hsp Rrg Cys Gly Cys Ser

gctgectggge

ccccgeggeg

cteccageogy

gcggcageac

gcggctcaag

gececgecgcetg

ggacttcctyg

ggagacggac

cceccaaggtg

acceegeccea

gaccgcagdg

380

385

ttcectgetece tcgeccoctgga
gcggeggegg cggcggcggce
ccageccecegt cecgtggegec
agccgecgagce tgcgcctéga
gaggcgccca acatcagccg

cagcagatcc tggacctaca

gaggaggacg agtaccacgc

ccagcagtac agacagatgg

atgttcacaa aggtactgaa

gccacagtct acctgcagat

ggagggggcyg daggccggcey

Page 10

Prc Cvs Cvs Thr Pre Thr Lys Met Ser Pro Ile Asn Met Leu Tyr

Gln Ils Ile Tvr Gly Lvs Ile Pro Glv Met Vval
380

400

gctgecggece
ggcggcagceg
cgagccggac,
gagcatcaag
cgaggtggtyg
cgacttccay.
caccaccygadg
cagccctcte
ggccéégctg
cttgcgacta

tcacatcegt

Lys Arg



- agcaaact gc
cccaagocgc

cagcccgagg

. atggcccagg

cacttca?gg
cggcctgrac

ggggaaggga.

aagattga@@

660 cacagctggi :

ggct caaoga ggcgcccaac
cgccgetgca gcagatcctg
acttcctgga ggaggacgag
agacggaccc agcagtacag
ccaaggt gat gttcacaaag
cccgeccage cacagt ctac

at cagccgceg
gacct acacg
t accacgcca
acagat ggca
gt act gaagg
ct gcagat ct

aggt ggt gaa
actt ecaggg
ccaccgagac
gccctctcetg
cccagctgtg
t gcgact aaa

gcagctgctg 240
cgacgcgctg 300
cgtcattagc 360
ctgccatttt 420
ggt gt accta 480
acccctaact 540

. Q@Q%QQgQBQQQQ&ﬂQ@aQQEPQ@Egéﬁxﬁﬁﬂ%%ﬁﬁé@%g&&gﬁhﬁé%kgt@00

gcact cacg”ct caggccat tggcagagca tcgact
t ccgccagec acagagcaac tggggcat cg agat caacgc

caa gcaagtgcta .

Ctttaat 66643 ROLAGEAEAG ACLLIBEE Gy CBECEEANI] 20906696000 08RGIFHCT

gcatccattge 780 atggagcttc gagtcctaga

gaacacaaaa. cgttcccggc gg

tggggccggg

aacgttcccg

gccgatatce

agcgctacas

cgcatacceca

ccaccaagat

gcaagatccc

ageegagadyg
gcggaacctg
cctcacagtg
ggccaactac
tttggtgcag
gtccccaatce

tggcatggig

gcctttgatc ccagtagecac agaccigget gtcacctoce
- 840

ctgcatccatl tcatggegct tcgagtccta gagzacacaz
a00
ggtctggact gcgacgagca ctcaagcgag teccgetget
560
gactttgagg ctttcggctg ggactggatc atcgcaccta
020
tgctccggec agtgcgagta catgttcatg caaaaatatce
080
caggccaatc caagaggcte tgctgggece tgttgtacce
140
aacatgcteci acttcaatga caagcagcag attatctacyg
200
gtggatcgct gtogectgcte t
221 )
<zZ10>» 4
<23ii>» 108

i <212>» PRT"
<213> Homo saplens .

C‘ <400> G
hsn Leu Gly Leu Asp Cys Asp Glu His
1 5 10
Lrg Tvr Pro
20 25
Ile 2la Pro Lys Arg Tyr Lys Als Asn
40

Page'

Ser Ser Glu Sexr Arg Cys Cys

15

Leu Thr Val Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile
30 .

Tyr Cys Ser Gly Gln Cys Glu
45



- on,) Cl0> 13 <211> 23 <212> PRT <213> Hono sapi ens <400> 13 Met G n
Lys Leu Gn Leu Cys Val Tyr Ile Tyr Leu Phe Met lieu Ile 51015 Va
Ala GN Pro Val Asp Leu 90 <210> 14 <911> 94 <912> PRT <213> Hono
.-sapi ens <400> 14 Met Val Leu Ala Ala Pro Leu Leu Leu G N Phe Leo Leu
Leu Ala Leu 151015 G u Leu Arg pro Arg Gy du Ala 90

¥ Met Pha Met Gin Lvs Tyr Pro His Thr His Leu Val Gln Gln Ala

~ 50 55 60

'—1

n Pro hrg Gly Ser Rla Gly Pro Cys Cys Thr Pro Thr Lvs Met Ser
70 75 80

Gy bf
A

Pro Ile Asn Met Leu Tyr Phe Asn Asp Lys Gln Gln Ile Ile Tyr Gly
g5 80 : 85

Lyvs Ile Pro Gly Met Val Val Asp Arg Cys Gly Cys Ser

100 105

210> 10
<211> 327

C <212> DNA

g <213> Homo sapiens
<400> 10
azcctgagtc tggactgcga cgagcactca: agcgagtcec getgetgecg atatcccctce
60

scagtogact ttgaggcTti cggctgggac tggatcatcg cacctaagcg ctacaaggcc
120

aactacfgct ccggccagtyg cgagtacatg ttcatgcaaa aatatccgca tacccatitg
180 ' .

gtgcagcagg ccaatccaag aggctctgct gggeccectgtt gtaccccceac caagatgtcc
240

ccaztcaaca tgctctactt caatgacaag cagcagatta tctacggcaa gatccctgge

300
- stggtggtgg atcgctgtgg ctgctct
C o3
<210> 11
<21i> 274
<212> PRT

<213> Homo sapiens.
<400> 11

ala Glu Gly Pro 2la Ala Ala: Ala Ala Ala Ala Ala Ala Ala A%a Alz
1 5 10 . 1

Page 12



- <210> 15 <911> 932 <212> PAT <213> Honp sapi ens Page 15 <400> 15 Qu
Pro Lvs Ser Cvs Asp Lys Thr H's Thr Cvs Pro Pro Cvs Pro Ala 151015
Pro Qu Leu Leu dy @v Pro Ser Vol ?he Leu Phe Pro Pro Lys Pro

. 909530 Lvs Asp Thr Leu Met Ile Sex Arg Tin Pro Qu Vol Thr Cys Vol

Vol 354045 Vol Asp Vol Ser H's GQu Asp Pro Au Vol Lys Phe Asn Trp
Tyr Val 505560

:ia Gl

-

val Gly Glv Glu Arg Ser Ser Arg Pro Ala Pro Ser Val Ala
20 25 30

o

e

Pro Glu Pro Asp Gly Cvs Pro Val Cys Val Trp Arg Gln His Ser Arg
35 40 45

Glu Leu arg Leu Glu Ser Ile Lys Ser Gln Ile Leu Ser Lvs Leu Arg
50 55 60

Leu Lvs Glu Rla Pro Asn Ile Ser Arg Glu Val Val Lys Gln Leu Leu
€5 70 75 80

Pro Lvs Bla Pro Pro Leu Gln Glp Ile Leu Asp lLeu His Asp Phe Gln

C ' 85 90 95

Giv Asp Ala Leu Gln Pro Glu Asp Phe Leu Glu Glu Asp Glu Tyr His
100 105 110

#la Thr Thr Glu Thr Val Ile Ser Met Ala Gln Glu Thr Asp Pro Ala
115 120 125

Val Gln Thr Asp Glv Ser Pro Leu Cys Cys His Phe His Phe Ser Pro
130 135 140

Lys Val Met Phe Thr Lys Vel Leu Lys 2la Gln Leu Trp Val Tyr Leu
145 150 155 4 160

- Arg Pro Val Pro Rrg Pro ARla Thr Val Tvr Lev Gln Ile Leu Arg Leu
C,! ' 165 170 175

Lvs Pro Leu Thr Gly Glu Gly Thr 2la Gly Glyv Gly Gly Gly Gly Arg
180 185 120

Arg His Ile Arg Ile Arg Sex Leu Lys Ile Glu Leu His Ser Arg Sex
195 200 205

Gly His Trp Gln Ser Ile Asp Phe Lys Gln Val Leu His Ser Trp Fhe

Page 13



- ASP Gy Vol

d u Vol

65707580 Tyr Asn Sex Thr Tyr Arg Val
G n 859095 Asp Trp Leu Asn Ay Lys Au Tyr

H's Asn Ala Lys Thr

Vol

Lys Pro Arg u du Gn

Ser Vol

Leu Thr Vol
Lys Cys Ls Vol

Leu Hi's
Ser Asn Lys
Ala Lys Ay
Sex Arg Gu
Vol Lys Gy

Asp Pro

Page 14

. Ala 100105110 Leu Pro Ala Pro Ile Qu Lys Thr Ile Ser Lys
Gn Pro 115420125 Arg Gu Prgi@n Vol Tyr Thr LemgPro Pro
A u Net Thr 130135140 Lvs Asn G n Val Ser Leu Thr Cys Leu
Phe Tyr Pro Sex 145150155160 '

trg Gln Pro Gln Ser Asn Trp Gly Ile Glu Ile 2sn Ala Phe
225 230 235
Ser Glv Thr Asp Leu 2la Val Thr Ser Leu Gly Pro Gly RAla
245 250
Leu His Pro Phe Met Glu Leu Arg Val Leu Glu isn Thr Lys
260 265 270
Arg krg
C <210 12
- <211> 822
<212> DHNA
<213> Homo szpilens
<400> 12
gccgagggce ccgcggcggc ggcggeggcy geggeggegyg cggeageggce
60
ggggagcgct ccageccggcece agccccgtce gtggcgcccg agccggacgg
120
tgcgtttgac ggcagcacag ccgcgagcig cgcctagaga gcatcaagtc
180
agcaaacﬁgc ggctcaagga ggcgcccaac atcagcecgceg aggtggtgaa
240
éccaaggcgc cgccgctygca gcagatcctg gacctacacg acttccaggg
C 300
7 cagcccgagyg acttcctgga ggaggacgag taccacgcca ccaccgagac
360
atggcccagg agacggaccce agcagtacag acagatggca gcecctctectg
420 )
cacttcagcc ccaaggigat gttcacaaag gtactgaagg cccagetgtg
480
cggcctgtac cccgecccage cacagtctac ctgcagatct tgcgactaaa
540

240

Glu
255

Glvy

Ser

gggggtcggyg
ctgccecegtg
gcagatcttyg
gcagctgcetg
cgacgegctyg
cgtcattagc_
ctgccatttt
ggtgtaccta

acccctaact



Asp Ile Ala Vol Qu Trp Au Ser Asn Ay G n Pro Au Asn Asn Tyr
165170175 Lys Thr Thr Pro Pro Vol Leu Asp Sex Asp Ay Sex Phe Phe Leu
Tyr 180185190 Ear Lys Leu Thr Val Asp Lys Ser Arg Trp Gn Gn Qv

. Asn Val Phe 195200205 Ear Cvs Ser Val Net Hs Qu Ala Leo H's Ash Hi s
Tyr Thr G n Lys 210215220 Ser Leo Ser Leo Ser Pro Qv Lys 225230

<210> 1§g(fgggg>gg%zzc§8§8§gd3ﬂg§§%§8gd‘éo@c@@@&:cﬁ!’ts acatccgtat ccgctcacta
200
zagattgagc tgcactcacg ctcaggccat tggcadgagca tcgacttcaa gcaagtgcte
&e0
cacagciggt tccgccagcoc acagagcaac tggggceteca agatcaacgc ctttgatccce
720

ggtggcacag acctggctgt cacctcccetg gggccgggayg ccgagggget gcatccatite

780
stggagctic gagtcctaga gaacacesaaa cgticccgge gg
gz2

<210> 13
. <211> 23
C <212> PRT
- <213> Homo szapiens
<400> 13

Met Gln Lys Leu Gln Leu Cys Val Tyr Ile Tyr Leu Phe Met Leu Ile
1 5 10 15

val Alsa Glv Pro Val Asp Leu

20

<210> 14

211> 24

<2312> PRT

<213> Homo sapiens

<40Q0> 14

(;; -~ Met Val Leu Ala Ala Pro Leu Leu Leu Glv Phe Leu Leu Leu Ala Leu
/ 1 5 10 .15

Glu Leu Brg Pro Erg Gly Glu Rla

<210> 15
<211> 232
<212> PRT
<213>  Homo sespiens

Page 15



© <400> 16 Asp Lys Thr His Thr Cys PTO Pro Cys Pro Ala Pro Au Ala Leo
Gy 151015 Ala Pro Set Val Phe Leo Phe Pro Pro Lys Pro Lys Asp Thr
Leo Met 202530 Ile Ser Arg Thr Pro Qu Val Thr Cvs Val Val Val Asp

. Val Ser His 354045 Qu Asp Pro Qu Val Lys Phe Asn Trp Tyr Val Asp
Gy Val du Vval 5055G0 Hi's Asn Ala:Lys Thr Lvs Pro Arg Gu Gu Gn
Tyr Asn,ggt Thy, Tyr 657075BO Ara Val Val Ser Val Leo Thr Val Leo His
Gn Asp Trp Leo Asn Ay 859095 Lys A u Tvr Lys Cys Lys Val Ear Asn
Lys Al &ikeorFrovAlsarPeos |A® Lys Thr His Thr Cys Pro Pro Cys Pro Ala

1 5 10 15

®ro Glu Leu Leu Gly Glv Pro Ser Val Phe Leu Phe Pro Pro Lys Pro
20 25 ' 30

Lvs Rsp Thr Ley Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val
S35 490 ©45

Vsl Bsp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val
50 55 60

(j zsp Gily Val Glu Val His Asn Ala Lvs Thr Lys Pro Arg Glu Glu Gln

Tvr Bsn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln
85 90 85

isp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala
100 105 110

Leu Pro 2la Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro
115 120 125

arg Glu Pro Gln Vel Tyr Thr Leu Puo Pro Ser Arg Glu Glu Met Thr
130 _ 135 140

#sn Gin Vzl Ser Lesu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser
150 155 160

[} L—4
o L
b

'Asp Tle Ale Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr
185 170 175

ivs Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Sex Phe Phe Leu Tyr
’ 180 185 190

Page 16



100105110 G u Lys Thr Ile Set Lys Ala Lys Ay Gn Pro Arg u Pro Gn
Val 115120125 Page 17 Tyr Thr Leu Pro Pro Ser Arg Gu G u Met Thr

Lys M Gn Val Ser 130135140 Leu Thr Cys Leu Val Lys Ay Phe Tyr Pro
. Set Asp lie Ala Val du 145150155160 Trp G u Set Asn Ay Gn Pro Qu

Asn Asne Tyrp Lys [hiep MKyEr o, BFleG%F%ESTF@I c L2 1AS B peisASR 1Gp) e Set
Phe Phe Leu yﬁ et Lys Len Thr 205

Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys
210 215 220

Lzu Ser Leuv Ssr Pro Gly Lys

[N
ra

u=

230

<210> 1le

<211l> 227

«212>» PRT

<2:13> Homo sapiens

<400> 16

(r isp Lvs Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu 2la Leu Gly
g 1 5 10 15

2la Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met
20 25 30

Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His
35 40 45

Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val
50 55 60

His 2sn Als:Lvs Thr Lvs Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr
€5 70 15 80

(;f 2ro Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly
85 90 . 95

Lvs Giu Tvr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile
’ 100 105 110

Glu Lvs Thr Ile Ser Lys Alz Lys Gly Gln Pro Arg Glu Pro Gln val
115 120 125

Page i7



-180185190 Asp Lvs Set- Ara Trp Gn Gn Ay Asn Val Phe Ser Cys Ser

Val Met 195200205 His u Ala Leu H's Asn His Tyr Thr G n Lys Ser
Pro Ay Lys 975 Page 18

Set Leu Ser 210215220

Tvx

aIs M

=
v oG

Trpe

Pro
225

1= -l
or
]

9%}
o)

Glu
210

Gly

Len

Cvs

Ser

= W

o M
LA

Lvs

A

S
1

sn Gl

er
80

Pro Ser Arg Glu Glu Met Thr

val

Trp

His

Lys

150

Gln

Gly

Gln

Asn

135

Gly

Pro

Ser

Gin

His
215

Phe

Glu

Phe

Gly

200

Tyxr

Tvr Pro

Asn Asn
170

Phe Leu
185

Asn Val

Thr Gln

Page 18

Ser

155

Tyr

Tvr

Phe

Lys

Lys Asn Gln Val
140

Lvs Thr Thr Pro
175

Ser Lys Leu Thr
190

Ser Cvs Ser Val

Ser Leu Ser Leu
220

Ser

Glua

160

Pro

Val

Met

Ser

Leu



