STABI LI ZED RECEPTOR POLYPEPTI DES AND USES THEREOF REFERENCE TO RELATED
APPLI CATI ONS Thi s application clains benefit of U S. Provisional

Appl i cat iwo 28awde2d83No. 561/ 200, 250, filed on Novenber 2@&CTAR0&9/006262 U. S.
Provi sional Application Serial No. 61/259,060, filed on Novenber 6, 2009,
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this invention relates to transformng gromh factor-13 (TG--13) fanmly
menbers and soluble TG-- 13 rece{gt ors with mgroved properties, as well as
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processes I nc proliteration, differentiation, and other
functi ons. Growth/dlfferentiation factor 8 (GDF- 8) also referred to

as nyostatin, is a TGk essed for the nost part in the
cell s of devel opi ng anﬁéﬁ&?{}]@mﬁghﬁﬁm VENION Myostatin appears to
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gr owt h/ dtéahﬁéxﬁrﬁflvaﬁbwthﬁc&lﬁé@r 11 (GDF-11). GDF-11 has 30 appr oxi mately 90 %
sequence identity to the am no acid sequence of nyostatin. GDF-11 has a
role in the axial patterning in developing aninmals (Oh et al., Genes Dev

11: 4812-26 (1997)), andB@J@@GﬁW%ﬁ?HE'I&W%\ITR%ﬁ in skeletal nuscle
ct

devel opment and grow h I'vins AB are the honodi ners

and het er di meFhertemysfominggnpwal foctar ﬂO@Cprﬁpfahldgr @ﬂl\gbﬁ&s %cgélid@s;tgg f \;:SZ(VaI e
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in the nReW gblviNfatior AIGFS), Bradl-uEiN AlelEbtRBRIENAE LS YEORES, fid LOJuR' ©
differentiation factors (GDFS). These family members are involved in the regulation
20  of a wide range of biological processes including cell proliferation, differentiation,
and other functions.
Growth/differentiation factor 8 (GDF-8), also referred to as myostatin, is a
TGF-8 family member expressed for the most part in the cells of developing and adult
skeletal muscle tissue. Myostatin appears to play an essential role in negatively
25  controlling skeletal muscle growth (McPherron et al., Nature (London) 387, 83-90
(1997), Zimmers et al., Science 296:1486-1488 (2002)). Antagonizing myostatin has
been shown to increase lean muscle mass in animals.
Another member of the TGF-$ family of proteins is a related
growth/differentiation factor, growth/differentiation factor 11 (GDF-11). GDF-11 has
30  approximately 90 % sequence identity to the amino acid sequence of myostatin.
GDF-11 has arole in the axial patterning in developing animals (Oh et al., Genes Dev

11:1812-26 (1997)), and also appears to play a role in skeletal muscle development
and growth.



5now believed to be involved in the regulation of a nunber of biol ogical
activities. Activin Ais a predom nant form of activin. Acti vin,
nyost at i iivoGDRy/bi3sand ot her nenbers of the TGF- 13 super Pamiusgoovionetsand
signal through a conbination of activin type Il and activin type JIB
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protein expression is known e associated wth a variety of diseases
15and di saw Hedteyed Thbe mfvohved in therragidatiorcofirrhwubdred bodpgibdlactfitiant agoni zi ng

sever al -1 roteins. siultanegusly may be particularly effective for
treati nglﬁvégé‘%ia§égi°é‘§m%t;%8?é’g?‘é}é‘?g. Production of therapeutic proteins
on a comrer ci AbtivifahQodtAHIGISE-1PLAY BtHeS nfehMercAMhOTGELS hlgﬂe?ﬂ'&hiiby expressed
and purified without disruption of the integrity of the 20
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be det ernBigldCherh. Z2gR8036-28044a20040%r @pssllinking! sbhidiedhavbldetepmiedphat ei n
expressi on and _purific&%i on, processes can be optimzed for a_protein,
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present invent) rovides isol.ated profeins conprising.stabhilized human
Sact1vi n 1 ecEOT g Profain Primersiius aoWE e bR Pes SO Y HLpYRIRY CLLFSIRe of

bi ndisng adiidddddrbi Th&lefdrahaapduticth@Scdes @phbl¥ioR antbbnizihgdBekrayost atin, and
characterized by inmproved manufacturability propertres. %he stabilized

Act Rl | B HoFPrupteinsssmultancousin meaytbsriarticnldsly ¢ffacting ferrtreatingdiede subst i t uti ons
at both (Rgesagésia%gsdis%%ee}gld 44 with respect to SEQ ID NO 2.

Production of therapeutic proteins on a commercial scale requires proteins that

can be efficiently expressed and purified without disruption of the integrity of the

20  protein. Manufacturability can be described as the ability to express and purify a
protein in a sufficiently efficient manner to allow for cost-effective production of the
protein. In a commercial setting, manufacturability must be determined for each
potential therapeutic protein. Although protein expression and purification processes
can be optimized for a protein, manufacturability appears to be a function of the

25  intrinsic properties of the protein as well. The present invention provides biologically
active therapeutic proteins having improved manufacturability properties, capable of

effectively antagonizing TGF-p proteins.

SUMMARY OF THE INVENTION
The present invention provides isolated proteins comprising stabilized human
30  activin receptor IIB (designated svActRIIB) polypeptides capable of binding and
inhibiting the activities of activin, GDF-11 and myostatin, and characterized by

improved manufacturability properties. The stabilized ActRIIB polypeptides are



I n one enbodi ment, the isolated protein conprises a pol ypeptide having the
sequence set forth in SEQ ID NO 2, except for a single amno acid

subst i t utwonosio63esi ti on 28, and a single am no acid seostustamwioos2sat
position 44, wherein the substitution at position 28 is selected from W or
Y, and t ' (e . Lt 1 : Laent, the

pol ypept | Hetfet el b Haffhe 3RO bl itidnt of oo BABHE 54 ARTRPRHACT ' OF g
| D NO Z2respeccap$EQAD MOs2ngl e amino acid substitution at position 28, and a
single amno acid substitution at position 44, wherein the 10substitution
at position 28 9ne emhodimenf. Hegalaied profein GRRPHiARs asraﬂimnvéﬁi%awngﬁheposi tion 44
is T. | nsRnetdaqe: RIRGH SERNMD NOIO, BRISPRR G INARidRIS&ANERESp et forth in
am no ac?%s 23 tthrough @ of SEQI [%\éNO ZS,ﬂ?gexcelpt f(l)r a silﬁngfle am no acid
substS t updsaora28, pod a singie ABinoacdl mbstitgoratgrisitionald, whsrtens thet ut i on at

iti 4, in.th bst it yt.i t ition 28 i | ect.ed f W
00 and M OF P nitih 28 S Rlerie St T o P Rutloieiar St oRBLER 4l ¢ he
pol ypept jsde Nagndthe HRUENER, e lpolypeptitie Has ME RQueridedst RothtiRagigh 134 of SEQ

ID NO 2, except for a single amino acid substitution at position 28, and a
si ngl e a#didrol HdrenebuB4aftSIRQ B2 NQ: Jrex¢ept & apinglopaming geid prbsttsioniat ut i on at

oSt T 0Ny SLEELAN LT IOl b BNch S RS LHLIGRE POSTion 44 1

T. In andther enbodi e ol'ypep as an am no acld sequence with
at 2 | eamsti@loffat fisitton 2isYelebled FoonP®/ 8o UI arfith@sulsheinitionyat posiéion 44f t he

pol ypepti des above, wherein the pol ypeptide has single amno acid

subst i t utsiloningpothssembegiment, thgpolypéptidg has digispereacs setdoml in aminoon at
position i ALty It i rom W or
R R R i A A
capabl e pdsitn2f, agd agmgieadmimp aack substitudon atrpoSileny, wharedmehe25 enbodi nent

t he substituti.on of the gpbove pol ypeptides at position 28 is Wand the
subst i t utHPSHUEPN BRASHHOBE S48 SF@gt??¥'\%HQWe?rn§tﬂléi tBSPWé‘Bltloﬂleatipgs@%ggl e of

bi nding RYOSHhahbiher &abbA RN thOPol{iFIptidd has the sequedc QDR iLARARRH ment, the
isolated protein conprises a stabilized activin JIB receptor polypeptide,

wher ei n adids FothygueptliBdof 158 1D A&y exeept i atsingle amirionacidsubgtiouen30

consi sting..of D 4.6, 1 4. 1 n _anot her .enbodi ment the protein
conmr 1 seRoMRin 7 Bud Peligle dlninf el PRlugSny e BB A BRI Ty (o SO 1D
NO 4, 6GsubdiRtutibn dtposwoar 28 i8 stldete BloyPBPér Yeardahe subMiition apofieish 4iton 28 and

a T at position 44, and wherein the pol ypeptide is_capable of binding

nyost at i i§,T- detangthgr gmbegimept; thejpolypepside haein argdCHEIPAuEnRS Withalki n

co j se Q) YRept bele, NGy & LR ' ity to SEQID
NOWWA{j GI%a%g@o}r’W’b e/r’regi3 Fbytﬂge@p%ljl9?326??%3@/%°a§3§&3@§§°w§@“§§si tion 28 and
a T at pdsivt)wherdid, thapelypégideihas singleppmhiyp apidi sdbstitstiaagaalsaionf28h amtli ng
myostatin, activin A, or GDF-11. |I.n another enpodinent, the protejn
conpr | 63 SREIEAMRAfiH WP IRA zpSifiga dd, @%erwﬁgame@tw&@ﬁppﬁw 38SEQ 1D

NO 4, 6is solbéied HomlW oeLR] fhe SRR YRR RSN B2 B AMiQNhefeidlthPOSI tion 28
and a T at position 44, and wherein the polypeptide is capable of binding

nyost at | pelyeaptide iscapableof Giddingimyestiatin ectevib ¢diom&F-11 hén eubst i t uti on at

posifd on 28 i.s Wand substitution at ition 44 i.g.T,,wherein the

por yhept Taeedient B bATHo bk fborelinphiesa pRsiingR ig W EBEEE. " Y07 n o
further qivbodtionat pdshRnsaAs TRWHBrdih HeloTypebliddRIcapsBTO b BRIk het er ol ogous
protein. In one enmbodi nent, the heterol ogous protein is an Fc donain. In a

further @hpBdfinvepivingher EDkidkain is a human 19G Fc domain. In a further
i nicer pept i do: 9P aieh enBERRrE Bt BolyddprPlelECiiticat adulbh P aclin g '3, o
f rom gr orepeptansilgiaptide,ofhdréia the polypeptide has the sequence set forth in the group
30  consisting of SEQ ID NO: 4, 6, 12 and 14. In another embodiment the protein
comprises a polypeptide having at least 80 % sequence identity to SEQ ID NO: 4, 6,
12 or 14, wherein the polypeptide has a W or Y at position 28 and a T at position 44,
and wherein the polypeptide is capable of binding myostatin, activin A, or GDF-11.

In another embodiment the protein comprises a polypeptide having at least 90 %



15 am no acid sequences set forth in the group consisting of SEQ ID NO 25,
27, 38, 40, 42, 44, 45, 46, 48, 49 and 50. In a further enbodi nent the

hi nge |i mkersimms3sBorth in SEQ ID NO 27, 38, 40, 42, 42CTAB2000006282 | i nk
the human 1g& Fc (SEQ ID NO 22) to an svActRI I B pol ypeptide. In another

enbodi ne L i nSASet: figrthyi ' r..50 |ink
t he huna%hl‘%%??‘i‘—‘g’k‘%ﬁéﬁ%ﬁwozi)@3? of 4, ﬂ%ﬁ?ﬁ té%’?@*gp?%’f@f }éga(‘gﬁé ID NO
47) to a¥ aspdyitid 2Bambi Yzepbsitden 44, and wheneia thiepdlingsptidaixodipailatof t he protein
conpri ses, pol ypepti de havi ng_the sequence set forth in the group

consi st i *ﬁaglag ng@@aﬁb 346vmA, QGODTo! Iarld epgther ﬁméﬁ%t"ﬁé% theBSHfitent t he

protei n CoMN&Ss ] Rid YN, RhudReSden! YONGO: 4 dentity to
SEQ | D NG s EpofhpBPt et IR 1081991 E‘él ypept| b fhseaipie: Al

posi t5 onl2@r dhdvierdindhe paypeptole hdsda Vod Y gosition 2Rang el ystepotsitive 4ds capabl e
of bindin ostatin, activin A . or ~11. In another enbodinent the
orotel n SUnpCRdhePalspbb i et Bndiee b B ge R bRt Tent 1 ty to
SEQ I D N ond.embddinddht Ohe $8bstithiRngit Boditién PO iyWwesdd e shfindiohapr Y at
position 28 and a T at position 44, and wherein the polypeptide is capable
of bi ndi prRyitiapgkk iafli wheeesn theinelyRepade iSPRPable oBbingdingamuaskadin, agiydiPment , t he
prot ei nl\%%@ﬂ@es a pol ypeptide having at |east 95 % sequence identity to
SEQ I D NO ™8, 10, 16, or 18, wherein the polypeptide has a Wor Y at
posittoi on 28 ainch farthevémipmaiiinkhtohie 44ACtRIB ploedie furtHeheompliyasept i de i s capabl e
of bi ndi n? n}/ostati n, activin A, or GF-11. In a further enbodi nent, the
subst i t JrBAlogpus pRicin b RNCFEMBAdEBERt WS hsterolagpusi Rsptenpisian hydomsin.pe

substi t ugt,i el } : i Nt i i apabl e of

bi ndi ng%r%yag@?g%ri n, g(lzlthl&\g/‘f %%Ec%g}za%%@rﬂaﬂé@??%&ﬁ%@ Urlgﬁglﬁ%%bodi ment, the
pr ot ei n aomplimswsh¢ heteppdd gope ptateiads ateechedtly abinker, ondlenge hinkeneptideno aci d

resi due at position 64. i | ani ne. 5L n anof her, aspect the .prese i nvention
br ovi des e BYPL R hE Pifer S BN RE E G L B £OBUPYRAIES | do
encodi NGarRind el sehd@de\t RIrtBinRAS gi%Btchﬁstir{g‘bf(S"m ephedi 78nY, 38,19

pol ynucl eoti de encodes the pol ypepti de sequence set forth in SEQ [D NO 2,
except {4 44, 43,46] 48, dftiand S8c ilnl a Swithr iembodionend thedunge linkerogst femhlina si ngl e

. . . . v . . ) :
posi ¢1 o SR B oA Pt 3o, PR HERs ik it el BRI M 251 ¢ on 44
I's T. | noan@vAeRIENpobestide. Thhagother stbsdiment, de BRGOdae:d e fad Wpept i de
havi ng t he sequence set forth in amno _acids 19 through 134 of SEQ I D NO

2. exceptEQ P NOsThdPeorad ek weihumsnis6l Fa(SBR IR NPodh pighe 2ditel a si ngl e
am acj sf;ét@ [ i fA .2l n the bstitution at

posinz?i onﬂg% 'S issglleﬁcygja 4?? goﬁnﬁeé%cwléijr?ﬂ%ﬁg%ubsti tagi znl a? I15posi tion 44
is T. I n anotlnerfuethtroshbelithent the proteinvotiees dpobpemitechdvives thel ypept i de

havi ng the sequence set forth in amn ids 23 _thraqugh 4 of SEQ | D NG
2, exgeps_leq‘f‘%’tcgéet_ Pﬁb!“é&‘ﬁrﬁr?fﬂ’ %f&sﬁt‘%ﬁ&gédﬁ Né: & p‘i}dgl%tnfiﬁ% ’LI%_, and a single
am no acdn@th%l"@&bb&iﬁe‘nﬁ’ﬂle%otﬁﬁ‘ﬁdoﬂ&ﬁeéépol‘y?@ﬁtﬁierhabl}% A4t 8¢ vf i on at

position 28 is selected fromWor Y, and’the substitution at position 44 is
T. I n arfegirnce identti tosyEQ IDANO2R) 1901 § ok, evdhereln tenpaldesptida dapaWpept i de

haviyg t segue set~forth.in amno.aci.ds 25.thr h 134 .of .SEQ I D NO
2, g)%cep{)%%%?sgtéong‘?g; dga'gr?'? R¥ 19 ﬁas"‘ﬂgé%‘}%??‘}? °a\¥pe|8§§\9f%c&ﬁ§]il§,°fand a single
am no acifldifig Bslostatih, £ vt APSSGDFOIN . 44 an¥dher @hPodikenste ottt | on at
position 28 |s selected fromWor Y, and the substitution at position 44 is
T. I n arforHEsesHBAPeRiide having ab lagiiicossananse ideatiticle SEH(Q 1R NQI §pldbt i de

havi ng 0O agi t .9 % 9 % 98 % or
99 %i dgl%t(l?rfl );;a %Q%Hsﬁlg%gf}@g Ht? (Ebg aﬁ(a)al ‘;’}’lp"ggf%%%%‘tg no%g?n&v%ie;%é}{%\&ﬁﬁ%l%ol ypepti de
has si ngind vérerein tlecpadysaplide is eaphbla ofibindigy hiyonatdf actvid 24 wiGQF41an no acid

substitution at sji.tion 44, wherein . the substitution at position 28 is
sel Dt e nfarlaﬁhﬁw_ﬁgo ey e Hateil sRpRsG? ?aﬁf'yg@m&fsham%éuaa%t 35% "and wher ein
the pol yRgmince fienfityC@RHD 8D N0 8,N8! 16 o 8SHAkklk thpblypkptide has a W or

Y at position 28 and a T at position 44, and wherein the polypeptide is capable of

binding myostatin, activin A, or GDF-11. In a further embodiment, the substitution of



30 A, or GDF-11. In one enbodinent, the above pol ynucl eoti des encode a

pol ypeptide wherein the substitution at position 28 is Wand the

subst i t utwonosioepsssi ti on 44 is T, wherein the pol ypepti g#eTivs2@apedse of

bi ndi ng nyostatin, activin A or GDF-11. I n one enbodi ment, the

nucl ei c i i P I i.de. (! polkypepti de
navi ng.t g CerR el ilrdpo Mo ioh A Y KRS Eb RGNS b/ e 4.,
12 and lvwherkin thapblypeptiietio dapably of Hiliding utlosiatin agtidin| &CGDE-Klonpri ses a

pol ynucl eoti de encodi ng. a_pol ypeptide having at | east 80 % seguence
identity to SEG@ ﬁw%ﬁtfmmdlmen shegprotean coippiises the pRlyprptidpereciterbabnys. a Wor Y
at posit Q& e28haaRid i@t (A 44 rein the polypeptide is
capabl e of Bi ng?nglnyoétaetsﬁﬁ?aggﬁ}eﬁ@g% , or GDF-11. In another

enbodi nent, theanotier espectibe greseheiauéraiongrpvidsem dolprdymlEicatid de encodi ng a

| tid i at | t 90 9% i ti SEQID NO 4, 6, 12
oD B b i 0 SR U 1 o0
posi ti Ono%m@i&nﬁgﬂ@iﬂ%lfﬂﬁgleﬂﬁhé/ BfRlEdBe ip%lﬁ)?ﬁlz&l fqRéndRisPOfoRY YOSt ati n,

activin A or GDF-11. I'n’another enbodi nent,” the nucleic acid nol ecule
conpr i seSEQ IDONEY 2y expspeior adingaramitioragidisubstitptepat pesitien/2$hgnda singlst 95 %

oW o {rrh 6 Al ipbuii iosiSn 44 whiredf 18 sl i BoBia 28BR e Pery pont 1 e
i s cdpabietecadd fBdrmdV vg Y)UAS tht SubstitdGéh ¥ pdsAionGl4 1SPF-14 hnothBr one enbodi nent,

t he above pol ynucl eotides encode a pol ypeptide wherein the substitution at
posi t i ontodigeRy thspolynuclegiide propdpoiie PolypeRtidY kayingthe sequenegegier ei n t he

pol ypept J S jmai i, I Vi . - In
anot her %ggé%m%@éﬁe%c ég:jlg Qg)cf W@lﬁe\f(@u Izég%%él%ﬁ}sa?énég S%n%%ﬁl eoti de
havi ng asubstifutoic et psitnt28dafid asingleeangino upideabstitstiomg pokitioh@4l D NO 3, 5, 11
and 13, OE its colgpl.entent. I n .ang# her enhaodi nent, _the_isol ated nucleic acid
mol ecul eVESHPrhG SWstiLion §t pofilien s isselegied tamm W oF ¥ and) gsubgtifution att her

conprs SesosRidAA4YEYC IR AhbHEr @rﬂﬁ&ﬁiﬂ%ﬂﬁ, e L}Io@ﬁﬁkl&ﬂae QE&&%QI@W@E% ein In

one enbodi nent, the nucleic acid nolecul € conprises a po ot 1 de
encodi nghaxingghg pepiencteseh frtnig aneo seids @h deosgt 1340f SEQADING: 3 ouwppt

consi st of SEQ.ID i .10 6 and . I n anot her. enbadi ment, the

nucl ei c {.’:gf’amﬁ@l agélBchng()SH%tItgté%népﬁﬁItﬁ?ﬂégI %‘5{] ¢ YBsEfoyne ﬁij‘%a pol ypept i de
havi ng afubgfiheaskt fifoseueneRin heRtibdtitutidh appsitibn DM@is Slectél fréf Wr 18,
wherein the poIég/peptl de has a Wor Y at position 28 and a T at position 44,

and wher®i¥h anddhg@bsiiagen gepesitiaegshisi e Iofanptherembodipeat.dhé n, activin A, or

GDF-yh1. i 2] ej i I | e conprises a

ool o1y RRREAE cERReCkTRshpobilfe BAAELE sERlTRL I8 §o FBIRASRES Maent i 1y
to SEQ |25 thdugB,1320f SEQ I NI1B 2, ekeepefon atshiglpahinoaieid sosttitibast a Wor Y at
position 28. agg a I at position 44, and wherein the pol ypeptide is capable
of bi ndiRA§MiRPES: &d Hsingle@ming aid sypstirfomat posifion A4t wheredhbsdi ment , t he

nucl ei ¢ Qektduf [ I [ Teln] ptide
avi ng. Ao R o A eaERE B, WY S E RRARR G oo BET

wher ei n it Aie Ipehgthenrmbisliment, the\Wobynuvleatidpesiotieothe 28 cdymtpadd hatingasi t i on 44,

d i.-n th | tdeoi f bi ndj tin, tivin A
o 231 FliRo 8 FlsPEREST sh e Hbedn s SO DGR o 61 ypept | e
wher ei n drig@f sheysollypeptiieynbake POBdrkinQRe g&ybéptl\ﬁéélﬁg stnBR aMRgtakiqut i on at

position S44 is T, wherein the encoded polypeptide is capable of binding
myost at i HDstution atpoaitigp 28pmdia singlg aminepeih subssitsisd atwositiondd, nucl eic acid 5

nmol ecul | G {4 ' nce, sel ected.frogmthe

ar oup. conir SRESRsfleh KRR S sHReRoh SO0 T RRLAE SR s & n
anot her pesitiodi4danT, aridnehereinl the poBpestidens espabk dAiadiag nBRRREILSASivin

pol ynucl eot i ?n odi n he Iinkers and hinge |inkers set forth in the

gr o§g chr‘rsqré:ﬁ?]%d o?ﬂ %‘ﬁjng?PCﬁI@GHQ the gbpve pglynugleotides engodesmpolypeptidg, 49 and
50. 101 Ryterdin il RibsRROS hiEdltion 1¥is 'W%?'ﬂfé AbbetuflBh gpe s?thnuc{ﬁ{ {i8f conprises

a transcriptional or translational regulatory sequen n anot'Her aspect a
r econbi rvarerein gt polypeptige issiapgbla of bindimgehgoadtatite actidiads,roy GDE41abi | i zed
ActRI I B protejn or polyvpentide is.proyided., I n another aspect, host cells
conprising th %cegﬁ%ﬂdﬁﬁ?fﬁ’ 56’3481%?‘) %?I‘%H‘BFCSI}Iecfé’H}pr§ﬁ§ja ngfmﬁf}gowe produci ng
the st akintédiggla polypbptBeia0ingi the s@idnce set forth in the group consisting of SEQ




15pol ypeptides are provided by culturing the host cells under conditions
pronoti ng expression of the proteins or polypeptides. The present

i nvent i orwbuntose3spr ovi des a conposition containing at PeaaiS2anposabilized
ActRI | B pol ypeptide or protein of the present invention. In one enbodinent,
the conpgsidd.ongi r ti | 1] . | 0

stabi 11 20 iR B e U aBRGH e Ao SRERE The hTeiE SO Lilfpftts

phar macealpolgahdlyotRizeapddibg & poBipeptide having atllcasad®@vhequasieddéntity tte i nventi on
provi des_a nethod of reducing or blocking, pyostatin, activin A or GDF-11

acti vi t ySEQ IRMNPh# <t dRiond 4t Whersipahe RplyBepast s asW i BRSSP HIB: 284 2 or

phar macewtj calk: it L Nl ' ' of
D5auch ¢ 1 Capomiab R WrERin BRI dpNde [ Vapble bEb ARSI 48R [t hod
of i ricr eAsom@DFeHn Imasother embadiotent, ey maddin geitl moleatlé compridesan nuscl e mass
to fat mass in a subject in need. of such tre nt by adm ni stering an

ef fect | VEOLKRAIRAIGE naiing & RRRBFRYSrhay e st i Segudnce dRmdey to 350

contai ni PYNSFACKRJ & 1, rRteis RN paPilepREPhaIEW §0Y ta’f'?os’i@ér&'% 8kdaTat In

anot her aspect, the invention provides a nethod of treating or preventing a
nmuscl e wessitionfddiané whereimthe polypepide iswhpablé afgbindimgmmyastatia, aétvon der by

adm ni st er/ t.her apeut i onposi tion.containing an svAct Rl | B pol ypepti de
or prot efroPh hdndapecrmoadimelh i welCET A ok LB QR fdes, but is not
i mited pdlynddidtidelehevtinifa psigpeptideQasinged a6l 9 TACRGUERe idehsiepoBEQY St r ophy,
anyotrophic | ateral sclerosis, congestive obstructive pul nonary di sease,

chroni ¢ HRRKX: 4 i 12,01l 4, pvhergin gie nodyisetidahascaaWheY at peonen-#8/and o atr enal
fail , 1 B4 ' - . eni.a, e-rel ated
frai ity POSEIR P ahEGHORNOU (BfrIplidd S eaBltf CFLANEH RALEARCAURI A9E (&1 & P
nuscl e- vasGDR¢l 1dUe ohe embadimenittiie b pptyoluokgtdessedodes polyppiticel chor d

i njury, stroke, bane fracture, burns, agipg, .insulin resistance, and other
di sor dergfler HoheduhRas PoYtioRg M@:%éﬁwspwwépw%i@ tebs due to
spacg; | ghkin thE‘Pi@g‘BEﬁiﬁfe 18586k of HifdiRE ?@%%tih,%‘éﬁ@fd ANoGprides a method of

treating 10condi ns in which activin overexpressed In a subject in
need of such Inramathes ambodhyneat thengdler iacd naeleaflé eamprisesanmiynuctdotide

t herapeutic conposition cqontaining svAct RI.I B ej r, pol ypeptjdes to
Lhe. obj ving'T HegRICesa st i Mo shaliF Sisane o SERHER S 3, Sl MEREH acpect
t he pres@iits doyéthén provides a nmethod of treating a nmetabolic disorder

conprising adm nistering a therapeutic conposition containing svActRIIB
15pr ot ei ns orIngsthse pmbedisens the salgfedotuceic ard mad¢cubuedmprissathtent, wherein

the gt a]?o%riufcleotides set forth above, and further comprises a polynucleotide encoding at

least one heterologous protein. In one embodiment, the nucleic acid molecule
comprises a polynucleotide encoding a polypeptide having the sequence set forth in
the group consisting of SEQ ID NO: 8, 10, 16 and 18. In another embodiment, the
nucleic acid molecule comprises a polynucleotide encoding a polypeptide having at
25  least 80% sequence identity to SEQ ID NO: 8, 10, 16 or 18, wherein the polypeptide
has a W or Y at position 28 and a T at position 44, and wherein the polypeptide is
capable of binding myostatin, activin A, or GDF-11. In another embodiment, the
nucleic acid molecule comprises a polynucleotide encoding a polypeptide having at
least 90% sequence identity to SEQ ID NO: 8, 10, 16 or 18, wherein the polypeptide
30 hasaWorY at position 28 and a T at position 44, and wherein the polypeptide is
capable of binding myostatin, activin A, or GDF-11. In another embodiment, the
nucleic acid molecule comprises a polynucleotide encoding a polypeptide having at
least 95 % sequence identity to SEQ ID NO: 8, 10, 16 or 18, wherein the polypeptide
hasa W or Y at position 28 and a T at position 44, and wherein the polypeptide is



di sorder is selected frombone | oss, diabetes, obesity, inpaired glucose
tol erance, hyperglycem a, and netabolic syndronme. In another aspect, the
present iwoentowwesspr ovi des a net hod of gene therapy for pcrastomgosrsscl e
wasting or netabolic or activin-related disorders conprising adm nistering

a vect or .oadicRgh A SYAGLEL 18I AA AU ASE I 0%, Ghe BEASEIC tnd 19,01 esent
RS AR ik

invention'to a s nee ereof, whereint vector 'i's capabl e of
expr essi pgyturdeasidéctricot Ba pobipeptideowh¢reinythe pitistaition at pesisoP & st W and In
anot her aspect. the present, inventjon provides, a nethod of detecting and
quantit PR Pﬂfltla’&gf“\‘/il%, % er@éﬁﬁqavos °d;BolyBeRLHy lb?anaﬁte YVACtRI 1 B

pr ot ei nSbiaaing%wsmsgadt%%Aa& GBPNY! n @ Fuled dhibdRUGR the hllci@idacmper  of
assays. 30 RI'EF DESCRI PTI ON OF THE FI GURES Figure 1 shows a

conpdr i smnlebelewemprisestaRpalparcdeqtid2 dayingndeguenct Rile@ed-frot thEZ8WDP S44T) on an
SEC col um.. sVAc = Fc ( W, ) shows si ngl e peak conpared wth
ACt R | B—@&Sféﬁ%ﬁ &Qﬁpclﬁos Eé%slstfﬁééi %relagqr{lﬁemerﬁ. Figure 2 shows the
increase in bptnofRs SmBY&Imeht, ke Addeib atidarbleculd QurfiRf Bdmprisdsce admi ni stered
a single dose of 10 ng/ kg svActRI | B-Fc (E28W 84;;?l conpared with 10 mce

adm ni st R Ecltidey )godmgpslinkayrprhiagaliskasnset forh tode-gredmt ed change in

| ean bod tr} f ecel,¥i in dose of 0.3 nyg/kg,
5" o/ ko, PrSeRy SESEQIENG' 28,47 B E st et BB ST DT Lo
DESQRI PTI ON 1 Ehfartheieaabddiment el mielei id eseoale fustboé®tpri¥edhei N conpri sing

a stabilized human activin JIB receptor (svActRI|B) pol ypeptide. The

prot ei n BEHECTHRIIONAER: translagpnalfegylatoBnscaBencar dn arethercaspeqt 206CHLINERL 1 abi | ity
to bind : - : 8l ih '3 (GDF-8),
activin ‘}Aegtog:w%%é&%%grb?’(l)ﬁ‘lruﬁ%%lﬁ%%%dggat #%/@%l?éed;&%tg rf%ffﬁlltogée{lsl{a ‘one of these

pr ot ei nspolgregtidoisimeadedphcanatheraspetcy bstrcalis tompriging geret@abimanpar ed 20

Fectptor SRR HEATISh S o BB ey o Rl SCalBRa Rt ka7 bot 1
posi tsi Of}ﬁ)lﬁ"eﬁﬁa&%ru;s?fbm&fbgbﬁ{lgﬁﬂ &R KAt LR rdtr @mBlddhk Prodosmy N of

ActRII B, as set forth in S O 2. I'n one enbodinment, a stabilized
human ac¥ipidsgion pBthequelsinsror polyppetidesde can have a further substitution of

al ani ne at pogjt] 4 with respect to SEQ ID.NO 2. 25As uysed herein the
ferm ~om 15 T P iinEhids Rl Ry T siopatilion copiape 'y dSfhene

st ruct ursadbilyzedeAaRHB @1Pwdpkidé of ptin of thehedehBinSéion. N8 oak oWt h fact or
famly including activins, and gromh and differentiation factor (GDF)

pr ot ei n<SMBEdHPEN e spmppsitien jeaPlpamacaitical Fpmpesitiongontpining tiser r on et al . |
O] AR AR by S S B Lo {0 o
acceptable carrier.
In another aspect, the invention provides a method of reducing or blocking
myostatin, activin A or GDF-11 activity by administering the svActRIIB proteins and
polypeptides, or pharmaceutical compositions containing these, to a subject in need of
25  such treatment.
In another aspect, the invention provides a method of increasing lean muscle
mass or increasing the ratio of lean muscle mass to fat mass in a subject in need of
such treatment by administering an effective amount of the composition or
pharmaceutical composition containing svActRIIB proteins or polypeptides to the
30  subject.
In another aspect, the invention provides a method of treating or preventing a
muscle wasting disease in a subject suffering from such a disorder by administering a
therapeutic composition containing an svActRIIB polypeptide or protein to the

subject. The muscle wasting disease includes, but is not limited to, the following



GDF-8, also referred to as nyostatin, is a negative regul ator of skeletal
nmuscl e tissue (McPherron et al. PNAS USA 94: 12457-12461 (1997)). Myostatin
i s synt hesozet)/ms38an i nactive protein approxi mately 375pamiuseo@oiads2 i n

| engt h, havi ng GenBank Accessi on No: AAB86694 (SEQ ID NO 35) for human.
The prec p, jnis: ' o] Lytic cleavage at a tetrabasic
pr ocessi ﬁ%ﬁ@?({ng éa%%%lr%aiﬁ%éég%ﬁ%ﬁ]{ag??lﬁl?%é)g?&’i na)gc{t%&)glcp}%tg?gﬁg?rﬁsghd an

appr oxi nmedrgestiveQbsanitive patrhondoy disefeNeliropic dleait faihe, heshidibeachesiaf 0 form a
honodi msrquf ,attzout 25 k%e%( This honodinmer is the mature, biologically
active prasterialiom Rh¥AIDS, repal failrs, arppiapgumategharthriisp age-r used herein,
the ter M RIBM B el REd £ QPSREL 960 ' ti term nal
protein vﬁﬁfggﬁ f|arsmi%écl eeaved o?t?’ ('?ggllrle oal{s}gtfﬁﬁgl tggﬁl\ggnd(@?%féﬁl}ag% rlprot ein. As
used Sher dépnivatien, tapd musnigosasting die 6r inhotistityr feormposlbagédBedrreftespinhb t he
mature, hiologically active C-terninal. polypeptide, in oner, diner or

o her -1 o Huiarrskel St Resgeatiys deirky b Rimbpssiinge G obrea: e

pol ypept §idedeisnaihe %L&gleabzis@i%x_% eyl dARE S froRl WEBhdQsRS Hadiosspadhd fusion
pepti des and pol ypepti des. e mature myostatin has been reported to have

100% seqfl@hte i dentity anmobng many species including human, nouse, chicken,

porcine, turk nd rat. (LLee et al ., .PNAS 9 93 2001).). As used herein
GDF- 11 refer sﬁ%/%loﬁ}% e E‘*beo?{ssﬁ%P}avﬁ%%h?r&vtﬂ%%?é?%go‘fw%&?%‘%%w ssprot
accerpi ofonditiodein GAERUR1(BEQoVEeRfress3€]n a 8bj¥dlih nadd st EregnfRd biSspeci es

homol ogs of that protein. GDF-11 is involved in the regul ation of
ant er i or dsegistgringranpifec dygampunsfof etkerapausic cerppeition compming 7aywtRHB,| |

Nat ur e : - o) 99) . ri: Bi 208 (1),
222- 232%%‘@3‘@%’3?&%%%%&?&% ﬁ‘fbifrj?gtl?%"r?s?%g‘@db‘ﬁ ‘ﬁg{v}\‘ﬁ .d%?&{ﬁ I\E/;ic%c o gl t he

honodi meanotier tabygecp oheypregdnit ileveation providas aAscthisbof theatiapa hétebdle term "activin
A" refers, t?l the activip protein Havi n(%, GenBank, Accessi.on No: NM 002192
(SEQ | D feprdaugompgsinasdminiglerae aherappitic comnosition rontaing SUMIRHE er odi ner
respect i Mteinsr dolpeBRA4RSE Btsksh%%ﬁhgfﬁg& of dfh u%af?n@pﬁ- whetethSRY mdibe1;8

"activin' refers to activin A~ B, , as well 7as variants and species

honol ogsdisdrdetiatselpetod fiom b@® 1Res¢ djpbetes, Pbksipye phpaiesl glucose toldsnased her ei n,
the termactivin.ty 1. B.receptors (ActRIIB) refers to human activin
Focept or BN PR AUs e IR NI TigD GR0S" BPetia e amEent UPROI such as

t hose hapionigles A enettiddl ot defle BergpySfof tréatipAnSdeRsihitiHo®s? Médthtbirlani ne. The term
soluble 30 ActRIIB (wild type) refers to the extracellular donai n of

Act Rl | B, acsiimtslated disordexsgomguising admisisgrak asegios saeodingn AR ds 19

t hr h . . ] i I %Ea?i j.zed receptor
pol ;'/ZpbgptE}%g%e%ftldesg@pllo%%gggF%é%%ehrﬁ%rﬁﬁngﬁ%ps}l g@?ﬁ@sr}l %g?ri] t}lleéo a e!aljeglr otein
conpr i si thg vactst Blapabledf &qirédsibgrtre spA@RIIBopryrepdt pilypepeideris ¢ herein as
"svAct Rl | B, pol ypeptide"). As used 5herein the term"svActRI I B protein”
refers tB%¥Chrotein conprising a stabilized

In another aspect, the present invention provides a method of detecting and

quantitating myostatin, activin, or GDF-11 by using any of the svActRIIB proteins or

25  polypeptides as capture or binding agents in any number of assays.

30



ActRI I B pol ypeptide. As used herein the term"isolated" refers to a protein
or pol ypeptide nolecule purified to sone degree from endogenous materi al .
These polwpepto@emdand proteins are characterized as havcmgistévs/oadstity to
bind and inhibit the activity of any one of activin A nyostatin, or

GDF- 11, in addition to having 10i nproved manufacturability characteristics.
The stabilized ActRII B pol ypeptide is characterized by having an am no acid
substitution at both position 28 and 44 with respect to SEQID NO 2. For

i , h i i it hi li d ActRI I B
o bent 1 v and oror oBRGER 1BoS O NBE s G ORES, C conect o the
posi tions in SEQ DifQs Zeo déirf%@ﬁ'b@t'v@e%ﬁ AqtRMﬁqi{T@z }x@eana%lvxeamm% i's

mature or truncated. As used herein, the term refers to a
pol ypﬁept (E28VGrS4ddpon de SHG émdunni svAsiRFBFC QEZﬁWnSMT)Ashowsacklm péak, t he

term"truncate e ha N.term nal amno acids or C
t ermi nal Oéﬂl?aﬁ%cy‘é’gf‘gsc%ﬁﬁu@éngﬁ) %’éq\esiﬂﬂga ak15he i sol ated stabilized
activin JI B regaptDshodl the arkéde lrggocfysxﬁé%tole 4 Bz) dbﬁﬁeﬁi&ﬁmpm ayapyé de

sequence set forth in SEQ ID NO 2, except for a si naée am no acid

subst i t umicsradarinipieeddid Bng Qslosmﬁl %lngﬂ@gwécaﬁwca&ﬂ& $94T) cemparad at
position 4ﬁ10m?5 ?&rﬁmméare %g%fﬁ at position 28 is selected from Wor

Y, and t he subs ution a is T. In anot her enbodi nent, the

pol yyept i de hagutemesmquﬁadesesmatémmhg¢ i l8ah bedyaasksovkOtibderforgh 134 of SEQ
ID NO 2 pt for a 25single amno acid substitution at position 28, and

a singl eCé?H ?éreﬁﬁli"ﬁ’gsau%%glﬂd@ﬁq of0-Amedke Bimekeald merkss andi 30 me/kaigkt it uti on

at posi t{ o REBL% GOReEtEedhrom Wor Y, and the substitution at position 44
is T. In another %Odl msntﬁ) the pol ypeptide has the sequence set forth in

am no acids 23 through 134 of SEQ ID NO 2, except for a single amno acid
substitution at position 28 si.ngl ] acid substitution at 30
position 44, wherein the supﬁaﬁn‘%d,&%l%h%gp%ﬂ%ﬂ@son 28 is selected fromWor
Y, and the supgd ]'glj'e%tn't ffvetioP Pivide®An bldted protdi c@x’ﬁBﬁEﬁﬁg apRgicgent , the

pol ypepti de has the sequence set forth in amno acid 5 through 134 of SEQ

| D NO  2hunegcaspivvinf 1B receptardbeActRIIBO pabyipdptideb Skhietprofeonand pglpsintidenf 28, and a

single aging acid substi | 0 erein the tution at
posi ti o(’rﬂlt 28"81e ?rgc?arc?c F%ﬁ‘?@y g}eur\?a%slé a"Pwé%gﬁ]?é‘%t.%t &@H’ ition 44
i's T. I npratedisheiyostatd® (GDBLE), adtiven RObYGBEFL1 €0 dsbitthe At itiea6f &il&%ﬂuence

with at least 80 % 85 % 90 % 95 % 96 % 97 % 98 %or 99 %identity to

any one ¥ afitespryipaprandde harmipeprovigremanyfactwabuy ppanstiaseompsresd ngl e ani no
act thoSubsih bitkt RURATE RORble! BFkrfdls. dsdy %&Q@L@TI Thagiffisheafist ! Lullon al

position rein the su tion i'S sel'ected from W or
Y, and tpdymephid¢ istahhraoteriatd ppahnmmamdléubsatuﬁonaacbmhpbﬁhnni B28 pid ypeptide is

capabl o ol D g, oSt ol Skl L. ST, s ST EBRRTE e e
substi t uypop. af or&oewsd&meﬂﬂals@bmzewgﬁﬁq% AefiVif IPLLBRBE biGpptideaRab! e of
bi ndi ng nyostatin, activin A, or
have a further substitution of alanine at posmon 64 with respect to SEQ ID NO: 2.
25 As used herein the term “TGF-f family members” or “TGF-f proteins” refers
to the structurally related growth factors of the transforming growth factor family
including activins, and growth and differentiation factor (GDF) proteins (Kingsley et
al. Genes Dev. 8: 133-146 (1994), McPherron et al., Growth factors and cytokines in
health and disease, Vol. 1B, D. LeRoith and C. Bondy. ed., JAI Press Inc.,
30  Greenwich, Conn, USA: pp 357-393).
GDF-8, also referred to as myostatin, is a negative regulator of skeletal muscle
tissue (McPherron et al. PNAS USA 94:12457-12461 (1997)). Myostatin is
synthesized as an inactive protein approximately 375 amino acids in length, having

GenBank Accession No: AAB86694 (SEQ ID NO: 35) for human. The precursor



10l n one enbodi ment, the svActRI I B pol ypeptide includes a signal sequence,
for exanple, SEQID NGO 4, 8, 12, and 16. However, various signal peptides
can be uswd 20m/dckss3pr eparati on of the pol ypeptides of tIReTiUSSE0Q0D6252

application. The signal peptides can have the sequence set forth in am no

acids 1 . . . [ 3 signal .seguences set
forth i nlB %Eé?}sgc@%&l})g%g’e%gnc &(rgl?/vagé%g?ke%fggsl? é%gfessb%pﬁeé%gqi@gul for
expr essi agNsterinkll ihittivelpypdptdid asd BRypproxinseely 109 aplieicié (oeghimant s, the
si gnal sequence.is.renoved,. |eaving the nmature peé)ti de. Exanpl es of

sVACt Rl | &Y WVS@thl%gquéelf?%aﬁo@Pémﬁr of ahertrioeklyan clygibemodiser dékanpl e, SEQ
| D NO 64 : : g S‘gm i t ke: { H$EeS a

stabili Stgg%gaé%%é?lg%%f%ﬁygé@\ﬁ@?m pg%g%%?lag?le%§%%’24?ﬁg%og ypeptide is
sel ect ed fr omi\s hsedgreneip, the terinstprodpnadinot Sprepdptide’s rdfers tmthetinsctiveNience set

bot ypept RGaLRie SRS e e o s Bioaps, easitis Cupting eicins, Ankigei n t he
pol ypept hedein iasStesh Hely@s@iThNor GfhtHlreSt st trbRRs t%tthpﬁl%itlg&{ﬁ??l%?icaﬁ?d a single
StiItu

am no acid substitutiion at position 44, wherein the su I on” at
posi t i onaceige Cstepaiiel palypeptide oimiygromey, digred ot bbesfomst s welles at position 44

is T a re;n .t ol ypept i I s.ca | e. of .bindi ostatj.n, activin
A or C@S) %?cag}r? %tlvgﬁﬁdao S %ﬁ%&tm%&g %oﬁ%qe%gggﬁjgﬁ@gm&aﬂeggg%a t?’&ﬁil?ehat shown
in SBQ |ardls, #hd fusionpeplidys sadpeipaptidest Mhe PHARInlyGQARMaS B8 POl ypept i de
having at least 80 % 85 % 90 % 95 % 96 % 97 % 98 % or 99 % sequence
i dent i t yrePertesEte bars @Yo sequency idepityfamongapamy specise imiuding hpspni de has a W
or Y at ! 8 it , ! pol ypeptide is
capabi ¢ "Bt rka plEhel b’ aRpRk (LA 4F, PRAS I8 S50 OGS Fo ot et - tho
substi tution A&$ ugpddietdinGIAB 11 sefysanthd BRIPSBbA¢ movpliogenidtpr@iein) having44 is T,

R et et D e e I
conmypi ses@eaemrﬁ&ggpgpmat @E&g&; ODF- 11 Qgﬁggv&f)ﬂ' tHngEgﬁéattigg ozet erol ogous

protein is an Fc domain. urther di nent, omain is a hunman
| gG Fc chagaion/posterionpatterringl phibataxial bielgon {MicRhammpstiab déataref@dnep &t i de

havi ng the.. t forth in.the. nsj.St.i f SEQ I D NO 8,
1o, 18 A8 2B04BRTEoeEE aoRel e shithnBicl, MR ARRE 22008 Buspesately pepe i e
havi ng dunétiastreSthkHowdd % 90 % 95 % 96 % 97 % 98 % or 99 % sequence
identity to SEQ D NO 8, 10, 16 or 18, wherein the pol ypeptide has a Wor
Y at positi om>@EimAds thethomodimer of ba palypeptide chiainsdim Abesqbheygiapghé de i s
capahbl e bl A NY PHOS I Act 1 V] .or -11, 1n.one, 10enbodi nent,
thquubstgllfnt1 u%c?gln[ngt pos}t??l%enrhcﬁlgﬁ} ésrxwr}laﬁa ll?%g%%réi‘ﬁﬁfts%ﬂ%&‘ position 44 is
T, wher éVM_002 9RqSEQREm Nde 34y Aegpdhs &, Bf aki ABi42¢ thinsi@tiingss aadt i vin A or
GDF- 11. . In a fu.rtGer enbodi nent, the Eéot ei n conprises the any one of
the pol YSERRTiEsE reyRectivelyerf tagdeLpepiids chains BA aadiBRo Azisedrhessinue at
posi ti or6fvih’Sr | A8ivirl Al e [WaeToln | B
pol ypept i de an'deqépr?g it?ﬂllrgﬁégﬁpﬁggégéasbﬁg?g?ks cosrr%r{r%eﬁlgg E?%\é%?g of SEQ ID
NO 2, 4hatgrot¢in. and 14, including N and C terminal truncations, wherein
posi2 ion 28 is Wor Y, and position 44 is T, and wherein the pol ypeptide is
capabl e of binding nyostatin, activin A or GDF-11.

Receptor Polypeptides

As used herein, the term activin type II B receptors (ActRIIB) refers to human
activin receptors having accession number NP_001097 or variants thereof, such as
those having the arginine at position 64 substituted with alanine. The term soluble

30  ActRIIB (wild type) refers to the extracellular domain of ActRIIB, amino acids 1 to
134 (with signal sequence), or amino acids 19 through 134 of SEQ ID NO: 2 (without

signal sequence).

10



20As used herein the term"derivative" of the svAcCtRI I B pol ypeptide refers
to the attachnent of at |east one additional chemcal noiety, or at |east
one addi twonalo/sedsgpepti de to form coval ent or aggregat ecrarspagad@s2 such as
gl ycosyl groups, lipids, acetyl groups, or C-termnal or N-term nal fusion
pol ypepti des, conjugation to PEG nol ecul es, and ot her nodifications which
are described nore fully below Stabilized 25ActRI | B receptor pol ypepti des
can al soStabitizedleceptdi polopetidedi fi cati ons and derivatives, including

modi fications_to the C and N termini which arise fraom procesS| ng due to
expressi on i nl VaPiedRRs invgntion provides gp psoaiedBotRn caMPHENE & stabil 17@6| i, yeasts
and ot he f A resent

i nventi O%Cﬂrirlg/ ?{:}S?ﬁ% Jd??%? E@?gggﬁé@é@gﬁﬁ?ﬁﬂg 2 attac ed to the
SVACtRI IlBarq:joItlqupm“dmeRﬂﬂhpromhm’émféry taa ptdwlnugmpasmgmlsmbllsﬂduence to form
a fusion d her |n.t e ter, roteln refers to a
protein ‘ﬁgéﬁ?#;p‘gyﬂ lélweoﬁ‘(?glﬁﬁg Pt Eb‘?"f"dém&?t?‘i \t/‘?%pf(g?:‘Br?ﬁl nant DNA

t echni qugsly éﬁﬁﬁ@h@l&ﬂ%rﬁ@d%@%%b‘é@éreb %W&ﬁlo@@ﬁomﬁ%at@ﬁ&l hihgid ed to Fc
polypeptldes his tags, and |eucine zipper domains to pronote

ol i gorrerwmqp@des andcproiginstase claratserizedzs having the ahslisttatbing ansdnhitRl | B

polypept des.a scrl for_ex 0/ 29 ich is herein

i ncorpor(ll;l1 e(fl\btfyoreafjgrogﬁ gathvﬁnér’lglyé) 1%%I¥Plﬁhgl %@%‘?‘b%ﬁf% pol ypepti de
is am Fclnmbwaﬁm@@tmﬁbﬂ@yraha}actémtm@e enbodi nent, the Fc domain is
selectedfroma human | Fc QID NGO 23), 5rmd|f|ed|gGl Fc (SEQ ID
NO 47), | gG2Thstababesd zg)ctﬁdiB quypenma i$ gfaacterizedibm hapingan aano@gidai n. The

SVACt Rl | t he hi nge
sequencesl%(])jgtlitti.aﬁgIll ?tg@p{)éﬁ%w%é ﬁ(g)ﬁ%g)ﬁqf%&ét t?&::“@ %%%2% or g4 (SEQ ID
NO. _30% :coﬁme:ccplt:%nlye auihotaeld ﬁsﬁmm{m?hé fte&haasd;Agﬁd[IBpa@pgptmfspﬂdi %pepéI i (ilgs
consistin e sequ et for in an

10as V\/ell?rg§§’staﬁ%§lé"aﬁﬁf§nﬁ%ﬁf?°d@§ FPPd de B’l?ﬁ’é’?‘é‘ﬁf‘?éﬂs P €y to these
SequBNCeBoarifess f Whithér the Béiybéwdqul Fhaftire BPEUAIRAE 28udAthefdn AhE tdrfi @1 ned.

As used herei n, "substantial simlarity” refers to sequences that are at

| east 80‘ metingd mefersdd ap@&’mtldl@mpﬁpaﬂ@' wiihos itdegnial seduends A6 steinti cal, 96 %
i dentic i dentical ., (V d dentl y of SEQID
No 8, ¢ disreinane I PlnE e b0, 050 hory Bt brng N GRBi T fpinsGeiPor; posi i on
28 a?dt Tc@dnnmﬁt Wlm&aé&sremﬁme{a n themgo:jypepil df,‘hl S cgp?blt et of bi tnd| ng
nyostatin, activin A or n_onhe enbodi men e substitution a
positi on 28 il§ opegmbodivecns,fhe isolated yabilizednssivin BB raeepter pplynspddei n t he

pol ypept A i o] The

o AR ﬁ%gga}& ng’ﬁggl 2¥Peg"8?| Oér@]e% ’% ?C’H%’QP %ﬁ,@gﬁ% é’iéﬁtﬁ’r%

sequenc esmgle m:h&ro&c&bsubeumnbmt positi@s28) and aciigldehimeeaitidsudalitnpionat de and a
second het er ol og ol ype e or other type of fusian or_between two or

more st AASIHoRSY )&E‘FTRFI} @eﬁﬁ‘[’)ﬁ%‘étﬂﬁq desitipp 28 peseleptstirpny orthandithker i s made
up of ang,B&itAGh:f t t b from1l to 20
am no aci dslt 1 nk itci;"%ﬁ%ggﬁt‘?ge Iﬂgﬁ%@& V\hergﬁﬁmf %&kﬁgg?%%gre sel ected
f r om t hese@@engeasetrfaith yn mnwrawdsgl%mughdwof&EQ I(D1NQ)r2 axgept fifr at hese ami no
aC| ma ted.. as . is st ood. by those o ki.ll. in the art.

o oe SR B RyigR oA, Bha8 Sindle BB el BSbtRAY | yoi ne.
al ani ne, pogitiohi4aewha®RPths §UBKRitutinkt Hakifien 28 iscldctddBom! W NE Ak nent, a
linker is made up of a majority of amno acids that are sterically

unhi nderssbstitaiieratapesigion ditrie Tadel angther eveboditpentpthgrpplynentide basthe pol ygl yci nes
30(Part | GHdks Yori ipamfnf dtldd 23RRIGUG {1 ¥a OF 81 RIRANY, ¥RBPENGS: N

exenpl ary "suit
single amino acid substitution at position 28, and a single amino acid substitution at

30  position 44, wherein the substitution at position 28 is selected from W or Y, and the
substitution at position 44 is T. In another embodiment, the polypeptide has the
sequence set forth in amino acids 25 through 134 of SEQ ID NO: 2, except for a
single amino acid substitution at position 28, and a single amino acid substitution at

position 44, wherein the substitution at position 28 is selected from W or Y, and the
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|l i nker as shown in the Exanples belowis (Ay)4Ser (SEQID NGO 25). In a
further enbodi nent, svActRIIB can conprise a "hinge linker", that is a

| i nker sewoenoaepsssvi ded adj acent to a hinge region or &cparskelood2zsnge
region of an 1gG as exenplified WD 2010/062383PCT/ US2009/006252 in SEQ I D

NO 27. Hi . ingGl - . c Q I D NG
29), andﬂb%%@géﬁ?é&%ﬁﬁ% 4@8 ng[?'ahgg’%}:gm%ghﬁt n eorlﬂge)epalgléﬁ%e% alnélgl%al so be
desi gnedadidséqupnaweitiranieha d0¥b6,s85 Yo, 9§ Ya198 %1 20V, DT Yo,08 %hre 99¥ACt RI | B- Fc

proteins., In one enbodiment, the hinge |linkers of 5SEQ ID NO 27, 38, 40,
42, 44, Wentityioanyong tg§§Pb’H%H‘dceé apowss BhereamHGPobmePads hassinglg th the 1 g

Fc (SEQ dfnbQcidZdbstiifsh A fR&RRDS by ﬁﬁg@g@hﬁnB Qul:iggﬁggtitgt?(ﬁx at?asﬁi'aﬁ
enbodi ment, the hinge Il nKer sequences | esigned to I nprov
manuflact 44, athiekdin thevsubstitatiomatpasgion\2&ds Rile@e frbypWpdr Yemdtthbe a human | gGl Fc

SEQ ID NO.,..2 _modj fied h 1 Fc (SEQ.D 47)., f le,
{ e i nouesiRbn & prlyioRgheis Toaes PRt 20 bEERY IS REPDIOLIAYEEG | b NG 0.
The i npr@y@ﬁatﬁﬁaeti\aﬁ}(owoabjmily. of odd\@asodiAbND BRI B Fulicn SEBE bR bel ow in

Exampl e 4. ) Linkers may al so be non-peptide |inkers. For exanple,
al kyl | ippleneptidescat pasition RRg Bhznd tie Wipstitutipe plepasition44is I) whareib theused.

These al . r t.her be substituted non-sterically

hi nder i n‘g&‘ %pre%'lt}gggsuccﬁ%gé oFgflr\léi%ngarpmﬁtﬁj(negg}\?n é’-obg%bég{ower acyl, hal ogen
(e.d0, O, Br)nofdembbi#fimentieysuARRIB polypeptidd R4 a sighhBsegaéndeept i des

di scl oseg herein can al so be attached to a nonpol ypeptide nol ecul e for the

pur pose 16F CxplerTEQID MR 4.8 1 prandelr iHaveyse vagous sgnalipsptidespaadat i on

and/ or i i = | jef, i kGl I Ngy i punogeni city,
andr or i ned SERe RekrdRiepof e pAEMEURO0L e poP OGS ~E L TBRCC Vpapt | e,
Exenpl arpeptrdé¢saranlbazge theckquimcbsdt fartle imarhinoi agidsddot1® dfiSBRID NOy41g6s such as
ol yet hyl ene, gl ycol . (PEGQ , polylysipe, tran; a lipid; a cholesterol
ISroﬁp (Zﬂ}@ﬂlp&‘«g ogﬁ?tség(“ﬁ'z B%q}‘e‘gceéé?tﬁgﬁf}]ﬁ? %ﬁ@ﬁgéﬂoéﬁlépﬁl §os &d¥IPikSTde nol ecul e.
The 1SVAGHidNal Begidel Gidhsl BPQxﬁ@ésﬁWcﬁ@iB%%@ehﬁ%q}gﬁdbmﬂf bifeabi ity

properties when conpared to other ActRII | ypepti des. As used
her ei n, atodpBents,ihe signalfsaguance bsireinpyed, lesvangsthe oative pepads. | Examplés a

parti cul gr i i.n econbi nant expressi and purifi i of that
P ot ei n. StkcRI: Ho oot FRERER T8 4 BnGEaliEed 0ok Remmie SR Y
propert iNG: &@f10f h¢ andli&cul e under conditions of expression and purification.

Exanpl es of inproved manufacturability characteristics are set forth in the
Exanpl es bel SORAEMPASIMEEE the Prodgincampesssyd siatibredsctisinl BiredeptqrtExanpl e 2)

20  polypeptide, wherein the polypeptide is selected from the group consisting of
polypeptides having the sequence set forth in the group consisting of SEQ ID NO: 4,
6, 12 and 14. These polypeptides represent amino acids 25 to 134 of SEQ ID NO: 2,
wherein the polypeptide has single amino acid substitution at position 28, and a single
amino acid substitution at position 44, wherein the substitution at position 28 is

25  selected from W or Y, and the substitution at position 44 is T, and wherein the
polypeptide is capable of binding myostatin, activin A, or GDF-11, with and without a
signal sequence different from that shown in SEQ ID NO: 2. In another embodiment
the protein comprises a polypeptide having at least 80 %, 85 %, 90 %, 95 %, 96 %, 97
%, 98 %, or 99 % sequence identity to SEQ ID NO: 4, 6, 12 or 14, wherein the

30  polypeptide has a W or Y at position 28 and a T at position 44, and wherein the
polypeptide is capable of binding myostatin, activin A, or GDF-11. In one
embodiment, the substitution at position 28 is W and the substitution at position 44 is

T, wherein the polypeptide is capable of binding myostatin, activin A or GDF-11.
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30i ncreased cell titer, growth and protein expression during reconbi nant
production of the protein (Exanple 1), inproved purification properties
(Exanpl e W, 208md2388pr oved stability at | ow pH (Exanpl e Prr/Ush@9sveast Rl | B
protei ns and pol ypeptides of the present invention denonstrate the inproved

manuf act ur abi { i 1. J i R In vivo activit
(Exanples 2 aiﬁlqat %’Phg%:%ﬂng%%ngntvﬁltg%sgyfggh g%)ltédﬁlf%&lﬁfé? %%EQS&%O! ypepti des. Y
Furt Per : heidd!(fgp?mﬁﬂotdin.?gfoﬂd akwdémewﬂmdgx&rmaigo%mgelin Rdali R dmed'&r; g
manuf act ur api | i enefits, as shown in Example el ow. use
herein, %Rméﬁlf%a&dém% B ks %F%)Béi)‘%’_f”&éa%&pq U dgmaigy Ingngj o) ogi cal
activit Yehodmef, Hﬁ!&of%ﬁ{@ isg%?gféﬁ%‘g%;‘fa%{&?%‘? é(éecg:eﬂéke?e?“forf%gchk n vitro

or in vivo bactivities of the svACt I ncludi ng but not
i m tded group hossestiogmd SEQ EY &D:i8) 10h dndalBpl le abetheremBodiment, itless of t he

ActRI I B pol ti des jncl but i, ted t bility to bind
o myost Biplen SRR g palvRepbiche g otk 0 b daith 5. 85 bl bt iy 1O 7"
neutral i g&oA8r 99 %4 $qlin@fidEURS tASEQ ID'NOE ] M, 160r 98, $H¥iethlthe AS Used herein,

the term "capable of binding" to nyostatin, activin A or GF-11 10 refers
t o bi ndi PRjypapHide hatle By on¥tahpdsitinmaband a Traiposition 44,aid whereinghki nExATM

nmet hod s i-n.the a es;-bel ow.. In vi.trag inhibition of nyostatin,
ot v n RSPl e R TP LR e altin A, (P B B Si5,0” e Cociz
cel I Hbasafb@isayt, drsabithetor &t gosiRiolo3P Me andele @ubstititiot aPositioh\ditiy ,
denonstrated in Exanple 3 below, is denonstrated by increased | ean nuscle

mass i n hovkdeipshrpalypaniidgiis eapablej ofibindiag myoststimacivincd R Rl ypept i des

and proteins fnnc’f:fu?tﬂgﬁ QHﬁocﬁﬁ%ngﬁ% ﬂrb{ar{ &gnﬁrﬁ)se% erar gsdn@%f eldy wei ght,

i ncreasing | ean nuscl e nass, I NCreasing t1o of lean nuscle to fat
mass. Theolggeptitlescdeactibed dbiogs, Whertinahe amitloud&l regidue atngositiorp4eisent i ng

cachexi a ,caused by certain types of tunors, preventing the growh of
certain %P8 of tunors, and increasing survival of certain ani mal models.

Furtjser i SCU35LASG erkR1iA0AY AR!E) B RERYE RuigRcbiRRbKIBRIGS activities is

provided bel ow. In another aspect, the present”invention provides an
i sol at edengamipasses protainyasinepriding fragments PhHEQ IPONOnAcs. éotl2ded ddcodi ng an

Act Rl 1.B pal t f. t £ tion. herein the t
"ol at el RnERT B 6 Tt BB e B 2 RSP 2B RGP ee 1rom
endogenousismyagd whkreir2fhe poBpRpaadRER of bih@i Qh)lb’dgwiﬂn?%ti\ﬁ'@A%ICOdes a

pol ypeptide having the sequence set forth in SEQ NGO 2, except for a
single a#Phollaci d substitution at position 28, and a single am no acid

subsiy t uti on pL ; LA bs { [ .N0SId 1 28 is
sel Zztgt ed fr oma}%ﬁll%rga%ﬂeg{r}gé?%%@% ?Yettb ﬁéﬁygﬁqéﬁ%tsihé% g)ﬁ?e i’}falggét%sq?n anot her
enbodi metht attadhenepobdf/atiedseond atilittormd diesnisalnndigpept atdeasnané additibeal 30 sequence

set forth. in agi no_.acids 19 through 134 of SEQ ID NO 2, except.for a
singl e RAYRSPHLS tp oppseyalent gregieepssonjugates guchaselycosyhgoaps Mpifds: aci d
subst it uf. ict.jeon: h 1 s bt . i fol 28 is
sel ect e(L:Igc F @gﬁqﬁ)ﬁﬁgﬁgteﬁa&fﬁ%@%@?ﬂ%@ ﬁg?dgﬁk %%I%sf ?%hﬁ@%%ﬁﬁ?b . I n anot her
enbodi nemeleculps apd biheunlodifidatienewbistiese despobgdomptel fudly balowigStabdizedquence
set

o T AR R ot S R el
derivatives, including modifications to the C and N termini which arise from
processing due to expression in various cell types such as mammalian cells, E. coli,
yeasts and other recombinant host cells.
The svActRIIB proteins of the present invention may further comprise
30  heterologous polypeptides attached to the svActRIIB polypeptide either directly or
through a linker sequence to form a fusion protein. As used herein the term “fusion
protein” refers to a protein having a heterologous polypeptide attached via

recombinant DNA techniques. Heterologous polypeptides include but are not limited

to Fc polypeptides, his tags, and leucine zipper domains to promote oligomerization
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acid substitution at position 44, wherein the substitution at position 28
is selected fromWor Y, and the substitution at position 44 is T. In
anot her ewbadiomeeds3 t he pol ynucl eoti de encodes a pol ypepCirds26vamierg2 t he
sequence set forth in amno acids 25 5 through 134 of SEQ ID NO 2, except
for a si AC] t| l.e am no
aci d subs |tug ?poﬁngoé pt)lgg;% i (fnStéPAlflze@h%&BiH%O?ﬂgﬁ 3’%‘8%?8“[&{3?%%(1: n%om tion 28

i s sel ecéaehple, ONOW0K29581, @hithtifRersinlifédrportatedrbyaiefeparse! Ioonet4 is T. In

anot her enbodlnent t he pol ynucl eoti de encodes the a polypeptlde havi ng an
am no ac§mbeliment e @Eerw@ag@s rdypeptide ispgn Ippalypaptidgpr demaing Angye o i denti ty
to any nekR e has single
i o acy PSR B e e & R BT P PRI R

substi t uﬂr1r>¢uﬁedﬂg®b§ct($5@ IZMNOV\A%} G2 FheSEQbBtN(Dum)omdang:ﬂoEu (SEsh 28 is

sel ecte d t he stitutio t position 44 is T nd wherein
She oo VLR ddmalin e sv BRI R Rl ooty er'ﬁoma{sfq I #apspnebe 11 i
one errbowlhm&%,secsd&c@@fmqum@smqnqﬁott@) Pé@ytl 0 28 e soﬁgmdes a

15pol ypepti de wherein the Substitution at” posi t he
subst i t WSEShIRANG39)-t Evemplary sy ARtRIIB POlypeDtIWeﬁﬁwﬁtﬂTﬁnm t he isol at ed

nucl ei ¢ a

encoal nobavisETpEt Rtk ol R P REC Gyt BB HEMNG T R REHE ot 7€

consigst i egvelf asIhbxd @lﬂ@ptlées l@avui%?sub@ﬂﬁﬂtlé'l%lmilﬁht@ RO tHEE stioAetsWhéreint he 20
nucleic acid conprises a_ pol eotide encoding a pol ypeptide having at

| east 8othgpulztitugaons gt pesitoms P and garomptaped Asyseddigesiee spbgatial y to SEQ I D
NO 4, 6 ) i d tion 28 and
N at pumHEG rffrs BIERERE i POLIBERRUIE BT, ¥ L iaplal B T

acti vi n ident@@E-95 P4 identioalo96 & identidal, 97res iderhiedi, 98196 ,1ddnh€alp@9 ynucl eot i de of

t he abov di nent s a ypeptide 28wher ei n t he, substitution at
posi tiont %‘qagto\ﬁ"é(dﬁ%t‘;ﬁgf@gﬁ%‘t& tlﬁti%ﬁn tlsp‘ﬁg?r?indﬁe Ralypeptides seiginWer ei n t he
pol yigept 4 de aedgosﬁﬁﬂlai:ﬂ &d°f 2R IRNAGHA WhBrefh gl% )Jeolsgﬁae Bxasd bf- In

anot her enbodi ment, the isol ated nucl ei ¢ acl her conprises a
pol ynuc| kinding enysn@tidi avgivin Aloe&3dF-dhe Imemwmb@djmaat [ﬂlmmﬂﬁutlblﬂl abne

nbodi t t .F th
Crooc R 5V SEPRIRAS S8 ek el F BT e B bebiie
enmbodi megapable bebﬁhumgqhyoga&hﬁ abig aubreGhHueLtiher corrprl ses pol ynucl eoti des
encodi ng the |inkers and hinge linkers set forth in SEQ 1D NG 25, 27, 38,
40, 42, 44, 4Ehe syg\ctREB potypsptidocan gptignplly fusther eprpdsaveilinkeslich

I I f SEQID
Ro 6. SgheES LR REUITIRETy 3 SHGHsLAA b aGIHEAE. SRIFIGLNES L 50

m)l ecul mmmgomlﬁpq@uuynuciher)tylpelefﬁmmﬁbrrtg:txaethwpﬁphmd&tabﬂmdst| ng of
the sequ set forth i the roup con3| i ng of SEQ ID.NOC .8, 10, 16 and
I'n a&%ﬁl@r P wpRRdRY Engrtcthg linkeras made 48 OT aming 94idt| eot i de

encodl NQirfkel Pgé E}Fe?rb}'?@ tqt?evﬁd?ﬂsggrefem}t B8 Mo ﬂp%\}ﬁngz%q@tl)lr%gd%% 97 % 598 %

99 % sequence 1 dent to th roup consisting 10, 16 and
18, wherpsphde h@ldsowtlpeptﬂldanhmacadsmelsel&’ctad ﬁpusihei2@man&aﬁy1dccalrffngt posi tion

44, .and wherei de is. capabl e |nd| activ or
yodSat 140 eise OBRBOMERR: hesesmip Rpa et gt cky R S is e Biasdar rent s

encodes By thoseydTRRll Bah¥hR! &l bnd dRbSIIRSAY, tHel I @M EIMReHCIdsay2se | S Wand the

substitution at position 44 is T, 10 and wherein the [)ol ypeptide is capable

of bi ndisslfcied demglysineaglaningrpraling, agmragine, glutamine, and lysine. In one

embodiment, a linker is made up of a majority of amino acids that are sterically

unhindered, such as glycine and alanine. Exemplary linkers are polyglycines

30  (particularly (Gly)s, (Gly)s, poly(Gly-Ala), and polyalanines. One exemplary suitable
linker as shown in the Examples below is (Gly)sSer (SEQ ID NO: 25). In a further
embodiment, svActRIIB can comprise a “hinge linker”, that is a linker sequence

provided adjacent to a hinge region or a partial hinge region of an IgG, as exemplified
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I n one enbodi nent, the isolated nucleic acid nol ecule conprises a

pol ynucl eoti de having the sequence sel ected fromthe group consisting of
SEQ | D NQwo23p10806238% or 13, or its conplenment. |In anot hercerdseaiomes?s? t he
i sol ated nucl eic acid nol ecul e conprises a pol ynucl eoti de having the

sequence; f t St 5 n SEQ I D NO 7,
o0 15 an S IO L TR scaRh UGB L Arats B SR R B RE TFE o1 at e

nucl ei ¢ GHQIDN@EAN) candyipGiHe (SBQUDAD: 3M)r i ngent or noderate conditions
with SEQ ID N?I 3,.5, 7, 9, 11, 13, 15 or, 17 wherein the encoded

pol ypepti de i S18&HERKETSPAYangessMAY plsp be desigryd tp improve magfgsturpbilitn 2. 14, 16,
or 18, r &AW iR ' ] hdnsed aving W or
Vot 20 NI SR TRIDER: Bt i 30 SRt Sh RS HRES o0

pol yPept $ld@ IDNQap338c4@f42p it Hgnd A6 arerdebighed g ingirové madufaoyesbiladyi N or

cingl e st sdaE GEEIENEE B He elrased T ARG e cbrgonent

t her eof ERbdimehilBRhindeAinlRK 86HRkeRses i€ ENMined 80 HhovENAnuB¥AlGTHC DNA,  DNA
anplified by PCR, and 25 conbi nations thereof nom ¢ DNA may BDe isol ated

by conveWh¢roaitaching sHACERIES polypeptides thy huwamfg®@ hEc (BEQID MBQRIDINO. 3, 5, 11

or 13, 0 ' eof,, ~as._a ohe.,.Genomi ¢ A encodi ng
ActRI | B %8 %%Pﬁgiéggﬁgfsﬁg%}?g@r@ﬁpr g@f &éﬁéﬁ?’g{el’ ﬁﬁrlﬁ?gegléﬂ%ﬁﬁﬁ gﬁl:lve%ﬁ e avail abl e
for 1@ nusib@IDANO S48 SBESID SiMit4%eind SHIND NO 33(a1 Tibnrévedm cheni cal synt hesi's
of overl appi ncrg[ ol i gonucl eoti de fragnments foll owed 30 by assenbly of the

| g! . {
f r agment@agyfa %@B‘Agft’ pf thees prlypentidesis|desaribed belovindgramenje dns and 1 anki ng
sequences. R | ned / a | o] ion vectors which
i rect i gh Iae B B R e R B P R H 5 R ot er & and
RNA pol yNBEr(&$k)s-CONA whereint s+ Bt dandusedr Blidse alkyt Hpkdre ehayrfafthéf¥¥A i sol at ed

fromvari gL{s fi ls?sues t hat .exr?r ss ActRI I B. The DNA nmpl ecul es of the
i nvent i oWOSYHtH Ry @y aen-stesicaily hipderag grounsneh asdopsr glkdikieeht $d€e) and

{1 agsentisweigiyehlokar 4l CLIBNAER, UensHERy, @lcso I ncl ude sequences encoding

the N-term nal 'signal seéquencé. The inventron further provides the nucleic

aci d nol ecul e The seArtBdBrbolypeptides disclosedieergiolopn absbéetattdehddstoapmnabl y | i nked
to atr riptional or.translatiopal 5Sregul ato sequence. Exenpl ary

pol ynuclaﬂe& |eh{e?&éa1%8?é58#%f reg‘teipdlép%gaﬁg‘?fég’g‘.n% ‘%WA?{&PPE%GEQ%%“M4T) with

si gnal seduedipcdegradation and/or increasing half-life, reducing toxicity, reducing

at ggagt agggct gagct gggat tcctcgttgetcttttaagaggt gt ccagt gt gagacacggt ggt gcat cta
ct acaac !mmunogenicity, and/or increasing the biological activity of the svActRIIB

20 polypeptides. Exemplary molecules include but are not limited to linear polymers
such as polyethylene glycol (PEG), polylysine, a dextran; a lipid; a cholesterol group
(such as a steroid); a carbohydrate, or an oligosaccharide molecule.

The svActRIIB proteins and polypeptides have improved manufacturability

properties when compared to other ActRIIB soluble polypeptides. As used herein, the

25 term “manufacturability” refers to the stability of a particular protein during
recombinant expression and purification of that protein. Manufacturability is believed
to be due to the intrinsic properties of the molecule under conditions of expression
and purification. Examples of improved manufacturability characteristics are set forth
in the Examples below and include uniform glycosylation of a protein (Example 2),

30  increased cell titer, growth and protein expression during recombinant production of
the protein (Example 1), improved purification properties (Example 2), and improved
stability at low pH (Example 2). The svActRIIB proteins and polypeptides of the
present invention demonstrate the improved manufacturability, along with retention of

in vitro and in vivo activity (Examples 2 and 3), compared with other soluble ActRIIB
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10
gccaact gggagct ggagcgcaccaaccagaccggcct ggagcgcet gcgaaggcgagcaggacaagcggct gcac

t WO 2010/062383 PCT/US2009/006252
gct acgcct cct ggcgcaacagct ct ggcaccat cgagcet cgt gaagaagggct get gget agat gact t caact
gct acg

at aggc ag%(?ilﬁ?ed) 4 18 %Sg g%%“é‘é t ’gaé‘S 65)8 gla}él(r:l%% grzlilfgeé tsacfuzf(r:l FPcr e c%ogncf%rgatdg gboé] 8{: aacttctgcaacg

agcgc tt mandfactuitabitg bg@ds, tag ghown aefganapie ddeldvecgagccacccccgacagcecccccacc
(SEQ ID NGO 3) 15 svActRLIB (E28W 544T) w th . signal sequence .

mef gl swi | val 15 $9Er$ikct 9%{&%1%@‘%1@ ogfp@eaiﬁ%thtwheya%ﬁwf%@h el vkkgewl
ddf n cydsgeay 3§ SORIMYAGREEENGISRGHTIED IGRUSBRY by RBRAK 3R 65FEQHP N 4) 20
SVACt RI I B (E28W $S44T) wi t hout “si'gnal sequence :
gagadac gaptiyieg ofithet sydctRIZR potypeptidesgudyding datnetdmitealtosbesgc cggect ggagegcet ge
gaa

ggcgageatigausaaed e thsExarpls Relgwe Aeivyiss of Y RUB pobsRtidtagct cgt gaagaag

ggc include, but are not limited to, the ability to bind to myostatin or activin A or GDF-11,
t gct ggct agat gac't_t caact_%g:t acgat aggcaggag.t gt gt ggccact gag.gagaaccccca?gt gtacttc
t gct gct and the ability to inhibit or neutralize an activity of myostatin or activin A or GDF-11.

gt gagggc t G 0c X G C 1. C Gacgt acgagccac
cccc 25 Iggg%gg{ceg%@g@g%E@taﬁg%qﬁl%f&%?&gviogg’%ggg&?’%%ﬁ% éﬁﬁgf\j\ﬁ? hout si gnal
sequdncerefers to binding measured by methods known in the art, such as the KinExA™

et rwei yynanwel ert nqt gl er cegeqdkr | hcyaswr nss,%tj el vkkgew .ddf ncydr gecvat eenpqv

yfc cceghfhrd shewn gethg syempleshsitvaptt wisednhibjtiqeof 51y0sigtis, ac8vin ARl (E28W

S44T) pobRYL] ERtdedRe RERIGRAR, WMrilatbR fle pAAREEEC12 cell-based assay
at ggagt t t gggct gagect gggtttt cctegtt get €ttt t dagaggt gt ccagt gt gagacatggt ggt gcat ¢

t act acaadescribed in the Examples below. In vivo activity, demonstrated in Example 3 below,
N A g e e R R R O S e

0C1 2000 e &1 ARIN BEIFPA eI B HOALACRBRIE BL0AABABAAEY BFaRALAgat gact t caact
get acg

at aggcagelytweightginereasing depamusede messa g creasing thgctagiotod1epagyessiesiot t ct gcaacgy

ttcact calPt P STRSLYG AEbAtis kg Relugs Hedysine oL rening 5besc ac cogaggagga
gga caused by certain types of tumors, preventing the growth of certain types of tumors,

t ct gt cgagt gcccaccgt gcccagcaccacct gt ggca gaCC(%t cagtcttcctcttccecccaaaacccaag
gacacc andincreasing survival of certain animal models. Further discussion of the

Ct caat (LeRRIBRRGER SR REANIRANAR:ITp AYRRANARSK cacoaagacceegaggt ceagt te
aact’g

gt acgt ggacggcintapgtggtgpeat, dat [gresons gveatiapmoaigs ga jotahaidaaacidgcacgt t ccgt gt
ggtc 40

agcgt cct PalEEYe comgEsieg agehrglrotide sredingarsydre R UB pobrsatids ef e aacaaaggect ¢

ccag present invention. As used herein the term “isolated” refers to nucleic acid molecules
cccccat cgagaaaaccat accaaaaccaaagggcagccccgagaaccacaggt gt acaccct gccecccat cecg
g9 purified to some degree from endogenous material.

gg g gz%at gaccaagad e CaatutAdR Che FORHAGES S GRS GHIE HadREFEAt caccat 9gagt
gagcaat g@gaéee ceaghat SEQH X dAYEL; CREGE EdrGCindle ahiinadié sati@idnct t cttcctcta
cagca

aget cac cRsHipacSagadje siggleqyeing csidgybdietpnatnositiondds whgteithgcat gaggcet ct gcaca
45, oFaTe { . i : R | B-F

ECES, A ORI SO SO1 o (SRR Rl | &

mef gl swis[Tvdhlangthercahbodimygyn) dreysdlaidctegtide enaege g phlyipbptydeshavingsitei el vkkgew d

gggrﬁecvsgﬂ%"éﬁﬁd?fﬁ%&%@‘ﬁqust]lﬂ theowgh dedof SESHIRANY Jo 5858 f¥@appvagpsvi | f

pp _ sin%le amino acid substitution at position 28, and a sirtgle amino acid substitution at ,
kpkdt | mi srtpevt cvvvdvshedpevqf nwyvdgvevhnakt Kpr eeqf nst frvvsyl t vvhqgdwi ngkeyk
c position 44, wherein the substitution at position 28 is selected from W or Y, and the

kvsnkgl papi eki.i skt k repavyt lippsreent kngvsl t cl.vkgf ypsdi avewesn ennykt t pp
m o5 s agBr ORI A ROP v 1B A0 FRE A etk LR GBS R S)

svAct Rl | f&1¥eplifie BMWinSid Keqidlcy BetdbRR in SRindeRuRMSahwiighadsy ofiSBGRID sequence
gagacacggt ggt gcat ct act acaacgccaact gggagct ggagcgcaccaaccagaccggcct ggagcgct gc
gaa
ggcgagcaggacaagcggct gcact gct acgect cctiggcgcaacagcet ct ggcaccat cgagacgt gaagaagg
gc 10 tgctggctagat gacttcaact gct acgat aggcaggagt gt gt ggcc

act gaggagaacccccaggt gt actt ct gct gct

gt gagggcaact t ct gcaacgagcgct t cact cat tt gccagaggct gggggcccggaagt cacgt acgagccac



SVACtRI | B (E28Y, $S44T) with signal sequence

30at ggagttt gggct gagct gggttttcctcgttgetcttttaagaggt gt ccagt gt gagacacggt act gca
t ct act ac a0 2010/062383 PCT/US2009/006252

gccaact gggagct ggagcgcaccaaccagaccggcct ggagcgct gcgaaggcgagcaggacaagcggct gcac
gct acgcclggcg’ged(g a%tgggeéalggl&aéréx(rzlg881&,[sglasatlgt%t%%ng%tégglélgg&gg%ng%gaélgtagag? gactt caact
gctacg acid substitution at position 44, wherein the substitution at position 28 is selected

at aggcaggagt gt ccact agaacccccaggt gt act t ct get get gt gagggcaact t ct gcaac

agcgg ttg %‘?git &?t‘fggefig&%@%@g%@mgﬁ%ﬁgéi‘ad?é&%&ﬁ%@&g@g@%‘g@&gcccccgcc ’
SEQ I D - , i i :

Eref gl svw‘yﬁ{/%'%ﬁ%eag‘gﬁ%%%%?@Eﬁ@é@?@%ﬁ%@%%ﬂ%ﬁﬁ cydu‘]gltﬁvv?1 ﬁ??g? ?gl vkkgew d

df nc Sydrthenrghtl8é 00 §EQ ErNEy 2t except fonlapamippeinoeepbpbaptutioBEpIsRIdO.  12) 40

SVACt Rl | E28Y, S44T). wi t hout signal sequence : o

gagacac g& é‘%‘f@é‘é’tg@t 888@(:%‘ %tgﬁg?‘b@d%? @P&S‘ég%&fé&%&&%ﬁ%&@ﬁct ggagcgct gc

gaa position 28 is selected from W or Y, and the substitution at position 44 is T. In
ggcgagcaggacaageggct gcact gct acgect cct ggcgcaacagact ggcaccat cgagct cgt gaagaagg
gc another embodiment, the polynucleotide encodes the a polypeptide having an amino

toct 90Ct AgAlGRELLSRRGLAR ACRRLRYMCAISEL 96 9% 9066 91 ARAGA9RY BREGRO0! Ot act L

t gct gct

459t19agabe palypéstidgs abe@roherin thrpobaebli@ckadagde hageoaid aggaagbaacgt acgagec
accccc gacagcccccacc (SEQ ID NO. 13). . svActRIIB aE28Y, S44T) w t hout signal
sequencdPosition 28, and a single amino acid substitution at position 44, wherein the

t i . . t
or o’ SRRIRLALANRLLEZASISHIUEL BOYoI S il (OGAY B FE 2 oo
(E28Y, S44Tanpwhyreircthe pblypeptideqs emeablardft inding nalostatigUsnivin A, or GDF-

at ggagt t{aqget gaget gt t f ect cattgct t 1 agaagat gt geagt gt gagacacqgt act geat ¢

thCg%Ct YA SO RUERHAHE IFCHRURGLAPoiBH 28 FIM SRR SOsIRUTAAFacaagcggcet gcac

gct acgcdrostiogddgedacaget ct ggcaccat cgagacgt gaagaagggcet get gget agat gact t caact g
ctacg . : . . :

at aggcaggagt JPGPGSECRLBAG ARG ottt Rty atid arqleT e PHLF QY EEBLRY SN ct gcaacg
agcgc  comprises a polynucleotide encoding a polypeptide having the sequence set forth in
ttcactcatttgccagaggct cccggaagt cacgt acgagccacccccgacagcccccaccgga a
gga the gr%up cgcg)ns%gtinggcgJ Q ID?\?O: 4?, 6, 12,gand 1%. g}n another en%bodir%ent, the 99499999

L Ct Gl0C 00k AREAAT E BRSS ARARRSNAL BREAMIACSH) SRS HhERL St Igicfrgaaaacceaay

gacac
ct cat gatatt %ceyYa 66 6.t P H & &6 PTG gt @Rhogidgaisgd SHIE MadyRay&c L2 ogdgat ccagtt c
e agt s BT S aEdE B gy B ¢ R Bodon 39 5h8 2 1% Postion 44, and

agegt cCtwReGHHh I AGASHRSFACI A0 FRRRGIC AR BEAAYE U IRARLALC qaacaaaggect ¢
ccag cccccat cgagaaaaccatctccaa accaaagggcagctccgagdaccacaggt gt acaccctgece
cccat ¢ cwg egpodiment, the polynucleotide of the above embodiments encodes a polypeptide

099031 Qi G aRIRPS LA ER I SIS I PRON Il RARRIFLISL B SsRgcAaRRA, cocoot ogat
gagcaat gagedgess dagaipmpae oagasie 2¢ BREiGCLaVHCAJGRI Cropegesheet t cttcctcta
cagca . . L .

15agct caccgt Jgarahgaeebefingat heciselgisd auelgicacid maleguleclutherragenrisgaggct ct gcac
aaccac t : I 3 VAct Rl | B- Fc
PaSCC ARRARAIARARRG, AT NSRRI B ockhen O

mef gl swifeteralbpagyvmoetin iy anFerdonveh, 6h b ifaitigdr ebed Raeitcthe Feydamaimissgt | el vl dcgew
| daige 20, vahgeayal eenpayyl ccceqnt oner L peaggneyyenppl apl gggdsve

P kdt I mi shohRgstpolyshcaledpesabamsAot v oakd Kke aakas tLrMaYA SEwhgsiw ngkeykce

vsnkgl pdy0ekt, 2Zki& dpta gy $5.146p 48 cndnidily Vs latfotthérgimtpsiimente ehngqpennykt t ppm
255vact OB RO H TRV SO S TR et Mok S Rkt NG TR Rfal” sequence
gagacacggt 3z tcat Ghaaacaacgccaact gggagcet ggagcgcaccaaccagaccggect ggagcget ge
ggggagcaggacaagcggct gcact gct acgect cct ggcgcaacagct ct ggcaccat cgagcet cgt gaagaag
?ggt ggct agat gact t caact gct acgat aggcagglg7agt gt gt ggccact gaggagaacccccaggt gt acttc
tgtgg;ggtgcaact t ct gcaacgagcgct t cact cat tt gccagaggct gggggeccggaagt cacgt acgagecac

S ”~



35 caggt gt acaccct gcccccat cccgggaggagat gaccaagaaccaggt cagce
ct gacct gcct ggt caaaggcttcta
t cccagcgawetenumgisggagt gggagagcaat gggcagccggagaacaact ac egase@omaeeszccat get

gga
ctcegacggot oohl Ll GAGIALATARINELRARIIANRAGRTGAREALOI SosRAAdRRORACYL ol Lot e

at gctc cgtgat gcatgaggc tacaaccactacacgcagaa ccgggt aaa
(SEQ | D é¥odihg)a pblypepidd Rhis&tlﬁg of HrS¥quenéd 39t fonh ypdptgroe sagisangef wi t hout

si gnal . L .

etryci yyﬁgﬁﬁ@%‘z@t $rfiOy 11 & AR &8 Mk anathsr sEhoduagt BF PP ARMAMRINF decvat eenpg
vyfc ol¥nucleot1de encodin oltyge tide havin ng at least 80 %, 90 %, 95 %, 96 (o, 97 %
ccegnf cnertt hl peaggpevt epo t ggggsv cppcpappvagpsvf fp dtl m 'Srt pevt cv
vvd 5 98 %, 99 % sequence identity to the group consisting of SE_Q ID NO 8, 10 16 and
vshedpevey Mo R RRAHKRE B BPL WY BUbEs S0ehd RPeysskyR Rk chee! ekt skik

apr epqvyyh&esteepil fleti€ bagasfeVdTHih N wwmwmt& &sﬂglsflhl yskl t vdksr
wg 45 qgnvfscsv ISIIIII;IIIhethkésIIflslspgk (5% D NO 18) IQHI I'n anot her aspect

of the p@t@mhodim@énﬁlﬁ@nlyn@klpo@@@ﬁhe ab@tecﬂn@,bcxﬂamcms anengles Agolypeptedec aci d

I I I d f ded,
and host RAPRURE R EBREL PG 2t BRRENET westiihal BBl BhGuct ng t he

SVACIOR! | dhdpohergiaphd plegpeptide a8 capable@f ibiieling hiyesthied, Mctien es&Dm1 vect or'
refers to a plasmd, pha e, virus or vector for expressing a pol ypeptide

from a pol ynud esstenthed %ﬁﬁéﬁé@d*\?‘é‘tfl‘éﬁ@cfi@ﬁ ROlecHk GPBREFEH® of the SVACtRIIB
pol ypept r

P opagatt A ickaREhRR 1R ol THELER IR SO RE BESKRIR | vector
conpri seNOa3}5,diselBdporn 1@rtairnp]ﬁntntcdﬂpnothemnlmmmssteﬂ1el1yolﬁﬁed pigler genetic

el enent or nment s havin e in gene expression, for
exanpl e, 3 @ﬁ@f&eswmpﬂémfgn@wgc e((tglf?’éz IH%?F@@G‘B‘I%?F legted R the act RI 1 B
pol yuseptgrégﬁac@}ﬁ;&uag@fﬁierk%q&&xc@(smﬁﬁmf '7b§d15 M1 7TRbs RBdplchs! pf ed into

protein appropriate transcripfion initiation ahd term nation
sequence%fuﬂhhmb@bmetﬁbes%oms;d hunl¢ipecidimaeade hgbrsdizesatnidenstringdgor Vect or s

aci o not e € BhERRI b SECPH B S\ B o P by TR S Ccombi nant . VA

t echni quagodedysilypeptii©issubsbntidl sidHato ALY ED N, @ 8f 10MaRi pf lihospeci fi c
tissues, and viral vectors for the expression of 15 SsVACtRI | B poI ypepti des

i n tar getfedvheisimthepolyupspiidg carmprisgs apaminaanid sgapeasehaving Bhow¥et or  suit abl e
f 63, h

| neao AR ARs Y 6bRadh 44 b SR Bhe ESIAT ulibptile MBIEEY T O
pol ynucltamdlmgiesmh&ﬂtmphdtlvaamyoelddnbrGlIDII 1 kUi tabl e vectors known in the

art or describe el qw. he vention fu ther es thod of maki ng
SVACtRI | B poﬁ%iﬁ Ei‘géml %Sr‘i’fle‘IIWBFHB?fh%IC L@)‘EIQ gﬁﬁh“d%& ‘iﬁﬁ‘s may be
utili zedynd HAGBIR- smae%%rmn&i wa?a@a% RN £ cB ?lérﬁéﬂﬂt e(IfO m&nﬁaﬁ&&m sms_such

as bacteria transfornmed with reconbi nant bacteri op lasmd or cosnmd
DNA expriesetanplesbiNd sgenpeas DNA,ays thetierBiN Av IDNAycemlsliﬁ@dm RGRj amd vect or s;

i ns cel | ste fecte VII‘ si on vect QLS 25(e.qg.,
bacezlgow rub)m IBP%III%R@Z eE?‘?IC%IA[?]% ?égc‘?I%%‘F EHPVFPHERR «ES&IIP §¥on vectors
(e.g., cavhh$bpudig tHRIINA dﬂSBQID@&DM St PPBEED, IFRSAIELI¥ iffadnent W) OF
transformed with bacterial &resm on vectors (e.g., Ti or pBR322 plasmd);

or ani meherged; ps %9&%«@%9@% AapncedingsA¢REB polypentidesistsibizined femt ei n
product | ob oS ALE Malabb B EARYFRR ! IS puldeb higRL s, i nese

hanst er ovary nes, Vatves such’ as Veggi e CHO
and reI adveidabiefroml dheascalymthesiy ofvverlapging otigorarloveide dragaratsRalowsden et

nol o 28:31) or CHO strajn DX-Bll, which is deficient
|n éPI EI?(Y@&%HHII II’etIf ents tpggepnstifuti.parhgr; 3ll ofthg godingiregiprsand7: 4216- 20)

cos cel | (CRL 1651
(see G ufﬁar?.?ﬁ‘%gfa‘iﬁ“me@g? el PES I ISP UORY oo ARGE UL 1051)

163), lemxcm@@ct highdlgyelpgnthesis KSBMA sieh hsveammmmng'sproBt«ex(sAﬁd:c CRL 10)

cel | e CVl/ E ce erived fromthe Afr re rmnkey

i dney JON ROl PAPLES ottpins ol lbrkies mhfed o mr {8 gt

10: 2821)frqu|umSQrﬁmestt@xiﬁeémytmm.l FThe DRA afolefes of e BB GH IVBR 29_3,
human 5epi dermal A431 cells, human Col 0205 cells, other transformed prinmate

cell lines,
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normal diploid cells, cell strains derived fromin vitro culture of primary
tissue, primary explants, HL-60, W937, HaK or Jurkat cells. Manmali an
expressi omoabloowss3sBor the production of secreted or sol eoraspabppept i des
whi ch may be recovered fromthe growth nmedium 10Using an appropriate

host - Vech?lrud tl%H%tlh%\éﬁ\%ﬁI\#r ?rsgﬂadgﬁbhéo%ﬁ%s M %IR&HQGQrJo‘?C?HPhﬂP”t ly by

culturlng a rans an expression vector containing the
nucl ei c lengtd glmé maylabs indluddiseqpesee phcadimgetht H\btemndldaslgnaimdquemas al | owi ng
for productiop. Transfo d cells can be. use 0 ter hi gh-yield
pol ypept i de ph Rsdipvention. f{‘%@eprgﬁ'éiﬁs ug! eéfraé’“ﬁné?%f‘{? ‘R?gﬁfﬂ?ﬁ Veect or s t hat
contai n 1bseihand ﬁ&brﬁud’l@éti%ﬁr@ op&a¥§1inkad d Heatieapibich 8X RafIidHA] cassette,
the cells can be a to grow i'n an enriched nedia before they are
swi t Shedregdatoey swpuenes. nedi a, for exanple. The sel ectable marker is designed
to allow growth and recovery of cells that successfully express the
I ntroduced sequences. Resistant clunps of stably transforned cells can be
prol i f er gehlasifddyriucRSHEe st polySetile BB edess. appropriate to the 20 cell

|'i ne enpl oyed. An overview of expression of reconbinant proteins is found
in Met hot&cHRIIBREYHWI. §49T) with spwal segueigel |, D. V., ed., Academic Press
(1990) . atggagtttgggcigeguggsiitssicgdpubtitanghgptgicprgtaigagnracggigaigpitaadnagmeti c
Systlms, gdchastgpeppeigsagt gpicypepgacdggecigagdicigcgaagpupagraggayagrggdigbartbe

‘1 ef ol degttacgoclcapgaticaadgtiBiggcaccpic@i@itcdtgiaphaipygctgtipgclagitgaanrdadiaadd | de
IInkageSatggegaeggaatgagigtggc@b@ggageamc&u gRddittelctétagddopaacbtgBaicahgligag can be
acconpl i ghelathgbetYafoEIHIBEC Pt Ok ug ciRbécgsBpMBedclcd (FE@ID NPuch

met hods 4 nclude or exanple exposing t e sol ubi Il zed pol ypeptide to a pH
usu IIy bove 7 in the presence of a chaotropi c agent. The selection of

chaot rope g\gv gg tghm o used for inclusion body solubilization,
however ¥ %g,ﬂ% P %ggw& i 8'd N a |l r concent aktklg cExerrpl ary
chaot r oph alizgge Clegtdiglsiegpadkificyasyrmssalisl kiegwid

ref ol di r@ﬂ&ﬂc&%tﬁqr@ﬁvx@%&an&mﬁh PeageReytypRPePh(SEQ LANP 1Y agent plus its
oxidized formin ag}pemflc ratio to generate a particular redox potenti al
whi 29 al IvéWREB(E38 W S Hewisheutsignabsequersecur for the formation of cysteine
bri dges. gagerreggtgptenatciactasaat graoiggeagopd gagegoactaadamgayegizgectgedgrgstgagiane,

gl ut at hi ggegdgbapprcadgcpeSigcactgpadgectebigpedodacagdictdpcaddatoghpabgtbdapadgddei ane DIT,
and 2- gepgapiagidanetg kg didgah @otipMuccddigdpanyadcocicag@gactiégagetsol vent

may be g&ggtg@adcﬂétrgG@a‘égaédg@n@efcfda&thBéf%é gétgggl@c&@ggghgtbg@a@mmdcused
e

cosc@yer@a%ag&gédég@(gﬁqmq@) pol yet hyl ene gl'y of “vari ous nol ecul ar
wei ghts,”and arginine. In ad i tion, the pol ypepti des can be synthesized in

sol uti on I 42F Q5 st MaPGSQ &ance wi th conventional techniques.
v ml?%Ei ns f‘% 2 ok d b d
.Sﬁlr dphc& A @gegm@ﬁ Hkifis p@g e A BB G e
ol i

gt
]ép 8 ce Chenmical Co. (1984); Tam et
al .30 Am Chem Soc, 105: 6442, (1983) Merrifield, Science 232:341-347
(1986) ; BACHWBIsdERBIISHHE) Bolymieleqtidstsearance withssignahgequend®i enhof er, eds,
Academ cat@gagttggghigagorggdtiticticgBgctciBinagagateiccagigtgagasacggtimpeatrtacta¢aac Res
30: 705- 78Qaqcigpayctggagegeaccaaccagaccggectggagegetgegaaggegageaggacaageggetgeact
getacgectectggegeaacagetctggeaccatcgagetegtgaagaagggctgctggctagatgacttcaactgetacg
35  ataggcaggagtgtgtggccactgaggagaacceccaggtgtacttctgetgetgtgagggceaacttetgeaacgagege
ticactcatttgccagaggetgggggcccggaagtcacgtacgagecacceeccgacageccecaccggagggggagga
tctgtegagtgeccacegtgeccageaccacctgtggecaggaccgtcagtettectettcceccccaaaacccaaggacacce
ctcatgatctcccggaccectgaggteacgtgegtggtggtggacgtgagecacgaagaccecgaggtecagticaactg
gtacgtggacggcgtggaggtgcataatgccaagacaaagecacgggaggagceagttcaacageacgttecegtgtggtc
40  agcgtcctcaccgttgtgecaccaggactggetgaacggcaaggagtacaagtgcaaggtcetccaacaaaggecteecag
cccccatcgagaaaaccatciccaaaaccaaagggceagecccgagaaccacaggtgtacaccetgeccecatcecggg
aggagatgaccaagaaccaggtcagcectgacctgectggtcaaaggcttctatcccagegacatcgeegtggagtggga
gagcaatgggcagccggagaacaactacaagaccacaccteccatgetggactccgacggcetecttettcctctacagea
agctcaccgtggacaagagcaggtggcageaggggaacgtcettetcatgeteccgtgatgeatgaggcetctgecacaaccac
45  tacacgcagaagagcctctcectgtctcegggtaaa (SEQ ID NO: 7)

svActRIIB-Fc (E28W, S44T) polypeptide sequence with signal sequence
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The pol ypeptides and proteins of the present invention can be purified
according to protein purification techniques are well known to those of
skill in wbeonvis238These techni ques invol ve, at one | evelPCTiuseooon0cks2
fractionation of the pr ot ei naceous 15and non- prot ei naceous fractions.

Havi ng sr%e?gi qQaRL‘; an J&fr@gé égJ 9{[;&3%59 &ﬁméwl cﬁ*ﬁr gggf Lde

or pol yp 9at(3

and el ec kgi or fnvpgvy@cc gnﬁﬂlgg |gsve'cp q gﬁ PPficati on

(or purifi %ev ﬁee atf*afas Bpptpinglevkeor
‘puri i efYS t}s PaYy m@fe@xtlﬁrlqvp kelylgfuprdaay epissnegpepnykgppml
conposi t‘ilﬁgﬂSfﬂiY%l@ gkﬁb‘f%%?ﬂ??%ﬁﬂ@?ﬁ@hﬁébﬁﬂéﬁ%(@@lﬁéﬂ@l $ t he pol ypeptide is
purified to any degree relative to its naturally-obtainable state. A
puri f i edswetRBBdid @28WheddTp pelyahdeotidef sequerico vathpot sigephtseqlentdat is free
f r om t hegagavicggiggescatciantaskioghcdattogaapdigdage gdat saaocapuccggbapgigiptigcgaapuri f i ed”
will refgcgagraggmhgqggaﬁgcmgamastﬁgg@gtaa&gttctg@@a&ﬁ aédi&’gt sdgatgdee
f r aco ontg&ﬂggaa AgACRIIBACE YAghREBcaRLh gcig%gy&sam § aa@ c@a & tion

25subst %1 Eé/acft@t%@éd& agdoBtt&atRia 5 ? QE&CE he term

e %gﬁ AR il et
&P &cg (?ch o acc&c 5t g gﬁcg §§?ﬁ§g% % about

60 ty absat gi‘ﬁ“f%a%%%%% °°§‘b€a@ BTGB t he

pr ot I5i nsage W%@C%S?Fﬁgg?ﬁtg@ﬁtcam?aﬁﬁgngt%%ﬁ? %@g%tﬁﬁcgg?aé‘g%%ta‘ﬁ’ég in

puri fi caFgF*B‘lggwqcPa%éagﬂéFtlcc%ﬂé%’?c%tég%MC%FtCWchamg@ﬁ%cﬁﬁi%agWége

i ncl ude, capgigtasensfaceccepiceed ggh ggatiatEacragincargaeAgaeteactgristgetcaamENctictant i bodi es

(i m*runoﬁﬁ@?gmapaﬂcg@g)g@mggngb:itdtgggwagmgghwataa&eacaagmeachwccchtgctggmd by

cent ri f ugerdgacggctechicttorkitagg equgytcseogiggasaghpdagigtopcaduaggmiaacytayatgdee ot ei n- A

col @ns)cgtgangrapaghetigeacagachachdgeagaagiigccticpdcetgt@cdipgtaa (SHQMDAVOappt i t e,

hydr ophobi ¢ interacti on chromatography, isoelectric focusing, gel

el ECtromfcﬁﬁllIBché(EQ8V\D'$hh1F?tpbB%l§ Qde geaséfcetv@a{w RS- seQfericd genera' ly

EE?Y\?I l:rkt ahwelektn t%let?@é %ﬂ géé Q%imi eRI'icg w fn% H:&?E\;Eﬁ&%ﬁ V?: ggus
SOFP g& egpsvﬂﬁg %15

T o egggﬁﬁ T R

provi de yps a"ewe\% ¥Ying the

degree cﬂ‘gnﬁ@F?Wémw;g?lS]ﬁBgl&@& Flaé\l%iq) be known to those of skill in

the art in light of the present disclosure. These include, for exanple,

det er ni rﬂvﬁgtﬂlﬁ%@%ﬁéél%ﬂa'?b\ﬂﬁtﬁlgrgﬂ seqven¢g y of an active fraction, or 10
asse8si miggagttzgeeigageigdatiteptcpitectatttapgdgetaptagtisgagatin ggtwtg‘cawctanaadoy

SDS/ PAGEEcaaraitggzsctgghgpg@icenaceaaneddeot el qpc s gepgt gupchficpapcipstgeict a

pol ypeptgedegéatatidogtadcagdi@ggedccatt gdgetdgtiafdapdbifctaséthyitiactehactgt@adgr act i on,
t 0 conpaifygtigdadtetfigedehtdhgith @é‘cfcbé@aégtgﬁgcttét@@tgb@édg@hca‘%ﬁ&@@e{ac % cto thus
cal cul atiRatbRe&a %c%@&dcé@&%&da@@t&&% g@c&%é esent (?Ee

pur izki catyhon nunber e actual” unft tore anmount of
bi nding 1 act ivity will, of course, be dependent upon the particul ar assay
t echni q%g g“ J; Qlurlflcatlon and whet her or not the
t e
pol ypept ¢ lswvﬂ G ﬁé@éﬁkﬁfﬁé&%@%ﬁ%&%& B S SS A S Kot ddfnc

ydrqecvateenpqufcccegnfcnerfthlpeaggpevtyeppptapt (SEQ ID NO: 12)
40

svActRIIB (E28Y,S44T) without signal sequence

gagacacggtactgcatctactacaacgccaactgggagetggagegeaccaaccagacecggectggagegetgegaa
ggcgagcaggacaageggcetgeactgetacgectectggegeaacagcetetggeaccatcgagetegtgaagaaggge
tgctggctagatgacticaactgetacgataggeaggagtgtgtggecactgaggagaacceccaggtgtacttetgetget

45  gtgagggcaactictgeaacgagegcttcactcatttgecagaggetgggggeccggaagtcacgtacgagecacecee
gacagcccccace (SEQ ID NO: 13)

svACtRIIB (E28Y,S44T) without signal sequence

etryciyynanwelertnqtglercegeqdkrlhcyaswrnssgtielvkkgewlddfncydrgecvateenpqvyfc
50  ccegnfcnerfthlpeaggpevtyeppptapt (SEQ ID NO: 14)

20



Stabilized activin type JIB polypeptides bind to |igands that activate
nuscl e- degradati on cascades. svActRIIB pol ypeptides capable of binding and
i nhi bi ti ngotzhm/@ezesti vity of the |igands activin A nmyoPCAUSAG9IANESDY

GDF- 11, and have the ability to treat diseases that involve nuscle atrophy,

as weII as the treatment of certain cancers, and ot her diseases. The
Exanpl es b o rtJes for svActRI| ol ypepti des and

pr ot ei ns @ézgmgﬁgxigﬁ’@ lidfaa?qugngg é}gnﬁEﬁep 3‘%‘% whi | e

retai ni n§ [Fagrtegetittrctaet SC tpagagsteieragiets ﬁ%éﬁ%&t?“ﬁgcaé“é?"rt%aﬁcA or

GDF- 11 .gpcawt&g&aeetgaéecg (ACCABECAGROCREELGAEE S SReARECAR g BAGRRGBRFIEpACt Thes e
properti &aqgéetemgg¢g@‘amgt:@tgwa%ﬁ@gmﬂtwwgmcm@gn@gammgctacg
manuf act apgdshggagyetpigececigagagancacocaggtatactistactdvt ggagnpepiotictgcastghgdyodi es
30The préserattignvagaggaggdggctdmpnagtoaigtad gagcandccbadi SR codvacdpghp sk ghoga
stabil i chgtdgag@bbcﬁcaggy@ﬁ@éacdﬁtﬁ:tgtggvagg%bgt@agtb@c&cttdaaéccﬁmﬁéJaia chee bind to
the svAcébit eBct@@dg\gQ@m:t ggtc&fgtgdg@gg@gg& %gég&% dddBecclBa {g][‘ thf

I ni y

termg' Spﬁﬁé tg cata8t %a%gﬁ&a g‘
ggﬂn fg; é gg%&%&%&ﬁ B ét{%%g gﬁél ﬁa%gé i%?tﬁ:c Pilnﬁ? gin,
S egag 4 $ Fatc 2Pow and

ant i bod| es

Lane (e 5§g "fd&a Fl?cﬁl g%égacﬁgggtggtc%afggg atc%ﬁz?gc ﬁ@g?‘i‘gﬁ%‘ia fbodi es
(see, BaACEGRagAGEacaggcosalepiERactacaRgsepqaictigcteiaeastag  and
4, 419, 9%ctca?fcgtwaﬂag?@gtwgwase@cgtAﬂm{gW%aeg%gmcmwe@pw

Anal ysi stacaspragsagagoeistsscieiciongagiaaa (HHQ P NQind)Becht ol (eds.) (1980)). As
used herein, the term"anti body" also refers to a fragnent of an anti body
such as @@aﬂ}HBFf(ce(lﬁ?2)3Y, B¢4D) pdlypeptide bajuencedwith sighel sehaéneeant i bodi es whi ch
ar e pr oduefgtbvlvakpeqbitnaitynbiNielegaduplettegsqdir leyasnaydpaitivikk gewidagie cal

f'\\_

cl eapageydvfiecvateayqvaiicb&adéRstthpog ohevtiepppiiptdd¥vecpp&hp Qi@'ﬁﬂ k

bi speci fpl&ltlﬁﬁsrﬁi Wd@ﬂ@d ea« fn! ee%»hnm e&ﬁletf%s@'i&dhgh%l hyb“ d
b1 ndi ng. oy R AP IR U wléﬂ vglteavls ém SpAnb gb{; erent
nmet hods clfgncfﬁgﬁll ngléfw@ on o?vr}hh% %é ' fragnents. (See
Songsivilai et al, din. Immnol 79 315 321 (1990), Kostelny etal.

J.  [2smurseAciRISB I&4E28§5S441)%929ﬁucle6ﬁdélWcﬁ@r@itlﬁbd‘c@%nh%e‘?ﬁhel@d%t' body" al s0
refers tgag@éucggamgcaaabub adtb@dagtig cé&faa&@ gh&y dpFgégliphaan
const antgaapid %aéé%&@%c‘éﬁ%g@&@&

vari abl § g@t@% Yackt E%, %ﬁga&:gi%“%é& i%ﬁ: o

exanpl e, P
Ant 100 %*’ Lehibolhests gt% speigy t%%%%%%gigﬁggﬁ dppagioaceits | s
Pat .”"No.® éﬁ%ccggc;ggg%%gg&ég 7 § Ccc?r‘f $56HEsacq BRARFeL i bodi es,
and 20 &5IHCREPeAaaRCEAREERRACHICR BRI RRAECoSIgAREICAC BT RIGHIEEIgEaCI#aRqE geni ¢
ani mal @Gﬁ‘l‘a&ﬁ?ﬁcﬁ g;wgg? ?ﬁgSWC%‘gg%%éC%F&W%@ﬁafﬁfﬂwaﬁﬁWﬁé‘?ﬁ‘igg@?@ﬂes but
def i ci erfBC3ICARAL tRetglealcagcetriragegitatgcanengicherdeigaargecangpadineag f
produci rigcdaggiaiscancaidpgaiteccagecrecatégagasaacaitteqaahdardangggtagecccgapiadcaa e
Ge nébi crag@ghd@sctiBcdctNeI)gggagghghtgdecaladaetdggagcGgadfyct P caadgpeticar m

"ant i bodt@afcgataogdcatygugieggapgtaatgsicagrpidaachiaeticaspacéacht @bhatgotgpar conpl ex
250f pr Qi@g@gﬁwehctﬁfetdmgéaigﬂfeﬁdc@ggaéda@@giaggt gBdiagsdant AHE@ityAb&c
ant i bodicggatgcAphiRActb@aa@as@cdd3Eaga g‘égcétmaccﬂg&%twgégiaﬁa éSEQtIBGNSSU) The

anti bodi es agai nst sv ActRI I B pol ypeptides can be used, for exanple, to

| denpi f %y ARRIAFR LD Y ES AT PeRiddsebidd R ARt ng}%l %quence

etryciyynanwelertnqtglercegeqdkrlhcyaswrnssgtielvkkgcwlddfncydrgecvateenpqvyfc

ccegnfcnerfthlpeaggpevtyeppptaptggggsvecppepappvagpsvilfppkpkdtimisrtpevtcvvvd

vshedpevqfnwyvdgvevhnaktkpreeqfnstfrvvsvitvvhqdwlngkeykckvsnkglpapiektisktkg

gprepqvytlppsreemtknqvsltclvkgfypsdiavewesngqpennykttppmldsdgsfflyskltvdksrwq
45  qgnvfscsvmhealhnhytqkslslspgk (SEQ ID NO: 18)

In another aspect of the present invention, expression vectors containing the

nucleic acid molecules and polynucleotides of the present invention are also provided,
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Al so included are polyclonal antibodies fromany mammal, for exanple
30nouse and rat antibodies, and rabbit antibodies, that bind specifically
to the swhotRioB2338! ypepti des descri bed herein. Sech/mneooboctses find
use as research tools and in quantitative assays for detecting and assayi ng

the pol YA Js@@ls%&ﬁ?gﬂﬁ@@'x«ﬂﬁ%ﬁ&ﬁve&bﬁ ha:ﬂ%%}tﬁ(%’é c@}d@@éﬁﬁg usi ng met hods

descri be ove an nown in the art. ar na nposi tions
Phar mac esstActRIIBgoigpepiidésans also ptaiidddn gl Heherns VeépiréskioB vettot etefiers anal

pol ypeptides. of the present invention are also, provided. Such conpositions
conpr i seplg%{n‘fihﬁlﬂa&ﬁeﬂgfséﬁl"leﬁt% OrpﬁxBEﬁWPﬁétppg'é’FPS‘fP PRARVYULROUAE of t he

POl yPepticdferRE. Micliofd for i AHNMKIOH'SE i SIMRRADIBIARDIEA ol P! aDI ©

mat eri al s,” and physi ol ogi cally acceptable for on materials. The

phar rfac emiriimain ssqngss tdquiredrfyr veotor arapagatramAndtfpoexpressioni fltke £lonedrodi f yi ng,

mai nt ai ni_ng, o reservin for exanple, the snolarity, viscqgsity,

Thar oy e ohn BERRiGH tior Sty BhrfnsclipRo i upB R liink iy afteh ety

di ssol utfqm) #kenctie ele@h@R oL elcARERHAVINGR &%ulﬁ@)?ﬁdlé‘ld QéheQ&FiEe@ﬁoﬁ,%po_Si tion.
Suitable formulation materials include, but are not limted to, am no acids

(such asexgmpds, Reomefeistodgnhancerss Faragghwce thagierdades syA¢tREEne) :

anti m cropj . tid QXJ . . i C id diumsulfite or
o um o vaade SO EART b NGRS i3 TR A BT Ry BE R 71 P e,
Ci t ri@ esandpBpappreprixe traddeeiption atationetidderminitidnkieq@errg&nThesesuch as

manni tol or glycine), 15chelating agents (such as .ethyl enedi am ne

t et r aaceteArenses may bpsthey yncludgmscdsatiog masker & ectaye puitabletor pxprgesion in

ol yvi MY EdiRlah RAgiy APHAREYEHIHENIIED o8l (BLARVRL ARLIDP I e odextri n)

fillers; nonosaccharides; disacc ydrates (such as

gl ucose, vertimnuseg stendalé x¢coimbénant PNA &chsiqsucSuchses@rucanahtlude n, gel atin or
i mmunogl obulins):. caloring; flavoring and diluting_.agents; epulsifying
agent s; Pzemﬂ_kﬁaﬁ @Bﬁ& C%ﬁg} sarediig Eﬁﬁeﬁs’a&_g SERUNACIRFY ffyrglﬁwras%&n, S ow _

mol qaul afy AVER B (hoBPeiRRtih %?éte@ flinah OF MiRE1 QN LGT &AF14rS E&Predsio 0di um) ;
preservatives (such as benzalkonium chloride, benzoic acid, salicylic acid,
t hi mer oswctor gwigabde foy lexpriessiv f svret RUBpa thetrd»SRp (desgtiped mb®® chl or hexi di ne,

o yool o RS R IRE RSt by lnrRP) AR S St B A R,

sor bi t ol polyraikpedes, Bgwalanhty addifibit kaidble Wcto¥e khbWwe iRgRMrcor( SUCh as
pl uronics, PEG, sorbitan esters, polysorbates such as pol ysorbate 20,
pol ysor ifiepe1tsd belaw.t on, tromet ham ne, lecithin, cholesterol, tyl oxapal ) ;

R g e
manni t ol A samdsy bbiher ebgiressemyhose kystdnesmapBe diilizeeint Bhese xytgmeintkidand/ or
phar mac ebl{ltt iarcearlot ﬁglit%g%cr)] Ensléro Sg%msgl ts(ljlc I gs bparg:?ernr;atga%g oin%%li with recombinant
bacteriophage, plasmid or cosmid DNA expression vectors; yeast transformed with
yeast expression vectors; insect cell systems infected with virus expression vectors
25 (e.g., baculovirus); plant cell systems transfected with virus expression vectors (e.g.,
cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV) or transformed with
bacterial expression vectors (e.g., Ti or pBR322 plasmid); or animal cell systems.
Mammalian cells useful in recombinant protein production include but are not limited
to VERO cells, HeLa cells, Chinese hamster ovary (CHO) cell lines, or their
30  derivatives such as Veggie CHO and related cell lines which grow in serum-free
media (see Rasmussen et al., 1998, Cytotechnology 28:31) or CHO strain DX-B11,
which is deficient in DHFR (see Urlaub et al., 1980, Proc. Natl. Acad. Sci. USA
77:4216-20) COS cells such as the COS-7 line of monkey kidney cells (ATCC CRL

1651) (see Gluzman et al., 1981, Cell 23:175), W138, BHK, HepG2, 3T3 (ATCC
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Sci ences, 18th Edition, AR GCennaro, ed., Mck Publishing Conpany, 1990).
The opti mal pharmaceutical conposition will be determ ned by one skilled in
the art dependioegsapon, for exanple, the intended routepofi/usdononiesz ati on,
delivery format, and desired dosage. See for exanple, Rem ngton's

Phar nacegdtj @@T’]e o] | 1A it he

physi cal ég'!“ glt% g) stég;lﬁﬁ ?F}’/?‘%Bg’?%cgﬁ{sr?a vg@gﬁér’glgzzcg@?n%ﬁr(é'mgﬁn Vi vo

cl ear ancH))etll lines, plod QWemBmla.ceHO'rnleeb&ﬁilvrw ﬁomstlhé t%b&:aelf grem)mshkéﬂ{iarlxeyay be

wat er for .injection hysi ol ogi cal saline so]ution for parentera

adm ni stlIMsEY EERTCE ¢ ohio) e Main o af r 1991, ENMEO gnlF a8t i ca

ConpoSi t il EbryEnieiiddily BAYIERNSs 903 YT PBINARHVER 298! Hirfian FOT exampl e, a

suitabl e vehicle or carrier y be water for 1njection, physiological

sal i e sefideringhAd31 egltsi hirnamCobo206 loelds piheatrafdfomaed primate loel liseypl enent ed

wi th ot her eri.al s, co n.in,co sitions fo arenteral, adm ni stration.
Neut r al %95?‘5@15‘8&01@8‘?5%8@%%% ﬁlqﬁg’gﬁ%?@?:ilwlfrﬂ cgé\“%rﬂfﬂw HS¥Fe 10 further
exenpl arprinigiyiespRits, ALY, (BRGTHLRIOF JRAAT SAIGE WidhAkhliSPERRSsldnAIRwWOTPr i se
Tris buffers, or acetate buffers, which may further include sorbitol or a
sui t abl efos thsqarpdugtien phegceestd or spleble pelyipeptides vhidf mayibe pecoyensd fiamvent i on,
conposi t.i repared for storage by m xing the sel ected conposition
havi ng tthgg(?fevglﬁ)r{%%ﬁgggree of purity with optional fornulation agents
(Rentiongt on' s B¥iag anapproprigte hSsi-wRreR Systdbss@RIIB IR ptidegnaref a | yophilized
cake or an_aqueous solution. Further, the therapeutic conposition may be

f or mul atREadussd seqopipantly byt @iltysng g hapined frangiosmed wiithi aarfxgressien as sucr ose.
The for i . i j i ] . npl e, by
nhal ot ae ok R SR Byl AR SeclloB o B ety BRI (AT, P o
is 20 conoennd for pdoductien.t Femafoemtd celtsarpdsiusédfis 16my-tenschigh-yidlds i nventi on
may be in the.formof.a pyrogen-free, parenteral|y acceptabl e agueous

sol ut i orPoém?BPfi%PW&qué" o(é‘_%‘iergsé‘gh ﬁﬂf%%ﬁﬁl gropedl ‘é(‘t%ﬁa‘it%?é Fheegiafn vy

accapt ableRciBY mhRersAs R dsGHE Bédindd Spledhb et ik Jefl cRRPEMISHA

injection is sterile distilled water 1n which a polypeptide i's fornulated
as a st dpigray in anewithed swidia bedore theyowe sitchrdtoseleetive Mediaafoot her

pr epar at j 5 NV e the fornul atjon of the desired nol.ecule with an
agent , sétfgﬁ’p ges cﬁ% Sggef: %%T/eem?ﬁkgrr 185(%?}5?%%{,0 Py’ %r%@? B‘chreﬁg}“ir?'(ﬁ’f@é,&ls pol yneric
conpoundhat(spedegsfally exprass the imMAIdyedd/seglibrceRCREJistaReRGps Of sthblposones, that
provides for the controlled or sustained rel ease of tﬁe product whi ch may

t hen be tHesiopaed aelis can e papliferaiesd wsing dysue pyltire teshhisuge appropjatatsthiebe used,
and >hhi 3 e Aef . of ] i ned rat.i on..i,n 30t he
cir ézgl aﬁewe%ﬁﬁzo Q'u@a%‘{%g\;lﬁgé)rgg&?%%érﬂgfnl%gﬁlgfé%%tl?rg{ﬁél%fls ?%uél ddrelsi red
mol ecul eMethodvuafeEnayplodogyalk] B850 Qegddid], iDrET, \eddedad@sic Frossanoddyer aspect,

phar maceut i ca[I formul ati ogs suitable for injectable
n some cases, such as in expression using procaryotic systems, the expressed

=1

polypeptides of this invention may need to be “refolded” and oxidized into a proper
tertiary structure and disulfide linkages generated in order to be biologically active.

25  Refolding can be accomplished using a number of procedures well known in the art.
Such methods include, for example, exposing the solubilized polypeptide to a pH
usually above 7 in the presence of a chaotropic agent. The selection of chaotrope is
similar to the choices used for inclusion body solubilization, however a chaotrope is
typically used at a lower concentration. Exemplary chaotropic agents are guanidine

30  andurea. In most cases, the refolding/oxidation solution will also contain a reducing
agent plus its oxidized form in a specific ratio to generate a particular redox potential
which allows for disulfide shuffling to occur for the formation of cysteine bridges.
Some commonly used redox couples include cysteine/cystamine,

glutathione/dithiobisGSH, cupric chloride, dithiothreitol DTT/dithiane DTT, and 2-
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adm ni stration may be fornul ated i n aqueous solutions, preferably in

physi ol ogi cally conpati bl e buffers such as Hanks' solution, R nger's

sol uti on,woromssisel ogi cal |y buffered saline. Aqueous i RCEAS2@9/0862SPENSI ONS
may contain substances that increase the viscosity of the suspension, such
8 SOt Uk RALBARTE (BVtE) KL ORE 1n SO ihGhncel's AEXLAR A 1021 Y.
suspensi ons the active conpounds nmay be prepafed as appropriate oily

i nj ect i oinceaspheasffaiecy Stitheadefadding p Qohirhdndy asddvierblsents ivdidecgleserolncl ude
Sfatty oils, such as sesane oil, or synthetic fatty acid esters, such as

et hyl oI@%\Y"é},‘;lF‘?fi @Vﬁ}@@&i"%%‘,‘s @PICFPI;%%’S 5, %ﬁgml?ﬁ-d pol ycat i oni c ani no
polymers may g@l-@itRs Hr%%l}t&f)ti&'@sldaﬁ%@%ynt%ikéarmlsbbﬁ’tioht&?oﬁ'd%gﬁ{il.s' on may also
contain suitable stabilizers or agents’to I ncrease the solubility of the
conpdundsippert imddcowlahor witheopventianattedmiqieshVghbys ausometid syattkasizeod ut i ons.

I n anot her enbodi.nent, .a pharmaceuti cal conpositi. 10 may, be, fornul at ed
for i nhaarrgf?lgﬁ{erﬁl?r\iﬁ'a?vﬂl%lﬁ.aggICE? 53H§edrfﬁ)?c T %Pcﬁé"’lgb | P‘é&o‘\ﬂ}st h a

propel | agde, fRlexafpRSSlewdft! dnMeY dling] SolkEPhAE Pepiede SYHIRAITBAE]., $Rétd | ONs may
be nebulized. Pul nonary admnistration is further described in PCT

Appl i catPleamisg). CepCrIscharn el azd, Amiiheim Ses d 05 19442,1UP%bnMeyrifiddi very of

chem cal hEi I NSk 151t |s, al nt | at t hat, certain
f or mul at%%‘{sw%%%%g'%m%@t%?%{iy %%ﬁe?‘ﬁaﬂi%@%%%ﬁ%@ﬁ%% t he present
i Nnvelot i oveiehdfer; kg A dablamicPresMEWY sk 1 ©84 Bafahiy 3t 4139hi PPefPidtdif

formul ated with or without those carriers customarily used in the
corrpounoR‘?fgWhao%gﬁ?&ll%géage forms such as tablets and capsul es. For

exanple, a Caﬂ%ﬂ aﬂéﬁo}l IV tion of the
formul ation at t ogyé%lyl ﬁ?sel n B%ﬁgq)gfg%é%%eﬁl@&elhﬁg r%ec r\i}ﬁggn

bi oavai |a&bondirtgytoipsotemngurnificedomtedhiteessys tvettikniodago adat iobskilldn shendartri zed.
Addi ti onal agent.s can he included to facgilitate absorption of the

t her apelr}ﬁfeé?%ﬁ ﬂﬁ?séf‘v‘%v?’u?éﬁflg,evﬂ’ él_QFo‘frPﬁgth‘?Ct}%Wl%P ‘ihﬁé’_r?f_ﬁinﬁ?eq}déx_es,
veggtsabl a%d%hsprotbuﬁ&é&@rﬁta%ﬁo@m 8o AGRNhS Ipﬁ%tg(%l t flyslipsited £mAt i ng

agents, and bi'nders nmay al so be enpfoyed. Pha Ical conpositions for
oral admthirpretamsche peptidsl arpolypeptdoohinteatse darus figthehpunfickusingal | y

accept abl rrief.s I nown . n the art in.dosages, suitable for oral

adni ni stcrhg?rlg%ﬂ.émg}ﬁlg ﬁ\rl\@glrelgh@o@orghca‘iﬂ:}énlﬂ‘heé tﬁﬁgl?l%ec%%gf‘lc(glcow Bsitions to be
f or mul atmesifieatidrafor ptsficdlion! ,hodfogaeee@?. TRPferneSsoldtbdlpblypeptlRl ©r SYr ups,
slurries, s,ug(i)ensi ons, and the like, for ingestion by the patient.

Phar maceRRiied polypeniidst porsedrhereinyigintended do referetodimompasitionhiselaggble ombi ni ng

30 tiwv it h J [We]] o i I t ant
30 26 W RQIRPHIA SO RSk RN R: BT RLASE R, bR ERY Lo
dr agee dormuralSuobtaimableatnte.l Aguried palypbptidedtiedfore falsdasfereid.a Sui t abl e
exci pients include carbghydrate or protein fillers, such as sugars,
i ncl udi m@?xpsevé%gﬁt ‘§%’E§‘F%§é‘?ﬂ??a‘?’i‘?ﬂrf’6m?mdﬂd" ¢t ¥imay natwrally e¢CUy om cor n,
wheat, rG&GRrallROtfirFied® il ot ; cel | ul ose,
hydr oxypr opﬁ_ﬁet%l l-ecel Ilul %lggfopioﬁag%e&)it@%é%&k g%ﬁ%eﬁtéﬁg?%eﬁf‘%ge dgum;,
i ncl udi rig fragtédriation triremayvgareeinthothemebmpanerisyand which campgstiati n and

nt eqr,at,i n. Llizjn be added,

col Lhagen,. . LI desired. .disi or_.solu agents ma

suc ?gas *t Rséarg}'aglg SEPNY I%téﬁxf)r&ﬁ? ibr’ﬁ)Pg %achVﬁ%lowé’,er @ﬁg?"’gn%‘tbéﬁaﬁ?%iyc_ acid or a

sal t t hgyueiied” Buesd, alsis e pntionl il Iafed to  PEREROr PRIYPpHEY cpdsdtesh inn

conjunction wth suitable coatings, such as
which the polypeptide or peptide forms the major component of the composition, such
as constituting about 50 %, about 60 %, about 70 %, about 80 %, about 85 %, or
about 90 % or more of the proteins in the composition.

30 Various techniques suitable for use in purification will be well known to those

of skill in the art. These include, for example, precipitation with ammonium sulphate,
PEG, antibodies (immunoprecipitation) and the like or by heat denaturation, followed
by centrifugation; chromatography such as affinity chromatography (Protein-A

columns), ion exchange, gel filtration, reverse phase, hydroxylapatite, hydrophobic
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concentrat ed sugar solutions, which may al so contain gum arabic, talc,

pol yvi nyl pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium
di oxi de, weequarx2mael uti ons, and suitabl e organi c sol venPsTars2@0l0vent

m xtures. Dyestuffs or pignents may be added to the tablets or dragee
coat i ngs:. product i i ftication.or .10t haracterize the quantity of
active c‘8t§§%°6"§8 ,cg%jqué?t{)grggﬁgaéseqe Eetnit foc X ﬁgkéﬁﬁfocpgpreﬁ}seﬁ% ations that can
be used ensllihationk 90 tHeBEtedBRiqRess NS istges@aBY keswirhrte att, B Bdlicved @t Wel | as
soft, seal ed capsul es made of gelatin and a coating, such as glycerol or
sor bi t ol the pgdsk of pendughiag thesvagighs pyHicatian s€ps 18y ibs gg@weén@rsthﬁﬁ Geglging t h

fillers QEodhRIG SmikChh il RGIPRE QlicaBle GRS for P pleSARiGn oPHCh a5 talc
or 15magnesi um stearatée, and, optionally, stabilizers.*Tn §of capsul es,

t he d&ct i substantigdlyunaiedgypljpepdds sktengslagrpusificpiordstelps are providdd ia the qui ds,
such as ]fé)?t t;}i o]i3 Ils, liquid, or liquid polyethylene glycol with or wthout
st abi | i zef®IPS b€OWaddi ti onal pharnaceutical conpositions will be evident
to those skilVgfoisinétisdsaot quarﬁffyiugltmw;g%er@mﬁﬁifﬁaﬁoﬂ S lIyhpEdRiNpept i des
in sustained- or controlled-delivery 20formul’ati ons. Techni ques for

f or mul at bekpoavnitartheseyof skillonitke art irskiglitoé the peseobdiselobured Thessl incledg, neans,

such as }liposo rri.ers,. bio-erodible mcroparticles qr porous beads and
depot i nﬁloég’ﬁjgﬂg’,&gerrgn%flg@wg lcﬁbémﬁﬂ%g‘g}vé%q?la&?q%e ﬁ'ﬁ%t‘oé‘r Pf See for
exan ezas%ghgﬁ%é&m%fbbﬁidedﬁ%y BaAECHthingl fradionyeASS/PAGIDOT OUS
polynmeric mcroparticles for the delivery of pharmaceutical conpositions.
Addi t i oraialysisafppieteresd method foreagsessing ithe paie oga ephlypeptidenfsadtionlisitie

sem per I J.C i o) f ed.article g. filns,
or ' or oenude BR'0iThe TLILHnt Bl |¥dhale RIS RbE Befin Bt 0.

hydr ogel the inptidlydxaact] alebto(thhisScalGilaté SheSde@reckd? fubifid&tion, hemohyseBes boh

Lgl utam g ? id. and ganm% ethyl -L-glutamate (Sidman et al., Biaopolymers,

22: 547- 558 ‘% PYaGatiog Hugnben %WW Used O EPFSAeRt By amoyRtefbiading) | g

Bi ond. : 3 : = ”»

Tean®. 12205 ST souiO % depfndchlupde 8 bl 45y eriloue iSR0  y o,
pol y- D( -fpligwhhelpwxfidativy and whethdr ¢15Rt 1B3SpAgRptidSus peptitecexhdlimas e
conposition | so.include |iposones, which can be prepared by any of

sever al #@%C??&E%ﬁRﬂWCﬁw%f-he art. See e.g., Eppstein et al., PNAS (USA),
82: 3688 (198Btabilife Bt iPiypERBHo10F&tidEPbikd 3o Bfshds tHitacRhAL MRcENL i cal
conposition to be used for in vivo adm nistratron typically nust be

st eri | e.degridatiomeaspedesc vhpRilBhpelypeptides eanableo binding gid inhahitingthei | t rat i on
me anes..:. ] 0 ki IS L sterili,zati.on using this
ot 00 gy M SE B AR ECRBPR Ay Bt KR8 SEAF LRGSR AT on and

r econst ittdat diseasesTthat inwolvpasuscletitrophy, 3avdlnisahé tre@eiiBnhbSédradin ey be
stored in |yophilized formor in solution. In addition, parenteral
conposi tAgHGEEREF1 y are placed into a container having a sterile access

port, for exafglmEy [ | - ' v | NQ:8.St opper
pi erceabl e by a hyaggggérﬁngl%\@;éﬁf\gg? Pgﬁ%ﬁég@{ég% Olg%/pf‘%%ilgﬁgo\r{%ggﬁcal
conposi tandpréteiss bawng ther aminataed, substitnignsudesaitmxddatréin, Whidd etaihimgvthal s as a
sol uti on, ..suspensi on, gel.. emnul sion, solid, a dehydrated or |yophilized
powéfgr. a@&@ﬁ&ﬁpﬁﬁpﬁpp@@iw Oﬁétlgt HHP 25 ?’h_@bFl‘H & PEHlgaIBY S formor in
adf orm E\@el?z_is, relat@RB in ¥i%680tivi§d Uiebd Srop&iied adshif 1 pReiRE &Rl pdl9peptides
adm ni stration.

having improved manufacturability in comparison to other soluble receptors.

Antibodies

30 The present invention further includes antibodies which bind to stabilized
ActRIIB polypeptides, including those that specifically bind to the svActRIIB
polypeptides of the present invention. As used herein the term “specifically binds”
refers to antibodies having a binding affinity (K,) for svActRIIB polypeptides of 10°

M or greater. As used herein, the term “antibody” refers to intact antibodies
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In a specific enbodi ment, the present invention is directed to kits for
produci ng a single-dose adm nistration unit. The kits may each contain both
a first NMsoanteezsss having a dried protein and a secondPconiSalmmoe2iavi ng an
aqueous formulation. Also included within the scope of this invention are

kits contai pi: ' Lz %a&aﬁp =Ll [ g.,
liquid sénf%?‘{#é’gpﬁﬁ‘g%@&ggg?%ge@%e n'e zégﬁ%goéi%réﬁu‘ﬁ?“ ag%‘{lrag&gﬁ%}n(n‘%%euti cal
conposi t Haflotvanb é.aaedde), €tbid Seriag Elatbor Présy, (1088)),dmdenshociaaral exanpl e, upon
the therapeutjc con%ext and objectives. inthe art wll

eut | 2 kil] ed
appr eci ati@‘lioﬁ% (te5etos sprmple; Bt P&EF%’&BI@S~I%€§£§ 1? 0‘1”992?’@]4{’ r‘i‘_esrf‘tlﬁ% G hus vary
dependi ng4 !,@9?,3{nH1Mbmﬁbr¥ali‘%élﬁB%>ﬁ%‘.| & 8l D}fﬁgﬁ%n fnrﬁio!d'gq'éa‘fﬂdg%isf or which

t he pol ypeptide 1's being used, e route o m ni strati on, the size
(body5 wePlhtin Rresty Ksomeftia Mckearm agghBeditalgpdand 98ondiAsivesed herhm, 8ge and

| It h), of .t tient. A ingly, the clipjci titer th
dosage. anitranta; S BRtSa raiiionnd frdtiadk SetbeBell L e opt i mat |
therapeUF(a%’)‘/?,flf\@%;anﬁsldg‘Pé Ei¥din HRFRARsFRYCE ARGRodULIbS RS MEIndTIINA to up to

about 100 ny/ kg or nore, depending on the factors nentioned above.

Pol ypept tedbnigeessas dytenasymatimgr genpea ickaasgeofjinjaetansidodies.alih¢ terat er ed

i ntravenpus , -acting pharmceutical .coppositions may be.adm ni stered
every  nrabepdy rARPrRES 100 BTG BEG oG Bny SATRRR SN AR g B " £
30l'i fee ahgbrid &aibady Baviag eweHiffdrenthanty/Bghtahain@aiihad b diffdrentbigdngncy of
dosing will depend upaon the pharnmacokinetic paranmeters of the pol ypeptide

in the f&tssuBiinceihicgatbodigseanchy produced by oessicty frmethodgimendin nyntil a
dosage i . i i g hg: sition may

t her ef orgf E)’e agﬁﬁ?\%?@%@%%ggxgsfgér%gﬁingse?%%so@&gg Frh%l-tle}ol ‘e doses (at the
sane or bnmhbsesleR®:3tHA2E 1IN0, Koséldp staled) Innverol 1148H 54341583 (19929pnt i nuous
infusion. Further refi.nement qf the i ate dosage js routinely nade.

Appropri ate dfSHFEhGIEY thptermc @p}ﬂgﬁ%ggpsw{g{%ﬁgtﬁ chuer andibodiss, that s,
dosery espaidaicd Ahfing AheanladWoRst@ht AUBLAY fhmahddtbiRldokiat ARMIEREE! cal

conposition is in accord 5w th known nethods,” e.g. orally, through
i nj ect i oor yrei nonrhaeanorsiablerantibpdy immneeglobindomacs oe fraginents thereof

(i ntra-parenchymnal I ptacer.ebr i cul.ag, i.ntr ~ I ntra-ocular,
it aar {BFEAP SRER P B S S PREn PR P STt oy

i ntrat hegatibodid d180/@fdr§ to-tudianitdd2 ARGIBIIRY (secS FhEkbAMPRIUES. it. No.

i ntraperitoneal; intranasal, enteral, topical, sublingual,

ur et hr al ?’.8%@66%@(?\5”&\/\/8%/21@3&)’ ménihedien(WE 24/0381d matibedies. Bodsyst ens or by
L S BARE RS0 WS i Sy SOTRBSAALA S SN 517 20
Al t er nat proporyioarof debdiumamnaitibpdy preeucioppesds bun deficigntia thepiodusicared | ocal |y
via inpl gnn ogérilo%rs] agtfiboadiense arpe) E:gpna le gfp porgglﬁ:’ingo }gurgf?r? grbtiei)rod?eg %e%%ciraeg(gmgﬁi erial on
to which
Mendez et al., Nature Genetics 15:146-156 (1997), and U.S. Patent No. 6,300,129).
The term “antibodies” also includes multimeric antibodies, or a higher order complex
25  of proteins such as heterdimeric antibodies, and anti-idiotypic antibodies.
“Antibodies” also includes anti-idiotypic antibodies. The antibodies against sv
ActRIIB polypeptides can be used, for example, to identify and quantitate svActRIIB
in vitro and in vivo.
Also included are polyclonal antibodies from any mammal, for example
30  mouse and rat antibodies, and rabbit antibodies, that bind speciﬁcally to the
svActRIIB polypeptides described herein.
Such antibodies find use as research tools and in quantitative assays for

detecting and assaying the polypeptides disclosed herein. Such antibodies are made

using methods described above and as known in the art.
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the desired nol ecul e has been absorbed or encapsul ated. Were an

i npl antation 15device is used, the device may be inplanted into any

sui t abl e woesueaeess3or gan, and delivery of the desired mrolraseéoe/oney2 be vi a
di ffusion, tinmed-rel ease bolus, or continuous adm nistration. In sone
cases, the svActRI I B pol ypeptides of the present invention can be delivered
by inplanting certain cells that have been genetically engi neered, using 20
met hods such as those descr PhathabentizahCompositipisess and secrete the

pol ypeptide. Such cel]s may be. animal, or human |1s, and y be
aut ol ogous, hEREPGFIYIsALCOnRRositions sapfaining FY‘@H‘%&I@/PWWES %fgf s may be

i mor t al pagskniliBs Of HE brdsnidREERRAGrd A1 8. QlicRBor B QBhfise " eSPONSe,
t he cel Ig ?nlgef 1beS enca gu ated to avo%]d ﬁr???ﬁtratlconoopsgglljrrsoun ir?% ti ssues.
The éncapthetapeirocallywr @rophlybacticalyt affsictiné hmo@iit dfithe polppitide ey psdern-iper neabl e
pol ymeric, encl osures or mepbranes that allow th el.ease of the | ypepti de
P oot (S B G SR T Tl R PRI EEHD pRePBRE 2 1 mmune
syst em oforiaMlafibh efatétRlld. | TRWIRmbh&tiedl T ofdpesitibh %agrlﬁ’oh%ﬂrﬁl tiri@ldtonsues.
svVAcCtRI I B gene therapy in vivo is also envisioned wherein a nucleic acid

nol ecul emat§salgifeymedifiing m@ntaying oy preserzingy ©rekamplte ttRIpH osmojatity.oduced
directly,. j.nt e ject . .For .ex £, a. maucl el c.aci equence encodi ng
2 oy act ARSI el el BnicibE b GE RPRI: s B B ARholaBRRER of

nucl @ c mbdask, adsieptiotcor péintlation off thé Gathpesitia P fabieafoemdRtiby afayeria@et or, such
as an adenp-associ ated virus vector. ternative viral vectors include, but
are not MFINAS.CRL prs not dpitsdite. a0 agids keh paglycinsr plataminegasparagipfy us and
papi | | ongoMi {st 1¥§6&)Ohritim RIS Hnti f ik fiGh y be

achi eved |gln Vi voyﬁy )f ocal cwéelg’ta%ngtﬁﬁg?ﬁt%ﬁgeucggg%gbg){iyllrclag@élsaé aci(gglﬂg%nst ruct

or ot herorapprophyddgerdailfitegrbufieecisoch asomdrate nbinarbbiee dBrés-HEW, oitatbgi ¢ aci d

| i - medi d. fer, di i nj g d ,
ot oparRIoEP RS0 Rt SheeRE idshou i dep S bSO AL Ehe pr esent
di salsos uHelatmy aE@ht&lﬁg_Qh ad SASleRLdibmine QBB Ad éﬁefggéz}; Rempldigigapeut i

agents to enhance their therapeutic effects or Se potentlal side
ef f ect s.ageBEdsush ag ¢aideire. B Canypyirelidems, betdThdogextse nt hydrorypropyl- pr ovi des

t hod h utj, cal i tions, f educi tralizing th
rount RIS 68 i SIROH bR 3yt hati e ed oSl Ay BReE T vi'tro
svAct RI | (Bughdsygbeisé, desnnose, @r dekrigh); Brotélh& Gush b Surbin AQm#AY gslhé@d bp, activin

A, and GDF-11, and are capable of reducing and inhibiting the biol ogical
act i vi t i1B¥ngelgbulipyseolereg;dtavaying ard ditutingeagenishennulsifiingRents; 151 n one

aspept, Hafk m?élgﬂ LRVEM, Bﬁ%ﬁi for treating

nyost at i r%J-ar é{hat e g?\ld#\cgr acagirb\(/)l n l%ﬁ%@h%?@%%@?éfgﬁsgg@ubj ect in need

of such pelypeptdese slt-foymannecinsdrions Gychas sddiem); presedesirge (sath an svACt R | B

conposi tion . to.the subject. As ed.herein the term"subject” refers to an

aniﬁp mal |, bseaééﬂk%{g }dg, %{@p{fcﬁc@ s%&wglﬁg_c& thimerosal, pheneﬂjlyl alcohol, Y
methylparaben, propylparaben, chlorhexidine, sorbic acid or hydrogen peroxide);

solvents (such as glycerin, propylene glycol or polyethylene glycol); sugar alcohols
25  (such as mannitol or sorbitol); suspending agents; surfactants or wetting agents (such
as pluronics, PEG, sorbitan esters, polysorbates such as polysorbate 20, polysorbate
80, triton, tromethamine, lecithin, cholesterol, tyloxapal); stability enhancing agents
(sucrose or sorbitol); tonicity enhancing agents (such as alkali metal halides
(preferably sodium or potassium chloride, mannitol sorbitol); delivery vehicles;
30  diluents; excipients and/or pharmaceutical adjuvants. (Remington’s Pharmaceutical
Sciences, 18t Edition, A.R. Gennaro, ed., Mack Publishing Company, 1990).
The optimal pharmaceutical composition will be determined by one skilled in
the art depending upon, for example, the intended route of administration, delivery

format, and desired dosage. See for example, Remington’s Pharmaceutical Sciences,
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20The conpositions of the present invention are useful for increasing |ean
muscle mass in a subject. The conpositions may al so be useful to increase

| ean nuscWe 202388 proportion to fat mass, and thus dePCTASR0LAV628RSS as
per cent age of body weight in a subject. Exanple 3 denonstrates that the
SVACt RI | I t | ean
nmuscl e rr“E‘ 9| ﬁggﬁ%dr?&?& ltﬁg]g‘flﬁ%'qhﬁg%? gl];esg) t%}ﬁlg'taf’%{gt% ébgtlam% gﬁp%té ?Bﬁ‘ﬁg‘ﬁ SVACtRI I B
conposi t tedease,mal vate obint vias eleamhcd ofthe @dlypeptide: iRousxdmplepsuifableuscl e wast i ng,
as well as netabolic disord di abet es and rel ajed di sorders, and
bone degEBPOHUARS MAYSREANRIET &meay%gb%wsé.%hne solution {g gpeenigaal i ng

di sor der g4 fins@alifg! ude dystrophi es such as Duchenne's nuscul ar dystrophy,
progressive nmuscul ar dystrophy, Becker's type nuscul ar 30 dystrophy,

Dej erd ne- Land®be primascydhasle dysarrielpihya, plﬁrrba@utrueﬂccuhmosidxmtmayrﬁmithand

infantil e neuroaxonal nuscul ar dystro gr ti ogﬁa nmuscl e wast.i ng

di sor der EUGPYSY ‘r%arﬂuswsdﬁrf@ ¥f-s Qorrseé‘é‘ﬁﬁﬁ ¢, @isLiiehje vehigle a cagier Myt Beophi ¢

| at er al ﬁ/ﬁﬂefi‘f&%ﬁcn(ﬁpBgﬁsﬁélbgféa%ﬁhé sethiivPoRattifBRpEfeblogRAgIuigancer, Al DS,
renal failure, ?an atrophy, androgen deprivation, and r heunat oi d

art hri t i Bossibly supp rr@rléqd\wlp pthes materigls qwruwam eonepasitions fot papenienahy
contribu re.muscl ndr o Cachexia results
from Can%cgrrué%trgﬁl%\beﬁ&ﬁral PurEid ?dlnet drsalin m1xe \glt§¥?rﬁm {]‘Fgmu}ﬁrgb otic

ari ses Wt )
nephreopafuither &xengplarf; aichidles, (Bhﬁrméﬂﬁpraapyharhﬁbwtﬁéam&nﬁ&lthﬂﬁ RE&mpase Wel | as
ot her causes. _|In anot her exanp serum and i ntranuscular 5 concentrations

of nyost kB AU fw&r@a@mwﬁ%m@ M‘t“& rnamasﬂrebuwhldre@oﬂatoﬂ AER 8A&DIE i n men
exhi biti t s er

ot rec meauRERor R A R SRS FE5 0! To0s) ).
Myost at i prepaarvdefcx shoaage byl mxbgdre shmmd cbmprosmbaaaem'g mhe dsped degriee obur ns
injuries, resultin a cat.abolic &#Scl e effect (Lang et al, FASEB J 15,

1807- 18 rt%%'{')‘ﬁptl%%l&f’fmﬁlﬁg?n gt Keaigiens FhaenaceunealiSrisnsetl e wast i ng
MRy & i S@iptd) @MHeBfrh lof b 1yorhiezelRakd S dubdusSibhltichS ekt MRt in a

wheel chai r, prol onged bed rest due to stroke, illness, prnal chord injury,
bone f r alberapeutisrcompesitien raaydbaieswulagad @tarlwmb’ryhza’ne using epprypeetet y envi r onment

(space f h r pl asma nyostatin i nmunoreactive protein was
f ound toé)ércﬁ)cérr)et%ssde:%gfst%crng?’ol onged bed rest (Zachwieja et al. J Gavit

Physi ol . 6(2) THelfoh88)iond éanlte dskiverrtisRavabiag of hrdthdReforesahpR, B rats
exposed to a mcrogravity environnent _during a space shuttle 11 ght

expr essdghalptionthermpy Rralymnidy inieciignsWaen pareniepd adainiptratione nuscl es of

rat $gwhi &)Iﬁte‘f’ﬁg%c&' Qhe ﬂfépag)gﬁgc F&?é%nt:lon%tfop‘u% in %}u?ﬂ%ﬁ &? nia % (Bhpetlr- 28

(2000)) . Ition ncreases in e ratios, and

age- r el doed 020 pyrepeofeee, parempfaylyapmblé aqueeus ﬁilﬁﬂi(ﬁdcdrﬂpﬂﬁiﬁ@ﬂﬁtl n. For
exarrpl e, ,the, avera serugr %}éost n-i mrunor eactive protein increased with

age in JISEEEPYYPSPEGRd £ P cgyticayy ggceptab Y@“é&et‘} Raspcularly puitabley) | and
el derly \(e?lfi'leqf%r)ﬁﬁreﬁ{egal 1%&1@}{‘& SYRIE istith Whtel Hlewl?lYg r jﬂ)ﬁyﬂﬁﬁé f mass and

/3

fat-free mass declined h age I n these groups et al. J Nutr

Agr ng 6(®ym@agdas @2@3@126) )1S0t¢mcaclldt1t>m,qnopenrb'q3emerd Rt anoﬂuer"zﬁrebemnoﬁound to
press els i ar.t mig expr essi on i.s. gul ated in

car orryocy’flj eogveaﬁlh g@”ﬁ"ﬁ?té%?ﬂb%ﬁﬁsi“ﬁﬂné ga@é‘ﬂ?n "’SImJe‘i e( 1):1-9

(1999)) -mithBpRéres, dio-e@ditlé Partidlea Sy herid &%ﬂﬂ)&.lddﬁl dIglabg@sdighuscl e may

i nprove recover of heart muscle after infarct. ostatin al so é)pears to

i nfl uend® X%Y%SIaP@) d1eads: @& ligosomasudiphprovides far thoeonitndled or sustaine

noni nsul i, QWQ [ esi For
exanpl e, {éaack 0 ﬁ{}gg?ﬁ?gﬁ ﬁﬁgqgéadel%et 18#%5 grrp‘? e’%‘ftﬁ d%%aﬁ élﬁrcyd di abetic
phenot y pesl mﬁy tlso bernsesie and des may }iev'e thie @ffectfoXPiibindtifg 4stindP@dhtion fie

tORI I %fem I&?ES of 'gflﬁ %‘n h di sclosure are suitable for treating
suc rrett_ % t ther tablganeans for the Hiodpetiqy offle desdredanplésilei ons of the
present jheMENEMntabIE drug delivery dev1ces.

In another aspect, pharmaceutical formulations suitable for injectable
administration may be formulated in aqueous solutions, preferably in physiologically

compatible buffers such as Hanks’ solution, Ringer’s solution, or physiologically
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i nprove di abetes, obesity, and hyperglycem c conditions in suitable
subjects. In addition, conpositions containing the svActRIIB pol ypepti des
may decr eseeofoomweBssnt ake i n obese individuals. Adm ni st ecrruy2edemosabi | i zed
ActRI I B pol ypeptides of the present invention 5 may inprove bone strength
and redu r osj . of.her [ ' : as been
Found. - 538 SARE" OpliRe AL BuRHOR s B SRHOR by YRR B RS AR natdesl™ ner

content drdigesisy dfthetudpensionuach hsistriiwg canbdxymethgbstilose neibitolcant ent  of
bot h trahecul ar and cortical bone at the regi ons where the scl es attach,
as wel | 9§Uac afhissReNHons of tgACH¥k cppnds mayderpropased as | nt

71(1) - 63386 dily irﬁ&:tﬂoﬂ sastnkioRy Sﬁl%lil‘é&@)?ﬂﬁicl s%l%?@ééﬁ’&hic%sinﬂﬁdé he

present invention can be used to treat t ects o rogen deprivation
i n casesfattychlsasichasi sesgme odlle pr syndhidtiorfatihacid pstessaathfasethyhelettegat nent  of
prostate, cancer,, for. exanpl . . The.present invention als rqvi des
met hods BIEMEBHkbST [P Nondinid RIFiqRiS aPtoReldmets mulsls fiefs by

admi ni st gyrideGveéry. elptiskally erdRSPARIR miP8sS ¥hHahiRsLBabiophBligERDrt 0 the
animal . Since the mature C-terminal myjostatin polypeptide is simlar or
i dent i capgants tallmcrgz}ﬁééhleeg)lmlebb'etf,th@mpmdap@a{})@eﬁmi tHe prapardtionioé expect ed

to be ef Y r increasing |l ean nuscl.e ss .and reducing fat.in any
agri cul t%%aﬁlM cf%lcér%%%}ctdasr?glﬁlsoﬁl ci gnoﬁlﬁ%rle |°|qﬁn%%ﬁPW@E?“SW@L?O%WFQWS, and
pi gs10 TheagpbAcsriiuldied Cr)ipiepitiche Inhdlati OFM@SIs infdysalstf bd foemBl@s&Ewith knvent i on
al so 20 anta(lzjoni ze the activity of activin A, as shown in the in vitro

assays bioggilanhgqriagrasoldslivern dryet anaiberegpphodinent. solutiansteaybe ypes of

cancers, 41 I ] YD . i i , and to
cance SeRARLE Aok AR ANIDS TuthiE R BRI POT RACLIGIRG, 21000
Shou et BCT/USEHAR0OASTHovhitkdedcibps plli{dnary dedi9ény; ofGhemycatly eodified Mol

Endocrinol 10(5):534-43 (1996); Ito et al. British J Cancer 82(8):1415-20
(2000), P8%%hert-Messerlian, et al, Gynecol ogic Oncol ogy 74:93-7 (1999).

Thergfore, thg i&ﬁgrap@&h&&;?l!a&dqﬁattdaﬁaiw@ﬁﬁﬁ!aﬁ&&s%ﬁL;ggélaﬁrﬂme@& okhﬁgg to treat

conditions related to activin A overexpression, as nyostatin
expr essi imnesitiodiment of Hexirasent orvesteor, aaleadsschatsraadministered eathient  of

certain nadal e tunors..ln dition, the svActRLl B pol ypeptides of the
present ig%\lll rrllf’?noltr’lé/gb ur?éeec{mth%?’&g@ut&b?%ec"taﬁeds 3%0’&6%%‘155&‘?/&‘5 nyostatin,
activin dmpun@ag-of olididésage foriaichs AbRAYSd daPsl&)) FatlexainPrR, &t abi | i zed
Act Rl I B pol ypepti des of the present invention are useful as capture agents

to bi nd RSUIF wmayieldesigned tostelpapsthe getive/portian obtheddmulatipmatthe apinginy of

ass N1 g . . | f.0r. | i p Asai, ed., Methods in
Cel ?ZOSBi o} %g?%tp"ré“},w‘ ?\a? ?%%Jﬂ%g’%ﬁ%@?‘?‘f‘%f%ﬁé%@ Z (?:a eﬁ{eésylstreé%lg, Inc., New
Yor k (198&3yadafiteis mmimprep! Adiditionaladeatsl cahdk éibludedso feciliRf wsofptiofmy I eact
wth at 'Bd nol ecul e Eﬁgcg 333 an anti body which is | abeled to enabl e
myost at i ¥ PothsErgriempksgule, Dilieats flavarmes, legrmelingprmt waxgsvogepblede or a

third Miﬁgwbﬁcﬁﬁﬂ Shﬁegafgligfajg@ﬁ#s,‘”@afal@t @sﬁ%@@égﬁ%&? ndéymyaﬁ%ob botin,

whi ch can then be boun a fourth no enzyne- | abel ed
st r ept avbedimployrd. dthaemagqeuticaicompogitikes &ir poahadhidistratiomlchBRIDIRO (1985) ;

o A S AR e RS B TS
not | i m dozhgedRuitdfIERHTRAIQ dAniFSRARSS | SUh AP érabl CRE ipAfmPlcesiiA¢t R | B
Pol ypeptclo(rjnepsositions to be formulated as tablets, pills, dragees, capsules, liquids, gels, syrups,

slurries, suspensions, and the like, for ingestion by the patient.

Pharmaceutical preparations for oral use can be obtained through combining
30  active compounds with solid excipient and processing the resultant mixture of
granules (optionally, after grinding) to obtain tablets or dragee cores. Suitable
auxiliaries can be added, if desired. Suitable excipients include carbohydrate or

protein fillers, such as sugars, including lactose, sucrose, mannitol, and sorbitol,;

starch from corn, wheat, rice, potato, or other plants; cellulose, such as methyl
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The foll ow ng methods were used for expressing and purifying the stabilized
Act Rl | B pol ypepti des. The cDNA of the human activin type JIB receptor was

i sol at ed woamoeed3BlA 151 i brary of human testis origin (@contseaaod2sz.) and
cloned as described in U S. application serial no: 11/590, 962, U. S.

I t 7 ' iLf ted b
rof er oncel iR b*b‘#wda%mem?ggﬂu%s]eaéé’%d%%@5r Sal Tt EhE-DuRSE RS 7% 2w
S44T) pohmhelmg atebi¢ SEQtraghddith; 26 prodins, tsiich d&geﬂﬁtin&rﬁ(k:oﬂEQﬁWIfﬁ&Ei@dJ D NO.
21) 20 Po nucl eoti des encodi ng the stct RI I B E28W S44T) SEQ | D NO

3t g&qr&e@%éf?e%%fg spppRPe gl rpgs-hgsedpe)yvigrle fused

to poI yn 1 Vi a
pol ynucl eot | gfedgg:% Qq ﬁté‘gﬁ 4}%@? ﬂgée;%fe“ﬁ%g(a?ggi L"}%Dhﬁg 26) using PCR
over lap extenBuragaeuelesglqyrberxfsled ircomtjenation gvitthsuitablleabatimgsy ashlasi ng in the

am no acid substitutions.at ition 2528 of Eto W and at position 44 of
AT 00T adhsatoited skt SRt Mh SRS Eon e TEPRANS for uAct R 1 B 1 0G

Fc (E28VWolpdihy] ynﬁﬁﬂ'o&E@rBQ{)&@el 1 eltlyl et IR ddB- antifdr RtdBorh Wi ige, ( E28W .

Doubl e stranded DNA fragnents wer e ‘'subcl oned into vectors pTI5
(Bi ot ec hhéqlltﬁg)‘?OlR@Q@é‘alﬂ@% swt&bﬂa engaric splEnts 9o bolRery spixtheCalyestuffs@rnada ( NRCO) ,

descr | boBUS o0 aess e EReter LT bod R (algct inl i & )

expnaassnmhafac&&@btﬂdcpﬁduﬁcdfalchee &ﬁnpxﬁirmpta@;dd&a eWas carried out as
follows. The svActRI I B-1gG Fc (E28W S44T) ID NGO 10), and ActRIIB-19G

Fc (E28W (SEEjlquaR@UCQ mremw@ﬁ tFan bﬁ/é‘ﬁ‘?éi ‘éf% Y alsgdecludepushelitt | y i n
serum frepq SUSREY tﬁg%%ﬂ a%%gftesl:ea qle @vtqunﬁiﬁeﬁ%% Ggh Council of

Canada, t avna, na el ntai ne r ee I’lVI trogen

Cor por at ¢aaing,Gach abg]dperﬁ.l%r mb;pdlehmhtﬁnbamdlés Q@ ohtati B&n@éﬂg’edﬁnﬁ
(I'nvitroge and 1% oni ¢, F6 | nvi trogen) Transfectlons wer e
performa‘g ’%89 "Tﬂ" Eﬂ‘?rtSGF ng'ijlergr §15:p|a§?a P& Of &fafc qﬁeﬁdEWQ?ﬁf%ﬁ%‘ BriehTto 1.1 x
106 pel | shfesivh Sedthtef %d"l%@ﬁbnaﬁﬁagt@blfh&@ékIn(sgﬁrc'abgLFes #Hécac}l ¢ The shake fl ask
cul ture wasS nai ntai ned on an ova 2150 shaker orm (News Brunsw ck
Sci ent i f¢Q§npq§ddsmy brldljssalved 5r RBpEndeiddh sm&phmésj siich as fattriodlsf i ed

0522 Ol LG BlUF, 0%y B o1 ranetect fon. e
conpl exes wer gddlitibAa hatinaRAticdl cbmpesHiyvhed M t?&@vla@fﬂlt@ﬂ{ols@ylhné@gﬁm 1 ngy
plasm d DNA was first added to the nmediumfollowed by 3 nl of
art, including formulations involving polypeptides in sustained- or controlled-delivery
20  formulations. Techniques for formulating a variety of other sustained- or controlled-
delivery means, such as liposome carriers, bio-erodible microparticles or porous beads
and depot injections, are also known to those skilled in the art. See for example,
PCT/US93/00829 that describes controlled release of porous polymeric microparticles
for the delivery of pharmaceutical compositions. Additional examples of sustained-
25  release preparations include semipermeable polymer matrices in the form of shaped
articles, e.g. films, or microcapsules. Sustained release matrices may include
polyesters, hydrogels, polylactides (U.S. 3,773,919, EP 58,481), copolymers of L-
glutamic acid and gamma ethyl-L-glutamate (Sidman et al., Biopolymers, 22:547-556
(1983), poly (2-hydroxyethyl-methacrylate) (Langer et al., J. Biomed. Mater. Res.,
30 15:167-277, (1981); Langer et al., Chem. Tech.,12:98-105(1982)), ethylene vinyl
acetate (Langer et al., supra) or poly-D(;)-3-hydroxybutyric acid (EP 133,988).
Sustained-release compositions also include liposomes, which can be prepared by any
of several methods known in the art. See e.g., Eppstein ef al., PNAS (USA), 82:3688
(1985); EP 36,676; EP 88,046; EP 143,949.
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FuGene HD transfection reagent (Roche Applied Science, Indianapolis, IN).
The transfection conplex was incubated at roomtenperature for

appr oxi mawel2g10ls2388nut es and then added to the cell s inpcharssévaloas262 ask.
Twenty hours post 15 transfection, 20% (w v) of peptone TNL (OrganoTechnie

S A Tel eni o3l et e Qica CANRAAN MAS vBRIEACL 3, LEACH Aliaak ABARNT rati on

of 0.5% (wv). ression was perforne ysS,

af t er whinakt BehsterflonThisintiyetsk aRmplshsdbyfiltraesd edolph teile filtratpat | on at 4, 000
RPM for 60 mnutes _at 4C. Stable transfectjon and expression was carried
out as fBrEMEGRNes- TR the crmppsitiop glaephilized, sterifigationyising thisangtbed py

t ransf ect s . i asm.d ont ai ni ng
pol ynucl @3??82%@8%8%8@%? (Iék F@%@gﬁ?&%%‘?ﬁdﬁ@%{%ﬁﬂ% 9) or
Act RIS B- ¢tayfipdsctionH2 8 pYreqtSaDadbidikratid@ )mayshensgorzd St byoghailcted farat orapor at i on
procedure. After transfection of the, host cetl Iir]e i.th the expression

bl asm dsSqIHio: A AGSIGRcPAPIEH! FAmBL AR ReRE ALY Piechlfos] IR SANTThout  25GHT

for 2-3 nmeksa berirldcespkt, ffleREhpRNaPinulbéhddk 3616 8 of GaPNRAYg #f the
cells. Cells are selected until they achieved greater tThan 85%viability.

Thi s poostopger preaeaablsdiyehypsidesnigagjectimmnesdlet ur ed i n nedi um cont ai ni ng 150
nM met hotrexate. Ln S| x-day,expressi o ssa ols .of svAciRl] B-Fc
(E28w SaaT) Ops b ePuindeii SBRESor BndRRtomRiRed iPmg? BESIoRLIY or mance,
and 107pr sveld veEead 4 sslutdéh, BhpRHSIbA el YendudéicR.G0RE] 6rel dehgasatedddr protein
produced c ared with pools of ActRIIB-Fc (E28W expressing cells. Select

pool s, f Upglgiﬁam@yd%r Suek Eamylpsigns may by staredeithesin g yordy rp1use formy e g\

S44T it . j . f . RI.| B- . -ach of an
stc% RIC?@%ﬁ?é%\?\}hyo%ﬁlf)%yr?gﬁglr?g%\é%(éﬁl@lb@p FIEE elxlﬁ;[rgg(grl?'ng cell line was
scal ed up using spetifiei ensodiraentbthit phesphitiaeasionGelirsctedtoskitsfocul ated into a

Wave bioreactor (Mayve, Biotech LLO) . Cultures were fed three tipes with
bol us f eRgducinga pingie-dosg Adpamstsationingta I heckits gy sashgprgEybath e t{‘irgrvested 5

on : I i i d by sterile
o o [dontdifirhalfie el iBRE MR sy F?r{téelb&emlgomulg%dge%% i nch 0.45/0. 2
m cron ploemfilatiper Alfooh¢lodetiwithinghé sé¢dpe atf ithi s intvientorgfreis conamiflg 2 mi cron

filter. Prgtein Purification 1 roximately. 5.1 of conditioned di a was
i oot 1 yomgs aadmit-sharR Bl Dres RIRET e dted itHC mPtnees Akl oS et o

Heal t hcar e) . Aheffe@ivéiiois oPh phasiicbitRapéRpdsitidRS Herhgsiohat e- buf fered
saline: 2.67 mM potassiumchloride, 138 mM sodi um chl oride, 1.47 nM

pot assi UlCIsROEIsAHY avikdapids far examplepipaoidie draraneusip kantexdingahiiestiveH 7. 4) .
o P 5 B MR B R B 220,10
acet i ¢ awilbthus vary depending, in part, upon the molecule delivered, the indication for
which the polypeptide is being used, the route of administration, and the size (body
weight, body surface or organ size) and condition (the age and general health) of the
patient. Accordingly, the clinician may titer the dosage and modify the route of
25  administration to obtain the optimal therapeutic effect. A typical dosage may range
from about 0.1mg/kg to up to about 100 mg/kg or more, depending on the factors
mentioned above. Polypeptide compositions may be preferably injected or
administered intravenously. Long-acting pharmaceutical compositions may be
administered every three to four days, every week, or biweekly depending on the half-
30 life and clearance rate of the particular formulation. The frequency of dosing will
depend upon the pharmacokinetic parameters of the polypeptide in the formulation
used. Typically, a composition is administered until a dosage is reached that achieves

the desired effect. The composition may therefore be administered as a single dose,

or as multiple doses (at the same or different concentrations/dosages) over time, or as
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The Mabsel ect TM Pool was applied to a 300nL SP-HP columm (GE Heal thcare) (5
X 15 cm. The colum was pre-equilibrated with 10mM NaOAC, pH 5. The col um
was t hen wiehmdensssh t he equilibration buffer until thepPceaszong/oed2s20 00280
was approxi mately 0. The colum was eluted with 20 col um vol unes of a

radi ent r . 0- 1, ' - pH 5. Th P- HP pool was
goncent r%’? %Hégn%glrl]%{nﬁggl(?nérlg%ﬂvgy{#%a%ﬁ&bgﬂﬁ}ﬂgg% ‘Jﬁ\?l?lg@g dgga Fa (50%%8 ning) filter.
The sequmadesApproptiste@osdiges Mayledcatainedahrough ube bfappieprizadlicesebel ow. 25

ActRI I B-Fc ActRI I B sequence Linker- Hinge 1g& Fc svActRI I B-
ETRWCI YYISBRRREE BREf GGGGSY APPVAGPSVIFLFPPKPKDTLM SR | g&Fc NQTGLERCEGEQDKRLH

ECPPCP TPEWWB%tm}{iS%%Wf th%ﬁé%‘é@%ﬁm M&%ﬁlélﬁg% Lla:ord

5 with known methods, e.g. orally, through injection by intravenous, intraperitoneal,
intracerebral (intra-parenchymal), intracerebroventricular, intramuscular, intra-ocular,
intraarterial, intraportal, intralesional routes, intramedullary, intrathecal,
intraventricular, transdermal, subcutaneous, or intraperitoneal; as well as intranasal,
enteral, topical, sublingual, urethral, vaginal, or rectal means, by sustained release

10 systems or by implantation devices. Where desired, the compositions may be
administered by bolus injection or continuously by infusion, or by implantation
device. Alternatively or additionally, the composition may be administered locally
via implantation of a membrane, sponge, or another appropriate material on to which
the desired molecule has been absorbed or encapsulated. Where an implantation

15 device is used, the device may be implanted into any suitable tissue or organ, and
delivery of the desired molecule may be via diffusion, timed-release bolus, or
continuous administration.

In some cases, the svActRIIB polypeptides of the present invention can be
delivered by implanting certain cells that have been genetically engineered, using

20 methods such as those described herein, to express and secrete the polypeptide. Such
cells may be animal or human cells, and may be autologous, heterologous, or
xenogeneic. Optionally, the cells may be immortalized. In order to decrease the
chance of an immunological response, the cells may be encapsulated to avoid
infiltration of surrounding tissues. The encapsulation materials are typically

25  biocompatible, semi-permeable polymeric enclosures or membranes that allow the
release of the polypeptide product(s) but prevent the destruction of the cells by the
patient’s immune system or by other detrimental factors from the surrounding tissues.

svACctRIIB gene therapy in vivo is also envisioned wherein a nucleic acid
molecule encoding svActRIIB, or a derivative of svActRIIB is introduced directly

30  into the subject. For example, a nucleic acid sequence encoding a svActRIIB is
introduced into target cells via local injection of a nucleic acid construct with or
without an appropriate delivery vector, such as an adeno-associated virus vector.
Alternative viral vectors include, but are not limited to, retroviruses, adenovirus,

herpes simplex, virus and papilloma virus vectors. Physical transfer of the virus
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VDGVEVHNAKTKPREEQFNSTFR ( E28W S44T) CW.DDFNCYDRQECVAT EENPQVYFCCCEGNFCNE
NO 27) WSVLTVWH@DW.NGKEYKCKV SNKGLPAPI EKTI SKTKGQPREPQ RFTHLPEAGGPEVTYEPP
VYTLPPSRBEMVRKMN@YSASTCLVK (SEQ | D NO PTAPT (SEQ | D NO  6PCT/US2009/006252

GFYPSDI AVEVEESNGQPENNYKT 10) TPPM.DSDGSFFLYSKLTVDKSR

vector may be achieved in vivo by local injection of the desired nucleic acid construct
or other appropriate delivery vector containing the desired nucleic acid sequence,
liposome-mediated transfer, direct injection (naked DNA), or microparticle
bombardment (gene-gun).

5 The compositions of the present disclosure may be used alone orin -
combination with other therapeutic agents to enhance their therapeutic effects or

decrease potential side effects.

Uses of svActRIIB Compositions

10 The present invention provides methods and pharmaceutical compositions for
reducing or neutralizing the amount or activity of myostatin, activin A, or GDF-11 in
vivo and in vitro. svActRIIB polypeptides have a high binding affinity for myostatin,
activin A, and GDF-11, and are capable of reducing and inhibiting the biological
activities of at least one of myostatin, activin A and GDF-11.

15 In one aspect, the present invention provides methods and reagents for treating
myostatin-related and/or activin A related disorders in a subject in need of such a
treatment by administering an effective dosage of an svActRIIB composition to the
subject. As used herein the term “subject” refers to any animal, such as mammals
including humans.

20 The compositions of the present invention are useful for increasing lean
muscle mass in a subject. The compositions may also be useful to increase lean
muscle mass in proportion to fat mass, and thus decrease fat mass as percentage of
body weight in a subject. Example 3 demonstrates that the svActRIIB polypeptides
and proteins of the invention can increase lean muscle mass in animals.

25 The disorders that can be treated by an svActRIIB composition include but are
not limited to various forms of muscle wasting, as well as metabolic disorders such as
diabetes and related disorders, and bone degenerative diseases such as osteoporosis.

Muscle wasting disorders also include dystrophies such as Duchenne’s
muscular dystrophy, progressive muscular dystrophy, Becker’s type muscular

30  dystrophy, Dejerine-Landouzy muscular dystrophy, Erb’s muscular dystrophy, and
infantile neuroaxonal muscular dystrophy. Additional muscle wasting disorders arise
from chronic diseases or disorders such as amyotrophic lateral sclerosis, congestive
obstructive pulmonary disease, cancer, AIDS, renal failure, organ atrophy, androgen

deprivation, and rheumatoid arthritis.
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FSCSVMHEALHNHYTQ KSLSLSPGK (SEQ I D NG 22) WO
2010/ 062383PCT/ US2009/ 006252 Act Rl | B- ETRWCI YYNANVELERT GGGGSV
APPVAGPSWOEPHIKISKIST LM SR | g&Fc NQSGLERCEGEQDKRLH ECPPCIPCT/US2009/006252
TPEVTCVVVDVSHEDPEVQFNWY  CYASWRNSSGTI ELVKKG ( SEQ | D VDGVEVHNAKTKPREEQFNSTFR

(E28W CV\LDDFUQJ%&\S%‘I of myostatin and/or activin may contribute to cachexia, a

severe muscle wasting syndrome. Cachexia results from cancers, and also arises due
to rheumatoid arthritis, diabetic nephropathy, renal failure, chemotherapy, injury due
to burns, as well as other causes. In another example, serum and intramuscular
5  concentrations of myostatin-immunoreactive protein was found to be increased in
men exhibiting AIDS-related muscle wasting and was inversely related to fat-free
mass (Gonzalez-Cadavid et al., PNAS USA 95: 14938-14943 (1998)). Myostatin
levels have also been shown to increase in response to burns injuries, resulting in a
catabolic muscle effect (Lang et al, FASEB J 15, 1807-1809 (2001)). Additional
10 conditions resulting in muscle wasting may arise from inactivity due to disability such
as confinement in a wheelchair, prolonged bed rest due to stroke, illness, spinal chord
injury, bone fracture or trauma, and muscular atrophy in a microgravity environment
(space flight). For example, plasma myostatin immunoreactive protein was found to
increase after prolonged bed rest (Zachwieja et al. J Gravit Physiol. 6(2):11(1999). It
15 was also found that the muscles of rats exposed to a microgravity environment during
a space shuttle flight expressed an increased amount of myostatin compared with the
muscles of rats which were not exposed (Lalani et al., J.Endocrin 167 (3):417-28
(2000)).
In addition, age-related increases in fat to muscle ratios, and age-related
20  muscular atrophy appear to be related to myostatin. For example, the average serum
myostatin-immunoreactive protein increased with age in groups of young (19-35 yr.
old), middle-aged (36-75 yr. old), and elderly (76-92 yr old) men and women, while
the average muscle mass and fat-free mass declined with age in these groups
(Yarasheski et al. J Nutr Aging 6(5):343-8 (2002)). In addition, myostatin has now
25  been found to be expressed at low levels in heart muscle and expression is
upregulated in cardiomyocytes after infarct (Sharma et al., J Cell Physiol. 180 (1):1-9
(1999)). Therefore, reducing myostatin levels in the heart muscle may improve
recovery of heart muscle after infarct.
Myostatin also appears to influence metabolic disorders including type 2
30  diabetes, noninsulin-dependent diabetes mellitus, hyperglycemia, and obesity. For
example, lack of myostatin has been shown to improve the obese and diabetic
phenotypes of two mouse models (Yen et al. FASEB J. 8:479 (1994). The svActRIIB
polypeptides of the present disclosure are suitable for treating such metabolic

disorders. Therefore, administering the compositions of the present invention will
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NO 27) WSVLTVWHQ@DW.NGKEYKCKV EENPQVYFCCCEGNFCNE

SNKGLPAPI EKTI SKTKGQPREPQ ( SEQ | D NO. RFTHLPEAGGPEVTYEPP
VYTLPPSRBEMVDKMNSASTCLVK 21) PTAPT (SEQ ID NO 19) GFYPSDIrASEMESNGRIPENNYKT
TPPM.DSDGSFFLYSKLTVDKSR

10

15

20

25

30

improve diabetes, obesity, and hyperglycemic conditions in suitable subjects. In
addition, compositions containing the svActRIIB polypeptides may decrease food
intake in obese individuals.

Administering the stabilized ActRIIB polypeptides of the present invention
may improve bone strength and reduce osteoporosis and other degenerative bone
diseases. It has been found, for example, that myostatin-deficient mice showed
increased mineral content and density of the mouse humerus and increased mineral
content of both trabecular and cortical bone at the regions where the muscles attach,
as well as increased muscle mass (Hamrick et al. Calcif Tissue Int 71(1):63-8 (2002)).
In addition, the svActRIIB compositions of the present invention can be used to treat
the effects of androgen deprivation in cases such as androgen deprivation therapy
used for the treatment of prostate cancer, for example.

The present invention also provides methods and compositions for increasing
muscle mass in food animals by administering an effective dosage of the svActRIIB
proteins to the animal. Since the mature C-terminal myostatin polypeptide is similar
or identical in all species tested, svActRIIB polypeptides would be expected to be
effective for increasing lean muscle mass and reducing fat in any agriculturally
important species including cattle, chicken, turkeys, and pigs.

The svActRIIB polypeptides and compositions of the present invention also
antagonize the activity of activin A, as shown in the in vitro assays below. Activin A
is known to be expressed in certain types of cancers, particularly gonadal tumors such
as ovarian carcinomas, and to cause severe cachexia. (Ciprano et al. Endocrinol 141
(7):2319-27 (2000), Shou et al., Endocrinol 138 (11):5000-5 (1997); Coerver et al,
Mol Endocrinol 10(5):534-43 (1996); Ito et al. British J Cancer 82(8):1415-20 (2000),
Lambert-Messerlian, et al, Gynecologic Oncology 74:93-7 (1999). Therefpre, the
compositions of the present disclosure may be used to treat conditions related to
activin A overexpression, as well as myostatin expression, such as cachexia from
certain cancers and the treatment of certain gonadal type tumors.

In addition, the svActRIIB polypeptides of the present invention are useful for
detecting and quantitating myostatin, activin A, or GDF-11 in any number of assays.
In general, the stabilized ActRIIB polypeptides of the present invention are useful as
capture agents to bind and immobilize myostatin, activin A, or GDF-11 in a variety of
assays, similar to those described, for example, in Asai, ed., Methods in Cell Biology,
37, Antibodies in Cell Biology, Academic Press, Inc., New York (1993). The
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WOQQGNVFSCSVMHEALHNHYTQ KSLSLSPGK (SEQ I D NO 22) Exanple 2
Characterization of pol ypeptides Sanples of the svActRI I B-Fc (E28W $44T)
(SEQ |1 D N©o 200)06passi fi ed 5 through the MabSel ect TM st ep pcanz$20hotobi2sB- Fc
(E28W (SEQ I D NO 21) pol ypeptides purified through the SP-HP col um step,

as descrl |Iuted wi th S

gl ycosyl 8 ??Bgoﬁmayge&eoef ¢ 58Wb%36¥1| d‘grsm réacpﬁé#\gégf%mr% cmcf Sﬁlgkll ng SEC as
descri begks d:ﬁdrmwodﬂ%icheis beladab @Aatlé hsBtatg tEbd et Selind @matatéfe nts were
performed on an_Agilent 1100 HPLC system w th two col ums OSOHAAS
G3000swx or exagple. 3pobpsptideon aihirdmmolosulpean hgmodidied with 3 ﬁ@eﬁe@m e phase at

0.5 m/ Rl (E28W and
sVAct Rl F@%E}t}?fg@( %"%@{}&S‘i@%@%‘ﬂ‘%ﬁ%@% anéd&@ﬁ}d%w gdr%gtagcol s descri bed
aboved semxyhieHhBeled-strpERBIN, Gethigr mbieus. @\Mstgine, mmmmmaaéw W th

Act Rl | B- E : i ch_shons aks. These correspond to the degree
of N-li nééﬁgb@‘g%w\?g{q‘gﬁa@?y\f%ég\&%ﬁﬁsi tion of the Fc dimers of both
proteins. TheTgd RELRIRERN r@béeﬁ%e%fb%ﬂhé %lF&m(lg%ﬁé% @éﬂr@of&%d’@ﬁpt i de
corresponds to fully glycosylated N-1inked asparagi nes at 20 position N42
of the divaeef illDheatidn; ard petdksitasionAct RI | B- Fc (E28W corresponds to (from
left toright), fully glycosyl ated asparagi nes at N42, partially

gl ycosyl at ed asparagi nes at N42, and non-gl ycosyl ated asparagi nes at N42.
Thergfore, this denonstrates that glagpd/ACt RI I B-Fc (E28W S44T) nolecule is
fully glycosylated conpared to ActRI| Fc (E28 whi ch i's heterogeneous
with respect to thiEXpPpossipyangy B f peptides difficult to
purify. In ad I | 1 B- Fc
(E28W $S44T) ?#ll)% %@&I‘)‘Iupgﬁle{hmgga{eyeolilsteﬂgr%ro e%glné%ﬁgh{lwué%th% S?aéﬁgéregpert i es as
set fortActRéIBpolypeidides.onal studi es aI so denonstrated that the |east

gl ycosyl at ed ’}Qfak of t e ActRI I B-Fc (E28W has | ower physical and thermal
stability tha ep%!?w\aﬂ the Bygan activin §ipgdH3 (acapien e isobatedom a cDNA

15 library of human testis origin (Clontech, Inc.) and cloned as described in U.S.

application serial no: 11/590,962, U.S. application publication No: 2007/0117130,

which is herein incorporated by reference.
The following method was used to produce the svActRIIB-Fc (E28W, S44T)
polypeptide (SEQ ID NO: 10), and the ActRIIB-Fc (E28W) (SEQ ID NO: 21).

20  Polynucleotides encoding the svActRIIB, (E28W, S44T) (SEQ ID NO: 5), or
polynucleotides encoding ActRIIB (E28W) (SEQ ID NO: 19) were fused to
polynucleotides encoding the human IgG2 Fc (SEQ ID NO: 22), via polynucleotides
encoding hinge linker sequence (SEQ ID NO: 26) using PCR overlap extension using
primers containing the mutation resulting in the amino acid substitutions at position

25 28 of E to W, and at position 44 of S to T. The full polynucleotide sequence is SEQ
ID NO: 9 for svActRIIB-IgG Fc (E28W, S44T), and SEQ ID NO: 20 for ActRIIB-
ActRIIB-IgG Fc (E28W). Double stranded DNA fragments were subcloned into
vectors pTTS (Biotechnology Research Institute, National Research Council Canada
(NRCC), 6100 Avenue Royalmount, Montréal (Québec) Canada H4P 2R2), pDSRg.

30  described in WO/9014363) and/or derivatives of pDSRa.

Transient expression of stabilized ActRIIB-Fc polypeptides was carried out as
follows.

The svActRIIB-IgG Fc (E28W, S44T) (SEQ ID NO: 10), and ActRIIB-IgG Fc
(E28W) (SEQ ID NO: 21) polypeptides were expressed transiently in serum-free
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Determ nation of KD and |1 C50 val ues of the receptor polypeptides for
activin A nyostatin, and GDF-11 were obtai ned as described below. 5 KinEx
ATM Equi |wbnr2biome2sssay s Sol uti on- based equi | i bri umchiusdecmago@ssays
usi ng Ki nExATM t echnol ogy (Sapidyne Instrunments, Inc.) were used to

d ' t ActRI I B-F
et o1 1 b FAGFASI0 SRR €Ll FR D Gl 0 AL | B
about 1004rhdg) nibinedadd mfFragSlergfti nmdlmlffnizﬂrolglailngogmrat\éozrg Oﬁrl@%ﬁg%hho agil)

h bl ock th BS 3 Act - FC
;ngnstgicqﬂ%F i ‘@Q%&Bg%ﬂ?g%(‘%‘%@vmg&i dh b Iégrom § ncubated with
var i ous eﬁ'ﬂ%?&{ atﬁraﬁ?ecﬁgnJ wfe}\é ﬁe?foéx?@d QML%luméQSBﬂEﬂiﬂ thégéll MoBulfim and

GDF- 11 respectively in sanple room t enperature 8 hours before
15 bé ngwaugrowtoug]hxﬂb%cdllsgahm acdlafeenbdok ablske flask (Goming, Imd) ttee bead- bound

soluble re t was quantified. by quore Cy5) |abel ed goat
anti - hunﬂﬁﬁ?:@ %ﬁq W&?Va%ﬁnawtﬂﬁmn A rgwe?@?@ errwétfmgNﬁ\ejs signal is
propor ti BAAkwiR SdFRNESRLA %Jg% 69i{PfM %&%ngl&cerd% SRfudfidiflegequi I i bri um

with a given myostatin, activi GDF- 11 concentration. KD was obtai ned
fromt helnnobﬂtcvmantam@graeég‘i’(band)ﬁ"/ct (B@z cAnthettimé oftré@Bfectionabe 09308 a

dual - curve, one-site. ho ou |nd| ng nodel provided in the KinEx ATM
softvvaree((?lg aﬁge?%wgﬁ@t?ﬁs t.). The KD val ues obtained for each are

gi verp in the TRO|EB&}BW-com! Il}_fyé%% et ofhEd i]rlllMl Ffe@St%’léq‘C‘tﬂ3|1@e(lﬁﬁ (E28W 0.1
pM 0.1 pM 0.2 pM svActRI'| B- E28W S44T) 0.

(Invitrogen). 1 mg plasmid DNA was ﬁrst added to the medlum followed by 3 ml of
FuGene HD transfection reagent (Roche Applied Science, Indianapolis, IN). The
transfection complex was incubated at room temperature for approximately 15
minutes and then added to the cells in the shake flask. Twenty hours post
15  transfection, 20% (w/v) of peptone TN1 (OrganoTechnie S.A., TeknieScience, QC,
Canada) was added to reach a final concentration of 0.5% (w/v). The
transfection/expression was performed for 4-7 days, after which the conditioned
medium was harvested by centrifugation at 4,000 RPM for 60 minutes at 4°C.
Stable transfection and expression was carried out as follows. The svActRIIB-
20  IgG-Fc cell lines were created by transfecting stable CHO host cells with the
expression plasmids containing polynucleotides encoding svActRIIB-IgG Fc (E28W,
S44T) (SEQ ID NO: 9) or ActRIIB-IgG Fc (E28W) (SEQ ID NO: 20) using a
standard electroporation procedure. After transfection of the host cell line with the
expression plasmids the cells were grown in serum-free selection medium without
25  GHT for 2-3 weeks to allow for selection of the plasmid and recovery of the cells.
Cells are selected until they achieved greater than 85% viability. This pool of
transfected cells was then cultured in medium containing 150 nM methotrexate.
In a six-day expression assay, pools of svActRIIB-Fc (E28W, S44T)
expressing cells showed higher cell titer, growth performance, and improved specific
30  productivity (picogram/cell/day) of protein produced compared with pools of
ActRIIB-Fc (E28W) expressing cells. Select pools, for example, produced about 1.2
g/liter for svActRIIB-Fc (E28W, S44T) compared with 0.9 g/liter for ActRIIB-Fc
(E28W).
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0.1 pM 0.1 pM C2C12 Cell Based Activity Assay 25The ability of ActRIIB-Fc
(E28W (SEQ ID NO 21) and svActRIIB-Fc (E28W $S44T) (SEQ ID NO 10) to
i nhi bit twe 2biomde3sg of activin A, CDF-11, or nyostatin tPaTiUuseoosiobest ype
activin 1B receptor-Fc was tested using a cell based activity assay as

descri bed bel | | Vi R/ s 11- nsive reporter
cell line vvasﬁé\éehn%fraéltsé’é cb@l@?c{@%@??&ﬂ iﬁ%ﬁdo?n éﬁ@ﬁcégﬁ st cells (ATCC
No: CRL- &xpeeksingideh lﬁlepMQBEalbdlﬁﬂ usiapattypicdl fed-Batch WASYesd. UCellzomgtr uct is nmade

by cloning twelve repeats of the CAGA sequence, representing the
nyost at i HesgiediinpforeWapnbioraaront Waxe Bistgeh k- Cht Culturegner fed thrgpo1- 3100

(1998)) sboAnBolE TS, | 8RO LR oK en( (3 19! 950RaL: HaPh0RT upst T eam

of the TATA S nhatura express activin receptor JIB 5
on t Hei romédy 11 bofleleavesthanienyas tdapthrllaation folldvedby kerthé fitteatione Thel |

receptors, the Smad. path IS activated, a hosphoryl at e mad, binds to
t he Iroes p‘&?géloﬁgﬁlfg{;‘(ﬂiaf\é\ﬁ%gd gFP\‘/%P% 631".}‘ OE&’QBEW.CTZ‘M’C (fl%ggg‘?‘f?w?desul ting

in the eyxpsafsdtRR tRoubg 6liHA  oMRRfondfRg: Luci ferase activity was then
measured ‘using a commercial luciferase reporter assay kit (cat # E4550,

Pronmega, Madison, W) according to manufacturer's protocol. 10 A stable
| i ne of ro%r%Pﬁr%l .ot hat has been transfected with pMARE-| uc (C2Cl2/ pMARE)
was use 9%t vi ty according to the foll owi ng procedure. Reporter

cel |19 were pl appdxinitely oL Wetdnditibried esdia Ras 8REUIAot&dhiélh hpbmens of the
ActRI 1 B-1g& Fc_fusions constructed as descri bed above was perfornmed with

t he conc¥abydestBhcelmmadrateimA molurn (GF Healtheppo)s tTheicoluramwaspre- 11, Each of
t hese Ii ey | i ) t . at r

concent rapTTatd YPERR IR RENERL AR itnd Sl BRI B T 728 ac.c

acti vi t ynMhsddinem tchiwaidedl .47 hi ipeassitimephosHithte/ motelasig 86 B sodiwmed for each

Tabi & batiophatq et S ) Gor-Tha ST Weshed RELEI0 EDBAPD 038G vt
15  until the reading at OD280 was approximately zero, and then the protein was eluted
with 0.1M acetic acid.
The Mabselect™ Pool was applied to a 300mL SP-HP column (GE
Healthcare) (5 x 15 cm). The column was pre-equilibrated with 10mM NaOAC, pH
5. The column was then washed with the equilibration buffer until the reading at
20  OD280 was approximately 0. The column was eluted with 20 column volumes of a
gradient buffer from 0-150 mM NaCl in 10 mM NaOAC, pH 5. The SP-HP pool was

concentrated, and filtered with a 0.2uM cellulose acetate (Corning) filter.

The sequences of the proteins used are set forth in the Table below.

25
ActRIIB-Fc ActRIIB sequence Linker— | IgG2 Fc
Hinge
svActRIIB- ETRWCIYYNANWELERT | GGGGSV | APPVAGPSVFLFPPKPKDTLMISR
IgG,Fc NQTGLERCEGEQDKRLH | ECPPCP | TPEVTCVVVDVSHEDPEVQFNWY
CYASWRNSSGTIELVKKG | (SEQ ID VDGVEVHNAKTKPREEQFNSTFR
(E28W, CWLDDFNCYDRQECVAT | NO: 27) VVSVLTVVHQDWLNGKEYKCKV
S44T) EENPQVYFCCCEGNFCNE SNKGLPAPIEKTISKTKGQPREPQ
RFTHLPEAGGPEVTYEPP VYTLPPSREEMTKNQVSLTCLVK
(SEQ ID NO: | PTAPT (SEQ ID NO: 6) GFYPSDIAVEWESNGQPENNYKT
10) TPPMLDSDGSFFLYSKLTVDKSR
WQQGNVFSCSVMHEALHNHYTQ
KSLSLSPGK (SEQ ID NO:22)
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2.4 nM 3.2 nMsvActRI I B-Fc (E28W $S44T) 1.07 nM 2.4 nM 3.6 nM 20Thus the
cell based activities are approximtely the sanme for ActRIIB-Fc (E28W and
SVAct RI | BVBeo(0HBBI8s S44T). Stability at |ow pH Stabili tgTafS2@9poc2sei n at
low pH is a useful paraneter in considering the 25manufacturability of the
pr ot ‘ei N ASRIEE tHETRWEY YNARWELERTT PEGEHEEY ToAppyat b AHGEe ] on
process| fgpiccal | Y NGgsdi2RCEGEQBKRLIAL | EeppdpH, m«ef@c@_@v%wﬁﬁﬁb\ﬁ&wv pH 3.0 to
4. 0. To assassmsweNSStaiEL VKA BEQlBI N wit@ Vit Ak Bt freshsnatrr 0w pH
experi en@ewyur i NCWHBDMCEDRQEGVAT VHDI 2 St \eys VST VeBIQMVINGHE YK il n
purification the [fEENPQWIYARQCCEGNFAMES | WO 201(0/90823 23 PERTUSAGOR)PRBEQ 5]
per f or feGEQEAND: QrRITTELREAGGPENTY PRd| t 0 10 ngy YALPBSREMIKMDBIdiICUNKacet at e,
pH 3.5. | 2hi s was |FATOPEMSER IDAP:A%and| anal yz gdSFHPSPIANE WESNGQPENNYETs | and at
24 hours using SHC anal ysis. SEC anpl ysis gﬁég%%@ﬁﬁ%‘@&@‘é@%ﬁ béd above,
r

and pertentage of| high nol ecul ar we| ght agg F?%g"ﬁ%‘i TR | 5% Hwwv
aggregafe T=O T = 2 hours : G Q %}gj)

SRTE

1A

Example 2
Characterization of polypeptides
Samples of the svActRIIB-Fc (E28W, S44T) (SEQ ID NO: 10) purified
5 through the MabSelect™ step, and ActRIIB-Fc (E28W) (SEQ ID NO: 21)

polypeptides purified through the SP-HP column step, as described above, were
diluted with PBS, pH 7.4 to 0.2 mg/ml. The glycosylation profile of the polypeptides

were then determined using SEC as described below.

10 Size exclusion chromatography (SEC). Experiments were performed on an

Agilent 1100 HPLC system with two columns (TOSOHAAS G3000swxl, 7.8 x 300

mm) in tandem. 2x PBS was used as the mobile phase at 0.5 ml/minute.

Figure 1 shows a comparison between ActRIIB-Fc (E28W) and svActRIIB-Fc

15 (E28W, S44T) on an SEC column using the protocols described above. svActRIIB-
Fc (E28W, S44T) shows a single peak compared with ActRIIB-Fc (E28W), which
shows three peaks. These correspond to the degree of N-linked glycosylation at the
N42 position of the Fc dimers of both proteins. The single peak of the svActRIIB-Fc
(E28W, S44T) polypeptide corresponds to fully glycosylated N-linked asparagines at

20  position N42 of the dimer. The three peaks of ActRIIB-Fc (E28W) corresponds to
(from left to right), fully glycosylated asparagines at N42, partially glycosylated
asparagines at N42, and non-glycosylated asparagines at N42. Therefore, this
demonstrates that the svActRIIB-Fc (E28W, S44T) molecule is fully glycosylated
compared to ActRIIB-Fc (E28W), which is heterogeneous with respect to this

25  glycosylation site, and thus more difficult to purify. In addition, preliminary studies
indicate that the svActRIIB-Fc (E28W, S44T) molecule has addition improved

manufacturability properties as set forth below. Additional studies also demonstrated
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T =4 hours ActRIIB-Fc (E28W 1.53 1.36 13.74 svActRI I B-Fc (E28W $44T)
1.66 2.17 8.93 Thus the percentage of high nol ecul ar wei ght

aggr egat esopomduemdd at pH 3.5 is substantially |ess for pevAstiRbloB25z ( E28W
S44T) than ActRIIB-Fc (E28W at 4 hours. 10Additional studies showed that

(Eowy 1 Tt fhe Uslilveotyfiliy SARMINPEUAIR-EEYEREW g el PAINGR L (B0
S44T)  wathermalestabilitp gememinsaliyhadd fally BlycBsHated maBdulat al | pHs. Thus, the

SVACtRI I B- Fc (E28W $44T)._ pol ypepti des are denonstrated to have . 15
i npr oved rranubﬁt?!‘ﬂ%néﬁf"l‘ P% §D@H§EQ@W@M6§9?H’§ regepiqr Rl YRERtidss, for #ihvdv ed
stabilit (fmd I | pHs conpared with
Act Rl | B- )écﬂl?gfgﬂw\h%\%l rl2;2&??%?@3@?‘392&&%1&%@@%18@{ nhibit activin A
nyostatin, and GDF-11 activity. Exanpl e 3 20Determination of in vivo

ef ficacy, Ll wegkyol d f.em| e C57B1/6 m ce were purchased from Charles River
Laboratogmgg%igg—@éﬁﬁﬁce per group) were adninistered a single dose
(10 g/ kg) of sevmAeh-BhdeB- eﬁﬁﬂfbﬁ%ﬁ%mﬁﬂ@@sséﬁ%@nb'klh@(Ai@}ecﬁﬁoM gpicle (PBS).

Lean body mass was deternm ned by NVR (Pl Xl nus, NAR Cor poration) at 3,
7, 10 25@apidyne breﬁsrsmﬂtSeInCdog@em ﬁmqurmmedhe ﬂasocuateortmﬂdmum(léo) n each

group. Tgfell 5 lt’nndsng to ActRIIB-Fc polypeptides. UltraLink Biosupport beads (Pierce)

10 was pre-coated with about 100 pg/ml each of myostatin, GDF-11, and activin A
overnight, and then blocked with BSA. 1 pM and 3 pM of ActRIIB-Fc¢ (E28W) (SEQ
ID NO: 21) and svActRIIB-Fc (E28W, S44T) (SEQ ID NO: 10) samples were
incubated with various concentrations (0.7 fM to 160 pM) of myostatin, activin A,
and GDF-11 respectively in sample buffer at room temperature for 8 hours before

15 being run through the ligand-coated beads. The amount of the bead-bound soluble
receptor was quantified by fluorescent (CyS5) labeled goat anti-human-Fc¢ antibody at
1 mg/ml in superblock. The binding signal is proportional to the concentration of free
soluble receptor at equilibrium with a given myostatin, activin A, or GDF-11
concentration. Kp was obtained from the nonlinear regression of the competition

20 curves using a dual-curve one-site homogeneous binding model provided in the
KinEx A™ software (Sapidyne Instruments, Inc.). The Kp values obtained for each

are given in the table below.

Myostatin GDF-11 Activin A
ActRIIB-Fc (E28W) | 0.1 pM 0.1 pM 0.2 pM
svActRIIB-Fc¢ 0.1pM 0.1 pM 0.1 pM
(E28W, S44T)

C2C12 Cell Based Activity Assay
25 The ability of ActRIIB-Fc (E28W) (SEQ ID NO: 21) and svActRIIB-Fc
(E28W, S44T) (SEQ ID NO: 10) to inhibit the binding of activin A, GDF-11, or

myostatin to the wild type activin IIB receptor-Fc was tested using a cell based

activity assay as described below.
A myostatin/activin/GDF-11-responsive reporter cell line was generated by
30  transfection of C2C12 myoblast cells (ATCC No: CRL-1772) with a pMARE-luc

40



for each set of mce are shown in Figure 2. It can be seen that a single
dose of svActRIIB-Fc (E28W $S44T) significantly increased | ean body nass in
t he ani maWwe.20{0RsE38801, based on repeated neasurenent ANEXAUSReR00@52 Ml S
per group). A study to determ ne dose-response efficacy was carried out as

foll ows. Escal atd Apel e ses of 3 f

svact R | BTRECTEA M AR e ERRTRE ey Horlpp i Rpsal o HielCAGh

subcut anequédcg, feprdsemtiigethd thybitavinktivih dedporiRldléments €DéEhar dtak BRIBEr
Laboratories). Six aninmals were initially in eich dosage@ﬂ?r ou7p i ncl udi ng
the PBS E6r0Pb1318P 617YS)iBim Py MEeS EePRERT reta (RirpaaensycahivRI PH Xl nus, GE

LUNAR ®5Me%i&39eofX?w%&ﬂmglte$i@w cé?f%%%ﬁrﬂy é@?es%%ﬁﬁ%htr%&gﬁXﬁB of the

study. At" the en eac one ani na om each group s sacrificed
t 0 olf ai on thdtticell anefhced AVherf miywstatin/activahALHRR- IWebakdsf the neldtdceptors, greoups) , and

the | ean_bo ss.determ,ned, for the r injng,animals in subsequent
ook e baliPek iSpa el B9 mhgerhot g et iaf B AR o B Rt he
SVACt Rl | @\715&3&@2&% a§_‘b’eT]) 81?91 Dﬁ{quéiﬁ,ereﬁﬂtiﬁ’é idn e %ﬁﬁreﬁi&{‘bﬂ‘ thé Wi{eﬁas}; ncreased

muscle mass in the animals, in a dose-dependent nmanner. urt her
st udi es, ginsad.ucdelasmattivippyeasitbemmedsuredetsing e eqRunBroial 1ERSASE ¢RERII D NO. 21)

and svAct Rl | B-Fc 4T) (SEQ | D.NO  10). were 15 rformed on femal e
b 7En) o HRbRE L Ea3 S0 Brgmebapdtsosh W aoqaptingh S ReR R L BBl [ oTe o
the inCr Aaudld Find SAMOUBENR thR$Ss Béh teadiecii i pvPaRBese af ter a single
dose of 10 //k of each sol uble receptor conpared with a control group

(admi ni st RE) Meaguserb epymersyee aghiyity aeearding del theyfoNwmRingmrseqdyse. GE LUNAR
Co t ' i i ghi.ng the 20

oo ol o BEey BOMS WERHLEY GRS of IRNGRINAS, SEREATTE ERe MIWBRELI GO 1 e

conpar at Av;ﬂlg-ﬂj@_mz Wlafustidsrfstcoﬁlcthﬁltéd?asﬁmgrﬁgg\ébp(/éﬁ@s bafcbi@aed?&%h geowed ﬁ?

| NCrease O % i an nmusc .hass ana . % i |.NCreas (0] |

conpar echc‘erﬁraﬁ?ni’}%ﬁéaéé%ﬁctgfsn/ﬁ, FryREH AR R s 5 @t s %@%age_ in
bodyy yei ght pleQhoaRGVA BrefrEcdpkS WY sevfAT Lokt ddsNBctib ) wagonmpared with an

i ncrease of 5% ean nuscle nmass andS 9% 251 ncrease body weight for the
control meawped by deterihimingfthe bicifetase aativity is gertreabet cudtngest RlheBChe ( E28W

S44T t gi bl e i ffl d with [,.B- F E28
a1 & haUAG IR PEOERAR At SREL AP LBFPIR TS Hecbrvach U8 TR BBHp o g
| mpr ovedTh&Bwhinet hllreegb{,é_ﬂ ihyramd geldddi fi ed H nge Linkers Additional |inkers

and nodified hinge regjons were constructed to test or further |nprovenent

of protein expression phyosahaf act ur apGDH-Y1 of the st Alstivinzed
ActRIIB-Fc (E28W) | 0.95 nM 2.4 nM 3.2 nM

sVActRIIB-Fc 1.07 nM 2.4 nM | 3.6 nM
(E28W, S44T)

20 Thus the cell based activities are approximately the same for ActRIIB-Fc
(E28W) and svActRIIB-Fc (E28W, S44T).

Stability at low pH

Stability of a protein at low pH is a useful parameter in considering the
25  manufacturability of the protein, since the viral inactivation step of a commercial
production process typically is carried out at low pH, such as between about pH 3.0 to
4.0.
To assess the short term protein stability effects at low pH experienced during

the viral inactivation step of commercial protein purification the following test was
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ActRI I B (E28W S44T) pol ypeptides. Mdified |inker/hinge sequences based on
nodi fi cations of hinge |linker #1 were generated using overlap extension PRC
nmut ageneswe 2naldoeass, according to Mkaelian et al., Metrogaseevonbdezul ar

Bi ol ogy, 57, 193-202 (1996), and well known net hodol ogy. 5The nodified

[ [ e I nge
1 nge 1 Begile BN S ABNIL b SR Sodi BBt o
hi nge i iﬁkerwa%lstqmed ytrﬂﬁcﬂcemd adﬁlyggdgg@tggaggaz gt aghgtPdenecadgagsBECa (SEQ | D
NO 26). | er #1 pol ypepti de CPPCP (SEQ I D NO 27) hi nge
| i nker #?“ V%%W@@B%W&F&%&é B‘é‘é"a&f‘%?ﬁrﬁ?‘gﬁ elgtighccaccgt gc
(SEQ I D ﬁ@ecgg,} W%%htghg@g Atésn\ﬁ,gg Jdt2MeRl i de” GBEGSERKCCVECPPC (SEQ | D NO  38)
hi nge |inker #3 polynucleotide 20ggagggggaggat ct ggt ggaggt ggt t caggt ccaccgt gc

(SEQID NO 39) hinge i nker #3 pept BV BCRHEBEHABESCPPC ( SEQ | D NO  40)

25hi ngertinker—#4—potypucieotde—ggaggges at-e gﬂfﬂ"?gt "gtutcaggtc"accggga
(SEQ I D NO 41) hinge uka‘eq' #4 pepti L e GESGRP (éﬁ@ fO NO 42) 30
hinge || Akeiig?ic @aBwyur] 6911 de 1.36 13.74
ggagggggag.gar_cl_gaoca?:]a atgtccaccttgtglcgagtgcccaccagt gc ZSEO D NGO 43)

hi nge | | maeRIB:Fpept i diel.§6 GGGGSERKCPPVETPPC ( SEQ | D| 8193 44) hinge |i nker
#6 pept | desWPARPEPASGPPCP (SEQ | D NQ | 45)

Thus the percentage of high molecular weight aggregates produced at pH 3.5
is substantially less for svActRIIB-Fc (E28W, S44T) than ActRIIB-Fc (E28W) at 4
hours. _

10 Additional studies showed that svActRIIB-Fc (E28W, S44T) showed better
reversibility than ActRIIB-Fc (E28W) from exposure to pH 3.0, 3.5 and 5.0, and that
sVACtRIIB-Fc (E28, S44T) was more homogeneous that ActRIIB-Fc (E28W) at all
pHs.

Thus, the svActRIIB-Fc (E28W, S44T) polypeptides are demonstrated to have

15 improved manufacturability characteristics, in particular, improved stability at low
pH, and greater homogeneity at all pHs compared with ActRIIB-Fc (E28W) while
retaining the ability to inhibit activin A, myostatin, and GDF-11 activity.

Example 3

20 Determination of in vivo efficacy

11-week-old female C57Bl/6 mice were purchased from Charles River
Laboratories. The mice (ten mice per group) were administered a single dose (10
mg/kg) of svActRIIB-Fc (E28W, S44T) (SEQ ID NO: 10) or vehicle (PBS). Lean
body mass was determined by NMR (PIXImus, GE LUNAR Corporation) at 3, 7, 10
25  and 14 days after dose administration for the ten animals in each group. The results
for each set of mice are shown in Figure 2. It can be seen that a single dose of
svACtRIIB-Fc (E28W, §44T) significantly increased lean body mass in the animals.
(P<0.001, based on repeated measurement ANOVA. n=10 animals per group).
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40hi nge | i nker #7 pepti de GPASGGEPASGCPPCVECPPCP (SEQ I D NO 46) The
follow ng hinge linkers #8 to #10 bel ow were designed to performwell wth
an | gd Fow(QSEQ/d6E3sBIO. 23) or the nodified |1 g3 Fc gi ven lpelrasqo8ma25D NO
4547 below). nodified 1gGl Fc

APEL L GGPSVFLFRR F g‘\é_ %% I-&EE’ W PREEQYN
STYRW S VLTW%% \Y] EXQL %yl aE%Q\NT LPP S
REEMT KNQisc@ldtih singkGoseSo 0,4, Y BNESNGEIHONNg/kg of svActRIIB-Fc (E28W, S44T)
YKTTPPVL YSKLTV FSCSV LHNHYTOQKSLSLS 5P SEQ I.D NO 47)
hi nge I %%g‘}%e@ilﬁggmgl{vm%@%é&@muﬁbtméma&lOﬁﬁgﬁgeolf‘i nker #9
bept | de EERTRYRIIHEGRACTR (oFR:hRaMesr Dix BhidAs hbiliRTiafi} O DRM ARz
GGGGSGEEESVDKTHTGPPCP (SEQ | D NO 50§ 15 Test1ng of nodified hinge

| i nkeY semupmdeding the RBS\cerRrdl Brdtp. ((280\bodAdikss wasdgemiioedrby NdMRf ol | ows.
Pol ynucl i des [ VAct Rl I.B (E28W 4T, EQ | 5

ol ynuol GHEIHES GRECRIAE CARESTHRET a0 s RE "o B BIEARS %ng

pol ynucl getstdes ARNEOEHIE dabliivebk, dnelaRirhd? (N each) %r@ﬁ Rab ¥auiElce@td des
encoding 20 1gGL Fc (SEQ ID NO 23) or nodified gG'i Fc (SEQ I D NO 47)
wer e subebt ditional dasz(sot i tatal dechovedkdiom all Bikagnobps)langhiae dsaprbedsed usi ng
the trangj 3- r i crihb i except
for the FBrSsiTin o RGERa A, SRR 3naa5E Wk DR ge e 117
mg/ MO Pl ouitdn iFigur® 3 M dan Gl eanmhactha 3UA 2RIIBHFO(EZBWe S 44T ypdlypeptitle agslh) was
used in place of Freestyle 293 nedi um as descri bed 25in Durocher et al.,
Nucl ei ¢ yeigpdicanthrmersgseduguscie mass inghanimalstHpa dogerdaperdeiér e grown f or
seven da%gnﬁgr_ 37 C after transfection. Aliquots were centrifuged to renove
cells, and the supernatant was m xed with | oading buffer before being

heat ed and | obhdadhendtadies, he2Dth haad somipgdsons bgstech drctRABS(E28Y) West ern

campi o WHRIBREED Grd S RYEFES 0256 sDsRRUD BBk k6% nt | huan Fo

ant i ppdypdrfirRed @n#eh4ié D5 78l/6an e (@hARR Rberl: ab8Pfories, 10 aniRidld S

purification was perfornmed using the follow ng procedure. Approximtely
0. 25 L ogroupktogasadineithi mgreaselindlegmmusaélaimags adbbadyaveight ¢hargesafier ant s wer e

t ' 5 ft2 10K t tial.flowfilter. The 35
concent r 0l aHi B Bnige o oAl ST KRRt ROBRGD R a.C3leph efslbt of mmnce
Col uMm TMa@fdniblesdIFBR)e Lenh bodly hass weedetaeiihdd by RiveRl (PIXIBBSE( Dul becco' s

wi th no magnesi um chl oride or calciumchloride). After washing the colum
wi th t heLERAR Cormeration) mndrhody wrpight changearpssleamireddy veghingthoD280) was

| essy¢t haghifait peliBically for 37 days. The results at the end of this comparative study
was that ActRIIB-Fc (E28W) (SEQ ID NO: 21) showed an increase of 24% in lean

muscle mass and 25% in increase of body weight compared with an increase of 25%
in lean muscle mass and 20% increase in body weight for svActRIIB-Fc (E28W,
S44T) (SEQ ID NO: 10), compared with an increase of 5% lean muscle mass and 9%
25  increase body weight for the control group.
Therefore, it can be seen that svActRIIB-Fc (E28W, S44T) retains comparable
in vivo efficacy compared with ActRIIB-Fc (E28 W) while having improved

manufacturability characteristics.

30
Example 4
Improved Manufacturability with Modified Hinge Linkers

Additional linkers and modified hinge regions were constructed to test for

further improvement of protein expression and manufacturability of the stabilized
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WO 2010/ 062383PCT/ US2009/ 006252 bound protein was eluted with 0.1 M
glycine-HCL, pH 2.7, and imediately neutralized with 1 M Tris-HCl, pH 8.5.
The portiwo 20fo/mgggsegate in percent and the portion of rairfusSoevmeazse i n
percent were determined by the follow ng nethod. Denaturing size exclusion

5 ch | t of
> Chroraigne - Surei il nee, ASTRRINL SR R Sl
G3000swx ipdifivatiadpdehingElinkep Bl herppareateduding oserfap MxGﬁls‘lGih PRC phosphat e

buffered saline, ( npl es_were dilute 1 /nL in PBS with 7 M
GUHCL. Tﬂ@%?qsrscrﬁegpd%@g«‘r%@géom kplineshel I\ée@e@%w uler Biglege t ot al

eak are K he mai n peak, whereas the portion
p 39, 195-200 Ig@% dhd e Pl Rl ooy

of hal f-nol ec ercent 1s determned fromthe total peak areas of the
peaksS el ut ed #h¢ swdiffed mmgenliggeakdesigned hapérforni wellméthag &2l fusivasiateo

represeni. inactiyv al f.- cul es Aggr egat e d hal f-nol ecul e

di stri buE”ing?lﬁB‘f“f@A&%ﬁ@L@%ﬁ%W’“@@ﬁ ‘gﬁlpﬁgﬁﬂléer rFPOYSCRTnge | i nkers
are set fort hhihg libke#f giyneddong: t abl e.  Hinge |inker sequence % aggregate %
hal f 1ol ecul egSEEEEAEARRCE AR QadReNRy (SEQ) IDING:R61L5. 12 GGGGSERKCCVECPPC ( SEQ
ID NO 38) 15.01 7.19 GGGGSGEGGSGPPC (SEQ ID NGO 40) 0.56 3.83
mﬁm@Pg%néesﬁgrl#Ppm%epﬁ@

GGGGSVECPPCP (SEQ ID NO: 27)

hinge linker #2 polynucleotide
ggagggggaaggatctgagegeaaatgttgtgtcgagtgcccacegtge (SEQ ID NO: 37)

15
hinge linker #2 peptide
GGGGSERKCCVECPPC (SEQ ID NO: 38)
hinge linker #3 polynucleotide

20 ggagggggaggatctggtggaggtggttcaggtccacegtge (SEQ ID NO: 39)
hinge linker #3 peptide
GGGGSGGGGSGPPC (SEQ ID NO: 40)

25 hinge linker #4 polynucleotide
ggagggggaggatctggtggagotaottcaggtccacecggga (SEQ ID NO: 41)
hinge linker #4 peptide
GGGGSGGGGSGPPG (SEQ ID NO: 42)

30
hinge linker #5 polynucleotide
ggagggggaggatctgagcgceaaatgtccacctigtgtegagtgeccaccgtge (SEQ ID NO: 43)
hinge linker #5 peptide

35 GGGGSERKCPPCVECPPC (SEQ ID NO: 44)
hinge linker #6 peptide
GPASGGPASGPPCP (SEQ ID NO: 45)

40 hinge linker #7 peptide

GPASGGPASGCPPCVECPPCP (SEQ ID NO: 46)

The following hinge linkers #8 to #10 below were designed to perform well
with an IgG1Fc (SEQ ID NO: 23) or the modified IgG1Fc given below (SEQ ID NO:

45 47 below).
modified IgG1 Fc

44



0. 00 99. 03 GGGGSERKCPPCVECPPC (SEQ ID NO 44) 1.09 3.81 15 Thus certain

| inkers may i nprove manufacturability of the stabilized ActRIIB- Fc (E28W
S44T) acowodorgee3s3t hese prelimnary tests by reduci ng trhe/ysesomndage of

i nactive hal f-nol ecul es produced. 20The table below identifies the

sequences as lb U ey vBYSHERr N RewSViDRivERN 1
mF'tF Ibs”v Bﬁ?’%@ﬁ‘g& %erté ooy

ActRII B extra ﬁ% E"f%dﬂ\l’ﬁ@w@ﬁﬁkhykar
domai n, pol ypaRGQPRE R4 HDL VRYEIBRB A B ENGHPENB ( E28W
S44T) IOOI ynUC’Yﬁqﬁpﬂlﬂmﬁchs1$L§tBRLT%HWGNVFSCSVMHEALHNHYTQKSLSLs

5 PGK (SEQ ID NO: 47)

hinge linker #8 peptide
GGGGSVDKTHTCPPCP (SEQ ID NO: 48)

10 hinge linker #9 peptide
GGGGSVDKTHTGPPCP (SEQ ID NO: 49)

hinge linker #10 peptide
GGGGSGGGGSVDKTHTGPPCP (SEQ ID NO: 50)
15

Testing of modified hinge linker sequences with svActRIIB-Fc (28W, S44T)
was performed as follows. Polynucleotides encoding svActRIIB (E28W, S44T) (SEQ
ID NO: 5), polynucleotides encoding the modified hinge linkers shown above, and
polynucleotides encoding IgG2 Fc (SEQ ID NO: 22) or polynucleotides encoding

20 IgGl Fc (SEQ ID NO: 23) or modified IgG1 Fc (SEQ ID NO: 47) were subcloned
into vectors as described in Example 1 and expressed using the transient 293-6E
expression system as described in Example 1, except for the following changes: F17
media (Invitrogen) supplemented with 1.1 mg/ml Pluronic, 6 mM L-glutamine and 25
ug/ml geneticin (Invitrogen) was used in place of Freestyle 293 medium as described

25 in Durocher et al., Nucleic Acids Research 30, No. 3, €9 (2002)). The cultures were
grown for seven days at 37 °C after transfection. Aliquots were centrifuged to remove
cells, and the supernatant was mixed with loading buffer before being heated and
loaded onto a 4-20% tris-glycine gel for analysis by Western Blot. After the protein
was transferred to a nitrocellulose membrane, samples were probed with a hydrogen

30  peroxidase conjugated anti-human Fc antibody (Pierce #31423) at a dilution of
1:1000.

Protein purification was performed using the following procedure.
Approximately 0.25 L of the conditioned media containing the svActRIIB-Fc¢ variants
were concentrated using a 5 ft* 10K membrane tangential flow filter. The

35  concentrated material was applied to a 5 mL Protein A High Performance Column™
(GE Heathcare) which had been equilibrated with PBS (Dulbecco’s with no
magnesium chloride or calcium chloride). After washing the column with the

equilibration buffer until the absorbance at 280 nm (OD,gg) was less than 0.1, the
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4 svActRI I B (E28W $S44T) pol ypeptide with signal sequence 5 svAcCtRIIB
(E28W $S44T) pol ynucl eoti de wi thout signal sequence 6 svActRII B (E28W

S44T) polwpeptomessai t hout signal sequence 7 svAct Rl | B- FeCTERSMY/0&24T)

pol ynucl eotide with signal sequence 8 svActRI I B-Fc (E28W S44T) pol ypepti de

with sig LIRh L BrFe ¢ E2 ) i de wi t hout
si gnal sg‘g‘ll?éiﬁ%g“léwgﬁ/%%@@?‘ﬂé%M@ﬁﬁ%gl}r %&;ﬁ@gﬂéh@g{ hout si gnal
sequencenéiitralivétivith 1 M(TEABMCL,$HIZ)Y. pol ynucl eotide with signal sequence 12

SVACtRI I B (E28Y, $44T) pol ypeptide with signal sequence 13 svActRI | B (E28Y,
S44T) pol ynucil Bopoigien it pagigeats iypeiced @gd discRortion of half molecule in percent

were determined by the following method. Denaturing size exclusion

5 chromatography experiments were performed by injecting a 50 pl aliquot of each
sample onto an HPLC system with two size exclusion columns (TOSOHAAS
G3000swx]) in tandem. The mobile phase contains S M GuHCl in phosphate buffered
saline (PBS). All samples were diluted to 1 mg/mL in PBS with 7 M GuHCIl. The
portion of aggregate in percent is determined from the total peak areas of the peaks

10 eluted before the main peak, whereas the portion of half-molecule in percent is
determined from the total peak areas of the peaks eluted after the main peak. The
half-molecule are believed to represent inactive half-molecules.
Aggregate and half-molecule distribution of svActRIIB-Fc (E28W, S44T)

with the various hinge linkers are set forth in the following table.

Hinge linker sequence % aggregate % half molecule
GGGGSVECPPC (SEQ ID NO: 27) [0.63 15.12
GGGGSERKCCVECPPC (SEQ ID
INO: 38) _ 15.01 7.19
GGGGSGGGGSGPPC (SEQ ID NO:
40) 0.56 3.83
GGGGSGGGGSGPPG (SEQ ID NO:
42) 0.00 99.03
GGGGSERKCPPCVECPPC (SEQ
ID NO: 44) 1.09 3.81
15
Thus certain linkers may improve manufacturability of the stabilized ActRIIB-
Fc (E28W, S44T) according to these preliminary tests by reducing the percentage of
inactive half-molecules produced.
20 The table below identifies the sequences as listed in the sequence listing.
SEQ Description
ID NO
1 ActRIIB extracellular domain, polynucleotide
2 ActRIIB extracellular domain, polypeptide
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SVACt RI | B (E28Y, $S44T) pol ypeptide w thout signal sequence 15 svActRI I B-Fc
(E28Y, $44T) polynucleotide with signal sequence 16 svActRI I B- Fc ( E28Y,
S44T) polwpeptomessai t h signal sequence 17 svAct RI'| B- Fc (PEZ8/¥20084ddbx2

pol ynucl eotide wi thout si gnal sequence 18 svAct RI I B- Fc (E28Y S44T)

PR W AL mfgv\zfsﬂaiﬂ“mmclp&ac.' ity SipA g PoP O ot
Cq CII\J.—I VALBLLLA®A %Y 91 TaI

sequench_28 act BAGRH pRlypEp tiﬁkwx;hslgmlfsequqnﬁg sequence 22

| g@Fc pol Ypep sw%ct U (ER8W, 7S$4|Ta; pplyaugisotidsaithons signal seABenco4 | g4 Fc
pol ypeptidé senswABIIB (E28W, S44T) polypeptide without signal sequence

7 'sVACtRIIB-Fc (E28W, S44T) polynucleotide with signal sequence
8 svActRIIB-Fc (E28W, S44T) polypeptide with signal sequence

9 svActRIIB-Fc (E28W, S44T) polynucleotide without signal sequence
10 svActRIIB-Fc (E28W, S44T) polypeptide without signal sequence
11 svACctRIIB (E28Y, S44T) polynucleotide with signal sequence

12 svACtRIIB (E28Y, S44T) polypeptide with signal sequence

13 svActRIIB (E28Y, S44T) polynucleotide without signal sequence
14 svACtRIIB (E28Y, S44T) polypeptide without signal sequence

15 svActRIIB-Fc (E28Y, S44T) polynucleotide with signal sequence
16 svActRIIB-Fc¢ (E28Y, S44T) polypeptide with signal sequence

17 svActRIIB-Fc (E28Y, S44T) polynucleotide without signal sequence
18 svActRIIB-Fc (E28Y, S44T) polypeptide without signal sequence
19 ActRIIB (E28W) polypeptide, without signal sequence

20 ActRIIB-Fe¢ (E28W) polynucleotide, without signal sequence

21 ActRIIB-Fc (E28W) polypeptide, without signal sequence

22 IgG2Fc¢ polypeptide sequence

23 IgG1Fc polypeptide sequence

24 IgG4 Fc polypeptide sequence

25 Linker amino acid sequence

26 Hinge linker #1 polynucleotide sequence

27 Hinge linker #1 peptide sequence

28 Hinge region IgG2

29 Hinge region IgG1

30 Hinge region IgG4

31 Alternative signal sequence, polypeptide

32 Signal sequence, polypeptide

33 Wild type ActRIIB accession NP 001097

34 Activin polypeptide sequence

35 Myostatin polypeptide sequence

36 GDF-11 polypeptide sequence

37 Hinge linker sequence #2 polynucleotide

38 Hinge linker sequence #2 peptide

39 Hinge linker sequence #3 polynucleotide

40 Hinge linker sequence #3 peptide

41 Hinge linker sequence #4 polynucleotide

42 Hinge linker sequence #4 peptide

43 Hinge linker sequence #5 polynucleotide

44 Hinge linker sequence #5 peptide

45 Hinge linker sequence #6 peptide

46 Hinge linker sequence #7 peptide

47 Modified IgG1 Fc polypeptide sequence

48 Hinge linker sequence #8 peptide

49 Hinge linker sequence #9 peptide

50 Hinge linker sequence #10 peptide
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25 Linker am no acid sequence 26 Hi nge |inker #1 pol ynucl eoti de sequence 27
H nge |inker #1 peptide sequence 28 Hi nge region Ig& 29 H nge region |gGl
30 Hi nge weghmmekipe4 31 Alternative signal sequence, polrgpapsteod@o@@®2 Si gnal
sequence, pol ypeptide 33 WIld type ActRIIB accession NP 001097 34 Activin
pol ypepti de sequence 35

The present invention is not to be limited in scope by the specific
embodiments described herein, which are intended as single illustrations of individual
aspects of the invention, and functionally equivalent methods and components are

5  within the scope of the invention. Indeed, various modifications of the invention, in
addition to those shown and described herein will become apparent to those skilled in
the art from the foregoing description and accompanying drawings. Such

modifications are intended to fall within the scope of the appended claims.
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Myost atin pol ypepti de sequence 36 CGDF-11 pol ypepti de sequence 37 Hinge
| i nker sequence #2 pol ynucl eotide 38 Hi nge |inker sequence #2 peptide 39
Hi nge | i mkenomagessace #3 pol ynucl eotide 40 Hi nge |i nker PE&qis2000@06232 pept i de
41 Hi nge linker sequence #4 pol ynucl eotide 42 Hi nge |inker sequence #4
pepti de 43 Hi nge |inker sequence #éL%gkﬁpucleotide 44 Hi nge |inker sequence
#5 peptide 45 H nge |linker sequence pepti de

What is claimed is:

1. Anisolated protein comprising a stabilized activin IIB receptor
polypeptide, wherein said polypeptide is selected from the group consisting of:

(a) apolypeptide consisting of the sequence set forth in the group consisting
of SEQ ID NO: 4, 6, 12 and 14;

(b) apolypeptide having at least 90 % sequence identity to (a), wherein the
polypeptide has a W or a Y at position 28 and a T at position 44, wherein the
polypeptide is capable of binding myostatin, activin A, or GDF-11, and

(c) polypeptides having at least 95 % sequence identity to (a), wherein the
polypeptide has a W or a Y at position 28 and a T at position 44, wherein the
polypeptide is capable of binding myostatin, activin A, or GDF-11.

2. The protein of claim 1, wherein the polypeptide is connected to at least one

heterologous protein.

3. The protein of claim 2, wherein the heterologous polypeptide is an IgG Fc

domain.

4. The protein of claim 2, wherein the heterologous polypeptide is connected

to the polypeptide by a linker sequence.

5. The protein of claim 4, wherein the linker is selected from the group
consisting of: SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 38, SEQ ID NO: 40,
SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 48,
SEQ ID NO: 49 and SEQ ID NO: 50.

6. The protein of claim 3, wherein the protein comprises a polypeptide
selected from the group consisting of:

(a) a polypeptide consisting of the sequence set forth in the group consisting
of SEQ ID NO: §, 10, 16 and 18;

(b) apolypeptide having at least 90 % sequence identity to (a), wherein the
polypeptide has a W or a Y at position 28 and a T at position 44, wherein the

polypeptide is capable of binding myostatin, activin A, or GDF-11, and
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46 Hi nge |inker sequence #7 peptide 47 Modified IgGl Fc pol ypeptide
sequence 48 Hinge |inker sequence #8 peptide 49 Hi nge |inker sequence #9
pepti de SoHvrge23ssnker sequence #10 peptide The presemCTiuse@and@s2is not
to be limted in scope by the specific enbodi nents described herein, which

are intended %pﬁdé% I}Me%ﬁtlé&f%% f[% #&Hﬁ’%‘ S}Qéiﬁi g%ﬁag%ﬁergfn thbe

I nvention, and’fun ona ui va onents are 5within

t he scoppolypeptide hana dvipr aiY. atipoditied 28\aad iadllist pmdlohlémi’;lwl?el‘mﬁik t he i nventi on,
in additi t hose descri bed herei n w econe apparent to

t hose skP‘ﬁP’%ﬂ’ lldﬁlﬁ‘l‘?é’ag %F@?&WO?‘%‘%@WWQ‘Adé’§5¥i$%)‘tlilon and acconpanyi ng
drawi ngs. Such nodifications are intended to fall within the scope of the
appended clainms, CLAIMS Wiat is clained is: 1. An isolated protein
conprising a %t abe¢ proteid odckaimilnwheRin beepting agid residystdt gesitiohéf és n sai d

pol ypeptégg s selected fromthe group consisting of: (a) a

pol ypeptide conS|st|ng of the sequence set forth in the group consisting of
SEQ ID NO 4, 6, 12 and 14, (b) a polypeptide having at |east 90 %
sequence identity to (@), wherein the pol ypeptide has a Wor a Y at

position 28 a%dAa isolated pendeinicompyising éabilizediagivindIy pegspiod @olypeptigeabl e of
bi ndi ng @Vggttlﬂfﬁ)r\wh&&tn' s\éidbd?ype?)ild%eﬂe%tedqpoqn the group consisting of:

(a) a polypeptide consisting of the sequence set forth in SEQ ID NO: 2,
except for a single amino acid substitution at position 28, and a single amino acid
substitution at position 44, wherein the substitution at position 28 is selected from the
group consisting of W and Y, and the substitution at position 44 is T;

(b) a polypeptide consisting of the sequence set forth in amino acids 19
through 134 of SEQ ID NO: 2, except for a single amino acid substitution at position
28, and a single amino acid substitution at position 44, wherein the substitution at
position 28 is selected from the group consisting of W and Y, and the substitution at
position 44 is T;

(c) apolypeptide consisting of the sequence set forth in amino acids 23
through 134 of SEQ ID NO: 2, except for a single amino acid substitution at position
28, and a single amino acid substitution at position 44, wherein the substitution at
position 28 is selected from the group consisting of W and Y, and the substitution at
position 44 is T;

(d) a polypeptide consisting of the sequence set forth in amino acids 25
through 134 of SEQ ID NO: 2, except for a single amino acid substitution at position
28, and a single amino acid substitution at position 44, wherein the substitution at
position 28 is selected from the group consisting of W and Y, and the substitution at
position 44 is T;

(e) apolypeptide having at least 80 % sequence identity to any one of (a)
through (d), except for a single amino acid substitution at position 28, and a single
amino acid substitution at position 44, wherein the substitution at position 28 is
selected from the group consisting of W and Y, and the substitution at position 44 is

T, wherein the polypeptide is capable of binding myostatin, activin A, or GDF-11.
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(c) polypeptides having at |east 95 % sequence identity to (a), wherein the
pol ypeptide has a Wor a Y at position 28 and a T at position 44, wherein

t he pol ypept2oteeezm3capabl e of bi nding myostatin, activi RCAUSR09GLR5L].

2. The protein of claim1l, wherein the polypeptide is connected to at |east
one het erol oggu i SNUERCH j (FpL cein the

het er ol ogous gbﬁﬁgéﬁgﬁ%gguflglcaaﬁlq %&le&ggfgﬁ%}nﬁi& aol;()l%l%?é&é%e}g\éb?ﬁ n of claim
2, wher eihr gohypepideesfdlaigo8ls pol ypeptide is connected to the pol ypeptide by
a |inker sequence. 5. The protein of claim4, wherein the linker is
selected fromthe group consisting of: SEQID NO 25, SEQID NO 27, SEQ ID
NO' 38, SEQ | B Nk ilflreFER1LR 3 mARouSEObRS NP hynuSEREONR S, SEQ 1D
NO 46, SEQ ID NO 48, SEQ ID NO 49 and SEQ I'D NGO~ 50. 6. The

prot ei n &bmcthaigmup,conbistirgg of: t he protein conprises a pol ypeptide sel ected
fromthe group.consisting. of: . . pol ypepti de.consi sting of the
sequence set ?aaratPfﬁ?'?luctl"r‘i)gldﬁFBﬁ%dIB%ﬁgﬁsﬁ)Fﬁb&oﬁgé%'g ?f%@).se%‘,en‘i‘bs,egm and 18;
(b) a pofdfﬂﬁﬂtthéj%ohﬁ\ébﬂ@stﬂﬁg JfEED IDNGos 6dLUERGE 1udentity to (a), wherein

t he pol ypeptide has a Wor a Y at position 28 and a T at })OSI'[IOI’I 44,

wherei n t he pBDypppyhedeqtilecapeding agplybeptideritpvingod deast 90 Yataquenas A, or

GDF- 11, . I . de e 0% ence identity
to (a), \%’r%gtrltgi t(l’)l (?)h‘é\'h%@ny%gﬁ? B%gb{ﬁ(gesﬁaas oér}g‘la‘igl%‘?t %?S%E%ns?ﬁs%&ngigyand a T at
posi t i onpdsitionvig el iwHekedn fiRd podeiptideis cipsslp abbmding i switing aconastagt i n,
activin A _or GDF-11. 7. The protein of claim1, wherein the am no
aci d resPutdPFatl;gadition 64 is al anine. 8. An isolated protein
conprising a j '&&ﬁe RIS FE r V. i gkeo | 1 B)
wherein said 3%5%%%“ eoqﬁtg e}ég(?ﬁé%% g&@?’%ﬁﬁ‘é‘ggﬁo“‘gg&%{oﬁf./"g%ceiﬁﬁ%{‘%f:

(a) a poidgpeptto d®, ebesimsthe pglypeptidechasadWenracY aepositoort 28 amd SEQtI D NO 2,
except for .a singl m no.acid substitutiqn at. position 28, and a single
o no. achiriGeAb R ST RS YEPER oo EP R Ky BoAVIBAS o

posi ti ong28pirs;sel ected fromthe group consisting of Wand Y, and the
substitution at position 44 is T; (b) a pol ypeptide consisting of the
sequence set forth in amno acids 19 through 134 of SEQ ID NO 2, except

for a single i acid substi.tutio t sition 28 nd .a singl e _am no
aci d substi tut [ ontepsigs FERgno e & o 16: Wherdutt pofheifodiisdnd on 28
i s sel ectrlehdeaBlctied fmOPtHe Gows t&isisigg of SYQAMIND: 3a5d 1t il Sudisitd t uti on at
position 44 is T, (c) a polypeptide consisting of the sequence set
forth i ncpPls®enti ds 23 through 134 of SEQ ID NO 2, except for a single
am no acid substitution at position 28, and a single amno acid

substitution at position 44, wherein the substitution at position 28 is
sel ect ed from2.hEhgnaigic acidshsltculgobtlaim aficlaivn 18 nethdérbm theibsti t uti on at

Forth i nPeliirdealide durtes cDPHRGTPoIR GO SE BN B e s GEO% o1 ngl e
am no ac%lq,te%{bsti tution at position 28, and a single am no acid
substitution at position 44, wherein the substitution at position 28 is
selected fromthe group consisting of Wand Y, and the substitution at
position 44 is, T, . (e),.a ol ti de,havi ng.at | east .80. % sequence
Panti ty to ahy Sensieir a5t BRI BE Bt T2 BAR 4 PETRUIERNIAR noaci G
subst i t usdletedfroaabe grioap cdfsistapcbfa single am no acid substitution at
position 44, wherein the substitution at position 28 is selected fromthe

group consi st {Mg RAlYWckgetide engeging m polypertidetcopsisingef the spauesee s is T,
wherein . Lae. i i ndi tatin, activin A or
GDF- 11. tohfh IH%JQ@%&%}%&%&@?%S@%%%O'?Cilg’ fr;%fng%g e conprising a

pol ynucl eot i déb)enpaighhunfediide epcddipgppolypemtidediaring 4 least 90 % sequerve i sol at ed

nucleic acid nol ecule conprising, ol ynucl egti de . sel ecte romthe group
consi sti ﬁ]ﬁn%tp’:to (@), whergint Pﬁg'ﬂ’ﬁgt&fgq l%étai\&é’réﬁ‘gﬁﬂi’??g“% %%Hﬁg%%taitde consi sting
gl;] dt 22 SEERHEN 4, 388 wheteilthe Dol IR pHAOHR af IS bFbinBfg thy obdn Beiheh At 6, 12,

’ or GDF-11; and

51



(b) a polynucl eoti de encodi ng a pol ypeptide having at | east 90 % sequence
identity to (a), wherein the pol ypeptide has a Wor a Y at position 28 and
a T at pospt2oowved3s3 and wherein the pol ypeptide i s capalpiCe/uskoovionctsng

nyostatin, activin A or CGDF-11; and (c) a polynucl eotide encoding a

pol ypeptide h i g{;&{ in the

pol ypepti de h@ E[.lIgOV\‘?ltlu(Jl egéoc{){ﬂé ??Hﬁﬂ%@ldegﬁogéﬂ I %ﬁ/%%e Zf and
wher ei n tdestitydd ypephemdin the pobzpaptﬁcélm[sabNruim@ahymﬂncatI&ancba:ﬂaﬂ n A or
GDF- 11. . . _The nucl.eic acid, nmpl ec f. ¢laim 10,. wherein the

pol ynucl oo haad Fﬁ&%ﬁ\ﬁ@ﬁb@eg%@%t%aa I¢ eﬁ?mﬁ@gg?wt%ﬁ%qvg@ g of SEQ
I D NO 3¢r &pFlfj . and 13 or its conplenent. 12. The nucleic acid nol ecul e of
clai mof claim 10, wherein the pol ynucl eotide further conprises

pol ynucl eoti des encodi ng at | east one heterologous protein 13. The

nucl eic acid ul e of cl.ai i ect ed

fromthe grougycgﬁs?%‘i]?lﬁamg Sedife o?%lg?n; ﬁ%‘ﬁ}@ﬁ%é&?ﬂgﬁ b‘%ﬁ]aﬁg}‘

pol ypept ied@ermensiestet m@nofhetgwu;s&ms@ﬂﬁ%ossEQfI@“Nb i7n9 t Iear@r U Br gONSi sting of

SEQ | D NG 8 10, 16, and 18; a pol ynucl eoti de encodi ng a

pol ypept &P ﬁla@iltng at least 90 %sequence identity to (a), wherein the

pol ypeptide has a Wor a Y at position 28 and a T at position 44, and

wherein the pol ypeptide is capable of binding nyostatin, activin A or

CGDF-11; and 15. The nfaddic acif@holacid¢ edélaine 1 @ neladeinghapplghygenidede havi ng at

| east 95 % &I&E@e identit (a), V\/nereln t he pol ypeptide has a Wor a Y

at posi t PRSFADBIEKRS 19 &I{raé’tscrﬂiéy?l ‘Efrfr%@ latigpg] regdpterhsadHEnSSel ypept i de i s

capabl e of binding nyostatin, activin A or GDF-11. 14. The nucleic

acid nol ecule of claim13, wher ein the pol ynucl eoti de has the sequence

sel ect ed fronlt.hé regomipnadnsitet corgpridingSE nubledCacid molgculesofaaml). or it

conpl enent . 15. The nucleic acid nolecule of claim 10, wherein the

pol ynucl eotide is operably linked to a transcriptional or translational

regul atory sepueNGRst cell compkBingAhé REOMPIRAN e UaifOr®r i sing the nucleic

acid nol ecul e of claim 10. 17. A host cell conprising the reconbinant

vector of claim 16. 18. The host cell of claim17, V\/nerel n the host

cell is am I . rodu0|n vActRIIB

protein corrpglmsal nlg&ho(éﬁéllr?fn%alfrhe ’ho etrel }ileihg(%f 861} anqlil?mﬁﬁ ondi tions

pronoting the expression of the protein, and recovering the pr ot ei n.

20. A pharnmaceutical conposition conprising an effective anpunt of the
thodehins

protein of clk-nd1s§ fyrine 3f s AURHBpRtcdn compHEsing cllbEt1thel e carrier.
21. A mefpgk1rbf dlzﬁﬂi pi ﬁﬁdlag c&ﬁ/cﬁﬁ&?stﬂrﬂm%ﬁhg‘t’ﬁeté&ggér%sﬁlﬁtso'tf‘é}}ébr@&‘iﬂ Vhay in a

subj ect 1n need of such treatnent ‘conpri I'ng a

t her apeutece@iing tlef pretetin.ve anount of the conposition of claim20 to the
subj ect . 22. A nmethod of increasing | ean nmuscle mass or increasing
the ratio of lean nuscle mass to fat mass in a subject in need of such

treat ment conmi,&'fpmh@&einﬁﬂa%&ﬁt)mu@l EdipraRes A eﬁédtwe%mo%i bf4@e @mount  of
t he conposition of claim20 to the subject. . A nmethod of

tr eat i ngPrateiueictlainnhin digixtire sdben mmtmﬁlibca@ﬁs@b@@amm a subject in
need of such treatnent conprising adm nistering a therapeutically effective
amount of the conposition of claim20 to the subject.

21. A method of inhibiting myostatin activity or activin activity in a subject in

need of such treatment comprising administering a therapeutically effective amount of

the composition of claim 20 to the subject.

22. A method of increasing lean muscle mass or increasing the ratio of lean
muscle mass to fat mass in a subject in need of such treatment comprising
administering a therapeutically effective amount of the composition of claim 20 to the

subject.
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24. The nethod of claim 23, wherein the nuscle-wasting disease is selected
from nuscul ar dystrophy, anyotrophic |ateral sclerosis, congestive
obstructiwe 2pwlosessary di sease, chronic heart failure, cagrTas:maohes?a,
AIDS, renal failure, urema, rheumatoid arthritis, age-rel ated sarcopeni a,

organ atrophy,, car . Sy ] [ el injury,
di abet os. _andZiadianed SPREgHIHL AT sA 38R GPREIBH SordBHinh
injury, stbjeks ndedrf shchagéatinent @gpr3ing adaipBruing attherapautieally affedtive

25. The nethod _of claim?23, wherein the netabolic disorder is selected from
di abet es®MBHE &f {Re composttignf s1aim 2048 dhgBiveect-oss. 26. A method of
treating a disease in which activin is over-expressed in a subject in need
of such treatnment conprising adm nistering a therapeutically effective
anount of t he24¢ohpomiethodf ofairl23i wh2@irt the smisdleswitiagtdisease is sel2dted The net hod
of claim26, wherei,n the disease.is cancer. . 28. met hod of treating
a nuscl g}r&;gg{qmﬁafag)pympggoqrpgﬁmphéccl@}eﬁﬁcl'eéqsgt 8‘&“&??%%%@@?“‘?%"% subj ect in
need of sumdnaryldifatdRRfonEOREA f5ilhe, @Rt Vash&lid NUIDNSen B fdiRie, 0f claim 16 to
t he subject, erein the vector is capable of directing expréssion of an

svAct RI | epén, yhramateld arthritipeageublatedtsarcopenia, organ atrophy, carpal tunnel
syndrome, androgen deprivation, burn injury, diabetes, and muscle-wasting due to
prolonged bed rest, spinal chord injury, stroke, bone fracture, aging or exposure to

micro-gravity.

25. The method of claim 23, wherein the metabolic disorder is selected from

diabetes, obesity, hyperglycemia, and bone loss.

26. A method of treating a disease in which activin is over-expressed in a
subject in need of such treatment comprising administering a therapeutically effective

amount of the composition of claim 20 to said subject.

27. The method of claim 26, wherein the disease is cancer.

28. A method of treating a muscle wasting or metabolic or activin related
disorder in a subject in need of such a treatment comprising administering the vector

of claim 16 to the subject, wherein the vector is capable of directing expression of an

svActRIIB polypeptide in the subject.
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