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WD 2008/ 109167 PCT/ US2008/ 003119 VARI ANT ACTI VI N
RECEPTOR POLYPEPTI DES AND USES THERECOF CROSS- REFERENCE

WA DRELAGTED APPLI CATI ONS Thi s application cl ai PET/URE08/003119

benefit of United States provisional application
serial 5 nunber 61/065,474, filed February 11, 2008,
and United States provisional application serial

nu 55“@9’ 9 REC ; %9@5(:,41\%51
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sekibMENTBeEB/205,43% filddaVisdic R 612009, H©E @ist10sdracdQhich 4rd &fe@ Lipon

famly of proteins includes the transform ng growh

andjpeqsparatgd pyegferense hergdhi vi ns, bone nor phogeni ¢
proteins (BMP), nerve growmh factors (NGFs),

brai n-deri ved 1Runqic AP PIELD 8FteiE NPEIIQRNd gr owt h/
differentiation factors (GFs). These famly nenbers

ar e Theveshpisgl field phthisigyentian rd#teop transfoineiag gwmdle fasfor-f
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thGactwti tig/sabif TG & faniibtmembdrafor the tB:a@DFoBYarions disordefer r ed

to as nyostatin, is a TG-13 famly nenber expressed
for the nost part in the cells of devel oping and adult
skel etal nuscl BACKSERE@UNB/OE THIE INVENEANs to pl ay an

tial le | i | | ng, . skel |
o ctle GrslhhereAf diier rerr ey ab a9 eiauieS ey
trz&ﬁfoﬁ’ﬁir{g@%)fact&’é-ﬁf(ﬂtﬂgmnh&iivﬁﬁ, 618 Sorpliogekia probdfI(BMP),
snown Oo.lI NCrease ean SCle mass .1 n ani nal s
nePNREEPTiLReer (TS, S derarpuiogortic feior (HINENsad growthy
difBRNAARR AL CBDFs)ATRELSLmE MRTbeRfard MoV Edinlthe felfialidn of a

of proteins is a related growh/differentiation
widggange of byojogicph progyspesinclyding eglinreliferation| djffgeiatigerand other
fufiidee am no acid sequence of nyostatin. GDF-11 has a
role in the axial patterning in developing animals (Ch
et dbrowsigdifisreatiativenfaqtor § GIDE-BF alsogefeiryd tozas dnymbtatn, is a TGF-B
l e i . deyel
PR TRl Rttt B R ot ot s oURRIcPing R R P R
masvle timsae rMdiyostatinrappgpes toi plegt an esfentinloolepo hyyadptly dentrolling

chai ns, ,BA and Val e .e | . Nat ur. vord L8779
skElR Bisci ko el ool Nafire (RRBNGR T Go0lci85A].
ARGIINUSROMGO DR T1HES be@dZhowh 1@ néRase(18880cle gk iiﬂf.rﬂﬁlglée re
~originally disgovered onad t] i nvol ve in
O PR B A% 76, 2ot § Al Soelies 21 BB AP rome

Sy ntAweshes medibdr 6f the TGF-HRIIIK\OEPrdt@ndi€ a related growth/differentiation
factor, GDF-11. GDF-11 has approximately 90% identity of the amino acid sequence of

myostatin. GDF-11 has a role 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.

Activins A, B and AB are the homodimers and heterdimer respectively of two
polypeptide chains, BA and 8B (Vale et al. Nature 321, 776-779 (1986), Ling et al., Nature
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involved in the regul ation of a nunber of biol ogica

activities. Activin Ais a predom nant form of
W@easaoae67 5 Activin, nyostatin, GDF-11 and ot hBCT/US2008/003119

menbers of the TG~ 0 superfamly bind and signal

t hrough a conbi nation of activin type Il and activin

type 11 B receptors, both of which are transnenbrane

e [
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AetRbBe(E ab al. Srengsi Pey il@ai’4%514 (2062).accunul ati on of high
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o ing B M R SR e, (1 HEP et the
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that bind to nmultiple lig and have reduced

of PERIFIB GG ﬂelb%@u{wgdltlpﬁf;pmw@ad tpeazgTegatqnr Avrificatipn prepesses
méY 8§bsd @ tﬁg rbféinetﬁtah&tlgﬁﬂ q}é\':@cﬁs Profiofih ?urfh%te;%b A%eﬂ%&SnY(Cé:mwell

treating 25 TG--0 rel ated di sease s ates
M- el e GRPBHeumek% EAT2-ERtfe AD0QN Aiempisdes bamade to mitigate

o SO 6 0 S0P 0 R 0l DATERs 50 e
degrsasediendenay to fiernt agzmgateA\cTIRI prBsepoinygmpmfdélls teaead foo
th%glgéﬁtlp f’eAﬁitaHnIng td %h“fér%ﬂt I d da(vg gé%f;%ni/ %%tﬁeléanon and thus

|des n one
mrpmvpd nmeafaatup!bllymep brddetofﬁﬁmélglmocaﬁb poteiAChsE S Gt UR BT
r 18 in which am no acids at either

T‘SEEHTEQSHQE%CB‘.%WMO or both position E28 and R40 are

substituted with another non-native amno acid, and 2
WO 2008/ 109167 PSUMISAGYSOBUBIFIINVEWEIGN n t he

ol ypept i iS ca of .bi.ndi, n ostatin, activin
L e L e AR R e R B s R
acavméc,epeptmqeedipmeﬁ@mmmr) podypeslidt. Yanused & cifthellh | D
vl{\fﬁlé @o{yBFptléls lr#é\l%é% L]%{h g\?ﬁ%nvgi? & goslypaetptlcri)egsalng Ihlcl)Irlllgn \%%(E:;tRIIBS

polypeptides. In one embodiment, the protein comprises a polypeptide having an amino

acid sequence of SEQ ID NO: 2 or 18 in which amino acids at either position E28 or R40,

or both position E28 and R40 are substituted with another non-native amino acid, and
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substituted with a non-native am no acid, and wherein

the signal peptide is renoved, and 5 wherein the
w@eiogpegsi de i s capabl e of binding myostatin, BCT/US1008/003119

A, or GDF-11. In one enbodinent the protein conprises

a pol ypeptide having an am no acid sequence of SEQ ID

NO 2 or 18 in which am no acids at positions E28 or

[ d the

wﬁ‘)égin Y apd?géeﬁ V\Eﬁé c%gler%g%éﬂr%aT§%ﬁga§lhe%§gﬁl A, "Mrr ‘dbfﬂ'i‘f’ %ne
emhmjhmpntttlmpmnqaﬂ cogpfpris¢sa ptﬂiypcpmdepiwlvmgeptanmm dcgd sequencc of SEQ

[lﬁ_l%lﬁgﬁ P d I?% in v@f?dh wgtea?nﬁrllonacti | av B%Sltkgls g%zb depl 3 f(i:%g?lﬁizgr?éld R40 are

swslim'(éd m%ﬂhta rtohalahlvé ﬁ’ﬁlilib neid, amdtwieeein theuipnal pegtidee réthdsBd, and

tlde ckst termnal f.our .am
wBRE RS R RS Spmabl P BAootin S5 ey DI 1. one
erﬁl&ﬁllﬁﬁﬁﬁ €he pibeinaiothpkibe LI yHRpRld tﬁeml(gSDF@ﬂﬂﬂMCQi sQ:fluence of SEQ

myostatin, activin A or In

HDeNQoa oRbhi o i W a9 106 Bt Resifons Egbei R4GAr ot EP§ and R40 are
sub§titBell K5thfahOiEL HGind EBH,RNl%%lﬁ iRtsiddl Qfudfbe 1€ rBREved, add N2

further enbodi nent, 15 substitution at posi tion
tepmpigalj of ﬂseem@emlyﬂ)ﬁ@tmetlh tugpatedpangfwherdim iepelypeptide is capable of

blﬁ&iﬁ% h‘t?f()ﬁtgtﬂl %{:3 \’Ah AFor GQF 1\{ Illl é‘emlMdn&nt Idle M&ngna\{matﬁ%

her embodi ment, the sUBStTTULI ON al position
tryrated el‘\e@%pélvpﬂmtlﬂhkacl@rthmbl totfmlaah four aaundscldxnrshcsmmgnnal

.of
sng am 3 atgdts N%trllle ature se uence Eage n the, (ﬁg)ézp %P%%Fehogtbmedmg
mgeostatin, adtivand e (HD]F-dis hﬁ@fé&trﬁ)bdmg:nqﬁheosubﬁl,tut@n aVpodition E28 is

Wand Y and t ition R40
sedgtel Bl B & PROTITEIRE B b P ABoLergiment. the
subStitetiH dt POsiGdn EQS ﬁsel@;ted\fﬁoxﬁ| thd<grafigloMNmihé a@dd (w’nﬁllaﬁﬁg of A, F,

enbodi nent t he | ypeptide further conprises
QptlekoMo ol Witsh ¥ 11 & fuheanbod e B HPStitalien at position RAO i

seteetearﬁ%pﬁetgﬁouﬁr&hﬁm dcfdsaensifs@mgfap@l Q;M, | ﬁa‘naN h@ra further
enbodi ment e Fc domain is a human (g5 Fc domai n.

embpdgRent diesybstivion at portiqn BARdE Pplmﬁpfmrg &@ grenpyqfaptinalecids
C t

colﬂﬁgﬁr%goﬁ{‘ 20, Q’OI Eliﬁ?}{j I@l Z—I S&’@%H@gcaﬁdgr% sugﬁft&tizbg at Egr:t%énl R0 is
septed fopm 6 grOUBS’f amino a4s causisting of 52G, @AM, H6K 260 N. 6 a further
en@of%hrgg‘it theopol)zp %tm%?ﬁl{t%? cor érr}%erg I%%lgt%?déo%)uf grozeu% o%re]Ot her
enahred o, tbglhettérelogpuﬂ protgol ie et Feldorhaiui hga ﬁ:lmhensempmdnmmt S Fc
dforlriih Ihn SE%%P 3, 5 7, 9, 11, 13, 15, 19, 21,

GI 28 A cggmalls 35 "37. 39, 41, 43, 45, 51,

53, Ibbne Exﬁboﬁﬂlentﬁﬂiﬁ pﬁﬁem O6dmp1ises pﬂ&pepﬁaes 184ing a8 Qnido fvid

SR Ts BHD SQUEND o PSR Fdb D PE A chirap ot 34,36

38;a0p12) 34,18, 52, 59 9606662064, 48, mnwcmnm 91V9%Cb§%|ah597
polﬁgept|de I'n. one enbodi ment,. the  nucleic acid

another smbefiment, sheRIptein FOMPESTS AP Ahpeplids enpeded byiths

uele n i 0 0 9
po?ygir ?1h§t?(f]él%%0ﬁ1§ thede §e \éps&@&%{ ;h%%tgﬁa RoT éL&S% 981/1 93311% 19, 21,

23735, 27529, 3%, -‘82@5 39139, éé; 4%55 ' 53753,39, 5%151 &13365 61569 31,, 92, 94,

9@,’,\,ltsfé§mpﬁg,em61 63, 65, 69, 71, 92, 94, 96 or its
conpl enent. I n anot her enbodi rrent the nucleic acid

nol de gnq;hq;'@ﬁcht the pregens thvgniien p;gwd@ean isolated nucleic acid molecule
comprising a polynucleotide encoding a vActRIIB polypeptide. In one embodiment, the

nucleic acid molecule comprises a polynucleotide having the nucleic acid sequence set
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encodi ng a pol ypeptide consisting of the am no acid
sequence set forth in the group 5 consisting of SEQ ID

wWoenos4¢9167 8, 10, 12, 14, 16, 20, 22, 24, 26, PGSI/USDHNS/003119

32, 34, 36, 38, 40, 42, 44, 46, 52, 54, 56, 60, 62,
64, 66, 68, 70, 72, 87, 88, 91, 93, 95, and 97. In a
further enbodi nent, the nucleic acid nolecule further
D& t4an tiional S iconal
RRTPSEOTD N LL 307 1 IAOTE 1001 DE MG 3 35, 37, 39,41, 43,
456tt53¢ Stdﬁpﬂ §B,rﬁ;§ 69 1y 92, 9R) 9Bor mwoinxplemeat‘.l d nol ecul e

t h t i Si
e e R
engddipg o golgpepgide hensvsﬁﬁg thlhB apiloyfetiNel GiSe s rfmlpmué gfe@b

B N T C R

4nuatas, i, ok, $4)60,8206£166, 6317612, 8N.88l 01,9895 ARG BN further
osition is a pharnaceutical conposition
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e%@ﬁtf&?%nﬁaanl@c Ford lacple ftyep eprpraRes @ franssripiienabprfranglational
re@elBoX] dehfente {1 AoPBRLPBRG §YEdoRidatt ALk %xﬁgﬁﬁné:%é LARIRIIB

n_anot her aspect, the present Invention provi
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relOyREiAng vidlord s Rb le, UL LA AL bt PR EB IR eiltes
arg povided B pol ypepti de or pr ot e| n to t he subj ect. The
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f r aill EYothes 280850 ETRIENY! ingeFigAPravisitha MegicH GReing or preventing

a ROIOYRNn L BREAV @t 4 %jec@m&%% Gofir MBS 4 Hﬁgrdcldﬁ’}eacfnﬂmstenng a
inactivity from prolonged bed rest, spinal

therapeyiy compesifian cop@inng 3 %@tﬁlﬂé poémptz@ ca@irqtgn tcrﬂne subject. The
mﬁgéﬁe(:\{/é%tlﬁ\@&tséa@ uﬁﬁﬂ{le@érsrg sulit€ Fdhd bht'i0 H&t"iﬁl‘u%tt{) qﬁéﬂ)ﬁ%&lmgue

to space flight Insul 1 n resistance, nuscl’e wast
cogdigionsy cmnigcacm oyesuldalystropltyi zumyotlaphic detérel sclerosis, congestive

obgfrt?c?ﬁ'g ﬁ&on%&%&&ﬁ%m@% al{:%ailu SheRliGP &L e)h{l] \{:e%}gala o

pr ovi d rea Ing a ‘o Seace Corral
HM&H@%SBM fagiarea oteimya, nholumataid entieritiriggedic e tsarcopudia, age-related
«Ssease iSycancer. |n anﬁt her cﬁ,&ect t he prgsent

) ST SO U Y g S PP epr aioneapl T wasting

duel Itdsmadmity(ffm’ppﬂoiﬂnggd 4 radl/8piriab t1erd urs, suloRE, RS Frhdture, and
siti n to.a subject in need ggxﬂgsuch treat ment ,

agw& £ fuse ﬁé”aﬁtgtgaw 150 TasWL,ir o preightlesspess dugitorspass fHidkte

indulifi Fesisitinab@in@Sle vaRESd dué to b anBfbgeh 8GRI Btior %@5tﬁ5}c&sorders
hyper gl ycem a, androgen depri vation, and netabolic

In gg}?{a?r@ﬁ%ect the pémpﬁgyentlag pg}yfdes e W@thqd\;)é’ treatag askispapepesrelated

ERredshba dta&ived At Igod { I
© p%gergar at i onl 4 V\Dhlggoﬁlg%?g%dt g?:%/@%%%%)sSc}ag%é 11% Jnlaﬁ}er gpect,

theprgreabinuention provides amatipd afdreating amgiabelicitisogder comprising
adﬁ‘ﬁlﬁh&%g @ﬁgﬁﬁéutlcwﬁ Bififdta o %%@t% hgﬂ& of Rl Vﬁ'éaﬁﬁen‘ffl wherein

od of gehe ther py conpri sing adm ni stering
th@/@é&amhcehmdﬁr ifgsetecigddioR] bde pass ydighstds dabesity, pnpmerl rglucbse

tOlEll%ﬁCJ,) B%@Q&cénﬁ&%ﬂhﬂog& 3e$n@at]¢’olﬁpl‘n?d:1¥1etiapoIQ%%Idrgrrﬁg r E] another

aspect, the invention provides for the use of the therapeutic composition in the preparation
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wherein the vector is capable of expressing the

VAct RI | B pol ypeptide or protein in the 5 subject.
WBRIBFDESCRI PTI ON OF THE FI GURES Figure 1. FiPRCr/ES208/003119

shows the am no acid sequence of wld-type sol uble

ActRII B- human Igd Fc (SEQ ID NO 98). The signa

pepti de sequence is in bold, followed by the 10

of@%ﬁé&i&nﬁ% 3k krgatﬁ-i:éttﬁ@%% Hig@trdelqo b th e Q&e&thﬁlelib HEBAL invention

Fc in itali I nc ing a partial hinhge region.
prmﬂm method offxge dmm&@marlsng: n@emistqme a vVepler ¢ricadling a

A ]1.CS an

vAY Elgigg:}ﬁﬁfgwg Bgogg'goi‘ @5 N%sent gﬂveﬂtsoﬁ 2 e% g%rt] i 89eddth%}'eof
wiseeju direoecof issapabid ef eékptelmﬁhe lARRIIB bgﬁ)dﬁudé Gfpoled iNGhe
Su&s@?):. The signal peptide sequence is in bold, followed

Yhe mature 15 ActRIIB5 sol ubl e dommi n, and the

human 1gGL Fc, including a partial hinge region, is in

italics. E28 erli ned The | i nker

sequence (@%@mﬁéﬁsﬁﬁpﬁéﬁ FIGYRESal i cs and

underigird €d FignteIM§HRW3 thedndiHb 8cid sé’(ﬁl@ﬁ& drRg1dalh S6utd ActRIIB-

sol uble VACtRI I B-Fc E28Wtreatnent on testicular

humzn defe lFREQIRINGY 88) dhe stenglupeptidrmpawanss isiim bpldhfolpwedby the
m#PROAIRITBx f5oel1Fr fdrith Sind the':[{u%éﬁlgéél FO M Rarich %&&fﬂ‘?ﬂ partial

of soluble VACtRI | B-Fc E28Wtreat nent on surviva
hipgetregion. nArmIl(EaO{dSl Ii;?tﬁra@d RAY apgunderdined. eTeHinder sequ@ce GGGGS

(SE i @qgﬁ 'Cu?lg?rlﬁg%:(j':gure 5. Figure 5 shows the

ect o c E28Wtreat nent on body
vvel dghgure A. E@urmZ Qﬁwsmhmibeacvid sguanceef sélubjla AetRIBS5-human

1oy BEISRAR I SS9k hedlfirmlits SGpegafi Bk Tefub oy i atre

AQIRHBS sglubliccdemaRETA thEE).uEDES@@lFFEL {RuRrRt i aftal BINEP FdeSdn) G in

il o e et BRlRer rstineh (GBI (B D N0: 75 i

1ni1@11c§émﬁ@hh&l£5neare characteri zed by their ability to
bi n 3? ast one_of three TG--0 proteins,
nyo e%ir? ows the effept of soluhle vArstRIB-Fc £28 W eatment on

testiQiaPIF; @?A)a&{d' Watih P& O@Ir §ﬁ§1§§ses§ﬁ 9‘%@[{19%( kn-gagﬁl?m e.

prot ei ns and pol ypept i a

t endiégiey4.+ Bigutet hgus theatbivptenfedluble vAGIRIbRFrE28W mettment on

d t di h
suff 3 PR sl FRED 1 SR o Sl Tt Pt e
pOSIFIiguoenS PigureS ShOwe QRO Iube VAHADE-Bic FD8 W Qeatrfiht on
th reference to wild type ActRIIB

r bot h. 28, a
@b@ﬁ"!ﬂ’ﬁ%&%&? caRpe FH097 (SEQ ID NO 47), and

t h e Ftiré @ CEightél 3dho®e AR | efffe@f ofA6Tuble WA c(FEESIFE B2B® trdi@hent on
or Act Rl 1B5 %SEQ ID NO 2). As used herein the term

the spryival 9f polpp ?/“1%‘6’6?%“3‘6&"3-" TGF-0 proteins" refers to
5 the structurally related gromh factors of the

transformng gromh factor famly including
DETAILED DESCRIPTION

Proteins comprising variant human activin IIB receptor (vActRIIB) polypeptides
are disclosed. These proteins and polypeptides are characterized by their ability to bind to
at least one of three TGF-P proteins, myostatin (GDF-8), activin A, and GDF-11, and to
inhibit the activities of these proteins. These proteins and polypeptides also exhibit a
reduced tendency to aggregate compared to polypeptides not containing the modifications

disclosed herein. The modifications consist of amino acid substitutions at positions 28,
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activins, and growh and differential factor (CDF)
proteins (Kingsley et al. CGenes Dev. 8. 133-146

W@ 1®94)916McPherron et al. Gowh factors and cRCDKR296%003119
in health and disease, Vol. 1B, D. LeRoith and
C. Bondy. ed., JAl Press Inc., Geenw ch, Conn, USA: pp
357-393). GDF-8, also referred to as nyostatin, is a

REEBAL S B R e BRS Se ke

NRA@H 02T (SEQ BD Diyh# i)k sndzthd extaseBulan doacin oftA@REB4SEQ ID NO: 18)

r ely 375 am no acids in |ength,
h%%[gég@éﬁﬁ\w?&essi on No: AAB86694 (SEQ ID NGO 49)
for Adused hertimethptetn fTGOF fanmlyendnticss” o CTGY ) @6ty refers to

roteol tetrapasic processing site

Bmtf‘r‘%'}é%ﬁfaé?ﬁ; wﬁwf%tﬂ%ﬂo therfeaos U’é‘nélgg?dﬁ CFPfgﬁBS%WCI“de
acBip ik hld Eedveth ¥ind FfersmtiNICradter @}ﬁ)tpedt&hmgh ?dl &ial) CMELDev. 8:

15 dinerizes to forma honodi ner of a kDa. This

13Roii0dil b, YiePhemon ehluPeowth frcirpefideatqkines i hqa&h a%théme, Vol.
11§ B, MeRbih fhd é'Bond§Q:lde FREPZSinc. 1é?e@n&%90@3r51 : §§'7-393)

herein, the term ™ prodonmai n" or "propeptl
t he GHE& plyereferradde s mabstainpisa mgmecegulgormfewetdl mﬁscle

tlﬁﬁ’e gl 2 t Etrh? Pé}\?A$ %4{?2'4@17 '1§J}61p({19§’§ nMg@?attﬁl Egynthesmed

term nryos
asraaflmcsw motehtecmmlepr mprdaqlmhtakyl ﬁélahynoaacidsve lea@th, having GenBank

C-ter mer  or
At AN A A BRSRTRE OB N ol S IRy, The Bles REorpelh i
actiedted Bylpiocdojypie plaadies at mfﬂtrubhstb@radehsihg sitet@ prodiéeSan N-terminal
ice variants, and fusi

iy g Pl 3 b natet ] S TERD A s eBRiA eeigiryiih

ditrRriF (@ fokRQ hontRigHE VT abdifl @5 kDhY TAIRBBSoBRYY isSRE flafiSe,
i ncl] udi n% human, nouse, chi cken, %r ci ne, turkey "and
¥

biplggicalfyacTing profein (Zapymsrog 2l gSece 39 1156 (2882)hs used
her eAdus&Phereihlthe ‘i’ﬁfrﬁf‘%r&d%niah@ oBMopdiae” @r@%qggﬂl'a@tlve N-

protein) having Sw Ssprot accession nunber 095
te’(“SE@W@eWm@U)S clegyedygd] fo relgaspshd @ﬁvgcamlsﬁ@mt% As used

hemmqufn Qfydshih BY b i mﬁgﬁuéﬂre&@&ﬁﬂ@&ﬁ&@pfc%(%ﬁ%g‘%%tive

entlty tO nyostatl n at the am no acid
thmlw pelypsptide, in onewer Hamdr onothér farm.exsivail/ap bsﬂ@wauly active

taQn er r on_et al
PP 0 e o SN} B i
pemdes aBd pblypﬁmﬂes( ]J)he 2 @re 23dstafit B&)Beeintdpopﬁstbnﬂtlalloo%
s.are vin Ais the h di mer .of
seh 5 9B T AP pd MRS eioB i o P e PHRE BRrGiRe: trkey
andastt(Lve ¢t al\'PNAS ©8,59306 (2d0a))act i vin protei n having

GenBank No: . NM 002192 SEQ I D NO 48)
mervgsn‘?e@gcesﬁ%ﬂhaef?ﬁé%ﬁ ?l\ﬁ%ﬂ%%sagu&\ogmmromﬂatfgﬁwg

SviisPEdt 20684 d VR kRer BSOF 5 MRBUBITPNSL 3@ ad\WEIl ¥ VariRRs 8id YeSies
As used herein, the term activi n)ﬁyore Il B receptors

hopelqgrof tpt Preteist sSUPB- I it ppprezdmpiely PO eideptity e myavitipt the
anBhé 85 1981, Q}[‘S‘ib-@[ 1ﬁﬁu&09&%zhe(1§59aﬁda Mteﬁ@/pos&%r g elling of

5 sol ubl e ActRII B enconpasses the extracellul ar domal n

theaxigieketetop (Viskigrion eheh Nawye Ganst. R2 (ED: 2EELS4 (D99 Gaper et al,
D&y ﬁildg NR8{1)S SSBISHLABON) BitSoBtnhAPAALEHNS bidGunRhoWiPS! T N

Activin A is the homodimer of the polypeptide chains BA. As used herein the term
“activin A” refers to the activin protein having GenBank Accession No: NM_002192
(SEQ ID NO: 48), as well as variants and species homologs of that protein.
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substituted wth alanine, as well as. Variant soluble
Act RI I B pol ypeptides 10 The present invention provides

W0 2@BA0E\67 protei ns conpri sing human vari ant soP@Us2008/003119
Act11B receptor polypeptides (referred to herein as
VAct RI 1B pol ypeptides, or variant polypeptides). As
used herein the term"vActRIIB protein"” refers to a
protein conpri sSi ng a vAct Rl 1B pol ypeptide. As used
herein the term"isolated" refers to a protein or

AgolivRegpioie nol ecul e purified to some degree from

or ot 8 Weo BrEe s a5 aspa PHAAPRG: ARAR] et yman

ackivindteceptbrd mmdgl atccéshlen nambenNR Y0009 7a8EQAMENOf 4AC ThY teim

tin, n sone, enbodi nents. the
S%%%Kﬂéﬁ NPT w@rasahlaaﬁprrﬁm p“ecﬁ%%l%ééE%P NO: 18),
AQRUIBSI (ARG, ID'WOSE)ahi Fhes®@eqtdtes wherk thd AR pSRHoIAE4d
towld-ty olype tides. In one enbodinent, the
S“W(&t‘tmlwhﬁgﬁﬂWeﬁtW@ has the amino acid sequence of
20 SEQID NO 2 or 18 in which am no acids at either
position E28 or R40, or both position E28 and R40 are
Varignt sqluble AGtRIIB polypeptifiesr non- native ami no acid, and

wher-gf, En’ésgr?t inVH4 181931&“&3? 15@198%?&? }1? co%nplfshr%rq{urr}gm variant soluble

nyost a activin
AeIIBUd¢qpmnpplpr1dvs°(reiﬂrchtoﬂmkqnpaqotAdRHBaio@pbttﬁiemummnt

t t e
Po\f)@aaa%é&é;g SA gréglrtﬁgf at & v{\ggﬁtge?rmeyrﬁ&%?&o 2 REcEtﬁP |C%mprlsmg
a AR ABHol peptided A(s&fsed Berti@ tlﬁehlemi) oisylpRpt ietkes aaprogid dre

no.acid uen repoved, I n one
pe RSB STEREels Al Teditn m dekoes et calogentus atspigh These
pcdyHepaded Ghdl Sroldind 436 EnbgdttekRed @d‘haS% thd EMNQto Bindand irkiBifAe

acids_ 19 through, 134 of SEQ wherei n one or

acH¥ihOLARY 198e OBRTTIY %{mwgqtmi &ifaDbd 1aFFHS°!FE? eaphediments, the
blﬁaﬂgaffwy 8F|th\é"vﬁxtﬂarﬁ991§zﬁé‘ﬁtld&oﬁr RakviY &, AYSMInA6I @Y §he

pol ypeptides retain ity to bind to actrvin A,
impyeysd gempareio wibEtype polxpeniisles! herein 30 the term

tr Uftﬁg%ig%ﬂ&%ﬁ%& ﬁ&é@h@!ﬁls' gﬁgﬁﬁe& h&lnd %ﬁgaflgfge&daﬁce of

pol yp aving t sequence an
SEQ#P N@2 ari mlowamhdmuior apidstah eithdr pemtnmrﬁm cufR4tOher ol position

tid one e
R Sy B o RO il i s
podipiepigdeait caﬁablernﬁbuﬂmgpmquepi dcdeinaX,or GRRYEdn ahothehi S

odi_ment 8/ 10 167, PCT/ US2008/ 003119
ertimeent dne 1R o ¥psEiES e e Veas i Pethe HATelp mature
vebiordDf tidsd deqaeighs. 14 usell h&eR thd e ‘matlire @Actﬂlmgfbl)gﬁbtﬁ’cfe

%5 E%e?po?h 16#‘) of . SEQ ID NG, 2; and am no aci
relery '8 Ypepiife haxjng hgnmynp aqig siggal ssayenee taoyed. ol one
entBdERNGH tHc3thatdfe BEENLE A}@foﬂ&aﬁ{ﬁr&r £hihoAbas 99 t}i@&léﬁ 160 of SEQ

anino aci ds at ({;OSItI ons 28 and 40 are substit

IDANORZ. 786 apnocecidy d @ thippgivl 34l SEQIR NQ: 58, veezdim ommr both amino
acﬁ\fs’ lal pdsiion® 28 hattad fe 8stittkdd With sR6ARE ﬁ&ﬂ Hatlvg (ﬁg:acldlénd the

used herein, the term "position and "position
Polbmept{@ﬁ gtaip ghe abjliy m]b}nmctw@f%myqsmtmm GDE-hb Ashskd hereln

th@&:gjn 1 {&h d‘%&tﬁrer\@c ﬁiﬁﬁ%ﬁg&%&d@ ?efgﬁ %f‘ﬁ)@ %8%&;96 Ithmg the

I ncl ude an
signal sequence and in addition amino acids from the N termlnal of the mature

polypeptide removed. In one embodiment, the mature N-terminal 4 amino acids or the N-

terminal 6 amino acids of the mature polypeptide are removed. In this embodiment, the
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signal sequence. For consistency, if mature vAcCtR IB

pol ypepti des have substitutions at position 10 and/or
w@omstoas? 22, or truncated mature pol ypepti desPCEHUS£2008/003119

substitutions at 10 position 6 and/or position 18, or

substitutions at positions 4 and/or position 16 with

respect to the mature or truncated nature sequences,

il ?Jaihénc‘é’%h\] Sé%g& Ll e*{"g‘g%gtfﬁm%ﬁ {0 Ji33RF A NO:

=
-

or-as s
2,ler goim® atide 25 mroughel 60 afISEQ W@oZ,aanddnmmdomdsta?otthmnglal 34 of

E28 and/ or R4 nt.s or
ST NG s sinihe st i et P4 S0 T BIE S FRREE o gp born
aniifio hmldmtq)oglﬁbﬁmlzf &mﬁm) atd‘lﬁlbstit?l%ﬂ Mﬁﬂhtrioﬁmllﬁd typO&hinb @idE4Bich
is se te r €. group o cids consi sting
refgn % Cl&)ﬁ i ‘Am? fopchpa “%ﬁ’&?&?aﬂﬁvrﬂr r&ﬂﬁé?sﬁﬁ ugedihgrein theferm
“poSisibi D®NandBpodifiond0 (thadisf BIE AR ks PG afit acid position
substitution at position 28 is selected fromthe group

wigh refefgRasdo HisisaaneBens SIEQ IhOo? amd 1§-thaggnclyde gn 1§ amigp agid
sighal Woade YFol anﬁstfth)I h‘?ﬁatmgimbolypéplﬁ@e%bé Eﬁﬁsﬂﬁxhgﬁ‘s at

at position 40 is sélected fromthe group o
positiodd O @adfsy BQSitwg 23f orgrunpgednaiyye Mlypepafll@ hive $ubstatutlons at

pofs oh %%g(%?? 01t Jﬁ%stﬁﬁt@cfhts n#c;sitﬁ)%s 4 Jsit%{ﬂ I%Q’Vlh)f respect

ecte é group o no aci ds
to Abe Ratu®, or\brunmtcd_matMc skqueldcesythasedvarasts eill l;tﬁl be refened to with

t s _sel cted .romthe gra
rc%#?tétg)nﬂ%e;%gg g C]?Q%lb&\k(? %gan f1l8 or aé's cbvn 1 mllgr ga%d’ tﬁéj
anlino ecié serstimutibmendosition €2 and/ei R4C Beh ntfifre pRAbYdSRALS dEN-

havi.n acid se el ected fromthe group
te‘&’BH%H“@‘PF%&“a O%E’&f’}tbarﬁlé" qﬂﬁr}%ﬁb glowy g, 12, 14, 16, 25
20 Iﬂzne ftbod@ent2Be sidiitituBdn aSsbsitidh E288s sefe@ted%m thé group of
54, 56, 60, 62, 64, 66, 68, 70, 72, 87, 8§r

“‘9&0 3  copgisting 0f WY and) Aq Jo pResmkadipentnibn substifion pigiositin 28

is QORI fﬁﬁﬁer%n%ﬁﬂrﬁé‘ﬁpth'e debstififieoR Q%sﬁﬁbntﬂ@ &s QAU réjcﬁlp of
havi ng the sequence set forth in the group consisti

anypo acsfgonsistiyg of A, F5Q, ¥, Ld., MK, Hi 3V angY. 119a figther @Bbocizment
oZfosio oo 85 g fonteoffp o gy o
Q. KaatN. 18 furthep nreb@dimwnkmmbstitnﬁ@ zﬂlpgsiabn 2&izselacted from
th(?%rguém%‘%g a&d? E%r{sﬂﬁlgg éc}x Fﬂ I(g eIEtI-II C\% %%’aandqge

_ ture varian arlo’us Si
sulstatittiogles pesatmoniAd is sesld:ted ﬁnorn Itte: gnoqpa”raatm@amdxfcohhamg of A, G, Q,

| t h t | t Th
MBS KPR i onlont il Lo Boh Bigs BPlyprntiiss EARE apymine
acgl seqienkcd ﬁld\d@g fiom tshecgrol?locgﬁﬁgigldfslag WWO: 8 /@ 10, 12, 14, 16,
uences sucC S
20 %O %6196%9 ST glgg#ggg’s@q &rféeds 5% X691 %6426%@%(% 72,
87188, 993, 981AAE197S fidtheP ERbbERSntUGE hitteih %msfﬂéé %%ﬁlyagptlde

B or vVAcCtRII 85 pol ypept i des may
e“&@&%‘ Eé%h cHPbaYrsatide having theeawancssey éfrrghplépshq ﬁéép mvétmg of

smmlﬁmcsss that11a18 155159913208 19l b9/ 331 55, hars+t g, %’%Qd Ws, 51,
18." As used herein the térm™dubstant’i al |

538I5ﬁ1 p%rél ?%ﬁéf@ 69 Bo?%ﬁép?q erdts camplemsntit | east about
80% :
Sbour Bgsirotaniht, URATmaPaine st rhifEPh ity nl ALRTH

polypesideglsaning glg%ature variant polypeptldes Various signal peptides can be used

in the preparation of the polypeptides of the instant application. The signal peptides can
have the sequence shown in Figures 1 and 2 (SEQ ID NO: 73), or alternative signal
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identity, or at |east about 99%identity to the am no

acid sequence set forth in SEQID NGO 2 and 18, and
wob@saireobne or both am no acids at positions PSI/aEsHNE003119

40 are substituted 10 with non-wild type am no acids,

wherein the polypeptide retains the activity of the

pol ypeptide of SEQ ID NO 2 and 18, that is the

oot s SEQIORE o0 e ol SR I PETEI B DB any

: otbwompawaéesﬁxsefghbnmpreasmgsz@tm NOvAGREBS pelypeptidea malyibe

us%@d C termnal truncations containing the
Substitutions at position 28 and /or 40 descri bed
her eilmanotee embadltdeet frelveeilB gelypeptidepiavk ecquindes ridi ag

n |nh tati vin A ar GDF;11. As
subafily it 8P PO s, Hescd fertin e gt aupadtinly
sivAai’ R p&%eﬁ@nﬁéﬁ ha8§ StQERF sHolP8(% @leatifyasthémnibont 834
| east one additional chem cal noiety, or at |east one

ldsre}ay’talt bast2bews 190 preigentive o lﬁ’a¥t@Pﬂ‘}tc?é¢dF1@Htty’@F leatfgbay e

idEiRHY, We af R8st abtu 99% inYiBPRYhe arfing46id sec{uei%e%%t fofthi4 EQ ID NO:
groljg or Ctermnal or N-term nal fusion

apst Wb@gm ope Af ki emie 2ElsebPERTNHBS ardieredd) argprpstituted
wﬁ‘l‘i n&{ wﬁ@%byf elafiid QG Wﬁg‘éfﬁ (B FoldEBAA L RedhdThe gctfv&& ¥ the

below. Variant ActRI'I B recept po ypepti d
palyptptidR ¢fBEQHNNEL: 2and A8 thatas thddblﬂlt)dnéollndnmdmﬁhllnamyoﬂam,
acﬂl()lgl A gleéb%\%nl \tﬁiddl 1cr)1r{: It eﬂ%nr%?\é.g%ggfg o‘rilt 'eB%fe etn?ortnpaessecs: ﬂ%ents
of SHEY B3 ¥i00A or h8 mlasmlsande:l: tenhymbtsumums asntaimingehé amstitutions
i,nant

d oth
s 9311 2Eun Rt BT B o R e PEVPBNR By He ofbinding
arkirinlgbieing syastaking actpoh WoR@DEES. conpri si ng i nacti vat ed

N-gl ycosyl ati.on site(s), inac |vated r ot ease
pr océ§é‘? e§‘?‘?gle§7nn 551%218%}%295/ sl HeGtRIIBS

polyiRRplidds éfeRMd b att@dhnicRColR hééE’tQﬁhE 'a&’din&ﬁﬂl it €4 m&&g or at least
forth in SEQID NO, 4, 6, 8 10, 12, 14, 16,
ong additignal pglypepgide @fong&ovajglt og gggrqg;te comgatgmsuch@s gygosyl

gr% ﬁ’lﬁds Qg)etyl%up@‘]br ©Rmfd orﬁ@-tenzl%lal &Zron@%&p%ﬂdég%onjuganon

used herein, the terma
tO\PR& IRPIFBBeq@Qmemm@bﬁ@@pnwhlyh argrdescgibgdmgreofully belaiv. Variant

Il I
ASEIAILP o380 A 47 0 512 R A
deoﬁfatt\he, lmAmtlm mBdidieationdtd RE IC%ldNteyrpmpwmwhansmﬁbm@augss1ng
dug, % )\%%si 0{1 Im v I%glg % t hosss%clgi m;nls’ aiaegn ﬁe)}fj%p%{;lg élgés?snglldeother
recametinmohé hodp ti¢llsa IFarthmtmdludadtaeﬂvA@RHBhﬁl@bptidetfbhgﬁ&nbIaﬁdi

0&9@? statin.or. acti VI g 6258 /109167
PRASS Gomp iR inactvalse Ny Y"%Fﬁ’ tipp &t an?%tvaies PFoeAE
prodesdifggiditedd), of QomsRnatilé ahinyg abild sﬁb’s@lﬁltﬁh(s? o@fhe%lyfp\ébtﬁﬁe&e@fences

d herein, the term" of bind
sef Tt o SEQTPING it by b1 01 12, 18 122 $4.081 48 301 7. B s 98 40,
42neqsiel sl shysared,dss, kb osd) 7072t B 88! 91, 95 UBhadiot he
Bi acore met hod described in Exarrgigg 2 below.” Al'so, in

Ex arf}i usedhergipethe kgnma “‘CACRIIR g1 YA & palypenyids aptivitiopsa
b]@GQIEMIa&IAMtSB@bleZAm% 'A\(:H?U!BS HM%@IB& Yefers tg one or more in

neutralizi'ng activit heutrali zi
Vitge o1 W vivg aC‘Il‘ﬂtl%Gi afdhey qtRHBl a@é VM&HG%@M)&R@M@ ingdeding but not

thn'téa‘ t{x %sé @erﬁ(ﬂﬁﬁ@t@&s hﬂge EQ%IF W@lbﬁ'h tActl{/J@l%g giatﬁé Oﬂcth‘f@']

nusc_ € mass, I ncreasing S
pobiweptidss imgldﬁ,d:tut arawt limited to, the ability to b1nd to myostatm or activin A or
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as denonstrated in animal nodel s bel ow and as known in
the art. Biological activities further include
WO e@sadag’ or preventing "cachexi a caused by cePCHUS2008/003119
types of tunors, 10 preventing the growh of certain
types of tunors, and increasing survival of certain
animal nodels. Further discussion of the vVACtRIIB
I . Vi
GB% 1y1p§rpqt t!hg g%lﬂ@{:tb \f%(fu'cg& Jjéeétnr zl%na\lr}gﬁt?wgfedf?xﬁoﬁgﬁg or act1vm A or
GD@E 1dr oﬁsogedjberelpoﬂhy Fﬁfmt ‘cateblcatf bandived té mybsiatiny Mttvﬁl ABor GDF-

ot t her, .di th
1 DR RRAESe Rl ki XpSim ihe 4 i RS Blacpreppighod
ddseritrad'if Esmﬁlble prbetow MAls6,ef Bxample 29thd PMARE elzcmaen-mecaassay
r ecopbi nant

het er ol 0go tlde attached vi
MERSUF .aatuvg ﬁg#ﬁf 3 Bbs THOFPR m%ﬁéms A G DR
ndﬂlﬁﬁhilhg’fhdti@ﬁ'yt B 6o ROHRE Riciude Sut 43¢ BotliRbifed t&Hdreabifs6bdie
zi pper domal ns to pronote oligonerization and

we 'bmcrezatlg kAN grusele mags, CERIFing pleal il npspls|mass seprgesingofgt mass
Qﬁ%&hbtpa?&i ih Rninf® [noﬁél@ BOb&-and'ed Y wicin e al‘l’\’fﬁlgjgg{(ﬁl act1v1tles

herein incorporated by reference. In one e

further induds eIy NrevepRgtachiRxia eusgd tHccep@indyrey pépmodse

prg{é?nggggdg%r?\gtﬁ] ‘%Qﬁﬁ ﬁﬁafﬁBQ %mist @ ﬁ&%ﬂiﬁ%@l of certaln animal

mdéhds eFuather gisasioeof the vSEQlIH})dl@chdh acﬁ21tand }Bdwdéﬂh&low
vAct IB ca |on of the
b o RengbAERdeY Bl g e AR ol g cofeBBl heudBiodhug 7

polipeptiéSpaadhed € they GAEﬂlIIEgdﬂ?lbbptﬁh éittet Hiredilly 0@ ehro b ker

for | ;| rovided . in SE
sclggencs o o Hision rdlb 2% el hérsB Befero

9 A fiS 190 PEO empre ersto a

prBRiVReRlg detdabgaRipoBpaptlde attbidHed era r@&ﬁ‘i’ﬂﬁx‘laﬁ@DNA debmh@res
sequence. Li nkers serve rlnar|%¥ as a_spacer between

H%fe%cr%?b%mlmﬁgﬁdnaumﬁ@ nebliwt @&mlmm%ém faggp and

leﬁ’émé’hP%’r dbXBR:s prBh'x%feQﬂ FQﬁlelk?Pattl\QﬁﬁﬁH §t¥\9h%loﬂgf ﬁe\(/%dn@nt
Act Rl pepti d n one enbodi nent, I'i nker

A?@I%uémptl aaﬁmab@cmdf@r P ampdel W@@Qmé& wlq@epmrg@
|
mp&gg@gg bgéﬁ%l%s@éo 4 ohé Gitbokiifngnt e ﬂg@em arg&%éps efgcpga

wherein t am No aci ds
p(ﬂ]mmweh@ ®@amtlooat bl}abmbmamtr thadic dninain insdlased fEme a bnman

u 2 d%rdsiz g%dﬁgﬁ P%Igom%ma%h%sﬁ gre pr. v19?d igx S}fiﬁ)ﬁy %ﬁ,ESn t and SE The

those I'n n one*e
vActRUB2Mn fathencorayerisel all ar & pertibe of th hirige mcg:letyc;a afehe IgGl IgG2, or

| ine, . gl d
G A T L R e
anddp 08 afehﬂbw&é(ﬁnSlEe] IXHD: Y6, MThadioms respectivkdy. WO

2008#10916 Cﬁg%62008/003119 such as gl ycjne and
al anihge/A f:&%ﬁa SPUde GREORIORRILY BRSO linker” sequence.
Llﬁ]@é}E bdrGdprachhnily @& Ypaeer beﬁ@eﬁ)agaolﬁ@%t‘i’cfe%ﬁ aAbddhd haefdlogous

ol yal ani nes. One exenpl ary sui't | i nker as shown
pql)fpeph@ orpherms S Bérqur .bgm(een Wosapore Sprignt e B polypeptides.
Inlo'ﬂe @mBH(!lHéﬁtr (HRTAREH iSRRle uy @FE{IIBh!) B 168k 8 WHRMeS 6y ?e&;tlde bonds,

inker, that is a |i1nker sequence are prov

pra@fagbeﬁfnmtl 6o 2 amiriorpgils liakgddyy, pepBdgbondscevhsrdin thedniinp Ridy are
selegeh@om7t%e 20 tﬂ?tuLa'llP‘SFcFl%ﬁgé ﬁnﬁbi dgl O@n %yegﬁ@o acids

For ex an'p e, ers s UC -
mashles @lvwsslatedzaszs)umwcmé hyghabe nTthesa & bnyd enhiodknaers, thay/ to 20

angiH[) LQ&J arQ Selected from glycine, alanine, proline, asparagine, glutamine, and lysine.

Preferably, a linker is made up of a majority of amino acids that are sterically unhindered,
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substituted by any non-sterically hindering group such
as lower alkyl (e.g., Cl1-C6) |lower acyl, halogen
W@ e00g/1091€t , Br), CN, NH2, phenyl, etc. 10 | n OPEI/US2008/003119
enbodi nent the vActRI I B pol ypepti des can be attached
to an Fc polypeptide, directly or via a linker, or
via a hinge linker. In one enbodinent, the Fc is a

human 1.0G Fc.. VAct - '
soBh B B a4 Pt NS b B pg PR Gy,
(Gle,t el B1y- g @) Feamd phRBMANSE@hdexsplad@3uitable linker as shown in the
VAct RI.| B- | o E D NO. 64 tRI| B
BRI SERSREERR) ROy RSk A putich embefimgy ¥agits can
coipieek h Rinelinked?) thatds 6 1iIAe s uefie-dr@ frofitle dEdE WenBlo@hd BindDK3egion,
72), as shown in éables 1 and 2, and described in the
aSE%E‘HB]I@'? IRSEQ P N,/ her enbodi ments i ncl ude vActRI | B-

| 9 2rieQink & QM ReQon eb@ie Tohkkrs. \FGF&)BH&)&, bﬁgﬁrﬁ&rs &8s -NH-
an VACtRI I B-1g& Fc (SEQ I D NO

ngEQa D NO 93), ;
(CB)s-Clfhe WheraimhT3-Hespe beeead. ddmesradlen inkers may firdwube
sub BRo AP pER QG SRTRAN MG Gold Mnchlus fovleh Byl 8. C1.C) lower

acjk hajagenTlae., WACBIR €18, Nt pbemptieties di scl osed herein can

al so » ' e for

the_ B sAlRERed 1 AcEls pBObURAR D MRS
palgetpicden direatlle gr achat lirdaar, andia@rhingedinkers ilngnd@hbodimér, the Fc is a

nIGH, S o ST TRRSSERIE LR, s

(SEQ N0t 6@ eACtRYBARIGIFY, E23 WIHEE Ub 8%): i60); MAdRIBH g GIR, E28Y

(BRI, bB e REE r Ra TS T R 2, Rl YL e, E2s
(SEQADESDET®)! ardiNLHR TBSIGHG B 283 ESED B NG 72?, as shown in Tables 1

car bohydrate, or an ollgosaccharide nmol ecule. In

and 2o sgiisd én theyamplep Bergin. iFuitherembadimesisiigelade vACtRIIB-

1gGS P at By (50 B ROR01 v ADIRERHIRD £ CRIPY (SEQTID NO: 3), and
pol ynucl eotides encodi ng the VAct RI'TB pol ypepti des o

4 18G2 fie (FRQ EANQPS). Ble yasiauts baverteer demenstrated taproduce
ol " ' i I I i fied

OB oL T AR ol

Examipladibelemt , t he nucl eic acid nol ecul e of the present

i nv [ i ses..a polynucl eoti de, encodi f he

oS AL AR SR LER SR
pobg),eptméb,m(ﬂdqul@?r t}%g),uqﬁa@e oiééb,nfeiﬂﬂng &V%ir;cgﬁgy&ggs %ﬁh adiéeducing

46. 52, 5A .56, . 11 109167 . .
defiis REBAT iEFpTge h%lg,ﬁfee gﬁ%‘l%,g toyisitygrpducipg imygunoggnicigy;
andfod ifdréasibll thetbiolbgleal KOty FEEEAGREBboDpeptitis JBRGpIEry

éoqﬁ"ég%& in nore.than opne codon can encode the sane
MFTHTS (AT, CULBNA! LBterbivdmeraelynyess sich ap Rely eihylcangire!
(PEG),%E@I)‘SRe[\Dde)@nan;{aa liﬁd; aleholebterol %ou%%sucﬂ%s a $t&roi ,3’a 25,

27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 51, 53, 55
carhghydsate, Qg3 ofjgosagehariggmolpgulegy ' 94, and 96 or the 5

COMph ST f: ; 9,

15, 19, 21,%‘5265,’ hffé)?&g%ln%’@o% ,°b@§f §°l§§,d né“z‘?’%sa&‘,]d ‘il,&gmes
comprisigg polgnucletidessmeoding thg VACHIIB g6lypepFidesod the/drese@Pinvention.

AHfked Ain ¥ 1ot disShlelst rerGURANR iR DS
am no ag [ se eq uence. of %E le%(é%%%w%,ahgﬁ P . &ﬁgmleﬁegr °e
from endogenous material. In one embodiment, the nucleic acid molecule of the present

invention comprises a polynucleotide encoding the polypeptides of SEQ ID NO: 4, 6, 8,
10, 12, 14, 16, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 52, 54, 56, 60, 62, 64,
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16, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42,

44, 46, 52, 54, 56, 60, 62, 64, 66, 68, 70, 72, 87,
w@30089d91603, 95, and 97. Such variant DNA sequRCIYES200&003119

result fromsilent 10 nutations occurring during

production, or can be the product of deliberate

mut agenesi s of these sequences. In another enbodlnent

sé B@ FUS) %h08sa@;l %3”9% 6659 Blic td1fe RA H%eh&%( genetic

nmprisés a polynucl’eoti de having t ynu Ieot|
cosle,qwlmn@e e thhw pdcadan SEEncOiaNbE sanss ansmo Fcidoa DA seqaence can

Aeofihn BB I8 B D A ot gy

3937, 341,98, 4f, 5163, SRHO| €NBAS 68, §7,59 2n@2094, S PG & th

copipiiiggliny Ting TSR IDRO: 3575 11551861, 36 23685, 239, 31,3

3%97, ¥741,89, 45[ 31, 3255%, 6nwd, €6 67,169, ano her, aﬁmmdharam
t he resent i nvent i on prOV|des nucl ei c_acid nol ec

el\xqu%wmléﬁ hayingtheamup aridgegtenes of pFRIANO: b ﬂﬁ) dﬁsm

16NQ© mm 26P211 3993@%541%69333@@'42%411% 5?11%4056 §EQ2| 821 "d@ 68 70,

723 87, ?@591 :?? 953, and 9% ' Sugh varat DNA s%enosscansgsuheﬁpm s@ent
m@é iorf e e dch nﬁ%@du%ﬁon,%p gang@e e ?@ﬁh& of haﬁ)e?a%cﬁq genesw of

po ypept Ises an am no acid sequence as se
th@@rst@enWSSEQIDNO 4, 6, 8, 10, 12, 14, 16, 20, 22,

Iégnotﬁ% n@%dl eghth%d'gclglg gc%_}%olécgl&e %I}e ]f'rg%nf" 2 Xen?

coﬁﬂmsam:bo@ﬁimaledtldmmvmgnhe préyrerizodédseqadng o s tfordein SEQ ID NO:

3Rk 3078 et betn B 200 K Prisenl Er At Hagh oRast 2

61068,16556T)BD £715 b2, A axill Fonet thammmlenamgeﬁﬁﬂ d‘fsm ImNo 3 5,7,

t h | enent t her eof
9, Qe IR Bortoroe: DRk, 5t et b oS aSS, 59, 61, 63,
653610 | 69f TEY2 34, BED6. alﬁ@notﬁ&‘%ﬁ?ﬁtm&iﬂ Shd ﬁ%é'eﬁpﬁwer@ﬁ)ﬂg%\ﬁdes
be i sol at ed by conventional tech ni ques, such

nuﬁgﬂooa};;l p]ﬁ@u Qqq\éghlchngr@pzem@q styingentior grodgrate gondisions with the
obyfe @J&&cé&tﬁ‘%lf%%sbhﬁe% NGS3,3, PIPRE. 13395 Enamhg L3NGy 59,

encodln eptides 1's’ obt ai’ned Trom genon ¢
31, Bhr3ar 38 3% i éh 45a§ 5év%ﬁ PAfi1e63.H5, 617 oep2, <9F4, and 96 wherein

thé%‘&ﬁ&@? @égﬁ Plonth rﬁ%aﬁmﬁ ik ge%hég ok 16, IDNO: 4,

synt appi ng o ' go eot1 de Tragmen
6,8010, ddeld, bey, 28s2%21] 36, 38, 30h32,BAANITEALIH), 82) 44[41’1;6121,3541 1561,t6® 62,

o8 5ol 2o s HIooE 9% 09 5 S5 B P Ml
mEAnkIeR Gﬁﬁzﬁt@% i mctmm polpeaptiie.om procaryotic

PR BB b S Bl b e

dopblleystfﬁﬂicaa dorn( amen s B R A esinple Bt thddécT DN RicRided, st
fro NA |soI fron1var|ous ti ssues that express

eXpmp T$‘Fé‘°m ﬁo%’é‘tﬂtlé ONA. PNA amplified PrRCRn&dude

coﬁibiﬂatlblﬁrtﬁérgofg ERASmASDNA| Ihaﬁe 19(911&‘@13‘9 E&REAEHRS @aguqu'és such
fragments thereof. The full |length gene may al so

as by @Flaa the 0 OF SEQ IDNGeli 91d 7+ 9rea Sitable fragment therepfizds a probe.
GeneHEPNA: enh&lﬁ%'m:m ﬁ&?ﬁéﬁhd@sﬂs Bl!;tglnp({ ﬁ§ﬁ%nélﬂf‘éqmﬁn%g which

expr essi on vectors cont al nin
are available for a number of species. Synthetic DNA is available from chemical synthesis

of overlapping oligonucleotide fragments followed by assembly of the fragments to
reconstitute part or all of the coding regions and flanking sequences. RNA may be
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nucl ei ¢ acid sequences are al so provided, and host

cells transforned with such vectors and nethods of
w@e@mdueilny the vVAct RI I B pol ypeptides are al so peDuszesi003119

The term "expression 10 vector"” refers to a plasmd,

phage, virus or vector for expressing a pol ypeptide

froma polynucleotlde sequence. Vectors for the

4 ' t R e hn.

oL B BlyeliC nt oo R ARl (3 BRI B B,
sucb s eocporessaghi7 pfontdnt&s are] RINAdbolymsease. cBNAeix pbiessd from

R Ot s RO e e vop e et Bt ALnG e

DNagublahﬂésyoffﬂ@d ﬁivdarﬂhog Qﬂ:ﬁxd@f@ﬂl Ragth@eneskd wellras gdl@ﬁﬁtﬂ@ndes and

- EREirRa el 5 QB 9G8% Eoumb e LI FERENSeR E oAy

teﬁﬁﬁmsg@{agggqha{c@ protein, and (3) appropriate
transcrégtlon initiation and term nati on sequences.

Thesld 28etercaspecs ohthy pfeg?qt Hlé’remﬂ% PXpiessipnyestarsicpptgining the
nUPRGEK RS d se\{ﬁ&k@g are %Hgﬁ)e an d h%WeF?ﬁélﬁﬂ)rfn@d mtsuﬂécﬁ)rs and

are readil avai | e nuclelc  acid .
mgtheds quduemguthﬁ mqtREB\p@bmeptgles: sieradpopremdigy dhe term “expression

veefor® ér@?o o%t%}#dtsp%\/\gg §r ve%Q)r %%Qpr\égs% ‘{ folﬁ?e?tlde from a

I ncl ude pr UnCtI on I n spe SSues,
pctiyrdlclmtldd seqeatear !a'ecténs rfoxtthee@xqzssles of tha vafctRIBE p&liyeptides
con?augat ami hmuman %r e eg ¢ ch ct I n&) and:fo ion,of the

exXpr essi on Vet st ?quF ¥ ¥ %x‘ﬁ?%a& gh gf VROIEPS
clthedtlimrtp BIRapressiars cockdy Qdmpﬁse\!‘@ trafédripd S8 unib edr@priving an

qrpgbﬁted b eferen ?% its derlvatlves

oSO PRI g EIRE IS SAIGHTTE giEdEEvIenzalein genepression,

fore€tintp1€) PRdmtbls bABARNKES; (DN Ssefi@B thaterlcbes VALFAIB polypeptldes
descrlbed 25 bel ow. The application further provides

tohe1aBrEibed infraRAG Inddtranslptgd e Prasein, aad 63) appropyate apscgption
1nﬁ¥ah3ﬁ m%ﬂéﬁﬁiﬁ&idﬁrye&%t:ess %E&@qﬁmyes%ﬂﬂthér%ﬁgud TNR_REtion

stens include but are not imted to m croorgani sns
mg h Vestasaetiabledon axarestion mdwsigellh aregeaghitsiavailable and the nucleic

acﬂﬁﬁk%BﬁlQ@Q@%en&i 1%'%19%&0&9 Qﬁﬁ%garﬁ% r%éc%%tﬁﬁaﬂt PNA techmques

vectors; yeast transforme expressi on
SuebyedpEs:can msbe powidters yhichrfsndtiof ectmdlfmtlsmesuand: giral vectors

fo?%%%t eﬁ%gs%}l oSk t {nt reted. hpuan%}il lo? Xrlurrnla’{lsgells pI a?@% Clgll l

SyS trans ed W VI TUS expression ve
ex@msgon vexor] suft:iblm&xr expressvnof vACIRIIB isalidfD S Rd) ddes axribed 312 w0

W . or transformed with RQacterial expressi
o3 e ngSroorat AR Blaresse o s Fefves, cohe vReiiE
pdytaicRBBdesManvall dsany addifignal shitdBle 2868¢s kAOEA T the art or described

CT/ US2008/ 003119 wuseful in reconbinant protein
b Y6duction include but are not limted to VERO cells,

Helar he@@blh&tlomeﬁﬁohaﬁﬁ&hod%@ﬁﬂ/ak(r%@ctmh| bolypBfiRles. A

or their derivatives such as Ve and'ré at ed
vagigty ofjofhee exigRs IO/ hghtssteas may bewiibse. Fhere gygteyesginclude but are

norAS ﬁ?&c@&or@dmsms]s%&gas babHR trerdsa %th%@c&n&ﬂm? r CHO
strain DX-Bl11l, which is deficient in DHFR (see Ul aub

bagterigphgige, plasgador qsmid DNt ¢xpreagionivecRrs; yeussxamsfornd guithQjeast

o RRBP 2 LI, s RRRY, LT
bap@loting);, plant 861 sysBRIK tranifp@] WBH SirgsSRERsOOL vata} (e.[R) ddpliflower

mg@gK)lrdg‘,Séﬁ'IV F t((;’%g(:co lﬁ?o@gib vl'rus(f %JI\JI% orq:r]a%s?fonned with bacterial

expression vectors (e.g., Ti or pBR322 plasmid); or animal cell systems. Mammalian cells
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cells, BHK (ATCC CRL 10) cell lines, the CVl1l/EBNA cell

line derived fromthe African green nonkey ki dney
w@eios/1bd1e CV1 (ATCC CCL 70) (see McMahan et aPCT/us®94/003119

EMBO 10 J. 10:2821), human enbryoni c kidney cells such

as 293, 293 EBNA or MSR 293, human epidermal A431

cells, human Col 0205 cells, other transfornmed prinate
us%ﬁhll Jeb&ﬁﬁnarﬁ%d?&h rdiu B 1qclﬁﬁé llfnﬁ areafok lim¥kd 8 VERO cells, HeLa

derived fromin vi ro culture primary tissue,
cqﬂs,u (hingpe bxpsteravary (GHO)B@!! lineg or they demvatiy ey fugh ag ¥egaie CHO

I o) f

d el e?egﬁ‘gg&%ﬁa’gﬁ& ift sérgﬁgqr%e e({laﬁegﬁgﬁﬂggi X aP 1998,

Cytetcclumiazy 28r3dDmt ﬁHOgitmln IDXrRdi, which 15ddﬂ$lengmdeFR (see Urlaub et

o P PlsschE P SR 9 EDOT g b R R e of

mbm@:ysddmyredlsv(mmcamlmx B5 ?qseﬁmm&m aral.corst aCéli mg1753hw138

cl.el e es_o t he esent i nventi on under

Bl HepGr AR CEL T8 R MR i e RS el 27

cehis/BHE (Mged ¢rr 1pr&9 lﬁ1€§ rme @wﬁsweéém 18R deReRt ﬁ&iﬁ the African
productl on, Once _such are transforned with

grgacmenkey kidney sehling GV éAE@E&kQI&%ﬁq@é\A@\dzl@nﬁ alydi9p1,EMBO
tlesﬁissmﬁﬁgl &m&ﬁ§kl f&m&&]% 26816996 ¢ Asmshezgs human

allowed to grow for days In an enric nmedi a
eMmrlleM}ieyllamn@mAQow@ﬂ cclts stéeretwsbenwbmraate T¢lklines, normal

' dlﬁﬁkd‘e&ﬁl@@cﬁ #?Jm)eﬁ ﬁ‘{.) Sﬁ'vﬂ%egj‘lth?el zirlprl Vé{r}g{ls%v\% Em%ﬂgy explants,

ecover uccess y "express
HLfﬂO[ Ulﬁl: éﬁK @dqﬂaan@éls Miesnaiha mpreslsmtlpﬁowé fea ttlsdyprgduction of
sfor can. b roliferat tissu
sekfefty SOHRE R RRCSE NP s B st Bh e Gt Brob ffium.
enpl @gmgian dpprapriatestiosswcator @¥4iing, SCERIIB boBpeptiieoardipralited

rot.ei n ound jin thod of En rml 0 . 185,
reb SRk By Su oS STl TEC G 40 P hgion Vesioxingining
the a8&é&ic a&id Ga’ibléi:%lels Bf B PFRERTiEntSH ﬁﬂiepé&ﬁﬁfo)ﬁQ hill¢wing for
ﬁéstnggs,grthe ex ressed pol %geptl des of this invention
e

apefopmed Gel eATchegised, iy déstr Yield palypeRsisier

prb@{cdtibAl Pn&d fuef béllsGire RRfHSH With %cthﬂs@lﬁ,@eﬁﬁmg QRBERS18 tharkers

in order to be biologically active. 30 Refolding can
aspyeelips desdsisirehexpression gasgetieu s eellsofan he eHewdes tograe fgr 1-2 days in
anké?lﬁ\@ﬂ:d' Hedi @ef@fetthﬂg E\mt&%& I&PQ?ech%JnQ«?? Tﬁé) e%)t(a% frker is

exposi ng the sol I zed pol ypeptide to a p
desigoedeto alowrgrewid apd esevary ob fells thﬁh aorcessilly eagmesst the ilfmeduced

ti PSS ed

Seﬁ'gérn%?& eglssg%tnagagg o %Jbé;f‘n%z AtT one]fsh O\A/E?/%mﬁP atﬁ o‘??%tbséue
cultsret tyghinamkd gppmmdteab tlee Bl 1MOeRP YA 084 6Verview of expression of

bR dyrredp BEGngR PR mehtebof 05 GREHBLID V. od.

Acads®i, Predsl{€990gf ol di ng/ oxi dati on solution will also
cont.ain a reduci n%d gent E’ us.its oxidized formin

spedP FTEe F3E% GUGh Sq1on 4Si98 PRACEIIPHS SYsteenihe cxpressed
podfieptidds A thidlinGéhtdh |n‘i&§ﬁleéd)fo B ‘wtlfdb&ieanawdiiemﬁo atpPoper

occur for the formation of cysteine bridges. Sone

te’GWFS}’Iﬁﬁ’édh?“é%(lmgé%Fﬁl gereraged mgrdgrdo be biologically active.
RSB LR B LB A A .
methedsrinalyrice farisasraple(xnesingithe splubilingd palypentideytoiarptt wavelbsabove
7 iOpreSRby 51U cHiBolia AEadlae iy Ol Radiftpe ¥ dihfil0 e

e refol ding
ch01ces used for 1nclus1on body solublhzatlon however a chaotrope is typically used at a
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cosol vents include glycerol, polyethylene glycol of
various nol ecul ar weights, and arginine. 10 In
w@odwstioas] the pol ypepti des can be synt hesi zedP@TUS2008/003119
solution or on a solid support in accordance with
conventional techniques. Various automatic
synt hesi zers are comercially available and can be
[ r
oS thob uAGEE EOMTl ob bR Yo Gl dng BForcd O most cases
thSyErfolklmglos;daﬁdn fedutjonPyidiratse cChiemi amiludie age@ﬂ;ﬂ&@}s odeimde(bnn in

Chem Soc, .105: 6 ,
o Qe bl Tl P ot o i A K s ghurnine
toT;halrFferphe fematida m@stamel bivégasn Boine bomﬁldﬁ].y wdedrbdox Couples

nt, J.Pe .
R R N R e e R
DPTRItRIaASDYT, idae- ﬁé&ﬁﬁﬁéthmﬁvaE)Mmﬁ@BMEe IR Wanf, i€hnces, a co-
accordi ng to protein purijfication techniques are wel |

SOR{FBURIAY BF 13eBiinteasadis PIFieme el thy efolings eommoahiiisglies
cosOVaHtY Brcludt gR8&ol, sy@kmg@ﬂ@g@w devidds hopafal RBighls, 4dae

pr ot ei naceous and non pr ot ei naceous fractions.
argiayieng separated t he pepti de pol ypepti des from ot her

prot LS B

he flﬁ ?gﬁg?n,g%o?fpggﬁ%gic%b%ﬁlno n&?%dgfg;g.gﬁxftloh Bi @‘[ §§c}hdcsﬁﬂport in
acedrdanceopthcoatintiond dévhiiguess Vasioas Mitemetiqmynthesiterpare
Lqf n R rlflcatl

coﬁrg‘_r@élgltrll)?a\%ﬁjable ?.rﬁcgé D€ rlrl]gc?clf o (}rd c% gllt;ﬁ/pep‘fm 8rqtoc8}s. See, for
example], Sieedrtpod Ypeny, Sdkd Pise BegtitlelSsnthiesis, 2diEl. IB’Hreendﬁdnibﬂ Co.

b d. S ARE R SPRaos B Ruf e Sineenaraeer
(193@ Eﬁ@ﬁ)eﬁldrlﬂbﬁhtﬂclde ThOPétided) @robsahd Menhafer 2B, exoaa@ﬁle Press,

f d her ef I f
NBe e prFdem bRl SRk, b Leen Pt ke AT BRHOAE) 1

whi Cﬂhe'pbly‘ff@bhd@@ﬁﬂ&;ﬁue}hs QF BdlpresERNB¥ALibY can HELHuhfﬁb@ fecording to
wll refer to a pol ypeptide conposition th has been

Preigh) Rgifisgiondeqhpigues & a«ellclmow tq thpwad skidlrin mm@w
teSHRNRONRNb e, at B! HB GAFRASIdnhAdh &%ﬁé;%ﬂféﬁﬁé&& and non-
retains its expressed biol ogical actiVi ere

profginaeqons fraciions. adaviag separatedithe peptidé BolmmpddeStfmrs other proteins,

thgg%ggg?{ #&gp M}h‘%’\%’ 19{?%5?](3 rl))glﬁjﬁ;%(%% k)ﬁirgﬁe%rusﬁl ec%f % qatto%r%})hxc and
el¢0krephmptmte@mmom®mchmfxe pdrgal oc omtpplstetpunﬁpat&u(br msification to

ng_abut ab t. 600 bpu about
nof BB PR PR B PE: o Ph Pl bR e R i horein,
is interidbe tocrefep asd ¢angpositidh, 1%@9W0Mﬁﬁlomponents wherein the

Us200 3119 ,Various tec u Ie for use
eGSR PRS0 Z0y 195 45 SSRYS (S S ALE- CHRD atg o Rin Hed
polypeptide tBértforelgsRidrd el alifddypepie tBXANRESHOR HRCIRirb@héf i

wi th amoni um sul phate, PEG . _antibodies

Wf(‘%ﬁ‘rﬁﬁéﬁﬁ?@&“ﬁuoﬁﬁfﬁ Siperalty “prfisd il sefery appelypeptide
Bation ehbd 1R be&@ub ¥ed t(bﬂactl%ﬁzﬁfdh'tg HG&dvie @Brious other components,
ronatograg y such as affinity chromatography
prhisheioppasition subslantiallygetams itg exnaerged biglowical dctivisy. i Wihere the
T !
et T -
cogipesitiomihydtiesths polypeptide nbpmﬁ¢ fxmns oife i 98®mponent of the
cofuB{Hb] U6k as O8ndifuclE NEER Y, HARR0Y. NP1 fabolie' 8044 about

I eve at t er o éon |hg
85%, or about 90% or more of the proteins in the composition.
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various purification steps may be changed, or that

certain steps may be omtted, and still result in a
waeiosabdie7 met hod for the preparation of a subseerUsz0$/§03119

purified polypeptide. 10 Exenplary purification steps

are provided in the Exanpl es bel ow. Various nethods

for quantifying the degree of purlfl cation of

pol

ot VA SRt oot REUL ol hREEn Bin BEel chfiek Pingse of
skillbin the mnjﬁhae 1rﬁl:datde,rfusr exangpld, peecipietorf with Binn@hiugh sulphate, PEG,

ti.viL f t f
T e BB B R RE R sy
cebDBh SGH @mhf atsgrﬁphy%ublli &f %’ﬁﬁfﬂclﬁfm&ﬁbﬁpl@; (fP%teli’ﬁS‘S le&?mﬁg, ion
the puri of a ept raction js al cul ate
@%‘Raé’gsa %?a?ﬁ@ﬂaetrmrw% 355 hydiexsiseatie @f#ml:theg'egﬂtﬁeﬁ%oq t
cHrémitBEraphy? eboeectﬁe ttdoubihy; & elebifophbiebik;and @8tbAGHionsdP theld
thus calculate the degree of purification, herein

teglyuques oS ieenerally knaymya the ark itris Belieedihet the orligeof cgadussing the
vamhg SurttRGford aegs%su{)mg:ﬂpe ng CordhR kiR btetN AN 151590@1%& Vi ¥ti1

of course ent  upon the partic
readtsla;a sugdhningihed &rdbeprepavatian df @wubstantipllly piri fiedtpobypeptivi.

d hi bi t
G by fficSh sieh &EBroR ey RERE inles BB, 17, D Ve
J1 B Ysolopp epthodeﬁn kadifyiog theglagas of hatficatidri wfqioeypnpmiel veill be

t d tid
AP G0 LB RN B
examipley déteuﬁumﬁg ﬂ&tspédlfic blanﬂg @étn@?ﬁrf i acth@\iRictidi; bARSeksIng the

oten nst he di seases t hat | ve, nuscl e
%fbfrﬂﬁpﬂé%o eriderwishe f S35 S BBCEATRLES. A prefered
mEBHC B Sssestiith tBé PRty AF & BAIFHSEptias At totaldifutd ke BRURS activity
bel ow. . However, % ation can occur when expressing
of the f5agtionytp GEMRRTE éf-to Wg)%@g@qtlslty of thagtitgl prigact, and to thus

caﬁ@lﬂ@ﬁ@ﬁb%@@of p%'féatﬁﬁ‘}’ﬁ&glﬂtahéégseﬂ BG L udgRl ;ﬁlhqiegtfdﬁrlﬁ%ber ” The
oner ormati on duri ng expression and

aCH@hU@tSrqaet frrerfesegihe gmpunt 9& himdingj agtivinowvil, el{goursg, be dependent
up%ﬁ @l{eeﬁaﬁd&ﬁr ngq f%fntuﬁﬁe &%Lé{'ptg %I'loq&e th@ g%é{:aglgh %{gg%ﬁgrol}] ot

mbi ne approac structure
thﬂmiempmge oamtldfa@éllblepeictqctahbthmdm@aoevmdi cated that

mul ty ﬂﬁfl{ Al n(wpda 3! ulpf) Iyae %kc)les b ﬁ? %05 n%atnd% ’[?]1 %/l 1 §9 : cle %@gclc\el-l a

i nt er nol ecul
degtadationomb@tiesc vautRIT golygemideocuphtsig of bindiap and inhitdting the

wREL e P YRS, Bl B 1B 3R Fgpent potnt
aghladt/ thiSAeaSéAR Tl Iveistle dlophy)@s well s firGRa@{ent ¥ertain
cul es; between E28 side chain in one

Act Rl | |
CARH RAT otﬁosr[.fgs% a§ shawnpp theExamplesdelovher ActRIIB, for
exarfvevel, Bggehtibh 04h od2lf WhéPdxpRk§ifid Bx%ﬁ'f?%h% wild-type ActRIIB

interacti ons exist between E28 in one Act B and R40
oriAFtRITR> peliertides: Fihispeemsaden ispludesrwyetured olisomer faprations

dufRY epredtiohiaa@Abh- Xtr&%ﬁtzd h%'%ﬁ%tet é%nbr’ﬂﬁ&?@(ﬁﬁ dﬁ:lﬂ‘?% é{ﬁression and

popul ation of tenporal di mers gin
aﬁﬁfmqpéﬁeb‘f“fmh%val ent and/ or coval ent bond

f or AL i-0RbREE %@g ) r@ fg&' ahﬁ?ﬂlhr?olé&‘ia‘f rn?o%gfu? and masgs

bet ween resid nost critic
spedirometry hees iadicatod Qlaamutthmeauqmna)emsd reActRIB poimbum via

infefinolecular disulfide bond formation aided by electrostatic and hydrogen bonding
interactions between nonglycosylated ActRIIB polypeptides. Significant hydrogen bonds
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doubl e hydrogen bonds and a strong el ectrostatic
interaction. The residues 28 and 40 are involved in
WOeHRI0B6ACt RI | B i nteracti ons and not in Act Rl P&r/USpas1ah3119
interactions. Thus, 10 residues 28 and 40 can be
substituted with non-native am no acids according to
invention, to inprove the solublllty and reduce the

i b e R e

anpl A9 sideschaiatin thel ot]mmﬂmd{IIB,dbdexanmm rIe aéahtiqn andcdl ekteaktatic
. i acor S sh bel g e di ng
infRlasof el bFe B i o ALt AP R S e pReDRERE

Fur tTH%EdTﬂgc&nosﬁﬁé ﬁmhct@ggﬁﬁg &Tghb ﬁnl arfify Cﬁh&lbﬁ& t}d Ackdakd ﬁﬁ

o| ypepti des term ne elow. The re ts in the

PR LB BLBEPBLACRIT Tt Bauldgs PLEamPasR FLonGoaleR) por
coR @l Rl ifslamtian Bethe &t RERIBANISNTh Reeradtion Be® ek residues 28 and

substitutions described herein, while retaining the

40515 the most catigal moww@ewea&eraatlwés mﬁé%mrﬁﬂduea@m ipyelved in
doQﬁ)l fog Hb?ralg aﬁﬁ]a Et? é:trgg} BBn ' Weeﬂgglhl%g 28 and 40 are

further "I nc es anti podi es |nd to varl ant
inpelved IIancﬂ&HBy’gé%HBd@tsracmm Iaudj n@tgn #etRIEB dipand interactions. Thus,

reﬁﬁ&e%' 28 ' and 4b Xa.\{)ﬂ)@&bgt%%ttea %lté’%%h-@aﬁ\% z?xﬁhg FSR§ e!lcqgl%in%fto tixbv%ntion,
resent 1 nvention. use erein e term
to' imptws thecalubilitpiand s¢durethe nggregatian of the déceptoh pwlmtldas

T AN AR AL E NN S

acidsf etpsesteal, ht tasted aﬁBiab&GIae Shdvﬁﬁddltdx/ NBiapétk YeteMiakd binding are

anti.b es. (s odi es: A Laboratory
Shfe/yﬂa%?dbl 1A 8 !r}?] }I:E’éﬁ‘i‘lé’)f? glyw it TGS, AR ABgFEation of the
vAUREB, polyb8ilie} areaetbriipR@6LiGRal anti bodies (see, for

exa Ie S. Patent Nos. RE 32,011, 4,902, 614,

4, 54Ehessylts ffhe Exampleobriow shaw fadnesdiagaBaioniPHOMREB A

piAdYRAG | %lh%av§l§Qh@Qhﬁl@ |ac1’8‘@§$s¥1§it§ns Eés@ﬁ'ﬁ@a'lpfe%% Svhile
ennett Kearn and Bechtol (eds.) (1980)).

refainieg the gkilify, totbing and meutralize myestotin, abtisan AefsreG@Ftld a

fragnent of an anti body such as F(ab), F(ab'),

F(ab')2, Fv, Fc, and single chain antibodies which are
Anpittiodiesed by reconblnant DNA t echni ques or by

_?_Eé :ﬂrf(::seﬂrm\?err]l lon, ﬁu’ihe 1n(e,laér{ees?aé1}1§oc{wsnv%1% % 811 H \pa%%:me EctRHB
pdbyfeptides) iaclatling mdsbthdt f;ﬁclf M‘ll)CHincafoethaVlAétRHprdIy;ﬁbtldeZ of\(Be

Pr%%tsljgg" lég ;ﬁ? gTﬁ{él 229 0?@8 03 l%g?“ﬁg%g?' &)gxdg’ﬂ%lfegggyanltﬂ}gvdlesghavmg

a Shdihg afinity bKﬁl)dbﬂgActRﬂBQﬁ)lylﬁpﬁdb@ of 1 0°ava Rt pleart. eAs 6@A hbRin,
rodqce net hods i ncl udi ng fusion of

t f
WP. a%&gﬁ%or?efq\ég }r?lklgﬁé agtflb%gﬁ mqlpgag@ﬂyglon aptgbodies (see, for

2P ESAMibodies: €A 1ab Manfat PriarldWaHal, @), That H
™ 1890; Kost el ny Qragr* anetl PHar o A 1a4111§ b 15%,%{1.1g arbor

Pressod9§4)), agd mongdieps! H@Wt&dWSKWé: foreramplen U H da@ient Nps &E 32,011,
4 §@f(ﬁﬁ54 5@3 &3 ORI b 61 POYT, Wﬁocl&ﬁ@knhﬁ'odl?sa% NQ\Q%L&%HSlon in

aV|ng unan constant anti b y I NMMMunNo obi n donmal n
BigiogispbAnalysit ftenm Press: e Mokeam v@rBeﬂbIOé (alsd i w@y As

R L

F(ah’s 38t 3hv, Faranid lsnglearhaial aptibodies which are produced by recombinant

DNA techniques or by enzymatic or chemical cleavage of intact antibodies. The term

“antibody” also refers to bispecific or bifunctional antibodies, which are an artificial

17



10

15

20

25

30

refers to "humani zed" antibodi es (see, for exanple,
U S. Pat. No. 4,816,567 and WD 10 94/10332),

worzevshadses (WO 94/ 09817), maxi bodi es, and ant PODURE8/003119
produced by transgenic animals, in which a transgenic
ani mal containing a proportion of the human anti body
produ0|ng genes but deficient in the production of

R e P O R oy SRR 3lrg M e R
si@snBispenific mﬁlbgduas cmeae(px@mm bamvaridhf iethasdstinalgding fusion of
hy%hﬁooasl gr nkm o% Fal?’rflfg gg%,l SeoF]1§s1v1ll t Al néhﬁJ %ﬁ(g ﬂig-?unol

Her C ARt bodi e det’ €0
793 mmwm;;:mmmmm Iillmﬂmmol 143nt5nbods3a(sl99a)md

anti ;i di i C a t i bodi " Ant i.bodi al s
ot 1A e biBinin i PSRk ot Bl imer et adiie IRCR.
anfibbdid Bavixih BenddSOstarlt QhtiG Al Rnodl6bih dSllﬂhlhlfcySu;ﬂ&ﬂto one or
quantitate VACtRIIB in vitro and in viva.

Mt RN varighlg rtibgdaimmpnainbin damain, &%ﬁéﬁg}e%m%ﬂof (see, for

e)faﬁ%leewma%nmb' SESRTHDS a%@U@Pa&m NB, 0ﬂ69@$493§nﬁnﬁmmstalso
i bodi es, that bind spec:lflc1 I%gto he VAct R
&

refes$ {pp @pmarieet” agtkadissi{sa, fos examp | Redti Ny 4@@5@341@&’0
o0 Rg), Tinghlaigd v Aroghtn) Biipgties, 3 yrfBodigtoradiet s

tr@BgengBanimals, i vhi@iz tr@gBgerdd 3niMal, copBiningaiproportisu ehthe human
anglﬁéclg%bfrt%glﬁcﬁ%éegg% oL %cﬁgicntgé fh%r ?{!ﬂdutcgg Gc%Q(g%ﬁnQus anth%dles are
capably p&protuteisg lmhmanl ansibodibse(s e, for eSmm;lsie,dVIt-mdm ell das Nnnme Genetics

RO B ek P BO LD, IRE B PuRRiseT By mellces

ma Eiiﬂt@&l Iah!ﬂ:jjdd&s c&fratrﬁ%m Bfet EEpIOCHFPrdtBing sdheis AteAiMfleric
I pept | des. . .of .the presen l nven,; 1.0N
a‘g'gB&Fﬂ @pd andhidiptynic Ay ihodiegn s}\%‘&?ﬂlﬁﬁ Szgschm?:lﬂg(;sa%\g UeieBRIq v
antiBodies. PTIRMbSSES dgainbiv REREE davi®e ABEM Rr eRimp1BQ0 identify and
pol ypeptide or protein in adm xture Wt h
QusRERPRC IR IB & Ywo28d @ptiddl e material s, and
physi b afhkih b pRReRRLPRkBodiy foth by ﬁ’igmnﬁ?tf@tr dxain le nl&Re and

pharnaceuti cal corposition may contain formulati
rahmt@pdm gnd gabbit gafehodigs ntfyat bird speelifipallygo dhe ‘p*‘scéEBB\ppbgeptldes

degr'ilv(% & CE)W%@%%E /%ggil}l’ig%%' 50220280613, 30, 32,

34, §613ﬂﬂ|4@,|4'2y44 adda0¥2, 54,5 60 |62y64 $oA8, 70,172, 8? 88$IOB3 95, and 97.

di ss ' ease i_on. or enetratian .
the. SbhbEPeRe B aS e BEROBRG AT infyenflFR Pl B Rlcing
andmséaydg thbpﬂlylmpadnohscllosad herein. Sach anibodiesart dmdé ssinhmathods
aragi ne, arginine or |lysine);

*%ﬂ%%ﬁPEP lgﬁg,.£§$?ﬁigﬁaants (such as ascorbic acid,

sodiumsul fite or sodi um hydrogen-sulfite); buffers 5

(such as borate, bicarbonate, Tris-HCl, citrates,

phosphat es, ot her éﬁ@%ﬁ&%ﬂ%&ﬂ@@gmg¥ﬁ$¥|ng agent s

(' SUCHhaARad¥BINA EdthpdRitiofls Y&itAlRihg tHeRe ARITE GrAgROARI dobweptides

as et hyl enedi am ne tetraacetlc acid_(EDTA));
ofdbwe@gt Wger&@@m%alf%mewda% Suehfcempesitions comprise a therapeutically
oﬁ?%ﬁh%d&%%@ﬁ@!:ﬁw@%unp&{tﬂe &y&%&@@&lﬂr&@m% admixture with

roxypropyl - bet a- cycl odex?rl lers
hepnersuiealls et etptablednaiertal and plavsiolegietlly rersptable formulation

m&t@ﬁQQh¥ﬁJ ‘?’L it defitielic %&Et}b%%a%» col B R5ifulafsn HGsifib &)

prot ei ns as ser
modifying, maintaining or preserving, for example, the pH, osmolarity, viscosity, clarity,
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10 al bumi n, gelatin or inmmunogl obulins); coloring;
flavoring and diluting agents; enulsifying agents;
whyasophst i c pol ymers (such as pol yvi nyl pyr r ol PADDEY008/003119
| ow nol ecul ar wei ght pol ypeptides; salt-form ng
counterions (such as sodium; preservatives (such as
benzal koni um chl ori de, benzoic acid, salicylic.acid,
n -
cotl)&rl"opy o%%?gb dBP @Qﬁ §/y %{aﬂll Hi?e! of d1 qulXxjé g%%gsee ﬁdsangalé or
pqnetrai»qndné)he @dp@sbbm Slﬁtabblfmirmazmoglnyatmaﬂmnclpd@ pyﬂ aeagot limited

togaJXm(r)rg(r:]lms SBQn X el hor:;eg gﬁlgglj Safrr)aél]rtf:g %I‘r ngrlbegc%t gsme) an%llrmcroblals
arsiokidamts euut:h; asaerscahBictabidgscﬂlgem fudfifesd ebdiard hplndgesulfite); buffers

sorb est sor bat such as pol ysorb
(5251 s BT Bich BihoBais! ﬂsflﬂeﬁs?ﬁratcstn%eﬁée%ﬂ% orgapiciacidsh ! butking
agehel(&gh a¢ ﬂ1|anmio}’ bOXNFAA)) chefaltiaP apdntd/(s@MHa RhyRaeAGEHe Setraacetic
(sucrose or sorbitol); tonicity enhanci ng agents,
aci (RN AR complaxingagents (el poradteins, Rl wraylpyroalidanashetar 20
cﬁ@d@:&ﬁh %Fhﬁﬂl)%l‘&fﬁ/l bERRDAIE R trif)! O oo RERAHREY disaccharides

vehi cl es; ['uent's; exci pi ents and/ or pharnaceutlca
angdjthey aﬁbehyd(mfw@tae slusohmamiose s dextringepreteins{such 8s gerum

an
by, Eaintor TrymuliEROR h); EBorind! dsforiArs Ak S3RETY
emigsiyring agedtsblyydoophilsdqolyneats (sach hﬁepolyanuylmemélddmd);glowpmiecular
B0 TP s o s B bt R O uch
b@xﬂh@hﬁn cRefite)pemivicackl) aslitgtie adid ahimehssale prasthybalpshal,

i nfluence th ical sta
mERapEP e PropPaiin. FROUIepTEeTactis i gh B ROgd rgfoxidely solvents
(sWdtVR plfceAn, GRES &k gly6l cﬁQJo]&éﬂ@ldn@ @lychiysugaagdhsls (such as

sui.t abl e conpositions may be water for injection,
Ml o SB&?‘@QF SUSRENAHS 3§6‘FtﬁrtSP’Ef?Ft%$ OL;KGtERg agenls (such as pluronics,
PEGWoRifah katbds %1ysm%tee Eﬁéﬁ%)SoM%‘rb&tEQo q{olﬁéfb%{e%ro irflorf?

pharnaceutlca onposition may be eit 30 aqueous or
troraeibamine demithing chfd@we\, tyleapalk atepilisy er&xaseng adsints (suskise e

r

soR o IR AR A opetl & MRl R Rt it or
pq@@smnmh}ondsutpmmbm@wlmdelwem Yediclesadidyentst sxcnmammd/qn

pIEATRISHA SSvhA! GRAGENLEL Bha BRI ISALL AN gn L

ere I‘Ne or sarine mxed

Génmatoh ed., MadnPutdisking Coipa) 08909167 PCT/ US2008/ 003119

vehi.cl es er exe ar ar maceut.i cal 03|
Y o e@R i QR ETRl BB T B4 g Snin PSR A B i the
arbdb‘pfeﬁdmg)ﬁpdmbﬁiﬂbxzﬂhtlé tﬁ)c mtendedMditelof @aind dtitati e rdell\ﬂﬂ/ amat,
ﬁ% ui tabl e suhstitute thereof. |n one
Fi&%o e? L crmle RReningiem s PRymacaise Scienesissuppg, Such

cohﬁ;oﬁh@ﬁbarhﬁ}dmhﬁéné QS g Sicdltald, Xtabilityl RRe 8§61 98b 6 ease, and rate of
conmposi tion_having the desi r ed degree of 5 purity with

in d’ﬂf’l"@ﬁ%ﬂm? of theiplypeptid gg@{@arpﬂémuﬁ&lg gorgpositions may be water for
inf2 B@Jmagfsml &l sa¥rleQBASN fo? PReAtbral Rdminfi&afigi M of a

yop |I|ze cake or an aqueous solution. Further, the
t herBsetimaey vehifipersiamiesin aplarmeccutipahgpmpesiticismay be either
aqlu&gﬂ R hék Q«%I%on%slh'ﬁg PRk AnPIE aes)ﬁgélﬁé eiliGe 8#&«1@11&%1@ be water
sucrose. |ons can be Ivered
foymidctiony pbysupigglhdd;ghnefsgl'utlgn anplifciabserebrospinal ﬂUId poss1bly

supplemented with other materials common in compositions for parenteral administration.

Neutral buffered saline or saline mixed with serum albumin are further exemplary
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10 inhal ation therapy, orally, or by injection. Wen
parenteral adm nistration is contenplated, the

W@ bh@sapaet i ¢ conmpositions for use in this inveP€T/O82008903119
be in the formof a pyrogen-free, parenterally
accept abl e aqueous sol ution conprising the desired
pol ypeptide in a pharnmaceutically acceptabl e vehicle.

LB S AL B s ot

7.08l5y pegictatkebuffer bHabout p d@-5, whidlbmay &ntheeincludos@bita or a

sol uti.o opey | reserved. t anot her preparati.on
SR EHE RHOBIEEREE  oPEard B SK TieregRa TSR gPEEqF ons may
bdlyirb%ridl’lfoﬁgeﬂge b<|}? uﬁh‘ng&llei sBle€t6d Gélhlﬁ)siﬂoﬁgﬁﬁi?b ﬁ’fe&}isir@l@ dgree of

erodi bl e particles, polyneric conpounds olylactic i
PUIHty yith ﬁail%i MH%O%W s (Rg@igton %}?h@PP‘iﬁBgiﬂlrééan‘ieﬁasPPm) in
thB i St@ydphilizel alettah AlkeBds QllutfaS FaHRGJthe MletdRRrOf

t he product which may then be delivered via a depot
comgjogigien 819y beermulated @ adyenhilinale using@rpeprate gxcipigets sknhgs

.20 have the effect of pronpting sustained duration

inthe circulation. Oher suitable neans for the
i nt rBgdomndations carhee dhdivened th arparistydfandthedsyfde example, by
- g g ic A I _aspect,
s S A T G DT P
comtbmphated, theet therapawtly crapdsitians f@tuselin thisanpeatorsmap belin the farm of

» BaSisr 2 Purpferflhc e i ola fifiamaging the dkfed "
pdlypepiidd iagi phahacelnith i@ s@eptaBl® veldblien 8. paftiubelySuitd1€ ehiae for

suspensj ons .may .cont ai n substances that jincrease the
Pa\?‘?”é%@éf‘ﬁ/tmndf sterfe ‘Qﬁﬁ‘i’ﬁ% Watep i wiigh p Palypeptide ifprmulated as a

st&raE, R SdhYtionC Slob et PS8sera@l Bict Ahothe? red@ratib@ban involve the
Addi ti onal | suspensi ons of the active conpounds may

fo%ulﬁg@bgrt%geégecb@ﬁ}e@wp paatlhéln@gpx};, sucly Psei@iqc@hle microsPheres, bio-
C [
e R e AonBoliRIBV L SR, B cMe AR Sl
111103(?1{198, et H‘Oﬁlﬂp%fog ,thelgrggmolgag og Sipjdineg| rg]agsgzof the product \.vhich may
thbf bESTBLe ESs acBbt ihl PRSP TRkurilc MAB oy DA bROLIE Bhd B fay
am no polyners y S0 beused for "der very.
ha@p themtiaty of prarhaingsustpieeddwatiorsiy tia doulaton. aDthessuitablb heeans

sf,abilizers agents tpo i.ncr e the sol,ubili.t f .
fof 1@ Mhegadbiich Fin RS mbRop B HeR{3E Srpprdfiabid el ockib s Beviss
conde nhothéredpesqlphaimansutichinfoamaativas suiealafdi ittablea

oA PSR RES i iRl S B oty
confphtibISBOIES Skhlat Hankd sulution) RinBY’ s 3biAok) @r pRYsMIb A buffered
glth a propellant for aerosol delivery. In_ yet another .
Sadih TP S UPLTUSRATS I ORBIP A1 EOTHRIB SYRSABERS thifiRsenge (e viscosity
ofaRi¥ulhhkioAl subliad odfudt E4¥6dx EQIRbse, i sBroftedl or dextran.

_FI ication No. PCT/US94/001875, which describes
A@? 19R3H % syisnsasipReerfitheictive pempauads paybelprepared py appedprigte oily
infebtidrSsugpenSiofs ib6phifi rdr3l '

R T ) AR AL e
sepamesihy OT $ymthetie fasty, acidristsou bush as hthy] eleate, driglyerrsies oe tiposames.
i.on. i Wt hoyt.. t hes
e S
susipmsige miap alss cenfein sagabladiitelizraordgempmiihasase o solubility of the

b ' d | th
T A TN TR T MR
engwdinant, atphatmacahtical @miposition may be formulated for inhalation. Inhalation

S
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10 when bioavailability is maxi m zed and pre-systemc
degradation is mnimzed. Additional agents can be
WO paBuaekae7 to facilitate absorption of the therBEBUS$1008/003119
nol ecule. Diluents, flavorings, |ow nelting point
waxes, vegetable oils, lubricants, suspending agents,
tabl et disintegrating agents, and binders may al so be
[
sof FRnEHEY st DEITRERALI R 4 HOPBRRL ok 05! 4By B et another
erpivdiment csohutiond ingy betabptizdil Pubmenareadsnifistravenlis kmhenddseribed

. rt,.in S ' for, goral. nlstr | on
ing}eh Risticefert SO ARSI RERTS e e SRR Ping
dkﬁmbﬁyhﬁﬂﬁuhahﬁénas tablets pills, dragees capsules
qui ds el s, rr| suspensj Q and
IlkeIt 15 ¢ 3 taquiﬁﬁ%yett ﬁ‘é‘ﬂt‘s 65 B siergrally. In
o&re%@aatdnpaﬁhé Preséi Blvehtis, ﬁ@rbc&aes bt Ak AeHinisher&H@hhis fashion
combi ning active conpounds with solid excipient and
capbg ferguilatgl vitleor withqut Hiose pAriers pestamaryy ysrdiie dhepgmpounding of
ool b8 Tt suctdeTioigh AR CaBlfes Fob Blablphe oRAbSImeY be gesigned
todelsdse g acEvg pca'boreO%the fosmakation pirib¢ pejet loalnetwhty@in@stelabtract
S : S
wfsi’%gérlgdsvgﬂéﬂmtk% l?ﬁa)flﬁllil?ae? éaﬁ eb#l?%{xﬁc (iség;a;&%ﬁ&{( 1? %}#u%g%e% %{ddltlonal
agmhne atm be incladed tp(facahtate absorptidreof tixd thﬁtapeutlc aldletutes ilwensh
| | ul ose ydr o cel.l ul os
el e e SRS exe) terriP sOR A rrrgine e, able
dlﬁh&@taﬁngﬁlgi‘ntsf agﬂﬁﬂdHrshmay’zllldo Bderploei. ﬂ’?ﬂarrﬁdd:@lhloalscompomtlons

fo Bqaﬁ nlpgnrgtéo%%lga sg %ﬁ.ggpnug'szsdlat&g‘tgd)d hdaglal Sﬂ9| Hltl %g{l? %(I‘é:g table carriers
wéll Roswrl in ket BQoYabed WilitaBeltbi0drhIARnistAdidh, Sadadlidé Blable the
acid or a salt,  thereof, such as sodi.um al gi nate.

pharmERticab FEPasHiPpR to Redfarmiated a3 tabletsi RiHs. Wraskess cansulss diquids,
gt %h?@ Shurid ChsFRsiof RS THE TRE, qgr ﬁg&ﬁ[)n B HAtA8R, Which

may al so contain gumarabic,

pol yRiapmacgyticabpricprspleons cferrq@@iptse c:gwehe obmqughmglemnbmmg active
co%lﬁ%ﬁg s w@ﬂ 1id ex& feﬁtninld fie rer &Wﬁ{lxtm%%lf gltaglgfég‘

ui t e org nic s vent or s vent” m-xt
(omr@@tlmfa‘l’@r gmnqmm@menbtsmrtd;letb er draghie:drescSmtabletaahﬂiaﬁs can be

ad((ji (gqg cg sue %nne gx%&n@nté) du uhe %;aq Idrf/aléecog B)Irgtre]ln lersI such as
sugmsageludlﬂg lMﬁsQ&G&béeQ ﬁ)hﬁlﬁtd?(?iﬁﬂ ld&i%ﬁ@l&iét@ﬁﬁ ¥bsh comn, wheat rice,

ST R R T N L

cetigloke, @8 scﬁmﬁﬁ carﬁ&@hﬁ!ﬂhﬂ@ﬂlﬁlﬂs@%uﬂﬁdﬁclﬁﬂmg @tfaBiciand aﬁgbcanm- and
such gl ycerol K or sorbitol. Push-fijt

t
Pfgfggsluﬁ“g’% R shlatiee PSR Issiredgfisitcaratias ar sabepiligingagents may

bd dddb & s8ctCds thdXrBétainked PHGPin P rdGHORCa g, 5l AlHI€B0id or a salt
| ubri'cants, such as talc or nagnesi um st earate, and, 5

theriseh, siehias yodiumalginataers. I n soft capsul es, the active
C O MASYY B ofR YR eWseb il bR &fon v%ﬁ?’ﬁ‘ﬁgtqggodtfﬁg§ WhapR! e

l'iquids, such as fatty oils, liquid, or liquid
coaeftryretewuem eolytignsowhigh may also conteingum gakibittlezer s.

| 0 e
B PR 61 6O GIRERLA SRR PP B
solutipos, ang gupb]ey:pmq bnisor sels¢n nmgdres dDyestuffs or pigments may be
ad%gcmort% taggtsdcﬁ ldt':yggg Xoatings for product identification or to characterize the

quantity of active compound, i.e., dosage.
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10 fornul ati ons. Techniques for fornmulating a variety

of ot her sustained- or controlled- delivery neans,
w@owk/16E61 | posonme carriers, bio-erodible m cropar/usmbeen3119

or porous beads and depot injections, are also known

to those skilled in the art. See for exanpl e,

PCT/ US93/ 00829 t hat describes controlled rel ease of

por a4s -h C

Phar RN bEpLESRRAL L Ra) By 4R6 eflae b gapsuis
madestfgiclatnl-as ot bl eoﬂ,&eapedamsuibs roade dfigelatiolend a coating, such as

oGRS SR IRLTEL L5550 kRO N s o

bm@dreaem zmiidt(bsees stﬁﬁhes, Rubtitdes, p@h;aegmebﬁmamdmgwéa&te and,
act 773,919, EP 58, 4 Co nmer s
oronii % Fabilfire 15 Iaé?%cagﬁﬁeig hapstivesamponpdyh sived or
su@@nﬂ%ﬁh sﬁftab’ié liquidl, SR a¥ FRfySoils Afgudd br ﬁélﬁd ?3@8@}1@@@%’01 with
(2- hydr et hyl - et hacrylate Langer e
°rB’Y igioutistaibges . Res., 15:167-277, (1981); Langer et
A&Qn&ﬂ&?ﬁ'ﬁaﬁ%&mﬁl gorgﬁosilt g’l% &/91?@ %v1de?ﬁDEU EQ&kMieBYd the art,

acetate (Langer et a supr or poly
inglufipg fermplations mc'olamgdao(yamms nmst)ame&mtcantndhtdfdehm e
foﬁﬁﬁ'l'g{i)c%st *r‘é&ﬁn es R 'f&'ﬁlullja‘i’% ﬁﬂggggéer swnlla ed-C arrc]:orl?t? lled-
prepared by ahy o Severar one S kKnown tHe ar? .
deﬁeayencgm, sudipgsdipesamedarmddrs, b1d3NA$b(dJﬁ€)qpaﬂiZIeS 6880rous beads and
EP 36, 6 4 14
RO o 2e2 150 Kbt Brts el BLng 6 SHotr PRl o
Pcanfmsm/s)osm thatrdesorides ednttrglleizleastsdf pocous bellytdeﬁc midtoartiélys for

acco I|shed by filtration rough s
o P TP T A HSPOTRER Y. A RO PaiPiGe o Systained recase

prepy:P@ttink inz@de s&rhipeinidaBRpoBihey ﬁia&i]:e§ Hi the fe@ﬁlm@hal}%a{ alRles, e.g.
conducted either prior to or OMAnq yop hilization

filgsgoricemsansuiest Sbﬁﬁamemélee%rm%gms.w inglyge R?éYeéWfSeP%ﬂmgels
p@ﬁmtmes%m gtz m @i@yEb@s akor @cqmlﬁlérysm’ﬂ giu&&ﬁg afi@M 4mihR

sol uti on. tion, par enter al onposi t1 ons

eﬂg}é#eglatwtfaﬁsehm ek Binpadymers. 2t %ﬁ7nﬁ§|6 (HRB3) r@lya(Zslterqmyethyl-
mﬁtﬁ&&?ﬁte éﬁﬁg?{?égalf gr Bﬁﬁ%ﬁ%ﬁter %s' 4. 'i $ls)8‘°f9 L%ée? Lt al.,

avi g a stopper plefce
Clkﬂ}'rp deelr. rh’2t98r1rﬁh5él(982)z)mthbém¢lvmyl Sratate (Ewgg@ahaum) orqmlly-D( -)-

3- ﬁ? )[%I Yll’l%ré]l 1 %EPQ??ES% tSus alne re’leaigeh%rm st.or ed

as 330 Y 051%88? also 1nclude
hrﬂmuha wmchsanh bdprepirecabydﬁt}yd‘rsa\teed rmdthddy tpdwwh inZtﬁéJart 28,

ERROHLI*AL 1 D2 THy e SbBY Ba°SF ERPATR P POy FRO4398°

for I‘m‘lﬁrphhﬂihaaelftmﬁlmof@ogtlon to Beaéd for Zeelyo RAIdistratteh typically
dm njstration. In a specific

onst.j t rior tq
misBE 3 %“Strﬁ ?fraég%mmﬁ?ﬂ/‘@hﬁ ftration roneh sterilefiliration 1 s
mérfbrafdsO Wikdr&'ghe omPbIM s %‘éﬁlh@éﬁnsﬂ%hﬁiz{tléh Lwéikg Hﬁé fnethdd ﬁlay be
kltsdéw¥ each contain both a first contai nef having

condygig B 3108 thorfaHowing @C‘thlzét&ﬂ@ﬂﬁ@i‘mﬁﬁ\’ﬂ%g Taw composmon
foﬁ?ﬂh‘@rﬁéﬁl diANE Alon ey KAl sfRed i‘ﬁqumge&”ﬁ;rﬁf dti E(h&tl(g’lc QR Gddition,

this invention are kits containing single an
pamterl-compaibonsdeperally are plagedsiptol ngpartnirfes hgving & tgmiediccess port,
for cl
oL Ko i AR A AR o (1 Bl b PeHEl O3y £
hypodarapantectoe negdisi | | depend, for exanpl e, upon the

t her(fh%g &Hei p%aﬁﬁ)z{&&ﬁtal &Wpogim) atls peen formulated, it may be stored in

sterile vials as a solution, suspension, gel, emulsion, solid, or a dehydrated or lyophilized

o
O-—
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10 One skilled in the art will appreciate that the
appropriate dosage |levels for treatnment will thus

wa@ 2008/1¢l8pendi ng, in part, upon the nol ecul e dePCTESAS/003119
the indication for which the polypeptide is being
used, the route of adm nistration, and the size (body
wei ght, body surface or organ size) and condition

PAAE 355 O AREE T S U SO Thm g n f .

lyopidiifed) teqeiring n¢consiitutemhrprior &1 adatinistnation. 15 obt ai n t he

optiymal therapeutic effect. A typical,. dos . r £
£ v orfh 2isBeDCeTRgimEnt The Besen gveBionis digeetetlp ki K pregilicine o
sinkgp-dogti adminstratior uhiac The Bits Rt ¢aoh eshtéih Gut.a 26l copRier Heving a

it be preferably injected . .
arigd Arotp 2raad 85e4oRR FARRGUEMPE % Gtk formylaiion. Also included within
thp B@pBBE MK ihGetltio ARNGE ichht@ine g1 2 d M Rh&hSdr&FpreMBle

three to four days, every week, or biweekly dependi ng
SYBREtsHe shdARidisyRRECa AR PBAINgAYe rate of the particul ar
for ma adelcae m%&mmfaBﬁaﬁ—%@eﬁ@ixal%mgeﬁe@&to\#glehp%e@nd

upon the pharmacoki netic paraneters of o

therapsytiepihyl Wil dependy forfesampleatrion thaberapeutiy porsentlaggd objectives.
I: . . | .
O PARPRS o het SR EleRH 8L 26, pbkiafh 4o SR 30R1e 5r EBARHA G
thasheare flepeadipg, in @drti upos tlermeoeade delivered] the thdgatiorofor ashich the
| tj.ple . doses (at the sane or different. .

pofiichlil  bHRE R8e Beag € PR Rl il Rl ize oogpeiat ooy
surfaéeier cogan skae) tbconditfon (henagd amifgehéral hedfth)aidftieqkieat e

dos i,s rout.inely. e. ropri gte dosage . be,
AGERERy Feihitipd a1 0 B3B8 bRk e TROL et siRishgon o
obdsih ehe opfithal MtaBeric AR M §pical doRiEeGhayt fafge from about 0.1mg/kg to
uﬂ%%n&ceut ical conposition is in accord with known

oHd pO g]_gélgg Q;rnaq)rpyi,ep?rmiw]thp ﬁqc@és( ms@fiqud above. Polypeptide
comPobiA¥ eI 1Ak be %@fe&ﬂﬁe{nﬁéc%%@hdminﬁér&ﬁ%&%@ﬁsly. Long-acting
(i ntra-parenchymal ), 1ntracerebroventricul ar’
Phapagcnicat eaapositions fay be admainistaredt gvanr theeiteifour days, every week,
orl b ERPPEd R ding 8 RS0 q HQUNES ratd %&g&@ng%gwléﬂﬁﬂnulation.

intrathecal , Tntraventricular, transdernal,
Tha firguenayed desingwil] dapeagpepanttheplairmacekingad parargeters of the

' . oRj ' l. ethral . .
rd AR SRR aecko Bl SUBLABRR B AL
dogagely raaphpdalbt athioves tleevdesiesi efftie rehe campbsiteh mbhherefore be

onposi.ti ons be adm ni stered by bol us jnjection or
ade R an arureliistoss Sps Bl esds he s didrenia1 10
contdntraiias/dosdgeD)yovienmedr aé b oontith@visiffusibht Btk rafBlephet of the
addi ti onal | ¥, t he .compositi on.may be adm ni st ereg
aPPESPH{CORAES 1S TRBTBRYY B ABAFORTdle dasPeRs aray s argsatangg through

us30PifpRsprARNdcReéspbc@aker i al on to which the desired
nol ecul e has been absorbed or encapsul ated. Were an

i mpl B rerte Bhadmeipistationsof taepharmassutial farrpogiipn frein accord with

krloWR InAdih R, d. 8 loPal BMhrSughti Bt Rontty SRR eMus Sh 8B ritondal@Mracerebral
.delivery of the desired nolecule may be via diffusion,
(lfttiariﬁﬂﬂnﬁg:ﬂéfﬁb antipsprgbroventriewar inframussubagrinti-eeulat intraarterial,

inﬁ%aﬁ ﬁﬁleclfesiohgﬁoﬂt’&c, tuﬂ'ak%d ,Hﬁ@&tﬁ%ﬁﬁ hﬁlfavéxlﬁ‘?cﬂz[r,eﬁﬁﬁhennal,

I nvention can be delivered Dy inplanting certain
sub@ytangous ot intrapasiténel) agywelb ey iotinagal cengiralewpisd], suldingypl, urethral,

AP35 S W 5 B AL,

desired, the compositions may be administered by bolus injection or continuously by
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10 or human cells, and may be aut ol ogous,

het er ol ogous, or xenogeneic. Optionally, the cells
woregpsheisTmortal i zed. In order to decrease thePChESIHE8/003119

of an inmmunol ogi cal response, the cells my be

encapsul ated to avoid infiltration of surrounding

tissues. The encapsulation materials are typically

1nﬁ1s§)%f§ﬁ§} ln?L atlgﬁ ‘(ll\lpete LAe]i?e?%ng’g Q)l Xﬁrcﬁ ﬁxﬁlllg ntﬁl: Qg’r%}%o%glo?l may be

adomoigigotd(ledallpwia 1p1pmnemtbn bha m&t&rbtanu,cxpomge oﬂﬁlodfer dfpeopriate

[ i En ne syste oth
miEts s i B s e mPIshlTE HEooR Bbeaheflon SlcaP il Where an
imphaitdRioh Begeens ut;ehf; thzRi¢vice may be ithpladted t@ M4 saiitasle dssue or organ,
nmol ecul encodi n ActRILI B, or

ein ei.c
fm\gh d&@ﬁwa e%'fe'd ?O'réqursax%e\rlﬁaf%ﬁeetan “Telasq Kolus,

ahhﬁuﬁybmﬁﬁﬁamn&pr exanple a nucl ei ¢ aci d sequence
encoding a VACtRIIB is introduced into target cells 20

vi a In6ems casay. dha YARREB pelymgrtides ef the Pepsens irstentien capjbe elivered
byoi'inp\{\ﬂ.nhhg BdrtoRc R P REvedetn ehc\fa?lry)éngﬁ‘n@é}&i) husing Hfékhoﬂ? sittfl as

adeno- asSsoci ated virus vector. Afternative viral ‘
thosecdesaribed hereingie, express andesecraistthd palimeptide. SSuch cells may be animal
u S I
ORI 358 PIELRL A5 SR GRS, eco
myy besnmratalieed. riayordma tcadﬂwr&'awelrlie change vaarbmnhlnthIglcal response, the
CCIIIFJhn C‘iag rgncra sulats;;‘c%e to a%éld infl I;ra%’l ook S&Fg'g%dgl%ggt%gﬁﬁg Llfl% gr?crapsulation
mdteﬁalﬁ ad tyﬁ&llwlmcemataﬂe de&eﬂerﬁfe@lﬁe pblyfefio efcidsasts at ed

nsf e i rect ectlon nak
meBippgsard by el ARSI B pesvens s dgsstion
f@wwms bl ipfatidiis lﬁlﬁlﬁﬁle wsténm YEBY btAEr dRiritenid Fadtars RBehsthe

and $harnaceut|cal conposi tions for 30 reducing or
SUHQURYAS 1¥P%Fy t he anpunt or activity of myostatin,

act i WAJmAB goh {))lzn]wi/cnls ¥is¥ @nv1§‘18ﬁ’ed' Whe¥dih b Qull¥ic acid molecule

contacthg the ypeptides with vActRI | B pol ypeptide
engadingy ABRIBo Py émwaaé%om\a‘\ﬁéRHBm igkrodicedl diresylyfipie the subject.

[

FOPER B T dcd ReofincBRfotily = R o RARRMG et cols
viglochlaasttian agfucleicasidatonstrucawith wr W1thma|ad appropifate delivery
Ve%l%g 85/83'19 gs 7adelﬁ1résy§«i3?(g/ 003%% o)r/ pep?m 1evse Vér)z(ihvek():%tefs include, but are
nat ihipriteyd 649 rﬂnivtruset,;adewnrparm@emmﬂplm eirws dnd phpyiflemAeirt veBtors.

PRSI 5" Sine R MY OB peeite 1 Hve by o BB RIhe
deRRédidicicdid ¢RegetbBother appropaibiedglivéry wtcahﬂaﬁnﬁgethaaaﬂed

and/or activin A related disorders in.a
n‘ﬁ APt segise: glp°§9“éeaf“ﬁg‘ﬁieg6?“%6‘nfiﬁ?°§t”é “ﬂ{j ?%Ee& DNA) or
mﬁj&ﬁﬁkkM%ndgﬁggﬁt en@gmﬁctRllB conp03|t|on to the
subject. As used herein the term"subject” refers to
any ani mal, such as mammual s including humans. The
conposi tions of the DLRIRVAJIRIHEOLMPSIRSR used to
i ncrease | ean nuscle mass as 10 a percentage of bod
wei gt passentdeventersproviges mathedsandphaaraseutigel eompositipns for

re&\ﬁﬁ%r ‘neutralizing the amount or activity of myostatin, activin A, or GDF-11 in vivo

and in vitro by contacting the polypeptides with vActRIIB polypeptide. vActRIIB
polypeptides have a high 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
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The disorders that can be treated by a vVACtRI I B
conposition include but are not Ilimted to various

wo e0osg0ab7 muscl e wasting, as well as metabol i CPCT/US2008/003119
di sorders such as di abetes and rel ated di sorders, and
bone degenerative di seases such as osteoporosis. The
VACtRII B conpositions have been denmpbnstrated to be

f.gct
A e T
coiﬂpassddzaﬁnthe wildttyget AdiRiIBepolypeptidesnThisis dmmlstmtmbmtthm@xamples
b'n i nhi bi n-a knockout mce, treatnent of nuscle

‘%ting in colon-26 cancer cachexia nodel s,
pr SVIJ& Phé adpeet] thﬂlpﬁdé?ﬂt giveﬁﬁdrofﬁlbyldésll:]m&hﬂdb dnld MéhgBMLS PR MShtE
node reatnent o e show ng increas
myesiAfnFgeted andraE activiped .r%l%tgig%a sprdprgn a syhiect Hpeed ﬁg?"égée

tréafiné? BY alinfdtHngGARERE ve d0aghlo$ & VACMAE Edithdditdh ¢l Subject.
al so incl ude dystrophies such as Duchenne's nuscul ar

Agyssd heishythe g sebiedt iefarsoany animp) suehoistimammals kefuding
hdyRg nuscul ar dystrophy, Dejerine- Landouzy nuscul ar
dystrophy, Erb's mnuscul ar dystrophy, and infantile
neurBweomapsitionssd Lhealreaﬁytsinvqmpihly areAdet] toiingredse tngs ougcle mass as
o YR bR PAER ol st APLELY BleRcMlaBPBARR, Heign.
c on g’ﬁ&tdmoedeubﬂmtrqan be weatpdibyro mActyllm SRFBSItioR Enchale bet are not

hralé% (1o gl{elﬁr)]u% rforfngl &“ Wlﬁ&lﬁﬁ)@?@ ngj %%\E,?ﬁ ?%/ flnetagcﬂlc cgsorders such as diabetes

andtélate@ MpBoRIRB| Al he ﬂygmblatlvmdimdés(mctaﬁdstébﬂorﬂﬁy The vActRIIB
a_seyere nuscl e an

contr.i bute chexi a,
CoROB TGS )R PG ETIOTHEs o p B8 €] GHE 43 TOR mE RB AL pRinggisorders

inpatinReideastaBodels set foffilin BYarkRE BB¥I0ds This duloiBiratéPRehS
is shown in Exanple 3 _bel ow Cachexia also arises due

treagme @LMMEGS Yasting i inbjban-o dnegkept mickdpIIRA P hjpusaleagting in
col - i@éaﬁcer“cﬁ&[&;ahﬁ&ﬁﬁ}’pre’vaitlﬁﬁ ¥f Hi&uBl aﬁ@p}@qmﬁmd"’lﬁnﬁ"ﬁisﬁemlon
as ot her causes. In another exanple, serum and
mogel,rtepsimang p@@XVC@npgbﬁm\wng dezeagé 1n lean muscle mass, decrease in fat
mf% 954 fctdlsd ATUAORGREN kel oL el 0 was found to be
|ncrease I n nmen Iting AIDS-rel ated nuscl e
was tMn@lm@tmaélsondvera@ellgclmfhl dysteaphies shclt asfDuebemmSanuscular
alez Cadavi 95: 14
P RRE; DB AN afrony Mok s N TR B gR: Deferine
Ldﬁ@ﬁd@&ﬁ%ﬂbﬂmﬂrdﬁly, &tts o minsunier :dpslmphy and irefireHS Reurdaxonal

respons 0 uries, resultjing in t abol.i
miEART Bretap s Ao ol stk diradsPits? 15 yioscases o
di§c2@94 3ych aA\delibtraphal la e ellérbas Toh@StiNd dbRGudtive pilasbey disease,
stin F[ISG frominactivity due to disability
canrir LS, Eest ffusrerresn Frophy aadEceh drnrivatign, P%ﬁ@wnatewi arthritis.
I estOwbr@xpressin’df Iﬁ%aosﬂahﬁ BIRBST achPh Rdtly c%ﬁ%dte't@bé@h&ua bokeGere
fracture or 5 trauma, and nuscul ar _atrop

myscleraing rf%IW?tSS)n%WFlmI%ﬂH’F cffggsiyeress pf g tvﬁcﬂ%é p‘éxmﬁﬂ%ﬁ in
tre3liRs ERhEUASTh 3hinth1 WPEMO W BB&h iy Bx 5L @'leoWaSCaEﬁ’é*@al{ooanjes

i ncrease after prol onged bed rest Zachw eja et a
dugyteythienmpigidsgriiritis,glighetiaq a¢phoepaihy; enalvfaléural chemphemaply,tiljaty due

to %Hﬁs r%%&él]ea% ogfer cz[u@éss Iﬁ)ég&ﬁ&q:ﬁg.rﬁ{) ,e : %ﬁ{ lﬁé{'!ir;lecular

envi ronment during a space s expressed an
conertratasyshf awostnmn-omnmgcaw prozompay fodndviotte itdreased i 1n men

ex%ﬁﬁlgﬁ?&drg!:a?édsrn%lf ?Y\Eéﬁ"f{] ot eﬁ%ﬁ%& la:l'ed tg I'f% é‘eem

(Gonzalez-Cadavid et al., PNAS USA 95: 14938-14943 (1998)) Myostatin levels have
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In addition, age-related increases in fat to nuscle

rati os, and age-rel ated nuscul ar atrophy appear to be
wo edoatiedétr o nyostatin. For exanple, the aver ageCHES2008/003119

myost ati n- i nununoreactive protein increased with age

in groups of young (19-35 yr old), mddle- aged (36-75

yr old), and elderly (76-92 yr old) nen and wonen,

D L T L
effdot (LaAgEre, FASED 7 33,3867+ 8«1&)(2))9)1)) | Additlohial bamditions ossuing fin

miele PnE BRY it P shel B iR A G el ponfitcini s
wh:@lcﬂiammtﬂbygﬁa)eafrése dud tofsablkd, illness) syinea cﬁdjrdaﬂum;y, Yorfeettdcture or

PSP PRy FQPHY i BHEoRBHRY TSEmER fipes SO Bor example

plﬁm%syatiﬂflmhﬁﬁbﬁeaéﬂir% pkSteintfuiag Todnﬁft@frﬁieasez&ewwrékd Ped rest
al so ap Eears to influence netabolic disorders

(Zeshsyigigichd)- § it Physiab 6628 1(19ADnilhwen alse-fgupskthatdhe muscles of
rag'eﬁ 9@563%0 mlldrb ér?‘\ﬁty é?MH@ﬁrggl;rX QEI%Q% éﬁ l-ﬂﬁﬁ:sﬂl t ex 2sed an
as en

exanpl e, nyostatin rove

ingrigased b@Qentaﬁ myesta@tecdmpafmb\mﬂ! the esnscles ofvats nﬂu@ewernmde&mposed
N 1D 94). It has been

(Léléﬁrrgﬁg‘r ndg'éﬁ)ﬁ‘%% (Js‘)“g%gg?%dgtg’ serial no:

11/ 98@ddi6an, agb-&lata(pmlcream iirofat mlhﬁSclBa’aﬂldmaMge related muscular
t20@7/ 01171?) lAtA%/t t 5525 vec tlor S increases
AU foRRL PRPF O PRl i Bl KA AP, e A PREC AP rpygpatin-
1nﬁhﬁ&&eaaﬂmerﬁibtemr‘iﬁd'€ds$d withagy ﬁ\%rﬁlﬂs Bf paln)gr(e@{;s Qﬁ&ld?fmlﬁhﬂ@

aggé ?fé% 3)(:' é‘i Iy (%g%g Zggldgglen g@d wgg_icn gﬁufesﬂee avggage muscle
més@ an& zat ﬁ‘bémaé@decﬁﬂed with ag'_%an tiede gﬁaps sh&ﬁl et@B.] Nufds Aging

88, 91, 93, 95 are suitable for such uses.

G (3082)) o Et:448Hiann By peiatin has ppw per fgHndip be expressed at low
leRdEinHegik ﬁfusag aﬁJ‘&p‘?&E‘fEQ% Jﬂr(%tﬁﬁlté?lfm Emloﬂ{ﬁ)@ﬁ% aﬁer infarct

i nvention W | rove di abet es, obesit
(Shympareyply, cJeGﬁllcPlb'elﬁ i189 61ﬁsl ? (19990 -nEheseforenreduieing rrtynstatm levels in
epti des may
OSBRSS AR08 e LA LB b
demivigestainedsoiappddrSo infhyshccmttabelicstivorddrs moluding type 2 diabetes,
11/ 590,962 , appli.cation publicatjgn
nebfs e e e FEBeNEE PR il fat ongegmte, ek o
mPB0Bih HAOB&R sRETH tﬁﬂ%@/e@%dﬁh@e anfidiiabetic penotiped Hitwo mouse

SR 8 DO E AR driETs AAr Mot BeBmBptrR 8 iypeplicaton

seflflnRE 1 VSR, AL S \wpplaten pitiRasNo: P00FH0 1 30,0E£U-ActRIIBS
denonstrated in the OVX nouse .nodel descrl bed bel ow.

veptoryagregies e apusele R & ratiod AR animah npasias for gpgee animal

m&DS el vidcHai® 9b@pépuabsc@f tﬁapees?eqt aleaasﬁ@é @&hrasrs%f@h) NO: 4, 6,
content and 5 en&%‘ nouse hunerus and

8,ilAckeddd- 20 Rer . 26 é‘?rt32o$4 B39, 49, 48et411485 52048 56, 60, 62,
64586 16sCH, 7BOHE s@itort H g5 e &ﬁ%blmﬁ S‘cﬂnﬂﬁs rﬁ%?éfﬁx% @éc}e%'ﬂg fat

as wei |l 'as’ increased nuscl e nass
cogppsitien iy adyyaistening ﬂ@(@)np@shen%om@mrysenﬂ invendigh wiild improe

SRSy SRR, S B SHETL, MRS

cogauingibe aﬁdﬁ?dgbpolumptld&sanayﬁectehmfap!y inteske din Hlwase tridéviduals, as
at t
acfoRERIENh 155 PRECHED BB SUreplOst i nEimpEf MopaPbeling Ro:

2007/0117130 for the ActRIIBS polypeptlde
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muscl e mass in food animals by adm ni stering an

ef fective dosage of the VACtRIIB proteins to the
w@piosabo165i nce the mature C-term nal mnyostati NPCT/US2008/003119

pol ypeptide is identical in all species tested,

VACt RI I B pol ypeptides woul d be expected to be

effective for increasing nmuscle mass and reducing fat

Icg t ?i{]&elmﬂ%génglg tﬁ A&Jllh% L}Jr @%ét‘i tt)f ﬁl@%%sgrﬁ_,% %gftn%? inéorove

que Isgrmgﬂt amilesdm;n csteappaxss etndaxtisar dégehbnatmer e discasey. €Tilis bas

ant Z e activi tivin A
oo o B LR Bl i Hertnffac o Ras peéh sl Bee
fopad, tfmmhmpkyth@tgﬁ%itﬂtmtdéﬁﬁéﬁt 18id€ bho&&dﬁﬁ@éds&ﬂmgeral content and
carc nd to cause severe _cachexia rano et
degpity ‘éﬁﬁwwﬁ? UMERp ae? jnesesgesl miperabegydgnt ofslmstagr ‘ee%alar and
coﬁﬁkﬁ@@éﬂerh@ the 8800y Keld the RO Sat{atB Al well @ ﬂ{c\/e%e(ﬁhus%le mass
Endocri nol 10(5):534-43 (1996); Ito et al. British
(HJ‘er!SﬁE@r Coif §jssuarlnb 7 H@d):$3B 62002))L dprpddivonBieshotRIR, et
e 3
el AR ler GOl ARkt b B30 ol Bl B EEAEn
deprivationisoeh #scandrogpiedepriveiimyibenapy wstd for thetresthenstof peosiate cancer.
tre t
or oalf)ﬂﬁgxgeﬁéﬁ\éﬁ\ge\?ltlgrgﬁlgg ﬁ}o@ dﬁ£ ﬁlg&xghp%r? ch §1ﬁbr?sefbr %aﬁl%g
mastte maﬂsumfobﬁ aoiredseyy adantmetx:nag abefifimtisedosagedahe vActRIIB

€.CONPOoSI t he sen dISC|O ur.e
prolaft b B gt ST TE Heis? B it R GO p R ORIt i
albspem@(uaf]tas S'IA(atRIIBlﬁoI\yupéﬂtldeéSwW@ 8t atpebte@ XPheeSEchive fos liﬁ:heasmg
cachexi

fromcertain cancers and t he tre
1o 515 S0 FUEIPE (3 e DS e PG SPRH S R R 7
c}ﬁﬁk@ﬁ&ﬁﬂ(eyb gigsre may be used al one or in conbination
W th other_therapeutic agents to enhance their

t her dj5edictRlIB polypensidgy m@é@ﬁ@ageowf&ﬁnraen%w@twselso
arfdoBiZE the thﬁ%ﬁof%f?ﬂﬁW | R&ivi & iYW 6 b 2R 5Essef I dththittypes

I ncreased sol'ubility, reduced degradation, increased
ofisandgers, Nréculﬁréxdg@@daltwwé iSuGh asgyarianearrieainas, and to cause severe
cagﬁ'gsyg{‘g@l PnG el X Eﬂ_&?ﬁ?&hﬁl X en%b‘éﬁ 05, shbu LR, EB&o%?i%l 138

| re are use for atmsnt T egl
(1I1)1500@dij€ 1999n Coetver ptrah;MoltEreiscmfol hO@D: 6%43 (10P6) Itare:dal British J

oun .
RS B amr TR g, & of Ondtliof? Qneofogy 74:93-7
(1 Bm)ammExiamIﬂh aibeloy, &mhmdmig pblypéptided 61l the prefent inbaitionihave
tro and eci al [. n 0 uses eci,fi.cally, .
et ibBoa a0 b ity mialits Fabe Sore Bt e mmbh s aad
prOfongliiQ bwrivhi i0)nhibinaokiRekisut ﬁ’ﬁ@H rBoddidndRB ol 265cancer cachexia

absor | on an b| oavai | ab| lity in the body, while
maysE N era offe JheerompOsILBp Hithg Erﬁserlhdlﬁqlgﬁuaescapmﬂlsed to treat

con@fiBhd ﬁlafté?ﬁo QETRR UNHSrekPrebdichy 8¢ WEll wﬁy&e&dn RpFEBYITY, 3k as
tO agotatlve site of actlon such ?Sgartlcular

AgeGan pancergand thereatmeat QfA@rtmplan ] ypepmates of
t he J3mPBbsifieNéIPtHePeRACIIMRR M mzf)pJe usg(?LlSEé 6rq? I’cié’rﬁgmatlon

quantitating nmyostatin, activin A ny
witly ptherr therppeydis agents tp [q:nhzglgﬁ g]emther@mgth\gﬁquls] ® decrease potential side

ef&gasy ﬁﬁpsre g(%%{t%& tu})clﬂ.ﬁlb REZSRA adtlﬁ"}ffg,gﬁrgﬁeégo%ﬂﬁ f Iléldué%ﬁ

capture and | I'ze myos
degradatiim 1mreasnd halHife, riducnd toxicatly mdyedlfcetamgnsngemcm.l Hhrus the

coyripo %lggrtlglo%ﬁeég%segg& ﬁqgs’uref a(}é l}ge)ﬁanq?l! %(’tegdgd é?a%néd}stler?gifnes. In

addition, the properties of hydroph111c1ty and hydrophobicity of the compounds of the
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Bi ol ogy, Academ c Press, Inc., New York (1993). The
pol ypepti des may be | abeled in sone manner or may
wo e@stioorsth a third nol ecul e such as an anti boRPyT/Wk100$1003119
is labeled to enable nyostatin to be detected and
quantitated. For exanple, a polypeptide or a third
nol ecul e can be nodified with a detectable noiety,
inpdtfidn 3 \pélgt%ﬂl: cgagﬁ%eg%yy%eﬂﬂ?&@g%égﬁgm %??9. dnxnﬁo drQWepddiatly
inopaasesprSpeaiically, cqmigoands ofdhg digdlesmrmizive mspr%la@te( d@8%)of
soﬁl%alut% i %’% c'}{lbsgrégcr IhBt epc?rmit%agosglé)}lgrg ga\l}c?n bloaev)?aablrt\/ el{l]tthe%ody, while
alm‘}fa@rrgda degreemy solabilitylih lipids etat penmuattda d@ﬁ'tpohmdiﬂtdi ahvedse.the cell

20, Exa reson and Purifi atlo of VACtRIIB
DA R EALE TGN HAOUEARaHSG S8 1 or

ex prig a8ditien, A AURITB)oRgeptliRs ¥oihk priserhedvdhtidh are useful for

pol ypepti des. - The cDNA of the human act|V| n type JIB

d#%&%mq%%tafl%m?%w PSHmRACIGPEA L i H%ﬂ“?lb& ofnsrays In

ge‘h@ﬁt i &étmrbowe&mee 6 Pthe lpwaer)t lﬁra:qu&l a}e ﬁgefﬁsas ‘é%ﬁﬁ{e BEHs to
U S. application serial no:

bnacbmd igaeqtelivepusisiatntacnn Mo or @@’fﬂ lommety or assays, similar to

thgétcﬁgcﬁqb@@tfblo aﬂlﬁaleam &&1 %ﬁ' g/fe%lltﬁl& 'iﬂ &H be“fgg:??i %Q]FB&Q@% Cell

approaches o ructuré analysis,
BialdynhsslemB(Prepelne; diewt York (9B aTlmpody;apn@g graydetlabeied in
ol i gonerization V. n . ActRLI B through
sl BRST oeRE R BE B 5 D g oy
engble myosmnmtd e deradtediabd gakintigated. rHoe examiplQ raspol;@bpﬁ&rbr a third

e i GRS 00T Er teaiaR GUATL e sathe b

bol@d by Aifs\Rth rh&ecbﬂe lsﬁbmis\éﬁ@me'llaﬁélbﬂtf@taﬁﬁﬁﬁlﬂok Bther proteins.
interactions and not in A interactions with its

(Akerstps/ Ipmynal 4% 9589152%8%911%2@ diodathe! 18:388 (heH7e)-

su bSItHetlh‘\te%ﬂorY\hz{V%g%e@ﬁ d8RAPed B il Wing ckdnthls S€ @ffér@& bPday
and mass spectronetry anal yses confirnmed that th

offillygtratieyh apd ngtdimifatign.g| ycosyl at ed vActRI | B- 1 gd Fc
E28A, and VActRI I B-1gd Fc R40A was significantly
i ncreased conpared to wild-type protein. E28A and R40A
VACtRII B-1gG Fc were indusawed at 37 C for 6 days,
;;;g't' 09, Eblds8oflnd A ARIRGARVAARFOTBRLEE ™ |
(W tTherfelipyaog methodE@eteDseédTor xpaerding@nd wint flyirighibe edrgnaActRIIB
Seaus ce) were made to alleviate or prevent
pa’@%?é%ﬁtl on that can occur 10 during expression or
pur iThe@BN A 6f thé htuhan sdtividr tyepHB Aedepliol Fag SEIQteld [Brod(h cBNA
..and . This a atiopn has_ been identjfied
R ot e oot AT AB alned A ElopriGEs s prioed it Sappplication
sefifltos 1 1/890,9620 U. S GFH1RE86Lp @A RIAN@ 200RO M 7dBe.i ng
expressi on and aft er protein purification. Aggregation
at different stages of the production and purification

DREBHEADE DS Watho acid substitutions

The combined approaches of structure analysis, molecular modeling, and mass

spectrometry indicated that aggregation (oligomerization) may arise in ActRIIB through
intermolecular disulfide bond formation triggered by electrostatic and H-bonding

interactions between nonglycosylated ActRIIB molecules. The residues 28 and 40 were
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det erm ned usi ng size excl usion chromat ography

according to the procedure below 15 The follow ng
wez@spbesy nmet hod was used to produce the variB@I/US2008/003119

ActRI1 B pol ypeptides (vVActRI 1B and vAct RI | BS).

Pol ynucl eoti des encodi ng the vAcCtRI I B, E28W (SEQ ID

NO 23) were fused to pol ynucl eoti des encodi ng human

degég@é dgfag% ﬂggaggge %@@(g@g@@@u@%&& W&l lﬁ%}gﬁ'ﬁé

interavkioms \slelqmsahgaedinucl eoti des encodi ng SEQ I D NO 79)

P rl t 20
cont g e Ao B ARlB s ers S or B3 Arpeaptppsivon
Light sgatteeing @hd dﬁss SPELAS ahSlyﬁE@onthnN@tha@ fhe fEXHON 6f fully

str d d n on | nt TT5
By PR Ay LGl Lo AL R e P Fassig iginty
inE7@AKRE k:bmﬁi’a‘@@%&vﬂd\'@%})rotéﬁ 0@28#9\‘1@&‘1%@0/30)9(&'1{'! BUIHG1Fc were
Mont r eal ebe nada HAP 2R2), pDSRa (described in
ingyhyated B4 35 f%ﬁcﬁawif reﬁemn\géﬂlwsw@@grﬁmm compargd pewild type.
I
e R e R L P e e
with tﬂcergnal@i@ﬁce{)m MmBANO: allgGiate@r prewtritiagenegation dliat odin occur

nd or hinge li.pkers uch,as S )
AfG eBireH A phiBEGR o S Re AR PG TfRb: 2 apg 18). This
aggARhRIn 135 bEe idadifedras Btﬁd:turélﬂ%h@%ef ﬁirin@tﬂlsn dlﬁrfilg'Ehﬁressmn and
neered vari ants Df t he, above two nol .ecul es wer

n°é‘5<%‘il‘é%‘§eé‘(fgﬁfre&ﬁ§ BRI, bﬂH‘ duging sxpressionggd ﬁéﬁfé?r%‘ﬁm Pu“ﬁcatlon

adapt gelegafion ﬁ@lﬁ@%ht%tdg%ﬂtﬁﬁﬁodﬁﬂﬁﬁ%@ Purifuafiéh prodésses was

Canada, . Otawa, Can mai ntai ned. in FreeStyl eTM

detesmrnshuping size F&éwrt%v%waww acgeringpi the prmsiure below.

SUppHRITBI g W{énga ﬁg%e@&!masg@&% f%cﬂlcé 1He Wik 9&mImNd
0.1 %Pluronic F68 29 WD 2008/ 109167 PCT/ US2008/ 003119

polynepiides dyeiRIIBRnd Ve tRHB Dn Lolyrdeqtises encadinls e VACRIIB, E28W

(S‘E%ﬂlﬁjlﬁés gyégffdséfd tot;l}i’y@‘é‘l'eh dgg AL égﬁg}ggcrir{ixﬁaﬁ SEQ

D NO: §2) OTIpelysh%imildﬁft erskding bhman G (SEQHDENQe84)oviaaminge

) e T

usinghurimenls §anedning) timhmltmonrrasuhtmg inEI8U. ThéGulb palyduddéstide 2.

At the ti f t 93-6 | )
bt B BRSO R bt o p7Ts
(Bi&‘tmhhemgy? RegarhTastinmge Namoiwowgéar&f €anc ICanaRINROC) 16 170

DNA was first added he nmedi um f ol | owed by

AY?“HF Rsyalma@énMomwaﬂ (%\‘@F@c@arnéﬁlﬁ Hﬂ% 2k pD@&a&ﬁ@scmw ip ed
WeHHREES) ahem;f GRRRRNdsDf pbiRa. T6tndr Ab3fifRhnt O%Ts

was 10 i'ncubated at roomtenperature for ap X1 mat e
engading iyetRIBaedynehiides acteaitached th @olyaidleotidas errchding hinke
t 0
GEIBS SOUBMN 74) B rliith s RN B PRAEE s GblE MG D
N@W)Canada) was added to reach a final concent ration
per ?Iggnééeg)yv%x&)resilor} El{gﬁ‘e%ﬁe%%%cﬁﬁ’n?’%%r edc' gtﬁlt%SFc was carried
out as follows.

The engineered variants of the above two molecules were expressed transiently in
serum-free suspension adapted 293-6E cells (National Research Council of Canada,
Ottawa, Canada) maintained in FreeStyle™ medium (Invitrogen Corporation, Carlsbad,

CA) supplemented with 250 pg/ml geneticin (Invitrogen) and 0.1% Pluronic F68
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after which the conditioned nmedi um was harvested by

centrifugation at 4,000 RPMfor 60 15 m nutes at 4C.
wEe@bli@16T ansf ecti on and expressi on was carri erCDus2088003119

follows. The vAcCtRI I B- human (hu) 1g&-Fc cell lines

were created by transfecting stable CHO host cells

wWth the expression plasmds pDC323-vActRIIB

(L\ixgl% C%g% P’E%gst%bctlgl s e 91% p@%%ﬁ% a¥ ’?‘gcﬁt{gg ég%ﬁy\lheh:léh HRufufh was

grBivoen il el celly/mitia (4L féﬁ)ﬁacﬂfbhéldaflﬂz(sﬁ QO&njnguBicg The shake flask

t andard .el ectropo i 0 e ransfe
RO S REL Y B s ) B Riret b afipr CL i PRk Saietic,
Edike, Ng) 4t S5 RPN whichWhas lpuhcé@mdrﬁlafﬁea &lc@bitbraRaif®tied 3t 37°C
without GHT for 2-3 weeks to allow for sel ection of

andi§%e §Pas At thegime of sreasieqtipngthe 2% 68 splisswere dibuted for b0 x 10°
ceﬂ?/ng.‘:t ed until they achieved greater than 85%

viability. This pool of transfected cells was then

cul tThedunifpctipndiompleseswvere fiomupd 15 000l Fret$tylemeodaine. 1 AE
pl 0%1] ?yg%g%i%?h&}gg% ﬁ]g Inllefdb nk(ol dgag OffFﬁéeneZlfl]ﬁ(i!ransfectlon
realgqnt (Hdchchppicdd Safensé dﬁﬂlmabbl&m ﬁﬁ)e CIIedraﬂﬁhétﬁ)n\AﬂslpEem d

o -wel | at es, nd candi dat nes re .
imghafed af By B B SRIOT BRI [1 i 58 Fep addedo fy cels in
the stkk flagkalTevesitiytHdueBourSPosPlransiiREbEg rz()%ad\d/v)bﬂrpkﬁtoﬁ@m@

of appr oxi mt el ﬁ‘60 vials were prepared fromthe

(Qrggod rehnig Hte TelpirSeirpenQGer wmady)stas dddegto ssagh p finply

comYSrali s 610, SR Awh I ‘Fﬁ@ﬁans?&tlm%gg‘g{o&%lgzrfonned for 4-7 days,
PCT/ US2008/ 00311 A VACtRI I B-Fc_expressing cell |ine

afigs ¥hich dhekendisioned mediumiwasiharrestedbly pratrifigasion @b4.800 REM fr 60

mWBIS ol specul ated into a Wave bioreactor (Wave Bi otech
LLC). Culture was fed three tinmes with bol us feeds.
10L Siehletrénsfection ardl axpragsign was carhied out pmfalldes. RasvACtRIIB-

h ?n (ﬁ tlg q'? 6:?ﬁ¥nésg}vegp thelt;'tg? ?Vérgﬁ ctlﬁg?t% \rll\%}go $§8 cgls with the

expoasslon plasmids pﬁdﬁB% wAstRf[IB &Bw Hulhg G Bharal fIICI24edACctRIIB

e AT NIVR ST NN TACR AR 3 T

442L(2q)(f3|))cl&ingcvrs_t£qdpfd&>mwp@worﬁprbcdaﬁret efet akifédtion 8fthe host cell

.medi.um cont aj ni ng ActRl | B-Fc (both a nd. | g&),

lingoyIHy ‘g]%%xmsssm@ﬂ%wééﬁ el “Ie&tf)"wné%g“'%rffeﬁﬁ? ctipp meditim

withs GHIEfOE 2 BoeR o Mo®ior stsdchitn f the pladmikOifd r}&!&bér@r&me cells.
tangential flow filter (Pall). The concentrate

Cotbare pqlented il they achiewed ggeater shaﬁLSS&ir velhty- Ahyg Rj’ﬁl of transfected
ceﬁs%@fh@emﬁn@mmlﬁhuﬁnﬁ@%é M%oma&h had been

equi librated with PBS (Dul becco's wth no nmagnesi um
chloride or calciumchloride). After washing the

chg WO the equilibration buffer until the

absorbance at 280 nm 15 (0OD280) was |ess than 0.1, the
bourfscgll bankiwas wade ef sﬂ@ttdwiqnhs @CQrdMa:fbylm flolowi@ prqpelure.

Axgﬁzgh%e%qa?)ﬁi Wa% eatif %ctgg lé%l{l:l 5 ezg sgede E\g%%veﬁ/lpﬁelssan cahdidate

e ne U
clones were evaluated for growth and productivity performance in small-scale studies.

Pre-master cell banks (PMCB) of approximately 60 vials were prepared from the chosen

clone. All PMCBs were tested for sterility, mycoplasma and viruses.
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concentrated to a volunme of 1 m and applied to a
320mL Sephacryl -200 columm (GE Healthcare) that was

weeowshiodsated in PBS (Dul becco's with no magneBCT/OS2008/003119

chloride or calciumchloride. A 4-20% SDS PACGE gel s

(I'nvitrogen) were run to determ ne which 20 fractions

to pool. These pol ypeptides were tested for activity,

and ASaRaT9k, BAFERARIeR Tine wa 0Bk QMpical fed-bat

Opt i onacfi?, tﬁgﬂgoﬁg’%e&i 3%5 %%C%ﬂg\ggfuur%h\g?m%aur? ftl’aec ,
prasispgCelty wark imaolileted ingb gV ave bBirpacBe | Wave Beotenbl LT, Culture was

ncentrati wa eterm ned usin 225 Exanpl e 2

o B SR Dol o B0 OV A R D B RO Vs
hpadsyadentdag @ §; Yttt hdrvests \adeteacddphefiltatiay folloeed byl stetitt didkration.

wi th .. phosphate-buffered saline ((PBS. 2.67 nV
T ondicB BRRG b cere Sonel <o 0 G AT B HiEron Fie fieryflowed
bR ikGGbY ArehpsiatieonomeRadiler. 8. 1 mM sodi um phosphat e

di basic, pH7.4) to 30 0.2 ng/m, incubated at 37 C

for 6 days, then applied to MALD -M5 (matri x- assi st ed
PloSCPuies06pt i on/ i oni zati on mass spectronetry), SEC

and/or SEC-LS anal yses. The aggregation of the wt and
var i Aprropslaighed Liod g wndidipnadiacdiw centainmgAtR Bt (beth 12G1

et

usives gyh i’ HOK ntesnbrayicdangential ElowffiltentRhll). UEhaxpnténgraidInDiteribwas

.oced ' bel ow. Si | USi .
PO TA bR AR P amir G e GE d el byaralaviish bad been
ed@lidraed with O8S (BRlvec@ysSwRImdraBndsivin €061idE chltRRdRIc).

000swxl , 7.8 x 300 mm .jn tandem 2x 5 PBS was used

r pashing e celupmyath the canitibrationpulfer untildhe ebserbanggat 4§ nm
et P 0 e .

and ipupediaiel p penteplizeds with | M TasrHES) nbh 5 ( Ae peiiehived eluted pool was
' T
cdt%EéHth?éa' tda Mg:%ifc%?fﬁ nl éﬁﬁ)apphl_é%q? 3 %E&hf?eéaﬁff?&gc-g?%k}@xﬂg YGE

rough a ~m ni Dawn aser
Hedthearepthatawiab egpidibratedoniPBSHDDbRcqes with ho mageesiynvgiderndeld

| ca}%ﬁrﬁ%ﬁ'oﬁqg m-ZO‘VgEg%‘EPAEi% g@é ?Iggﬁ’g%%r@ ergzg%ﬁtuﬁrtgndﬂgnﬁlnee ¥vhich

ecul ar mass. was use e phase a
fratibnsrio/ pooh Ullese pdlypepiddisgdrs tesed fasetiviBe and (dgreerof aggregation,
aslskgni %gltoi on Mass Spectronetry. Sanples were m xed

( :‘131 Wth si napi nic acid and applied to MALDI - M5

(Ap W%Maﬂy,obglﬁdlﬁgsﬁtiﬂ&)bﬁg Bdli furﬁlylsm&Tﬁea,QQQ?g. forl é}iafnpleﬁ using a

rocedure was used to check nol ecul ar, of the
S‘?ﬁag Oé%?‘yia‘i‘ﬁn- PRICRITHA A dBF“Binﬁi’jPﬂﬁgm@h%Ebﬂ ty, and

| C50 val ues for activin and nmyostatin were obtained

as described below. Qualitative Bl Acore Assay. E28 and

R40 were substituted resp@mBliey with other natural

am no acids in fusiong ys Rt assaysas descri bed

above. These were generated '
Samples of vActRIIB polypeptides purified as described above were diluted with

phosphate-buffered saline (PBS: 2.67 mM potassium chloride, 138 mM sodium chloride,

1.47 mM potassium phosphate monobasic, 8.1 mM sodium phosphate dibasic, pH 7.4) to
0.2 mg/ml, incubated at 37 °C for 6 days, then applied to MALDI-MS (matrix-assisted
laser desorption/ionization mass spectrometry), SEC and/or SEC-LS analyses. The
aggregation of the wt and variant polypeptides after the protein A purification step were
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with or without linkers, as shown in the Tabl es bel ow

Each vVAcCtRI I B-1gd Fc sanple 20 from conditioned nedi a
wor®saegpsur ed on goat anti-human 1gG@ Fc anti bpdyUus2008/003119

(Jackson I nmuno Research, cat# 109-005-098, | ot

63550) coated CMb surface. 20 nMof Activin A was

i njected over captured sanple surfaces using

de?e!ré%%d %&98%136%@%%{ £s Lanﬁ the &&%&P&We\}%ﬁ’b%@% les N§r¥}‘mned

sensor grans norma
usirgghe N@FIUMFMS ﬂﬁbsedﬁ@@eﬁﬁ))embelmm Ri | B-1 gGlFc varl ants.

SiThe c orormc ioZe bl nd! gl?)gaggglgxét% %e?e&%@{nﬁ%ﬁec?noa%e Agilent 1100
HPIES 6ystdie dithewo oluiak erdYCHARISTGE 00gsvallf 7.8 kBP0 k) in tandem. 2x

activin al so determ ned by Bi acore neasurenents
P}%:%Wﬁiguseeéﬁé’iet‘?%ﬁlé@ hasgat &> SH{INMEd fr om manmal i an cel |

Si8X Blc8 & nQRronf¥d Irihy- 1&11( “Attéio (WBRE-LIIS B $r9néi1@90\]i/é¥'é %erfonned
sol ubl e recept or pOI ‘E)tl de 1 n the condl ti oned

oA giteas L9 ysmngwa & Supgrdenfi0gel filtegon Ntlrlwal(mtfham
P@Eﬁa&i -{Va-lliﬂ'(egha \W%Gﬂle s’ﬁxﬁﬁ[‘és W%R: the%sseﬁ"fﬂ}ouépaa W_ly;%lg lnémiiﬂ)a%vn

LS Laﬁmrghlz@a'ttmgrd@mlor gncbWYMh @ptl@b aIlSR/Iéeﬂalcwmetﬁg (Wara.
Te-EﬁS ?‘WQ& S%?%:gxxﬁbﬁaggg H:‘%Fen% oun o a%%’?%ﬁsg a&}x?&% as

thbiirghie pledsé atrll.4 ynlbimtewi | d type, or retained conparable

) |t Yo g t hetWI| O‘ t /PE. 2 200/ 1%_5;%%?%@1)(6(1
(1A9 Wh| sBrab@(d ackCarid di)ﬁhélgo (I\ZBI\BDH MST (@i}ﬁé&BIo@?dté‘rﬁs V&jdger

S Mol ec | e Res28 Res40 Lj el a
strﬁnr@@%sfhlaemc URe Washese e}eﬁm eaﬁ% %&E Fisesmolew €s.
nonegfdeahindNen 81 B g hifttni GHRAITCA BuebErBLABR a2 8o B R EWere

none +++ CHO Stableée ActRi I BS E28A None GGGGS -f ++
ohtgipgdis e scEibad bEPWB5 none R4OA GGGGS +++ CHO Stabl e

i ddve %QAWA% AEWRZW Wére S%Qbhﬁgfggfecﬂ;é Bﬁléllltﬁ other

none e ActRlI 28A
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B T e T e

frqrm nen(fltﬁ'sﬁﬁbi niR4A@Avaseaptured ongabl amtil-}ﬁnﬁn\lg(BUFt ggibody Jackson

O LN e e

A@@@iﬁecfeﬂ-*o!vbr captured sample surfaces using BIACore2000 (BIACore Life

Sciences, Piscataway, New Jersey). The resulting sensorgrams were normalized to the
captured RL (500 RU) of vActRIIB-IgG1Fc variants. The normalized binding response
(RU) for some variants are shown in Table 2, and is further described below. Relative
binding affinity for activin was also determined by Biacore measurements using
conditioned media obtained from mammalian cell expression. Activin A (20 nM) was
used to capture soluble receptor polypeptide in the conditioned media and measured SPR
signals were normalized. Normalized SPR of +++++: > 60, ++++: 40 — 60, +++: 20 — 40,
++:10-20, +: 5-10, -: <5.

Table 1A and Table 1B summarize the results of the relative binding data. The table

below shows that certain embodiments of the vActRIIB-IgG1Fc¢ in particular bound to activin

A with higher affinity than wild type, or retained comparable affinity with the wild type.
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none( E28) R40L GGGGS COS TebladBent Act Rl I B none( E28)
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ActRIIB no P( F?R) R40QS GGG(“% COS Transient ActRII
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COS | Transient ActRIIB | none (E28) | none (R40) | GGGGS +
CHO | Transient ActRIIB | E28A none (R40) | none -
COS | Transient ActRIIB [ E28T none (R40) | GGGGS -
COS | Transient ActRIIB | E28Q none (R40) | GGGGS +
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COS | Transient ActRIIB | E28R none (R40) | GGGGS -
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COS | Transient ActRIIB | E28A none (R40) | GGGGS +
COS | Transient ActRIIB_ | E28M none (R40) | GGGGS ++
COS | Transient ActRIIB | E28K none (R40) | GGGGS +
COS | Transient ActRIIB [ E28H none (R40) | GGGGS +
COS | Transient ActRIIB | none (E28) | R400Q GGGGS +
COS | Transient ActRIIB | none (E28) | R40P GGGGS -
CHO | Transient ActRIIB | none(E28) R40A GGGGS +
COS | Transient ActRIIB | none (E28) | R40L GGGGS -
COS | Transient ActRIIB | none (E28) | R40T GGGGS -
COS | Transient ActRIIB | none (E28) | R40F GGGGS -
COS | Transient ActRIIB | none (E28) | R40Y GGGGS -
COS | Transient ActRIIB | none (E28) | R40V GGGGS -
COS | Transient ActRIIB | none(E28) | R40S GGGGS -
COS | Transient ActRIIB | none(E28) R40M GGGGS +
COS | Transient ActRIIB | none (E28) | R40H GGGGS ++
COS | Transient ActRIIB | none (E28) | R40I GGGGS -
COS | Transient ActRIIB [ none (E28) | R40C GGGGS -
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wWowe/1¢HEZ8) RAON GGGGS ++ C2C 12 Cel |l Based ArCT/U51098/003119

Assay VACtRIIB5-1gd Fc and vActRI I B-1gd Fc vari ants
were generated as described above. The ability of
these variants to inhibit the binding of activin A or

COW Phhlchi | Reatills [ oncids) {'RAow | D | EGEEEOT S tested

COS®[ Tnsfénr~ =1 Ac T oCdEss] RIS SAY GRage ST L ped—betow.

Amyostatin/activin/ GOF-TI-Ttesponsi ve reporter cerll
line was generated by transfection of C2Cl2 nyobl ast
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ress “8EF 8RN g ust' iy ions o
actiliey whd ttlei yessussidisingra conimefei alRhdiRrdsg Gpofter dsits 1@n(mt2»0E4550,

P NP o R PORNPo et P AT hob PP TRe G212

cefl§ fhrat R R @hshiciel witheMARBALO(RAR/PMARERIVas used to measure
concentrations. Actjvin acti1 vi t was. neasur e

acHBBAGRPTdHTEO thesfollonniarosedirs. RerAriey ool NeHoblaied igbgs wel

cubttiel US&Senidd&sind SRBoNPIUBS wiE FyDe ARY %rfﬂnf‘ﬁgtRIQJ IRACK fusions
pol ypepti de. These are shown i'n Tabl . The sane

copstpicked ps deswaibed dlovewaspgrirmag wikh ths: mku%ﬁmsqt 4w
acﬂ{n‘ﬁd %%ﬁdm% wi€ él%—lhaﬁgtea Q@%Qhé @E%&é tcl&%vggf c%h@én‘ﬁ%bd%” Activin

nmyostatin. Protern A purif variants were
acuSléxdwa&mmered@a'tdetennmmg tbmluoffera%@tlw&r méhe freated cultures. The

fa?&egwe &‘e?érﬂgxﬁt%ir}gr esa?ﬂrgolg@;pgﬁg o’ﬁ‘ﬁ)e%é’ are st}x EH ’E able 2. The same

rmna es were pre-i at ed
progedhredvas Mblgposit fat ActRIIBAmdg@R Fr dusjorts Ipmdudtat}lseiesomﬁbed above for

agqgr egati on . was det ] he edur es
oG AR 36 0 2085, Sl TUA iRk oty BERFF o dpaingne
debintnatio30f QY4 vabdes fdran gdtatif usiAg tHelshinb nlegHodolfogy.v Fot thiy S

t hat arells ed i.n Table IA _seyer. ActRI | B- | Fc
acleiingfips P ArPLd AR HSOPER Wb AP Fpatt o’gleadﬂglpn, the
degtek df hfteegatibll wat YREMIAMMRERIthEIRScHRFR dbstiibBEiboREr Thised

and anal yzed by SPR (surface plasnon resonance)
values are given in Table 3 below.

Out of the set of ActRIIB5-IgG1 Fc variants that are listed in Table 1A, several

ActRIIB-IgG1 Fc variants and three ActRIIBS-IgG1 Fc variants together with the wild

type polypeptides were further purified and analyzed by SPR (surface plasmon resonance)
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A. Table 2 shows the SPR binding affinity of selected
wo2esRd1B7 | g@ Fc pol ypeptides for activin. AcPCwUS2008/003119

(20 nM was used to capture VACtRIIB pol ypeptides in

t he sanmpl es and neasured SPR signals were normalized.

| C50 val ues were obtained fromcell-based activin

atigattrvpt&rvgmamx? sﬂ@éﬁht RER 1 geafﬁgrltf@%@ gte& BV ARIRERISG 1

[ ess than 10% results

qumimptuieedomnms Actimi)A ROtV was L(smo:capmsqjmﬁlmni t)

pol %ﬁ%é ﬁ’gég'ﬁgl(‘ﬁg@g‘ﬁ%fgf%ﬂ ngﬁlgn%ggz(sr% IES)I‘RBI%&ES‘) ICso values were

obla’metdﬁkdrﬁicélgﬁsléd actEABMhibABonZséis désSithed dBoNO: ﬁ&r)dard eITors are

E28Y 115 2.10 (SEQ I D NO 64)
lewﬁﬁqﬁdﬁ fqrégreaﬂts R4OG 18 (SEQ I D NO 66)
ActRI 1 B5-1gQd Fc (SEQ 37 1D NO 68) VActRIIB5-19d Fc,

E28A 8 (SEQ ID NG 70) Yaé R | B5-19gG | Fc, 45 16. 86
E28W(SEQ I D NO 72) As shovvn above in Tabl e 2 above,

VActRI I B-1 gd Fc (E@ﬁY):rmslls%uimpM 10 conpar ed to wld
type Further nor e, the E28Wand E28Y vari ants of
ASRSE >y s 4G5e ed once

ujr %50 vaI uein a myostatin ol OCkI ng cell

ased assay was determ ned for additional variant
vmkpmq@t;qp@@zgg wel |l . Thgge variants wey gy the mature
(SEQUICHOssD) vAct RI'1 B pol ypepti des |acking the signal

sequence and the first six amno acids of the N 15
VAGSRHBrgClFOH@8W sequencdg8are shown i n2Pdbl e 3. Table
(SEQRLMOte percent aggregation of 35

VACtRIIB-IgG1Fc, E28Y 115 210
(SEQ ID NO:64)

VACtRIIB-IgG1Fc, R40G 18

(SEQ ID NO:66)

ActRIIB5-IgG1Fc (SEQ 37

ID NO:68)

vACtRIIBS-IgG1Fc, E28A 8

(SEQ ID NO:70)

vActRIIBS-IgGl1Fc, 45 16.86
E28W (SEQ ID NO:72)

As shown above in Table 2 above, the ICs value of vActRIIB-IgG1Fc (E28W) for
blocking activin was 2.07 nM and the ICsy value of vActRIIB-IgG1Fc (E28Y) was 2.1 nM

compared to wild type. Furthermore, the E28W and E28Y variants of vActRIIB-IgG1Fc were

stable and not aggregated once purified.

The ICsp value in a myostatin blocking cell based assay was determined for
additional variant polypeptides as well. These variants were the mature truncated
vActRIIB polypeptides lacking the signal sequence and the first six amino acids of the N-

terminal. These sequences are shown in Table 3. Table 3 show the percent aggregation of
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WD 2008/ 109167 PCT/ US2008/ 003119 the protein after
protein A purification, and.the 1C50 value with
WO e@paeti6r o nyostatin. It can be seen that theCPESEs003119
aggregation is nmuch I ess for the variant pol ypeptides
conpared with the wild type. Simlar results were
obt ai ned for mature truncated vAct RI 1 B pol ypepti des
I
thWﬁ{tol’t]eq}Ilgﬁér ?otglbgﬁpﬁlg'lff‘c%ﬁﬁr? r&gc? t.ht%I <) J&Elﬁ&{h%f:{? f(’%% nIy%%tm It
caslbeseenizbatohe perdéabhgr&aﬁnn Rinhush Fess Aartti wlrdﬁahﬂ pd{}qrepndegGZ

Fc %, t f
compacary ok b optS St B8 SRR dofithed Topmeletfuncated
vAIRNBAYWEEHIREs Giifeat N RMACRVELERR 3% -terthidal 8&2hsino acids,

RLHC VEGPPC KPKDTLM SRTPE
%&ﬁ@é@%%@&sﬁsﬁ BHXAVDVSHEDP  (SEQ I D
V\V_DDFNCYDRQECVATEE | D EVQFN\WVDGVE NO 89)

NPQVYFCCCEGNFCNERF NO 79) MiNAKTKPREEQF
THLPEAGGPEVTYEPPPTA NSTFRWSVLTW PT (SEQ I D NO. 86)

HEPMENCKEYIC—KVSNIKGERAPERK—TH SKTICOPREPQ
AP BRASMEERTIK  NQUSLTOLVKAEY— RSB AVEVESNG regrogation | for
PENNYKTTPPMLD  SDGSFFLYS{gif)Y  DKSRWOQGNVFS myostatin
CSVNHEALHNHY TQKSLSLSPGK (SEQ I D NO 80) hiAct Rl I B-| cell based
ETRW 0 YYNANVELERT GGGGV| APPVAGPSVFLFPP 2% 0] 9 assay

hl g&2Hc NOSGLRCFGF('DKRL Y ECPRCP KPKDTIL M SHIPE

hASIRIANS SEC\NATBVAERIYBLIARS\Afo L1
hlgprSENGY]

g b
(sEQHFAGH EQevornwyYVDGVE

NO: 89) NPQVYFCCCEGNFCNERF NO:79) | VHNAKTKPREEQF
THLPEAGGPEVTYEPPPTA NSTFRVVSVLTVV
PT (SEQ ID NO: 86) HQDWLNGKEYKC
KVSNKGLPAPEIK
TISKTKGQPREPQ
VYTLPPSREEMTK
NQVSLTCLVKGFY
PSDIAVEWESNGQ
PENNYKTTPPMLD
SDGSFFLYSKLTV
DKSRWQQGNVES
CSVMHEALHNHY
TQKSLSLSPGK
(SEQ ID NO: 80)

ﬁ@

hACtRIIB- | ETRW®CIYYNANWELERT | GGGSV | APPVAGPSVFLFPP | 2% 09
hlgG,Fc NQSGLRCEGEQDKRLHCY | ECPPCP | KPKDTLMISRTPE
ASWRNSSGTIELVKKGCW | (SEQID | VICVVVDVSHEDP
(E28W) LDDFNCYDRQECVATEEN | NO:79) | EVQFNWYVDGVE
(SEQID | PQVYFCCCEGNFCNERFT VHNAKTKPREEQF
NO:91) HLPEAGGPEVTYEPPPTAP NSTFRVVSVLTVV
T (SEQ ID NO: 87) HQDWLNGKEYKC
KVSNKGLPAPIEK
TISKTKGQPREPQ
VYTLPPSREEMTK
NQVSLTCLVKGFY
PSDIAVEWESNGQ
PENNYKTTPPMLD
SDGSFFLYSKLTV
DKSRWQQGNVFS
CSVMHEALHNHY
TQKSLSLSPGK

(SEQ ID NO: 80)

hActRIIB- | ETRY?CIYYNANWELERT | GGGGS | APPVAGPSVFLFPP | 4% 1.0
NQSGLERCEGEQDKRLHC | VECPPC | KPKDTLMISRTPE
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NO 91) HLPEAGGPEVTYEPPPTAP NSTFRWSVLTW T (SEQ | D NO

87) HQDWLNCGKEYKC KVSNKGLPAPI EK Tl SKTKGQPREPQ

WONMBAPREBREEMIK  NQVSLTCLVKGFY  PSDI AVEWESNGQ  PCT/US2008/003119

PENNYKTTPPMLD SDGSFFLYSKLTV DKSRWQQGNVFS
CSVMHEALHNHY TQKSLSLSPGK (SEQ I D NO 80) hActRI | B-
ETRY Cl YYNANVELERT GGGGS APPVAGPSVFLFPP 4% 1.0

hIAGAR T SEQY U DVSKEDP"
AR ovE
(EMSV\RNWFEC&K}%@NERFT ( Sk NTC KEREEQF
(SK DDF GYDREEGERTVARKPPHYAEVQF NWYVDESEFR\(\EXVRYY V
NEER)YFQOUSENFONEEST NO. 79 VHI\IAK'IPWEE(%KE SEQ I D
HLPEAGGPEVTYEPPPTAP NSTFRVVSVLTW?(NK@.L AFBK T (SEQ I L

NG 88)| HQDW.NGKEYKC KVSNKGLPAPI|ERT KSOPREPQ
VYTLPRSREEMIK NQVSLTCLVKGFY  RSIghA
K

PENNYKTTPPMLD SDGSFFLYSKLTV Dk§
CSVMHEALHNHY TQKSLSLSPGK ( SEQPEDNKOrTE®LD T
identiffi es the sequences| corr egpOGEFELYSKLOISE

NO 1-99 in the sequence|listi fdXSRWQQGNVES
SVMHEALHNHY

TQKSLSLSPGK
(SEQ ID.NO: 80)

<)
5
O ®

Table 4 identifies the sequences corresponding to SEQ ID NO:1-99 in the

sequence listing.

Table 4

SEQ Description
ID NO

ActRIIBS extracellular domain, polynucleotide

ActRIIBS extracellular domain, polypeptide

vActRIIBS E28A polynucleotide

vActRIIBS5 E28A polypeptide

vActRIIBS E28A and R40A polynucleotide

VvACtRIIBS E28A and R40A polypeptide

vActRIIBS E28W polynucleotide

vActRIIBS E28W polypeptide

ol ke JAEN] Fo B RV, J BIoN) JVST | (O} O

vACctRIIBS E28Y polynucleotide

10 vActRIIBS E28Y polypeptide

11 VACIRIIBS E28X wherein X is A,F,Q,V, LL, M,K, H, WorY
polynucleotide :

12 VACtRIIBS E28X wherein X is A, F, Q, V, L, L, M, K, H, W or Y polypeptide

13 vACctRIIBS E28X and R40X,

wherein X(28)is A,F,Q,V,LL, MK, H,WorY
wherein X(40)is A, G, Q,M, H,K or N
polynucleotide

14 vActRIIBS E28X and R40X,

wherein X(28)is A,F,Q,V,L L, M,K,H, WorY
wherein X(40)is A, G, Q,M,H,Kor N
polypeptide

15 vACtRIIBS R40X wherein X is G, Q, M, H, K or N polynucleotide

16 VACtRIIBS R40X wherein X is G, Q, M, H, K or N polypeptide
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Tabl e 4 SEQ Description 1D NO 1 ActRI 1B5
extracel lul ar domai n, polynucleotide 2 ActRIIB5

w@z2aosaedbt ul ar domain, of a tide 3 vAct R | B5 BE2SKUS2008/003119

pol ynucl eotide 4 vActRIIB5 E28A pol ypeptide 5
VAct RI I B5 E28A and R40A pol ynucleotide 6 VvActRIIB5

E28A

and RA0OA of e tide 7 vActRI I B5 E28W

i s%&»aceﬁul‘éﬁ‘fén i o rAB UG yPeptTde 9

Pow—d EEWE- P~

IA% ééu 1%]_ qn G ’ll-plgﬁi _'Id% VI—\:[ \l'jl II E)C)AELOI

r o _\/
FAE

ot LZS pglynyclegtide. Eagy

AefRIIB F/ZQA\%MAWIWMWHM RA0X, uwherein X(28)

C)C

€
K—H—\Wor Y

= Sl i

] ¥ o2 192 \IAI'\t (]| B:I:J EQSX
VACRITR E28A polypeptide |

=5

| VACtRIIB G284 and R4QA prlypeptidey ar Y _wherein X(40) is

vACtRIIB B28W pelymyclegtidenucl eot i de 14 vAct Rl | B5 E28X

add H

ARG E28WpokyRBlidé s A, F, Q V, I, L, M K, H,

\&Sor

YACHRIEB E2RY ¥ohANcleatide, G O M H_ K or N Fof a

taede

A RAIB R2BBPolpbpfidsherein X is G Q M H K or N

gl y fugcaaiB gesX Whevohe XKRE WBB, ®M0X, har gl A, W ésY G Q
M H,| pSlyaaciBbtRr! ypepti de 37 WD 2008/ 109167

Hig 17 UALHIY B3 8% Whetetn RGE K FHO &l BO@! KUY Mﬁb@peptlde

Rl Y %cmﬁgggqn@ﬁhbg(lb eXt{T acel futar donarm,~ potyp

zéztéla\c hei'e?g %&/—\Iplg ﬁe@BE%AZO VACtRI | B
poI yn $%e eé fre. 22\ ﬁglﬁ A and R40A pol ypepti de

2 IAAS I{Iﬁa 'EQ?X"aH&”R&OX“' eottde

wherein X(28)is A,F,Q,V,LL,M,K,H,YorW
wherein X(40) is A, G, Q, M, H, K or N
polypeptide

31 vActRIIB R40X wherein X is G, Q, M, H, K or N polynucleotide

32 vActRIIB R40X wherein X is G, Q, M, H, K or N polypeptide

33 vACctRIIB R64A, E28A polynucleotide

34 vActRIIB R64A, E28 A polypeptide

35 vACtRIIB R64A, E28A and R40A polynucleotide

36 vACctRIIB R64A, E28A and R40A polypeptide

37 vActRIIB R64A, E28W polynucleotide

38 vActRIIB R64A, E28W polypeptide

39 vActRIIB R64A, E28Y polynucleotide

40 vActRIIB R64A, E28Y polypeptide

41 VACtRIIB R64A, E28X wherein Xis A,F,Q,V,LL, M, K, H, Yor W
polynucleotide

42 VACtRIIB R64A, E28X wherein Xis A,F,Q,V, L L, M, K, H, Yor W
polypeptide

43 vACctRIIB R64A, E28X and R40X,

wherein X(28)is A,F,Q, V,LL, M, K, H, WorY
wherein X(40)is A, G, Q, M, H, Kor N
polynucleotide

44 vActRIIB R64A, E28X and R40X,

wherein X(28)is A,F,Q,V,LL, M, K, H, WorY
wherein X(40) is A, G, Q, M,H, K or N
polypeptide

45 VACtRIIB R64A, R40X wherein X is G, Q, M, H, K or N polynucleotide

46 VActRIIB R64A, R40X wherein X is G, Q, M, H, K or N polypeptide

47 Sequence Accession NP_001097 (Wild type ActRIIB) polypeptide

48 Sequence Accession NM 002192 (Activin A) polypeptide

49 Sequence Accession AAB86694 (Myostatin) polypeptide
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24 vActRI 1B E28W pol ypeptide 25 vActRI|I B E28Y

pol ynucl eotide 26 vActRIIB E28Y of e tide 27 vActRI 1B
wE28x1eherein Xis A F, Q V, I, L, M K H RIDUS2608/003119

of ucleotide 28 VACtRII B E28X wherein Xis A F, Q V,

I, L, M K H Wor Y poI ypeptide 29 vActRI| B E28X
and R40X, wherein X(28) is A F, Q vV, I, L, M K H,
500" T oL RELEs4hA BhsIon F"Luiﬁob’ﬁ tde e
L LA VACRITBS I8 and REOX, whertts X = &ilyaphifio aeid b :ig\ﬁﬁclcb,ﬁde
392403 VACRITBYE2SY and RAOX, iwherein X = aiiy AR pcid palypeptide
PRct b |v|Ap§tR:I£B»§§&Kéag RAOX, Wherein X5+ any arino geig pofynucleotide
ALy YACERHE §28X and RAPX pvhaneindx aishatnisp gcist pplypeptide,
HS K |oACRIRReAADEISEaBER403 therad Ke#any amnmpacid
pol ynwelymueleetsle 34 vAct RI I B R64A, E28A pol ypeptide 35
VWACt RIVABtEREA R 64 A2B28 X6 ardl IRUDA wheteym¥ct aytandeo a@épolypeptide
\oAct RIARBBAAG 1 F2@AtusnublydOkotide a tide 37 VACtRIIB
RBBAA, | AZRNBAGYFLRbhed polpegfide/ ACt RI | B R64A, E28W of a
tgode | vAQtRIFB-IEt (e BIRANE 16AB Mafee polualcRotidele 40
\GRC T RivRtRIPE A G EReRR SR DRP afie follypepfiddl 1 B Ro4A,  EZ8X
Vm,ef VA CRITB-16G1 Fo EZ8W VE10W) hatuté poﬁ,'nuEiieoti(deor w
3T Y MO S SEG e A8 ({0 iidire ofybeptaic oL 1M X TS 7%
63, X ot oG He 128V IR 10T aflre Bliviholdofe 5 YACTRITD
Irmﬁr;\:\n, V;Cf I.g H-C\, Y -'LA =S 3 v, I,
!\I‘ v&gt : .ng Eqm 2 : AQX.
.VACtEdMgGIQF cAnatyre MOGMG) matum pQ%ypqntldeA/ or_Y
\mpr giveihC 'ISG‘JFA mWTeGOIYKWClFPUdR ar
VACtRIIBS-IgG1Fc mature polypeptide
69 vActRIIB5-IgG1Fc E28A (E10A) mature polynucleotide
70 vACctRIIB5-IgG1Fc E28A (E10A) mature polypeptide
71 vActRIIBS5-IgG1Fc E28W (E10W) mature polynucleotide E10W
72 vACctRIIBS-IgG1Fc E28W (E10W) mature polypeptide ELOW
73 Signal sequence shown in Figures 1 and 2
74 Alternative signal sequence
75 Linker
76 Complete hinge regions for IgG1
77 Complete hinge region for IgG2
78 Complete hinge region for IgG4
79 Hinge linker
80 IgG2 Fc polypeptide
81 IgG2 Fc nucleotide degenerate
82 IgG1 Fc polypeptide
83 IgG1 Fc polynucleotide
84 I1gG4 Fc polypeptide
85 IgG4 Fc polynucleotide—degenerate
86 ActRIIB mature truncated wt polypeptide
87 vACctRIIB (E4W) (E28 W) mature truncated polypeptide
88 vActRIIB (E4Y) (E28Y) mature truncated polypeptide
89 ActRIIB-IgG2Fc¢ mature truncated polypeptide
90 ActRIIB-IgG2 Fc mature truncated polynucleotide degenerate
91 VACctRIIB-IgG2Fc (E4W) E28W mature truncated polypeptide
92 vACctRIIB-IgG2Fc (E4W) E28W mature truncated polynucleotide
93 vActRIIB-IgG2Fc (E4Y) E28Y mature truncated polypeptide
94 vACtRIIB-IgG2Fc (E4Y) E28Y mature truncated polynucleotide
95 VACtRIIB-IgG2 Fc (E4A) E28A mature truncated polypeptide
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of a tide 45 VAcCtRI I B R64A, RAOX wherein Xis G Q M

H, K or N polynucleotide 46 vVActRI B R64A, R40X
wob@saineX is G Q M H Kor Nof atide 47PCEUS®NO®3119

Accession NP 001097 (WId type ActRUB of a tide 48

Sequence Accession NM 002192 (Activin A) of e tide 49

Sequence Accessi on AAB86694 (Myostatin) of a tide 38

R AN AT S S T e

0 RAGRRIE RS FS (B EPSX g iyt ch o éo‘r‘f’& K1, W

%’I\,,ﬂ ' t 1 Crog . ,_ _

39 nd BgirnZneAQRIBAAS6I Be 54 vACtRIIB E28X and RAOX,

wherein X = any amno acid of a tide 55 vAct Rl | B R64A,
E28X and R40X, wherein X = any am no acid

pol ynucl eotide 56 VActRI IB&M E28X and R40X,
vvhereln X = any : o lugipe ACRIIB 57 Act Rl | B- |

NS R 0, A Rkl T
VMRxlegGé@bu(Eéstﬁolwnmt, I(SEQ IDINKD: H2ZbcdrHiDA tortie prazedures

deDOLtyﬁ%gfi de 61 vActRI I B-1 d Fc E28WE10 nmature
BIVNUEL 0t i de 62 VACtRIIB-1 G Fc E28WEL0 mature of

Treaéﬂeg{%fn%% e R il ¢ DER T BN MBI ! ©
pot yruct roe 28Y E10Y mature
pol Vipkipin-@li aGhaturAbt ddchiBnk iHibitor Bﬂ Bsav(rRR 2 G}lceﬁhﬂdﬁ €inhibin-a
ol ynucl eotide 66 VACtRI I B-1 mat u 4 )
SR TSN T PR B A EAEE b TS IAt OGPl 1P (ol wasting
syR@loyHRueli @0 ik ciafed wAG the $g3Rtahesds l%sm{mw bﬁtuﬁ@wﬁemg S\@rian,
69 VACtRIIB5-1 d Fc E28A El OA mature ﬁg)ucl eoti de

testisulaneaness pad pdjepatsancons AMatzeh chalt ENA t884&2Y {1994),

A | | El OW
C’??%“?éfﬁ@l“%%‘g“%g?gﬁggm PER D PAARUAERENEE E) oW

36PE6402 )59 élé?a nEer the &Mwnrg Fpgmenys, inkipig-wkipgkout mice
(C’% EEfG@?&/ér\é %béﬁ&ﬁ ?Jon?‘@ﬂéfﬁg R¥ver z,gbclrhtthsr The effects of the vActRIIB-

IgG2 Fc E28W (SEQ ID NO: 91) (hereinafter E28W, or E28W polypeptide, or soluble

receptor E28W) on body weight and muscle mass was examined in inhibin-o. knockout
mice. A 14-day single-injection study in 8-week-old male inhibin-a knockout mice was
performed. At 8 weeks of age, the male inhibin-a knockout mice had lost more than 25%
of body weight compared to age-matched wild-type littermate control mice. 5 of the
knockout mice were given a single subcutaneous injection of E28W (30 mg/kg), while 5
knockout mice were subcutaneously administered an equal volume of PBS (vehicle) on
day 0. As a baseline control, 5 age-matched wild-type mice were administered a single
subcutaneous injection of vehicle on day 0. The mice were weighed at day 0, day 7 and
day 14. At the end of day 14, all the mice were sacrificed, and their lean carcass weights
and calf muscle mass were analyzed via necropsy. Over the 14-day study period, the
average body weight of the vehicle-treated knockout mice dropped by approximately 1.1 g
from 22.5 gonday O to 21.4 g on day 14. In contrast, the average body weight of the
E28W-treated knockout mice showed a dramatic gain by 11 g from 22.1 g on day O to 33.1
gon day 14. Terminal necropsy analysis revealed that the E28W polypeptide virtually
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76 Conplete hinge regions for | GL 77 Conplete hinge
region for 1g& 78 Conplete hinge region for g4 79
woievgrodisnker 80 1 g& Fc pol ypeptide 81 |1 g& FeCT/US2008/003119
nucl eoti de degenerate 82 | GL Fc of a tide 83 1 Gl Fc

pol ynucl eotide 84 1g&4 Fc of e tide 85 1gH4 Fc
ol ynucl eoti de- degenerate 86 ActRII B mature truncated
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m(cEébWi aﬁi}BWmi&iljd 121 igrfornsaictdtredtedawild-tle @@ntrol mice. The average

re truncat ed
calf SRS OT AT (T bR o) PRRF 2R Y oA BAGROUEDISE Yot ur o
apbfd;tnﬁaat:@dwﬁ{gyda,ﬁ@tafed%ﬁﬂap%&tﬁtk@am r h64dicledBNted
mat ure truncat ed %tP%/{nucl eotide 95 v RI IB-1 & Fc

knogkony micegandappEAxEMtely 4 mefopyehicle- rrs%.ted g@ldWBe control mice.
T}%ng%élﬁg%ﬁl%nﬁgy HSeRASNOR3d dAn ﬁ@SW%ﬁ)B'C {R1el folthe 't:r‘éatment of

E28A mature truncated pol ynucleoti te egener at e
dlwsq%@ﬂflvg‘lglg toss pad '@E“% wEig X anghare eimmyrizes lAtheFT ab@ below.

Y, MK Wor— Y maturetruncatedypotypeptide
98 Figure 1- AcWPIpIhB Vehgle Fc K&Qplﬁsé’@h@lez A¢ KR pIBSELYH
Fec Exanpte 3t nvivo Treatngnts—ustng vActiRHB5 AH

Bagly Whight ol | ovi2igpdanti il st udi2eS6wer €. 08’ arri ed3a0t-/-usisad

\AY

[le]
lllC ||al Ul T ll Ullbal CU VI"\L;L F\I I U'IU\JL l_b \I_LL)V\’

anmO;lp:am(Lgﬁe (mmﬂ/oom 91) 8.Gcebr A28 t o | 140 +/- 0.77 7

nnnnn har al ong Tr af |

ot nt
[JI chuul CO YyCToulilT1T1oTuU IJCI UVV. LI CGL IIUIIL UI Hf‘uoul C

Camlszmlsqig(g)n | r|H.3%4n/a oroem ci ¢10t20M €/e0.0nA bi N0a263/-a0.024™

+_d af ar\+|\l|n

s A oo
p&ﬂsld,é er #veh\.#h'jtwbslvé K@"’Veh”“ LII Ul ul acuoir vl II—\\ !\VI \v A
| acking inhibin-a 10 show significantly el evated

act i Werfiects el dp administiptionpithe E28 Winglypgptidsronitherptog of
fohﬁ&tf&ﬁlof Y@ﬁédli}gmd ovarian tumors were examined in male and female inhibin-o

KO mice, respectively. In this study, 11 of the inhibin-a knockout mice, including 8-
week-old males (n=5) and 9-week-old females (n=6), were treated with a single
subcutaneous injection of E28W (30 mg/kg), while another 11 of the inhibin-o knockout
mice, including age-matched males (n=5 ) and females (n=6) received a single injection of
an equal volume of PBS (vehicle). In addition, 11 of the wild-type littermate control mice,
including age-matched males (n=5) and females (n=6) were administered a single injection
of vehicle. Two weeks after the treatment, the mice were sacrificed and subjected to
necropsy to examine the rates of formation of visually identifiable testicular and ovarian
tumors. It was observed that 10 of the 11 vehicle-treated knockout mice developed
identifiable tumors. Specifically, testicular and ovarian tumor formations were found in 5
out of the 5 males and 5 out of the 6 females examined, respectively. The sizes of these
tumors were found to be 2-3 fold larger than the corresponding normal testis or ovary in
wild-type control mice. This is shown in Figure 3. Only 10% (1 out of 11) of the E28W-
treated inhibin-a knockout mice showed visible tumor formation. Specifically, in females,
1 out of 6 of the E28W-treated knockout mice developed an identifiable ovarian tumor,

whereas 5 out of the 6 of the untreated female knockouts had little or no change in the size
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syndronme which is associated with the spontaneous
formation of tunors such as ovarian, testicular
weamwsaegéennd adrenal cancers (Matzuk et al., PMNASUS2008/003119
91(19):8817-21 (1994), Cipriano et al. Endocrinol ogy
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15 that the E28Wtreatnment was highly effective in
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0
m?&jé’tgéétzeg\%ﬂt hbcg@?fugg edrhgﬁesuggehg ec‘f@%@h{ gb%‘n&!j%teated with
vANtRHBtIgoa IFIcyE%:&VbSJ Sp@uﬁpglly,h@mgmw iinjedtion fof kittten 30red gk ganfd

che | ot of

vAFERLAIRLA o VEEO ks BhEFie 3 IS b rline o
retp&ctweuu tat the Genciof ttmmmadﬁdof Mndﬁngmuepeﬁswn TBedy weight cmfanges

26 tunor, beaan m ce Col on-

wEE R b DRl S e R B BB ol v s fced

at siedellowiag 4 dsﬁfatd[ycltmga RAS: Qfay ¢ addyessiday 1 il ddya 4€tCaBl muscle
I.nt J Cancer 6;(\,5 637-43 (1996), Kwak et al., Cancer
weights Wereficerpingd VIBSSIogsY. 2004) ) . The effect of E28W

pol ypepti de on body wei ght 15 change, nuscle nmass and
sur \Aswshbwh ai theVlable bslowd hdliinb stispendiotned tdLsiphifAgantldE€in body

weclg-lnt %B _t02 (PO%. Treatment of the hindlimb suspended mice with vActRIIB-IgG2 Fc
E28W led to a significant body weight gain to a level higher than either the vehicle treated
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(G 26) tunor cells were subcutaneously inplanted into

40 10-week-old, male CDF1 m ce

at 0.5 x 106 cells per

woremsa091dhe tunor i nplantation was performed oPCTEHS2008/003119

Begi nni ng

on day 5 after tunor inplantation,

t wenty

C-26 mce were treated weekly with a subcut aneous
injection of 10 ny/ kg VActRL1B Ig& Fc E28W(SEQ I D

hlmm‘z Qspen%égupzo%ttﬁépﬁom ' a;?%)ﬁ%d ms&%%ﬁt?oltéﬁ gx%ta% Vi'i?'%ela by

ANV extamoemeit. Ducieg Vierteotweek tsmdy perida, Ehe\aedfragd lmd@l%%ght gain
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cdnva€ison tdahd (2 FQirorSinrthé Vilicle-Tredt suSpeneion WRIup alB a3 ¥ 6i ght
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g3t wd

re§RRHEWEd BRdhY ﬁh&'ﬁﬁb ArusMBhfds
in a Mcrosoft Excel

a wor ksheet

s (U tra-Cal

|V | P65
GRpsHBedse 1BS FBHrOMEPUR SRATRRITVEN- {ldmg Cpese necropsy
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%%ét&% 'Jha‘.ix‘?o
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ne§{?|p§/¥ 13 SuBIected b Faxitpon oty an
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GE MedsUgys@nd) @dlysis. Tl 88 8&héhstrhto@ ttBS Ve oWl %ﬂ@rﬁtrééiﬁtomQ ID

not. only

effective . in naintaining _body wei

ht
NQ P s ﬁﬁfgglvs @t ingreating bodyrvatiggipagifieally lga&rS&gletal r%gﬁﬁle mass,

aniMBnEmi§, WHIDEecRAh!

Suspensi on M

ce 15

%_@chﬁt@ﬁ
dl i mb suspensi on nouse nodel

.of HeSGRORI the REveltde&ifini fih-

oviAEiECtergiEad miree RRpaifieallyreves p 2 seckoperiodelearn mpscty mBss| s
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2

suspensi on

d\Bor Q)QX ﬁpce'%&ld

SvilERW, Lo

rocedure IS es

ard %v11hl 20gto

entl a
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plus vehicle and about 20 g for wild type plus vehicle). In the same study, OVX mice

treated with E28W showed reduced fat mass from 8 g average per animal to about 4 g
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(Carlson CJ, Booth FWand Gordon SE: Am J Physi ol
Regul Integr Conp Physiol. 277: R601-RR606, 1999).

woRwsHMEek- ol d femal e C57BL/ 6 mice were used fPCT/URI®08/003119

study. A 20 total of 60 mce were divided into three
groups as follows: 1. Non-suspended baseline control
group (20 mce) treated wth vehicle (PBS), 2.
Veldgd b iU SR & {
A0 iSRS, PRS0 sp e bGP ) e 1
Weﬁkﬁé)d)'t Tha OMK mii¢etreatedotifl tthetlg@, iFcontf@BYid not lose fat mass at

I SCln ectlon of, .e
s et TR it RGP0 S RS e Pl
wilip EQ&Wd:empmreb edthgrebigfesredtedr@dsX @dte. V[BhajfySlSaif ferher/tidiaBMG

Ry <Gep nEbedhsbtradiey AR ding Fpminel ey was

dewﬁlkned%ym irragmsqp@rtphgfaoQnarm&tﬁzemﬁfpufddq%%ogedphy €lhe
follow n different tine points

Olffimiairodtad with EpSiaeretsed FRRGRY s Bl gbwrin bt 0GBy glem
thB8kd SRBY 12 ReelSHRWI whithiionifaRitt: B38hOMal B‘M@ l)f mm operated

suspension led to a significant loss in

Vﬁ\héilfgtlfﬁatqsiﬁmtr@ala OPhe QY &anige freated withaelheln alllqvmsi abglstphmm BMC
I t

oG dich B HOETt PR pdlouydht e PR, Becfeciflivb} ffshowed
amiemaﬂeefBM,@xfrem ab4ut\M§)52CHZf8‘ﬁ 1(08913670 PESTE/CiIB2008/c00 81 the 12 week
s'ugdgp G&lhe.ﬂgstlidéé;'s{aﬁ gfrategtlilg ;f;}ecglrr\{g ! e@se op s Eié&p@i}weptlde as potential
treweaguy efifedilty, oEIaaspom@ld; lmm dihmtmeig@t udy period, the

aver age body weight gain of the VActRI IB-1g& Fc E28W

(SEQ ID NO 91) treatment group was 12.6%in

conparison to the 0.2%drop in the vehicle-treated

S us pErraontgnenpomischottodkolinsiteghih sGpgay thel spectlfieembodiments

oot BRI i arplg fed Bt BhoBae ¢RRT R sakinor s

infRigioh LmiEsRt6RANGqdivhlenia¢hbdseind b&nﬁ&iﬁg@@fg\ri&ﬁfl@ms‘éo e of
VvAct

Tr eat pen f the suspended mce wt
the EEygHOn gﬁ’\‘fﬂ“'@t"é‘%“%ﬁ’?‘f festiens of te Mygalianein addion to'those shown
andie§@hed Rerein a1l bESIMd sppaient Bitos8 ¥RAE] ﬁﬁﬁkt a@HQIW thd'@tegoing
E28Wis effective in the treatnent of nuscle atroph

Y
desgription apdercampnyinslawings.oSughaugslifiepjiony mwer@a@/t%faﬁ%lthm
8ol of 4 afaddciltls. viel ht change o9 Non-HS + PBS

4% 2.9% 4. 8% HS + vehicle -10.0%-3.0%-0.2% HS +
E28W 30 9.7% 2. 1% 12. 6% ng/ M Treatnment of OVX M ce
Ovari ectom zed fenmal e C57B16 mice (OVX) are consi dered
to be a nodel for fenale hypogonadi sm and
osteoporesis. 24 female C57B16 mce were
ovariectom zed at
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15 age 3 nonths and allowed to recover for 3 nonths.
At age 6 nonths, 24 OVX mce as well as 24 age-natched
W@ basiagper at ed control C57B16 m ce were neasurkdr/ii82008/003119
| ongi t udi nal changes in body wei ght, nuscle, and fat
mass by NVR and bone mass (Pl Xl nus- GE LUNAR
Corporation) over a 3 nonth treatnent period. At the
end of the period, the &4%AMMISs were sacrificed, and
the bone tissues harvested during term nal 20 necropsy
and subjected to Faxitron X-ray and m croCT (Faxitron
X-r aWheorsptaimed on and  GE Medi cal systen) analysis | t
was gem)ngnr a:la?éjd trg th% E%SIVV vari.a a Lec rc Eor EQID
 01) Al WIFERTPIE QrRTREB STy 258dY %ﬁ?
pelypeptide CaAdtRIIBY avheeltrdait il ypepidd @niprises, the pdilgipémﬂe sequence
: ile d ' fat content of the mce to.the
of St a7 iSRS NeT B Bcedpratinelr eminoggBi brksiony
8386n 28 drposRivK 40 8ind Meherdie R tRlciP&paMB 6 Bidin
plncreaséﬁ)fron120 g to 27. Opg %# OvX m ce treatgd
TRPRIEASWIN SorpGPEA i th 20 g to 27.5 g for sham
operated mice treated with E28W conpared w th al nost
no increase in |ean nuscle mass for OVX plus vehicle
or sﬁam pAngsolased mrp@m(@mmsmxg vgriantactivn IBxcepirus

p%‘ﬁlgé 9&&&&99 M% sgldf 1 %ﬁ‘r%%s% ‘E%%W@ilﬁ’%g %Fqucl-:rﬁe

of SEQd@cN (f)ait otrriat?sacemdm @’@e anmo agld splmtmamnmlpo‘smOmBS) ond
P08/ [ US20

prirto. S B Ael/me i, i Cehents Qi hremST R R g or

ab®lend of the 12 week st udy. The CNX m ce treated

with the vehicle, in contrast, did not |ose fat nass

at any tinme during the study. Finally, bone mass was

i ncr 8asedThéproteth ENKaiMi IG WhifeRathe Subsifutibn E3VIieR 7B £d
MAth V %IC|€ treated OVX nmi ce. Analzals of fenur/tlbla

IFPUAT Berlsrted GRMIAE Froup censisting e5Ack-€d bdnle M
}pavuﬁﬁngr@urlng term nal necropsy was determ ned by
pCCT anal ysis (Peripheral Quantitative Conputed
Tonmography). The OVX mice treated with E28Wi ncreased
BMC af ab 4 ;
end ot horqpoieatey BT WRaSRAME ofbsoRluihitn 26 Bpie
VACKRIIB BNpaptide Issaledipé frametble gr@eh coisisting ebfeld @V, dal.dV, K,
H ke jge treated with vehicle showed about the
dane 10 of 0.045 g/cmat the end of the 12 week
study. The E28VVtreated wild type mce showed an

o arvat ¢ b R TR 1 Yheindnd stihomaaaton dupLe

vAelRIIB polapeptildB seletted bmahegidup bf drhido BAGYERLIsipe ot A 0w
% ntial treatnments of frailty, osteoporesis, and

B XIPEE i h aging. 15 The present invention is not to
be limted in scope by the specific enbodinents

descri bed_herein, which are intended as sing

i 1| uSt r at FRFIRIOtH ofiflain; i ivhereindhe substitytion ﬁePOSlfﬂﬁv ahef Ba,
vABﬁ’LIfBJ %;béﬁﬂaé issée@@tea FréJnQHé 238} BPARIng A8 dS UIRRARNLFA Afe

hin_the scope of the invention. Indeed, various
aW%HlPﬁ%atlons of the invention, in addition to those
shown and descri bed herein wil | beconme apparent to

those skilled in the art fromthe foregoing
7. The protein of claim 1 wherein the substitution at position 40 of the

vACctRIIB polypeptide is selected from the group of amino acids consisting of G, Q,
M, H, K and N for R.
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20 description and acconpanyi ng draw ngs. Such

nodi fications are intended to fall within the scope
we@booshe@i1eppended cl ai ms. 46 WO 2008/ 109167 PCT/US2008/003119

PCT/ US2008/ 003119 CLAIMS Wiat is clainmed is: 1. An

i sol ated protein conprising a variant activin JIB

receptor polypeptide (VACtRIIB) wherein said

poI ypepti de conprises the polypeptide sequence of SEQ

p?gtg A (Q ?anOSI etra gbgtl(t)lgtlo% at b8 &Jlo% Zgﬂ&ﬂﬁe

aC| d subs tut| on 'a
v RTE pplmtlp@isysplemd tremi the grapp bt #nind ahdmbmgtmg of A, G,

?’iﬁﬁ ctyvin A, or GDF 11. 2. An isolated

dp%@ [ artdo Vi 5ing a variant activin IIB receptor

pol ypeptide (vActRIIB) wherein said poI ypepti de

conpy.i ses_t he pol i de sequence SEQ I.D NO or
18 except lrf’owm@rrﬁép iy r%‘ﬁ'&ﬁr%ieullf sgh%sﬂtrwf Peﬁa%or&% of e
vRGRIIE AilygPtidd R scle@sd frbRNhé Brous Bflantine %&H@c&n@ﬁtm% of A, F, Q,
\})ol ypept I de [ s ca abl e of brnding nyostatin i vin

@ s s

L, &K, H, W r Brepd &er'fu'éﬁ“t‘éloa|ahpoflthmﬂé)rléf5%ecttq¢eff0m
Sl m;ﬂlp@a@as AQC@I M 28 aRd ﬁffblea VACtRI | B

po ypeptide i s sel ected fromthe group consisting of
AFQVI,LMK HWandeorE4The

protein j \ t

posi ? (:) onoiz-léé:l&r e[Hno?f da\ﬂg %ﬁ@hhﬁsﬁﬂ&ﬁ%ﬂo&% F&n%e 2e8c:(fft%e
vACRIB palygpptidpisdbisi Bt i ng of A F Q V, I, L M K
H Wand Y for E. 5. The protein of clalml wher ei n
the substitution at position 28 of the VActRIIB

pol ypept i Thee Iirﬁteﬁﬁdfemlmdz Wiied¢in tl’feesugstmutbn&i Pt BAGKI RS

BB 0 TnBire 0 o557 B ponl 46 oo

t he vAct RI 1 B pol ypeptl de | s sel ected fromthe group
of am no acids consisting W and Y for E. 7. The
prot &-n ofheraiein of %eP%?fEFl%IWé 1§%nsggh Hyphsrsingthe vACtRIIB

pBI9Bptide hekOthe IN-TehRinalVdiglaRldgBerRe! Ypeptide is selected

fromthe group of am no acids consisting of G Q M
H Kand Nfor R 47 W 2008/ 109167 PCT/ US2008/ 003119

8. The profs&ir ef o&h?bﬁ% i?rfeﬁiﬁrsqltﬁ}oh h@%@k&& ﬁﬂk ws&@%aha

position 40 o evActR B pol ypept I's selecte
pélypenptide tacky e V- @fmmni aeul sagriatisequenvsiasd thegnatidire N-te@ninal 4 or

6 amino acids.

14. The protein of claim 12 wherein the vActRIIB polypeptide is fused to

at least one heterologous polypeptide.

15. The protein of claim 13, wherein the vActRIIB polypeptide is fused to

at least one heterologous polypeptide.

16.  The protein of claim 14 wherein the heterologous polypeptide is a

human Fc domain.

17.  The protein of claim 15, wherein the heterologous polypeptide is a
human Fc domain.
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Q M H Kand Nfor R 9. The protein of claim?2
wherein the substitution at position 28 of the

WO 2eBMRI9187 pol ypeptide is sel ected fromthe groR@Er/v§2008/003119
amno acids consisting of A F, Q V, I, L, M K H,
Wand Y for E and the substitution at position 40 is
selected from the group of amno acids A G Q M H,
K and N for R 10. The protein of claim1 wherein the

subst it ut I

nol ygg ot i gﬂé?r@{enp?lséle{lfn?l% %ﬁer%{? tﬁ@?olkfﬁ/eﬁﬁ&%s Sgle%\te(%n fr%m the

gudvprcengistingef SEQYID WGt 6G 1024, p&%}t amgh7228 of the

VACt RI I B pol ypeptide is A for E and the substitution

at position 40 is Afor R 12. The protein of any one

of clifi nmsTHe protetrugfitldith, 1 Wiviereinrthé petypepdddisisBected from the
Iype tide e signal sequence. 13.

BP%Tt‘éllgr?fgfa’&@yﬁgn%l Jc{nﬁﬁ“ﬂ% 1 through 11, wherein
the VACtRII B pol ypeptide |acks the N-term naI aci d
Si gnal sequence and the mature N-termnal 4

am néVaci 48 isojated Wﬂ@‘r‘p‘ioﬁpé’iswg@fV‘At?F%IF%PQIZP%@F’e‘Yl?‘Fr?‘H the

Eﬁdle% &%Iciéﬁffﬂ)txﬂ ge gtsuplot ?gﬁp%ﬁldeéﬁavtr%qﬁé sé@lﬁ@nces SE(% ID
h er ol ogous E&tlde groteln claim
R

Nipiehs 6i & 10n2, \ch 28014/ BEAS, 48 32534, 36638, 40 42a84,146a32
5QN&s @gt&r 84 %ggyig@o}zypﬁ%l gip 931@5 arld§y protein of claim

14 Wwheref n’t he t'er ol ogolis ’pol ypeptide is a human Fc
domain. 17. The protein of claim 15, wherein the

20067 y001 87 5Bl RE R Bt eBue PRBHA 1 PR fhogt® ™

seleaedifrdif thegreneeansisting @bl ypeptide is sel ected fromthe
64, 68,

0 OBy R igisle e e B ses ortt s gonsistng o YL

Ich(yrIEIBU @en smgﬂ &ggﬁdzz l(rjzsg%*i e, 3]92%:% mlorstsl aglt l43,goE5951
an . | SOl at e rotelrn

SE R O I 4560 By TIR0% 96 1 a's CIBIFBIR. EHG

pol yggpzt ir)]&i?ndcﬁeoﬁﬁé &b & fallrpempEN%@ie%ﬂHQ t}ﬁfanml é/dP@Eth%%s

havi n e sequences SE

Siteforﬂzelt © group gonsEEing 2@31?@6131‘@(2 4, §43 1@612 8, 164é0 2@224 26,

2%430 é@ 34526 385zf0 45544 86, 52‘3?4 5@460 @@ 6456, 6§070 %2, 878§’8 91,

5, "and 97. | Sol’at ed ‘nucl éi ¢ acrd
9&0959@4%7 corrprl sing a poI ynucl eotide selected from
the group consisting of: (a) a pol ynucl eoti de havi ng
sequence set forth in the group consisting of SEQ
22. The nucleic acid molecule of claim 21, wherein the polynucleotide is

operably linked to a transcriptional or translational regulatory sequence.

23.  The nucleic acid molecule of claim 22 wherein the transcriptional or

translational sequence comprises a transcriptional promoter or enhancer.

24. A recombinant vector that directs the expression of the nucleic acid

molecule of claim 21.

25. A host cell genetically engineered to express the nucleic acid molecule

of claim 21.
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IDNO 3, 5 7, 9, 11, 13, 15, 19, 21, 23, 25, 27, 29,
31, 33, 35, 37, 39, 41, 43, 45, 51, 53, 55, 59, 61,
wW@3088a1667, 69, 71, 92, 94, and 96 or its conpiEDOE2008/003119
and (b) a polynucl eoti de encodi ng a pol ypepti de havi ng
the am no acid sequences set forth in the group
consisting of SEQID NO 4, 6, 8, 10, 12, 14, 16, 20,
22, 26. 2&he hgaBeell3d cladR 253wher8i@ thed®st opdl is 4 ppamauialiay gell.
52, 54, 56, 60, 62, 64, 66, 68, 70, 72, 87, 88, 91,
93, 95, and 97. 22. The nucleic acid nolecule of claim
21, @Qher eArhottivell geheyinalbt engineaed teprodyentiabprytein efiobdmt2g.
a transcriptional or translational regulatory
sequence. 23. The nucleic acid nol ecul e of claim 22
wher gg.n t h&ndthc&ﬂﬁ’cph:bd@lti:n@@&:ActRIIB boBp&dtidt ic@rﬂpﬁsiﬁg,eﬂﬂglgﬁg
cqQnpri se .transcriptjonal propoter or enhancer, .
tg HoRkssar Az 20 Sedosondiamsarmeie KPRESE IR pratein and
rdcBferieah@protepei d  nol ecul e of claim21. 25. A host
cell genetically engineered to express the nucleic
acid nolecule of claim?2l. 49 WO 2008/ 109167

PCT/ k52008 : : : f [

wner ot RppaiathtictompaSial Sbmfifine &1 qRbAl Thiding of he
pred¢in ofyelaiet 2@ ml ddgnixtnigi withes pltbrmarepticatly eeceptablepagiesi n of
claim20. 28. A nethod of producing a VAcCtRI B

pol ypepti de conprising culturing the host cell of-
cl ai 89.27 Amakehodoafnahibitiog suypstatimodctingy exqpsubiest immeed ofi sneh

rotein, and recovering.the prateip. .29. A
ol Rt Qe e O RS bR S Tyt et e o e
canpasitionasf claiva 29 ps degubje@l claim 20 in admi xture with a
pharmaceutically acceptable carrier. 30. A nethod of

i nhibiting nyostatin activity in a subject in need of

such31.t r eAtrieRdd STQRGREAs Mg NEhnIANECRInSds8 [l dhbfect in need of such
therapeutically effective anmount_ of the conposition

Ut EROmPaSing GUm U Eing aBerapesically efetivsaneunt octhe asi ng
cbBRGItIBASITIcRIMBS o IR sfbjsdbj ect in need of such
treatnment conprising admnistering a therapeutically
effective amount of the conposition of claim29 to
the gubj e{itmetl’l)b%' offth {ﬁ%fiiheoxfat% ngemluage ﬁl@% tg?:}t"ﬁ)a Qlfbﬁect
lean nmuscle mass to fat~in a subject In need of ' Slic
irt pegd ofrsush treatment einmyisegradmis stenngwtherap igicaleeffdcted drgount

ofibk Phs o B0 oo ol HFe B RE Wb T oating o

muscl e-wasti ng di sease or disorder in a subject in
need,pf sych treatnment co ising admnistering a .
ther%&%eut Oxthgd ogfrfe%t&rﬁ 3 Leﬁﬁ'ﬁs(t'%ggfse"l‘sﬁé’r éﬁﬁ‘ﬁlﬁ’g‘intai sypject
irdeed basuth 2Qath@nt dunpfishig@@ininistering a therapeutically effective amount

of the composition of claim 29 to the subject.

34, The method of claim 33, wherein the muscle-wasting disease is cancer
cachexia.
35. The method of claim 33, wherein the muscle-wasting disease or

disorder is selected from muscular dystrophy, amyotrophic lateral sclerosis,
congestive obstructive pulmonary disease, chronic heart failure, cancer cachexia,

AIDS, renal failure, uremia, rheumatoid arthritis, age-related sarcopenia, organ
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34. The nmethod of claim33, wherein the nuscl e-wasting

di sease i s cancer cachexia. 35. The nethod of claim
wW@3osmbmlsei N t he nmuscl e-wasting di sease or  di BOF/U82008/603119

sel ected from nuscul ar dystrophy, anyotrophic |atera

sclerosis, congestive obstructive pul nonary di sease,

chronic heart failure, cancer cachexia, AIDS, rena

afrettiyusaspal tunaei syndiomsusndragicd deprivatipn, by iajgléy idigbgteacind

S PR L S i Sl R S

agugprﬂﬁmmy¢udmabsgesuyand muscl e-wasti ng due to

prol onged bed rest, spinal chord injury, stroke, bone

fracture, aging or exposure to mcro-gravity. 36. A
rret hael of Atnieldd ofgreatinged mbxabdﬂtz: disoBdur thed subfecainsiebil 6Cduch
i n need of. suc treatne conp adm nistering a

r

e O 1S B ARURE S AL SRBRRERE | on
cOhp&sittinBf¢Rirh Q9 tdihesiect . 37. The nethod of claim
36, wherein the netabolic disorder is selected from
di abetes, obesity, hyperglycem a, and bone | oss. 38.
The gpt hoﬂh@&et%@bmlﬁﬁl Mwh@fem thO ReMBbALAsdrierdd SRS
i's bone | oss. of treating a disease in
figin digbetast obesity, nhgpqyglefiacr@ﬁma@évge@losm a subject in need
of such treatnent conprising adm nistering a
therapeutically effective anount of the conposition
of cB&i m Pke methodef daby Hcwherd thethetabrdic ldomdrdet istoae nss.
39, wherein the disease is cancer. 41. The nethod of
claim40, wherein the disease is testicular or ovarian
cancgg.. 42 methaibifhedtingfa dhs@aé mn)gndﬁaﬂtieimi ia oizei-eapmﬂehexca

need of .such treatnent. ri.si n1n|ste an
SUDFEb i 1558 OSSR o] OSSO PP s dffechee
amont®E the cdmpositién SRAAIMDR 0D ti6d sabjeetd2, wherein the
cachexia results fromcancer, diabetic nephropathy,
burn injuries, renal failure, and rheunmatoid
art hgg t i SThélflethbd BEIBRMBDIhERIGE BledsOR Bhde Of a
tunor mass in a subject in need of such treatnent
conprising adm nistering an effective anmount of the
conpgsi ti
008 001 o Betro FRBUT A, MhckieURkEE Is octhullbrovarion
cager.wherein the tunor nmass is resulting from
testicular or ovarian cancer.

42. A method of treating cachexia in a subject in need of such treatment
comprising administering an effective amount of the composition of claim 29 to the

subject.

43, The method of claim 42, wherein the cachexia results from cancer,

diabetic nephropathy, burn injuries, renal failure, and rheumatoid arthritis.
44. A method of reducing the size of a tumor mass in a subject in need of

such treatment comprising administering an effective amount of the composition of

claim 29 to the subject.

51



46. A nethod of treating a nuscle wasting disorder in

a subject in need of such a treatnent conprising
w@eiwsnoEsEri ng the vector of claim?24 to the seP}/E81008/003119

wherein the vector is capable of directing expression

of VACtRIIB pol ypeptides in the subject. 47. The

met hod of claim46, wherein the vector is an AAV

vect 6%.. Bl method of claim 44, wherein the tumor mass is resulting from

testicular or ovarian cancer.

46. A method of treating a muscle wasting disorder in a subject in need of
such a treatment comprising administering the vector of claim 24 to the subject,

wherein the vector is capable of directing expression of vVActRIIB polypeptides in the
subject.

47, The method of claim 46, wherein the vector is an AAV vector.

52



