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Fractures and other structural disruptions of bone are healed through a

30 process that, at least superficially, resembles the sequence of developmental events

of osteogenesis, including the formation of cartilaginous tissue and subsequent
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referred to as "catabolic agents") (e.g.,

bi sphosphonat es) or anabolic agents (e.g.,
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Figure 4 shows the effects of ActRIIa-hFc (diamonds) and ActRIa-mFc
20  (squares) on GDF-8 signaling in the A-204 Reporter Gene Assay. Both proteins
exhibited substantial inhibition of GDF-8 mediated signaling at picomolar
concentrations. _ .

Figure 5 shows the effects of three different preparations of ActRIIa-hFc on
GDF-11 signaling in the A-204 Reporter Gene Assay. '
25 Figure 6 shows examples of DEXA images of control- and ActRIia-mFc-

treated BALB/c mice, before (top panels) and after (bottom panels) the 12-week
treatment period. Paler shading indicates increased bone density.

Figure 7 shows a quantification of the effects of ActRIla-mFc on bone
mineral density in BALB/c mice over the 12-week period. Treatments were control




Figure 7 shows a quantification of the effects of
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Figure 12 shows the results of pQCT analysis of bone density in

20  ovariectomized mice over 12 weeks of treatment. Treatments were control (PBS;
pale barg) or ActRIla-mFc (dark bars). y-axis: mg/ccm
Figure 13 depicts the results of pQCT analysis of bone density in sham
operated miq; over 12 weeks of freatment. Treatments were control (PBS; pale
bars) or ActRITa-mFc (dark bars). y-axis; mg/cem
25 Figures 14A and 14B show whole body DEXA analysis after 12 weeks of
treatment (A) and ex vivo analysis of femurs (B). Light areas depict areas of high
bone density.
Figure 15 shows ex vivo pQCT analysis of the femoral midshaft after twelve
weeks of treatment. Treatments were vehicle control (PBS, dark bars) and ActRIIa-
30 mPFc (pale bars). The four bars to the left show total bone density while the four bars
to the right show cortical bone density. The first pair of bars in each set of four bars
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distal fenmur. Figure 21 shows the effects of
Actrlla-nFc on cortical bone. Figure 22 shows the
effects of Actrila-rnFc on the nmechanical strength of
bone. 25Figure 23 shows the effects of different doses
of ActRlia-nfFc on bone characteristics at three
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Schuelke et al., N Engl ¥ Med 2004, 350:2682-8.

20 Activins are dimeric polypeptide growth factors that belong to the TGF-beta
superfamily. There are three principle activin forms (A, B, and AB) that are
homo/heterodimers of two closely related B subunits (PAPa, PePs, and PaBs). The
human genome also encodes an activin C and an activin E, which are primarily
expressed in the liver. In the TGF-beta superfamily, activins are unique and

25  multifonctional factors that can stimulate hormone production in ovarian and
placental cells, support neuronal cell survival, influence cell-cycle progress
positively or negatively depending on cell type, and induce mesodermal
differentiation at least in amphibian embryos (DePaolo et al., 1991, Proc Soc Ep
Biol Med. 198:500-512; Dyson et al., 1997, Curr Biol. 7:81-84; Woodruff, 1998,

30  Biochem Pharmacol, 55:953-963). Moreover, erythroid differentiation factor (EDF)
isolated from the stimulated human monocytic leukemic cells was found to be
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Genet. 1997, 17(1):71-4. Furthernore, in humans,
inactive alleles of GDF8 are associated with increased
nmuscl e mass and, reportedly, exceptional strength.
Schuel ke et al., N Enel J. Med 2004, 350:2682-8.
20Activins are dineric pol ypeptide gromﬁh factors that
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LT T

B o] 1S POSI S and pone
gro&ﬂﬂﬂd@n@m&ymmhabmmbweFqémuunﬂhwmmﬁMMnEmﬂmwéwmmﬂ
desgbibievithe o, n%%&ﬁﬂy lebbeliRI1y Holth Vinders that
predi mans, and therefore }hIS

f ff
di s@P%é‘IEF\r/tg’eo (o aéé@%hﬁfpﬁ Lestivip goentor) a7 tyme {IFf £-2 solub

type II activin receptor) binding sites, respectively, may be linked together to create
30 abifunctional binding molecule. Nucleic acid aptamers, small molecules and other

agents that inhibit the activin-ActRIla signaling axis. Various proteins have activin-

ActRITa antagonist activity, including inhibin (i.e., mh1bm alpha subunit), although
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pol ypepti des and ot her activin-ActRI|la antagonists to
pronote bone growth and i ncrease bone density in
humans. Acfivi n- Act RUa ant agoni sts include, for
exanpl e, activin-binding sol uble Act RUs pol ypepti des,
anti bodies that bind to activin 20 (particularly the
activi.n A or B suhunits, alsq refeti ed to.as PA or
i oo S5t ey RepeP R S e s8R e b o
t O fAitittiRinl288 amifollibtstin 1), Garbérns, FSRFemdilinggctinio @, aptta(2pody

o, DB bR cRalil Beine Bl g3 104 635"

m@mmsm% Geneslly2 0 B@pive S80S of activiel Paicwab bRl 46
§ Or iR nahe exwﬁo@iﬂa{n dotSaid b{ﬁams»gﬁx ?eéepﬁdyand

de3|]cgn and selection of ne),. random zed Re, es
o o) B 0 0T ACHYE FAraFP POBPle AR i GBS ?Pa fi xed
to IﬂlnlelEacwbom 5. anfisatse chofebrdeseaiRN AN @ Hibozymed that irddUitactivin

t
esp’g’cﬂl ?%E% FF?I&%II Qﬁﬁé?é m%PocE&h%gacﬁﬁﬁ'Ax ¥
(e. agtagor@sms oPrgfstablyt t}lp@cnrm@@tﬁlkmawam%bwsyd aﬂ&xtn?!pe I
14 - Slectiviy P intiiblifRg hoRR-rhediaR i VeRGE B memBérd 68

SI t es res ﬁ%ﬂn&%%ﬂlrﬁﬁn stﬂﬁggbgf{: éggﬁb%r eate

a ptmmlﬁspmmdd bimdab e@ivinem‘md, tint wildlrtypgpeondiss ddol adt exhibit

pr[agtl Eegve é’c‘%{ aﬁ% an ag Ongllfsl%J aé’l{".ﬁﬁ :ésﬂ ous

i ncqxa@im'rgts m'rsbthﬁtml:retem dpwwmwr!alﬂwﬁ BEfetisiop bove,
18 tMu%aﬁ@ﬁbMWgﬁm' UBW &R, hh&réi%ﬁﬁ@ﬂAétRHb
act1 Vi I N t1ssues

2 vl Bt s b Bens e Byt Sl o082,
endepy 55-59 maarpomtechheﬁm B rpfueie2) and ﬂmwmgbimuiyl aqhxe*am an

it et BB RO Nafheft BRI 18 v BRIHP)
act foyacHyin BHWPWI vth|ayseqopth Qfé"’wsﬁlﬁcﬁfie EIP@%E %&eﬁ‘to ns in the

{J gg:p{ ors Et o + 'W%Ung’a‘ﬁﬁng%ngﬁﬁ%qvgla‘fe eﬁraoir err;JII ex,
t huseaaings in gneas, mtlmﬂlg@mngktﬁ thixduahientionaad inyhe spesificeprgext

aci Gfre rf,eagmtgﬂg,? . nh emd T &&Héssfbelo%d értei}lé%he&r inthe

ri bozy It activin

par PPaiifatien, {p proyide REH“@R‘@‘@S@F Emhe’ Rf%vﬁh%r %an the
act éonipbsityat fldl neectddd tﬂ'@mﬁt&n alif a6 ﬂlhi:é/and hb,ehem ’I'he

ctivin-ActRI| ? ant a%oq? gg be s ‘i:‘ﬂ(hl

23 o B X PESTESE BOART B TR ?zfpymrf’ i atsgﬁ> signal | ng
ver which the temm ispeadber s of the TG--beta fanmly, and
particularly with respect to GDF8 and GDFll Sol ubl e
Act REb pAbrE]and “geropimalyt shall gmprpllymean shacreptable degregpd g

t ypérop f@uﬁlqmndqe:mﬁd BB hdturs bipadcisica @ithe gfehserinknti. y

in n t 0, ac IVI ver sus [11 ry
ex pglfp ’éemg B’éyg &wst%g?orfnﬁ [ ﬁ:‘:z %e%‘g t’ fyf)v ftgﬁl de
30 hel¥a sind mote plefeeblysvithin JYoofe gived vaivior engd efalgesusi ng
substanti al nuscle growh. However, altered forns of
ActRIIb with different binding properties have been
identified (see, e.g., W 2006/012627, pp. 55-59,

i ncorporated herein by reference) and these proteins
may achi eve the desired effects on bone. Native or
altered Actifilb may be given added specificity for
activin by coupling with a second, activin-selective
bi ndi ng agent.



20The terms used in this specification generally have
their ordinary neanings in the art, within the context
of this invention and in the specific context where
each termis used. Certain terns are di scussed bel ow
or el sewhere in the specification, to provide

additio I mdanetothe Lac tione n de

the co gﬂﬁ“‘?’ﬂgf d’g °°{ @’ r?g%\’% i
to mme:dmatdly’tlmw héevaluchitat 4dwiiingeordar ofmeegnitulg, podferabhy
use_of: 3

cont Bl SEAPLITRI @R FRRE 24 (WL W RRBIE
' apfhesitiengival bpreingpeapproxjmpte priess gtatabetheryise, meaning thay the
§l€ OteRe-aBbured:AprdxRiatdly?Rar Bt rddwhBRst epRdsipinten) t he
nature or precision of the neasurenents. Typically,
exenpl alye seheds edthehvatisronaydtiochdestepsioficadipayiey sequeadcey 99 ,

pr e%a? &yméMcfﬁ{y vflldstQperQ %%nc@%%ngprrnﬁrpﬁmm @,Qué(ncw thin

5% a given ue’ or range

Al t eariggy); S@byommepnpﬁpwwpmsy aligampntyefpglyean seqppecebns,
t hee, eufsfﬁg blhlignRGH roa&a; Sl BERiths tha Yre FRARnOVAlIM S

B0 b GRS S %@%ﬁbf%? <30,

gi vekilled adisen caNeaily appadciacpuizen tin tucleiggments) where emummne

t th
SPPEAMAERS A ERDy B B0t B %W&%?ﬁ Rl Meﬁ
not mﬂﬁe&slbyemsa yadash, orfAA8) iphe Refamgersequense not

| NV eatainty thBNsektétCdr Uél@erbis. Of conparing sequences to
each other, including wld-type sequence to one or
Ifor e mutHohslogesstnal degrmmatialtfogns al spélligvapiations ofiss to

Y Piy AR o bloU AR rE TR sl o PR oy HANE) 65,

e.g,,. using sequence a nt prograns and
al gBFndingRroemsfrom puperfimilies kbusoF ppeties firanim, a pej} as

$ )ri al‘fﬁtﬂc;grﬁbﬁms froSdifleratd @beMEsQ‘Bd bighatbm.t Such mmﬁ(aﬁ@t&u
e s e artl n can readi t hat
suc? R 603 b Stages i tela 35 RRTe Bek MRt e
Zns srnilurmn whpthetd s per¢chiddentitype brctbe prieseueeroE specifig | |

i nt mﬁggr&hfg&gco&gﬁ@lpg%gng represented by a dash, or
"A") in the polyner sequence not containing the

i nsert edhafenﬁiedeque@& sinfiRatile1@n aullﬁ gdaimhagm reférsto &el
|ts?q$re% a forns andbetsvp {1gvrlezl:\n[tnloargﬁd ru%nce

fl ?ﬂeﬁp%‘ Ween °f“vv'6“°° SHEPHE™MPN f SSESs
a Mmaymrmmnshammmnm@lmonmqrm ud| ng pr ot ei ns
fromsuperfamlies in the sarregﬁ&am es of orgam sm as

el | as HeSRFEAYEATERSsAE Addn fop iapRlisption el i es of
Or g Hivk®logouSy! herpiadifddiwith Ga idverblgdhias SO Mgy refecbei ¢

2 | Qeg?xenceas‘{lﬁu&%%nﬁ 0G5 o KT ok e 16 colmBton SVduRndY ortghe! !
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20 simlarity, whether in terns of percent identity or
by the presence of specific residues or notifs and
conserved positions. The term "sequence
simlarity,” in all its granmatical fornms, refers to
the degree of identity or correspondence between

nugl ei c id,or amino acid sequences that may or may

not™ sh#‘%ﬁ—%@m%%—sevol utionary origin. 25However, in
commn {iSaes "R’gﬁﬁa ]%@,pe tagr m
" honol o%ous %ts’tﬂer%%g‘}tl e ik ﬁ%%%ﬁ@% u%tﬁ%as

" hivgidihprein, the jprm SAGRIF ’@@%H’G@%‘b’ ofpstivingpeeptys Rtdi mmy or
rraxAmha)rpe&taﬁﬁ&@ang g&m& v Ydrived @dry sueh KEHRITa proteins

2. ActRlia Polv ertaln aspect
< IR eyt ReBR R PAIR RO B Sk,
us ebe alneferaricato dnjn enetof theciirAstyRiléntilied fofmer McmberaommtEHﬂ)f

<l REE0S Ml FoliC il T SR Bt o 2

pr crEcplinias d@ymmﬂag@fﬁfew@clwgl@b A @inhmeélawﬁl&ﬁn a

Ref@topRifc benAEHiBl fratidiisqina/tirsoniB Binkss baRfly.t 0 be a
reference to any one of the currently identified

16 or ns. mtm@mmmmmdmmm@s eongpeiiag ayl y

t
e:(t rac ePJP re E&%FMQ%’? cyst léﬁeéﬂ’rcll‘ %:S%@pg%imﬁ%ﬁg
t r dheseabf mmﬁrﬁgﬁnﬁ%ﬂw%fymw 4R8P 4 ¢ 1

pr a%ﬁtaasbfﬁaeﬁv&sel RdR R0 1en@ctm1 a;tasstmamwolyﬁee&dee

t RI
corfB %wgwhw%m%@? g BB Byt
15\0 t 9004 identicaltd the stgurberof asAcmlId pommmdgs apdprefombly attléast e of
bl i ,
é,'e&?./“ 2%%%3?"#%’“’#%?”&3 BRIy Fol S, on AR polypeptde
Forofdedmisntion mexbizd to s {pBids fheé'&“‘?“rf’é' F‘%ﬁ%?’?‘ﬁ’@ﬁ‘?‘f es
derdciasl FrefoRbl @ AFIAPBEFepide pidiyotds HOM Erdwah addibore havi ng

a se e at. | east 5 0.1 | cal he
A Sl Aot m%fﬂ%%my at
20 easecusﬁ%oly@mbie GEQIDIN) B9 $olahie lgm@at‘se gelyreptidgs  For
ex @gN&If}E ARhypeptide of the invention may
i nd to and 1nhibit thé function of an ActR la protein

and/ Or TBé huvial AciRIR pREBIDRE protemeqhendRls aa fyllowy pept i de
pronotes bone grow h and bone mneralization. Exanples
of Act RMEARMIAFAEREI SYSSCAHARSHEQBAHTENANENRRTA 20

recur s 8F g’PW@C SPADNISCRES L Gﬁ‘PFd’D§HF’E|bI e human
2xctil || BR PRETCEEEgRC ’ﬁ 7 and
12). Th&T LRV St __51' §§ ence is
as foll jili iy
] s GMKHENILQFIGAEKRG‘I‘S
SSGAI L F E KNV SHNELCHIAETMARGLA

30 YLHEDIPGLKDGHKPAISHRDIKSKNVLLKNNLTACIADFGLA
LKFEAGKSAGDTHGQVGTRRYMAPEVLEGAINFQRDAFLRIDM
YAMGLVLWELASRCTAADGPVDEYMLPFEEEIGQHPSLEDMQRE
VVVHKKKRPVLRDYWQKHAGMAMLCETIEECWDHDAEARLSAG
CVGERITQMORLTNIITTEDIVIVVIMVTNVDFPPKESSL

35 (SEQ ID NO: 1)
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QTGVEPCYGDI M CRRHCFATW CNI SGSI El VI CQGCHLDDI NCT 25
DRTDCVEKEDSPEMCCCEGNMCNEKESTFPEVEVTOPTSNP

VTPKPPYYNI LLY SLVPLM. | AG VI CAFWYRHHKVAYP PVL
VPTQDPGP PP P S PLLGLKPLQLLEVKARGRFGOWKAQLLNEY

VAVKI FPI QDKQSWONEYEVYSLPGVKHENI LQFI GAEKRGTS

VDVDLWL.| TAFHEKGSLS DFLKANVVSWNELCHI AETMARGLA 30 YLHEDI

E%M%W%%m&w et bld

YAMEL te wRenBRETiniebelyy s tion sits pe dadud

VVWHKKKRPVLRD HAGVAM.CE T| EE L SAG

CVGERI TMWW% Wﬁggﬁﬁ%@%ﬁ o

NO is d9 follows: The signal peptide is single underli ned,
the extracellular domain is in bold and the potenti al
N-I i nkedLngymeﬂE@mé’@T‘éW@Cé@DWWﬁ | i ned.
The hunﬁﬁNm%EﬁﬁKWBBq’@c@@%W@&{PﬁWJ ‘gﬁocessed
pol ypepENYEeNEFFGYE

| LGRSETQECLFFNANVEKDRTNQT GVEPCYGDKDKRRHCFAT

S R R T

C- t equenceavith thelftdil” ddetcdanélémmea@eéislaafoﬁpwmrmu nis

e | | e TS S eenee MGG b Bbkaralhe °0 (2 16

| L GRSET @&k S¢EAVEGERT.MNOIMEYEROYGRIKBERFIGEATCE -
VKNI SGSI_El VI KDSPEVYFCCCE
GNMCNEKFESYE ﬁ“&ég@l N@‘ﬁ?ﬁ%ﬁe nucl ei.c acid

§eque”0%§ E@Qeﬁ%ﬂfgﬂu&% ﬂétﬁﬁﬂg)a&&sopﬁr@&ﬁhﬁsl s

uc eot es 164 05 _of nk entry NM
o 1@)113ys(nuc eotndes 164-1705 of Genbank entry NM_0

e T
CAGGT CAGGTGCTATACTTGGTAGATCAGAAACTJE%&%E%%%%%%¥§EEI;;£ga;rTﬁvxTC;:

TRATTGGGAAAARGACAGRACCARTCARACTGGTGTTGAACCGTGTTATGGT

20 GACAMAGATAAACGGCGGCATTGTTTTGCTACCTGGRAGAATATTTCIGETT
CCATTGAAATAGTGARACAAGGTTGT TGGCTGGATGATATCAACTGCTATGR
CAGGACTGATTGTGTAGARAAARAAGACAGCCCTGARGTATATITTITGTIGC
TGTGAGEGCAATATGTGTARTGAARAGT TTTCT TATT ' TCCAGAGATGGARG
TCACACAGCCCACTTCARATCCAGT TACACCTAAGCCACCCTATTACARCAT

25 CCTGCTCTATTCCTTGGTGCCACTTATGI TAAT TGCGGGGATTGTCATTITGT
GCATTTTGGEGTGTACAGGCATCACRAGATGGCCTACCCTCCIGTACTTGTTC
CRACTCAAGACCCAGGACCACCCCCACCTTCTCCATTACTAGGGTTGRAACC
ACTGCAGTTATTAGAAGTGAAACCAAGGGGAAGATTTGGTTGTGTCTGGARA
GCCCAGTTGCTTAACGAATATGTGGCTGTCAAAATATT TCCARTACAGGACA

30 ARCAGTCATGGCARRATGAATACGARGTCTACAGETTGCCTGGAATGARGCA
TGAGAACATATTACAGTTCATTGGTGCAGARARACGRGGCACCAGTGTTGAT
GTGEATCTTTGECTCATCACAGCATTICATGAARRAGGGTTCACTATCAGACT
TTCTTAAGGCTAATGTGETCTCTTGGARTGRACTGTGTCATATTGCAGRAAC
CATGGCTAGAGGATTGGCATATT TACATGAGGATATACCTGGCCTAARAGAT

35 GGCCACAAACCTGCCATATCTCACAGGGACATCAAMAGTARAARATGTGCTGT
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TAATTGCCGAVWAGACAGAACCAATCAAACTGGTGTTGAACCGTGT TATGGT 26
GACAAAGATAAACGECGEECATTGT TTTGCTACCTGGAAGAATATTTCTGGT T
CCATTGAAATAGT GAAACAAGGT TGT TGECTGGATGATATCAACTGCTATGA
CAGGACTGATTGT GTAGAAAAAAAAGACAGCCCTGAAGTATATTTTTGITGC

TGTGAGGGCAATATGTGTAATGAAAAGT TTTCTTATTTTCCAGAGATGGAAG

TCACACA%%AAACT TCAAATCCAGT TACACCTAAGCCACCCTATTAC. AACAT
o5 CAACCTGRCAGCTTGCATTGCTGACTTTGGGTTGGCCT TARAATT

GCATTTT@@T@FA@A@S@M@@WMW@ACTTGTTC
CAACT CAAGHGRBAGGABTABBCOGREET T RTEATCEAGEABEEE TGAAACC
ACTGCAG?MHA&%M@&%@M&IHME&I CTCGAAA
ACAGT A AT A e n M T G

MCAGTW anvey
TGAGAACA W@%ﬁ‘eﬁeﬂ
GTGGATCTIPAEETER
TTCTTAAE@E#%%H@W@%W@F” L ; '
IMTmmmmmaﬁmmfmm@xMM@T '
35 00N G H AT A G AN CEEAATEMAGT AT GTCCTGT
TGAAAAACAACCT GACAGCT TGCAT TGCTGACTTT TAAAATT

TGAGGCT GROAREEGHbsAHc e T G CARIET sb
TA%}%EW AT TAGAGGGT GCTATAAACT TCCAAAGGGATGCAT

_ ATGCCATGGGATTAGT CCTATGGGAACTGGCTTC
5 TCCCT SlMeBorakikeACh A Ichtdad T AP oML ACAREIEECCATTTGAG

155ACCAAAT A AR AT et A CAAT R AGRAGE] GTTGTCC
GGAAT

GGCAATG%%E‘%ﬁ&waéiE ég;%%%ﬁ%&c
AGGTTAT A ST A A R AT F AT BRI ABAGACT AA
10 CAAAT AT P AT T R R A S A A S A P TR AR E AT T PR ST ERCRGET GGT GACAAA
TGTTGACT TS TERERANGARNT CIAGTCRARBATCSREGICAOBIK) : 4)

20he nuckeiacriemixdcaefeRenreRead @BQaDMNOYBN Actl Cla
soluble (extracellular) pol ypeptide is as foll ows:

Al SHEHIAES O 3oTbM AERITAAT TCCG

1 5 l d 173
Ampéé% ErAcdseatbed hereiz. e tom é&%&d&*ﬁ%‘lﬁ%ﬂ?\mm
T mem@mwwwm

ATW@JW%E&TWM%

TT GAAGTATATTTTIGIT GGG
Hoad AR AR e b ol i ey sl nCacac
20 CrimtTHRTzf ARG TG CEEM A @@ﬁd@ﬁﬁ@mms)san

I N RtiGRekiihE & " ly
sol ub] Act Ea poﬁgg%gtlgg%bﬁﬂg esc#%@g%th?elﬁL&%he

t erff referably ag activipchinding AGRMef er s t o
polppb@ﬂitlﬂdwﬂl bl fdtisin A with a&ﬂslsdioaﬁieﬂl baaktadt oflDEMbNledf an

OAC tlBLfn@ ?cf?cg&ﬁ&h&s otT]pquaxS ﬁer a f &“ﬁﬁiﬁa lgt%s%‘?ded below. The

i

yg p as_use
€ Ihutar domain of an ActRIIa protein binds to activin and is generally soluble,

and thus can be termed a soluble, activin-binding ActRIIa polypeptide. Examples of
soluble, activin-binding ActRTIa polypeptides include the soluble polypeptide
illustrated in SEQ ID NOs: 2, 3, 7, 12 and 13. SEQ ID NO:7 is referred to as
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25 naturally occurring extracellular domain of an
ActRila protein as well as any variants thereof
(including nutants, fragnents and pepti dom nmetic
forms). An activin-binding ActR Ia pol ypeptide is one
t hat retalns the ability to bind to activin,

22{‘%‘;\"/@# | ngt I V%%If@@brd@% gﬁﬁpﬁa egéx’n S b ﬁs\éoffogu%le,

ac tmmbmmmmsm camprisa a cigad teqmnmh addmm’ltfdhe

| eSS tracafliiA Hrien &%%ﬁ&ﬂg&&g@ga g&?g
precursor pr oteln Is e extrace | ul ar
d o rkeadsr seruensp (SEQ IR NQ: &)y thertisyup plamﬁas,enpawafet (TFANeadat) i s

e Itr(sn@hi» Mosgloab.l: Qative AGIRIRA lb;édeEGSEQtIB N régﬁ thl@A&RiI?lEi?oe
acti ampl es o
solpﬂg'Feé’ (?alﬂ @?\mmﬁﬁf%c%% p@"‘ﬂ?ﬁ"?pep??des i ncl ude

th |

51> Akl AT U R, 50 b 2
Ac tsme?nalgmﬂafpepa#ﬁa rqegmpipangly praduged finm the porieppopdieg fragmemsiobs
a hmua&amh &fodihg mmaqmﬁ@haev tNadaitiof]i fagm &N oluzbel la

l‘f r‘,‘,ﬁll(gl(i}@_%co rlswal b 33 uenc |n addl gPto

e X :Mq;mﬂqld folié pﬁawﬁy(odm&-mtﬂemistm The ﬁdgnen%qmlﬁrpmluéesEQ
I eagglr 5 éﬁ J}%Y ~ﬁ%&?g§ﬂh ggé{r%%\t%ﬁg/ég&%%f § %E@e ader
it %quw aA@EGRlSF émhh@rﬁb of 4q5R¥a prefein or

| I Is@mrng&eataﬂwb,&%@nhD NG 13 uses a TPA | eader.
Functional ly active fragnents of ActRIla pol ypeptides
Itan be Bisttinalfrhctine vedmtof AcBIppdlypegtjdes e be obtained by

re %Qﬂétiﬁ ;a.l-&(s dt an?ig&ggucl:%’g@mstr&%mgﬁ %E@I:l ﬂ‘gmftﬂeag ment

of the nuclelc a ng an eptlde
| n AURPYTIHA mutaEHinse - The

Synﬁh@&lcareﬁl deSdneed ah@féhteul & nqweﬁlfjxmesmmt &ntﬁhﬁuﬂakiaﬁé.g@B RistalS
conyvy | e S 0C

C B Pk blaerSeflng SRS atrivi fn

2Q r evbpdinern e FupctinallygriaheiticdwtRBynlybeptids pormprites sesmind t 0

| deRidlsdohedc B56s RIALI 7% idehti AAT B xSin &?Jsegﬁﬂce sHBGLd R as
ant&%omstséqnhlbltors) of Actltl rotein or -

3t eeriaip cages. thy fypetionslvagiant hagan pmipo &gl v e
V arsbquedcs aiiéast'8OMIRBS%, 0%, 9396 P1%,D8%, 8B olIO0BMaiGAED aby

scr |n onpeptldes
reco |n%n y°€§°‘é ucgrgmgggﬂs?ﬁg igorrespondl ng
241Ut agenf@a%nmwa}iﬂscm Bty ig tfdGhrhdnlrt 8¢ an
[

pol 1({Jle. E § vari an s can e proguced and tested
' ROPPREAGIORSCR BYTPASEHTS FRbARCInS Jiraneutia AffiGaRyr shpkility
(i Mlagbéxtvivoshelfiife AnkrEdidtamcezo Qb&blﬂtlﬁegl‘id@‘minl ving), nSach at ed

R ek BlG Rt R e S R b Rl o

ami oqepidgred @nmm@alqmthesawlﬂ-@amgmmmﬂbs to
30N MHIRA ARMIR pSSHLIERG Sanih 86 prodhcd, R nstance, by amino acid

substitution, deletion, or addition. For instance, it is reasonable to expect that an
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SEQ ID NGs: 2 or 3. In certain cases, the functional
variant has an am no acid sequence at |east 80% 85%
90% 95% 97A, 98% 99% or 100% i dentical to an am no
aci d sequence selected fromSEQ ID NGs: 2 or 3.
25Functional variants may be generat ed by nodifying

thes%'w e .de for such

purposes&glg&glﬁﬁaﬁa?l&%ne%r apeu't“’){“([?g E’Fﬂ:l Vw“ha

st agiptamety, atlreqgine witk a aripe Oshs;mﬂarlmplmtjofm ammo aithwitht 0

pr o} &&W]fmﬁ%@%ﬁﬂ@ﬁ&% 3 r&@ Ihg‘gamafor
en sel ecte tore ain acti

Act ac

ept] des
bi n @Wﬁve& the fradiinggnpigenieqComparaivge s of t he
fat mphd:eiryant@ﬁre ameummeamab kuwnaalfa:ﬁ@ramﬂa&ma ChaPéliefate d

Act | b

e Bk R LLRE PR SR B B e B St oy
ad dPalypeptide FRswlts inpsfiastions) himoldgsan izaemiipddi@mined Byusesing
1 e ity of GOV AR bAGRIRN o hade  RUELAG Ml 27

i ne, or val i ne partate

Itf]?%%’ﬁ‘?nﬁemw hepildeyne AstRIgpolypaptide. | ar r epl acenent of

1 namn t.h a ruct raI related am oaC|d
? conserv\,\ffc’dme""'n Sf%'eﬂr?ss fop PortrEiPiafrs SRECIEC raj or
ef f'é%tﬁtlcm ofitheoA 4R IHA polypentitlesac as tv altey the lytdsgaticasfithe i ng
ol wﬁm Gag ew@ang iy B ee%m%md@ég Or %].ﬁﬁ?aﬁaﬁng &

takelgagce within a fam| am no acl
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100% identical to SEQ ID NO: 4 or 5. One of ordinary skill in the art will
30  appreciate that nucleic acid sequences complementary to SEQ ID NO: 4 or §, and
variants of SEQ ID NO: 4 or 5 are also within the scope of this invention. In further .
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Constitutive or inducible pronpoters.as known in the
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15 conbi ne el enents of nore than one pronoter. An
expression construct may be present in a cell on an
epi sone, such as a plasmd, or the expression
construct may be inserted in a chronosone. In a
preferred enbodi nent, the expression vector contains a
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30  Alternatively, derivatives of viruses such as the bovine papilloma virus (BPV-1), or
Epstein-Barr virus (pHEBo, pREP-derived and p205) can be used for transient
expression of proteins in eukaryotic cells. Examples of other viral (including
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20 m ce and an acceptable safety profile in mce, rats
and non-human primtes. |In another enbodi nent, a
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25 conpound fornms a so-called "hairpin" or "steml oop"
structure, with a region of double helical structure.
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In certain aspects, the present invention relates to
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isolated formor as m xtures of conpounds, especially
ininitial screening steps. Optionally, the conpounds
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5 adm xed si nmul taneously. Moreover, in place of
purified proteins, cellular extracts and | ysates may
be used to render a suitable cell-free assay system
Compl ex formati on between the ActRi |l a pol ypepti de and
activin may be detected by a variety of techniques.
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30  The efficacy of the compound can be assessed by generating dose response curves

from data obtained using various concentrations of the test compound. Morgover, a
control assay can also be performed to provide a baseline for comparison. For
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In certain enbodi nents, the subject conpounds are
identified by their ability to interact with an ActRi k
or activin polypeptide of the invention. The

i nteraction between the conpound and the ActRILa or
activin pol ypeptide may be coval ent or non-coval ent.
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i ndi vidual a therapeutically effective anount of an
activin-ActMa antagonist, particularly an ActAlla
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t herapeutic and prophylactic treatnents of ani mals,
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in both the spine and hip, and reduce the risk of hip
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The choice of matrix material is based on

bi bconpatibility, biodegradability, nechanica
properties, cosnetic appearance and interface
properties. The particular 30 application of the
subj ect conpositions will define the appropriate
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bone), providing a structure for the developing tissue and optimally capable of being
25 resorbed into the body. For example, the matrix may provide slow release of the

N

|

ActRIla polypeptides. Such matrices may be formed of materials presently in use
for other implanted medical applications.

The choice of matrix material is based on biocompatibility, bicdegradability,
mechanical properties, cosmetic appearance and interface properties. The particular
30 api)lication of the subject corhpositions will define the appropriate formulation.
Potential matrices for the compositions may be biodegradable and chemically
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25 sorbic acid, and the like. It may al so be desirable
to include isotonic agents, such as sugars, sodium
chloride, and the hlce into the conpositions. In
addi ti on, prolonged absorption of the injectable
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In certain enbodi nents, the present invention also
provi des gene therapy for the in vivo production of
Act Rtra pol ypeptides. Such therapy woul d achieve its
therapeutic effect by introduction of the ActRII a
pol ynucl eoti de sequences into cells 30 or tissues
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30 biologically active form (see e.g., Fraley, et al.
Trends Biochem Sc., 6:77, 1981). Methods for

ef ficient gene transfer using a |liposone vehicle, are
known in the art, see e.g., Mannino, et al.

Bi ot echni ques, 6:682, 1988. The conposition of the
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to as a- hFc and Actifil a- reslrlJ]ectAt\(l Ely
20 and 30 days, substantially longer than most Fc lon proteins,
sustained effective serum level may be achieved, for example, by dosing with 0.2-
0.4 mg/kg on a weekly or biweekly basis, or higher doses may be used with longer
intervals between dosings. For example, doses of 1-3 mg/kg might be used on a
25  monthly or bimonthly basis, and the effect on bone may be sufficiently durable that

dosing is necessary only once every 3, 4, 5, 6, 9, 12 or more months.

In certain embodiments, the present invention also provides gene therapy for
the in vivo production of ActRIla polypeptides. Such therapy would achieve its
therapeutic effect by introduction of the ActRITa polynucleotide sequences into cells

30  ortissues having the disorders as listed above. Delivery of ActRIla polynucleotide

sequences can be achieved using a recombinant expression vector such as a chimeric



Act Raa- hFc is shown below as purified from CHO cel |
lines (SEQ ID NO 257):
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encoded Alrgmatively,ftistub ovfuregeltasan by directlyitrgnstested aifh plasmids
encoding the retroviral structural genes gag, pol and env, by conventional calcium

20  phosphate transfection. These cells are then transfected with the vector plasmid

containing the genes of interest. . The resulting cells release the retroviral vector into
the culture medium. ’

Another targeted delivery system for ActRIIa polynucleotides is a colloidal
dispersion system. Colloidal dispersion systems include macromolecule complexes,
25  nanocapsules, microspheres, beads, and lipid-based systems including oil-in-water
emulsions, micelles, mixed micelles, and liposomes. The preferred colloidal system
of this invention is a liposome. Liposomes are artificial membrane vesicles which
are useful as delivery vehicles in vitro and in vivo. RNA, DNA and intact virions

can be encapsulated within the aqueous interior and be delivered to cellsina
30 biologically active form (see e.g., Fraley, et al., Trends Biochem. Sci., 6:77, 1981).
Methods for efficient gene transfer using a liposome vehicle, are known in the art,




ATGGATGCAATGAAGAGAGEECTCTGCTGT GTGCTGCCTGCTGT GTGGAG
CAGICTTCA TTCGCCCOGCGECCCCTATACT TGOTAGATCAGAAACTCAG
GAGTOTC111 rrt AATGCTAATTGGGAAAAAGACAGAACCAATCAAAC
TGGTGI TGAACCGT GT TATGGTGACAAAGATAAACOGCGCCATTGE 10 25
CT ACCIVGAAGAATATTTCT GUTTCCATTGAATAGT GAAACAAGOTTGTT

ﬁ @@GTATATTPCT%TGCTGT%G%A%ATQTGTAATG

30
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Rhabdomyosar coma (derived from nuscle). Reporter
vector: pQA.3(CAGA)12 (Described in Dennler et al,
1998, EMBO 17: 3091-3100.) See Figure 3. The 5 CAGAl 2
notif is present in TG--Beta responsive genes (PAL-1
gene) , SO this vector is of general use for factors
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GGCTGGATGATATCAACTGCTATGACAGGACTGATTGTGTAGAAAAAAA
AGACAGCCCTGAAGTATATTTCTGTTGCTGTGAGGGCAATATGTGTAATG
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30 CGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTITCCTCTTCCCC
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Exanple 2: ActRila-nPc Pronotes Bone Gowth In Vivo
Nornmal fenmale mce (BALB/c) were dosed with
ActRIla-nFc at a level of 1 ng/kg/dose, 3 ng/kg/dose
or 10 ng/ kg/ dose, with doses given tw ce weekly. Bone
5 mneral density and bone m neral content were
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26 t SrordatodHPRYK Size E3RISION Hr GRSGrWRS ardl c¥fion exchange
chromatography. The purification could be completed with viral filtration and
buffer exchange. The ActRITa-hFc protein was purified to a purity of >98% as
determined by size exclusion chromatography and >95% as determi_ned by SDS
PAGE.

25 ActRIla-hFc and ActRHa-mFc showed a high affinity for ligands,
particularly activin A. GDF-11 or Activin A (“ActA.”) were immobilized on a
Biacore CMS chip using standard amine coupling procedure ActRI[a-hFc and
ActRITa-mFc proteins were loaded onto the system, and binding was measured. -
ActRITa-hFc bound to activin with a dissociation constant (Kp) of 5x10°'%, and the

30  protein bound to GDF11 with a Kp of 9.96x10®. See figure 2. ActRIIa-mFe
behaved similarly.




In the sham operated m ce, ActRI|a-nfFc al so caused a
substantial increase in trabecul ar bone. See figure

11. After 6 and 12 weeks, the treatnent produced a 35%
increase relative to controls. In an additi onal
set of experinents, ovariectom zed (OVX) or sham
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mg/kg or 30 mg/kg, respectively.) In cynomolgus monkeys, the plasma half life was
substantially greater than 14 days and circulating levels of the drug were 25 pg/ml,
304 pg/m) or 1440 pg/ml for initial administrations of 1 mgfkg, 10 mg/kg or 30

30  mg/kg, respectively. Preliminary results in humans suggests that the serum half life
is between about 20 and 30 days.
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to break) which contributed to a significant increase
inthe intrinsic properties (ultimate strength) of the
bones. Ovariectom zed mce treated with Actifila-inFc
30 exhibited increased bone strength to | evels beyond
sham operated, vehicle treated controls, indicating a
conpl ete reversal of the osteoporotic phenotype
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ActRIJa-mFc¢ treatment restored bone density to the level of the sham operated mice.
At 6 and 12 weeks of the treatment, ActRIla-mFc caused substantial increase in
trabecular bone of OVX mice. See figure 10, After 6 weeks of treatment, bone
25  density increased by 24% relative to PBS controls. After 12 weeks, the increase was
27%.

In the sham operated mice, ActRIIa-mFc also caused a substantial increase in
trabecular bone. See figure 11. After 6 and 12 weeks, the treatment produced a
35% increase relative to controls.
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comparable bone content (Figure 16). Ex vivo pQCT analysis of the femoral

midshaft also showed that ActRIIa-mFc treated mice did not show a change in

periosteal circumference; however ActRIla-mFc treatment resulted in a decrease in

endosteal circumference indicating an increase in cortical thickness due to growth on
25  the inner surface of the femur (Figure 17).

Mechanical testing of femurs determined that ActRITa-mFc was able to
increase the extrinsic characteristics of the bone (maximal load, stiffness and énergy
to break) which contributed to a significant increase in the intrinsic properties
(ultimate strength) of the bones. Ovariectomized mice treated with ActRIla-mFc

30  exhibited increased bone strength to levels beyond sham operated, vehicle treated
controls, indicating a complete reversal of the osteoporotic phenotype (Figure 18).




5. A polypeptide according to claim1 which is an
antagoni st of activin A 6. A polypeptide according to
claim1 which pronotes bone growh in vivo. 7. A
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Bone histomorphometry was conducted at a 2 week time point in sham

operated mice. These data, presented in Figure 24, demonstrate that ActRIla-mFc

15  has a dual effect, both inhibiting bone resorption and promoting bone growth. Thus
ActRI[a-mFc stimulates bone growth (anabolic effect) and inhibits bone resorption
(anti-catabolic effect). '

Example 4; Alternative ActRIla-Fc Proteins

20 An alternative construct may have a deletion of the C-terminal tail (the final
15 amino acids of the extracellular domain of ActRIIa. The sequence for such a
construct is presented below (Fe portion underlined)(SEQ ID NO: 12):

ILGRSETQECLFFNANWEKDRTNQTGVEPCYGDKDKRRHCFATWKNISGSI
EIVKQGCWLDDINCYDRTDCVEKKDSPEVYFCCCEGNMCNEKFSYFPEMIG
25 GGTHTCPPCPAPELLGGPSVFLFPPKPKDTIMISRTPEVTC VSHE

KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL CK
VSNKALPVPIEKTL VYTLPPSREE TCLVEGFYPS
DIAVEWESNGOP, JTTPPVLDSDGSFFLYSKLTVD )

VMHEAT ENHYTOKSLSLSPGK
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acid sequence that is at |least 97% identical to SEQID
NO. 7. 16. A conposition according to claim 15

wherei n the pol ypeptide conprises an am no acid
sequence that is at |least 99%identical to SEQ I D NO
7. 17. A conposition according to claim 16 wherein

thmmm@eggmmt he am no aci d sequence of
SEQ ID NO. 7.

All publlcatlons and patents mentioned herein are hereby incorporated by
reference in their entirety as if each individual publication or patent was specifically
and individually indicated to be incorporated by reference.

5 While specific embodiments of the subject matter have been discussed, the
above specification is illustrative and not restrictive. Many variations will become
apparent to those skilled in the art upon review of this specification and the claims
below. The full scope of the invention should be determined by reference to the
claims, along with their full scope of equivalents, and the specification, along with

10  such variations.
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We claim:

1. A soluble polypeptide comprising an amino acid sequence that is at least 95%
identical to SEQ ID NO: 7, wherein the N-terminus of the polypeptide is ILGRSETQE
(SEQ ID NO: 11}, and wherein the polypeptide binds activin A.

2. A polypeptide according to claim 1 which comprises an amino acid sequence that is

at least 97% identical to SEQ ID NO: 7.

3. A polypeptide according to claim 2 comprising an amino acid sequence that is at

least 99% identical to SEQ ID NO: 7.

4, A polypeptide according to claim 3 comprising the amino acid sequence of SEQ ID
NO: 7.

5. A polypeptide according to claim 1 which is an antagonist of activin A.
6. A polypeptide according to claim 1 which promotes bone growth in vivo.
7. A polypeptide according to claim 6 comprising an amino acid sequence that is at

least 97% identical to SEQ ID NO: 7.

8. A polypeptide according to claim 7 comprising an amino acid sequence that is at

least 99% identical to SEQ ID NO: 7.

9. A polypeptide according to claim 8 comprising the amino acid sequence of SEQ ID
NO: 7.

10. A polypeptide according to claim 1 which has a serum half life greater than two

weeks,
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11. A polypeptide according to claim 10 which has a serum half life of 20-30 days.

12. A polypeptide according to claim 1 which is glycosylated and has a mammalian

glycosylation pattern.

13. A polypeptide according to claim 12, which has a glycosylation patter obtainable

from a chinese hamster ovary (CHO) cell line.

14. A composition comprising a polypeptide according to claim 1 and a
pharmaceutically acceptable carrier, wherein the polypeptide is at least 98% pure as

determined by size exclusion chromatography.

15. A composition according to claim 14 wherein the polypeptide comprises an amino

acid sequence that is at least 97% identical to SEQ ID NO: 7.

16. A composition according to claim 15 wherein the polypeptide comprises an amino

acid sequence that is at least 99% identical to SEQ ID NO: 7.

17. A composition according to claim 16 wherein the polypeptide comprises the amino

acid sequence of SEQ ID NO: 7.
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