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as templates for the formation of osteoblasts, osteoclasts, the vasculature and
subsequent mineralization. During intramembranous ossification, bone is formed
directly in the connective tissues. Both processes require the infiltration of

osteoblasts and subsequent matrix deposition.

Fractures and other structural disruptions of bone are healed through a
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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heal i ng occurs wth a callus precursor stage. Primary
healing of fractures involves the reformation of
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such as osteopor031s depends largely on the initial bone mass of the individual and

whether there are exacerbating conditions.

Bone loss is sometimes characterized as an imbalance in the normal bone

remodeling process. Healthy bone is constantly subject to remodeling. Remodeling

10275954 _1



new bone tissue, which is characterized by coll agen
formati on by osteobl asts, and subsequent

wa@ alogiobigeat i on. I n heal thy individuals the ratRST/U52006/045322

10

15

20

25

30
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antagonist activity (“activin antagonists” and “ActRIIa antagonists”) can be used to
increase bone density, promote bone growth, and/or increase bone strength. In
particular, the disclosure demonstrates that a soluble form of ActRIla acts as an
inhibitor of activin-ActRIla signaling and promotes increased bone density, bone
growth, and bone strength in vivo. While most pharmaceutical agents that promote
bone growth or inhibit bone loss act as either anti-catabolic agents (also commonly

referred to as “catabolic agents™) (e.g., bisphosphonates) or anabolic agents (e.g.,
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components, as assessed by size exclusion chromatography, and more preferably,

the composition is at least 98% pure. An activin-binding ActRIIa polypeptide for
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may be an artificial sequence of 1, 2, 3, 4 or 5 amino acids or a length of between 5
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pol ypeptide, such as described above. For exanple, an

i saﬁFf‘é’P@&P s¥sivieat-c aci d may i ncl ude a sequence codi ng

for an_extracellular domain (e.g., gand- bi ndi ng

dormai n)™ g aEAspEEsRIbe disglogurg pEoxi ew&éﬂq s cerslins Tiible

f Qictipiabindg AHRIDPoll fptilid. RS ¥ RARE G nENTRIO nRP dbpridehe
coding sequence for a soluble, activin-binding ActRIla polypeptide, such as
described above. For example, an isolated nucleic acid may include a sequence
coding for an extracellular domain (e.g., ligand-binding domain) of an ActRIla and a
sequence that would code for part or all of the transmembrane domain and/or the

cytoplasmic domain of an ActRIla, but for a stop codon positioned within the
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cytoplasm c domain of an ActRIla, but for a stop codon
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r SEA\AS i (ldneshiramsir gt (%quﬂa Svoh § pefholl dey somprise: a)
e%@lﬁtﬁﬁ%%d:ell Rdey %fﬁhtﬁ% Eﬂl ag e%’xj ékgl%g)s%lén 0 h ubP%ActRIIa

recovered as crud par | a
pOPiyPersigde s wheeein moeﬂnmmrfsfcmccﬂ mrth rayluble Aadﬁi[aeat@cbshm a
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Rl PRl R RERIRNGTE) el PEB R Gweps

s incbidinge fon skample lone e ogtheep h)y mogaf tigafoll OMing X6 ARV Eider:
cts, an activin-ActRl Il a

ogr a n certai.n aspe
T R e e RenS B g St 36 wparcss)
ahydrvphmbm mndran@omrdmdt@grmw@@ Hetl flse phBGsd) EsiktSe@lubibn 2
rowmt or 1 ncreasi ng bone

mmtavgﬁ aﬁh o‘ﬁ%}“@& ?XC%FWeég%tW%odl nments, the
oS B ST B S 5T
g scdulié) aciivinpaiding M SRINpIIRRPtiAN 8126 B usel in a method for
promoting bone growth or increasing bone density in a subject. In certain
embodiments, the disclosure provides methods for treating a disorder associated
with low bone density, or to promote bone growth, in patients in need thereof, A
method may comprise administering to a subject in need thereof an effective amount

of activin-ActRIla antagonist. In certain aspects, the disclosure provides uses of
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provi des uses of 10275954Jactivi n-ActRl | a antagoni st
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SCR| PTI ON OF THE ure 1 shows the

Peinfrn gstidfa m&m‘f}d& ‘mﬂr.b)é v@é@g&f gtigcigfidheagenton

T@@oxﬂh@f%rﬁnﬂéﬂ&lizﬁﬁ&ﬁofaﬁm@ single, well-defined peak.
Figure 2 shows the bi ndi ng of ActRIla-hFc to activin

and GDF-1 1, as neasured by BiaCore(tn) assay. Figure
3 shows a schematic for the A-204 Reporter Gene Assay.

TIBRIEFOESCRDOIGN DReHREPRAMENG&ECt or : pGL3( CAGA) 12
(described in Dennler et al, 1998, EMBO 17:

3091- 3F0hg 1 JHowvs GAGHE BT lofAbﬁUIétlﬂ?&%ﬁﬁreﬁsBd HEHBRER. The
responsi ve genes (PAI-I tgjqne) so this vector is of
gé’ﬁ‘%??‘&lpuﬂ %”Férsmg celf-de e@ﬁ%ﬂ]ﬁ ng through Smad 2 and

3. Figure 4 hows the effects of Act

(di armh? W &eﬁll}d&iaﬁfe‘\ce%%g%@)a%mn @E@F 11, as
S|rgga§¢rb@gygmcbf¢éb’l&sg}o4 Reporter Gene Assay. Both
proteins exhibited substantial inhibition of GDF-8

medi at @gbusd Yhtdkis BGctRinafit £0 MR AR0L REBERRE Gald ARGy, Tt
Ségho the effects of three different preparations of
A

e fieportsh Vesie: ACIS (SAGHAI Higsqrived MPAnFn et akelfdb+t er

GaBOSIFay09151001) Thé CRTND BHANTPhRSenPin Wseﬂar;@?&%n@f
contro|l - and ActRI | a-nFctreated BALB/c m ce ore

(t85PeSIBRAIL Synedita this Yestor (fteeniielyim & §9ctqrh@gr1aim&éwgh
t rgda®enig peri od. Pal er shadi ng i ndi cates increased
bone density. Figure 7 shows a quantification of the

ef f ect Figke ARk ki ofis QFAQRPI% 1 '@cﬁélﬁbncﬁﬁaﬁﬂ' ANRITAmFc

BALB/c m ce over the 12-week period. Treatnments were

c dptptss) aPREGsignaling i thsrird94 Roparigr KgneudsengBesh proteins
Ackdibltas HpStarktRAMAHRD of GDTH £94idRE sB8IRAk af ib&bRMFe

concentrations.

Figure 5 shows the effects of three different preparations of ActRIIa-hFc on
GDF-11 signaling in the A-204 Reporter Gene Assay.

Figure 6 shows examples of DEXA images of control- and ActRIJa-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
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BALB/c m ce over the 12-week period. Treatnents were
control (di armnds) 2 g/ kg dosi ng of ActRIIa-nfFc
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o5 B S it St BRI S e, PruReREe R gdPBS)
Tredt myitsdoske ef aomilaahFd BBRIIHal e bars) or 10 nrg/ kg
dosing of ActRIlanfFc (ActRIla; dark bars). Figure 12

shows tHigure EBshlotvs a qlianpi@catioandheifctobf AARTa GeftInttle 1 N

ovari e m zed nice qver of, treatnent

TG o B a e (PR SITS R b Fweck period

ACIrRithﬁntﬁﬁlére(cﬁﬁﬂMq (PBS; Dhleybact) 0510 MB/kE aHikd FULRR AR mFc
results of pQCT anal ysis of bone density

r{%e?ﬁg% Etoa%d m ce over 12 weeks of treat ment .

Tr eat re control. (PBS; pale bars)
Act Rl | Y\‘l(e Raﬁ'éﬁl’éljﬁ"étt?“&ﬁ@ -<tige e%%fﬁlﬁmFéémltheA

, anﬁhba&&rsbbﬁwnm Epdoacy C DI ane |aﬁ§r| 6Sorab tReksled eBBleat

of treatnent and ex_vivo analysis of fenursi’_:/sx 234

LlFi‘jHP aTréafgleafémeacoatrela(EB%patﬁ l@ﬁﬁsmbh%ma@aéipwgo ¢BHe-
¢ kcbarspQCT anal ysis of the fenoral m dshaft

after twel ve weeks of treatnent. Treatments were

vehi cl &j 1%@@11 Powk ﬁ’@%suﬂatsﬁ&)d@f @alﬁﬁ%f%&ﬁe%ehﬂty‘:ﬁ (pale

bar s) four bars to ft show total bone
d éWétltC;tOIWﬁtCl ngice pger g Welb%qférettawph elreatigefits WhiswoRE (P R%|

bong wen et AYRIARS S WAk baRRiylaxf rdALS | N each set of
four bars 10Z75954Jrepresent data from ovari ectom zed

m ce whiiguee Phdepitsdbhigsipiof PR Tiraplssis efdrons dernsityl it sham

operated mice over 12 weeks of treatment. Treatments were control (PBS; pale
bars) or ActRIla-mFc (dark bars). y-axis; mg/ccm

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 ActRITa-
mFc (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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data from sham operated m ce. ure
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ffects of Actrlla-nFc on
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s Hgvv% gtb one '{% r%’t%esent &aﬂ ot?f)e (rjham Yot aéeéitr?lﬁ% t hat

Act Rl | amlmm\mw efﬁmbﬁhcmﬂa&mﬂc antrhbecelaobquk iveRime.

?Klt\/IEKIIT} - 19&%%%,?\‘# [%FET%% éF‘?FtBEaS PC% l PTh%@}ggmr@ltecture in the

f&titt@lrfelhelta (TG bet a) superfam ly contains a variety

of gro tors th re co n se ce elenents
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ol resent 4 #rom.i)ﬁarl %ek&p alf:? wo%cle 1% FecogJ] paér o bars éFpr8$n9 éata

Flgure 22 shows the effects of ActrIla-mFc on the mechanical strength of
bone.

Figure 23 shows the effects of different doses of ActRIIa-mFc on bone
characteristics at three different dosages.

Figure 24 shows bone histomorphometry indicating that ActRIIa-mFc has

dual anabolic and anti-resorptive activity.
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pa¥adak GMB dhd 05 4 Yamestiia et aiml9951; J. |C&ll®§aec3(}‘:‘zil7tm; Lee

t ct o t

2l SIE B rpaens EpCar o8 SO S0 MR i vl ofman.
a0 i iMbol bl eibti: ®g949m mmlaa,rzodn scsems BtV. 06:200054)aA1K4 is the
exhi bi ted%ﬂb .i.cular, §I | a. construct. _used in
£ APy %%ept%éﬁ A°HYBg ?a%lﬁu 5AFHEIR A4 qudiALKyd mmayespive
f rag Brdcbgtodidt &ctipine a& W paRRUBHY fdrhddvin B.

As demonstrated herein, a soluble ActRIla polypeptide (sActRIla), which
shows substantial preference in binding to activin A as opposed to other TGE-beta
family members, such as GDF8 or GDF11, is effective to promote bone growth and

increase bone density in vivo. While not wishing to be bound to any particular
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ActRI'la-activin antagonists do increase bone density
in normal mce and in nouse nodels for osteoporosis.

wo oogloeaiBgl be noted that bone is a dynam c ti SBUBEUS206/045322
growm h or shrinkage and i ncreased or decreased density
dependi ng on a bal ance of factors that produce bone
a -l 1.naral i ' £ st.eob
a%ec@%@%ﬂ’[&rlg{s?ﬁéﬁc{éﬁ élga{t k}%%tﬂ}e&&f %R kﬁg IS alé{szeg pgmanlyq)y an
( pactinm ranﬂagomﬂi; tHeux) @mnstble veBp steong lacm/ambladndg (picomolar

i peral.lzati rea reasin
o 5h S G Eoh eI ioREg b PARE AR i g these
f astidigss Regardlbgtdf meﬂilﬁ'nstnﬁ s apppfeﬁﬂ’l@drﬁ tlb@la& pgdisﬁmbﬂl heraif @hat
"i ase. bone mneral.izati refer to tpe obs tvabl e
oHS SRS RRAREOn R o dpricasn hons dansityinsprTia isead in mouse

nadbded foﬂ@stdoporbbie AEEAANbSIBtdythmibbadlis 6 IRRGES tisdhe POIRE
occur nouse

nodel s, for ost or o nd bone
gr%amoa g%“fl%F A ARCTGRS LOn e Eiaaseh MRSy QerERdiRg omia BRI Of
hefagb tft frodidHodle hiRTktfntilRembie ik atioR (§eth &1l ¥&eéHlasts) and
efficacy 1n humans, and_therefaore, this disclosure

prigvPrdet festrvard desrngalizdoncPrmedlyssiegHesvi Sege aqwth and

10 Ot iReraBLdtibl by 6 irfdtdagedItiRGORINS e froduRERMRL S DN Eecreasing
growt h and i ncrease bone density in humans.

Actfl? JasHucbe factass, 2R bet oA ha teans ‘fpécplw@ borecgrovsths apg @ncrease
achon¥ hitnd 12k 2g 1§f91I # RheorAGt faid &yﬁ@&l%ﬁﬁ&@é f8%ne and are

anti bodies that bind to activin'(particularly the
acinfepdad tabepeugakasio Hietmechalisipby whish elaggeson engyccor bB)

and disrupt ActRIla binding, antibodies that bind to

Act R | hameoush medals fopesteapprosis ppdipang Zravehaensity gy were used

pr [
s DR 3oL PR b s gttt

v@wgsla@@ﬂ@@@re (s Q@glgmq:a@g@gs methetistis 12@@5%@21%646
I
LR BRI R Sther W ABUR DBl RPMBAGR LR 1857 80

f oncraase bomendepsityAn hRinpes. mmdlnn‘g:tRHa areugoafsfm indude, orarankige,

i TR ek blooh e BUEDEHIR, Mo BT SRLE AR,

20 aciparicularty thelestivit har Bouboktstdie refzped o ab éAgar BBa asbdisbpte

RSN A SRS

meantibedyl prdstklﬁsi sdl@gﬁtfblearctitvm ot RetRIE ndhd (9excd.g.pnal

AR Va6, ST b

ac0090n33569,Rnt &7Ss1005/803 5896 fotieSampley df@lich RH@INS aAG mbBYEs
nd

ac - tRIIa a oni st activit di ng .

25 i sk g aeiecion A S5 ap e B seleiegghhan o
10/2&535 Bihiiib] dfteh 6DRE t) &1 FUdbn4at. SBd Mf@l@hﬂﬁ@t@in% @or other
activin in al] .tissues, follistatin

f gPPiFdEsaYith a%@ ArferRE# Pindingpsiiyics, 1ﬂ§§>ecla@é gty gindersthat
engle thdtyp@L{el oY, iaksofbl ,Ismegom rdFBb0 Sh@BPE ie.c2Ao@Ple
M 08A (neth?onlne to ne chan 2 ateﬂogﬁtgon 108)
type II activin receptor) binding sites, respectively, may be lmked 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-

ActRIIa antagonist activity, including inhibin (i.e., inhibin alpha subunit), although
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mutant activin A Cenerally, alternative forns of
activin, particularly those with alterations in the
w0 ya/0b218&cept or bi ndi ng domai n can bind to typer/iUb2006/045322
receptors and fail to forman active ternary conpl ex,
thus acting as antagonists. Additionally, nucleic
| . l.eS, ..Si . Q.

sl B B ARG PSP b e

paﬂothsmm-aw ynd fAﬂiistih-él@)xﬁerbssa} FSRPcadoglen, a@:e/ﬁh @salpha(2)-

ac Act Rl l.a t nists. fa
Ao od 2o SoBEI el hing S B GRERlr #Moxtion e
S ehmmmavmmyAf d¥enenaliy, il teinmiye dorins\of Bct[md Ipameﬁllaﬂy thoad witg
ver.su ers t he TGE- bet and

5 pat iR Hofip iy %e{ﬁe‘fe@?ﬁ&&lﬂmﬁ g5 eraehin Y ¥ SSHommpd
AcﬂalIth forrp e h@ive serfdy borigle:t, thud Gétingiap antagomee r Addidighany, | d
ty rotei n does .not e g&@t nificant selectjvity

Hpuﬁ%e??cﬁc}ﬁl& SHeft Sxapfissne DR 9r Hbozymgs thapinhibjt ﬁ%ﬁ"yﬂ
exop,a I0®YE, 8r, pugigelatly, AVER I é’)dpﬁevs\lﬁblf’tc@ﬁ 1|9e e as AakinAaride
ile also causin

the desire ﬁ%f@gft on_ hone ﬁ .
SUEEAHE ol T yea'ﬁ g Aciidlacptaeonislte B uigd maH mxhib
10 A%E&tl@ty%ﬂlhlllditﬁlﬁ ﬁétﬁ“ﬁ iRl E‘lgnaﬂfn REIstd ABerAMSHRES e
tlflga[rrgérsee .0.,. WD 2006/ 012627, CEE 55-59,
iR ﬁ@rl@ﬁwubylwﬁié?%@ég GRAg ap BF Ly Selublas
mifyctﬂmi‘ bRYenst ddikteR ab@dn, abierd ShOR 1D 88 prdah | 'd&% 1f3f exhibit
altered ActRI I b may be given added specifi ci ty for
acignificantsyleetbity in h’gldwgﬁ%aCélV@eV@@HﬁGDE Alilyand -psedingigary v e
b'e&ﬂérﬁﬂen@&ﬁ@éest thix@hik %fo‘[@n H&L Hod r%go‘;laé e IPGCH feffgﬁg brplgbne
general ly have their ordinary anings in the art
15 withilerglsp jsausingrvbstantiof mysslecgrowibe Iﬂowgmraai@rqdrfomrseofActRﬂb

S Use
¢ SRt RO YRS A thch B (BCPE. BRL 2MdR126r,
s pech¥-H ancotmeratedheprin by técramd) atnidcnlnmd: plg)tﬁndsam;eachmvet the
pr, d 0sj ti.ons
s s HERCn hihel REELS 3 el AR N neE e
THer &tvipdyepuptipgwithg sefondactivinaclettiva bireling ageht. be
apparent fromthe specific context in which the term
20 i s used. TheApmstusedindhis mplﬁowlqm@mdrgﬂy Islvaltieirgediasgl | y
e h error..for th uantit
e Bl ATEERE Nl BT & mBiBhup sy Bt dtte
rrwdmcranfewtm is ﬁﬁthIQBahinyermS )&&i‘fﬁdc&fsyd btgw @€ sls@fhed inalie

rabl W|th| 10% nd
o esthihlon S %W%m’fdﬁ bt aetiintian drecrahe 2R
v abmessitich® BﬂcﬁfAEtthdd’d dfellid’hﬁ{/dnﬁelh ynd t@mo Pkt bdibRthem.| The
25 b| ol o |caI ’é@l e ter "about " and
" 3PP re QIt[ ﬁm{/‘éﬂ APPSR fomuthgspasifi coptext in
Orvﬂﬁd’htﬁéteﬂ’ﬁgsﬂlsé(ﬂlde preferably within 5-fold and nore
preferably within 2-fold of a given value. Numeri cal

q u ant [ t‘Acht’gandéﬁpﬂire}Elﬁiaﬁ:l}ﬂ lsBal BRRE@NY ABAEaldtb sl SIRtRDF
ani n
error %M or fche quantity megsurela given t rhe nature or precision of the measurements.
Typically, exemplary degrees of error are within 20 percent (%), preferably within

30 10%, and more preferably within 5% of a given value or range of values.
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term "about" or "approxi mately" can be inferred when
not expressly stated. The nethods of the invention nay

w0 p@l06as8st eps of conparing sequences to each PCTE82006/045322

10

15

20

25

including wld-type sequence to one or nore nutants
(sequence variants). Such conparisons typically _
COMPI1 SQye a!tlga Hfﬁax‘ﬁgul M%?Jl%égaq y}%?e?r?ssthte?ergrs 5 b%fi{”llgd
sequence a |gn prograns and7 or -al gorithns that are
mlappmwly”mame@r\mMﬁ hat exwithinen oBchSﬂ'magma'eApmﬁaiably

et B ARl E i bt Efeflind Mkl

Muvattites gryam ha‘cmsareaappmrdajeumlm atateid @theﬁwlsd eﬂmtnln gthat thee

€ ne nmatvm intr. 1y
re glr LSRRy )P P °Xa%a§?1‘y Gr b‘el{&d = ?‘ﬁw‘%er‘?&%gg’fpﬁ(‘?@y 53au ence
f ﬁ;) m(; Io gthg lljr{szaltl{]o%s op tﬁ? inr\]/gr% 1rotn gr}ag%?cfe S&ps ?%%oﬁﬁaag%sequences to
s paablh mhgr, inaluidimivaldstype f@nse fo@nt bemb el mdithen GBdgence

ns . tha ossess..a "c n
e B T Doty SR RALY R gl B e PPl seauences,
S qug;xfsm@ skqueacd dlighientpaspeansmdios algoiith@rs G ks WellaGoWe kid

as, ho ogous. pr.ot ei omdiffer speci es, of

orta%\ﬂ?n?m mefe %ﬁé?i??{%%’aﬂ@%@%ﬁ@ﬁc diaRig 2 e

acdkilR)l aRBMECHEEHIEN aFprBATOIHRY Ih sudB ali@inl B! RRerbY niufioh

sgcguence Si, IarltX V\Elge ther in terns of percent
mafnﬁgs‘riﬂ ugyseRion f deletipncthe eaupice phgmmene BilbinEadyse a

m)tghﬁﬁ StypRAllg BPSREMELbPOSsh,| P PAY) il iR JoBfBr sSREMRHGE

simlarit inall its grarmatlcal fornms, refers to

trfé?n@@@}ge%e rertedendelelyd 5#1dB%r r espondence bet ween

nucl ei ¢ aCIii or am no acid sequences that may or ma

not shaFemalogamoii 2l vis Bratnsitisalyorgisiagd spelligg yetighions, rfers to

c Qm&txléﬁﬁlﬂﬁbeiw&n' tWo bRfeins B4t dBEse RRPIbGAh Q%luﬁd’ﬂﬁrytc@fgm -
"honol ogous, " when nodified with an adverb such
HP@}H‘]W% projeip fras %we&f@n@@vaéhﬁo%mg ispAciea of exgariprg, mll@s

M ndM ol Sprfeths FdnfdifORRTR r

1027595442 ActRI I a Pol ypg%c?éuéggg;%aﬁ@geﬁ‘ g{‘?fgiaeg% and their

t Hacqskirgsaisleid apidshkdve sequencgthemology. s réflerted py thepepquictes .

f 'y

or R ReeRicEin R kBl ALY oRby S PSR Ber B
anysigjse of wetifnud canséraed wsitiend. ved from such ActRila

protei ns by nmutagenesis or other nodification.

Ref er erdde tars “seuRice aintiterisl, hinjad itg gohensatiseldotnes, tederato the

; gi;e Cg Bfgn%% gInCyO 1’18; C% E%Y\’gé{'{ r{u%ﬁ? l a)égfr Og‘ %ﬂ’léllln eAfC?qd ﬁeguenoes
t rthatsrneob ma eotmh@ne@l cnmmoo@nqdommwngm i gand bi ndi ng

extracel lular domain with a cysteine-rich region, a
t r ans mbleiesEsTeindomrion usagadndiin the instant application, the term

“homologous,” when modified with an adverb such as “highly,” may refer to

sequence similarity and may or may not relate to a common evolutionary origin.
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cytoplasm c domain with predicted serine/threonine
ki nase activity. The term "ActRIla pol ypepti de"

WO p@b706a88 pol ypepti des conpri si ng any nat ur al | RCT/US2006/045322
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20

25

30

35

occurring pol ypeptide of an ActRIla fam |y nenber as
wel | as any variants thereof (including nutants,

f ragnent sriid Pl QGdesdNd Pepti dom netic forms) that
retai n—amﬁ%k&g‘m . For exanple, ActRIla
I

boLyhe B b4 gL Gl Wg?&w%fu%ﬁﬂ]avlageﬁ Edaxgtgl% O ffes. As
| eed hemmme %%“M@dlai’ eedidrs ton fatndly o€ ap]us'm:tecaptor &ype Ila
Al St

ga&lg%} 9%% O(?_Ih glr%'e gt@&&’s &8 %ﬁ%ﬁ?@&%l&gc} fr!)l% %uchI &élﬁg% pro{eqms
AdD’Fﬂlut%epcﬂlglqzreqmluqr dedgicatidne Refwmae thAlctRHy hlmemds tiodessngbd to

acRigb el ihs OFtnhunRll QbR i, Bl e

b damllg am\mineramdtrdmmemhnaﬁmpraﬂeinz,atoh@ﬂsedExa mphreisbinding

ActR no ncl ude human Act Rl ecur sor
o R REIHPER R B tieri g oRe et SR e
palysopipictieaafrewigh prefiE@Y bddinbkiicondne Idnasé a@liity12) . The
human ActRIla precursor protein sequence is as

f oI | owghe M’riﬁAWcAHh\ﬁ%ﬂ.ﬂpSﬁ%Gﬁdch@ﬁBTﬁﬁ@uﬁE

MBME@%N
EP Y@K%ﬁ@kg éNFWeH as any variants

vwmmmumg&umgv&bg%ﬁnw %BWWMXBW@C forms) that

VAR ETBEY VST GHEN EOHEABRRGTSe polspepides

VBVMGM\EHE K&ooh ST lafiPRAORAVINEER (Phrth Al ce at least about

PG KPAI SHRDI KSKNVLLKNNLTACI ADF
| REEAdkad mﬂ@@&@mmﬁ&p NReRier B oRferably atleast

Y@W—Vﬂ%@%%ﬁé@’%ﬁﬁXMﬁgﬁEﬁl a%ﬁ@mcmﬂa polypeptide
VVVHKKKRPVL RDYV\Q<HA M_CETI EECWDHDAEARL SAG
CYEERITTSRERD MRy Pimg g mitiiley Ruotmpxs ) ctR BEpyotan 2qd)/or

1acfHR 7BRRAabIN&n %Cﬂﬂ?&l po@ﬁ;@ﬁt’id@%rérﬁotéé %L: %‘ro"dﬂﬁj &id hdagd;
the extracellular domain is in d"the potenti al
NRpRIEZtion. yBxsamnlestof dﬁthIatp@l;/pawtsle@me}yﬂe hymaeh¢tRHed.
Tlf)?ecmwpﬁblﬁ%éﬂlé RedabUbhe ) (aﬁ&‘%c{hﬂﬁ@ll&rﬂér?}\émn& LOGESTRL

ol epti de sequence is a
P (e. gpS]gQ ID NOs: 2 9 2,3,7and 12).

The human ActRIla precursor protein sequence is as follows:

MGAAAKLAFAVFLISCSSGAILGRSETQECLFFNANWEKDRTg
QTGVEPCYGDKDKRRHCFATWKEISGSIEIVKQGCWLDDINCY
DRTDCVEKKDSPEVYFCCCEGNMCNEKFSYFPEMEVTQPTSNP
VIPKPPYYNILLYSLVPLMLIAGIVICAFWVYRHHKMAYPPVL
VPTQDPGPPPPSPLLGLKPLQLLEVKARGRFGCVWKAQLLNEY
VAVKIFPIQDKQSWONEYEVYSLPGMKHENILQFIGAEKRGTS
VDVDLWLITAFHEKGSLSDFLKANVVSWNELCHIAETMARGLA
YLHEDIPGLKDGHKPAISHRDIKSKNVLLKNNLTACIADFGLA
LKFEAGKSAGDTHGQVGTRRYMAPEVLEGAINFQRDAFLRIDM
YAMGLVLWELASRCTAADGPVDEYMLPFEEEIGQHPSLEDMQRE
VVVHKKKRPVLRDYWQKHAGMAMLCETIEECWDHDAEARLSAG
CVGERITQOMOQRLTNIITTEDIVIVVTMVINVDFPPKESSL
(SEQ ID NO: 1)
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| LGRSETQECL FFNANVEKDRTNQT GVEPCYGDKDKRRHCFAT

VKNI SGSI El VKQGCW.DDI NCYDRTDCVEKKDSPEVYFCCCE
WODMZRENBSYFPEVEVTQPTSNPVTPKPP (SEQ | D NGO 2) HEEUS2006/045322

Cterminal "tail" of the extracellular domain is

underlined. The sequence with the "tail" deleted (a

D15 sequence) is as follows: | LGRSETQECLFFN

O\KMKI\FQ %@Fﬁ@mmmﬁlwomam is in bold

GNMONEKPEYERENH {nBE 1y s NDidd) sitdhere dadlleucledivedl sequence

encodi ng human ActRIla precursor protein is as

f ol | ows{heuwhaotictids sobupleXF0mceiulage plyaedsedpalypeptifidisequenee
5 16%&_% GCTGCTGC GTTGECGITTACCGTICTTTCTTATCTCCTGITCTT
TACTTGGTAGATCAGAAACT CAGGAGTGTCTTTTCTTTAATGC

TAATT CHOET TGGT
GACAAA ROLTC GGTT
CCATT , GAL SFATGA

CAGGA A ERP AT PTITGTTCC

TGTGAGGGCAATATGTGTAATGAAA GTTTTCTTATTT ICCAGAGATGGAAG

10 CTaoT IR TR LRGP TST PR R e I or

CCA{Ueht&SaEh GleAGABECREACANF T (fce) TAGBGCIIOLT: GTACTTGI TC
CAACT CAAGACCCAGGACCACCCCCACCT TCT CCATTACTAGGGT TGAAACC

GGACA
GCA
TGAGAA%@EKNEQ@S@F’F@Q\TT(@@A@A&AACGAGGCACCAGF GITGAT
GIGGATCTTTGGCTGATCAC GCATTTCATGAAA GGGITC CTATCAGACT

15 TTCTTAAHS@IAleTtGEE A qubnck ittt @iw(ah @MM&%@&A@ as

o e e
10275954, T AMACAOCT GACAGRTT GRATT BT CACTTT 98T 60T

TAAAAT
T GAGCCT B AT A A A CAT BT ASET T T REEEBGAGS

TAATTGGGAAAAAGACAGAACCAATCAAACTGGTGTTGAACCGTGTITATGGT
20 GACAAAGATAAACGGCGGCATTGTTTTGCTACCTGGAAGAATATTTCTGGTT

CCATTGARATAGTGARACAAGGTTGTTGGCTGGATGATATCAACT GCTATGA
CAGGACTGATTGTGTAGARAAAAAAGACAGCCCTGAAGTATATTTTITGTTGC
TGTGAGGGCAATATGTGTAATGAAAAGT TTTCTTATTTTCCAGAGATGGARAG
TCACACAGCCCACTTCAAATCCAGTTACACCTAAGCCACCCTATTACAACAT

25 CCTGCTCTATTCCTTGGTGCCACTTATGT TAATTGCGGGGATTGTCATTTGT
GCATTTTGGGTGTACAGGCATCACAAGATGGCCTACCCTCCTGTACTTGTTC
CAACTCAAGACCCAGGACCACCCCCACCTTCTCCATTACTAGGGTTGAAACC
ACTGCAGTTATTAGAAGTGAARAGCAAGGGGAAGATTTGGTTGTGTCTGGARA
GCCCAGTTGCTTAACGAATATGTGGCTGTCAARATATTTCCAATACAGGACA

30 AACAGTCATGGCAAAATGAATACGAAGTCTACAGTTTGCCTGGAATGAAGCA
TGAGAACATATTACAGTTCATTCGTGCAGARARACGAGGCACCAGTGTTGAT
GTGGATCTTTGGCTGATCACAGCATTTCATGARAAGGGTTCACTATCAGACT
TTCTTAAGGCTAATGTGGTCTCTTGGAATGAACTGTGTCATATTGCAGAAAC
CATGGCTAGAGGATTGGCATATTTACATGAGGATATACCTGGCCTARRAGAT

35 GGCCACAAACCTGCCATATCTCACAGGGACATCAAAAGTAAARATGTGCTGT

10275954_1
-17 -



wa aeTIanseCT GCT GCAGATGGACCT GTAGAT GAATACAT GT TGCCOATTI U SM0H/045322
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25

30

TACATGGECTCCAGAGGTAT TAGAGGGT GCTATAAACT TCCAAAGGGATGCAT
TTTTGAGGATAGATATGTATGCCATGCGATTAGTCCTATGGGAACTGECTTC

GAGGAAT TGGCCAGCATCCATCTCTTGAAGACAT GCAGGAAGT TGTTGTGC
ATAAAAAAAAGAGGCCTGTTTTAAGAGATTATTGGCAGAAACATGCTGGAAT
TGTTGGGATCACGACGCAGAGCC
AGGTTAT T TACTCACKFERAGATACT AA
CAAAT AT AT AR A A AT AR E PR T T AATT BT IS T CATAATGEAGACAAA
TGT TGACKITIGETCCEARAGAAT GRAGRCTARGACHSEQ dcBNGard) The

nucl ei Q‘T@ﬁA@G@@@N@@@ﬁT@%@Q@GﬁgT%TBHI%EGG%%EEGIC@I‘CSO| ubl e

| S as
&?ZE%?—%%%&%&%%% %&%&%ﬂﬁ&e EPHTCHTHRATERTRAT oo
AAAAAGREXBAAFIEEATE :
TAAACGW@@E@M@@EM&M&B&E@%TT@A

GAAAGALKST CTG
ATTGT A ARG AR ATAT T TR G S CAGEG

CAATAT ST P G TR P CACACNREARSBT BACACAG
cCcCACT FERAAT AT FACACE TANTGIEACSECYISEQAIEENGEA®B) | n a

speci f irereaboEtoRREAn RS ChIMEM 1R SEE) @ §6: 40 Sol ubl e
ActRI I a pol ypeptides. As described herein, tthe term

" sol ublThe AGdiéRt had RRALYRE BidodRg 2 BERBH %cJtR}TIars%fu%fes(e)E Fellular)
pol tides conprising an extracellular domain o
A@P%(B?Igldﬁﬂ%"tsgi)&ws’rhe term "sol ubl e S\ct R Ia .

| ype s used herein, includes any naturally
ggcﬁfr ?‘JFlAgC%gG 4 gc ST PG S P B FGF T TaRICRIAPAT¢5C0t ei n

as wel PAESCHIRFAY AP ARACTEFRATBGIACCETFE MARSCNEACARBRGANT S,
f r agmemiscanwcpeptitoatmeticcai@riBirrc AR TTCCATTCAR

il b b Bl e s L
i

git ?LP%TJ&RSTZ%%AMPA%@ CWE?@P%WWATQET%FSWTHA%Gndl ng

Act Rl | 8501 §SEPA TCaRAAAF 1T CBIAAET TCOA RSB SAARGTRACKIAE 2

di ssoct@hteftaEneh@hcRLrhRMQE (sEesm ¥fi Ho aci d
sequences of human ActRIla precursor protein is

provi dech Jb@&ﬁ&vem%lﬁm%ttﬁ@ﬁl%ﬂtféh"i‘élatgé)ﬁ%b f%fA(]"?lQ[b?ACt Rlila

protein binds to _activin and gener al and
t H%P?Pélﬁesoé%@ﬁ%’éd heraip) thpteam “a&mhlwAntR&Iamlymgatﬁc’f Rla

p@édé@ﬂl?trbigl% to E@ﬂ?ﬁ@gh@é celfnpﬁﬁhé‘ &tragﬁ‘iﬂiga}‘ L0n Al P %9 A8 Ia

Act Rl a _pol ypep es inc e polypepti
protein. The term “soluble ActRIla polypeptide,” as used herein, includes any

naturally occurring extracellular domain of an ActRIIa protein as well as any
variants thereof (including mutants, fragments and peptidomimetic forms). An
activin-binding ActRIIa polypeptide is one that retains the ability to bind to activin,
particularly activin AA, AB or BB. Preferably, an activin-binding ActRIla
polypeptide will bind to activin AA with a dissociation constant of 1 nM or less.
Amino acid sequences of human ActRIla precursor protein is provided below. The
extracellular 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 ActRIIa 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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walewansiiesl further in the Exanples.
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30

illustrated in SEQID NGs: 2, 3, 7, 12 and 13. SEQID
NGO 7 is referred to as 10275954JAct Rl a-hFc, and is

sol ubl e, activin-binding ActRIla pol ypeptides conprise
a signal sequence in addition to the extracellular
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& Hrsib Ryt b e Pyt o ddstiPctbase poptidy
r Ef‘a(gﬂ‘iahlﬁ ant l:aﬁ PradHGE Qnt oRMst(A8ibRersy SSRRHL Pﬂ)tem or
nuta eni ze cleic acids encoding an ActR

griiing aw e2ii% ant s can be produced and t est ed
se that can function as antagonists

to |de t|f Bp
(i nhi b %51&1 acliyq yarients g A ¢tB{IA pelypetigeragen by ohistied b d

byscierding/libtaridsrdf aRifRd o BPRAEESREbindtl) YrahéRNRIm the .
variant of the ActRIla polypeptides conprises an am no

acPHc® Btagpigedingclgic apigsecodinegn defRilapalypersidan The
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In certain cases, the functional varl ant
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. gl%’gg?g%% r@of%ﬁglblth%haﬁt%f fhg A%ﬁhga ngtt &§9 fes © a pr\}sgrs an amino
mayidsequgesedhal s 1Q§l§t Todidesticalgo ah emgioragidtsequencd sefeated from

A@E@ IbaNégl pth'l g&'taﬁrpgase?'sg‘%xg glpﬁld{u?n%? a?na%%a% glg %@?@ga%d

t herapeutic e ficac
s lﬁequﬁnqelaf lsasi 88% &%ﬁ%@é%t %7%;98%3 GD%tdrdOOllegdeaﬁadl it®dh

' El YoVl se@.léﬁ@e &?g{fl Eﬂ)&\@)l g lyfeptl des when

ecte tain ac IVI dre consi dered
e T A T
c &stRdlagwpeptdeddusiel purboses ansihanmig, thdrypeatit aficas), 6r stability
(e.g., ex vivo shelf life and resistance to proteolytic degradation in vivo), Such
modified ActRIla polypeptides when selected to retain activin binding, are
considered functional equivalents of the naturally-occurring ActRIla polypeptides.
Modified ActRIIa polypeptides can also be produced, for instance, by amino acid

substitution, deletion, or addition. For instance, it is reasonable to expect that an
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an aspartate with a glutanate, a threonine with a
serine, or a simlar replacenment of an amno acid with

a isdlhtHe Féﬂfa@éﬂléflt bl léﬁcﬁ;qe Wi ﬁplsglgucqne(fr é/%liiﬂe gno?sﬁgrrca & vtv{tl\llg
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t APEBCHE Whishiitrpedfically reroguiees strperapfiate leellukrigircosysion
Asidghicd PR MREBLA ﬁ’ﬁ¥ aikObe fadd lﬂkt‘ﬁg %ilt?o%? Ar%hﬁs?gwon by,

sites). A variety of amno acid su
d 8P%erI TBPFE Serine G direpning arsidues tottheseljionse oﬁuhe vvhidmpeamea

t
(394)19pe§)?i§!; Eﬂoﬁg §1£g§d Oﬁyﬁk%ﬁ%ﬂ%ﬁs tg{) %ﬂvarl S oﬂ%lnlé)gag]idssfl%sﬁiyutlons
r eisdfletions pf one Ar bty efshy fimt omhlrfaammbeacﬂmdmﬁmecbfa
t gl'y[?@sma'tlgl? re%@@%ﬁ(ﬂ%ﬁe efo‘ﬁ)% Qrg[no aci ndﬁleg %glgelr:a%?(ild%%smon

frbef of car e nol etl es
pesisyliseip mpm-glypgsybyorc:ttelm madhﬂat tripoiie B juende0 Wb theOmedns of

g t RI | ndi n
© rERaShER? rbeds 48 cbBQTbr i BOUBER o PSR B epi b b
t chefradal ar gizpmate camphrigloeﬁ glydogidss td thp AlcFra® Mﬂ@ﬁﬁdé
gbséé% (o%)(th fres. sul f h?ﬁ *he roups such as those of |
ng of e coping gk sy e Geisbme by izehadip 8 erginine
sardl mgidirteh(bg e ceeboxot groymdy @X ¢ Qllhpay] ér@ﬁps@ﬁ%tth&e of
rcess dueﬁi % &dﬁ hose of %etﬁnyl al ani ne tyrosi ne, or
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rﬂe;tdh@%roﬂhhé: (a}a@&ﬁatbe@bldtﬁs MGh 87410 g@ilérﬁﬁbeg/réﬁ{% or
tr % ?BCL Aplin and Wijston
yptophan; or e am1de group of glutamine. These methods are described in
WO 87/05330 published Sep. 11, 1987, and in Aplin and Wriston (1981) CRC Crit.
Rev. Biochem., pp. 259-306, incorporated by reference herein. Removal of one or

more carbohydrate moieties present on an ActRITa polypeptide may be
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10275954 | acconpl i shed chem cal ly and/ or
enzymatically. Chem cal degl ycosyl ation may invol ve,
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C A dtRITA PR teikkabr RE QVIARSS ﬁ/’ilppeeéxpﬁgsye‘HQ§ Y hBdnPiMan S0 he 3t
HEK293 or CHO cell lines, although other mamal i an
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The activity of an ActRIIa polypeptide or its variants may also be tested in a
cell-based or in vivo assay. For example, the effect of an ActRIIa polypeptide
variant on the expression of genes involved in bone production or bone destruction

may be assessed. This may, as needed, be performed in the presence of one or more
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may be assessed. This nmay, as needed, be perforned in
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genes encoding a library of polypeptides which each include at least a portion of
potential ActRIIa polypeptide sequences. For instance, a mixture of synthetic
oligonucleotides can be enzymatically ligated into gene sequences such that the

degenerate set of potential ActRIIa polypeptide nucleotide sequences are expressible
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Genetics, CSHL Pressa Cold Spring Harbor, NY; and Greener et al., 1994)

Strategies in Mol Biol 7:32-34). Linker scanning mutagenesis, particularly in a
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chem cal nutagenesis, etc. (Mller et al., (1992) A
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wpaorageibiar bor, NY; and Greener et al., ( 1994PCT/US2006/045322

Strategies in Ml Biol 7:32-34). Linker scanning

nmut agenesi s, particularly in a 10275954 | conbi natori a

s .
R b Aok TR Rl DL s,
vmfd@n&(sfrfg@lbqulmhme%es are known in the art for
screeni ng gene products of conbinatorial libraries
made by wige mngerof eliniqves anednowu incthe arofm scramng geoe proldadts
e cBhbink O IBLAE0NA% GO RLARL SR B BERERRIRAME! ©

having a certain
5 gen@tealfblyscadtapg eibNA HbCEﬂ‘leB ﬁplgdnespxodmzm hagingh céreén gnepmy

I d b
ISQI%\Q %ﬁﬁﬁl‘? L%g gvl?ﬁ & %etne%eg agl]apﬁa%) e%é?t%{ﬂﬂ%érlg?%}n%%ft tﬁeq gené ?1Ibrar1es
t @cha:raiqdl bwthe (oombmateﬁaiilmgageaésjﬁaofgeﬂﬁld pddypRpii®S. The most

t s cloning the ne |ibr i nt.o

- SR it ST hes I8 o0 Be e 5% HEREra Rl combrites

a oty thagﬁe dietal-ysint Ibﬂldahﬁ e&@‘éﬁ;%&lvﬁaoisj tdnSfoymBl approprlate

vect or t he caonbi nat or enes . under
10 ¢GRSO R o GRPH- BT Car B Al Eones

f amdérl coadifisnshiglvaich dekstionasy desel attivan féU‘lht&tB@rﬂé@i%l? Basy
dJn Hg ene whose product was detected
%PPP gét JELYLOEOHNE e g%twh%plﬁflm AR defectedy Prefeged
afétséayt, chesiotl Rbikld assdyd Aad AR ndRSAMS clltidnBlidPdsthys.
enbodi nents, the ActRIla pol ypeptides of the invention

nray f Ul SethinGRIFHintEatsP@S %chWl@%?ﬁHé@bfﬂ@ﬂiv@ﬁt%%@ns
:‘}P%dltlonto any that are natur ‘%B resent in the
A

oF SoRIISg pefiiiieprlationa) paedifigndions i afdiBerstojany fhatiere npfyrally

alpeesti@ttin thie Mctrath ﬁ&peﬁt@&%y Kadn ﬁéﬁlﬂ&ﬁf)l%qw{l&t blﬁrére not limited
gl ycosyl ati on, phosphorylation, |ipidation, and

adplaggtylation, parbox o) ahycopyietioppbliorpheey isnriiation, and

PRLYIRER | A4S edMRYhE RiokifeR A&ﬁﬁl%}%lﬂﬁ 1]?&% tha$ LGB 1S n-aSie]

as pol yet hyl ene gl ycols, |ipl 8

meRid-clementiaturiyles pOé}f?éhYﬂﬂmsgbi@alSelsvldSEﬂﬂmmwb -sgesbiride, and
{ [

i T T
f (é\fCﬂbehmlymmlﬂ hay Jedbyqegstdesteibedindrein 1f<8‘ othahéntRif polypeptide
ﬁgéﬁdﬁs? gérn?%?lo &I%ﬁfpcﬂig% ?gﬁg)?crdducerél i Ic%} s%y c¥ea\(/:1|ng%¥1lasr<]:gnta
pdein ofiten4¢t&ilh polxbeppidepesisiranglatienpl mbsambgmajml@as bant

f f ot tein.
D?l#lpé‘i‘?aé% ?)‘f: Eorfei% lﬂ%&%ﬂ%rw n?_ét a?ro%ﬁcé}%%%rgt? cealﬁ %gf:h as
25 NICHG F3:Loy MBEK2 99), Vﬁm,eNﬁpem b1 IE[EKEQ?J) l]:lh\&rspmiﬂct‘ld:dﬁlaray
OGRS A SrSlekFuctBr O Patorafkd il pdevsnglistivits and
emsiyrbe chéven amsee thenbedt ingalificatioradtd pprcesegifng AdRihe

A(I:)g ypep%dgol ypepti des.

15

In certain aspects, functional variants or modified forms of the ActRIla
30 polypeptides include fusion proteins having at least a portion of the ActRIIa

polypeptides and one or more fusion domains. Well known examples of such fusion
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In certain aspects, functional variants or nodified
fornms of the ActRIla pol ypeptides include fusion

pol ypepti des and one or nore fusion domains. Wl
known exanpl es of such fusion 10275954Jdonei ns

' WIT%% indlide BtGr 1Rt libnitBd Eoeg?lgflﬁstlcﬁ%l ég S§fu‘ fhione S

d u- u, ufat hione S trahsferase |1 ore 0X|n
prt&ﬂéfel’ﬁsﬁx Gsﬁ)o‘ﬂl@r@doan prateindamoigingh um immiecglgbutih heavy
c r in (NBP),

or Ao G (it SRRIRRE R (PR PGy S
s edllemind Asfosiar dQn@am: oy be sddectidsbreth Enipe d¢syred Emperty For
e S.a | CU S
£ SRR, sops S TR P AL s olafon g o
C rotees bg rHplty chlﬁmatoghgh)p Uirgp d&aqouqfosaf)ﬁ affilmﬁ}ypurlﬁcatlon
p%%&%{,} %}altrf)c@%forr %fe ro1rrrlglitor§11tacﬁ Is%c%eas g uéaﬁ]i}[)%é/ ,ealnyl%§ﬁ o and
nimgéel--or oobadiebxmhltgated oa3jnis gat useld. resmynG’ sadctem atsiesh. ardviaatdé in

P, 5 B ot e T et A 08 hehest 1P
Ql s&ampr(eﬁgeﬁ)m)semwfﬂemlsgmmvamaef Mk avdtiieh exdihpR€)a fusion

i on t her exa a fusion domain
rm g ‘5@( f‘ci%&“eé &0 %“stog ilftafe .dFﬁe‘frrg’Pé)f ther stk mpplyrentiges.
A(H);Bhﬂpaas ROkyREpkitibaHombNa iMehuas tRfvaluaieRkest hoRins (c.g.,

(5%; ns i gcl ude the varjous fluorescent proteins

) as e s Rt t,agsaswhlgtb@rp gﬂ@lly gl@(gt repliglg seaueaees for which

Usalb@leélﬁc sty RAPdilagR. W%B%%pﬁ&fe 343 'f&hvlﬁcl?@@&ﬁf: I C
anti body is avail able known é:&l tope tags fo

W?}WC@%@PWI%W@@%MWI%E. ipderiedd- Ay, énflusaeh Ws |
a%bﬁl@éﬁlﬁlrﬂlrﬂ%dﬁld&% tabTh Y&HE Baskd. Elﬂ%ﬁ?‘?(’l‘s@gagﬁsq{abgﬁ n

, and c-nmyc I n"some cases,
d WP% cleavage éltepﬁ @&@é F@ﬁ@@&%ngreﬂgbmbm whiclhaléogvsfthe relevant
Fe}ﬁ@t@e{se %)é?ﬁall-ghﬁg%gﬁhpquM' Fd?elﬁ'ién(a"eﬁeréﬂq qlb%l%keec}{gf&ombl ant
protease artt al e fUSIg prot el 3
t h?é@télnfg‘/there@@matTéleﬂlh@raﬁeé pmﬁfbmmmthep foguselami ftdmeﬁ]eifmsmn

T Par L SOk B, S0, CAFBLIE, haPhg pliam e

s epwodinients, anl ActBHa palvpﬁppdefsefuseé ovithrsochiaimethdtstabizes the

A%%#Igg&gﬁetvpﬂgg k ?\&( stabl z;}:rr) ép lnaglgalB%Q‘gt%EZIt’lg’aits meant

" sinpthinlgithza llﬁcredsrmaemm haB’)hfé s¢gahildss af Wigthdr shisiedB¢ause of
a ng hat reases,serum rdl ess of
bR i RRTE SRR Ba kb B mapsooneti

d @«ﬁﬁeﬁa§asiom weidt thaBepdiyloi bfankingliv@yglo®ilin@td18&iown to confer
ffect Fusions wth the Fc portion of

t
T R S e3P0 iit i POecBoaH PGS, dihepise, usons

phahwrasokiie bibemprap e@ﬂfh&&sﬂible%r&j‘pe@'tﬁesr BREe typbs of fusion
protejns. Li kg ? i ons to human serum al bumi n can
f ¥ eﬁiﬂéﬁ@

o SAFaIS digt ey degaultimpnizing (eypp dineizingyisiramerizing)

d@ﬁﬂﬂaﬂ@ aﬁchﬂlfnctml doeasRl(@et Rfel REAR AL 1bSBL BB, such
9 |rrer|2|n9 tetramerlzmg)
as urther stimulation of bone growth or muscle growth, as desired).
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desired). 10275954 | As a specific exanple, the present
i nvention provides a fusion protein conprising a

sol ubl %s%é&ﬁ@é%w o h}%ﬁb[?%rﬁ ifRbn S fRb Vi 4886 piBted) FC

domain (e
THP@PP@P&PEME@@BSWEWWTWASFREW@NMDFQ Aymain (e.g.,
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NWVHI\B&KT KPREEQYNSTYRVVSVLTVLHQDW.NGKEYKCK ( A)

pupeE I SKAKCOPREPON T PPSREEN RNVl T VIRCAY BEEF RVERE
SWWEMNVKWWWEWWSKETWNWS@SVW%WL
(%MT%%&%@E% Py ﬁEEMTKI%(%\% WESB?&V%SN

nore nutations resi ues suc st ne
EQPE@NéIKﬂEHPHBHSDCFRFE:IéerKéITMDE&lS@@QGNWQﬁYMaERLHN )HYT
dofmirRRavkrg one or nore of these nutations (e.g.,
QjrﬂJﬁ-%265 nmut ati on) has reduced ability of binding to
the Fc§piienrdlyt te Fe dbmain hes ane oamaid rutyiiens Beresidneisnch dsn

O;}{E 1765 ai?ﬁﬁe 35? gnJTR% A:BI4 119 %‘s%lnﬁgesht Vg]?l%ﬂ?f’ %(g%aqugavmg

hese” nmut at i’ on
i moe eame dlihese tnyitaubnskia gd As;g%i)muﬂaaoﬂ\yﬂ-l@s eldaced ability of

I-re.ate - recep ive to a | dt ype Fc
ShR S Bt St of alfier fectbhe
t hﬁltinﬂbe ﬂﬁm@mQﬁaemQSndmyndieoﬂhés@rﬁﬁ@eﬂlohﬂ(@%",\’Am@f@ﬁutéthﬁ§
conS| st.e i@fw‘l’—ft h%{jt he desired functiona
W@aseﬂ bingingfp s MHC flasprstelated By 63T (FoRN)
Qraaﬁmenahﬁlmtﬁ,emeu%%ogous domai n, or, alternatively,
a heterol ogous domain may be pl aced C—term nal to an

Act Rl | & ip@ldeReddithie diffehat AehEltd of tROTMRAREEIRs AQYBd N
and tht(e1 het er ol ogous domai n need not be adjacent in a

f GEPTd 7 Bvananenihat is spmsisieptixith e Aesirad fetionslie Faei d
SeMARe s A@Mwﬁolmtwﬁhwﬁsiy 6 pl&ded M-t£hiHAINGL hEtho?ng{Ige r

domai n or between domai ns. In certain enbodinents,

t Hemagy o plierpivekyeplqtereloses demainsraydsplacedhGdeniies to an

g %@F?@‘?ﬂ’épﬁﬁ% nﬂ;{:e?%:@gd %dé ypﬂéc%?il%gfaﬁ?énd"’fﬁ@he‘fqulgpéﬁ d8fhain

s testl nab 8e rdiacent ispdusiomppicin, aideadditionalidomains bf arhing ecidf

t
R R N DU TR R )

dégmamatu on of the ActRIla pol ypeptides. Such
stabilizing nodifications include, but are not limted
to, fullHaprestbeilinentsi the IAQtﬂﬁthOIYIPg}VtICbX aftpé present invention

contain one or more modifications that are capable of stabilizing the ActRIla
polypeptides. For example, such modifications enhance the in vitro half life of the
ActRlIa polypeptides, enhance circulatory half life of the ActRIIa polypeptides or
reduce proteolytic degradation of the ActRIIa polypeptides. Such stabilizing
modifications include, but are not limited to, fusion proteins (including, for example,
fusion proteins comprising an ActRIla polypeptide and a stabilizer domain),

modifications of a glycosylation site (including, for example, addition of a
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10275954Jgl ycosyl ation site to an ActRIla
pol ypeptide), and nodifications of carbohydrate noi ety

(i
(B P AONB P S SRRl Sy
f usPigly (pelydBgn®r exampie rdRIdval Fopplapiratelmoiesies fise dn tAotRa[Ia

Sthlokb A, PR, SRS Ml SOIRIESH Fer e & podio FC

domdi n erern term™s

nottabdiveydamediesushing amlgﬁmolowldﬁgrmlan F¢ domain).FA3 used herein, the
t n SQ_i nc

e A D A O S Y
rrmfé’qun [uotemls,rhmt @lS@lnﬂhld&Ol@ﬁplpEirMB@)ns medifiatitss such as a

h |
ore S Ui R hapre S B St Bl etveol

purlfl of th Act Rl | tides, .
i sol at zlg° TY bnrﬁmtbofl lm?nhs I\angegergb‘g@?%ﬁ’tlﬁ%ef ?fvafllaéfg 1% a,te%
otdnéAor purdiediforns oﬁd:}tedetRII@pd)lymﬁdésﬂ\@Bwh\/aﬂd1&%&9&@!{1| & be

g T ST NECER

C d:retpmducask@eﬁbﬂassmmﬁ'oﬂn%@ﬂﬂalrﬁﬂ natieriadids. i sol at ed

and/ or reconbi nant nucl ei ¢ aci ds encodi ng any of the
ActRI'l a pol ypeptides (e.g., soluble ActRIla

pol ypeptides), including fragnments, functiona

var i anNeckivdA didsEmoding dictRifaPothipsstidesed her ei n.  For
exanple, SEQ ID NO 4 encodes the naturally occurring
human ActdRlalncaspeoes thesm\rennmi gm\edﬁsi ishéateddmidlce réslo@bloahtukleic

N TR T —

siingidingfragmmeahes] fmndxauwrﬁms tiicafasion] profigs it @h&eia C Fels
NA nol ecul e hese nucl ei c aci ds may
g‘ﬂf&@&%w E@a rAn‘?P‘éOde? ﬁ‘ H@PT‘? YECHB IS RRIAA é\cﬂ%ﬁlwa‘aﬂsor
P @loyypeide delsileBE@ED MO: GthddBﬁhaP@)Uésis&i SHEI Bl @ergam of N
agﬁ Lﬂﬁ;agy app oach). In certain aspects

ﬁ b HFUBRE ny &aC@ﬁ B3y Phgngesirgndgd M%L@pﬁtm@@ Such
armcleidlatide may BQD’NSAI &quA ‘Pﬂdlé&ﬁiey dﬁle@éjﬁl.ll(ﬁélé: 2@® 19§y Eehﬁ@d for
are variants of SEQ . Variant nucleoti d

s SRHBPIE-dR Meffiods s nsa%sa]ae%el?sl&a nqk:mepteﬁeﬁ pEgs chdh@ramutlmeats

nq@geggigﬁeggg@yb%ﬂ55@@s addi tions or deletions, such
as allelic variants. In certain enbodi nent s, the

| nvent ipaernQMpERRS e SMbjk BELIQE adi c?sfe%e?w ¢
acid sequencesbthat aré at eagf l%%@b Sg%)mes

9 7t% fugheyundeysipest tofndude f’é‘élﬁlclaéléﬁ thﬁbarSE@lalnB qﬂ@EQ4HbN054 or
One \afiaR b REHde sSdlehbesiitiddd @e ceg\‘cﬂa dlﬁglptép(ﬁ‘{ %tr EBEW? Zt

nucl ei ¢ aci d sequences conple n ary t
o,nugleotgiﬁ dubstitutions, additions or deletions, such as allelic variants.

In certain embodiments, the invention provides isolated or recombinant
nucleic acid sequences that are at least 80%, 85%, 90%, 95%, 97%, 98%, 99% or
100% identical to SEQ ID NO: 4 or 5. One of ordinary skill in the art will
appreciate that nucleic acid sequences complementary to SEQ ID NO: 4 or 5, and
variants of SEQ ID NO: 4 or 5 are also within the scope of this invention. In further .
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the invention can be isol ated, reconbi nant, and/or
fused with a heterol ogous nucl eoti de sequence or in a

DN HobifiedfsY the hﬁ\:l@i& hed s&lqgr%gé Sﬁecpé ﬁlve ek el & 1@&5’%3 of

the invention also inc nucl eot | e sequences ’t hat
hyBramhiinaat, grdferrfused gtithye keterplagennudentide séquescet ar ih AONA
nyg.goti de sequence designated in SEQ ID NO 4 or 5,
conpl enent sequence of SEQ ID NO 4 or 5, or fragnents

th iy
Lhe. o i o HRAURROMARA i el DR MRl hloidollae

tSngeeﬁ #iat bydmidize ivodes highlycstriggeoionditiDo m;ehnmmoam i on
C %ch}%ﬁc 'gfr?ég%d d@%%({)lt?alﬁbg% glra%)éPL%Eftelnent sre]ql}eﬁce oat;StEd\iﬂ 1\10 4

under st an e str
condi arifugmenth iheteop r@ndxscelsmbwmnechfbahmm sldfm the art will

[ d
T TR T ——
( $$l§1)1d1mtloa baoutte vibied CDné of dréinegl skijl iatheas Rvilbinderfland r&dy

a exa t he | t n nin the
e e B B YR e RIS B oo B
alyortitd. z:oeexanq»mom cdnl Iﬁhﬁ"ohﬁ tlee Hybadiz@lohian@eRGYdiafk about

at 50 addition, the tenperature in

0.
t ﬁﬁlogegg &P%B“&tsgg%(@ 3t ARGUE 43 Lot ToHoYRd b Veesh PRGRHSPC at 50
copdirb QAmpRL the QAN InELRE!G Mt W?SH g%{a é‘gb OGiected A Mow

stringency condi tions at about tenperature
antingericy ofralioubd0 waiSCed 50 &€ tct :elmgha Btahgﬂney ofabwat 0.2 x SSC at 50

ti hel t vwhile the oth
ot St B Epetafor B e Enineeeted T B i on

PEEMEERS conltiddk 6t BEMASmMIAGR, 51%9{22‘1"@ & MAISFind AW,
stri ngenc%%bcondl tions of 6 x SSC at roomtenperature

f 6PPBVRG 2bapont G8$h Bath EmpegBes and splpony be Mtpmdaom:mperature
| 3PL At SHcAHE S 1 'h@ﬁg@%&%%w%&fth% tﬁe? 9%11%83 s ?lgacr:lgeecl. 9

acl ds as set for
d eteerabaldyeritthe h@erglen @tavides omtéelaacedmlsdn hyibiridiza utidie low

. gﬁ’@gen%? °5‘gﬁ§d|“g §§€£ d ggf t fn%r e tha nmr()erfgﬁlwe%prﬁ%eat Wasgﬁgg] fis

t B&E ab e tbyppdrhteresane ani no aC| d, or synonyns (for
exanpl e, CAU and CAC are synonyns for histidine) nay
resul t Isplatet sitleinntidswhiah difes fromitehmeinoetdsat fa Eorttt 1h$EQ

o AR SRR Babehdfe BoPUrisrhaRale Tikin bt Peagine

t eavettamg Eor exarrnpteea aumbm oﬁ@rhﬁho&elqyﬂﬁ desigrafedtbenditl Bag Ghe
mamTallan cells. One skllled

p*“ﬁlﬁ %f%?‘%ns Wi FPG&%WS ST WA 21 9 SRS (13 PEADIE FAU
oaml OACHEY Snovyedseol histilne) Hay t@uR Bottlen?* BYe8bnd W8ch do not

affect the amino acid sequence of the protein. However, it is expected that DNA
sequence polymorphisms that do lead to changes in the amino acid sequences of the
subject proteins will exist among mammalian cells. One skilled in the art will
appreciate that these variations in one or more nucleotides (up to about 3-5% of the

nucleotides) of the nucleic acids encoding a particular protein may exist among
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nucl eoti des) of the nucleic acids encoding a
particul ar protein may exi st anong

natural allelic variation. Any and all such nucleotide
variations and resulting am no acid pol ynorphisns are

ﬁﬂﬁbﬁluglg %f §E19 p@&eg e%o hapvandite Qvarlaﬂoﬁgﬁﬁférﬁ aI}]I such
enbodi nent s, ereco i nant nucelcamso t he
i nwehptldmvamayorb endiseyling aming pgié golymorphisms aremwitlen the scope
r el 2t QLY O&ucl eoti de sequences in an expression
construct. Regul atory nucl eoti de sequences wil |

gener aly, %o ARk TS réc%g;t)nﬁn%few a%lds oPRESheRion may

expression. Numerous types appropriat e expressi on
v éptapesbbrithkediiotonb blemme geguit@y yucsletqlgle NEESNCES 8 dareapression

t hc%nQFutct fl%egu yrgflﬁcﬁéo%dg ge& %1 s(\g?gl enerallpygl eﬁo?n%%hte%o J[he host
| m;‘lluud@l, fobe»tpraslen nNumdamm t’ymj of apprmrmmresﬁaqmmemd

n .ri,bos di sites,
3080 Pl PSRRI BB
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cer , or actlvator se nstitutive
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PrigdmiteE profidteXRNaswh Qithe A slelcugbmpRitd b twlﬁﬁe@lﬂbn | Thed
cell on an episone, such as . a plasmd, or

e%ﬁ?‘@%@fsdﬂay&?r% ?ru’etur%fc‘aerlw&eemp*@a& bR ﬁr%%%wét

| NeophbiHeeAl @hdn@ChratIROMhTBM proth fiBr. EXPEPEREION cHBEH@ ay be

contains a selectable rrar ker gene to allow the
sereeiipg gt ok praspisosiensigh Avaplagid & thasapesstiameustigt ey

g%ﬁﬁseﬁ@@mvﬁélﬁomgfﬂ@ i rgférr@t{ 5ml9cﬂlqn¥ﬂt the %k dksidh L &idhe

host cell wused. In certaln ects of the Invention,

t HeOntRifls Jaéékectnlele marker gk 41139 psdlestien piransfosnest kosteedin

Vv i [

A TR 48 e By N D SR EhRfen
omsed.egul at or y sequence Regul at ory sequences are

art-recogni zed and are selected to direct expression :

of t he IeerRin asppass gfleiny enéion, Aecwibigeimgiclpic achids powited in an

and
o AR VecRE IUERA g ALHERE, BARREE Eobe A ARG
r egxlbl'pap@deﬂnéequebhz eskedrteatdwtwneb@ﬂatwy@wdd@ Re@ela*ery
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ressi
op o et FREEI RN rPtashs BB § SRR RSBy ssoupnges
t cnreatqfsmelsaal ibSeckiel) Gene BEgpression Technology: Methods in Enzymology,
Academic Press, San Diego, CA (1990). For instance, any of a wide variety of

expression control sequences that control the expression of a DNA sequence when
operatively linked to it may be used in these vectors to express DNA sequences
encoding an ActRITa polypeptide. Such useful expression control sequences,

include, for example, the early and late promoters of SV40, tet promoter, adenovirus
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encodi ng an ActRIla pol ypeptide. Such useful
expressi on control sequences, include, for exanple,

adenovirus 10275954 | or cytonegal ovirus inmediate
early pronoter, RSV pronoters, the lac system the trp
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Ve Sion Félicled of poGRtioS bif 4 REINSHLINAE WerraTd ﬂb@p@&ﬁie include
pI asm ds of the types: pBR322-derived plasm ds,

Pidreanf Pl mcggs(n ks insigroe. alfaplgaigetpis daghidggplasmids of the
p BRG- Iqﬁﬁﬂedérlpécpﬁggnﬁ@s ﬁﬂ%ﬂ%’rlq&f IBIXs%gd:p lpﬂﬁrﬂegi%({ ﬁﬁsmlds

expression in prokaryotic cells,

neRaF gy e plrsedsiash PUE letves! m@m@ﬁ fnr @meﬁsxpv omplsamqtle

SedeREdSsto daci litate the propagation of the vector
in bacteria, and one or nore eukaryotic transcription

its
gg DN }SB%%‘ ’nf'a'iﬁnﬁ?éﬁ Eﬁﬁ@s@i@g kéc /t&y gﬁﬁéﬁ%‘)gﬂi ﬁ?&abfé\}% yﬁgences to
p Sxelitatsfthe prpmtlomshmw@etor ;ml\l@&erl@ Snff@'ne @hooorn edkagyotic
S0 G S OB, 3 R o,

e UkBRNGinee, pRelTY, SOREpOYSY oo VeI S THL OREWIES, B,

paR23 SR B0 pOTNAREL et R SR INE  TPuBF sroumsion

s ekdotsisoitablafob otisfgptiakaieykdryaicanlls. edokgerof dlids€ vebedrt sre
modified with sequences from bacterial plasmids, such as pBR322, to facilitate
replication and drug resistance selection in both prokaryotic and eukaryotic cells.
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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Al ternatively, derivatives of viruses such as the
bovi ne papilloma virus (BPV-1), or Epstein-Barr virus

transi ent expression of proteins in eukaryotic cells.
Exanpl es of other viral (including

1%&&2%&%@5@& dy@tkahs eme%gﬁd%lowigg@;%;&g@%opgg géyh% B rapy

bel ow in the description of gene t

s yéslizery systives. Vidie ivetiensmestiindsd smplopdddy 8w firepatdtion of the plasmids
pr ' : I ] ' format | of .
PR Pl or ot RSt etf Rebh 3P Ao e Bt
s udxpeebdien syxiome $oyiboth mylstreis ahdeukbrybtic pallokasrwedlt ds gerend

e ' 1. a eneral, recompi na
IR eLRe, 18 LB RORST P B . .
3rbj'_ SachbrookdFritissh e itbandasis (Céld SpsehHahok Dbofaadry PrecEabal).
o0 e RS, AR A LS SR b Do eniest

r ebondiofiabbcuioiiypentrésdies spyent. Hexaupees of siehibaaiib @i r us

expressi on syste |.es. of such. bac iru
B RSN e YT RES Gtobdpan PYLIY ) EVpaapaipma
?S)\@Mh 1BQAZUWH?%3 ng%isB l{s\(&lQeﬁs]p)A-gUWAD_ ,L%Vdd@lhead-d(eﬁeadgr S
suc S c , .and pBl u -derived vectors (suc
asvef"tﬂ%ga(ﬁ)‘lc &P %ét\éwc@ﬁgaéwﬂtﬂ nﬁgﬁﬁg%%fcﬁlp'l ). In a preferred
enbodi nent, .a vector. will be designed for. producti on
of ¢ he T80 BleBRiet RED BB SF i i e Se e St PEsipeon & ey
aSSlu_ijBCHBiRI&pdlgﬁepﬂdiét?sti@CH(ﬁIeI HQESWQQ,PC%Z-S'L@E Jtﬁectog:a i)
if.), nc ctors nvitr ogen, rl sbad, Calif.
g?ﬁé“ﬂé@ﬁﬁﬁ&%%t‘%ﬁ@@?’?ﬁ JECtoRgY i en, Gpdsbad, Galithand
bepGpRak€Mdrs (Hrb@esl Miaafkbn, g@x@@)b CONGHINEeGhSarE@hb Suik® gene
to cause expression of the,sutject ActRl 1 a o
pdPYPREIcERRe 1id ixtanse srppuesaider suhiceiAatiiie polapepiidesti
ProRpidsiBpApal & Asrd, B, w’ﬁr@&cggw&, R Akl i Hf ik 3P

proteins, for purification. I's disclosure
pSREI#t RECteins, foripysfication] transfected with a reconbi nant
gene including a coding sequence (e. ? , SEQ 1D NO 4
or 5) flBis dilosye alsp pertays tp pdos gl] sansfented Riitha recombinant

PQle¥PRBILHHE S codiRE sdiBsice ¢8L | SHRYD R®: 3Ny 5PFR %ﬁé YQhdiE oPlhe
1. Fo 1 ypepti de

eukaryotic cell. For exanple, "an ActRlIla polypep
ofsuip@ ActRiEnpalrnertidas. Bbe kospecdlynabeiany pederotiabr ebhiystic
SUCl. BS dramBiR! dn AdREE 1y Sl MR i
bacul ovir urgﬁ ex ﬁr esglﬁqﬁ ggeﬁlléersﬁfftﬁ%/%‘é%rﬁdﬁ Ilo#é 9#%%%F?S%m

c dlaptarial Celisesticlsas &. ablidndsoigellc@lgl, sisiag e bheubovirus exprbsome

ski ' . r din e.present inveption
FOVEREE Y58, bERa kb G Attt i PHE SR ko i B
Ackied m thoty.pept i des. For exanple, a host cell
transfected with an expression vector encoding an

Act RI | Acpoilipplypthi desommvbsiondinther pettainsde methods of producing

the subject ActRIla polypeptides. For example, a host cell transfected with an
expression vector encoding an ActRIla polypeptide can be cultured under
appropriate conditions to allow expression of the ActRIIa polypeptide to occur. The
ActRIIa polypeptide may be secreted and isolated from a mixture of cells and

medium containing the ActRIIa polypeptide. Alternatively, the ActRIIa polypeptide
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appropriate conditions to allow expression of the
Act Rl I a pol ypeptide to occur. The ActRIla pol ypeptide

and nmedi um contai ning the ActRIla pol ypepti de.
Al'ternatively, the ActRIla polypeptide 10275954Jmay be

r 6hA) Radam¥d %&ﬂ%l@ﬂl:yloy i mbs ﬁbt@ﬁ X JRIBLADS b @glf l}gﬂga&ﬂ

the "cel | s harvested ysed protern 1so
cdysedaud tha peotsim isplattes Ah‘@ﬁtculéleb insludasletistcedindnatihend other

byb?/'bx%qﬂ&g uitabik E&Qia%o%ﬂ'cﬁltlﬁrg 5{&‘2?4&' Kn§Wh {he aft! %gélvs?ulbléec%

known I n e art. The subject 4 po ypept
beAdtBH4 mlemspflde@wmber isoletatl fmmeﬂeuﬂ:ﬂuﬂmemum; hese kélis, orcblbth

b p . t t . f
T AT T A
f i dhtqnmtogmphy,rgebﬁmau‘gr Gimd)'tyato grhghyatlirbfiltratiory B].ectrophoresw

! BELBIPIRSE: P PRSP ESFULER Shofare

Aodtdﬂdlapcpimeppmtandi eﬁinaﬂ ﬂurﬁid‘atmsn With puidehi @atbioR (s iéman
omai n fus R |a

to a d t he Act )
S“’Sé‘?o by E? lype%“dﬁczageﬁﬁm}é@% h‘ﬁﬂ @eusa%@oputﬂév an
puﬁtdtRHa a0 fubioh Rl Th a-prefertadisdndfiment) tiR Mtﬁfl@bél?ﬁ’eptlde is a fusion
enbodi ment ptide is a fusion

the ActRII ol e
o POt RO P Mg T e R et laguetPired
pwmbbdmﬁhﬂ pllihﬁchﬂorﬂls REeERE bed serdedidinh chrﬁhhﬁioéiaﬁﬁ'} StEH3,
%J] xq{ %ﬂ¥ aﬁ,erles of col um chromatog %/
%@ Ing, {¥ ICEHTN G, thirs P B @b ihe olayiag imenyRsdes: Rpteind
f @hiomatdaghphy, %Mar@é’edﬁfoma%%&lﬁ& %%nﬁwpﬁﬁ%g%E&%agra;@y,

Se harose chr omat ogr a eny sep ar ose

c K6t ana@r%y‘s%@élCa%qno‘fﬁclmg@ﬂﬁ@@@tp@@hlw Ted
c %hhﬁéhtl@?f 6&%9@0&1{1{1&5@%9& (11@9 W¥iratibh Sn LM Irkek %@Eﬁé%n Aould

onpl eted with viral [tration and
eﬂé%ﬁ?ﬁ&éted hereigefpiRdlarhdie @@t‘h@ e purifisd tep perithi BE>P¥%eei n

WRiStc R bl Byesqlzeteglclﬁsﬁl%ﬂr%%/’latg%rg@% 2956 E%E{éhﬂhﬁg d&%sﬁésze

excl usi on “chr omat ogr a termne
PRASE. ﬂhl%levﬂoépurtﬁ’ wesisuffigientdsachiehé dzsmeluit: eff@ctsamhbcerem

ASRL AR Bl Bk 30 DONE | Bl 68 AN n%un%‘a%go?ﬂ?é AR

safety profife 1nm non- human

I'n anof%%th@%&ﬂﬁéﬁ a fﬁm&yééng g%ﬁ@%%g%?‘ cgatloﬁ) [eacEI‘er

purification er sequenc
p@%}lﬁqu@h Sirh ey mlnkﬂmhg@ergkmw a@evme tie sqemenatehal- t he

AP0 Lestidf pR5h ERe RALGERTY AepibEpd GRPAR. Fitiow
eppmﬁ@geldoifths emmespﬂddtmomplbyenalf}f afﬁmt;ycmdmam@hmnam@)a Ni#
Sl g plT Al BRI caliRa Bt b fobbirns "B reho ey
\Mtrtdttmemvatkﬂmtandemse to ;pmaue tie ptitiBedAutRITh ﬁ@lyﬁéphﬁ’é {ek., see

CeSRERS b i 95e bty Slir renntiect o o1 pRas G4
888:8973) .

Techniques for making fusion genes are well known. Essentially, the joining

of various DNA fragments coding for different polypeptide sequences is performed
in accordance with conventional techniques, employing blunt-ended or stagger-

ended termini for ligation, restriction enzyme digestion to provide for appropriate
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performed in accordance with conventional techniques,
en‘pl oyi ng bl unt-ended or staggerended termni for

| i tehadih O 1lin 88 bf é&l&dx@rbnﬁﬁgsyaﬁﬁroghag Satllia‘ﬁﬁe Bl%sﬂl a?a\éé ﬂr@at{n@ﬁt to
approprlate 10275954 |termni, fil |n-|no esi ve
errY8idyy %rﬁlalspwunag éma'alllzliimatlﬁbg%lﬁ@sWﬁlgeembceiatlmﬁhe to
avikign BOi&eH B@QJnﬁleb@édrHy%gnveﬁﬂgna‘?%H ‘BB dul afu atdd!

anot her enbodi rent, thé fusion gene esi zed
byDNArsyvethesizsial Alteaativily PER mt&fmmm@fmmﬁm@dtsmbe
S YRR & [ ene
fr agr nme ntus élggn rﬁl&r?élr%#e‘%ﬁ é}%/ﬁw%js%% ﬁ@@&h@%&%ﬁ&ﬁy%erﬁﬁnﬁ
wHiegeegitwe cotssaitivogano fipgreemnt/bick cmmbmngslyﬂnetammmd tavo
[ sub ly be
anagr AR e CAMBLLS, MRS BE L BT S E e
f dHolescdarpbielogrers. ésru‘sublék@tab,dohlswmy %Scmsul%ﬂ) Bi ol ogy,
eds. Ausubel et al., John Wley & Sons: 1992). 4.
Al ternative Activin and ActRIla Antagoni sts The data
present ed her e| n denDnstrat es that antagonists of
Actiyimangl Antapenisised t o pronote bone
gr ovvt h and bone m ner aI | zatl on Al t hough sol ubl e
Act Rl | dhe dhip pegstritefidhsreimdainquatratésabdtantagonias of detivika\ctRile
h ch 0
ma ng]filﬁggéc?%gtgg%qg hfb‘frﬁ)t%@oﬁg %k&{tqlg%ﬁ%orﬁng 1ner§1 tg (%1 %&tﬁo%h
an?ph@mcsmlé eolypeptidest andlpartlcnllarljo lAbtrHa}anye blefeaﬁd antagomsts,
gh %R]%oq{gh 9& alﬂﬁéén%% 1%Q0Xff bo l @ \J%}Sa ﬁlg??éﬂgllaal%:t‘% han
eilctmp gntagxtmsem (ergamb‘e\nﬂ; 1rrhfb1ﬂid'nené|S(B%- dmahcacaﬁchme" tteateidedcy of an
hibitio .the desired

e?ﬂge’%# O Ui totlﬁe?C 1VX‘t@sn% asﬂjycﬁré@ nrlr‘ﬂgct”il‘??i FeRding peghaps, other
amangjen sfithe BGE-bets mﬁtfeldﬂy me sudhsefi¢dtive inhititshi Yy lead to

a act

b ARG b af aﬁhS%typeérﬁf i Rt éctﬁiwﬂas?mf’tﬁ B Syfsted
nue beiefacinciadihg adti- adﬁhink(bg ahs, Qb@ﬁy&{tib@ﬂieé)fantﬁ%fcfﬂﬂaa
and qfqur i nhi bi activin or. ACtRI I
paPHPisaRntiyenst 1t‘1‘i£1‘ oyMmEMYpleicAEds Wahmb\’@ttﬁllq pyoduction of
bi AR NG andsth&itiNReyortbbitin bSA&RER] fakialakly tHR&Hat ¥iSupt
with an ActRIIa pol ypeptide (e.g., a soluble ActRIla
pé‘FW}%pAﬁt%%f) biadiag-whi ch eit her bi nds conpetitively to

ligand with the ActRI |l a pol ypeptide or otherw se
i nhi bi £'% 28EPedY|that issppciticad]y &jaghivg wilyanasiRHa polypeptide (e 2

a@bﬁﬁﬁ%&kﬂ@f)olﬁeﬁoﬁ{ﬁé) andRh¥PeRtek gﬁdéﬁnﬁﬁ@nﬁb&? to hgtand with the

kew se, an antibody that is specifically Teac

w/%qﬁR%%p@mquqnorﬁeﬂﬁwW@btbﬂta AcRib-mpdiaed @g@dluan@y be used
AGE Bh htadnDebBCRBY pDGpdpi8achSinidl) BREFIL I Shtibody that is

specifically reactive with an activin A polypeptide and which disrupts ActRIla

binding may be used as an antagonist.

By using immunogens derived from an ActRIIa polypeptide or an activin
polypeptide, anti-protein/anti-peptide antisera or monoclonal antibodies can be made

by standard protocols (see, for example, Antibodies: A Laboratory Manual ed. by
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By using inmunogens derived froman ActRI|a
pol ypepti de or an activin pol ypeptide,

anti bodi es can be nade by standard protocols (see, for
exanpl e, Antibodies: A Laboratory Manual ed. by

1 ! .
BT 0l B0 Ol i
carhaister errratrhiitzed bovinihurazediwitiumaogeninegener firmo bf thh dctR1la
Act Rl | Ql f i i
e BTt R <t B SRS rBATRR ot ikE 2,
plreﬁ:pmsn or hdadion gues. flechniqias for confgrungummug@ehlcity man a
t t

opfu BB ek Ee eelilia SRR LR < RpRA N bl

p @it artd mmiﬁnrﬁﬁhoéﬁﬂcﬂ)drﬁomf aﬁ@tctRZ[Ha’lormoh‘yin @plypeimde aan Hee

in the se r ogy ess
o Rl Brth fretente BRORERT L ThoadB S R i R Brearbe
aliﬁdnb@ﬂé& by détetfoniof amibasmeﬁﬁn pRShAOr sShuam dStaldiaEL]EISAAer
qer | rmunoass%%% gl sed with the .i rmunog I
ar?f ehEpMYRPasaXTen b Hee IV% SNSIMPRUNRETY $5GAHE 0 BSFIS g ﬁ}je S
I prEMiibdaks.on of an aninmal with an antigenic
preparation of an ActRIla pol ypeptide, antisera can be
obt i’:li nEgllc?ﬂdg mhn‘ﬁurdmlbﬁ efhn anmhaa @\léthl’hmanag‘etnﬁclt}ﬁéﬂa[ﬁioﬁ anarbe
i SO romthe. serum rodyce ,nmonocl on o
antt P%%Pep‘é‘ilﬁ’ PIBER 57 Raigedany o ?Sﬂrﬁﬁ%ﬂ)ﬁﬁeﬁﬁ&a}mws
bRahBe 616l tohy tAEkehIn | THPRHERINGHILIZHA] aﬂﬂlﬁbdﬁddse&ldb&ivy
standard sonmatic cel| fusion procedures wt

i FRASHEIRR Pelfs{lympdpeséess crarhe farvayed f5om ag émmgmtzesi apirggl gnd

hyteh 80 9n&ed éo?naﬁ@'é&hfufsﬁﬁ BRI SHES vaTEmdRiralikROWAsisihtade
art, and include, for exanple, the hybrldona techni que
( omiclntedelly togaelé Ihws@@mwelko Sl tegmiaues pistveslidnoyn gty art,
ﬁ[n%ludg %?r ex ElgIeA't%z Lylrridlaﬁla %&Hﬁﬂu&oﬁ% nlall? Harelog&m?y Kohler

tec | mmunology T
72pd Mahm Kﬂe97 EB\I'athvbl‘%dé%a‘tWééhmhm@ B eeluryzbadma mirmﬂve

TEROBSB08). Q0L DR 7 s 280 topgglora

7TechBigue td;mqoducsto humzmethbl@cwaai ab‘ebcsimseé@aledt al., (1985) Mbnoclénal
he

I 'H' LtILrB |18 a%n d(‘Caancé{' ’1fh8ra %l:]i? tngs Int% 9I7 9gf%p)¢o§1tdma% cells &an

Speci reac Ha pol'y
mbn cokard Ilmmnnwdhadlceliy fos MOdm(mldn bf mmhadlem}ie@uﬁeally reactive

as 0 ;I %%ﬁlrlgp%}’l?egy n?tm rglaoélac(::lf)nal alﬁtél:iola%étisf%iated fa fom a cﬁgu¥e

t kemeofinghich hybridonalcsils. speci fically reactive wwth a
subj ect pol ypeptide. Antibodi es can be fragnented
usi ng Theatwent bivatly’ts bl gredsisdarnehdetieo heladerfagnsents thereof

2B Fo P himsr gcalb s wdf e P AP OC H RS o O e

fragmented using conventional techniques and the fragments screened for utility in

the same manner as described above for whole antibodies. For example, F(ab)y
fragments can be generated by treating antibody with pepsin. The resulting F(ab)y

fragment can be treated to reduce disulfide bridges to produce Fab fragments. The

antibody of the present invention is further intended to include bispecific, single-
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fragnents can be generated by treating anti body with
pepsin. The resulting F(ab)2 fragnent can be treated

The anti body of the present invention is further
i ntended to include bispecific, single-

10275954Jchai n humani z
DR BB AV A D el Tlengs Bvng AP PLITT
Py ne Bt Acdem%ﬁfp%tfde doktyrr&l byl £ &3kt ons EIIBDRgK)ﬂ of tha antibody.

the anti body ant i bod u er c i.S el
LA etheds PR ROE ARG o0 e ipet S Bl o e S g
| @Ee kheQRHR1 BS 1R 4 1B8RHISH, ARGrescEhtUBMPEGRT) Enz@ﬁlﬁpﬁaﬁglme co-
enzyms or enzyne cofactor). In certain enbodinents,

tfaeiorint i body is a reconbi nant anti body, which term
enconpasses any anti bady nerated in
t echnllﬁ geitaipgmbasiaents Hieapft déﬁéﬁ/a ref"?ﬂﬁl?lﬁ&t ﬁ@“‘t%h gy Py

Odnc nj[))a{gﬁ‘ers lafy Qﬁﬂﬁoﬁg iR ftedV PRObPHecBtidiRE oﬂxﬁbﬂe&ﬂﬁlbﬁﬂogy,
asse fromlibrary-selected anti body

sinelgfling ERE-grafier orisbimasis apikpdics yMen @b i Goieatied
(ﬁorg libra P}é%&te\{%ﬁﬁ%d@'deﬁaﬁﬁ sﬁ%[@hhﬁ aMtibbdRsQh@kiAglE dothéin

certaln di nents an antl t he |nvent|on is a
notibodioniale., dnmat Udy@rot%mﬂoﬁ camelid %}aﬂl Profeifishdinteiis . t he

Q%{l?cgﬁrg%s oR ?oo@i@f tlrl?mvgrltﬁﬁtlg]é)ﬁéngcﬂfnagﬁﬁ%(ﬂx hri¥in @@ﬁ/zﬁﬂl

I es. e a neth generatln

nanlmuihmms tkannvdnudxylntalﬁatavaslahlasn@p@é fepriggRgratingmgy n

% r 1gse r‘}%r %Qaﬁggsl% %qne%od%} %e\lllrarlgﬂlgégé éﬁﬁ%&%ﬂ%ﬁ%ﬁgéfdy that binds
| speeifiog b en Mtﬁibspdiyp@mdwnp«rtwm prdynehadeanay ¢papprise

po tide effectivy

PR BRBELE By b sl e sB ) Mithfede Ah ARG Snp SRR
Ceitlgdn b dSlgapﬁptlheeﬁq:mhe@m)snmnkamatdmctablg:smnalnel refspayish pbtalgng

tib d | t |
R ER RS Forh nihhl DAL Ry it e
aﬁﬁtibb@%xaoﬂn@dgwem gvmhyabyelcﬁhmmﬂs toa)btaxiemttnbbgry prolydirg doma
that pro

| t
sbiét&ldp}“é%tlapgtels%n gglg'?t?f’gggrﬁd‘?n B é? i nea[Pe 8% hybridoma

hyifaf hidaimRs & afonbeldHapa@gedyatatibinda spaeiﬂcaktwiottm antigen. Once
optionally in culture condit,ions

hyBiRingd el B qREGn O8 PTOegi R 8 &Y Ao AR By culre

apbiRas¥ v@l@@tth@l'lﬂ)gﬁorﬁﬁlﬁ@ri\feﬂ eélslproduce theencabtloge Bntibdiethat
nonocl onal anti body may be purified fromt ce

c bindg precifrplly tadaleeaatlg% Th§ prReEP¢lpRal PREPoRe BEY | eeu%éﬁdﬁm%e
used.iificd ef erence to an antibody is intended to nean,
as 1s generally understood in the art, that the

ant | boghy, éc?ec%% fdoedignd Yea%ﬁ{'ee@ftli”va@, u@&lt M@ﬁ'@reﬁd&&o anhrtpedy
intere g., an ActRlla peptlde%e ther
am intgaed tp Wnaaﬂs és geperalby uqdﬁ’fS@Pé élt thaty o‘Ely i s

ﬁif lenf® %elecﬁ(/e DARLIUR aftigt L6t ihiRgst (RS, Bh ASEURGBpeftiR)
Igen of Interest in a particular t(}/ pe of biol ogi cal
and other antigens that are not of interest that the antibody is useful for, at minimum,
detecting the presence of the antigen of interest in a particular type of biological
sample. In certain methods employing the antibody, such as therapeutic
applications, a higher degree of specificity in binding may be desirable. Monoclonal

antibodies generally have a greater tendency (as compared to polyclonal antibodies)
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anti bodi es generally have a greater tendency (as
conpared to pol yclonal antibodies) 10275954_Ito
digg Gfsbf%ﬁ%%ff@étfv@&tbbt\«%ﬂ( tlﬁ%éﬁ?e@@nﬁ Bs AREIERDeRNRS 9ENS

and cross-reacting po Ee ptid e characteristic
t Helypeptides cPeseharapterigsd atflmtmem;ﬁs dfe sperifanityiob ey
r f b
f o b B Rl FhIAGALART, IR st e ethltodd T AP L R BMGueh
beth¢ daasbrbspeqificity may kerngached with hfrange of diffefentvffinitics, generally
g t ¥ 107
??%ﬁédo%ﬁ“%ﬁ%ﬁ%@%g‘gef‘%ln%fﬁg 5 38t By sRhpRY Y g0,
101 , Y’ dréss. Gigew the etdn@r@namlaughtlhmhng betweaeglattivon maeti ng
be}x Flnizai?%}% \éhn ﬁl?la% trerlzm anti- a%ch%ﬂg)){( %ﬁcéggl%{ ha% 1laody
V\mrbuiid wmﬂahé\y ahhssecmmhl cssm’nt af 10fi oclemst ant  of 10 10
or less. In addition, the techniques used to screen
ant i bodi sXlition, e d‘:ehnitlmssiud@itb iscﬁryermnmib&hefsah) b&leatmtlﬂd:lmdw

Fop e RS S SuRIRPT e s B il Bef g
arexalnplle,gém armlbsd;l idta ysed for iviylingen detsgen abbeution, it amly be

ti i ndi ng. , A t f f t ech
S8 B ) B S by AR S o
3ﬁésit1|ﬁ9 diitc&Sctlaﬂ deta/géﬂ @ﬁlﬁ&dlkﬂaﬂddtﬁﬂgdnﬁ 3 Pty Fﬁé@ﬂié)l_y dgzléable
esli e _a | es cnni gue I NCl ude p ,
S dPH pﬁa&%%w%walﬁg%g’of %Fsé%wn(r%soaance bisgie

Biaa&gt @(d.Mhe Bia&ﬁé%l@cﬁﬁgﬂé’ssaﬁB@&@treQ\BA@ppm@S@Je@en) sandwich
vaedeﬁz sandwi ch assays (e. %é‘{arrga?netl Cc bead

SyPStRNFCes PR e é»ﬁéﬂm vof IE@N IntggiafipRalslBerr g,

Ve 3ha8136hrg, MBS TaB)NwBt&@h Blotd miﬁﬂx%E&ﬁinﬁﬁérﬁésbé%@ Aasays,
and |nnunoh|stochen1stry Exanpl es of categories of
nuBIBnehigteshgmisgpounds that are activin or ActRIla
antagonlsts i ncl ude anti sense nucl ei c aci ds, RNA
const r G&EplgTef catgeeiiey f Bukie pUd eomRIUBdSIBH S stV ® or A

NUCdiRITS arﬁ&‘gogls%mr&gtlﬁ?/e R leR] Rk SRIOA; (Q)‘ﬂb’tpjc% and catalytic
stranded. A doubl e stranded conpound may al so i nclude

r dyFisisgclicopiapRafgueieicsidcomppantyde single qitontle snded.
ora H&ﬁ)l@sttﬁfﬂedngb&ﬁld%d'yai’s@sinélﬁdesrbﬁgﬂseof St aaged ]ponA‘

singl e stranded conpound I nclu regl ons

s empleoeplediretvhere brg/or th@@th@mxj th%aﬁnctsh%mmg:lﬁﬁtmd@ﬂ fAvsingle
a ls t

B g e e S G A SR
c soppourd foes mm@ldut‘élaapmu ot ‘ésteii- U)@p’smpumm; &vith iaareglmsof
co t h

7 OPBbERE R b2, A BEHERATAIRE B PR dU
108quwencetbatincompldnaamtasDio Bbgiod OpnsREng of no more than 1000, no

more than 500, no more than 250, no more than 100 or no more than 50, 35, 30, 25,

22, 20 or 18 nucleotides of the full-length ActRIla nucleic acid sequence or activin
BA or activin BB nucleic acid sequence. The region of complementarity will
preferably be at least 8 nucleotides, and optionally at least 10 or at least 15

nucleotides, and optionally between 15 and 25 nucleotides. A region of
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22, 20 or 18 nucl eotides of the full-length ActRIIa
nucl ei ¢ acid sequence or activin bA or activin bB
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will preferably be at |east 8 nucleotides, and
optionally at |least 10 or at |east 15 nucleotides, and

oe&mg@ﬁlehﬁr@%mnwmn@ﬁ Ghirdm, awdu@ogeq&%@e orA dogEiaMy of

10275954 | conplenentari t fall”within an intron
C 6RHURECeSB HirdpiEet TRSCAIDh SHEAE Fh@gmél@a GRNEECCHPTIORe Gﬁaerfg‘ét a

t %ﬁ&é& blﬁtcomﬁé{&ﬁ wAf nhVS, 16 B‘Qab%Wt%%Sut B@é hid@dtides or

CGener al y, a nucleic acid coggoun have a Iength

ofbasginairs inglengsh, abdoptiosdlly thetengbrvitds abcrut bateabputi 0s i n
| |
a%g&%&gl(??n 3 PBEIE 9 9 rlay RE ak cljf? ﬂﬁh&uﬂalkt foﬁﬁ%@éﬁ%%sé) 0

eot | el'c acl
( pa¥a ptENArH)IyAﬂlerld; s@ya&me atammasiendd 8 mmw:e of DNN/anNA

h ' . r
DX b el B4 FS eI Yanh RGNS 12 LSS cfiher DA oo
b&INA. aIs&a\Mse;dt dasble swahnécd cmdﬂoound ﬁalalﬁbe DiNdeldiNde PNaA: Ribdbire
tR?i\fj}ﬁ{]any oAe sl}%'lrjorr]lg tran% mag Bk lljcr%% adglxmre '\hPIS‘F“éa %
ambllla&lﬁqodtﬂfd\mm tlas cetmdﬂ rémhkj bé@taﬂsaﬁetdmtexthamm or RNdI. |4
lassified a

&5 ﬁ&ld,%glg}l’? |nb€1a éncz']‘%‘? a8¥ o] ag}etye?@i c#ilic ca%ons 1nc ugmg one
mmd ot bt cae $q thb hﬂ:lkbmhem@xe @m@r@hospb@te bortiat inonniral dubleic

bac| e (tl rtion.in,a natural

e el SRS bR B sl f Rl o

t heribabee mﬁdﬂ ¢ nhafulee nidigit BEd)0 rAPHtiséhséli hllitﬁbl@élﬁd taponhd
o o atHiGbly b Gred aisbyuisi e nieut SheaRbes il g8en o

akenthinde BEEbRAddRStIGHIG0 WhprbveiHaRBteFiQRE SldR 20 B@biffy in the

nore nodifications tq i rrtEr ove characteristics such as

staBM, indcelpr inaeplaceihere the compqung isgikelyfo je deliyeredjyeh as

t g SQARAUA Ehe'c§se|o'f Kﬁll? d&lﬁ/er@ c@ﬁ'prﬁ% &gl the UEB f&Sniaia
stomach in the case of orally delivered conpounds and

t wempeimgsf Brthe epsaplen Rbvirousttist. thestrepdcomplanegtaryip thaj
. ?{a}g&%ﬁémp{ \Qﬁl g%kérélﬂﬁbecmlo? H%Biﬂ%ﬁlonfs Ghetdd® TRY @R strand

scri pt general 'y or nodifications
t mwé@fRNﬁrHéNétOh arry aghar amlatway Tb@dtmm pomion af dowirg stepnfest or

v .@[n s'trgﬂdedTgﬁr&ﬁf’qiﬁﬁl d%ﬂgth&K&IPﬁrefé&"dBJ Byeh [e Eﬂ%‘f’ 18%0 40

SIn e stran hai rpin const

prmetlertalsh in lzsplearsl dpsntqﬂlh abfut 28 ta 23 m@lqmudetsemtqn_atéssq lpng as

| Gftnsgwés Q@QDF&&I §u8ﬁ1% @ﬂ}?ﬁtor %@&%@&1&9 8&1@321%1%}2?% L

Catbat}ymﬂscor @Nﬁemymai and nmrycllsei contai roledified/ foles. ercé/am’s
oun%n m‘ég m%’llbl{] exgr%?d%on of?tge &?ﬁ%{)g}{ a unP§H; 15 S/j’ B@’P %?ngre

Nuc 8Pl expr égsion’ of

t avlget:oﬂiyctabmﬂ ccﬂ@%de? 51%51(9@%@ Comtm’oﬁs witen acomrtealm*tmd

\(,;\Aaﬁ’gé ﬁa? Ililogxl%efng% gres(ens% S tro(f lhgsgllltﬁe or 110 &gec% Eg‘etserreJ] concentratlons
for testing the effect of nucleic acid compounds are 1, 5 and 10 micromolar. Nucleic
acid compounds may also be tested for effects on, for example, bone growth and

mineralization.
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where a nonsense or sense control has little or no
effect. Preferred concentrations for testing the
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m cronol ar. Nucl eic acid conpounds nay al so be tested
for effects on, for exanple, bone growth and

msner a'be%@iilh@Rssa%§)275954J5 Screeni ng Assays | n
certain aspects, the present invention relates to the

use of e Rlnl ApRYY M]E?ngérﬁl %ﬁveﬁtﬁmqelatem #HOL& AACHRA
pepti des) and activin é%gtl des to identify

Beitisles (eaﬂg»éﬁ{t@) %Rléhpcamsp anghacByin pabyaepsidestes of
t hgenift dovl rﬁfst(%eh%% Whidh el aB6hi R Qﬂv@gvonb%m §1n-ActRIIa

identified through this screening can be test
asieaglinaneBiviayakiomppynds idenbing throughhbisescrsening pandre tested to

M BREGh i iliQo IddYih ﬁ)gne é@x‘vfh‘ﬁ? %111% Ztala?fg fa a‘;sftg(gé@s&[&ﬂ

can further be teste
alshdsg egmpayndociolfather b E:sta@ngmml imoidels vo assess Tearabiligr te

%ﬁp‘yestls@&on%ggﬁﬂg%%o screening for therapeutic

agent's for ating tissue growh by targeting

acti vi
enbodi %ﬁt@grﬁﬁﬁl@hdugﬁ%ug &P[ ngg‘%én i &@fa}&hﬁnﬁ NS
canpdbiatiogfisegroott by e o ¥ angentiile ftpeptefs btyertain

a% bgalﬂueﬁ{s lﬁgﬁ Bllr&%hﬁ%]r@&gn Q cfor%ﬁgund(s) Do car %ed 08‘5 to

carrie
s 0¢1®Efy @Emts trohe priukty actiginpo whmdﬁlet -inediate effécts cmaﬂohg' In certain

RSl ERMEF 2 0 LudD 0 LB G RELURRR M 1 ©
i dpevifidaily mdbitybtour meticd hadimgnme@RHa poliypepticé to&fdtlﬁﬁt RI | a

e OB Gt 58 o e S Py EREountlp I s binding of

i AheceRila }?&tlﬁﬂ'&pﬁﬂb tfaaastiwn Nn @rfurfiG Bhb@ilﬂ@l'lt}/ﬂéle I@bmﬁlﬁlndsﬁcan bfe
0 assa ormats an in light o

t H%enﬁﬁéds‘éwela Al W%actwﬁv%ga apiin phgtRLe PYLYBRALAF i bed

herein wil.l vert hel ess one

or di nafy’ E‘Rﬁyl a3y OHEatEiPNt‘IPS ,&éceg‘%g ?lggbO%ﬁlé%/QFﬁqnt difgépsure,

t glsdse ﬁ%tl’épgpﬂéEBH}Sde(s&@%ﬂh&):m&f/lllltnhﬁeﬁthelééﬁﬁlel défhpf&b!ndé@ by one of

create conbi nat.orial .chem cal nmeth

ACRBRRERY &1 Y i S GO et o P SomRy g SRen s o ey

OGMﬁtﬁcbﬂlﬁa}btb&d}th&Pw 8§ c&mha&sal%ﬁ@inica NS, Hitebrftively, the

vi tro. npounds ga gents) be tested for their

alsrret yomaouaé% mgK mwlﬂﬁ aseumigg biamsal o FaiResIZechin Vi or
Pro¢iu6 € domb&inds Lo b@iést@é‘%r@ﬁénaabﬂ}ff fdct asqlrl@d?ﬁa?ch bf

ot her organi sms (e.d., natural produc produce

c &SR @MY crebeprodussh for arrenEledtydissterin wm.m@ts or other

p%@ahgﬁﬁ@(é@tﬁa@lﬁgl’ r@c[ucgf g%ﬁ h&GRH &aggtsl&éﬂ mo?e%hles
ounds Conte ate e prese t vent

| rhlt,q ugng neptidqyeipretiei)or ngmdafeqwmbe@uﬂ}e sTest compounds

contemplated by the present invention include non-peptidyl organic molecules,

peptides, polypeptides, peptidomimetics, sugars, hormones, and nucleic acid
molecules. In a specific embodiment, the test agent is a small organic molecule

having a molecular weight of less than about 2,000 daltons.
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pepti des, polypeptides, peptidom netics, sugars,
hor nones, and nucleic acid nolecules. In a specific
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havi ng a nol ecul ar wei ght of |ess than about 2,000
dal tons. 10275954JThe test conpounds of the invention
can be g g (Q)%oﬁﬁds%'f ﬂfllﬁvengéns&ﬁ%E ﬁro%ﬁfeﬂ Eé Single, i crete.
provided in libraries of greater conplexity, suc
meeititiasyorquenidaddn bibtasies effeeenics complesitesushlal brade bes can
c f

ronilcforad ek TFhfe BRI SomBlikt for DRSS Sl sl
cl ha!;@@salmﬁesomg'ain& @stemrmdnhmm etﬁhreseimﬂm clossee bf dreatic

C S h
Oc%ﬁg?lﬁg@ f)I%SJlllaa?log §§ {r%stxc%gﬁﬁagmdg ?onthg Fesf sglstgﬂ'l alg éep @Celtg I a>r/1
i risalaied foerh oswmmreﬁg)fsbmpmndmspeonany Inyipitinhereeoing euepml s

R RP Dbl S5 YA e P Sl O R
t Hmv@MWWgroMﬂhdt |fzm11itatn sobKiaunpf ths ccﬂﬁpcﬂiﬂdﬂ \Ndni- Lirh itigl g

[ ude. bi otin, . o eni n, green
0 e Ret et aiis b sl RS Ty R e, gt
b&‘ald&,sceg’c prb’&irit‘l) lis@fa)@eéipbl:yhn@lﬁcﬁﬁ angndichdyds, glutathione S

ot gact i e crossl.inkers. or i nations

PHEhgBRS R ThamS Rt atuE PSRk Brrﬂaércawgb oS e,
i braries of,conpounds and na Xt rac hi
{ hr onol e RLeEe TReE Tadlr L Bhih R iR Sk fomiteflth ang
t haturdl slaeictsphigh ﬂﬁmghpﬁt&s@w e Ylegirabld iflordeMe aRBhizOe Of
time Assa |ch ar erforned .cell-free systens,
S RO R PRSR ST S T EHOTPf PLor ASBHA Bk Feod

PrpekfBin¥d in Sd1Ef € dySemby A Ldsi e ReriRIdi vilH purife@ bEgRS- | N
that they can be generated tqo permt rapid devel opnent

arpyrified prpteins) are el prefetredas @ﬁmalry ’ SFreenstiphat thencanbea

NQefGhtbdio JefthS 1d/\d[Hv€1|8pﬂn§nt'lﬁ&jfeﬁtﬁg RYsyRielc88dn SAARALRSHN
Mor eover, the effects of [ ul ar ?OXICIt or

bilb A vlecHlBr fargeywhich ﬂmectlfé%{ bYC%Wﬁ@QWHO@én eqyen dreatfegis
' gﬁ@élﬁﬂ’ar It(ﬁ(lél‘%%l‘ 'bfbanlfanﬁt}sMﬁﬁeet@t c%m?g CLtﬁﬁ%?rY b&lh %&g&% 1gn0red

bei ng focus rimarily 'on the e
t He th%m @@elswem,éh@@qsam@stmem fmamcf rrgmarilnomhe effict of the

al g (?htthé’ o%@ulgﬂ tg%'teP%IIfi‘ztyf Ue%atn%’feg ra"ﬁgn éﬁﬁlﬁhlkgafaﬁﬁny

pol eptl to | ustrate,
e%@ﬁﬁ#@ﬂWAS@Mbenbmgmega@a@%ﬂthe present invention,
the conpound of interest is contacted with an isol ated
and puMerdlgth ilustRid, in woixgpplptyi sdesenihg adsay of the prieseat i | y

c .1 he

c el e G e AR B othfioiod Qub 4t il gl
cahﬁ&ﬁapdmmmb@nMadmwngmamﬂﬁ@qﬁbmafhm@agd:mibhedbhmﬂ

a%x&%acﬁtﬂllef do?lle‘trc]){sl cP an%]c RI I ﬁp I Vltfﬂzn%ggggi cd)ng)osmon

provides a ne e compoun
efcbntaining aatActRilk lngalndn @etectlon and quantlﬁcatlon of ActRITa/activin

complexes provides a means for determining the compound's efficacy at inhibiting
(or potentiating) complex formation between the ActRIla polypeptide and activin.
The efficacy of the compound can be assessed by generating dose response curves
from data obtained using various concentrations of the test compound. Moreover, a

control assay can also be performed to provide a baseline for comparison. For
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(or potentiating) conplex formation between the
Act Rl I a pol ypeptide and activin. The efficacy of the

w@eoopoe18s can be assessed by generating dose rRPGPURRE6/045322
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curves from data obtained using various concentrations
of the test conmpound. Mdreover, a control assay can

al &8mpe, iR %rcfnﬁfcﬁﬁﬂd' Qsoﬂ)it&yan%uﬁﬁma%ﬁblh'?@acfd@& to a composition
Conparlson For | exa in a control assay,

i sor@ing thhactBlla |PPiYé%PU&1§at gngth nlpgné@a@ efA¢tBI1g/activin complex is
C I
e e R
quesnerpl tie edler im witieh féb mnf@ets ofay bl edmesd candhepyetierd and ¢an be
Wi ngsisLaed
a!dl‘rhﬁ?ﬁe i eacﬁlgﬁt Q}O@%rb rppl%%rz)? Egjlﬁed ﬁ@@eﬂg qgﬂulégréxtracés
c and tysatasimix baiussd tnﬂetl@m eouitible. celAfree assay system. pl ace of
purified proteins, cellular extracts and | ysates may
be use&omplexdondatiombeiwpertbé dciRdlal pofypaﬁidassdagctwyshanbe

ach R ER ok 2R Qe AREE A ARG o SRR R

Fcnomptestsmac e¢ qmandta:kedtusmg: ﬁof exanpld cbe:termm;olabdéd pmtqniseuﬂsas

can, i bRt e or e et e
gg%?‘g‘%ﬁq%‘f(g B °6 G R, DTN le(dg ﬁ'@#y 355,

14@zynatBhl)y, labdledos@RHe pbllyye;itlabeﬂ a&dw(l,ebygmmdﬁba's@y, obby
nﬂ(o | cai\cy eatbel ed ActRIla pol ypeptide or activin,

THRRSERASAT U by chr omat ogr aphi ¢ detection. In

cert ai n_enhodi ent in

cont anph STag ek, e PRSP EBkatede b fPres hepsmor

ammceanﬂpdldrmmmmys and fsooRance rﬁmge/erfer@n&ﬁle&r (FRET)

RET). assa surin rect

T LT e B et Pt by ek itipn between

Acahaldtlampmlyﬁ@pmd i@ i3 bbhdingprdabind Fiheploftee hddesrfidetation,

of detec e bhased on

0 Lo TGtE Deshl PR o Pt (o Eshlpon B B3 aad US.

U.Fat. N3ab,67N06),auldok, pl&fon r&didnds SPR),36ARR dhASe 83RES, and
(SPR), surface charge sensors, and surface force

s SHEedorog peasqry FegommaEbIgPith g ymbedimantrahibe inyentiove
i nventi on. Nbreover t he resent i nventi on

cont empfoRewer thegrossn igYenion SoRCBIPkES Tomuse Phfn iptesagyion trap

alagay} kaﬂéb\’l@loﬁﬁ a$ 1h8 “twho¥ biid REdafl” 83 S@Ntityiddleehtd @RAL bikdbNG
ag entS that ISrupt Or‘gotentlate i nt'eraction between

rPOI&éE“FQF InéFr?félPSP pepeste ¢8R palypintide syl irbdrdigproie See
e &éﬁ%le% € 5. P&tsNo %8283 3. Zév%%§a13(31§93)%%51\’79522§t23§' Madura
(1993) dura et %%
CIfefh @é%)ﬂﬂ)@@@m 12%6 12054 eBartg ¢ et ol 1693) Blotechmques
Biqt 9 a

e R S L
preadesimeit the praserm lmnm@mmmtqshlee uss ef whemseyerhyérit wo

h%?&éﬂ SYELBRPco g@ g&@r@ég {léag;;{glgoc S égptgles) S sbociate

ecu es or "pe
interactions between an ActRIIa polypeptide and its binding protein. See for

example, Vidal and Legrain, (1999) Nucleic Acids Res 27:919-29; Vidal and
Legrain, (1999) Trends Biotechnol 17:374-81; and U.S. Pat. Nos. 5,525,490;
5,955,280; and 5,965,368.
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i nteractions between an ActRIla polypeptide and its
bi nding protein. See for exanple, Vidal and Legrain,
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(1999) Trends Biotechnol 17:374-81; and U. S. Pat. Nos.
5, 525, 490; 5, 955, 280; and 5, 965, 368. 10275954_11In

certai N egRefiniBaintonts 48 s§dj&it 86thp GRABPAY [Héﬁtlfi’éd%y their ability
identified by their abil to interact wth an

ACP RitgractaYithapatA ok ha ﬁercﬂcgnsé ,Bplwa@tlép of the invetont (Tbm interpgdion
| NJeBIRA enpeliesa tﬂe%tﬁﬁ@@@é&ﬁ@mﬁﬁ@g&ﬂ%ﬁe g%lalc a‘PJnt or

activin pol¥pept|de may be coval e r non- ova
FaoneRumet e Forspamplie nuel igarachian ezmbetidentifiedatithg @rdteat levdi e

p ru‘%fn%'u‘i‘ vﬂtl%\{)‘?dché}ﬁlcglgnét a¥) 15(!19(119% @gﬁ? Fﬁ]agsﬁkklgg trgﬂgﬁ%eled

i ncl ud |ng hot o- cr ossl I nki ng,
biliganhbindiagdnd pffinify ehromhiogrmbodelegbli YW1 sedio bS}/74V\Meﬁtods in

alEnzgrﬁgl% A co?rpoun 519 CQQE,W{EDJO uﬁ"a@ ana})be sépen% rlljl: g i n

case be SC eene n a nec ani sm
basesHariss hgsed guseh saél aann assatp detecti@mpotlnds ovipdiLbinksio an

0 B S Ryl A REPER el

e\bamling Aletie rAl@triatiedly, the deae glmoémg rafr activirgoraActRIEA polypeptitle

ActR e can be transfected with a reporter
b BB e e P Bratis Ngferisebagrcen
f Iﬂmreemembtem adteh léll dtrfdlts@reaneﬂedghmiim lﬂﬁdrgz preédatig 8y Raigh

NIRRT e

nmkaamlmgm@@d mhay Beluftd, RS SaWHIdTBHNIRNE atka@Owhitp Hetect
ssays which detect changes in free

By R OTHEY 0GR SE 0 tF GPRGH ARG el 02

t avegiebealdiox elelp bpcagtu\f&i By anR@@bbAze € MtBoB) orGaRivl 8¢ cEBi11AY
i mobi | i zed ant | or resolved by capilla

elEEHPRIFSISe d g boupd éOIBB‘E}WéS BBYBY @ﬂ@%edrrﬁyallwsé@tce@rlwmc

U Blibiésdefidet strPlc® plalBbA deSorfhicef | UOr escence or surface
plasnDn resonance. |In certain aSpeCtS t he present

| nvent u@&brﬁfn%p&%smggielg&ﬁ %w@ﬁtﬂmé}ﬁ@me% rﬁeﬁ{odmg%hﬂs ARG
|

(stimulating or inhibitin bone formation and
[ r‘\’&‘?dé‘}?élpgl @tl%‘}?@ngr%@hlbmé} s maﬁ@ryar@owwwa bone mass.

| deglekdrt, edy e@RpRRd t&ﬁttlﬁé.(il daf b%@ﬂe& 1rpx?llldlc§cé?15 of ﬁs%ﬁé’seﬁll Vi’ér(gl

VltrO or In vivo, to confirmtheir abil |ty
bORE ¥R PordiFm dsireability toamodydate heneigowsh memhm@élzwmvm

'rvah%&s I%ah Pgﬁ il %ﬁ %ﬁrpbef&ﬁ H%%th&w WBRRE. For

exanpl e, ect o Act R'la or ‘act1vin

pol ypepp, &%ﬁﬁpf&rthg Eflct Splzl}p %yﬁﬁfa &Qcmlgolﬁ%gﬁ?% sl b

growt h can bé determn measuri ng' | on o0
MeR@perndg ph beneen cartilago grovth wetbe dptegest tyomeasalingsiniduvtion

PRt e e TR

Fraesays (see, e.g., Daluiski et al., Nat Genet. 2001, 27(1):84-8; Hino et al., Front
Biosci. 2004, 9:1520-9). Another example of cell-based assays includes analyzing
the osteogenic activity of the subject ActRIla or activin polypeptides and test
compounds in mesenchymal progenitor and osteoblastic cells. To illustrate,
recombinant adenoviruses expressing an activin or ActRIIa polypeptide can be

constructed to infect pluripotent mesenchymal progenitor C3H10T1/2 cells,
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Bi osci. 2004, 9:1520-9). Another exanple of cell-based
assays i ncludes anal yzi ng the osteogenic activity of

compounds in nmesenchymal progenitor and osteobl astic
cells. To illustrate, reconbi nant adenoviruses

EXRIBREbIAGicAIRCAY eblYs, MndWYsteOBIRIRE TR - PR BN R ARHRE is
constructed to infect pluripotent mesench ynaP
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activity is then determ ned by measuring t uct’i on
ofA) 153 phosphat ase, osteocal cin, and matrix

m neral ization (see, e.g., Cheng et aI J bone Joi nt
Surg Afhe premt 111875nt10A(ag)) cory;gamlatsgyn VlVKh@S&pr ¢smpasure bone or
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t ovithabetrahebdarchione &lsing omehlyi 308 @ﬂboﬁ@ﬂlﬁr&ﬂéﬂ daiyly bBB& density

m_ner. densi t. e trabe r. bone |
ST P B ERR skl o 61 4 in RS B gd i such as
C (paﬂatllybﬁd heraoaas ]GCI?fd?drtlamtab}ﬁecﬂVk’hﬁ !p%ﬁér@ [Hvéﬁihi)nrﬁlékgs ﬁs}é
tion of factors such as_parat hyr oi or none.
Bt e S a R el SE kR Bt THPG ASh e e dotBe. o
f reabhighce hh&%glm a@?@@)’éﬁd@'@ﬁecﬁﬁﬁca‘l{ E‘&‘I‘ﬁls' Which redeboribed i in,
e fracture techni que, histol ogica

These ass
afgISanRle a(isﬁ’dl’% TPrdeRrAddp & arhichria mpatperatagibiyapiergnes in its
d@ﬁtﬁéﬂytf&chsl disclds@fe oB% n@mtal%rc?toccﬁ@?or czh!@mggs Wk ad plas r1ng

which is incor orate‘}g{élq reference inits entirety

i the e&?%ﬁ:‘i’%&ﬁ%eso?ndé%@la‘ilh@ﬁfeéﬁ protocol s for causing
as well as nmeasuring the extent of fractures, and the
repair process 6. Exenplary Therapeutic Uses In

cgrtalg odlnents activin-ActRJla antagoni sts
es) of the present invention

can be_used for reatln? preventing a disease or
condi t PG RIRSMbpdimsaisseiyp &ftW% Higgopists dasnhetRlla

Whaly flidesd ofithe pkddér@ tFBntRINRAK BOsed kR3Ra@g or preventing a
d§n1nerallzat|on In certain enbodi nents, the present

{FeATE PLTPAItion ks aporRise ¥/itBfone dumagagvhsihep eeasdhiongly
bereskag8NBG%: dbmfHralintiod| HURtaih RmBE&fhents, the present invention

provides methods of treating or preventing bone damage in an individual in need
thereof through administering to the individual a therapeutically effective amount of
an activin-ActRIla antagonist, particularly an ActRIla polypeptide. In certain
embodiments, the present invention provides methods of promoting bone growth or

mineralization in an individual in need thereof through administering to the
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t hereof through adm nistering to the individual a
therapeutically effective anbunt of an activin-ActRlla

certain enbodi ments, the present invention provides
nmet hods of pronoting bone growh or mneralization in

anndividial ia Ghtdpetitical® 8 fedt e LAGENt b4 hinddaRk th ?ét@édnﬂ‘g, to
the 10275954 | individual a therapeutically effective
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AduBeteditopotivipepticddk) &mcheriwatnreat ofzlisoglessdsidpietédesith low

t 3 geied: L M Il1a) for the treatnent of

di gor d@%g%sagg%%éaé%igggﬁt%ﬁow bone density or

decr eaggd .Str. . ¢ £r Qi a_therapeuti
that "pr e%éeag{t%gq&tgtg‘?g‘%ep%%@to)ﬁegglﬁ%i (iﬁ%aoﬁderré) 8?@ lt% o fters‘%o
c arepwppendtthatt in ajstatisticat saipy, redades $mmpberencedithedistriie or

0 yd ' r.or condition in the treated
CRMTASTER ol RatbR PHRRL S R Hafol B o BB Te
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. t 0 th i soyd r gondition relative to
¢ RO Bt ¢h G eRlr ahe S “PEFhE: fhwad b aidhs
upegbhplexie bfithe nehedasdjion phythdorBion br ¢leiniesiRd the condition
c%ﬂgii%i’la%r%eor grlg?alhl ar ti.gln or elimnation of the :
condi t 1B BhEE IR a & HRENA8S PEEFTIOR QF reatRerinpdyche
gaseemmieWMia@nsig prbdvrdeabﬂe Pliysioidn 208 gféi iﬁt@ﬁc{eﬁ@@sug@g t he

i agnosi rovi de . a sician and the intende
r g@lﬂ}nlls Sﬁorg%foﬁ]’?]&lgliapﬁ%{‘icéﬁgn&%/ the therapeutic agent. The
di scl osur rovi des ,met hod f inducin one and/ or
cartil igee(ﬁfég?sﬂfﬁetI?%ﬂg“d?%%‘%??ﬁﬁ”%‘%ﬁi@“? g’é‘,‘??r {@HErasi ng
b dsrativ) @rebiti@ttofd10es, ir&Fe@Mﬁggbédégnihé‘rﬁljz@ﬁBﬂ BiEfraVdnf A fhen
of, bone,. For anpl e, the subject activin-ActRlla
afP s igtion ﬁgg‘@wa BB REPlcothe supiect adtvimciBdleasisgeniss kave

anpplich@on 18 dehtii@ Ricop?bds dhdagd H&é’éﬁ% S ERELIE QBRI cartilage
defects in humans and other animals. ActRlIla or

altieets i pEapp st atbrs enimals. HeetRideenactivin pplapensidesmeie useful
alepdiicAd HASAE dichdled Wak |sﬁlﬁ!iﬁiﬁ4d 169¥6 Qféﬁsi\%sgsgéf brbtec® 2

protecti ve neasure agai nst the devel opne
o§teadirorasristhe fevelppmesid optonerasishodi ment, met hods and
conposjtions of the present invention may find nedi cal
uti | it qog spesdicrazhodpeens ietwdeardrmpasitensad thequesent! age

Aeif@loh may SHITRORoR IO LR hath B Bome HAGRYRALCHlage
met hods and corgspoom tions may also have prophylacti g
udefesthindugpagangsothqsianimaeds. dbe sutfechretiods anddouippoitioramchy
ahg8&hdvR prophylactic use in closed as well as open fracture reduction and also in
the improved fixation of artificial joints. De novo bone formation induced by an
osteogenic agent contributes to the repair of congenital, trauma-induced, or
oncologic resection induced craniofacial defects, and also is useful in cosmetic

plastic surgery. In certain cases, the subject activin-ActRIla antagonists may
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trauma-i nduced, or oncol ogi c resection induced
crani ofaci al defects, and also is useful in cosnetic
PIRSHdCanSdAl BinYent doMhtteRF biHeFomBRE Solls tslaﬁluﬁt%%th of bone-
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gpiPst s of the invention nay al so be useful in the

treatnent of osteoporosis. Methods and conpositions of
t he i ndtiads andeepmppeitiesifiteednyestieerdibeiappiied to conditions
CRALAGES/el 55 d: delSlHé b&ﬁqéésnglcf? P@stéo Grdsis gHﬁﬁdl econdary
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By et 0B GRS ol vidd SRR sl ille B8ss may
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mERSE RPRIRS Ll m&§°ft§F?S&‘ﬁ?1ﬁmths %rﬁérua@ﬁfd‘;rvﬁrwus anti-seizure

b aidaicktia s€h, as Wilahtit -0 sQ taliBeh R hucht 6L B IRELABR LN FEHIS
a p rson having type 1 diabetes, |iver dfsease, kldney

werfdrugsy ampariop hRyiag bipg 1 Gabees, diggratissaseskidpeyylisesesror
h Avhiily Ris@R mﬁ‘t@oﬂo%'s'ikoﬂ %Ers&nehﬁm’g h?gﬁoo%ﬁé tuYt?onto{ lgag:%]eskl%

urine sanples); person with a“thyroid condi

s Gellpess inHijine IS@W?%A alhessen Vﬁﬂlpﬁethﬁehi ophditimsuadbaser i enced
a hgﬁ@@lﬂéﬁcﬁsﬁf FsoR W ? hid é}% %Jrng fracByrP gftér%ﬂl}y\fgﬁd Hglﬁna, a

X-fay evi nce of ver racture or "ot
sipgfsen who basthed pomosiidencerst weptlad fmbmmeqr ofist eigpoofosi s
C%&e@ﬂo?c%lsf esult as a condition associated with

As noted above, osteoporosis can also result as a condition associated with
another disorder or from the use of certain medications. Osteoporosis resulting from
drugs or another medical condition is known as secondary osteoporosis. In a
condition known as Cushing's disease, the excess amount of cortisol produced by the

body results in osteoporosis and fractures. The most common medications
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anot her disorder or fromthe use of certain
nmedi cations. Osteoporosis resulting from drugs or

osteoporosis. In a condition known as Cushing's
di sease, the excess anmount of Cortisol produced by the
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chol esterol . Bone |oss resulting fromcancer therapy
s:awr@@qe yavitiesde e perr thridnaveiererrcqechiareatiant Hith aptitirc ed
IQ aéogg BL). Bone netastases can create cavities
|nt onet at may be corrected by treatnent with
acti V' i a?f%?e%leh AnBOHRAGRMCE R AdtﬂHQaﬁﬁgn?sfsr Sﬁtlcularly a

enbodi nmen activin-ActRl l'a antagoni s articularly
a selyblehesR e tdRplosed hefeitmas bejused irxe@ancmwl% Beftegtsibgving
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DEcKén g€ aisona denseypiiily éetlidatorasfivms remodeling may be used to Assess
the likelihood of bone metastases. Serum markers may be monitored. Bone specific
alkaline phosphatase (BSAP) is an enzyme that is present in osteoblasts. Blood
levels of BSAP are increased in patients with bone metastasis and other conditions

that result in increased bone remodeling. Osteocalcin and procollagen peptides are
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classified as anti-resorptive medications. Bone remodeling consists of two distinct
stages: bone resorption and bone formation. Anti-resorptive medications slow or

stop the bone-resorbing portion of the bone-remodeling cycle but do not slow the
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30 ' Imspos’gnenopausal women. ET is administered most commonly in the form of a pill

or skin patch that delivers a low dose of approximately 0.3 mg daily or a standard

dose of approximately 0.625 mg daily and is effective even when started after age
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spinal fractures. Calcitonin is available as an
injection (50-100 11U daily) or nasal spray (200 IU

approved for the prevention of osteoporosis. ET has
been shown to reduce bone | oss, increase bone density

(i mobatentehie @@mrﬂﬁceaaﬁm@Ilpeanmffleageeﬁ%ﬁaﬁ H8sy df%%ve%plﬁg p

and spinal fractures in postnenopausal wonen.
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plyet\wmﬂabdrrto dﬂdortstr@tﬁtl;ﬁﬂ Mo@ﬂ‘en@%ﬁéﬁ&lﬁ@gﬁlﬂﬁﬁ bf h1 and other non-
0St.e0por.os r.oma. c rugs ca
e S PR SRt biveliforn CO e SiomR TS hesfion. e papEgves faihe
hae@msresT od@é@k?ﬁ;ﬁﬁi ﬁﬁﬁ{@ﬂﬁﬁ&?@ Eltﬁﬁgl%‘lﬂ vgl{oadr? afi@ctsk
wi t.hou eir poenla i sadvant ages.,
Ré‘i%ﬁ rf?lﬁ&?ﬂé%?&*é@l Hiohaisrdew bone fyrmatipnedsigaificpatly of

S ricRRsdsbasd Minefl ddasid Il@?@strﬁ&fop%{lﬁﬁl vorAdn, BB tErelr@iuction was
denonstrate that ral oxitene can reduce the risk of hip

aRee IEBF Shiesn &ip; foat: ribnand s, Inmep; fiagtuie redaction wasmated in
P &b MYk theRAIIOMSufFiL BRI O ¥@ﬂuaft@fractt1.t}§ rédﬁ@cﬁ;nw % Bhef
0St eoporosi s in Post nmenopausal wonen and 0 are
afites ﬁ‘ﬁlpﬁiagﬂe is &6l admmﬁ@mﬁraé a dyily wjoden ©avp 24 months.
stinmul ates new bone formation and significantly

i ncreases bone mineral density. |In postnenopausal
wonen, fracture reduction was noted in the spine, hip,
f dot , a OSIIRS ren, fracture reduction was

not ed 1n t he sgl ne, but there were insufficient data
to evalfgrian embedimens, agtiieicElaantagopists (wg¢ AgRIla

Tﬁélyﬁ@haésb gehé §re§#1|t ané&Q%@kesfbﬁﬁlﬁQe@%tﬁa%%érhﬁécé@kﬁﬁﬁ I on
up to 24 nonths. 7. Pharnaceuti cal osi tions

c éﬂe@?fﬂe et iFReRgPlast AeiRlametyRentisle sm %sgaﬂmlg@t@xed alone
(6 o coﬁ%&%n{: &f Mameﬁtic‘g%}mﬂg‘u&n EREVompl %ﬁgﬁ)l ?fe

are fornulated wth a pharnmaceuti ﬁﬁ%} accep P
c aitbjqeepomppognrdsanarrhsl fermudgtediior Rirniaispatiopge puy @tmvclacnt wexy for

Ay iRhahe] GcRHANS Rt @ component of a

phar maceut 1 ca mul at1on (therapeutic conposition).
The 14 certain embodiments, the therapeutic method of the invention includes

administering the composition systemically, or locally as an implant or device.
When administered, the therapeutic compositioﬁ for use in this invention is, of

course, in a pyrogen-free, physiologically acceptable form. Therapeutically useful
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met hod of the invention includes adm nistering the
conposition systemcally, or locally as an inplant or
d %\gérﬁéeothw}ﬁ tﬁé‘!{bﬂ?{ﬁﬁta% Shistd @ﬁicf? ey aRe Hbﬁ&aﬁ%@fﬂéh&éﬂﬁ
for use In this inventi n I's course,

pyRegpapopitior as gegribed hlenye.cadl '356 adodeiptersd Bl@nﬂtemwsly or
AT AEREHY R0 R il RRLT08, A BRENRERIRD 1 IR

i o€ thedakntion.t he conpositi on as descri bed above, may be

adm ni stered sinultaneously or sequentially with the

subj eclypioatho dndkdla(astagonistiwilRid alopuibiyrsd pricotely. in t he

gﬁ{llg]glg%FLg[calt %%pioﬁ%&ﬂ tsﬁ %@}ﬁ fg):%/ Igalr é@ér%%aﬁrd éﬁf EtF%Itlog may comprise

Preae m_amethczt&Ha pmiympscﬂds iinesntsusAtioalstid dheor maree nt er al

Sd %r:)r]rlleap% %Ellll allclg]epco sI e@r :sgtﬁmg %ﬁlﬁe%é%gro 1‘5)}121%9%5 SOthlOl’lS
m&mmﬂmmumuth$gmaca&@hamierﬁmﬂepbwﬂmswhwmnmyaqueous

OI' (inog? %ﬁtug O St%l‘{ eé}rmcga%% &Rglléls & SI O%%Wﬁvuﬁtp ?‘{?)?J[Oolpsg anch
r emns)tnatmanadxmmspbﬁte@sr ibh&eriddfats itk ewhioh téhti@nte or

di erSIOns ust , i ch. may contain

o SR P b Bloop SEE Rt RE b piR e e e
r efidesnirgh@edtor PRahlds @Nsui@plk @gm&uwﬂdhlohftﬁle&ls%ﬂle@sfwﬁlaﬁ
i ntended reci pi ent. or suspendi ng. or thjckeni ng. agents

cEmpved i e, BraEmagg sl compngitinahaldiriguention iefude s
WRi#d2, dB3hol oS bR RYIess diytetd) %r&ﬁ}@én@%ﬁ;@@t p&géthylene glycol, and

conp03|t| ons of the invention inc ter, ethanol,

pohs/dred apd selibleanigiuges dhesnol, vspesaRle eilfe sughye plive oil, and
Poh¥ahty bl%ﬁﬁc %téfﬁ: Qlieh e@ré@hyi Bi8atb| K@per tﬁﬂﬁtysddh B@Qﬂaﬁnamed for

m xtures thereof, vegetable oils, such as olive oil,
aﬁaamwfémta%m@ 06 psiing maissitlersich ag legithins by fheynaigpraneeof the

Pr-opgie dE&MbQ'sfz&rﬁﬁ@ca@@i}fﬂ%ﬂg&@dﬁl@ Ibgm t é@ ﬁctalﬁy the

use of Coatlng materi a
mai nt epaAgs, Ke c&nﬂﬁ)sﬂh@ﬂHﬂ gd e&%ﬁ&'la@édeor a{gct%%dnltﬂ gtfg'l‘?n ffse

of dispersions, and %e use of surf
Fuelivrey to g taegetibnsote l(ﬁ gmquy Ineentaie eipbesdimenssl compositions of

Irenee&%;eqt lhoe oﬂ ggamr{cﬁlﬁe d6larbelafa ngogo@deﬁl%r&%tonk bPRYR

n certain
c Ghasarsiitic mn@ogﬁdst(hg pri@dlrpolyipeptaies)iton targst tissue kivdie.2a

I .t tiC .
n%%ﬁ%u%rgglﬁﬁlg a%tr&ét%g ?(IL—'EI‘[%{ Z&éﬁ/o g)/iglg gltssl%r g@f Blggna;ﬁ%c a;?aggetc;f %emg
t |rssrs»dned$mtt> dne(bedg For logangpls, thoer roatris inrag peovidersitot tededsd afithe

r QSRR TR, SR O 57 e ditpiel oF FREPH G et e
prfavitoke implawed alkdiad eppifcaﬁdms

The choice of matrix material is based on biocompatibility, biodegradability,
mechanical properties, cosmetic appearance and interface properties. The particular
application of the subject compositions will define the appropriate formulation.

Potential matrices for the compositions may be biodegradable and chemically
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ActRI I a pol ypeptides. Such matrices may be fornmed of
materials presently in use for other inplanted nedical
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on bi bconpatibility, biodegradability, nmechanica
properties, cosnetic appearance and interface

PrRBgIE daftum dNE PR AbspRRR!H ‘&Fb&&é}ﬁu&f SigcRUBISGE
o ahlo Rt Rbop paier

conpositions w e appropri ate ation.
Pmoéﬁtlhl)allﬂdmat@th@fe@tehml netesiats@rrpisdagiadable med/biblegically well
I

o PG, 580 i B JERT Rt ORI Sl UBtinSa bl
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§ ecfe%x%da‘:blea Ier%%g%}égeg?lg% gl#c?rla% 51% + oxya_;yatlye l)loglass

rmaﬂummass ar eheorpiise Maficep urag bp cmhpmseé Of)COlnblnatlonS of any
extrac IIu ar. nma nt.i al .
i ReRe i BhiclRL P bihel PHSAE Ml B ORI PBironuagatie
sue holmels arrtt teical ciutnyhbisphayea p]a*telbﬁceerabm:sghagsl& al’lﬁﬂed ﬁﬂ nat es,
or otheﬁ cer n1cs Nhtrt n&%’qﬁﬁ onpr | t It
c SHBPRNHTH AWDSP MgRlcigp-a “H’é“aé@o EPHENTY d’ﬁ%cﬁsﬁl%% gore
iR paaficle Sitks Pardisle Rdpy) Md bicdeg@adapiland hydr oxyapatite
or collagen and trical ci unphosphate. The bi oceram cs
may be Latdraieshnbadinasp msihbdsoit; thélﬁ@d’htlaﬁ c:itrnbe administered for

cal um al u ate hosphat e and in alte
AhaF pain s e BISHEE Hhel (rup LS T o e Havorea

blua@ie gfs@di@l%u&l’oﬁeyand laBaciedr trabddaRp pawa@mtg&nuwetda @ﬂ@sdl’tﬁtlon
the invention can be adm nistered _for ora

g. ,
t & 3FPIPRRIN 18 4P 4GRS OrIaRRATESUS IYid, or ag Al ’cnswater br water-

| 9z RNIRGid(HRildNh, Br 45l a8 \RkiCEr NARL 8o aslf)‘éktﬁiels yusﬁltg%%‘ea R
acaci a or tragacanth) powder s, granules, or as

s oMk F5slabih and glyessinQl sysroserrng Acasn) abrlier %m%@hwaﬁewdéhe

| 11841 Gich @8ntARing A pRdbeinladBhRiunfsf BE&H hian ke |nofdiedt. An
enulsion, or as an elixir or syrup, or as pastlﬁ

( WrspPrignaxrplsorhsregminisiesed asadolugseleptasy prpasied gl ycerin, or
sucrose and acacia) and/or as nouth washes and the

like, énetlidctopresifpmadororylrdniidisfomeapaipsuntlew pilimdragees,
gféWdeﬁs ordMuIAChddURe hlﬂag rRdoeRbre B RUENEorENind FPhdfesent

mni stered as a bol Us, electuary or paste. In solid

ddsegton meyrbe Miredavithiong armpiepharaaceictlbnisseritabd carriers, such

It ?ﬁgeﬁlﬁ‘m cmalté G dléa[c‘?\.glﬁgﬁoa%e%\’\gﬁ/ér aﬁl‘g HEH If@lﬁ)Wl gl)tfﬁl%rs or

one or nore utic conpounds of
pree@edftrs,usndemstmheﬂd%ctcbe snirgsedglueash, roameitol alrr:bcvrelhclc acid;

Ci 7] G e e BERPRG B0 R FEAL LBl e A5 3000

f qlolyonmiyh gyrrlitlpnd, |si1dr®esand/ror eoaten@e hlsmecﬁamd‘l swh asgb/cﬂhle &)
sSUcrose

a K 1sdnt§%r§51ngoa%,]xat8,r \S,lclgass &gﬁr aggr rcmcmm c%rbon?te po?ato or tap1oca starch

C adiginix yoid] deythinailicalegard soaiuai mlbmte @e bcaltmcm refacdinpvagapth,
pyrr.olido rose or aca hunect ant s,

S Lﬁl}ﬂl aspa qﬁ%ég)oar sor{)‘grcin acrcgerators sucﬁ as Qua(ter%ary ammonium

compounds; (7) wetting agents, such as, for example, cetyl alcohol and glycerol
monostearate; (8) absorbents, such as kaolin and bentonite clay; (9) lubricants, such
a talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium

lauryl sulfate, and mixtures thereof; and (10) coloring agents. In the case of
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retardi ng agents, such as paraffin; (6) absorption
accel erators, such as quaternary amoni um conpounds;

( 7c)a %tthﬁlgts %9?15111? théﬂﬁﬂna%@utlcgfgonfbﬁﬁg@ q'% gpﬁioéclr?mgnse
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h e{n dddifi¢n tedhegaehaet mgredaptsthle éxguldshosuge Sarals nezyc:bmamnnat as

I u h,no
vve%?%%ﬁgco mertbﬁy?eé rltlg gl‘mglt’cs(])l sasa‘?’ta er hﬁ ?T?éventi’ %fg‘ilbghzmg
d@gageatfdmrﬁslﬁ@s socheds ethghaleohst, n@btoq)pl dlevtibLiehyl carbonate,

h t t S,
P SRLTRGEN bER| @O0 REI0RelE bhaRE L P R
adhtijcbl, oits (tnopztrhmlapédw)ﬁsebd]@Fc&ﬁdlﬁmtc,orrt, @emi lotjud, dasilzsnge

fornms cont ai rt. djl.u co ed in the

g O E8°5iE B bricEl pelf EVRRG Aty oy o

a@eﬂatssofadlrﬁtz&mﬂcﬁhfxu&éssther&fc Beﬁaeseﬁdwdhmht@ ah®bral

i SO 3%1 al c hoJ, ;thyl carﬁgnate et hyl acetate,

bR P IS SHEAISO BT A tyahs Siehds Wl pEdive cgriyaung and
1,sdspendig @g'éﬁtsgsiv%@@hmg,oﬂldvﬁrn(g Bolbafid, b@t{ﬂ&rﬁ%g HALERASARA,

groundnut corn, germ olive, castor sesane

o@gg)s gl ycerol, tetrahydrofuryl alcohol, polyethylene

gl ycol g and fatty acid esters of sorbltan and
mi xt ur SYSPERESIEOIN adgiien ipdhe 35tis corRRound ey comin sysgending

C QBRASich ANShGI it iSRtdaRE AIVEIRI2FH Y38t 18 §dbiast, and

wetting agents, enul sifying and suspendi ng agents,
we@tt@hwf‘gs ipracryptRlige callglost, phvgninyse metaky digxide hentonite,

?Wg!@én‘d‘fﬁg@cgﬁﬂﬂtérd mHBREAR,QRS, in addition to the
i vé conpounds, may contal n suspendi ng agents such

as et hexy tahReitbROSHRAMYdniBh FRDPAsS colah Y@L %ﬁg] ¥lcRRe

sorbitol, and sorbitan esters, mcrocrystal
C PIGSEIVatiNes, veting agamis, r?étuésnfywtg@gftn@eand@mpr@wgtaeents Prevention

ARt 3gEdn cﬁ'%c%f)@%ﬁgtﬁpﬁl@y b@&gm@l )6§/ H{e%?clﬁsh&{ cﬁ%rlottgh e

conposi tions of e I nvention so cont ai

adpiilagierial and getifuagal pgeatsetov a?talmpéts pam]eem ﬁtﬂgmhgemﬂaohenol
CTAE 0, MRS 5 0L ORLELIDL SRR ROLAY! Oy
i segas sehuro thlpdds, @mdsthalhkep intcthe conaposaiods. aImtadﬂlumga)lrolonged

a%ﬁ@rﬁtton o? Ehe%ﬁ@&gﬂlg pha?t%gc%ﬁt%él fO%Il"]lln’? | %b %tt cﬂﬂgﬁt aboBtl']b ncge

inclusion of agents which delay absorption, such as aluminum monostearate and

gelatin.

It is understood that the dosage regimen will be determined by the attending

physician considering various factors which modify the action of the subject
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addi ti on, prolonged absorption of the injectable
pharmaceutical formnmay be brought about by the
| NGhpsinRR oPthe BESAYCH (WBI, se\lauﬁﬁd @yypeﬁaﬁgptvhe Raritid %t&§

al umi num nonost ear ate and gel at’i n. i s under st ood
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modi fy the action of the su 275954 | conpoun
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Valoh@stid SB&{esloésnﬁl HOLadnft Alof, éﬁl‘atop ok Eﬁrg&ﬁj felcors
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r e(mohlslhlgﬂJHXA»nhlamdlotﬁhembymeisteﬂﬁmmp,muﬂ asratyrlihéiBbeling.
conposition. The addition of other known growth

f act or Expayintents Withnailce hmvpiemohstmud tiva yffedtsa AfRBSEFc bhe

b t i odi .
o0 SR s U RIS s  Fs
X-to agieve Ismllnwdnda:gtrﬁffﬁ(é\))f 0.hiugtkg ﬂiDgrtéhI@ﬂTEﬁd defum levels of 1 pg/kg

et er m,nati ons t racycl i.ne | ahe eri nts
RS k0% R Mol LR naE sief i S outons Proke
omnb m;;anr exlxﬂemgeahab lisnovii@iBatiol €ha€ RIFREWIAELsIcS AJBERAF Adre
s ,and Hnts syfficjent to achi evgtserum

5%9.1{? lafiveotﬂé BFtS dpgirgiseBieng mad be desigardiioggadserum

| vadestr zﬁfong-oﬂ@ivk@n on &dqg/ulggctgoind%ﬁ&{aﬂgl bafRed 8hd SPpLRe.
Sr achi evi ng si gnj ficant ects on bone density and
S

P BRI, SCR H&ﬂ@ﬁf ¢ hepkemay bs apiened atithgringlead osw@(hér

degere &forddédr Bhd Rnitk 13618 of D gg&% hﬁ? lbe a&ﬂ@ve& Qithladfhgle dose of
ef fects, dosing regi nens na desi to reac

sdrimeks ﬁ%@ﬁ%t?ratThs Risepted ts@rvmé@if lge of ¢ gﬁ grotesulans egyeeanbiout
0PI AN g0 héﬂ/s %B%ﬁﬁ@ll}loﬁ@g tl?an%slﬁﬁc ful Eﬁmﬂgm and

| evel s of 0.2 ng/ kg may be achi eved a S|ngPe dose

ofsu%alaedméfiektgfeé@rugﬂe%ﬁl éray &pdchised ot @ampb, bif daosinggyiky).2-
RyY4 ﬁlg/kg‘a}?h ety B diltedas hAg ﬁralﬁglﬁfd P;’ P‘ggs/eh it longer

gr eat served serum nol ec

i dntprvelnbemeerodnging OF aamsargtle, dlayes of $13tmg/hg1mn@|t bgudedoger
t [ t nd t hu ust
&@a%’?%@éw&%%%ﬁﬁ BpRSondiic bt RRUG T Rbe uy
ddssingjiswedelsaty, hly Oncé emgyy Bgd,on6.d, MekmyreMOMSweekl y
basis, or higher doses may be used with | onger
i nt er vl corthie tewbedimgduis,i theypresdabinventianplse prodalee genefthetay for

ngl{eklg on%lodth?on%%%%tfaPa polypeptides. Such therapy would achieve its
therapeutic effect by introduction of the ActRIla polynucleotide sequences into cells
or tissues having the disorders as listed above. Delivery of ActRIIa polynucleotide

sequences can be achieved using a recombinant expression vector such as a chimeric
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nmonthly or binonthly basis, and the effect on bone may
be sufficiently durable that dosing is necessary only

certain enbodi nents, the present invention also
provi des gene therapy for the in vivo production of

Act R ' hp i
(LR AL ARPREL A5 A R AR AU GR, Y kb
poblynuddotidt sedeersejaéraes of tatgeted dibdmes. ti ssues havi ng
the disorders as |isted above. Delivery of ActRIla
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f afse@eniacliie b&pye 1w htn&ta@tu Mnensrey muirine leuklemia deno@iloNsl. V),
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SR S S (MBE . B R Bhef VR (MutEry),
vaad Rbud Sar@nfeVitug ?RSV)S Ahudbdnarft laditlﬁtlcﬁfal @bl vectors can
retrovirus a e retroviral vectors in
S |1‘H>folé’r%‘inél“gﬁ ggﬁﬁe %&]aﬂjf these Vpbs PandranyEs %%cor%"‘%?e 51‘5816
NGér d deletaBld nlaflier Moo RYisdided Efls baileaBirifivd intBgenerated.
(MoMULV), Harvey mnurine sarco Vi rus (I—lal\/u??%%‘,?/i nmuri ne

wé*ﬁﬁavlpal PERieSF car tegrade AIRAPOPCCIdRY FBERINES A0 BRI + 1gan
( BEDtipid & ld'imﬁém Oﬁreﬁsﬁgﬁ Kdrgl{ﬂﬁ%lﬁ &E&‘@Misﬁéﬂ by EeQh Sntdy.

i ncor por at e genes of these vectors can
t rThpsstefiskifrin ﬂﬁ @6 W‘fé]é re&%m%? therfeeqify polynyiglegtidepqusnsas crRupe

S Qnde P& intd RORHHGRT &R Sr GRRNDE L A1 éﬂcvbl%ge AMow target

generate Retrovi ral vectors can be nmde

t ap‘ij?éﬁ& depisery bf e bsprosiral yeptprepntaimng g Al pokyns clggice. dn o
g)éonpe}drgélﬂj enfatlfyv%tSf 13 targdt: t% Oﬁ&loﬁcﬂftﬂfgfel ng is

y’using an anti Those of skill in
the ar tAlt\%‘?n'an!lveli}e HOQPEAiRd é@lts cﬁpﬁéﬂlf‘e'cﬁy PAlsRKE heQARids
sequences can be I1nserted into the retroviral genone
orenegdingcthetrovirad styictusdl gemﬁ@aag@l el cav] veoneangienal calcium
S y g
RIS R B e L S ALy 5 0 00 gl
t lrentaidatgahe gwe& dmgatesid Thordyultieg gerllsa:@leem Ifegesroviral vector into
ﬂtler pnat i Vgiu}{n tissue culture cells can be directly

t PR e R Wt h pl asm ds encodi ng the retroviral

struct lAn%L elgtg%%t%d g?rgf'gﬁpsgrste rfgr Eﬂ%{.}[e ?élyg@ﬁ'ﬂ?\ﬁ%ﬁés i9R @ 1101dal

cal ci um pho ion
t rdaapsxfsmtsgsﬂem\n Cbildldaédmpm'mom sspteasnncdudcmmcmmnlmletdomplexes
enes of s r.e se
7 arpsorrate DEERInthet AR it B S R SR o e
t angddiad, wietbllesaniked midetien, ﬁuﬁf lipdedribsl & hppfeﬁantmdlceldmdzd egstem

e B o e BT M o e SRS

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 cells in a
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,
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worRoogdeasgel | es, and |i posonmes. The preferred POI/USI006D45322
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nanocapsul es, m crospheres, beads, and |i pi d-based
systens including oil-in-water enul sions, mcelles,

systemof this invention is a |iposone. Liposones are
artificial nenbrane vesicles which are useful as

debiy gr NHERb Gk 68, B@ewlﬁ(ﬁl@s ando | 1@@3” )I(Qtho%}% iti NG A0 d

i nt ac VI rions can encapsulate Inthe agueous
i rlipesduesris skl e cambingtinned phespbaipids, wsually bucgmbglm(ai Wigh

I
Aoy, QB2 B Sihy; QG bSpn i br o R SETET
usisery Ehelphpsiead alaractdristésef lippsomendepend on pHeiosir strength, and
1q%68§3356§1§68 dl\%neqﬂ Catl nn| no, et al., Biotechni ques,

e conp03|t|on of the i posone is

usual | )é ﬁl%&'?{ ﬁ)%sl 135%, & 11%'35%%1% Te é"f@ 1&Slhﬁlﬂﬁee§{ |e$ﬁ1 tldyl

Conblna sterol ds, esp
Qdampom‘rde,squﬁohs [hiosisatidy]gly dvenl, phopphdﬁdyiﬂy)haé pbodphatidgBetine,

d
BRI S s RSRan RS
c aItluscmaave 19315 aiclude paedshosyshefidilichioting, i pos one

PP SRS TR S B

prw‘slpmwe@lysl a$s®rposlseble pdzes pi) abr estyth sl e pal-patifeity, cell-

h d b d d I d
PPt Fme B pie i B

phosphat i dyl choI i ne, dipal mtoyl phosphatidyl choli ne,
and di st ear oyl phosphati dyl choline. The targeting of

0 possi bl e based on, for exanple,
r@@ﬁ%ﬁ@&ﬁ?@ﬁ cell specificity, and
or gane ecificity and nown.i.n the art. .
BNy IEF R mefiebetiediet Bl Wil aRtr e
demderstbedlby ieferwick ko the fotovéng e&adbllesl, V\Uﬂﬂﬁfrs In@k’lldechylerely for

reference.to the foll ow exa

S TR s e g B S i e s ot G present

C dfitediith, @ndodinoEiRtesdsand hﬁﬂitbmlnmbﬁ. of the present

invention, and are not intended to limt the

i rBaaimbiedn AcERIBARY Rusibn PAGéiR | a- Fc Fusi on Prot ei ns

Applicants constructed a soluble ActRIla fusion

pr ot ei mpphmasmaﬁsntuhﬁd exdlusie eJctmIaamsFldmgf@'tdih 0kt Hablﬁﬁn

Act ed.to.a hu r nmouse. Fc domain th a .
5 “1FH in prAGR ASHRTIE AR to b kiR e mouse K¢ daipan

t Q1 RiRindyt lilkdran BteGea@n AT hdctiBlrh@s AEGefelr@BIRQS MerlayhFe and

!!a hFc is shovvn bel ow as purified from CHO cel |
Ta-gke) egeRieyelyr) -

ActRIIa-hFc is shown below as purified from CHO cell lines (SEQ ID NO:

7):

ILGRSETQECLFFNANWEKDRTNQTGVEPCY GDKDKRRHCFATWKNISGSI
EIVKQGCWLDDINCYDRTDCVEKKDSPEVYFCCCEGNMCNEKFSYFPEMEV
TQPTSNPVTPKPPTGGGTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEV
TCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HODWILNGKEYKCKVSNKALPVPIEKTISKAKGQPREPQVYTLPPSREEMTK
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| LGRSETQECL FFNANVEKDRTNQT GVEPCYGDKDKRRHCFATWKNI SGSI

El VKQGCW.DDI NCYDRTDCVEKKDSPEVYFCCCEGNMCNEKFSYFPENVEV
Wa ceTBHRSS PKP

PTGGGTHTCPPCPAPEL L GGPSVFLFPPKPKDTLM SRTPEV

TCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEOYNSTYRVVSVLTVL

HERM N EVHRASY SN RV E WIS ol G RETOMATH BRERERM e 1 Tv

10275954J NO\/SLTCLVK(:]-YPbL)I AVI:V\tb GOPENNYK IPPV_ DGSHF

ActRIIa HF& and ActRIIa'nFc pfotelns were expressed in
CHO celTihe PicidEa-hFrfingd it [ff-aF e proteinsahae expeesorsiio €31 Gheslle

capsi dafedairtieht l'éQféﬁyeq?&l%emérla kgs{d§§ehlBNL)
|VKF LVN\/ALVF MWYI SYI YA

SEQ | (ii) Tissue

R AR WXV SRR

NO' 10). The sel ected form enploys the TPA | eader

and has t he follomnng unprocessed am no aci d sequence:

Evminagen AREE IR GHFAARMEKTEANEY SP

G\é EVng@h@)gRHCFATV\KNI SGSI El VKQGCWL.DDI NCYDRTDCVEKKD
FCCCE

I\/CNEKFSYFPEI\/EVTQ:’TSNPVTPKPPTGGGT HTCPPCPA

RRAEREDIEAR, KFNWYVDGVE
Sk&ﬁ?ééé%YNSTYRVVSV%R@EE ' KALPVPI E

10 KT SKAKGORRERQM T, Bﬁ?ﬁgﬁ/g *ﬁb@\{éldlgn\ﬂﬁ%%@%@lo%\{

20

25

30

QPENNYKTTPPVLDSDGSFFLY!
Y PORSCSESEKng gEbs¢queer  13) Thi s poI ypepti de |s

encoded by the foll owi ng nucl eic acid sequence:
W@é#@&x@&m@@é@h%f GEFGEFSAOTEERORTNGT

QW@' DR DR
GAGIGTCTTTT

S e R T PRI v

VDKSRWOQGNVFSCSVMHEAL

VHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPVPIE

KTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH

YTQKSLSLSPGK (SEQ ID NO:13)

This polypeptide is encoded by the following nucleic acid sequence:

ATGGATGCAATGAAGAGAGGGCTCTGCTGTGTGCTGCTGCTGTGTGGAG

CAGTCTTCGTTTCGCCCGGCGCCGCTATACTTGGTAGATCAGAAACTCAG
GAGTGTCTTTTTTTAATGCTAATTGGGAAAAAGACAGAACCAATCAAAC

TGGTGTTGAACCGTGTTATGGTGACAAAGATAAACGGCGGCATTGTTTTG
CTACCTGGAAGAATATTTCTGGTTCCATTGAATAGTGAAACAAGGTTGTT
GGCTGGATGATATCAACTGCTATGACAGGACTGATTGTGTAGAAAAAAA
AGACAGCCCTGAAGTATATTTCTGTTGCTGTGAGGGCAATATGTGTAATG
AAAAGTTTTCTTATTTTCCGGAGATGGAAGTCACACAGCCCACTTCAAAT
CCAGTTACACCTAAGCCACCCACCGGTGGTGGAACTCACACATGCCCAC

CGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCC
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AGACAGCCCTGAAGTATATTTCTGI TGCTGI GAGGGCAATATGT GTAATG
AAAAGTTTTCTTATTTTCCGGAGAT GGAAGT CACACAGCCCACTTCAAAT
WOEAGITASBACCT AAGCCACCCACCGGT GGTGGAACT CACACAT GORICHTS2006/045322
CGT GCCCAGCACCTGAACT CCTGEEEEGACCGTCAGICTTCCTCTTCCCC
10275954J. CCAAAACCCAAGGACACCCT CATGATCTCCCGGACCCCT GAGGT

CASA{AAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACAT
GCGTGGTGGTGGACGTGAGCOACGAAGACCCTGAGGTOAAGTTOAACTG

%&@W@%ﬁ%@m %%&GGGA
CACCAGEACT CULTGAATCLCAACLAGT ACAAGTGLAAGGT CT CLAACA

AA f €
m&r&mmrmm@\cm&r AOACCTACGARGRGTCCCA

act A EL G A URAG e RebRodaadtuder

10 t AACARACAGIGZeHECEXPCESTIGIT.GASC BOOGACGHATQLINBCTITCECTETAT

o ShEMCT R SR B g et
S ECWEBCECOGTGUTERSTIFA GEEQATO AT AACT A CRPUA AT GAAGAAGAG

PRSP AR ERGRE AR RSP °Tre”
sephar Bot AnRURH s BhLERRR Gy e i flE AR 2

15 cheanadieat @@lfassmﬁ - CR lhl ﬁgme 1ctRE proRdi gaapitifiedand sm%le

cat| on ex chromat o . The fication cou
eVl bsdrfing %%ﬂw? PIRUGHR- Nter Hr Feéltl?rtﬁﬁlgé ‘@atﬁﬂﬁﬁ@ﬁ le sequence -

em@rsq@lz (She 1A 13- Pﬁ‘?ﬁd@ﬁ&l &Jum BeRShiwd tyl d2fribPof@olumn

purity of >98% as determ ned si ze excl usion

C HERPRAIREERPR NiFPR e w@/ofowwl@ PN eFy obths fedlegng, in any
A‘-‘Jrﬁgrld;ﬁfodéﬁl A @Pﬁgmﬁﬁkﬁbhﬁ'({'EFShe?r&@\@ﬁﬁimﬁtd%l(%ﬂyﬁjhghﬁéetp}{arg&r

particul arl Ivin or Activin A

20 ( Cglé‘t 9gr@/péwemerﬁ¥élyﬁlpn slramatgrapip;, ardgatioowBhatgep usi ng
St&m&r%n §né Bﬂx’rﬁjidaﬂ& &ﬁlﬁP&Q:Hﬁlﬁleteﬁ%lfﬁl Vi1 AfGti8Rshd

buffer exchange. The ActRIla-hFc protein was purified to a purity of >98% as

determined by size exclusion chromatography and >95% as determined by SDS
PAGE.

25 ActRIIa-hFc and ActRIIa-mFc showed a high affinity for ligands,
particularly activin A. GDF-11 or Activin A (“ActA”) were immobilized on a
Biacore CMS5 chip using standard amine coupling procedure. ActRIla-hFc and
ActRIIa-mFc proteins were loaded onto the system, and binding was measured.
ActRITa-hFc bound to activin with a dissociation constant (Kp) of 5x107% and the

30  protein bound to GDF11 with a Kp of 9.96x10”. See figure 2. ActRIla-mFc

behaved similarly.
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ActRI I a-nFc proteins were | oaded onto the system and
bi ndi ng was neasured. ActRIIla-hFc bound to activin

protein bound to GDFl 1 with a KD of 9.96xI 09 . See
figure 2. ActRIla-nFc behaved simlarly. 10275954JAn

A- 204 RgpanbheRe d@?ﬁ?G&@&é’sa}W@&s Heed évgluseé@ﬁé@feetsfomcmua-
effects of Act

hFc rotel ns on si na in
arldic REQteips on signaling by GP ekl ang r?éﬁVlRlﬁﬁab(g@ &n@@m
( otg{abwgycfsmaﬁlm&ﬁbe%)fronﬁﬁﬂ%ae ﬁze%@@efr %ctorpgéﬁi(%@%@

(Described in Dennler et

30DescaibebinDegaler stiahJPES, @Nmﬂymzomsw Figarepr ddent
. mﬁ@ﬁlﬁﬁltoa SRR y@p@%@ SP;onEéJ e@@}ﬁl %en%? s*ﬁ*m
or S t

vector 1s o ener use act or rough
Srigerpr wied g@erabuse for fagptsisignAlimthroogh Slsadend 348- wel |
plate. Day 2: A-204 cells transfected with 10 ng
pGLB(OQ&&)llSPlﬁlA %@_@(10@1@0681@614@@6@)+ pRLCW ( 1 ng)
and Fu%a : Add factors (diluted into nmedi umt
% RRKR: AtZQH |091|18ttmnsfe¢fetbwth 40 be pEECicidRed wit h

F?ﬁ?"‘?‘.“%@éﬁb?ﬁﬁ%‘? TATBR R S S e

fol | ongg, @}’A@d Jfa\%ﬁ)g @héz m@c?‘ﬁ@clflmﬁIY)H' S &lg{ﬁb}tgjs ‘T’lged to be

assay, in the absence of any inhibitors,

mcub@te@ WI@ Fagjorts §drdl hytbefome addingrio ofllsr érhmlafer, cglésrénsed
eXRfS  ED50 ~ 2 ng/nl. GDF-1 1: 16 fold
sﬁﬂrru t?g%@ggc 8 ~ 1.5 ng/mM. GDF-8 shows an effect

si m | afplsQs fbwdd g\yh mﬁ%%%@sgé}n ’fd}pgzuﬁ}e1n4thls s%?ldl ‘aleh Fc

and ActRI I a- nfc
piabssmet efrany cuﬂxﬂeiqrrss Actidng shaws stughiy 10 dolfl lsfgmuletum oﬁrhpoe‘er

d I h
LGP B8 SRR 1% B LB 6L AU RER P
Acngmllll zﬁ[PfF& shwars aneffyctsinaibir & GBFfihar macoki netic

studies. Rats were dosed with 1 ng/kg, 3 ng/kg or 10
nmg/ kg @fs sheyiRinlfutel AgtRitaehli aan d o IksmEc 1nhxbet| GDBS8 t he

pr I 24. .48, 72, 144 él %

h gﬁetrdgdtgbl s\r{,\rﬁ‘lgﬁrg%??cgkggg ?%n&gc/rﬁratlo S. As P%ma& é%ll'e q ee

ngl/iﬁfegwt ]Jﬁapaﬁgildng O(ﬁAcGUIaH@cthlbll:eml GRF-$] sipadlink hathhindCh@olf

x le 4 mrum half life and circulating |l evels

fap?ﬁ L]f@ qwte hlgh after two weeks (11 rrg/m

110 ny St.r at ns of

Iyl klgIg!’ A5 Es VB Ver SRBleUE o Bess B S e e

¢ Yingeiobitus mprtig Keivig/kg bh €0 mlgB@nSﬁAbﬁUfa-HHcfpmtm&nd plasma levels
of the protein were measured at 24, 48, 72, 144 and 168 hours. In a separate study,
rats were dosed at 1 mg/kg, 10 mg/kg or 30 mg/kg. In rats, ActRIla-hFc had an 11-
14 day serum half life and circulating levels of the drug were quite high after two
weeks (11 pg/ml, 110 pg/ml or 304 pg/ml for initial administrations of 1 mg/kg, 10
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/ml or 1440 pg/ml for initial administrations of 1 mg/kg, 10 mg/kg or 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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substantially greater than 14 days and circul ating
| evel s of the drug were 25 ng/m, 304 ng/mM or 1440

or 30 ng/ kg, respectively. Prelimnary results in
humans suggests that the serumhalf life is between
about 20 and 30 days. 10275954JExanple 2 : ActRI I a-nfFc
Pronntes Bone Gowh In Vivo Normal femal e mce

BeibhR)2: \ﬁ@ffﬁléjﬁlﬁ@grom&e@ BAG¢ Bldvan oAt a level of 1
rTg/ kg/ dose, 3 ng/kg/dose or 10 ng/kg/dose, with doses

gl ven NMrrﬁ@l feRek ice (BANS/dYeeS (ﬂJsedi@nﬁ IALRIBEFOANGevel of 1
z? (:ontg&g wer e detern ned DEXA, see fiqure 6.
@5&%956 T Bgdedos udo n}ﬁé%ﬁ@%ém%l doRsvebten AV iSF gisFlely - Bame

i nﬁh&@ﬁ&nﬁlﬁz&@boh@mbﬁﬁ?cdﬂtﬂﬂv@ﬂe JeRARIEY LRDEXA0 E‘ée%rea@
a result of ActRIla-nfFc treatnent. See figures and

8. Thugn BANBAORALR RS, DA ARhA $awses SIgﬂﬁEﬁﬁﬁﬁ%a&qBQO%)
density and content in normal female mce. As a next

tl%BOﬂ%lW@%% feaeity 9 coplemtiap arasré obnctBaen oriregimesl stee
tes7Qhd @St eoporosi s was tested. Andersson et al.
2001), established that ovariectom zed mce suffered
subst amhi2bnBgesnl FSSRITPLHbN 1§<9J§sl:@§<§wqgn§lt5@9@ EoHt@H: in
bone SIX meeks post-operation), and that bone [oss In
t fegeal feradde mies dsyerctigiapetbe ebcapt ﬁctBéﬁqdnEFaqnebone in a mouse

t%ﬁj’d@pﬁ%gtgop@gﬁ{gt@stegfégh as parat hyroi d hornone.
Applicants used C57BL6 female mice that were

ovar i eat,gekad: glml)o&taﬁhﬁ@l Qﬁ?&@h@goﬁﬁec‘f' mievﬁﬁgréd of

age. Eight weeks afteér surgery, treatnent

Aét‘h‘%FqnﬁalrﬁD@e (%@(rﬁwbka)% {oas eftraheatdryppnasix weﬂtsmost-c(paaspn),
VWagd inat bdrRt&d i in ﬁ@é@%l@@&ﬁﬂ&% c ctg@@ﬁﬁ' Ezﬁ‘l 1&3% tﬁ:‘lapeutlc
scanner. As shown in figure untreate

0EgTitse SYdbrAs pedthyicikhasmoned subst antial | oss of

trabecul ar bone density relative to the shamcontrols
after §H>Rh%@@ku§ed %7@%46lf@tnﬁﬁmlqert@ﬁmemvarle@@mrze@(Cb‘&ﬁ)eor

d I
SRkl 0 LSl o, 1, OB DRI A0 Ty fhn ©
s Mlémmﬁa I(IQ mgkpdwise mrv;eltllv)axb@omrczl (PIB®neasofitidK Boree.
S%‘é‘nsﬁ %%eﬁ%eﬁc};@: chﬂlﬁ_eks of treat nent, bone
y

denS| I NnCrease relative to PBS controls.

After 12.ymek trilh f}gﬂ% - Pﬁpe{rggs a}/}@c%m%;e/& sﬁ(nged sngs?mtlfll

oper ate al so cause
i fess efaberlat troab dowltarcldtive & thSgant dogrole aftdr. sixAfvteds. 6

ar}\%tl%?a-m% & lfréatmtegterestt(grg@ Bcgl% %‘éns@tgf ?cg b ?e%efe‘of the sham operated mice.

At 6 and 12 weeks of the treatment, ActRIIa-mFc caused substantial increase in

trabecular bone of OVX mice. See figure 10. After 6 weeks of treatment, bone

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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35% i ncrease relative to controls. 10275954JIn an
addi tional set of experinents, ovariectom zed (OVX) or

W@ b@moexies at ed nmice as descri bed above were trReI/@82006/045322
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with ActRIla-nFc (10 ng/ kg, tw ce weekly) or control
(PBS) over twelve weeks. Simlar to the results

descri begh aaupafl Lf oﬁ‘%ﬁéﬂxﬁ@tsnﬁ%rle%lz@@l @@Vf(?(;xeéhgxg%%erated

Act Rl l a-nFFc exhi bited an i ncrease in trabecul ar

denise esdeseribed abeyp vepse weptadywithicsAqtRUp-mbisd k& mafkg, traon ekl
1% WeRI63 (is) %Q@rm@twe(:]fs %Fi‘ﬁ% ]a;ahe réﬁﬁéﬁe@&%eﬁtag&/e%lc e

receivin Act Rila-nFc sim showed an i ncrease in
t rAdRBumdie. @¥ianige r@ﬁwwgé&tmmwe?ésbl@drahyn@a@scf iourabecular

weo%&séd gyreflss QJéaﬂ& agl?op}ﬂ@r 13a 9& 240k & B Acetegﬁf% nﬁ_nem

e wee ment” w
1gereti<2dy81mdor@xat@d mige fepiing BEMIanéb ylmxharly lahmmd anhat

t ﬁ{?&éd}@ ﬂlttrdbg é‘i‘q)%l &84 ns%%feﬁs/e eQﬁ’x}‘ & f?e nv%etk an %%%% q

ovari ectom ze 0 era mcée gur

1 4Bgr }%wmsbftv@myént(ﬁ‘llgaséﬂ esul ts are al so supported
by ex vivo pQCT analysis of the fenoral m dshaft which
denonstifiat bdlee wéelys pff traeatoment witle Aed - Fe, lydioke tiody ahd @ndvo

c | S| er twelve weeks of.treatnent.
Wq%ﬁﬁrﬁgl%)ﬁgl%gglﬁgg Ehob;é:ﬁ iﬂ% {re trPeené tmdaceg SH Incrgase in'bori€ density in
o\bath @etiamimizel aridcsharexpérited miteliBigeres @44 ahd &4B, trésptctively e

(o rable to.vehicletreated ¢ ol sh oper a
C TR ol U Ibr € BER T SRS BN e B Btishar
c ovitiéndenionsiraaisedgifitanoineragse ACbdRh todal AfrCedrti€a bof densifyX

Vi VO anal s. of t r i dshaf t
e SR o AR B el SRR N R it ated 90! ana
C @vhrice&lmib@ngice eilillﬁiﬂii baﬁd @hsitivahatevereesspatibld to&atioent
wth ActRI h ovari ect%m zed and sham

nFc
O iersd G RioB e et (USRI B0 TrPEORE 0 bt dghoi: bone
C QopasitaRtrérsEDRB oW H LM ITL- fﬁmttfe@mﬂeﬁb ExE\??vd/Ib(Y@l“ &Q@éls of the

anal ysjs of the fenoral mdshaft al so showed

ACERP e ifipeatt degnonapted axdigndficantipreash duboih tqﬁedﬁgfécqrhcal bone

PebhOS e8] tv&lxie%b@ﬁ%ﬁfé%enm\ﬂ?x&mﬁ%ﬂ Jvmenifo@h
treatnent resulted in a decrease i n endost eal

cioveiaTioatenced isham eparatervelivls avatredeated mieoeshitiaf!
; Esbﬁb’ﬁ@lﬁ@ b&%oﬁ%mﬁ(@%@@hlbz Nri @0 @@? ranaciyéfisf ?ic[ﬁe Rinctdie

mur (Figure 17 ani ca stln
déni alsd shayead thae tARIR Zp- mﬁ@:trw&@l raigk éldtr@t showy zed@eget ine

)ﬁt‘n][l#s'ﬂzscd Grcn r@ﬁl:teeﬁdv%tvb AgctleIigaﬂg mﬁl{%%ﬁﬁﬁcon it gﬂ{ Jac%?e%e n

st ness and ener gy to brea
s iegénsteplcarsvmifanence irglécatimg anhiecreast i erstial fhidgpesstdue® growth on

R o kI D1t o ¥ ner cased bone.

stren gWChmldabmsi@ df éqrmmsjdeshmmedmlmt Ac@Rila-mBbivas gble to

Ly ec?eage the extrinsic characteristics of the bone (maximal load, stiffness and energy
to break) which contributed to a significant increase in the intrinsic properties
(ultimate strength) of the bones. Ovariectomized mice treated with ActRIIa-mFc
exhibited increased bone strength to levels beyond sham operated, vehicle treated

controls, indicating a complete reversal of the osteoporotic phenotype (Figure 18).
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controls, indicating a conplete reversal of the
ost eoporotic phenotype (Figure 18). 10275954JThese

can i ncrease bone density in normal fenale mce and,
furthernore, correct defects in bone density, bone

C 0 nt en trpes%%gtalaleﬁb%@ that Qf? Q& Vﬁ‘I Agt'i@l%réntag&}@t cHPHRRase bone

ost eoporosit s urt
eﬂgemﬁyne nergial femate mise ean\ﬁathuelemr@ repyredd defiects fraane plersity.ed

o1 PGS o8 R e A, & 3“5 YEEE Qe biil
referr %j? hﬁ%@ﬁﬁéﬁi&){b%ﬂhéﬁtf é\%r@é‘t))mlzfee bor ﬁlafnucwgﬁ?erd

period 0 var | ety o one par anet ers
e\ﬁal4 watlksdandAsgivhimgnt 1 hwedkg mcelVQ@lthAcpIRlebaonﬁctRHa-ch ¥}

ULSAREE, BEHGDIAL LEADPEUL ANpDANE SYLUTS A0 0 Rlinr

0 paerlad el 2rvesks. Ac/aﬁ&ty af dne pa’ametersrvmr@mdilatdde As shown in

t rabec r tecture e 20 |ncr
cBPRRER AR e B bt S kit R REARR Gt vorume
stratergBN/T\Bi ig both tRa?())VXﬁﬁd SH@M] opernatEd giittee AW ITa-mFc also

Act Rl bl t t ]
adee P BBt SEberB% s > onESisia Py pORE e
W) aehiepedved béde stredgtiveRKurt DI A3Ghén 1nr2FAi§1hgaB Q@@{{Hﬁ-tﬁﬁc
mce sSe at resent e I N | e e nstrate
oduggd %Sﬁr%bqw?“ﬁ R & B, doseby ot I l%wz ti ng

b t t )

ot R | R BB r e B SR sO kiR 20 et Bie oy ey

an‘,@eﬂa&hinhbd STHesw@itd, @Ee@efrf@didl i Wighied U4, d&ﬁér@bﬁﬂe itiat AEfRERIFC
Al ter ActRI Il a-Fc Protein

a e 4 {1 An
%QF o e et it phibiting §e eeRrRIioR agd pEmating Bpng gravth. Thus

C-ASRII-AFC stimblate bh@ drbwdl(anhBol@ydrRRer) asd MAibRE bbhGesorption
extracel | ul ar. domain of ActRIla. The sequence for such

a (@¥heatabali effestlpor esent ed bel ow (Fc portion

underlined) (SEQ ID NO 12):

| LGRSETQECL FFNANVEKDRTNQT GVEPCYGDKDKRRHCFATWKNI SGSI

DD NCYDRTDCVEKKDSPEVYFCCCEGNNCNEKFSYFPEI\/ITG
FAFPRISEEP ARBAIYSEREY BIABIEST| M SRTPEVTCVVVDVSHEDPEV

KFNWyV/ HNAKTKPREEOYNST YRVVSVI. TVL HODW. NCKE

VSNKAL PUFTERTISARBOBRERCIAYS £ PPSREEI NS (R

DI 1AV ESNGRIE MY UK RV RRIRGRFSLAGRIKIT. SR a

VMHEALHNHYTOKSLSLSPGK 102- 75954J1 NCORPORATI ON BY

REPE%QERIOEPW‘TMWMW:@MP%@H aﬁéfﬂwf%ﬁ?@ TReV?7 Bred

her ej are hereby incorporated &
ILGRSETQECLFFNA WEKDRTINQTGVEPCYGDKDKRRHCFATWKNISGSI

EIVKQGCWLDDINCYDRTDCVEKKDSPEVYFCCCEGNMCNEKFSYFPEMTG
GGTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCK
VSNKALPVPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPS
DIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYSKI, TVDKSRWOQGNVFSCS
VMHEALHNHYTOQKSILSLSPGK
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reference in their entirety as if each individua
publication or patent was specifically and

reference. Wile specific enbodinents of the subject
matter have been di scussed, the above specification is

I IINESRPYR AR ORNSY REFERERICH ctive. Many variations w il

become apparent to those skilled in the art upon

revi eWA@lfpuBhéa%oMG bﬁ%ﬂ@ﬁeﬁﬂor@ﬂ ﬂelre‘?%ré:llle%ﬂgqn&%&ﬂed e
full scope of the invention should det érm ned

r éplfareaercia they eanfiwtycasal epsh IDdIl‘@fhgl publipation et patentiwas sm;fe:ally

f I th h
M kR R e Sy MR e

ActRI| I
?”95 SRR SRR o B RPAL SRR R0
2 abqyeespegitiqatipmisiilustipting and nml esirigiyeyMenmt Yadietiorfs vall deennte,

E%a%lﬂ 1§ BERRUNPEPHE 1 ubdh Blich Pis shechiPAin a%d@g Qaims

rotern conta nants, ze

e>be ot¥s i T fidhscopraaidlg inpéngion shoukhlee cbtm ininied b rafchemg to the
A f 0

ool ARG BRI 7 e 6F BTchislngitye LRTEN Ryt e v
dws@nwwammmn constant for activin versus GDF-1 1. 4. A
phar maceuti cal preparation conprising the
activin-binding ActRIla pol ypeptide of any of clains
1-3 and a pharmaceutically acceptabl e excipient. 5.
The pharmaceutical preparation of claim4, wherein
said preparation is substantially pyrogen free. 6. An
i sol ated pol ynucl eoti de conprising a codi ng sequence
for the activinbinding ActRIla pol ypeptide of any of
clainms 1-3. 7. The isol ated pol ynucl eotide of claim6,
wherein the isol ated pol ynucl eoti de conprises a
sequence of SEQ ID NO 14. 8. A reconbi nant
pol ynucl eoti de conprising a pronoter sequence operably
l'inked to a polynucleotide of clains 6 or 7. 9. A cel
transfornmed with a reconbi nant pol ynucl eoti de of any
of clainms 6-8. 10. The cell of claim9, wherein the
cell is a mmmlian cell. 11. The cell of claim 10,
wherein the cell is a CHO cell or a human cell

10275954 _1
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ActRI I a pol ypeptide, wherein said cell is transforned

wi th a reconbi nant pol ynucl eoti de of any of clains

6- &AMl b) recovering the activin-binding ActRIla

pol ypepti de so expressed. 10275954 |113. A method for

Prionot iAMhcBERS IR HRITA M%&@ﬁ&@l&vﬁ%ﬁ% HBRSd i YseQhence

I ncreasi ng bone strength, the nethod conprising

admi ni §Psisting of the amig Bid sequancedt SERIDMOFInount of a

pol ypeptide selected fromthe group consisting of: a)

a Zpol ypepestvén-bisding AsiRlg palyrentids of aleiny Lshstrinte pabypeptide

| east Q0Xad.detd Hial, Wil rept hdhiddifeon iﬁan%?é&’%é@é?ﬁlklgg by

conprising an am no aci d sequence at |east 90%

i dent i & excdusSEQhiomak@®hy.and c) a pol ypepti de

conprising at |east 50 consecutive am no acids

sét ect a8 p¢thin-Geding HotRde pelypaptide Phelaimtst ha@, whereinghan

13, whggehdh; i 6l y . 2. of

ol | onpag By SRR LR SRy PR igch i for

| i gandagiivihveskiOyf-1lat | east 10 7M and ii) inhibits

ActRIla signaling in a cell. 15. The nmethod of clains

13 or ADphayprscewical penaghtion Fymesitgtbe peivin-HindingAcibt ei n

i ncl udi i it on: C '

domai n? &g%ex—}z;ﬂg? efjn%:yté)k%o ysge:g{d}d?eﬁ }%I}r]%egtg%ﬁfg%& tgtﬁ ance

one or ex@pieniof in vivo stability, in vivo half life,

upt ake/ adm ni stration, tissue |ocalization or

didst r i Bhe Plamadegticehpricpatativh of cleine #rwlsweip kais peparaialy ior

purifi %{aﬁﬁalep%ogglhgeémt hod of claim15, wherein said
rnclu

fusion protel es a pol ypeptide portion sel ected

from t g ; bStd | ' o
B T v s L A
cl ai s binding@\ctRifeepodipaptadeiof amodfighems ilde i ncl udes one or
more nodified am no acid residues selected from a

gl7y cos Yhaiselated mpiyoucieotide ofelBE@y Waereth thaisolated pdlgtnucdeotide
f ar nesyl, b afls 200Ghc86t ho AINEE Y| ated amino acid, a

bi oti ny amno aci an ammno acid conjugated to a

| igpi d ROL : ] L ] to. an
organi ¢ dﬁ%&%@?&lﬂ{&cgg%%g?ﬁghgng g B}o%%r %Qqueﬁ)ce operably
linked to a polynucleotide of claims 6 or 7.

9. A cell transformed with a recombinant polynucleotide of any of claims 6-8.
10. The cell of claim 9, wherein the cell is a mammalian cell.
11. The cell of claim 10, wherein the cell is a CHO cell or a human cell.

12. A method of making an activin-binding ActRIIa polypeptide, comprising:

a) culturing a cell under conditions suitable for expression of the soluble
ActRIIa polypeptide, wherein said cell is transformed with a recombinant

polynucleotide of any of claims 6-8; and

b) recovering the activin-binding ActRIla polypeptide so expressed.

102759541
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18. A nethod for treating a bone-related di sorder, the
nmet hod conprising adm nistering, to a subject in need

ant agoni st. 10275954 | 19. The nethod of claim 18,
wherein the activin or ActRIla antagonist is an

aqi vi A QEhEEfRb ' | i ;
met hod_ of celﬁgi mbfgfﬁ%%%%%gﬁégg%ﬁ@fﬂﬁqu eré%%%lpgeasmg
ant agoRPutstisagth.sbhinpthed ¢osmpsising edministermgito h sulgjecd arpeffective
consi s : : [ .am no
oid senod et e o PR B e B bR P N 2.

b) a pgly : e . i 0 .
hact " Qo Erif CRIERSHEROIED TS IRRE ) QAR o
pol ypePERIE N@Rpri sing at | east 50 consecutive anino
acids selected fromSEQ ID NO 2. 21. The nethod of

cl ai msb1@pdypreptide sawrising an sreingeeidequenre aGaRIMNY identical to
ant agogkstpR@h¥pgpt i de has one or nore of the
followi ng characteristics: i) binds to an ActRila

| i gandwi ; : . A
petR 1S ey oyl Sl hingghot 3ol flE phloh VLAY,
cl ai mefr2-SEQID NRe?ein said activin or ActRIla

ant agoni st Eolxgﬁptide is a fusion protein including,

i A4addiks BetheobghaimclBRvheseip dheypobpeptits hdo ned o maaef the
nor e pRIYRERILAERBN:L:.0ns that enhance one or nore of
in vivo stability, 1n vivo half life,

upt akef) agha gy a?ntA&RiI? Nganld iv&fﬁﬁ’xtéq( | 9E21da8AV /R b

di stribution, formation of protein conpl exes, and/or
pur i f i pakhBRs AR BREuIBLNOEPf cl @i m 22, wherein said
[ I

fusion protein includes a pol ypeptide portion sel ected
f 1om t e GERPo IRk 33 b, RhereANald i i
donain,and,a,s%rqn1albun1n. %ﬁ. %hg%¥@%%%%Q%%ﬁgﬁgﬁg¥mn
cl ai msinglyding, inaAditier i a8 ictR ikrcnalypeptidsrdomairRpheor more

ant agopyisdepR@ YRER!S 't}gi?er{hgfféegﬂg 3r ABR Fin P96 ‘Eta@ﬂ& f IV“?\gjo
am no aci d residues selecte rom a d?ycosy ared

ani no hdf life, wtabpayminisaatiamtissoe ealizatien or diswimeioy, fatnedion

am N0 Gk HeindBmPRAIY Atfe fudfllafignact d. a bioti nylated
an

am no acid, mno acl d conjugated to a lipid

9.6t YTheARGh S oMl 5 3Gtk O Hg%ﬁl%gotéig includes a polypeptide

portion selected from the group consisting of: an immunoglobulin Fc domain

and a serum albumin.

17. The method of any of claims 13-16, wherein said polypeptide includes one or
more modified amino acid residues selected from: a glycosylated amino acid,
a PEGylated amino acid, a farnesylated amino acid, an acetylated amino
acid, a biotinylated amino acid, an amino acid conjugated to a lipid moiety,

and an amino acid conjugated to an organic derivatizing agent.

18. A method for treating a bone-related disorder, the method comprising
administering, to a subject in need thereof, an effective amount of an activin

or ActRIla antagonist.
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an organi c derivatizing agent. 10275954 _|25. The
nmet hod of any of clains 18-24, wherein the

consisting of: primary osteoporosis and secondary
osteoporosis. 26. The nmethod of any of clains 18-24,

wher ei mhé RAethB@BLcIAiR] A, RfledinIRE &A&%inl o? ARBUBLLRLAEQNE he

group consisting of: post-nenopausal osteoporosis,
hypogoﬁ%ﬁﬁ1mbﬁﬁgﬂﬁégégmﬁhﬁﬁﬂmpaﬁhced bone | oss, cancer

t herapy i nduced bone |oss, bony netastases, multiple
mf8l ondhamgthpd geelaig H, whersia thedetivipios Asitoantagpnishy  of

cl ai ms pdiBppfide WRBEALD LA I BoEPAGnistidigr conpri sing
adninigtg?%%géa seconélboﬁg?actigé égént: 28. The

met hodapf pdRbHACHMPABIRE & Bin oD Gcil QR RrRAG d Y8 st398 tHedtRal to
sel ected fromthe group consisting of: a

bi sphoSPRIRN@2; an estrogen, a selective estrogen
receptor nodul ator, a parathyroid hornone, a o

cal ci t Bif PRIYREPHIE compisiag b P e 9eid speHenca At deaph W YD dentical to
suppl egeOD N§'3; AhdPhar maceuti cal preparation
conprising: (a) an activin or ActRIla antagonist; and
(b) a geepddpditnec@ffrisu 2RB8R50 cdRecivBBMIRACRE selected
identifying an agent that pronotes bone growth or
increa&@@fgghg)ﬂ'5§ity, the nethod conprising : a)
identifé%ng a test agent that binds to a _

| PgandThi mehagolrasAd of 2hmhaisinthe actiys gk ileentagonist
conpet péiyystive Mstole 8 mae bk e BoRfwiA el dcfridfisagoni st

pol ypeptide; and b) evaluating the effect of the agent

on gr owtpkhd9to dh&ctRing %?ﬁmd Wit 2 15 6 Rflead oAGI N Or
Act RI'l a ant agoni st polypeptide for maki ng a nedi canent

for thg) hndat ABRITQlenAlidRaNe cEIE! at ed di sorder. 32. A
nmet hod for preventing a bone-rel ated di sorder, the

meb hod TRONBINbS bty 38 BlaiMsSIEN 1 RlereinQaid a88Ah 6EActRMaNeEd
thereof, an effective anmount of an activin or ActRIla

ant agofiitagonisgmolyprrEdeyis o figsipngrotein nclydine, ingdditiongo ethe
subj eChcfRaf BIyPERER doBRL oreSr ARPOFI R BT i

met ast ages. p?6)%%5519542I 3_4f.o'!e'h(re. met q%;eg? emogtﬁbnlg%g?ngﬁ?ce
wher ei PRt Héncse Bl is yivoisiabpiss iin vive halbkfeavptiledidornisration,

tissue localization or distribution, formation of protein complexes, and/or

purification.

23.  The method of claim 22, wherein said fusion protein includes a polypeptide
portion selected from the group consisting of: an immunoglobulin Fc domain

and a serum albumin.

24, The method of any of claims 19-23, wherein said activin or ActRIIa
antagonist polypeptide includes one or more modified amino acid residues
selected from: a glycosylated amino acid, a PEGylated amino acid, a .
farnesylated amino acid, an acetylated amino acid, a biotinylated amino acid,
an amino acid conjugated to a lipid moiety, and an amino acid conjugated to

an organic derivatizing agent.
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of | oss of bone density, bone resorption, or bone
nmet ast ases. 35. The nethod of any of clains 32-34,

treatnment reginmen that is associated with bone | o0ss.
36. The nethod of any of clains 32-34, wherein the

S l&@l ectrpdAsthAd 6ANGRT cRESOX-A, GHetnithe 9&1@%15@@ %15013121- is
The activin-binding ActRIla polypeptide of of

cl ai ns selected franpthe gErupwerditting of: pplrr)@ﬁ/acrsswp@fﬁ%andamor@ﬁry
cl ai ms \dspoRsis29, or the nethod of any of clains
13-28, wheérein the polypeptide is glycosylated. 38. A
melsnOd 1hOneRb @Bkl 40 ARREI 10 Whro e ball-Blblch BRoRENS
resorptlon in a patient, the conpri si ng

adni ni stlestadrfepm tisletgrﬁelpﬁans@mg ofipogifrienopdugd oslvopatesinf a
peL R ool e REQHEhShintEH Bhd 10 Bekh Fucea
fusion teln conpri'ses an am no acid sequen g

i s at bemdossO@uy intbéastasesaimultipletumes]comd and Pagaits dmamence
of SEQ ID NG 3. 39. The nethod of claim 38, wherein

t RE. ActlR¢ mathpd of angiod nlajprsotlel o whenprthsmsthadh flathenwngpcisidg

cod o alnhiRting 2 sy %ﬁ%%s%?’g/%%?@%ie‘:ﬁét hod of ol ai ms
38g0r 3 m@@&f @f ﬁalﬁlhze/ @g&&nltﬁ‘e l'>:o e- a %%89 % ﬁ&&:&] frogllthe

conprlses the am no aci sequence o
The neglevplcabistingofoh bisplaispieond®s #(kstrogeer esctectivreestrogen

Act Rl | P e n cid
equentsiny b | Brghita bR bACE B 200 R

cl ai s si@Bledbnt ank @rvétemint D euppbinkent causes Iess than 10%
increase in the patient's skeletal nuscle nass. 43.
TRE. nedinbdrmuiewioyl oépacitian nemB&ingl, wherein the

ActRJl a-Fc fusion protein is adm nistered so as to
reach &) sepdivincodcthiis attigonist;and he patient of at | east
0.2 ng/kg- 44. The method of any of clains 38-43,

wher ei (b) elsecond bRietagtircagenisi on protein has an ami no

aci d sequence of SEQ ID NGO 7. 10275954J45. The net hod
oB0anyAghetleddaif identifringan aghiithet prontetes hondRirpathy ifiausdsen

pr ot ei Q%Eﬁ%&ystﬁéwgé’gﬂfgmhﬁ& of between 15 and 30

days. e” et claims 38-45, wherein
the Act Rhé ‘r}ryg %Qnt@ﬁ i)fﬁ'dﬁto aslggg&]ofﬁhﬁl%%{)ﬁginto? a1t1 he
patlent no uent t han ce per "week.

ActRIla polypeptlde competltwely with an activin or ActRIla antagonist

polypeptide; and
b) evaluating the effect of the agent on growth of the tissue.

31.  Use of an activin or ActRIIa antagonist polypeptide for making a

medicament for the treatment of a bone-related disorder.

32. A method for preventing a bone-related disorder, the method comprising
administering, to a subject in need thereof, an effective amount of an activin

or ActRIla antagonist.

33.  The method of claim 32, wherein the subject has a cancer that is associated

with bone metastases.
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Use of a pol ypeptide selected fromthe group
consisting of: (a) a polypeptide conprising an am no
aciad SqHYRRESd 8t clhigASh-B0Vd SRR d sﬁaj'ecttippq'%g@e Ik Nhfeator
(b) a polypeptide conprising an amno acid sequence a
| east 9DHS fdang deapity gosEEsArPigCPrPHonamdtagtejesa

pal ypegti de conpri si g% at_| east 50 consecutive anino
acPds <8¢ Bethedof il iy B-Mowhpreinfthe sublrst jo theasintenton
of a mesliceaffitent RbinRMATRYS S RRNGYE] N foss | NCT €aSI Ng
bone density or incCreasing bone strength. 49. Use of
aneact irké MeMbd ACdnRIOF Blafi BUPNLBLreRAhY RBRLE K8 afcQlcet Ne
preparation of a nedicanent for preventing a

bone- r 8fsatided Witk Bprgdpss. 50. Use of an ActRI|a-Fc fusion

protein conprising an am no acid sequence that is at
| édst  dbogdtivisrhinding AR lapelyaantide ohetydfshiuehdehef SEQ

I D NO ghdr@bceifiti Bfeﬁﬁﬁtricﬁ‘lt drQRy 8f %ngﬁgj (%@g,e&tthcf 1{1)15th%)d of any

ronot i ng bone grow h and 1hhibiting bone resorption.
0 i

51. A pbtisipe pt28evkestin theabivewtideihgygsdated.consi st i ng
of : (a) a olt)@/pepti de conprising an amno acid
sé§uenddngthod fanrrpmoting bane grdvith pnd inhiBiine bDniEs@ptiqon 2a

pol ypepi |4Sd : ] ' . east
0% | oI L ARG M AR & RERUERCE Blect
conpr i ghewt af 2 AeRele-FsJugomgretsin iviercmthabctBERES fusion

sel ect 3 f 1n .pr i.ng..bone
o ont he P e ot och el 1y IBLE TR et Wine
st r engthino 8Aid syyengstal $EQ IBN@Bt RI | a ant agoni st

pol ypeptide for use in the treatnent of a bone-rel ated
dB8or d%ﬂﬁ‘: mgBod gfrlamt3i8ywherein thcA @R IlaFa fitsamgnétsih comprises an

i sor dop 0 e aulinS R i R e MR oG B poquence
conpr i &f R BEhN&d.no aci d sequence that is at |east 90%

identical to the am no acid sequence of SEQ ID NO 3
f 9. usEhd methodefisidime 3Hond, ghewintihaAdRilafHcfudiomgroteiine

resor pédnﬁ)rﬂi'ses]tggzléﬁ)lg%gid sequence of SEQ ID NO:3.

41.  The method of any of claims 38-40, wherein the ActRIIa-Fc fusion protein

comprises the amino acid sequence of SEQ ID NO:2.

42.  The method of any of claims 38-41, wherein the method causes less than

10% increase in the patient’s skeletal muscle mass.

43.  The method of any of claims 38-41, wherein the ActRIla-Fc fusion protein is
administered so as to reach a serum concentration in the patient of at least 0.2

ng/kg.

44.  The method of any of claims 38-43, wherein the ActRIla-Fc fusion protein
has an amino acid sequence of SEQ ID NO:7.
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45.

46.

47.

48.

49.

50.

51.

52.

33.

The method of any of claims 38-44, wherein the ActRIIa-Fc fusion protein
has a serum half-life of between 15 and 30 days.

The method of any of claims 38-45, wherein the ActRIIa-Fc fusion protein is

administered to the patient no more frequently than once per week.

The method of any of claims 38-46, wherein the ActRIla-Fc fusion protein is

administered to the patient no more frequently than once per month.

Use of a polypeptide selected from the group consisting of: (a) a polypeptide
comprising an amino acid sequence at least 90% identical to SEQ ID NO:2;
(b) a polypeptide comprising an amino acid sequence at least 90% identical
to SEQ ID NO:3; and (c) a polypeptide comprising at least 50 consecutive
amino acids selected from SEQ ID NO: 2, for the preparation of a
medicament for promoting bone growth, increasing bone density or

increasing bone strength.

Use of an activin or ActRIIa antagonist polypeptide for the preparation of a

medicament for preventing a bone-related disorder.

Use of an ActRIla-Fc fusion protein comprising an amino acid sequence that
is at least 90% identical to the amino acid sequence of SEQ ID NO:3 for the
preparation of a medicament for promoting bone growth and inhibiting bone

resorption.

A polypeptide selected from the group consisting of: (a) a polypeptide
comprising an amino acid sequence at least 90% identical to SEQ ID NO:2;
(b) a polypeptide comprising an amino acid sequence at least 90% identical
to SEQ ID NO:3; and (c) a polypeptide comprising at least 50 consecutive
amino acids selected from SEQ ID NO: 2, for use in promoting bone growth,

increasing bone density or increasing bone strength.

An activin or ActRIIa antagonist polypeptide for use in the treatment of a
bone-related disorder.

An activin or ActRIIa antagonist polypeptide for use in preventing a bone-

1

related disorder.
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54.  An ActRIIa-Fc fusion protein comprising an amino acid sequence that is at
least 90% identical to the amino acid sequence of SEQ ID NO:3 for use in

promoting bone growth and inhibiting bone resorption.
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