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si ze exclusion 25 chromat ography, and cati on exchange
chr omat ogr aphy. In certain aspects, an
activin-ActRi | a antagoni st di scl osed herein, such as a
sol ubl e, activin-binding ActRI|la polypeptide, may be
used in a nethod for pronoting bone growth or

i ncreasi ng bone density in a subject. In certain
enbodi nments, the disclosure provides nethods for
treating a di sorder associated




30 with | ow bone density, or to pronote bone grow h,
in patients in need thereof. A nethod may conprise

adm ni stering to a subject in need thereof
/US2006/045322
G BV anount of activin-ActR | a ant agon?ef. X

certain aspects, the disclosure provides uses of
10275954 | activin-ActRi|a antagonist for making a
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i ndPREIes chrﬁeaﬂtmbnd amtn@ccmﬁsthoymtography (e - Qscpharose),
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25  chromatography, and cation exchange chromatography.

In certain aspects, an activin-ActRIla antagonist disclosed herein, such as a
soluble, activin-binding ActRIla polypeptide, fnay be used 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
30 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-ActRIIa antagonist. In certain aspects, the disclosure provides uses of ‘
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Figure 7 shows a quantification of the effects of

Act Rl Il a-nFc on bone mineral density in BA LB/c mce
over the 12-week period. Treatnents were co

W%‘gﬁmﬁ (di anonds), 2 ng/ kg dosi ng of I\/PH:IB£2I£—_M’0f'5322
(squares), 6 mg/ kg dosing of ActRIlanFc (triangles)

and 10 ng,/ kg dosing of ActltHa-nFc (circles). Figure
8 s hainin-ActRileeantagdnist tot mekingdf mediremertt fas thedresmentof Fiisozdenic
on Q%ﬁmﬁ&ﬂ%ﬁﬁ%hn&@ﬁﬁr&ﬁlt in BALB/c m ce over the

12-week perio Treatnments were control 5 (dianonds),
3 my/ kg Ifde&tai’mgslﬁl éts,'ﬁﬁtdﬁblbﬁu-d'ﬂl_'ﬁl ic(eSﬁIgﬁﬂl&Bﬁ!r i/dé‘nﬁnmg}eg agentf
osi.ng..0 ct El | agtc. ( Mangl es).. ar jng o
Aot ERiRlatS v aF otin @R RELARE o bolD HhOn bR
quarerifrisesad)iidentifping & fve agdnf Batibindsfo atibirREa-ligtnd-bindingone

M N@L@din gﬁﬂﬁcﬁ%\ﬂagf) V%I; P@d ol frdBP&SHIuAng RREredt Bf the agent on
ovari ect om zed or sham operated (SHAM™ C57BL6
i cém&‘@’e%%ﬁ“%ﬂ’a%m@m period. Treatnents were
control (PBS) 10 or 10 ng/ kg dosing of ActRII a-nfFc
(ActRlia). Figure 10 shows a quantification of the

ef f aRinsr 9% NOTHIE BRAWREGGE r abecul ar bone in
ovar | ecton? zed (OVX) C57BL6 m ce over a 12-week

mer i od. Figeat .nieﬂme pwaﬁeaﬁa@amme( 1RBSxpréxadden DHOSMIsOThel O
dosi ci e EJ{I]F? e(ﬂ@ctlflla dark bars).

15F?’ Eﬁ’répufﬁ saﬁgv\ggew P&tion of the effects of

Act REa- rﬂ;&r@fshwm &a@ﬁg%f'A%{mﬁql@@w Brividadarernaised

C57BL6 m ce after 6 12 weeks of treatnent period.
Treéieﬁséﬁf@yﬁ/@l:%‘ec@ﬁ%")’ol (PBS; pale bars) or 10 ny/ kg

dosi ng RI | anFc ( Ac S

shows t gégulx LHPrEe scg "{a&}l: ﬁg‘l'zog%poo 6%1355 ns |e?1)?a]%
120 elvwsrth_tdiemﬂezwtormﬁ@(Sﬂéﬁ)lﬂdwékémd?emlﬁr@aﬂn@ﬁ%

Tr eghRN| £ BMIS?OWW@GAlB%f ﬁ%%e@enpﬁﬁ@f-‘ Hkta responsive

ActEIIa n-c (dark bars y-axi s /ccm ure 13
depisetes Bid gpusd i s "B‘Ff’fﬁﬁﬁe‘ﬁf‘i‘éw?g‘%g“@rs S%%@gag%h y
i N Shad and 3.

Figure 4 shows the effects of ActRIla-hFc (diamonds) and ActRIla-mFc
20 (squares) on GDF-8 signaling in the A-204 Reporter Gene Assay. Both proteins
exhibited substantial inhibition of GDF-8 mediated signaling at picomolar

concentrations.

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

25 Figure 6 shows examples of DEXA images of control- and ActRIla-mFe-
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 ActRIIa-mFc on bone
mineral density in BALB/c mice over the 12-week period. Treatments were control
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operated m ce over 12 weeks of treatnent. Treatnents
were control (PBS; pale bars) or ActRI|a-nFc (dark

-axi s; ng/ccm 25Fi gures 14A and 14B
S%%%kﬁﬁégganaly5|s after 12 weeks of treat Pé? ?%ﬁﬂﬁ&%g
ex vivo analysis of femurs (B). Light areas depi ct
areas, of high bone, densi gure_ 15 shows
vi vddigegsgs) %’3%&1’%3’“5?1' %ﬁ%ffwﬁb@weﬁh torke #085'5105%

t welmie (iteaHa) Hf 10 mgks d&ih of ACRBA-ABO(cicleghr € vehicl e
control (PBS, dark bars) and Acalla- 30 nFc (pale
bars). TFiguré §showbafuntifiratidnef the pifectstod hetRBe-giFc bobane

den Sﬁlhé{-al\é{%én?mtﬂQ,Bflc%kEe QRf the i.?w&éil%eﬁddg BeatHaRVive® tdrusp!
bone dens;t Hstggﬁlr of bars i1 n each set of

f%uﬂdlbta?@s)a%wé@@%mgo BBER(SUEeFln 6 Pl osing of ActRIla-

ovarmRqiraiglespad M0 2igkpbdsing of AarHSGWE (tirfled).r of Dbars
represent data from sham operated m ce. Figure 16

shows exFigiry & sho@EF quntafiopiingf the difciisab Agt8 arinFp ombone
Contnﬁﬂéralqgns!#"&'tﬁem@lgr yk ﬁ%@&fea’a‘&fz&{ oﬁv\a@byﬁm%

treat nent eatnents were vehic¢ control 5

dar KSHAMS C5TRLG miseroverafen afewqek afr@dbalie%tjmame FQS’H?’ (B%%
10 tdaeo mekt dshewt AGRBd-mPo@etRITaNt ent while the four
bars to the right show cortical bone content. The
first paFigurol0 thawsa quantdigetion ofthe effects olihctRide-wle enthesent

dat arahdcam &x@&llo%&&%&@@(o%ﬁ esydild nﬁcécner aslqcv&eeﬂpmar of
bars_represent data sham operated m ce, ure 17

s howieaiRents Wege %@r'r(l’grﬁawa}%ha@ Effwt“lg@‘gfiéﬂ‘iﬁcﬁ rﬂcﬁ%ﬂa S t

and (Aedmmsalarkbarscorti cal thi ckness. Treatnments were
control (PBS, dark bars) and ActRl la-nfFc (pal e bars).
Ithe f our Fipee $1 shows heuaitidication letihe effedy of AdRIemFeomther ence

Whi | tfindcifr fofblin Sm{ cﬁ:cltaﬁd thears rﬁil&lé aﬁ%mcw 1P Sedi@ st Edtment
‘cwcum‘erence |rstBEa|r of bars in eac set _of

f ourPeRg: Jreampspis §’§’ﬁt°°@§l RBprR31R ba LT B meka Aging o AeBIa-
- whi IeFet(AeREeciaRdapai r of bars represent data from sham

operated mice. 15Figure 18 depicts the results of
mechani cBigure é5shpvigthefesiite p{pQC Tnplasis efibedodensiiginks of

10 ealyiRRlomiztd ARL B%Mzswe%ﬁ{ S ek OTredtRB® wiEdarBIRPIY;

and ActR | a-nfc ale bars). The two bars to the |eft
r epri8C&RE) ARl ﬁﬁ%{}‘a‘?afséét%’ﬁ%ﬁfmm ce while the |ast
t wo bar SFigap t Rdepiets tabatsaltd of pOCT amalysia pLoné Ahsityl it gham

Fi gy h 0

t rab ﬁ%‘? gﬁl%ﬁbﬁkﬂgm@% t Eﬁﬁﬁz&%o %?1393 P?Ject S
of A@tS}WIWGDEMdﬂFkWCIrW%HE&GW tecture in the

2’5 stal f2Btes 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 vive pQCT analysis of the femoral midshaft after twelve
weeks of treatment. Treatments were vehicle control (PBS, dark bars) and ActRIIa-
30 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

10275954 _{



Figure 21 shows the effects of ActrilainFc on cortical
bone. Figure 22 shows the effects of Actrila-nFc on

%2&%&9 ical strength of bone. 25Fi gure 2§C.g}ﬁ%mhglﬁz
effects o

di fferent doses of ActRIla-nFc on bone
characteristics at three different dosages.

Figure 24 shows bone "histaq metry inpdicatin

e RFFSETHAZA ROS oS om0 YA AA Seerid o G G pgent e
act ifuoirt sham dEPAINGe. | DETAI LED DESCRI PTI (J\I OF THE
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exer i ol 0 ects _on a | ar riety o

Cy pens SR NE a2 0 et P Bt LR
of tpaiz ofharsdn éaalnek yffpmrbﬁre represeandatat feont ovhrisowtnized sicd swhile g
MO YOBL G VDB ent AR FLN ofBEMRLLON and ti ssue

speci fi cat an influence a variety of

di f f er enFigwe oowt 0e §RET apaliisls obitha mans] pidehaiend moral
1y O GBARA kiSckn&sbl onderuaa@m»sé Sntrél WHH, SLEHLS hﬁlActRIIa—ch ﬁpaie

hemgt o esi s neyr pgenesi s ande tella
G 1 e o e s o 3 sy Pl e TgERee TS B f
ge neheaiightshaw pbﬁastealbhmmﬁhcﬁbﬁ’ﬂe ﬁndpalrl'mébars in each set of four

TGF bggtré’%é?%fl bt @Jnﬁgﬁﬁ&t& u?e? ?.P&: %‘@9 §e%g[ﬁ%%’ &f Gars Hontésent

di ver se ten conpl enen mani pul at | ng
t he dg@diomsham ererated miseber of the TGF- beta famly, it is

m;] ten poﬁ&h@l@debﬁts%&@sﬁlts?f%b}fam%’fé&tu@IBVﬁingﬂs@ﬁérQﬁélve

chan rganli sm or Se

o R e e R e ol Do o ) g AR
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i ncrease in
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17( 1) : 71Figure {9 shoethereffeats of fctrilarmbison rabeaiaribors valume| es

of CDFS8 mg@e 25wt Bt kool RetilIAGHR 38 BsbeblLE GlcBitddtufeSin @84,

rep drsga?% @ exceptional strength. Schuelke et al., N
Engl '2004, 350:2682-8. 20Activins are dineric

pol ypept Figwge gf showdithé efbrio pEA¢HIRtmAoeh omtcat wne.ne TG bet a
Figure 22 shows the effects of ActrIla-mFc on the mechanical strength of
bone.
25 Figure 23 shows the effects of different doses of ActRila-mFc on bone
characteristics at three different dosages.
Figure 24 shows bone histomorphomeﬁ*y indicating that ActRITa-mFc has

dual anabolic and anti-resorptive activity.
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superfamly. There are three principle activin forns
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t he | tor easin t|ve
fact‘bgtﬁsg&lé&Il %5’39% &%'Fg 9% 109)3/ r om%%éﬂ? am?i “8nd

'] n@r%lﬁg@aﬁsoﬁt@raﬁﬁvn@rsa\reraz eth«rrd‘ﬁfF fr ferhidy protoins, hreludibsawabl e

P o) GIoVsARE T D CRANGNE B, 460, 1T AR sb 2116 Lee
Do apNgfEmor ol B SR Acei S QBB i oo ALV BIGHE:
Zjr orodi, BiehSelt  S89917; Ok stal. L2907 Glﬁes Dev.116:2749t545] AR K4 is the

des S| 4.9 b

or o8ty YpSHeply B EARE RhiGR et el el
di s @ bEserper for eptivigeas Wﬁﬂimﬁvslamdbr a&twlmg ActR | a

pol ypept i dﬁs and o ﬁﬂt}w n-ActRi |l a anta n| sts to
pronote BY r’i‘da ledstRllappbreeptide {a4 ¢ l1a) which
h U malesvs substhutial pief&eﬁdalui indiiyf taGARin A & oppdeddusl Stherﬁ@F-beta

, ubl ctRl |l a |
A e lot i aP G B P ol o ok B
act ingrepse AongrderBity i mbmmr W@nle adtauishing totrerbeuhditoarypartigularor
f3B) and disrupt ActRl la binding, antibodies that bind
to ActRIlit and disrupt activin binding, non-antibody
protgims sel ected for activin or ActRila binding (see
e.g., WD) 2002/088171, WO 2006/ 055689, W12002/ 032925,
W)12005/ 037989, US 2003/0133939, and US 2005/ 0238646
for exanples of such proteins and nmethods 25 for
desi gn and sel ection of sane), random zed pepti des
sel ected for activin -or ActRi|la binding, often affixed
to an Fc domain. Two different proteins (or other
noieties) with activin or ActRila binding activity,
especially activin binders that bl ock the type |
(e.g., a soluble type | activin receptor) and type |
(e.g., a soluble type Il activin receptor) binding
sites, respectively, may be |linked together to create
30 a blftnctlonal blndlng nDIecuIe Nucl ei ¢ aci d

ey s o - o o e I e




10275954 1 inhibin does not universally antagonize
activinin all tissues, follistatin (e.qg.

i in-288 and fol listatin-315), Cerb
&ﬁ%%"af"éﬁﬁfskgct vin C al pIhZ( g)l nmacrzagl obul ?%H;"SSW&‘R

MLOBA (et hi onine to al ani ne change at position 108)
mut ant_ activin A General I y alternative forps, of

acf imFehisyal sEangrted haf theffect of5ActRI istppsed pHMAHELY A t he
t ypactvid ﬁ&@@ﬁ:@éfﬁi&t Bider e by dirong RAvin bindifk pRofnylae | |

receptors and f m ct t rRary o | ex,
thusdPacfag?] -%‘%ﬁfbgpl par{id%ff‘* gﬁ&ﬁ% #e?@esc

aci dtdies Marélsss aﬁm@m itrisdpparent fom ﬂsldRNpssauted herein that
rq b%msacﬂ%té tp&ct in@Eakd %h@deﬁsny% nogmg mibe an@ﬁnmousc

particularly R Ta ex ressi on, “can used

act imadpfs g momraﬁ% dgbenid fsnotepbfba kopg,i Pwnafﬂrfeﬂssuc» with
act Ingvﬂh mnﬂkhg% a8 inGi@e8d Srldedr@isdd@ensfipbpidinlg o8 X Mbhikrck ofl O

22! S bl s A T o
par tfmcuﬁ that Idsshw id deminprelize bore (@@ﬁ@lmmm BonSegrowrthlapd
AFt Rhihdarfidh ﬁia? Be HGeddbd ¥ ifPeadifid the/ ﬁrBducmVﬁcYﬂ by liddfaditg d

type protein does not exhibit significant ”sel ectivity
i n Bhefsrgivedectoss prbok FB? SIS ‘easwsseﬂnesamh e ifrEer y
eX p @bhdRiférHlizsita 0 ffdr td thadbsdritibe pﬂfs&hl&:hihgéklﬁ Sod@hd £€ OVi de

t he .desi ef ct nbne eals causmg :
subs‘% S"“‘lclhél’lq’erle ﬁams \5’%3\,\/;}ci’amﬁsereéll “Pors  of

ActRI I b
. | dent | fl'gﬂgtn%bgge&gd% %mmm &‘3&1@81;1 ggﬂ%%gd?}ﬂkl &%SW“%%&G

hedr P8 Frudies fesqlbed; hﬁrewq,c@ps&egﬁ tacbe highty —*a@ ﬁﬁﬁcwl’-fk
may hamkiseang theRore) @6d diibsi@é provdes nﬁﬁod%mﬁ:smﬁxlabﬂl{ﬂ& or

al ter LRI en.ad S
ot Poeeffes B hhel Rl ol e BAE o SRERL b bl B
bi ndiomgsechyaedensty fihaumaas. nigtivis-AdtRl anthgogists fnehidd, ifer gxampie,

genek@ Vm&]ﬁ@’s%lubi@ %cmrquﬁkaﬁaes,mlwﬁama&dﬂ&uaﬁt
"wWithin . the context of this invention and in

dhe c(mmel%ﬁe BStvin e Bsuupitp, ajsg pefmed to,gg By or @ratl%ﬁhﬁupt
t er ns:tRalerbirdling CieiSoaths thai W t@AcLRtIs m&hl&shfpt activih biading, non-
speci n ovi.de a gn ui dance to the
pr acafl&ioﬁgéwm&n? el 8@%’” SV 0“3 he co é}%%@?e “Otis and
met A0 088 173, WIEN2EPH/ 05 ﬁS%W@W%&%ZW%w 1988 UShem

The 2863/G18929, a8 USRAGH/1I8626 foae&mgeeoﬁﬁchqn&aﬁmnwemee

PO e O 3650 Sk B B
genetaitlabimiingofen atfieaitp el demdidgTeediftrefpraddinsf(arotitche

q“a%dxét% ) (@ﬁ%&lﬁ&dar Ak ab{nﬁﬁ%&ﬁfzgf SopeHi all? %%ln% s ‘t'hfat the

sure err

ar e hmcic Hie fype @(e;se pe@uhle ml acwre:re@p@mapdmlmg ,:aoolmu%
and (pRteack¥ie fetdptl) BindMglshis resperVEly, 3nal b¥ Bikel RlghtRer & create

ng f
50a 1f8nct10na¥ bmtﬁng 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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10275954 _1 Al ternativel y, and particularly in
bi ol ogi cal systerrB the terns "about" and

" roxinptel y" may nean values that are w
gﬁggop%(g?ﬁﬁagm tude, preferably within 5-fol g@g@%ﬂ%oﬂsészz
preferably within 2-fold of a given value. Numeri cal
uant,i iven herein are approxi mte unless stated
quan Bg%) igﬂg PP

ot hd¥H Unvesplly ppiasonizeactyin i il fissugsofoflistatin (e.g.
" ap slbstatine28 &hnd folligatinksa 5), oérwse}:smhaﬂogjm; ac¥h Cpaiha(2)-

st atn%groﬁlobul anggnﬁ%ﬂ(ﬂsem%ng e Inv Po%é@i' ude

ste ar ng sequences ORTT di ng
Wi | dnl!ayb@tl's\eq.u Sxneally pltomaive formpefactivin, partielatly dupsrovithe

Al iaf&tohs m%‘ﬂé‘iﬁaeq RIS bSBRS ddnyaR &@Ll&ﬂ to§IRI de&tors and

a|I3 nts of yner sequences, . usin uence
H

al i fRrmap W&W@%{ﬁ&fpﬂ% %W&%%a&%ﬁ? ég@ﬂ
knowtcléilacids, sutteas atitiser(st Mbledles, KENAs oBHRZImesfiBihAibS Bldlvm

MEGAL f Th killed t
Foadr PiC gk Bu8Ruly Soltns Bt ar ReBlineE il
mut Autagenisso rﬂrefpmly,aharaesvmmetRﬂnmNtm bprusetbvileklobit t he
e anae ) R poblih et fokER iRl m%?‘%%%*&'eﬁce
nor TRy N%WP%BNI%W%D@? el ST e
15" ll:’mtR.’lIb@gmins do bind tedctivih, msw@te@ﬂitemw opt pr{omrm;mdeﬂubit

0 atlk on
spe méﬁlﬁgatmy @feh l#el nsdn‘[gﬁg %c'insin versus %Fﬁﬁk cll ls mgry
ev o[CKReHiBpY %@ﬁﬁ that fhis proteip #f@is M pwgldpﬂ:\e ﬂ@:rﬂieeﬂ’ept@m bone,
BUP {1 daing!stibstalifal HAAR (RRRE] I-ﬁﬁve@ér, améa@mmf@ﬁmel !
as honm| gous roteins fromdifferent specie
o o N oA R e R oA s WG 2ARANIR622
aci gp)s55k8)Macogpetpted herein by Rafdrange) andithese p.fotc&ﬁ hﬁjﬂ adbjevé thei r
S AuRAEPrRls g,ll A ﬂ\@@&mﬁm ay 56l di¥en 840eR SEGROY

i dent presence o resraues o
ot |f¢r§°tafmjaymwéleg wéida mﬂxac@mselecnve birifiing ageat- m
inall its grammtical forns,

equence imlarit
?roef ers to ?f&r“lfé@epé‘gﬂ“‘ﬁqu‘”&%aﬁ’f’ﬁ‘ gsperglly hiays thele rdafénce
bet weatings ircthearg within the@bntextbiikils Medntlob@q ihe §ocifih@hteBY

Or Wﬁyre QEQ:B tf‘lc'lg ziasrlﬁea‘r’lCgrpaﬂxr{?rms G (aggusseg Fﬁo&{ or ls[eglhfirc in the

a p p ISPEG@W’@F) to Prh@dft @#ﬁ?ﬂﬂhm‘&g@@s practifihesn indsetiribingthe wi t h
an  ghskiflork uﬁmmasods Bf HnYention HRY héve{o@.iaks EhdSBHMER Chhe

|mIar|t nd ma relate to a cqopmon
v of P & 5 fﬂfg%xj\g@&ag apparent from the specific context in

which the term is used

“About” and “approximately” shall generally mean an acceptable degree of
error for the quantity measured given the 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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WO 2007/ 062188PCT/ US20061045322 2. ActRita Pol vpenti des
In certain aspects, the present invention relates to

| ypepti des. As used herein, the te
%%"%@m&?efers to a famly of activin recep? %0%%5322
ila (ActRia) protei ns from any species and variants

derived f om.,sych ejns 5 by mut ag‘eneS|s or
ot her m)ﬂ RRECr, G‘WiA I"ﬂ?‘g R fers Abous and

und énspraximhtd!y’ tey nieati ﬁhe& ﬁm wlmmyordmafmfgm‘tdﬂa preferably

CU" AR ol SRR Rl B MRIINSL 318 vleNGELRL 2

fam 'y are general conposed
of amprtigesgiven herefn arg ammmlem mtedd%hmmm Weaning ghat the

C¥/ S tiginabdul R “dpBigkifitely®cdnbe BRNRANhG Rt SRRy kataaNd a
cytoplasm c domain with predicted serineithreonine

Ki nase aTheineitiogs oftii Tinventioa mixy inlntiditdp8 of@np§ing bdqd@ices to

oc o TRk SoNBRR i GRe SRR LRty e ARk Bllckes
wel |vagiantsh niucly eaniparisons tyiestlie empgiseadipnmakinksp! pelymar sesuences,
f r age Rkifg sefildf¢eUenmeAt HodPRRlah SN IR ﬁlh'ﬁ tHaPdr&ReN inb@h in

[)Ogt;a}igfeﬂ& usefu ct | vt&’(%For exgr}g} r?&gg‘t’;{%’g’?n?’ﬁe

S eq ukitiedardshn myealslilwappreﬁae fRitinlsaohialighneens efisRy aGeutaion

oStk s8] ASRL G LOSHBRMAN Gy BR
95%, ‘s4p/ mlw%mesgweéar eﬁas @eTAD trythe Ibpmep seqnggPecnot an

Act Rbﬁﬁnﬁﬁwﬁﬁﬁfeﬂg@em%ﬁw nvention may bind to and
inhibit the function of an ActR la protein and/or

¥ctivi n. “Hitelogowallityall isnradmiafiall fordgiodng pgefling deiafiom)refs o

bon
Act %%%F“y%%%?@%‘é@ AR B b8l bl o) o,

pr edifuslBe ppstAinsfop suppstamiECin (e spum spacjes afereanismy i veellias nan
Act Romalogb yRe Rk ﬁ%%lﬁﬁﬁﬂ&@l@gﬂréapismoguch%mﬁns (dndiesh

L o e B e et i R e Stod by el seqnence ©
Al B@BEW@(&HEFMME@EFEMt 1dent1ty or by the presence of specific

o ARSI FrevevTOPTSNe
DR'%%@E%%@: v SYFPENEVTQPTSNP
VTPKPPYVNleLtérﬁﬂSEe\iﬁ’én%-:hrﬁﬁn%, QAEW&Y R, rEr e GP

PP P S PLLAKP L NEY. VAVKI FP
QDME%‘W%'L"

n i r amino acid sequences
VDV Akl dxferdy IK@Shase MMW&M%TI\MRGLA 30 YLHE
DI PG_KDGHKPAI SHRDI KSKNVLLKNNLTACI ADFGLA
PKFEAGK SAYSTHIGO IRy WRER R Edhs| lmtamnmt% thmw
VAN AR SR Vet L
VVWHKKKRPVL IﬁD HAGVAM_CET A RL_ SAG ..
CVCERTSR SRR SF DRXAPY W“‘?ﬁ‘f‘éﬁﬁf‘? D
NO 1)
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10275954 | The signal peptide is single
underlined; the extracellular domain is in bold and
Rﬂ@mﬁ? ial N-Iinked gl ycosyl ation sites @E%mgﬁﬁahguz
underl1 ne The human Aet na sol ubl e
(extracellular) processed pol ypepti de sequence 5is as
fol lLows: , QECL FFNANVEEKDRTNQT GVEPCYGDKDKRRHC FAT
Vll’<NISGSI”“"LL BEFNCYDRTDCVEKKDSPEVYFCCCE

GNMCNEKRg }QW ﬁ%}lfsg] |lgﬂtl\|(g 10The
C-terminal "tai e%%geﬁl*%l ar on%hﬁel)nd

und&FidheE, thytran SAERIE exfernjoratfarifyeof aqtiyinl recepted tanedbh (a
R Sty AU s i o Al o
\L/lm é&gﬁﬁ?’ﬁ&&% Eﬂev&ae@é%ﬁvwdemod to

GNN@NEK%@HEPENM?SE@ﬁﬂﬁbmﬁmﬂﬁukhﬁﬁm&mﬁuchﬁ&ﬁbﬁwﬁﬁbAmRHa

e AR R AR dm A bt by R B G R °

001 Gmeﬂular domam with a ¢ysteine-rich region, a transmembrane domain, and a

B b oke el AutdetliGe Mirdsd dfifiy] CCTGTTCTT
CAGGTGCTATACTTGGTAGAT CAGAAACT CAGGAGTGTCT T TTCTTTAATGC

IPAAT TGEIHAMEGASMBRIA BTyl THIsNACTEE R RN CORPEITAREGT 20

M S AT R

CAGHSEE?

TGT ﬁ%ﬁﬁéﬁi’&ﬁ@ﬁﬁﬁ% ixﬁﬁé‘%ﬁl CA'CI%

enveg%%e sequence o any own having a sequence at least about
EKH@E%@Emiﬁﬂﬁmﬁ@ﬁﬁﬁﬁﬁmﬁﬁﬁﬁmmﬁ5&ﬁ£ﬁﬂﬁiﬁﬁ%ﬁ§ﬁﬁﬁ££&ﬁGT

oo e A e e e

ACT Ealeinti ;
@CMT%T&MMHT@EW@' ﬁe,ﬁ@ees%liér gt Al P CAECACA

MCE&W&@&&RM&@WW@A&A
2D GABIRATAT BT I ESAGAMAMEHA CEBIEGAGFGHIEAT

ggglﬁg%yﬂﬁ.ﬁKN@Mmmﬂ@mM%@U

GéCTAATGT'GGTCT GGAATGAACTGTGTCATATTGCAGAAAC

cmcaecm@e\meaﬁmm%ml%r - ATAEESWCTAAAAGAT

35CGcccAcAAAccwe cATATcr cAcAGGGACAr cAAAAGTAAAAATG Gerer
MGAAAKLAFAVFLISCSSGAILGRSETQECLEFFNANWEKDRTN
QTGVEPCYGDKDKRRHCFATWKNI SGSIEIVKQGCWLDDINCY

25 DRTDCVEKKDSPEVYFCCCEGNMCNEKFSY FPEMEVTQPTSNE
VIPKPPYYNILLYSLVPLMLIAGIVICAFWVYRHEKMAYPPVL
VPTQDPGPPPPSPLLGLKPLOLLEVKARGRFGCVWEKAQLLNEY
VAVKIFPIQDKQSWQNEYEVYSLPGMKHEN I LOQFIGAEKRGTS
VDVDLWLITAFHEKGSLSDFLKANVVSHNELCHY ARTMARGLA

30 YLHEDIPGLKDGHKPAISHRDIKSKNVLLKNNLTACIADFGLA
LKFEAGKSAGDTHGQVGTRRYMAPEVLEGATNFORDAFLRIDM
YAMGLVLWELASRCTAADGPVDEYMLPFEEEIGQHPSLEDMOE
VVVHKKKRPVLRDYWQKHAGMAMLCETIEECWDHEDAEARLSAG
CVGERITQMQRLTNIITTEDIVIVVTMVTNVDFPPKESSL

35 (SEQ ID NO: 1)

10275954_1

- 16 -




10275954 _|

TGAAAAACAACCTGACAGCT TGCATTGCTGACT TTGEGT TGECCTTAAAATT

:FQWGT CTGCAGGCGATACCCATGGACAGGT TGGT. 322
A GAGGTATTAGAGGGT GCTATAAACT TCCAAA

TTTTGAGGATAGATATGTATGCCATGCGAT TAGT CCTATGGGAACTGECTTC

5 TCCCTGTACTGCTGCAGATGGACCTGTAGATGAATACATGTTGCCATTTGAG

AT AR HEATEREE ¥ PR Ao P SN R BT

GCCAAT GEPTFERINAARA AT EAMBAATE T COIATRAGEIRGCCAGAAGCC
AGGTTATCAGCTGGATGT GTAGGT GAAAGAATTACCCAGATGCAGAGACTAA
10CAAAT AT Pmar AR Rasiubie Gndrreitalag; AT ST EAASRIAT SPaIRIRAA
TEHT FEAR T CTCCCAAAGAATCTAGTCTATGA ( SEC? 0/ 40: 4)

The nucleic acid sequence encoding a human ActRl | a

sol ubl e [ESRIEBIQECTIRNANYEXIRTHOTEMEPGEGDKDKREECTAT OWs !
ATACT TW@W MK@HMT@MATTG&B

TAAACGGCGGCATTGT TTTGCT ACCT GGAAGAATATTTCT GGTTCCATTGAA

TG AP AR A RSP TOT  FPF RS ARACTS

- CAARATEIE A TEARNAGTCTER TLA ATl E A GNGANGSAAGT CACACAG
20cccAcr TcAAAr ccAGIT AcAccrracccAccc (SEQ ID NO 5)
I n a speébfRETORBLRMEREKARFEQT (HESRY FRFPKREHEFRES t o

sol ubl e f&\mg?dsam‘lamd@ﬁmrbﬂhwnm"?v@m%émid?:di@ e}-n, t he
term"solubl e Actllna gg tide" generally refers to
B

pol ypept PHESHSRPFTES n Pacel lul ar domain of an
’ﬁ: tR1a Eflcr Ju%feﬂ aCII &g dgﬁ%r M?Ihllﬁglnlz& a%récﬁrs&rg)rotem is as

pol ypept i
nat Lé’)]éﬂ“(s “@Wﬁhﬁﬁ@7@ﬁfﬁa@@1ﬂmmﬂlﬂd@ﬁm of an ActRl|a

pr otein GGéFGICJl‘GC?éCB%\%¥TG\é9C %&EC?I‘CE T? ngcf'rcér% C'I'%dl ng

mut ant s,

acti vin- B’PGr‘fE%ﬁﬁmﬂE”F?@F‘F BPRD EATERTETTET TG ’ﬁﬁt

retains FAETEMARAGICACAAISIATERARGTCEEATIGARACCTERIATAGE Ul ar | y

attivin psprBrrarcBRiceTeTeTEtAcgTecarEABAI TIEIGETDI Ndi Ny

Act RI N potaypepiiadeamichAcebichttct@eaghttticidraivchh a

di ssoci atiRRcreRteidianOharhcAitMERErda8S S rarrrrroTT6E
TGTGAGGGCAATATGTGTAATGAAAAGT TTTCTTATTTTCCAGAGATGGAAG
TCACACAGCCCACTTCAARTCCAGT TACACCTAAGCCACCCTATTACAACAT

25 CCTGCTCTATTCCTTGGTGCCACTTATGT TAATTGCGGGGATTETCATTTGT
GCATPTTGGGTGTACAGGCATCACARGATGGCCTACCCTCCTGTACTTGTTC
CAACTCAAGACCCAGGACCACCCCCACCTTCTCCATTACTAGGGT TGARACTC
ACTGCAGTTATTAGAAGTGAAAGCAAGGGEARGATTTGGTTGTGTCTGGAAR
GCCCAGTTGCTTAACGAATATGTGGCTGTCAAAATATTTCCAATACAGGACA

30 AACAGTCATGGCAAAATGAATACGAAGTCTACAGTTTGCCIGGAATGARGCA
TGAGAACATATTACAGT;PCATTGGTGCAGMAAACGAGGCACCAGTGTTGAT
GTGGATCTTTGGCTGATCACAGCATT TCATGAAAAGGGT TCACTATCAGACT
TTCTTAAGGCTAATGIGETCTCT TGGAATGARCTGTGTCATATTGCAGARAC
CATGGCTAGAGGATTGGCATATITACATGAGGATATACCTGGCCTARAAGAT

35 GGCCACAAACCTGCCATATCTCACAGGGACATCAANAGTAAARATGTGCTGT

102739541
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30 Amino acid sequences of human ActRila precursor
protein is provided below. The extracellular domain of
a protein binds to activin and is
;‘g?gt@f”h{ﬂdgnd thus can be terned a sol ubl e, P%%RI%IO%«LI&¥322

activin-binding ActRI N pol ypeptide. Exanples of

sol ubl e, acti vi n-bi ndi ng Act Rl I a pol ypepti des i ncl ude
t he sol ubPA* oI e A CFAT IS EACKTISECTTRECSTIARAMTE NOs 2,
3, 7, 12TRREFTESFARGIETICRIGCHMCALCATSCRMREEITERECHCoaAES
10275954 TACRIGACIORAMAGSTAF IR GAGR b X Ahe SRk ekafdtat her i n

t he Exanﬂmgsﬁnmw@mm&%ﬂfmﬁ:@&‘MQ&G%ACTGGCTTC

i Vi N RiaOfbrRGeARE R @AM S FRIBRE, 3 S! gnal

e ar

n t f
Zﬁ?.“?.”ﬁ%”r%t e%%‘?%&-‘%é i w&ggcwgé‘l itin

| eader seé TTF)TWGAS‘SMTWW%WG%%m nogen
acti vat o?G%f“F%CT‘FTéWTW@EGTREGAWC@FG@h@GMt ive
Act Rl | a 1SEBRAEPAGCBECIOAN@sArRCAATTAEhercAEIRlab TR C

ol ypept drdzrartarustiatedadatrcSmond e et thdcdis Qs WA

| eader &&%H of ActRI | a
pol ypeptTlGaIéGsAC*c?gﬁ&%% 0 taﬁxﬁeg&b £ ni ng oI ypepti des
4 econbl r1Ete tnboleipicRikdquBhte EAcOMh mmg m&m@&@:@@ﬁ&é@%m

g{;}gﬁ) Iwc‘aalls gm d encoding an ActRila pol ypepti
nts can be 10 chemcally

Synt heSlﬁﬁ&T@ﬁhé}ﬁ-cﬁsﬂ%%%h%§ e e
1gonvent 'AQQQA'GA&XEHC&JAE&A?CTE&I T%R&%G%HILTZGE&?ACAAA t - Boc

chem st rXAAC'g

(recorrblznant ?ﬁf AT@%@T(%T@H?TEW gﬂ?@?ﬁ?}“ﬁﬁﬁ”& ested to
i d;ent i fy@?ﬁsﬁgﬁ:”‘gﬁT WFCTi?“ﬁ@?émgﬁﬁg;ﬁawAﬁmct ion as
ant agoni HPRRAGEASCCRIERAASE eTaRGaD

si gnal i wgﬂm@memmwmtmrmm@aamamm active

2ari ant &c@nfaﬁ@ﬂmk@s@ﬂkﬂde%&ﬁg& gsﬁ% t%gja' ned by
pepti

screening |ibraries of nodified
r e conbi damspesifipenisidimest, the ventifitrelaRs laSIENO AR

&gﬁ,@ £neco ctRI | a
pol ypep %tmg &#ﬁ!;ecﬁi\)/egrh%ant S dlaﬁgf‘S%HA 8%]3’1131’5?11% ested
t o FREAl Fiprsiopadvpeptides compuisirizen emammuasmmnagmaMa

(1 nftolsint ThempisolQBALRIBEMrEhiTte Obs BLANAL PONIRILA! o

zpy IHVI n. Ln certa odi nent's, ncfil Jnal
variant " SFene eﬂlaﬂ’lfllaf dpmay of &éﬁftﬁ%go@mmlé@gman
am vegamsthereaf ¢ineledigpamiting; frélgﬁleﬂi add ok %ﬁ%&@ﬁ' 2t 0
an e ec ro or
R Bntig AcRI0BONEFBR GE b iy By gt o e
am RAgicylasiyacten ddynAB opBB | %ra&mb!&mmacmm@@/mmm 97%
98%01;19&%%111&9% hopiR AiaCREh o Bss s Qﬁ%{%&aﬂgf foiGAgnce

5e om SEQ.| D or unct1 onal
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In certain aspects, functional variants or modified forms of the ActRIla
30 polypeptides include fusion proteins having at least a portion of the ActRIla

polypeptides and one or more fusion domains. Well known examples of such fusion
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to human serum albumin can confer desirable properties. Other types of fusion

domains that may be selected include multimerizing (e.g., dimerizing, tetramerizing)
domains and functional domains (that confer an additional biological function, such
30 as further stimulation of bone growth or muscle growth, as desired).
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In certain aspects of the invention, the subject
nucleic acid is provided in an expression vector

LS a nucl eoti de sequence encodi ng a
3@5@%@%?ﬂ§e and operably linked to at Ieastqmgﬁ@&ﬁb‘l‘"ﬁ"’:322
regul atory sequence Regul at ory sequences are
art-r ni, z d are sel ected .to direct expression
of teﬂlg’o‘ﬁ% ﬁl %"’RB’E Besdreysolatele t er m
reg ubm%mmtaadimd’uméwﬁhchatﬂdmms mhbt&!re Sgqueéndé) animamNA and
ot hgfaxPression control el enments. Exenplary
regul at'ory sequences are described in CGoecklel; Gene

Expr essi memxmiw@h@ﬁy nudidd 20 8f theinFeRBod Mo GbYode é&?e@&!@ c

R F

iy T e A R AW U

c ontsequenct Hesigeatplie 8BQ &N NOE 4 ar %m@uﬁa@mmese@m NO: 4
opergak 'oYﬁLééxﬁkﬁméﬁgf W dlsbusRYLRE HEGDdifhef RARE b &L ©

to express sequences enco
poIVﬂgﬁﬁmﬂémmgﬁ@hﬂwgﬁﬂﬂPﬂEN$WE§®NGWMt@hﬂWmwm@eaﬂénces

| n C lnyisRtizatiAcarhed@idde Ont BEor@aHry il thelad Wil ﬂ{dmcﬁé&m?f
s 10275 34 |

{ et
B ek AP oA B v
pr orvariedr Eor exduepld, ore> ceyle parform the dytiridativyiat €01 sddlien TAC or

by TVt (el BES EapdlP (5T, PHRLER bt G S BT ey

r egi“enBorgtampleathe salltavmdwapmt i dlem(asht steplcarr lpgelens! foora bat

coa I. .3 phosphogl r
LN e T M
laci GCphradiitien; ths tsmperatyre in ﬁhwﬁsh smhanpba onrbsed foroflowt he

Y ©aStingnlPlohdiont AU Bepdelifee LY DEAS QLI RURLEL OF Lhe
bacul ovi rus system an er’ ‘sequences

contpngitionsps akentfi5¢€ s Both tenfpergarecsd wit npy bkmrry@tor tcmpmmre
eukaf ééﬁ%rﬁerﬁr%cln%na? the Bﬁ@édhstxdt Wﬁ&g e otFp gan"éﬁlre b gﬁ-ntgﬁd In

conbi nat.i t her éof e under st oo

des PRFIRPPAImAR. the myeation %Wl%&ltclﬁc aﬁ‘ﬁw@@dvhﬂdiéﬁwéﬁéw
20ac steingen@oiditidnb 6f 60hSIA rddfn iR rabi@StoliGRk by b Wadheat 2 x
tra§§égg§§9ﬁ%nd/or the type of proteln desired to be
expresse eover, the vector's copy nunber, the

ab' lity IEdPaté&%&l&Q!lcx&chhgﬁf&}’ﬁ%H{m E‘ﬂclc@crhqldg Q%e%ﬂLﬁ%%bon

ot her protein encoded vect or
ant B2

O 40T rrdiade Agenegasy i the @P% cpsls agecplse Mithindhe scoge of the
r ec tiviitiom Mior Ebuﬁipm eOnuRIBbICHS Bifiinb mdsla&\@ﬁgﬂa@a b Abredfin one

th 15, cl t
21 QR oqbine o BBl B fnd pil BTN @ erBaie A"
e| t hléirca‘ysﬁ Uk syngmywis for histidiag) may mlymt‘sﬂmt’c:ahthtmns yeials dq not
avi gffect thdSHixd m@fseﬁlﬁﬁ@@%kh@?)o ein 'i-IoQQJep 1t1 XpOCIEx %} FBNA

vehi cl es fgm} roduction of a reconbi’nan
pol SFEPET ReEMorRbfses dajflodeiteichangatin Sretminopeid sespescesia the
| NS bubjeeigprotalns Wil bm amengt 1fenSmdliCdelis] @O s ifl the aft withe

yp Dbl asm ds. L-derive
a0 DB BT Tl R orR i b RS ghoth ot e
P I aSWlQQ%dBa)wd the @ ladkeacidy emoqhhgaaspmutslmf ooteie Xpy €9 mbong N
prokaryotic cells, such as E. coll. Sone mammual i an
expression vectors contain both prokaryotic seqguences
to fopeisii tate the propagation of the vector in
bacteria, and one or nore eukarp@otic transcription
units that are expressed in eukaryotlc cells. The
pcDNAI / anp,




25 pcDNAI/ neo, pRc/ CW, pSV2gpt, pSV2neo, pSV2-dhfr,
pTlc2, pRSVneo, pMSG pSVT7, pko-neo and pHyg derived

\(,@(9%09 ke exanpl es of mammalian expressio %to&rcﬁsz
Sul aﬁﬁeﬁ?or transfection of eukaryotic cel PC’YIE of
t hese vectors are nodified with sequences from

bact e asm ds o faciljtat

r epl |°fl:vé |lc‘§'r?¥ ﬁam&?&m%esflsa?“gﬁce 5?"@%?11 &? aglc?f'cﬁ'
pr oaglsatitlé variatings wlr@alnygﬁnum agid| polymoPBisuds are witksit the edops
der iy aldivesi@l Vviruses such as the bovine papillona
virus (BPV-1), or Epstein-Barr virus (pHEBo,

PREP- der in\erthirdthofiAekhs, tlﬁ&ﬁoxblﬁndﬂﬁxﬁdlefc%xdi Jf@{m‘eﬁdon may
rotelns | OtJC cells. anpl es

£ R Tk P e P RO PH S SopES it o
e x p mmmnngbtoermclcmde {zquefices mill gretrally Hempyirépeiate to the host
d
Car oL 8o B el S 9*%%*“ e RHPLEH Vel g
pl asHiable re&ﬁl&wn*rﬁeﬂe%ﬁ%%wﬁwhe mwct&s pfosticelss ar e
wel {I‘yfﬁmmaidg:nf ﬁenoaentguldﬁ@y n@tebtafde s&}ardcadqh@ e X Eblﬁfielr@ n

St en 0 [ OKa C an eul caryaqtic S, as

Y7 o0l fo, PRI Rl o e Sera Hbcsfinsl By
Mol eites] mSOGPWHgnAnd_tatbmaabmguenMnmawan&austﬁdand ed. by
Sanpl@RktionfskdubRed) mﬁn:ghe%{&il bitkeAivatok SdghdcesP bbﬂ}gtumropor be

Labgratory Press, 2001 sonme i nstances,

des |“fd§b‘|’16 Progotess s kgwn irtthe frrb%%ﬁewah@d Pt Eéﬁc?f'P‘H é@e by

t h e pﬂﬁ'ﬁ:teﬁc m@ ta @ithét Rirdilyt Dot PE poSoREs, &)h?ﬁrﬁﬁ'ﬁlronﬁfﬁé ke s
rus.express stens inclu

Bl SEMOSERR o oS B BleotoRE, Y S5 on Pt et 1

p VL 9zesent inpaclUw g pisansdsugieastaplasmidserdiie capressian twdtyct mayd

PBl yeRaGrd ﬁlrd hRho¥eafe! ﬂfasprété{'éﬁ Qm@t:?dérg&f F@ gﬁ!‘:ssi‘aﬁ’ Pk i ng

pBl ueBac I11]). prefer

v ec Coaly)  slofablefaakey ﬁ@a toraélpw Breselertion Qfﬁa@ifom%h%% ct

Act BEle@atlohitiod Rére €26 well knoWiinGld drtSand SillRAryadthahe host cell
cg&ﬁ;crl pt vector (Stratagene, La Jolla, Calif.),
vectors (Invitrogen, Carlsbad, Calif.) and 15

pCI Neo 1y eertad BpetE bAREHRntMBAL SBRct nAUISE adid js b@&vmd dlln a€

apparent, the subject gene constructs can
cau§¥r %gﬁlﬁ'i‘ wser Eﬂ’?’PBFm& "rﬂé‘°’§?ﬂ5‘F ggrenpeoreding 2p deiidlept i des

i N pelybeptide ang agm@dmm t€4tlldast ofic reguldlory sdqents. qd:gaaory

pro C | 1 ONn e or var I

P o P EhblRes it Aitfith atPhed fcklef o B ol dr Ml actrna
Per malmndeo Aacqnd_miy, theltdrm regaiatofysequenkevmiciudespronentasrbi nant

20 ggﬁﬁcel'sn sildWehe StpRssoR gérﬁgl RRARHE NERmbfryJe ula%eh@n&@
4 or 5) for one or pore of the subject A%

pol 5EpicTippddn Gagddely(frue Lppaspionfeghnglois e ?ﬂdf){(‘a‘?”%’t"fb&* or
eul Aaademid Ress,Sah Diefm) CAE{mle [Fer m.ﬁihoé\@hﬂflaanwaﬁ@gaat | d e

of te&b%eskn@(?o@%ﬂ%@qu c¥stg GOH GSC?LEI'OE;.OH OB% s%quencew en .

such I'nsec

19ac gpeswively dinked pr ibway hsnweﬁysﬂlmectoyga sxpress DN saqukncen
cel lefoodil REARIMY foRpltiad) Oftkh 8l SpRESn lﬁ&ﬁx‘@[‘seﬁ&n&e@,o Se

include, for example, the early and late promoters of SV40, tet promoter, adenovirus

102759541




25skilled in the art. Accordingly, the present
invention further pertains to nethods of producing the

ﬁbgiﬁﬁot& tRi | a pol ypeptides. For exanpl e, @%’HQS}BM&%&:

ed with an expression vector encod
ActRi | a pol ypeptide can be cultured under appropriate
condi t i ns to alI e%ﬂex hessr the ActRi | a

pol Yb&p ProRpieR RYV: prpmoters, e das ST ey
be sresarsmreﬂle TAL or TRC ststen, TT womaternwhodelexpression dsalirbaedsiyd

d
At o IR Rt he oy afell3 L‘Zﬁp@&%’??%&“’%%éerdﬂ e
be Farl fﬁ%erlsc,f@rtféaqahmrrledhq womﬂterrfqr 3 ﬁ@h?ﬁ’ﬁﬁeteﬂﬂ%tor on

and othbiesR6lvtiGenBhios ARd Iﬁﬁnotéryc&'@ﬁd Hahi6e, B ObIRS [the
i sol ate A.cell cultu cel |

€ !
oA PR LuR S etns Bt @?ﬁﬁﬂf’%?’f"a?mé’é Pie bpcov e
ar e systeinl anl pibewsequencediaowu b confiobths edpressidn ofigénkd Mprokaryotlc

pol X%E&#Qﬁ%el&%gthgﬁv&uggaﬁﬁ @er‘,rc%ﬁﬁ,&sﬁém S

host cel usi ng techni ques Int

ar t "dsystopd fhptthe desiemefshesipression yrston e deppnsen éy@émweas
mlh [ ﬂﬁf&h(lﬁ?l’o@ﬂlhﬁost 8lto Se{ tlrahrfainwh fhdfobhe BRE @ﬂi’r@ﬁf f H}rles;red to be
ultrafiltration ec r ore noa
“pur P p g{? tf’rﬁ E ‘Tbg[&’u LE’P‘ g‘ﬂ’l ar
epi nopwsardfthe d:rpreskrotx BY dng otperlpqupdrmmt!es bﬁﬂnel va:fo& | snghtay
pur b fieaL hﬁ:’&eﬁéﬁsﬁ&l@‘so%@ﬁﬁ iqd Qfat binds to a domai n
yp

fused to the ActRIla po eptide (e.g., a protein A
coI urm @Mcd?ﬂnﬂtﬁﬁﬁcl&r@ admuﬂtﬁerm@ﬁtmmmmet &&ﬂlﬁs: ligaiad Be) -

referred t he Ac RIIa eptide is
a fu gﬁe'ﬁ’r ot? ﬁ‘%%ﬁ?&e‘ﬁ?"ﬁd“&maﬂ Fﬁ"fm? ‘P’é‘% ¥t at es
i tquglsnry&hp celts] egkarydtin calls (yeast, evieglingrcha dhanemlian), or both.
pur elir&abh %mrea @ an‘c\é@djoflﬁ Brm ik} £SRA% péifhebtR include

ChrOfTHtO rap InC u Iag or ex ,'t ree or
or Bagpids Ao orher A n%’r ingtancs Fyitabie Teqtors jnpladegiiagmids of the
chr gpet mmﬂb’mve@pﬁﬁﬂ&?ﬁm &t 6\‘Flbﬁ‘r:lerwcd plasmids,

he haro 5 size exclusi
B DR SR A Ry @@ﬁ%ﬁ%@%ﬁ&%&g RESR A
Thecgllarsidhias &t dodn coul d be conpleted with viral
filtration and buffer exchange. As denonstr at ed

her ei n, SAEE RamERlgmExpsessonyeRtopsantsin both prakpryogic seqpmpdsts,

of mRRbheakc Hejagitioh BIREL VeMosh B&teaxeh&&e@nmemwar aphy

and >95<y as_det.er mi ned

pur M \%m H *hfcﬁmewm%y’%%eé%”s%%‘f tt s on
28 o nECTINAL0, PROEM 65 VIR ptoalsS \B-dHd, FTIQ, pRSObd, BB,
m CﬁSV'f?aﬁl& -0 Gnd 12132 BLHVBA e Dibds TR ﬁ?ples of marhﬂal?lﬂ g{ﬁeggion

‘ , a fusiron gene Cco H or a uri t1on
| ea&fé@f%*@w preirangfertipp %uleryafmﬁ ¥ Homp pEtese vostaT RIS
cl eamagal Wikt seqL&@@uﬁaﬁ BacRfiallplAemitk, bwh 82 pRIB20fto fabiGtate

d f Act
ool [RLar iRt LR rphed i Pl Db g el
3ﬂ us Abﬂﬂq@r\'@r,ebmabyes af Yifupes sueh edtheobraine gapdlipima vires (BYVA), Nk 2+
25 ARtAl-BoLRhE ( }fﬁﬁ% 'dgﬂlv%ﬁ‘%oﬁﬂ?él)%ﬁgﬁer uszt?ﬂefgrj‘{?aﬁﬁ&t can

t hen be subsequent renoved eat men

ent BPERTIRL erotsins i ybsrersic eelle Bramples efpthee virl (ingluding

. pol ypeptide (e.g., see Hochuli et al., (1987).1

Chr eamiqgr aphy 411:177; and Janknecht et al., PNAS USA
88:8972). ‘ -30-




Techni ques for making fusion genes are well known.
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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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administering the composition systemically, or locally as an implant or device.
30  When administered, the therapeutic compositioﬂ for use in this invention is, of
course, in a pyrogen-free, physiologically acceptable form. Therapeuticatly useful
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30  application of the subject compositions will define the appropriate formulation.

Potential matrices for the compositions may be biodegradable and chemically
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30 or tissues having the disorders as |isted above.
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lauryl sulfate, and mixtures thereof; and (10) coloring agents. In the case of

10275954 _1
-50-



30 biologically active form (see e.g., Fraley, et al.,
Trends Bi ochem Sci., 6:77, 1981). Methods for

gene transfer using a |iposone v
{% é\ﬂ%’"?ﬁ% he art, 10275954 1 see e.g., I\/annl nooo&;ﬂ{s?zz

al ., Biotechniques, 6:682, 1988. The conp03|t| on of
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EXEMPLI ElI ent1 on _how gener al
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i nvegents.on, and are not i ntended tolimt the

i nvention. Exanple 1: ActRI|a-Fc Fusion Proteins
20App! i Chipensiossy Hsﬁtdﬁlﬁ}elt ta dhe gotive pompRoundspaY| cPRfain suspeAing

pr oigehtisuch ad etdRRatbdiSosR¥k T aBdBd14, PhlpdxyElRyIRk Borbitol, hhk[mn
Act Rl .l.a f sed.to a

o R RS e R Pl R SRR 2, ¢ o
200 esr-dyat 4R kragabdfith, andnidoeRhereofr aFc, respecti vel y.

The compositions of the invention may also contain adjuvants, such as
preservatives, wetting agents, emulsifying agents and dispersing agents. Prevention
of the action of microorganisms may be ensured by the inclusion of various
antibacterial and antifungal agents, for example, paraben, chlorobutanol, phenol

25  sorbic acid, and the like. It may also be desirable to include isotonic agents, such as
sugars, sodium chloride, and the like into the compositions. In addition, prolonged
absorption of the injectable pharmaceutical form may be brought about by the
inclusion of agents which delay absorption, such as aluminum monostearate and
gelatin,

30 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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Actflia-hFc is shown below as purified from CHO cel |
lines (SEQ ID NO 257):

I*v FFENANWVEI CDRTNQTGVEPCYGDKDKRRHCFél%éﬂb@%s322
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Pl asm no Act vat or

( SECPTES® &' § Fpaegm 6@ U&P%&/#’E FraEspisgAcTays
Q(BEqmcIBdihEDExa), mstbﬁmphommhcaieteﬁﬁhnémﬁmwa@pnndlmw

| eader and has the follow ng unprocessed am no acid
Sequenceﬁxpenments with mice have demonstrated that effects of ActRIIa-Fc on

WAM%W&HEQ%\E%;Wﬁﬁ%ﬁEMMMm
GVEPCYGDKDKRRHCFATW CNI SGSI E| VK DDI NCYDRTDCVEKKD
SPEWY poepizafie % |

15 or2 pg/kg or greater are desirable for achieving s1gmf cant effects on bone densxty

VHMKTL&E@Q@E@%?&P oL, 95

KTI %MPWEﬁngEEWEW&MWMFGDImSNG

QPENIYd¢hiFR¥loDSdarair bk ¥l 34 ; ?@Kﬁ %&G@éﬂ MinhiEAEANH
|bg pebie

gcng SLSP?('PH%?‘E%F?%%{P% Etl de | s

e ot 0.

mg/kg or greater and serum levels of 1 ug/kg may be achleved with a single dose of
20 0.3 mg/kg or greater. The observed serum half-life of the molecule is between about

20 and 30 days, substantially longer than most Fc fusion proteins, and thus a
sustained effective serum level may be achieved, for example, by dosing with 0.2-
0.4 mg/kg on a weekly or biweekly basis, or higher doses may be used with longer
intervals between dosings. For example, doses of 1-3 mg/kg might be used on a

25  monthly or bimonthly basis, and the effect on bone may be sufficiently durable that
dosing is necessary only once every 3, 4, 5, 6, 9, 12 or more months.

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

30 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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ATGGATGCAAT GAAGAGAGGGCT CTGCTGT GTGCTGCTGCTGTGTGRAG
CAGTCTTCGTTTCGCCCGGCGCCGCTATACT TGGTAGATCAGAAACT CAG

n 1 1. i AATGCTAATTGGGAAAAAGACAGAA

ccoTa TATGOTGACAAAGATAAACGGCGGCAT%@;Emgn
Of ACCTGGAAGAATATTTCTGG TCCATTGAATAGT GAAACAAGGTTGTT
GGCTGGATGATATCAACTGCTATGA CTGATTGTGTWH
AGA ionSteEr TP P R BRI APES PR a
AAADSHmublcbide ToEATE T HsA R GRATIGEEABACAGOCCACT TCAAAT
CCAG TTACACCTAACI:CACCCACCGGTCIST(I—?AACTCACACATCI:CCAC 30
CGT EhcoastontzapErohTan s Frgitheein
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ca@mm@m@@g@rwmm@ce@@mYmm antiepdy
Act iﬂnbs% oP Q1 i3 8 ﬁ%ﬁu@m@s&ﬁc bEyREKaRE yeqaeﬁee@m&

5 reconbi nant expressi on, shown in fi re
]t5he InspRRd &t the FEEOYIRG ) gop %ﬁ'ooragacaedé? AyiraL envijaps to to Y et
p_ealsp&fﬁcﬁél%gloﬂthe Ntrbvdiahietiat coRARing Iﬂlhlmgul‘aewbﬂlobdttch Ina
S1 NGl G ATAMENGECho reod FRSEIGE, (EQ LN 11).

Puri |ca Ion cou achi y a serres of colum
chromat omémhvehﬁ t&&e%ume cdid einta :dtrécﬁfr N AeEd wﬁﬂh plkRs or

nor e of the foll ow n in an r r ot ei
Chr GRS a1y BBl AP RS P phyonal caletum
nhemmhﬁmﬁhﬁmﬁ&ﬁmﬂQmahmamaﬁﬂgmaﬁhmmmsmmsﬂexahmshnmd

I QUTRLARE B8 (o R O RGN BAAE LDHTRLARY ALY it

i on cou € Cco
flltm%mmwﬁﬁﬁﬁﬁnbuffer exchange The ActIIIIa hFc

protein yas urlfled to a purit f >9 as dete ed
by size estheresgH W@%& Ffﬁ%m%fa ujég %glsacolliorxﬂap

det dlispersiedisyktym Sﬂﬂoﬁﬂ(ﬂﬁperﬁﬁd\ﬁytstﬂnk melbdeanaarochoRaild domphexest-c

I,
%:32 t :Ng]?ocg Eﬁes?ﬂr_: %d %d nﬂ» %@%&Eﬁ%lﬁhﬁﬁﬂg%bﬂ ~water
i Mmebiulsions mlceﬂpsammdammﬂes @rﬂshpemqss R mgferredepdiaide] systAhe
co U?fﬂﬁbgn\‘%ﬁ%%ﬁdﬁpgsoméct doRred S arifidhal 'ﬁﬁﬁnblg@e"@ﬁgles Wthh
rotel ns, were, | oa € S |n|n

S ool S Y 2ehie DB RS (U D ]t vons
di ssatbadntapiulaaindihmnilic aghsoh) in@fiorand kk-dkRyered mdcetl$ia 230

ot.ei t | | . .

| QSRR e b, Hdch, B b Bl piflpait st b Ry,

Methods for efficient gene transfer using a liposome vehicle, are known in the art,
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10275954 _1 An A- 204 Reporter Gene Assay was
used to evaluate the effects of ActRIlahFc proteins on
%PQE@ kg by GDF-11 and Activin A Cel | | i ngipdddfiiesszz
onyosarcoma (derived from nuscle). Reporter
vector: pGL3(CAGA) 12 (Described in Detmer eta!, 1998,

EI\/BO 1 7. F he tif
i's p Fegen %égqaé&?:%ge%eg’:g%lr% |el\? gs g%’ﬁ g%rép(, ﬁ@%%f% m(; n Ie)
, Skiposdmiegs méty@rcombm@ion gEnhospholipids.csiadly infcqmbipation Wlth
Si 9ngbi) gspu?a[lﬁléﬂaesﬁmi‘ d@th&qﬂosﬁhoh@ oﬂoﬂxeﬁﬁ]ixdstm& 2ROtk

cell's into - 204 cel|s

t r avied-cthea wsmqhﬂ&qmsfgcs 6%‘3’(’@;'\@&"22‘“*&“ PHG‘_’@‘% gy eod (10
PQ) the prteddf fivalpg tativil Fugene. 10Day 3: Add factors
(diluted into nmedium+ 0.1 % BSA). Inhibitors need to
be prei Esuhpl¢sef lipiis isefflde imsaneordudtion inclundé phosphatéioi ng t o

cel Lc;npo% ﬁhlgkﬁhm% C%hyﬁerfﬂl ﬂﬁ;ﬁﬂa%fcﬁolﬁgihosﬁﬁh@id}lééﬁﬁe

rase assa
Ty pP éﬂhﬁﬂﬂﬂeﬁa%%mawwhpm cenrRrosidrscnd ganglosid ?Fy
' ”hlimﬁaﬁfe?phosﬁﬁélipiﬂs mcﬁdﬁég@p&sﬁmﬁ@mhwnﬁp fol d

15" B el GBRGAE o e R B, 3R
ng hoﬂ hpomlis B8 alsm:zcmblabasslfdnebt exginple, czgan SEECiGOR, gell-
As &Q&m&%dfo}g%{éit&sﬁmﬁé@‘& s RadWiGn #RGr ACt RI | a- e

i nhi'bit di ated signaling at piconolar
concentrations. As shown in figure 5, three different
preparations of Act'R | a-hFc inhibited GDF-11 signaling
wi t BXBMPLIEBTATION20 approxi mately 200 pM The
ActRI | a-hFc was very stable in pharmacokinetic

13t udi es ThRIRytigRaqy Reing genetpfly fesqrbrd oyl b%m?@f%@%r 10
Y/ glleSlood Bt rileteeeifthe PIIOVAE ExampWs, Mhith am incRi&] merdl fok he
pr Otuerplaors]. s\l\@gll%strng&s é{'r cergamtetm Zélu?nc 418duer%bo tsao?gle %g%nt
houP'SP®F" & Separ ate SCRBrEaosed a
nmy/ mgenttmﬂa#bdrkg)tmwtm@mkgewwtwat s, ActRIIla-hFc had

an 11- 25 14 day serum half life and circul ating
' ampleel: AGRIT; LS te high after two weeks (11

em 110 mL _or | i niti.a
ELERTCIETE e w‘%“%%ﬁng?%ngpmem%‘w&g,
r es prételiviel dpmpin|ofi hunan dwwdillg fissedito a ke or wiewse Ft: desnrn With f

I fgmmaam&?bao%}eai e eanaﬁfcﬁrareté}a&dwasmaa@ﬂ and
circul ati Ievels of the drug were 25 pg/nm, 304

ji of ity M&?@&%&?m for initial admnistrations of 1

o/ kg, ]Acﬂﬁﬁ—hli"gm s[mwnonelowaspunﬁed from CHO cell lines (SEQ ID NO:

25 T
EGRSETQBCLFFNANW'E@RTNQTGVEPCYGDKDKRRHCFATWKNISGSI
EIVKQGCWLDDINCYDRTDCVEKKDSPEVYFCCCEGNMCNEKFSYFPEMEV

TQPTSNPVTPKPPTGGGTHTCPPCPAPELLGGPSVELFPPKPKDTI MISRTPEV
TCVVVDVSHEDPEV. GVE AKTKPREE TYRVVSVITVL

30 HODWINGKEYKCKVSNKAIPVPIEKTIS PPSREEMTK
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30 ny/ kg, respectively. Prelimnary results in humans
suggests that the serumhalf life is between about 20
s. 10275954 1 Exanple 2: Act Rl agdiConcinas3za
o@szq one Gowh In Vivo Normal female mce 4
(BALB/C) mere dosed mnth ActRIIa nFc at a level of 1

i

J SCEKMEIEA ; see figure 6.
In BALB/c femal e_m ce, DEXA scans shovved a si n|f| cant
i ncr easéhq %B%ﬁ%éﬁ@ﬂmﬂeparma@fﬁawesaﬁ’d E5Rceht as

a 1 Bigesl| Thréf diffsednlehdRr feli@endes @ark B&Hdideredee fi gures 7 and
S. Thus, antagonism of Actlffla caused
ﬁncﬁh@geﬂh%@wﬁmdﬁmgwﬁybﬁﬁEVUHMiyﬁNﬂﬂﬁﬂiﬁnﬁdﬁﬁﬁEbwehaIe
ﬂ]C@ As a next step, the effect of ActRIIla-nFc on
bone in a nouse nodel for osteoporosis was tested.

Andei) TRa8 PREmiBbgen AR} (TPARMIDAMERGUCCIBLLCGAVFVSP

ova d mce suffered substantial bone | oss
(ro{%ﬁy%m) oss of trabecul ar bone six weeks

pos m mﬁcsgggg (gﬁﬁer jhese mce

cou e correcte w th can apeutic 15

18gent s, ThéiGHecidd foaa eabloys i TP ANadBAE hasARFbilovadyt S used

C57BL6 fe Ie m ge t hat were ovariectom zed (OVX) or
proces

shaffi ope Z?“%" Weeks of age EI ght weeks after

sur gy ﬁ?é\‘ﬁ!itci GECA B sEor o £
vveeél contro C?PBS; vvas |n|t| at e Bone densi
was !WE’F@E@%

unt SMWMMM@MMVM@MM@CM Ss

e

res VI:INé&TKBREE@‘éN STYISIVY VUTYE HOPYIINGHEYKEK ¥ SatALPVPIE
opekisRAxH WL@&L@QF%MVE%SNG
C caused subst ant I a

Act | t| | a- I ncrease i n_trabecul ar
bon&F

tr e?i[TQ’ESﬂLSLSPGKG{SEQ D NO 13)

20 This polypeptide is encoded by the following nucleic acid sequence:

ATGGATGCAATGAAGAGAGGGCTCTGCTGTGTGCTGCTGCTGTGTGGAG
CAGTCTTCGTTTCGCCCGGCGCCGCTATACTTGGTAGATCAGAAACTCAG
GAGTGTCTTTTITTAATGCTAATTGGGAAAAAGACAGAACCAATCAAAC
TGGTGTTGAACCGTGTTATGGTGACAAAGATAAACGGCGGCATTGTTITTG
25 CTACCTGGAAGAATATTTCTGGTTCCATTGAATAGTGAAACAAGGTTGTT
GGCTGGATGATATCAACTGCTATGACAGGACTGATTGTGTAGAAAAAAA
AGACAGCCCTGAAGTATATTTCTGTTGCTGTGAGGGCAATATGTGTAATG
AAAAGTTTTCTTATTTITCCGGAGATGGAAGTCACACAGCCCACTTCAAAT
CCAGTTACACCTAAGCCACCCACCGGTGGTGGAACTCACACATGCCCAC
30 CGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTITCCTCTTCCCC
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25 density increased by 24%relative to PBS controls.
After 12 weeks, the increase was 27% In the sham
woeo@teerdssn ce, ActRI | a-nfFc al so caused a sulSvERIG06AE5322
increase in trabecul ar bone. See figure 11. After 6
and 12 weeks, the treatnent produced a 35% i ncrease
rel 6CMAACCCAAGGMA€CCI[0&T6&5‘@T¢CCGGACCCG:TG&GGTCACAT

283 bR b TR BT 0 R LR R TR TE N "
Wi t ﬁTAeﬁmGAC%SG@wAWATMT%CM@WC&&ﬂG@@

( PB&;A@Y:%TM%A&G@@@‘ c%aﬁ@r@hﬁﬁ@b?c@?éﬂbéé?ccm
descri b above for ActRII a-ntc, ce recejvin

St R CRAEA RO e TORR ARG T AR A
den&AG;Z:CGTC&EMZ}WCﬂSA’BﬂEAGAMAtOAJTCMEWG@GAR&@’GGCAer
¢ o B R RGN AL R T REALE E 0 cocR AR ARCAREAGRG
tr ab@SMﬁAAE@w&TQAﬁQCﬂ%ﬂCIMB@GMGGm@TAmﬁCA
Wee&&sﬁﬁ%@&c@é%@hb%eb%d@@ﬁ%@bddﬁﬁd&%@&%ﬁ

Af
FrreAncaroaRGCETcireroeRopahTre SRbe Sk r i Rarbras
tb h?mcnmtmemcsmdammmcmmmgmmmwmwm
e e e S
su pﬁ@T@'E@CWWTWCﬂWWW'E: (BEQ PO hor al
m dshaft_ which denonstrated _a significant i ncrease in

bot h t oB8tk AstiflecicendtAstRismEe WenEmpkably fraguablgio
18e eiesormfmahfeﬁﬁeﬁmﬁl A¥Hobm ﬁcﬁgalellaﬂmﬁetem\iah pﬁrtmdhsrmfged

contr ovar m.ce exhi

o Pee bR ARl Berf e Rt R Sequange of
co rﬁLGRﬂETQBéS%BCbBbNQt BQ. Pririfieatipi-cayldrbe aq!ﬁﬁ)ved byra sgriesiof fabumrt o
bo n&r&lﬁé?&&- X st@b@ rlﬁcl&i@r&t f%FéxaﬁxﬂG g8 Chober a1 Rkin fg, in any

ActRi I a-ra treat me Ex pQCT analysis o

f en®Fel PrafElg M@Wﬁ‘ﬁ% Qﬁ%ahgasegh@wgtﬁsrﬁhéawnxlﬁﬁehﬂ@a% e
2N Eebéhatdgdphy, sadiekchibibh ttﬁcﬁallatdgﬂﬁls_/, aﬁmhmtexm‘aﬁ@r twel ve

f treatgent
o o TRt iE e R R B A P oo e tidh
conbufsf exchangd. clthe dmﬁ?élada‘ihprbipm@ds mﬁp@ﬂoawmty lo&ri8%emsnt ent
(Fi Qédérﬁml-@y size’$xofls¥e cRldto %ﬂﬁ\%}ﬁﬁf 595Qas BAGmiRARY Sbs

m dshaft al’'so showed t hat la-inFc treated mce
di d¥ABE- show a change in periosteal circunference;

A I.La- nF t
P endo BRI SRR e R R RS ce 1 n
cor pardealarly hitizine SEDKH L kortAstiin AW ArtAT wes immebilizeden 2
sur BAcKe Ef4s LRF u&fg%de{rﬂn%é &uﬂi%% gmﬁ@ﬁﬁa AGa-Heeald Ng

of fenurs determned t was able to

i ncAeREamFparogins Mewéwedccm%w@?m@ﬂ# bindipg waspReaREde
( MaXborEh-hFOnd 16 hitfvin g @Retianedgiant (Kp) of 5x1072 and the

30  protein bound to GDF11 with a Kp of 9.96x107. See figure 2. ActRIla-mFc
behaved similarly.
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to break) which contributed to a significant increase
inthe intrinsic properties (ultimate strength) of the

. riectom zed mce treated with Act
@W@{ogzgéfl ncreased bone strength to | evel ﬁli)]léésgli%&ég
sham operated, vehicle treated controls, indicating a
conpl ete,.r r [ C
(Fi qur e%‘?%@f%ﬁ%géaim%ﬂﬁ%’ﬂ%? PRI B
act hEei protging calsignaling byyGhF-d1 a@a‘\rsﬂvmdr dsll dindyBpmaniensity in
nor ARdpad 8§ Tbm histie)) Qieﬂ&?{eﬁvectsp pEESEABRIRCT S

i n hone enS|t){ bone content, and ulti rmtel)é tf,gne
st r Egirived ip Penplerst abd99%, EMBOT: 391319035 Figure)

fur Chen 1$abt1ﬁ£ pr&waf TGHBBta reslf&xﬁﬁa £6R¥s € PAKBpdne)G sothisz ed

b R R e R E N

ti mes/ wgg) 1; s},g &g‘)eugﬁ{‘,%@ “Feﬁfpﬁ{ered to as RAP-11 in
Figures 1 for a further period of 12 weeks. A
vari etym&zhmmqammﬁmmn%p&eﬂ(oagﬂﬂlzom Ehowln in
Fig | re vertebral trabecul ar
bongé&égg%ﬁggﬁ%ﬁaqﬁ&wﬁé‘g?ﬁ o€ fBV/ TV) in both the
1/ and r3EAM Qs @Mkl G- meﬁﬁ&B‘O'l%ﬁﬁ@l ﬂ,mﬁor;{?eedmbe

nproved t he trabecul ar archltectureé Ig
| ncpréfag@atewﬂt Fagtars for; b eface adding tp erlle Ohry a’é&ha‘l}sﬁﬁf"éved
boneits PBR A Pse(cEilsgur e 22) . As shown in Figure 23,
Act Ri | a- nFFc produced desirable effects at a range of
doses f rTbinid falipwed by » buciferasegssayy . Typically iBthismssay, in the
hi sfiRemE Qﬂrhﬁﬁﬁhibbform%nﬁ&ﬂqws%gﬁ& 18fofd éﬁiﬁﬁiﬁn&d TRepBdrnt

in sham operated m ce. These data, presented in Figure
154 SeIa TG R0 1, ST AOH RO 1 ot
bot hg/inh FGIDE-$ shogs Aoetiectisingilar PIGDFL1and pronoti ng bone
grow h. Thus ActRl la-i nFc stinul ates bone growh
(anabol iAs skdwinde fijureh doiRilaihbi and Astiile- m@éﬁﬁtﬁtﬁmﬁ

( anﬁlbdﬁt@ci gt Gtk doncdnteBdURs. Casthov ih GBS, e

Act |t Pr oteins _20An alternative construct may
o STISTeRORGRTIAS SHACHIHES (bR GPF - bifignalingyethap fai0 oy
2am sypraximatdy 2700 pMae extracel | ul ar domain of ActR i a.
The sequence for such a construct is presented bel ow
( Fc por tEhe ActRHsHFd waserery 6@hi€)n| phariiezokingtic: studies. Rats were

| L%%EMHQ—%%%C 'olr ir Waﬁi atevels
El VI PEVYF GNMCNEKFSYFPEMIG
o 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-
25 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 ug/ml,
304 pg/mi or 1440 pg/ml for initial administrations of 1 mg/kg, 10 mg/kg or 30
30 mg/kg, respectively. Preliminary resuits in humans suggests that the seram half life
is between about 20 and 30 days.
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25
GGTHTCPPCPAPEL LGGEPSVFLFPPKPKDTLM SRTPEVTCVVVDVSBEDPEV
EVHNAKTKPREEOYNSTYRVVSVLTVLHODWL
BRI Eicr) SKAKGOPREROVYTL PRSREEMTKNOVSL T Oy 52
DI AVEVEESNGOPENNYKT TPPVLDSDGSFFL YSKL TVDKSRWOOGNVFSCS
VIVHEALENHYTOKSLSLSPGK 30 10275954 1 | NCORPORATI ON BY
REFERENCE Al publi cati ons and patents nenti oned
? e DF : Wi erence in their
entirety as | publicati on or patent
was spe (Noﬁhaﬂ @nlale :ﬂethAnmcywdeladswwﬂﬂfm QFk 4t@ 14061 of 1

| nc hat & ef erenc 5V\h| eci f.i ts
r?g/ggdosgj SR8 A ﬁlﬁ Higedn dif’%cgﬁlgsetgmwﬁe abéggg
é pewintiabdensityand bone mingwl contentwwereainigrnringd by BEXA, see figwe 6.
Many variations will become apparent to those skilled
in the HPALBSEERaamies,PEXAsHREhopets sigoificant fisreass 20K
c| ainienetifiherdl derdsh addebriter SAesud bf AGRIL-MFSMdainent. Saoul d
be 9%“‘% di by reference to the clains, along with
t hel alf Scope of equivalents, and the

speci fi ggf,
3055 s o Bkt iﬁsolgaE t Ee!dég{':'??\r/&?%mgfeﬁtd'? ng

Dt W@%@m i 42 TSPt S5t ChacRH-MEC arthoge BedRa¥ce
of b foPoSpdrosis was tefd® acti vi n-bi nding ActRI | a

pol ypepti de of claim1, wherein the pol ypeptide is at
| east 9B9xigrsspeet alni20P1)reselished thaboyariestamiired oueetsuffireant s,

as &Ghﬂﬂ%ﬁ&o&%&oﬁ@}ﬁ%%@ &ﬁé&&ﬂémﬁfﬁﬂﬁ perat?bn),

The activin-b I NQ R 1a eptide of claim1l
wheFditht porg I %W}‘iﬁ?ﬁ?‘[‘%‘@“‘é%ﬁ%ﬂ“@f with qapdidae thesaneficy

1S el speits, ¢idhyas parathirsid hainadel on constant for activin
versus Gowh Differentiation Factor (GDF)-11. 4. A
phar nmac éppiiceets uisd EpELAteEte reiomtbatinsiernyaricktomized (OVX) or
act éhﬂﬁa%pé?ht&ﬂ&tﬁgs wikilsRe bR, PRhowReRdntiSuREry Ctl-eéﬁx{éht]wﬁnd at
Iea t one E armaceutical | y acceptabl € excagéﬁlgné

FREE B0 imreds) twise gekba o @ﬁﬂﬂ@%ﬁ Rafinii
sai dbnﬁty@faammabys’rmnagen free.

20 As shown in figure 9, untreated, ovariectomized mice showed substantial
loss of trabecular bone density relative to the sham controls after six weeks.
ActRITa~-mFc treatment restored bone density to the level of the sham operated mice.
At 6 and 12 weeks of the treatment, ActRIIa-mFc caused substantial increase in
trabecular bone of OVX tice. See figure 10. After 6 weeks of treatment, bone

25 density increased by 24% relative to PBS controls. After 12 weeks, the increase was
27%.

In the sham operated mice, ActRHa-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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6. The activin-binding ActR ia polypeptide of claima1,
wherein the pol ypeptide is glycosylated. 7. The

%t [ &%gz-lﬁ'qndi ng ActRila pol ypeptide of clai 2?0801\%2

e am no acid sequence consists of
7. 8. The activin-Dbi nd| ng Act Rila polypeptide of

gleia: rsn > Wh&?ﬁ@ acfe? 0| n n %‘é%ﬁgawgpe |pc?e of

cl ainiee 38 dwmccéqbqvetm mﬁmﬂa&ﬁaﬂs@aa @ﬁ@uﬂmoms’tesldx}f
SEQud bhibPpBS) oveilgvelv-'c_ %el@ Ciln¥ihrs b RGHH3 Qes&%e@laﬁcﬁe for

pol tide claim1, wherein theB ypepti de |s

oo BB (G i xseap Ao e PR s 8 b

An bae hatsiepbfps%wp apdailgles f&amaénsancmg /Em 125wdeiks o?treauia;t A
pol 12CG Q_cl.ai

pol gp?pékg ge 'S g“?!uc!}gmg meivéng %‘ﬂﬂal '9%%% %ﬂg s‘f’f&” ¢ 8?‘% i ng
to mlcmsmnlt@bmadwnb fonsity 0f22% by 95 eaﬂnaﬁ founwpelds ynsiaf 62%d e

ac C gl | PeckPorGletintdi gMbigh binds activin with a KD
| ess than about 1 mcronolar. 15. A pol ypepti de

ac c or di dtet t9relvt Svkdks &ﬂtremhieﬁxlwnh IARERITa@aRc) Whdde bdy Bndaex idvd

m)l ar 16 A
102 BB L Shomed SR Blcinand my pode HRRE bl
| esboth prarieciiydzed andshea nmmdamce (Frgmes W ArsH i pespestively).

. accopdl R a}e ehSbuiiboked mx%o BQ@P' ﬁla%@i% bivtwfemoﬁhmﬁsﬂé@

| ess, t han about 1 nanono pol ypeptid
accBhigh WWW&PW@WVNW méot%fotal aldptizel Bome doasiy
pur gfter twkeHe wheks of m&mt\dmmﬂumﬁrm gfehﬁle@emiﬁolv\hl ch

S u 9% tJ
zlsac c?ﬁar drn 3’5"%“ %aegdrung%f%g FidRidey ac e i{& © wg%mle'
pol trested control shaw opatitedmice (Fighngilf 1 aédﬂqano pape density, bone
car bieit iddr@ed following ActRIla-mFC treatment. Ex vivo pQCT analysis of the

femoral midshaft demonstrated a significant increase in both total and cortical bone
content after twelve weeks of treatment with ActRIla-mFc while both

20 ovariectomized and sham operated vehicle control-treated mice exhibited
comparabie bone content (Figure 16). Ex vivo pQCT analysis of the femoral
midshaft also showed that ActRIIa-mFc treated mice did not show a change in

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

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

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

30  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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22. A pol ypeptide according to claim11 which is
gl ycosyl ated. 23. A polypeptide according to claim

REEhg], " DT oapt fde according o ol atSIREEmE

i s phosphorylated. 25. ‘A pol ypeptide according to

acor ci TS SR eoRer o ravin AR Gl S5, e one

pol depstytin mammhgmﬂeanm mﬂemams IlnstPE@]lBlm ed.

f2 gn%d%/ atke}e{ iﬁ‘%tdétgé . pgf %e t’?@%&gﬁwﬁ%@%@&ﬁﬁ] m 1l

whi ch i $n Dfulkcr Bt b iment8 Quice/wepOd it diniizte oP¢had bptrai@ t O

%E%t?g% avl'\lg _%gg%{n?ngtat ﬁ v? sr}gcel%gc{ gthg’rep%e o %?Agtgﬁg-ﬁg & of
times/week, 10mg/kg) (also referred to as RAP-11 in Figures 19-24), for a further
period of 12 weeks. A variety of bone parameters were evaluated. As shown in
Figure 19, ActRIla-mFc increased vertebral trabecular bone volume to total volume
ratios (BV/TV) in both the OVX and SHAM operated mice. ActRIla-mFc also

10  improved the trabecular architecture (Figure 20), increased cortical thickness (Figure
21) and improved bone strength (Figure 22). As shown in Figure 23, ActRIla-mFe
produced desirable effects at a range of doses from 1mg/kg to 10 mg/kg.

Bone histomorphometry was conducted at a 2 week time point in sham
operated mice. These data, presented in Figure 24, demonstrate that ActRIla-mFc
15  hasa dual effect, both inhibiting bone resorption and promoting bone growth. Thus
ActRIla-mFc stimulates bone growth (anabolic effect) and inhibits bone resorption
(anti-catabolic effect). |

Example 4: Alternative ActRIla-Fc Proteins

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

ILGRSETQECLFFNANWEKDRTNQTGVEPCYGDKDKRRHCFATWEKNISGSI
EIVKQGCWLDDINCYDRTDCVEKKDSPEVYFCCCEGNMCNEKFSYFPEMIG
25 GGTHTCPPCPAPELLGGPSVFLFPPKPKDTIMISRTPEVTCVVVDVSHEDPEV
KPNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYECK
VSNKALPVPIEKTISKAKGOPREPQ PPSREEMTKNOVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR WOOGNVESCS

VMHEALHNHYTOKSL.SLSPGK
30
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INCORPORATION BY REFERENCE

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

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

1. An isolated activin-binding ActRIla polypeptide comprising the amino acid sequence of
SEQ ID NO:7.

2. The activin-binding ActRIIa polypeptide of claim 1, wherein the polypeptide is at least
95% pure, with respect to protein contaminants, as determined by size exclusion
chromatography.

3, The activin-binding ActRIIa polypeptide of claim 1, wherein the polypeptide exhibits at
least 10-fold selectivity in dissociation constant for activin versus Growth Differentiation

Factor (GDF)-11.

4. A pharmaceutical preparation comprising the activin-binding ActRIla polypeptide of
claim 1 and at least one pharmaceutically acceptable excipient.

5. The pharmaceutical preparation of claim 4, wherein said preparation is pyrogen free.

6. The activin-binding ActRIIa polypeptide of claim 1, wherein the polypeptide is
glycosylated.

7. The activin-binding ActRIIa polypeptide of claim 6, wherein the amino acid sequence
consists of SEQ ID NO: 7.

8. The activin-binding ActRIIa polypeptide of claim 6, wherein the polypeptide is
expressed in CHO cells.

9. The activin-binding ActRIIa polypeptide of claim 1, wherein the amino acid sequence
consists of SEQ ID NO: 7.

10. The activin-binding ActRIIa polypeptide of claim 1, wherein the polypeptide is
expressed in Chinese hamster ovary (CHO) cells.

11. An isolated polypeptide comprising SEQ ID NO:7.
12. A polypeptide according to claim 11, wherein the polypeptide is soluble.
13. A polypeptide according to claim 12 which binds activin.

14. A polypeptide according to claim 13 which binds activin with a KD less than about 1
micromolar. '
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15. A polypeptide according to claim 14 which binds activin with a KD less than about 100
nanomolar.

16. A polypeptide according to claim 15 which binds activin with a KD less than about 10
nanomolar.

17. A polypeptide according to claim 16 which binds activin with a KD less than about 1
nanomolar.

18. A polypeptide according to claim 11 which is at least about 95% pure.
15. A ﬁolypeptide according to claim 18 which is at least about 98% pure.
20. A polypeptide according to claim 11 which is acetylated.

21. A polypeptide according to claim 11 which is carboxylated.

22. A polypeptide according to claim 11 which is glycosylated.

23. A polypeptide according to claim 22, wherein the amino acid sequence consists of SEQ
ID NO: 7.

24. A polypeptide according to claim 11 which is phosphorylated.
25. A polypeptide according to claim 11 which is lipidated.

26. A polypeptide according to claim 11 which is acylated.

27. A polypeptide according to claim 11 which is PEGylated.

28. A polypeptide according to claim 11 which is farnesylated.

29. A polypeptide according to claim 11 which is biotinylated.

30. A polypeptide according to claim 11, wherein the amino acid sequence consists of SEQ
ID NO: 7.
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