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ATE 2

Aol A AP A N2 ActRIT ZEPEE FaFS Edhshe oFg A= 3oIA,
e EE v el A AdEsH:

a) SEQ ID NO:2ell H2&@ 95% TUdE& 2t obv|mal A& E3she e,

b) SEQ ID NO:3°ll H 23 95% FUEE 2he ofvliedl HAS sl ZEHE =,

c) SEQ ID NO:16el 23t 950 TU3E& 2t obv|al AL sl EHE =,

d) SEQ ID NO:17¢] &3k 95% S A& Zhs ofrledt A& xobshs EeH s,

e) SEQ ID NO:7ef &t 95% A5 Zhs oprledt Nd& xobshs EeH=

£) SEQ ID NO:12¢ll H4h 956 A= zhe ovwit NS Edehe EeE =,

g) SEQ ID NO:20°1 23 95% §U& 2 obvlmdl M-S 23k EefE =, 22
h) SEQ ID NO:21°l 23 95% §U& 2 obvlmdl MeS 23k EeqE s,

ojwf F7] FERE| == NENIA, GDF11 HE= JERIASE GDF11e] Adets A& 5Ho= 3=
7% 3

Aol A Age] WE AREOR ActRII FEHE = FaZFS 23k st 2AlEl oIA,
PR B vhe] el AEE A

a) SEQ ID NO:7ell 23k 95% TS 2t oblwmit AdS xdbshs ZeflE s,

b) SEQ ID NO:12¢ #HAg 95% LS Zh ofv| it LS X838k ZEHEIE,

c) SEQ ID NO:20°] #Hx3t 95% TLAS 2t ofveAl MES Edels ZEPEHE, g
d) SEQ ID NO:21e #Hag 95% SLAS Zh ofv| it LS X838k EEHEIE,

ojul 7] EE| == NENIA, GDF11 Bi= JEIRIASE GDF1le] A¥shs AS SHo= 3=

AT 4
2AFA]
A3 5
2FA]
A7 6
2AFA]
A3 7
2FA]

A7 8

olmj ActRIT %

oluf ActRII &
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A7 10
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214

A7 12

A7a A28 wx A3G YolA, Av] FaWE=E SEQ ID N0:209] HAd 97% FAAS 2= opwlwat A
de e AL 5RO s, ok AR,

A7 13

A7 A% == A3l olA, 7] ZeHEl=E SEQ 1D N0:209] ofr]:it NS TFE AL 5YO
2 sk, ot 2AE

A7Y 14

A7a A2e w= AR YolA, Av] FeWE=E SEQ ID No:21e] HAd 97% FAAS 2= ofwwat A
de T AL 5HOR s, ok 2AE
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A A2g mE A3Fel dolA, 7] SEQ 1D NO:79) N Zehe ILGRESTQE (SEQ ID NO:11)Q1 R& 54o=
S, okl A=

373 19

A8 A28 wi= A3 QolA, A TWE|=E oleo] BA FoA o 7}H] oS 2=
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A3 21

194 g, R XéXﬂ 'goﬂ/ﬂ ki 7%1 01*0% FIN7= st
KR

2] A3} i B = H )
ow-ﬂ FolfE= maS BPE S8 WNAY AL Sdow e, o3 24
AT 22
A7% 210 QeiA, 47 §F amde WTREU Fe S 94 9RudA Hese Segs o
e xgeE AL BPoR G, o 2AE

A7 2100 oA, A7) §F BuAe 161 FA) BY Ge mFSE e 5P sk, ke £4lE.

AT 24
e A2d = APl oA, v ZEHMEEE FE|FAEE ofv| sk, PEGEHE ofv|mil, w2y
H ol ofAEstE opm A, W] QEISE ofu]nal WXF HolojEl(lipid moiety)ell FEE o}m =it

Y
A AEEE st ole] MAE ofilwit W) miss AL SHom ah, ofst AR

yige] 41y

I

A A8F(red blood cell & erythrocyte)= HFEES &¥7(circulatory system)ollA 2HAh A&
(oxygen transport)S HH3th, HAFE ¥ ol AFoer =& AA E(partial pressure of
oxygen) (pOx) ol Al 4bAoll Agslal AMAE Agdoz e p0,E zte A4 92 dgshs gl dra=

Wl (hemoglobin) & A¥L 2 Z 3t}

A4 A4+ J8F KA (erythropoiesis) o2 WH®E 4 Fok teAd =¥ E7] AXE(pluripotent
hematopoietic stem cell)2FF Aikdt;, A (post-natal) 7NANA, HAFAAL a2, =5 (bone
marrow) 2} H&(spleen)2] A H]F(red pulp)olA wAsTE, thfst Aladd % Z(signaling pathway)2] 3%
B Zge AE F2(proliferation), #3Hdifferentiation), A& (survival)¥ AFH(death)e] #3& Ao
ok AR 21 s, AdE AdddA dA AT (red cell mass) S FASE 52 AikHa, A
A8 27 ALY A9 A B9 (oxygen tension) TE FF 2 F(tissue demand)E W] E3F thekdk Aol Wi
S8l ZUheAY A4 ¢ du. AT B34S AT +=dd AT AlE(lineage committed precursor
cel)o] Ao =2 ANz, ddo 555 AT AEX F3E& St JPddArt. AIFYFY HF dAe B3
YT (reticulocyte) 7} EF(bloodstream) W= W&9 1, A< AF39 el (morphology) S FHalHA 15
o] mEZ=gol(mitochondria)®t BlEZ(ribosome)S ‘- ghel whel HAgT:, A oA FsH £ ¢
BAET, B AeE WEAETAET HES S A8 AN S5 A g

ujrt

g Ez¥olo|®(erythropoietin, Epo) AF HFsZoA AE7AEe] 7 ol Fd =44
A ABEIL Ark. Epovs HAE A AFA B4 (AMAS(hypoxia))# WS AT FFE Ee @S HEE
Hl o] tiet BAA A" AA WS (compensatory erythropoietic response)S ZAICH, <lztolAM | A
o v ol Al A8 AFA(erythroid progenitor)e] Aike A=gozn A3 P&
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)
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3. AF A, Bpos AR, uF WolM AET S AsAzIT.

ohekst dFele] A3 Epos Yt A4 37 (clinical setting)olA, 53], ¥d(anenia)d XEE 93t F
7 FES 7RI fEte] oAt oE o] & %E} Hde g Yol dBEIZR T 4859 JAJRo
9 FEoR EAHE HA-AoH Adtolrt. AR AlHOA, RIFE AP AL e FToA AEA G
of (primary disorder)o] &3} -F&¥Ech. ¢< ® 0}71] Nge g2 A Ao Azl ﬁ‘%}/‘ (secondary)e]th

(Weatherall & Provan (2000) Lancet 355, 1169—1175). g AP ad At S5 == FUHE 9
&£, = ZY(bleeding)ol 7|38 AEGe] o 7|ddd 4= Q. w1de o224, g AHE-A(chronic
renal failure), F5°]84 S (myelodysplastic syndrome), FHE|2 A (rheumatoid arthritis), &4 ©]
2l (bone marrow transplantation) &< H|ZE3g kst Aol 7]A F= 9},

Epo® X8+ A¥Hoz, FF 7|7k Fk A4S Azt theF 1-3 g/dtZE S RIF2ZRANA F7HE F=dio).
Wy s Fold u), o]yd X7 AA(treatment regimen)S FF, FHEIFEWIY HITG FFoA AAAQA

o|

I3k, 1}4 Oﬂ/ﬂ g AE AES Ayt Epow T sl Aol gow, B2 A
?%‘CD}(Horl et al. (2000) Nephrol Dial Transplant 15, 43-50). ¢+ 32} Fol A
50% ©]*+e] Epo°l g akS-S Jehar, @] Al d3(end-stage renal disease) A FTol A thEF 10%
7t x1‘?}%(hyporespons1ve % Ye 2(Glaspy et al. (1997) J Clin Oncol 15, 1218-1234; Demetri et al.
(1998) J Clin Oncol 16, 3412-3425), =Fol@AdT Ak Folx 10% wrte] FHA o= w3t (Estey
(2003) Curr Opin Hematol 10, 60-67). 3%, ¥ wlelwl Ay, FHH3 T4 (dialysis), &FvF 54, F
247153821 2 (hyperparathyroidism) 5 H|ZE3 o] Qx7t 33k 28 8- (therapeutic response)<
szl A9k, Epooll thal WA (resistance)] #AF 7112 o}z W3slx] g,

upepa 2 o] HA2 FAd A A £ES ST A% gk 24w S AlA

%_ tlal-uﬂo Q ok

ol
_,d

qL = e
_1>4 olo
1124,

].

ol
rlr

Aotk

= HEW AFEA (activin antagonist), LBl ActRIIa®} ActRIIb ZA&E=o] g

T34 HEIER FES 77U o)&E F AdeS FHET. 53], £ oA s ActRITad] 7HEA HH
form)7t AERIS] AAELZEA 7setar, AW FoAd wf, dH oA HAIAF FF& S/

= s Y. U85 238 237 ActRIDbe] 7FEA FdelA #EHJ=H, o= 7HEA ActRIIa®t o
3 z1sH4d 1S

% we AskA(affinity) 22 NEMO] AFHHTh 7184 ActRIlash ActRIIb7H SIEP 24 ol9le] 7)1
Foo] AT FEel 92 F 5 U AW, ageE BPsa, ¥ odgeld: agAe AwA

(therapeutic agent)7} NEIH ZAq2Hg = ActRII 228 E 5 B5F9 7oA Aad 4= 9SS 513
gttt o]E &A= FAHOE, MEHI- ActRIT AFEA=E A, o4 o|F=2, 5H FA|ddA, & &
oAz ', HEW-AF ActRIla ZZPHE, AHRI-ZAZ ActRIIb ZHE=, F-AEN A, 3-
ActRlIla @A, &-ActRIIb @A, NEMI-, ActRIIb-, Ei= ActRITa-EHH 43 —E‘Z}(Small molecule) ¢} e}
W (aptamer), 18]3 NEH, ActRIIb, H& ActRITa9] @&
Fre T/, FE BT BAlA 3 A48T e
NEIRI-ActRIT AF}EHS ol &ste WHE AAFH. 2 WAlMol Fx=A AYs U.S. Patent Application
Serial No. 11/603,485¢] 7]<=® wke} o], HEIWI-ActRIla AFEALS = 4% (bone growth)s FZleti =
Y% (bone density)E F7HA7I=d] ol&d 4 Urh. & HAA A 7Ed vke} Zol, AP ol digh o
A

(e}

=

vEes dud @ﬁ&% AR WA HEH
A °

M

5 Agrael Gt Mol U ofF YA vt 0% A%sn B e g3l Urhich, e
A, B FANA, B oBReAE B A A4S 3718 fue gona AUT we dugen &
F& 37141717 Aste] AEN-ActRIla 2FFAL o §5He WU AN 4, ol PHe T URAA
3 ol3, 56 ola, 108 olsh Hi 15% olste] F7HE fuATh ol MM Arbe ARA, U Re §F
o OlEW-ActRIla AFEA, % e Fob WEE olgfomd, E: u% e 4F FE(seru

3wl HE B BY WS e SEN-AcRIla AFE

concentration)& A|&3ESF ZAMte 82
S ol &stowx ddd & 3

54 WA, 2 g e dEdle A3t A, HEIRI-ZAZ ActRID ZPE =8 238t 2 H
=5 AA B, o] 3k dEIN A% Z|HME] == ActRIla ZEMEIE T= ActRIIb :‘—a]ﬂaz Jt}. ActRII =
e == dEINI-ZAE ActRII ZZHEI=9F Aefstd oz &I E HAES st Addd 2dA

(pharmaceutical preparation)@4 ZAE 4 Atk AEN-AF ActRII ZZHE|=+= 1 vlo]A=2E
(micromolar) ©]3}, =¥ 100 Y= (nanomolar) ©]3}, 10 Y= o]s} T 1 Y& o]l K& HEg Rl 2
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Faot, dojxom, AEW-AF ActRII ZZE == GDF11 B1/%E+= GDF8el] tiwlste] fEjnle] dejxow 2
1 * o

tebizdl, dejHo®, GDFIL BU/H= GDF8lAMwth ofE|Rlel] thsfe] gk 10-9f, 20-uf Ei= 50-Hj Kp

s = 574 A8 71del ddE glel, GDF11/GDF8 Asirtt <HERl Asjo] wigk o]zfgt ey

(selectivity) A= 50l o AHHow SH7ed a3k glo] W e A0 o a3s 49
2
[¢]

q
Ao et WS FAdlA, ActRII ZEHE == AT FFd 1 & v a9E Gdste &
A, 25 ellA 15% olak, 10% o]t B 5% o]ste] F7tE FUste: Aed Aolvk. 2AES A7) WA
ZulE 783 (size exclusion chromatography)ol] &3+ H7lol A, th& %—E]'&E]E J & thete] A3 95%
Fotal, dogHor, Ayl 2SS HAa 98% oFetth. oy XA o] &E = HENHI-AZ; ActRIla E# 3
Bl 2 gade] sjAE oo ZEFE=, o5 59, SEQ ID NO: 2, 3, 7 T& 12014 Aex s ofnjit
AEe HAeE ZYME|=, = SEQ ID NO: 2, 3, 7, 12 HEE 1304 Aelm= ofnil A Fo A3 80%,
85%, 90%, 95%, 97% H= 99% &AL ofv| At MAE Hfdte EHEHE =olvt. AERI-ZAZ ActRIla EEHE

o 24 ActRIla ZEHE =9 71%5 2 @A (functional fragment), o= 59, SEQ ID NO: 1-3, &&= C-%
@ 1070 WA 1571 ofr]x=Ak("are]") o] F-A|Ski= SEQ ID NO: 29] AMEdA A8y = Ade 4% 1070, 2070
e 3070 ol xAbs EFSE Ve A o] EFHET. ofdH A o] fx= AERI-ZAF ActRITb E

e B gade] A" oo ZHE=, o EW, SEQ ID NO: 16, 17, 20 T 21004 A€y ofn
A 9SS BAste e =, = SEQ ID NO: 16, 17, 20 T 2104 AEEE oln|xAl Mo 43
80%, 85%, 90%, 95%, 97% H& 99% U3 ol AEE Hfste EEEH =itk AERI-AF ActRIIb &
e =ol= 2 ActRIIb ZYHE =9 7|53 r/‘r«ﬁ(functional fragment), ol& EW, SEQ ID NO: 15-17,
EE 2 1071 WA 1570 opm|wmik("ArE] ") o] F-ASk= SEQ ID NO: 179] A dollA HelE= Age] HAg
1070, 207 Hi= 3070 ofn|:=abs Al V)54 whye] EFH T

&3, AENI-Z3} ActRII EHEH= E 2t A ActRID ZFE =9 vluste], olu|xeil 4L (7Y, €3F
=435 m=rd)olA st o]l WA (alteration)= HF3tth, WAE ActRIIa9t ActRIIb ZZ|FEI=9] A4
= Z+ZF, WO 2006/012627, pp. 59- 604 pp. 55-58¢ AFE =], 7] LA E @AM FHxEA HYHL}.
opu .eqk MEA A HAEL A=A, %% % Ev thE 8 AE(eukaryotic cell)ollAl Aakd uf, &g
FE|=9] F8Z A3 (glycosylation)E WA 7] AY, T 21 wHA ActRIT ZEFE =9} vlwste] Z3E

o el Hek(proteolytic cleavage)S W3FA|ZIT)H,

MEIHI-AE ActRII ZNE=E el =9 (domain) & 24 ActRIT ZZME=(7FE, ActRIla EE
ActRIIbe] rt=-A3 dFE)t vt 54, o& W, 48 oFE sH (improved pharmacokinetics),
oL golgk A, 54 2402 wAs & Xﬂ%ﬂ% ht o] Ake] bl Eule xgete g% dud

HAdL AAY A, AW v, FY/FA, 23

Rl | E e
. 3 v thE3t(multimerization) W/EE A FoA 1714
"8‘_ (e}

5o
N
)
ot
do
%
auk

£
ilt)
1o

(fusion protein)¥ <

SA EE R, A 2GA9 4

ol g FEANZA F k. AEW Hde IR EY Fo =rlA(eRY P (wild-type) E=
=AWl Y (nutant)), d3 SFR, E= kg 54, dE 59, F4d e wH, FEE Sk
(solubility) ®= e HgA(stability) S Aedts v ZYPEHE= dFEE 2392 5 v, a4
TA N, ActRII-Fe &A= Fo =13 A3l (extracellular) ActRIT =S¢l Alelol] wjxld iz o =

=g

AA A G2 F7(linker) & g, o] g Zﬂﬁliﬂrﬂﬂ &2 P75 ActRITO] Alxe] =dgle] -2
(e el A thEF 15709) opnlieat AASEE A S Aol A, E= UK, 27K, 370, 47 E=
N otmAakel Q1F AMF(artificial sequence), ©]=F ?17} AgAdoe=z 9= 571 WA 1570, 2070, 3071, 50
N s T1ool el opwmabe] o], = kRl Ees Had 4 vk ¥A= F9Ail(glycine) ¥ ZEHY
(proline) 717} F4-etar, d=x, Eded/A=a} i) & HA(single sequence) = Ed /Al
a3 ZE4le WS A A(repeating sequence)(7}&, TG(SEQ ID NO:22) =+ SG(SEQ ID NO:23) ©+d&

(singlet) HEx WS HA4Y 4 vt 3 dWde A 94 LD(purification subsequence), <&
£, I EX el Z(epitope tag), FLAG BlZ, #2]3]2=EW A< (polyhistidine sequence), L&|3l GST &%

_‘i—"?% T AT, deHem, 7H8A ActRII ZTHE = S aAdstd ofv|=4t, PEGSHE ofn| =4, I}
vaste ofnil, oldEstE ofv|Ab, wleEStE ofmAk, X ® ]OiE](llpld moiety)ell 3FH o}r]
A, 8]lal 7] F-EASHA (organic derivatizing agent)oll ¥E ¥ ofu|i=Atol Al HAEE = Sl o]de] W
ofn| At X717 EFHETh. AlokstA 2gAlE wek, sk oY FUt e, dE EW, = A3H(bone
disorder)& A &3t=H ol &HE =S 2T = % = 4
H(pyrogen)e] §ith. AWbyg oz ActRIT ©@9d-

=

I ﬂllo

i b

i

17‘;_1@ OE’ Hloﬂ

<
T =1 =1
gxfol A A=Al W dk2-(immune response)?] 7hsAdS
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S37] 8ke] ActRIT @ e] Azl =g ZAI}E XA wstes /52 A EF(mammalian cell
line)oll A L&A 7)= Aol wpaAstch, 7k3 CHO A EF(cell line)7} A& o R o]&¥a g, tE B4
el FHEE 13 A A®l(expression system)o] 8% Ao w 7},

g AMel] 71&® nlel o], ActRITa-Fc(ActRIla LH-83} Fe H-& Alolo] A HAE HAHfste FdehH=E 1
W ActRIla ©@9de GDF8 Z/HT GDF11le] diw|ste] AEjRle] ok Ml A, =2 s k=
A3, 283 55 EYPAA 25 ol ¥ wU|E MES uig s EAS Zev. §A FAGA,

U o]| A= ActRII-Fe %QYQE]E, g3 ]C ZYHE =9} At o2 385 = HFA|(pharmaceutically

acceptable excipient)&
Sy, B el AE 71
EE 3zysiE MALS A A

RIL Feelme) oa =g A
g we) e mYss A4

12
u}
=
|
il
ot
=
o
—t
=
I
Ac)
g
fu)
st
4;

2 =9, ActRIla T+ ActRIIb Z¢
Hovkel o] JFeA, AEN-Z
L ActRIT9 MZ9 = 101(7PE§,

s

E2 R DL
Sl

RS 1

o e
,U_Erzghri>mozi
1ﬂ°
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S
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H 22 FE(stop codon)S FY3A = A4

= 59 e HA ActRIla ZYFEULE=
J ctRITa & ActRIIbY] o

=)
ol

2 ool
[0 nct
gy
s
ki
o
N

o fr =
i,

O, i
i)
=R
ull
&
to
Au
[
rlr
it
i)
=R

Z mm
&
fo =
jl
Ad
T,

2
)
)

o
= 1o
2
B H F-lE

lo H
oo
%
it
B
>k

9|

2 F A3l

AFFE FZE( I'al’lSCI'lDthl’l termination codon)< ©l% ¥3d ATF. ActRITaol] whgzlgh a4k A
2= A el JHAlE Ak ‘j“?i% e = E’_Ei(promoter)oﬂ 3}57}%3}74

2 dgoae o Az FERIUEEE JAASE AEE AT, JH-sAE, 7] AEE CHO Al

hya

rB,
i
<A

54 SdeA, & dridAls 7}4‘“4 MNEIRI-AZ ActRI] ZE|FEIZE == WHS A4 3, ol W o
= A-E3 AE, 42 EH, =3 W AE WdA(Chinese hamster ovary, CHO) A|FEo]A B ®HAA o] /RAE 29
o #;H(7k, SEQ ID NO: 4, 5 14, 18, Ei= 19)s 2AA7IE Zo] £9kd 5 vk, ofd W a) 7H8A
ActRIT Z|HE|=9] o] AHE3t 24 oA AEE wlgstar, o714 A7) H]E% 784 ActRIT 2Hd
AR PAHEY 2 Z33}. 7F8A ActRIT

a1 b) olgA LEHE 7FEA ActRII ZEFEEE 3538 dAE
HA Fe, REAHoZ AAE EE 1L HAY Hg(fractlon)i/ﬂ 3449 ¢ . A
A d2x, Jd9d A F2etEI# I (chromatography), ol wg AZrlEI# I (anion exchange
chromatography) (7}&, Q M2 ~(sepharose)), 254 FE4E AZvlE 1] (hydrophobic interaction
chromatography) (7}%, #|dA 32 @ >~ (phenylsepharose)), 7] HiAl AZvtE2HF(size exclusion
chromatography), Z18]al <ol w3 F=ZwlE1]F(cation exchange chromatography) oA Lejg
AR, 7FA, 2784, 37HA] B 2 ol ds HIRE '] A wAl o) gdd & Tt

(Mo

i ; fo & rr b

oA, & “é*il*Ml MAIE HEIRI-ActRIT A3E4, oE EW, 7184, AEW-ZA3} ActRIla ZH
MEJHI-AE ActRIIb ZZFEI =7} A o) A ﬂ%?— *g&% sIAY AT 2SS
T 9}3}. E4 Ao, E Ao s HE A He A £ e U R
M, vE)S AEHAY, B T LS S e W A Al gt} o]eigh
EC 3
)

N _1)11
rlo rﬁ

N
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o,

N
s
i, HJEJ
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i x
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H(F= g9l Bxe 73, 9= el ActRIla-hFc).
= 20 A= BiaCore  EAel o3 ZAol A, olE|WIF} GDF-116] ActRIla-hFce] 23S mA T},
o]

T 39 E 4FA B-Qz FAFNA HFHT Froll g ActRIla-hFcel a3E ZAIST. 43 7eETts A5
o](cynomolgus monkey)(ZtZh, 5mte] dso]l2 FAEHE 47] )& 0Y, 79, 1493 21U Yk (placebo), =
= 1 mg/kg, 10 mg/kg FE 30 mg/kg2] ActRIla-hFc® X]&3}Gith. = 3AdAE AETF(RBC) & =A%, =
BolME JAEIFERN FE£S E=AST. FAEH FoAX(statistical significance) Z+ X & (treatment
group)oll gk 7]l oA oltt, 570, 2ute] Yzolrt 7 wtellA EFEklT).

T 4ol = FH b=t FFFA YT goll ek ActRITa-hFce] &35 Z=AS), F73 J|wE7s A%
of(Z7}, sutE] dwolE FAHE 47H H)E 09, 79, 1493 219 ¥k, = 1 mg/kg, 10 mg/kg EE 30
mg/kge] ActRIla-hFcZ X853} th. = 4Ad 4= HEFRBC) 5 ZA8T. = 4BAA = % v S
ZAlg, FAISHA fode 7 Amel uigk vl Addldoltt. 574, 2utE] dFolrt 7t ;Oﬂ/‘i E43)
STt

&= 5ollM= 7l HI-RIRE ARl "REd T Sroll Wi ActRITa-hFeo] &35 =A18H. 47 71L£?*

H

Agol(Z42t, sube] deolz FAHEE U )= 09, 7¢, 1493} 2190 9ok, E== 1 mg/ke, 10 mg/kg &=
30 mg/kg®] ActRITa-hFc® A =33t & bAdIA = Al BGAET F5 AT = 5Bol 4= RBCO %LEHE.
1 AT HES mAR. A fode 4 ARl dE vl Aol 57, 2nte]

Zol7} 7 Zol A E&an.
e

= 6= R H-AZE AAFA WAHEF ol gk ActRIla-hFce] &3E Z=AI%Y. 3 =BT
gy [ -

Aol (47, 5rhy Yo7 FAHE M e 0Y, 79, 1493 2199 99, F+ 1 mg/kg, 10 mg/kg T
30 mg/kge] ActRIla-hFcZ X &Rt T 6AdM = Hd B3HdT 25 TA %L, & 6BollA+= RBCo Ati
ol Ao HES TAT. BATH Fo4e ZF XNaFe Ik 71Fel AdiF el 5796, 2vtE] A

ofy o

o7t 7 wol A E&aieit.

T 7oA Al 5ol VEE QAzF 9 AlFo2RE AdE ®AsHEE, 97]A ActRIla-hFco] 4l o
A (area—under—curve, AUC)T} Fola& ActRIIa-hFc7F ZHU(IV) E+= ¥sHSC) FoAEHE X A#gle], 4

& A3 A (linear correlation)E zrEt),

T o= [V T SC Fold 3abol A ActRITa-hFee] d3H 3o vHlu A3E A ST}

T 9dME Aold &% 39 ActRIla-hFcddl tigo=, = 42 E2TelolAl(bone alkaline
phosphatase, BAP) <F5& ZA|%t}.  BAPE  dwlE3) % 3% (anabolic  bone growth)ol]l  th3h

w1} (marker ) ©] T},

T 109 E AAd 50 71sd xF g NFowRE FutE IR (hematocrit) F£FY VEOoRERE Ho W
3}(median change)E& EASHTE, ActRITa-hFce XA ¥ E3FodA AW (IV) FAH AT},

T 11elAE A 5o 7e®E A3t I Ao 2iY SRIEN 7o v|FozNE H H3H(median
change)Z EA13CH ActRIla-hFeE A4 E &3l Fag(IV) Toqfﬂ?iﬁ}
= 120|4 = AAld 59 7]EFE QA% A AlFo2KRE RBC(AE) 9 V|E=oz2ZXE H WH3l(median

change)& L=A@Th. ActRITa-hFes= A% Sl A (IV) Fof =300t

= 180 = e 5ol risdE AR 44 AdeRiFH WA ET 9 vleewy
change) S E=A18T}. ActRITa-hFe= A€ &=FellA AU(IV) Fof = At

o
o

H W38} (median

1. e

A% 474 AA(transforming growth factor)-#lEH(TGF-beta) W (superfamily)E 359 A€
element)9} % RE|X(structural motif)E FFdle thdst A AAE Egsit;, ol whyy
I FHFEE BTN % AxE F3 digh AESH avE JYede Aow dEA vt olelgk g
o] YL v A (embryonic development) BoF ¥l A (pattern formation)™ F2 EA3}(tissue

specification)dlx] F83 7% 33}, AWAA (adipogenesis), 594 (myogenesis), HAZ3HA

_9_
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(chondrogenesis), 484 (cardiogenesis), dNAA (hematopoiesis), 417 A (neurogenesis), Lzl 73]
A E3}(differentiation) S H|F3 t}3t H3 314 (differentiation process)ol J3FS = 4= Uk, oly
o Fek> 27kA] B3 BWP/GDF9F TGF-#lEl/ HEIRI/BIPI0 ¥-3t2 BFH =, o8 tAYS gIdsta, £
3 g5 YeERATE. TGF-HEr o] 399 A4S 2FFoEN, AEA oA AT A

Aol FF 7bsstth. 714, AtSE(piedmont) ¥} 7lo] 55 A (Belgian Blue cattle) %3 GDF8
ZE}¥l (myostatin)) FZR oA 7% 4 EdWol(loss-of-function mutation)E& H-F-sh=dl, ©]
S (muscle mass)olAl woll ¥ S715 = (Grobet et al., Nat Genet. 1997, 17(1):71-4). ©
o7k, <AzbellA, GDF8e] W|EA dlgdA(allele)> T7ME 452y Raug dle] osid, SHs A4
(exceptional strength)ol A¥ET(Schuelke et al., N Engl J Med 2004, 350:2682-8).

MEIH (activin)& TGR-HIE ol £éls o)A (dimeric) ZYFEI= A QAolt}, 2712 HWHaA HHd
B ol (subunit)®] EZo]&A (homodimer)/o]Z 0|34 (heterodimer) (ZH2F, PPy, PPy, and PiPp) ¢l 37FA] F
o e FHE(A, B AB)7F EA43 . A7F Alwe I, JEN C9F NEN EE mYslid], o] 7h
A FE IEEN, Be BE By BASE o]F ol g A (heterodimeric) FE] HA] FAF o] Tt TGF-#El tf
Fo A, AHRE Ao Bk MEolX T2 AkE FXska, Al =
(cell type)oll we} AEZ-F7] g FAAQD = FA4A &S FaL, H4F FAF vl(amphibian
embryo)oll Al Zul9d E3}H(mesodermal differentiation)E F=d § Ae 553 thF7led A&o]thH(DePaolo
et al., 1991, Proc Soc Ep Biol Med. 198:500-512; Dyson et al., 1997, Curr Biol. 7:81-84; Woodruff,
1998, Biochem Pharmacol. 55:953-963). Alth7F, A= Azt w4 WEW (monocytic leukemic) AlXEZH-E
29 HYy &3} A (erythroid differentiation factor, EDF)7} NEIHl A9} HU3 Aoz w3 AT
(Murata et al., 1988, PNAS, 85:2434). JNEIWl A& oA AIFAAP S FHsE 202 AJHJUT. o
Ao A, HER AsdAgES dd" FFoldA, <As|Rl(inhibin)el] o3 AIdHAT. M, H3A
(pituitary) 256 o ¥-x= T 2% (follicle-stimulating hormone, FSH)¢] W& &b, ANEHIS FSH #u|<k
e HH3s= wd, Q18] WS FSH 2919 43S opetrt. AENl AE&4 (bioactivity) s F4stal B/®
= dElo] ZAgtsteE vE g s Z8 A" (follistatin, FS), Z#2Aetd-#d @wld (follistatin-
related protein, FSRP)¥} a,-7la2F2EH(macroglobulin)o] ¥3H¥ T},

o

(

ol
X

X A= A sta, AE £9

d

of [

TGF-B Az 1837 118 Ad/Eded ZIyolAl =& (kinase receptor)? ©]7}s2] 53| (heteromeric
complex)oll 93] wmiZj=E=d, ol&2 = 2= o]Fd FF Smad dHAS <

(Massague, 2000, Nat. Rev. Mol. Cell Biol. 1:169-178). ©o]& 1383} II¥ &A= AZHA-FH J9& H
frate A3 AMExe E=d1Ql, 453 =9, aga d5" A"/EF 5

[<}
W2 (transmembrane protein)o|th. 14

- RS
Axd mvQler ¥ = e o A= Az AeHolr
1Y F8A= 2t=ed dgsta 19 s8] FdS Hfstel dasit. 184 119 AERl F8A= Hgit=
A o] 7ol P HAE FAstar, 119 F8A o3 19 5849 dstsE Fi=grt.

2709 BEE 118 F&A(ActRID), ActRIla9t ActRIIbE NEHIO] thal 118 F&A=ZA &5 AcH(Mathews
and Vale, 1991, Cell 65:973-982; Attisano et al., 1992, A|3E 68: 97-108). Alt}7F, HEIW, ActRIIa%}t
ActRIIbi= BMP7, Nodal, GDF8¥} GDF11& W]Eg oj2] th2 TGF-p v @Ay} Agstyoz Jsags 4
1tH(Yamashita et al., 1995, J. Cell Biol. 130:217-226; Lee and McPherron, 2001, Proc. Natl. Acad.
Sci. 98:9306-931 1; Yeo and Whitman, 2001, MoI. A3 7: 949-957; Oh et al., 2002, Genes Dev. 16:2749-
54). ALK4E= NER, 53], AEN Ao ieh A 18 &Aoo, ALK-72 tf2 AEN], 53], AN B
gk FE&AZA 7T,

TGF-#el Fet 749, dE 59, GDF8 Fi= GDF11o] diulate], g A
2l £ 7F8A ActRITa ZHEI=(sActRITa)E AW T 58 7}
k. 54 71 @ flol, sActRIla®] o]#fg &vh= o5 el o]&H 574 sActRlla
= et JdEdl A3H(IZ S (picomolar) 32l J<(dissociation

constant))& el o, AYR Agd=4d a3} I F2 =g o= 7tEnt. 7]l Aagle], #
ol MAIZEE, ActRIla-HEINl A&gEdo] HAXF{F, dzolet QIzbdA AYF FS ST/t Ao |
wsicl. dNABA (hematopoiesis)e OB EZ¥o]oBl(erythropoietin), G-CSF€+ 2 3434 (iron homeostasi
)= HIEE o 1Al o 2dE = High dAgolt. "HET £ FH "HET B4 XS A

Hog A#AIVs =A7]F(netric), dE W, dvtEAZ (hematocrit), BT (red blood cell count)<}

—
o,
ol

_10_
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o]
&= 2R (hemoglobin) HE=E A[FskaL, oy Wsprh WA= 7ol THAQ Aoz o=dr.

gk, & WAAA FHE vkel o], 7H8A ActRIIb EZPE =(sActRIIb) = AAWAIA BFAET FF&
771 g, ol ads g 21 71 S, SUb EntEAY sEs R e Vg

H|-17F 7ol diste]l 2 BAlAd i dolHE AF, AL AAE Adr7bsstar, uepa & dwol

A AAFOAFE QI ol2E Efs=EdA HBT AAE FXen AT FEE FTHNIIV] A

ActRIT ZHEH =S} thE AER-ActRII AIFEAE o]&3t= WS AAgTt. HENI-ActRII AddEH=

24, AERI-ZAZ 7F8A4 ActRlla ZFEI=; AENI-ZAF 7184 ActRIIb EZ|FE=; HEWI(ES], BA

T BBE AAHFHE HENI A T B o9l Adstal ActRIla 2/%EE ActRHb AgtS WA 7= A
te weA7)E 345 ActRIIbel] AgHst s

ActRITadl ZA3sta Aew 2SS =
W, ActRIIb = ActRITa 23S fete] Adgied H-FA djd(o
WL W0/2002/088171, W0/2006/055689<F W0/2002/0329255 =38},
ke AEE Fe Z=rmjle]l FF FAHE 729138 HWE =(randomized peptide) #O] E3HET. AE,
ActRITb H+& ActRIIa 23 5‘*3% Zh= 27)9] Aold WA (L & RolojE|(moiety)), 53], 18 (714
7Hed 18 HEN =& I [IF O, 784 118 dER 84 2 F99&5 747 Adsts dEn
Al(binder)= ©]F 715/ (bifunctional) A #AHE AFEs17] Skl A2 A" 5 vk, IAF ¢
Fapel HEHI-ActRII AL FS k= 2 zZ&A7F AERI-ActRII AIdEAZA  EgdG.
ol5|ul (2, A3 U3} oluke]; FX|gk, Ad|Wo] FE ZAo|A MEMNS HHEHo T A= AL oflt})
Ze) et (follistatin) (7b8, Ze]~ehel-2883 F2|2~ebel-315), FSRP, €Wl C, &wh(2)-viaza2ud,
28] M 108 A(108¥H X ]/‘1 w ¥l 2 U (methionine)ol 4] el (alanine) &2 ¥3}) EAWolx] HEW AS
H| 28k thekst ghldo] AENI-ActRIT AYEZ 4S5 zteth. dubdoz ) JdERlie giokd I, 53], 13

i
orﬂﬂ

N
FE&A A =rdeld WEE BRse e 119 F8Ad 23 & AW 24 39 59 (ternary
complex) & AT & gl7] wl&Ed, AFEd=EZA 7|sgrt. 7oz, <t~ (antisense) wAF, siRNA 5
= MEW A, B, C & E, 53], ActRIla B ActRIIb 23S Asists fRAA(ribozyme) ¥ 22 HAke]
[e)

NERI-ActRIT A@d=d2A olgd 4 3t o]&H= Olﬂiﬂ NEIRI-ActRIT A& TGF-Hel e] b
T3¢, 53], GDF8¥} GDF11el whu]sto], <NE|RI-vizle AsHdeds Asfsh=d d9ds vepd = v

 gAAel o] &H = ARk o 2 ool w7 uellA Zt &of7t o] &H= 5A e, dHtore
A ouE zten. B4 golv B W] 2AEI WY, 18l o]ES WHEI o &3t WS VEd
o] 2lo] AA A (practitioner)ol Al 7142 B (guidance) S A&3t7] Y3dle] dlrlol, T B HAAM tE
Fo A m=olEtt. o]y &ojo W9 Ee oule o3k §ol7t ol&He 54 AFoRFE Huld
Zo] e},

dutdo=z  "gEf'e S B4 e AYEE uHT o, S Jd dis 58 2 (acceptable degree
of error)& 2udttl, AFHo 7, drHQl & Qxt= A 3 e 53 HHY 20 HAE(%) ©],
£3], 10% oW, "< vtgAstA=, 5% o= A8,

tieto g 53], AESHH AlxvloA, "tiEF'e dAst X9 1 A7) A S(order of magnitude) ©luf, ®}<
AstAE, 5-u) o, YL vt s, 2-v] oyl FXE ougit), & PAA o AFH X% (numerical

quantity)< &g HWAEA &gv A5 JA}Xl(approxmate

g 7 ee ot

~

dl, oli= "ol WAHA ¥ A, 2

2 oo e Ad9s M2 Hushs @A, JdE EW, ofiE AMES s o] SAHolA|(AHE Hol
At vlushes GAE ST, APH R, ol Hluye d24, Fiokd de IAHE AE 4Y Z2a9
g/5= dargS(749, BLAST, FASTA®F MEGALIGN) S o] 83k i1iar A Ee] HEs xghsitt. GPx= old 4
oA, EARo7t 7] A e A4S Uxste d9ed, Ad AEo] AdHAY 44" A7E BiekA
R B A9 el "M(gap)"(AEH o= thA(dash), T "A"E FAE)S =Y AYS LolEA <4
g S Boltt

"5 8 (homologous) "> EE EHE Feol WalE Ao, FLI} Fo AEA A yzFE Guda)
Aolgt Fo AEAZEYH st didS vxe, "5 3E 7Y (common evolutionary origin)"S &
St T wuld Alolo] AHUBAE A HsT), ol WA (EE o5 UdxY i) FUA v]E(percent
identity)] ZHHoM = 5 7] e RE|Z9F BEY X9 EAd 98, 259 MY AR (sequence
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a
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rlr
o

"N FA
A Atolol F%

rlo

A GHel A, Tl s 7I9S FetAY FRekA @ Sl B opumad
SR EEER:

E4 S, B e ActRIT ZE| = AT, B Ao A, "ActRH"—t— 18 AER 84 Ak
S A AT

’ Ug <2
o A7) Aol AERL =84 B Hask AER] 84 B Hb7F 25 E3HE.
K

off A, & W ActRIla ZE|HEI=] HA . WA el A, "ActRITa"E 9lele] Eo @HE] o
Al e} Ha(ActRIla) w9 Ay =¥ o]f ¢ (mutagenesis) i o2 W] 23] o] ActRIla T
H fFalg wolAle J& AASE. & HAA A ActRITadl tigh AT Al 1€ Feff Tl gt
of thek gl Aew tEHEYy. dubE oz ActRIla Ao FAYS A|2EA-F33 o

el B2 7 =)l 28 d35E AY/EHLd JvelA S48 %

it

"ActRITa Z2]FE "o = ActRITa e 74U AA A ZHAE = F-83 A4S X5 olE9] WOl
o9 .

A(EARA, G, F3A, 283 FAH=2T Pel(peptidomimetic form) Z3IHE Edste ZFJHE=
AT W0/2006/012627). 7FE, ActRIla Z2]fE|=ol= ActRITa ZE|E|=9] A del HA3d
80% ELT MIE HAstal JolH o, HAg 85%, 90%, 95%, 97%, 99% = 1 o] FUNES 2t

[ mo

~ ’
o A% ActRITa®] MARRH fefd Zefe=rh Eoddvt. 7k, & @79 ActRIla Z2|iE]
ActRITa @3 B/ AERIC] Aestal o9 755 Aal|dt}. ActRIla —-g—a e = Aol g8
e Fxsks G4 diste] deid 4 vk ActRITa ZeE| =] A= <13b ActRITa A4 &2
(SEQ ID NO: 1)} 71843 <17t ActRITa E¥E|=(7}4, SEQ ID NO: 2, 3, 74 )7F EgEr).

QIZF ActRITa Z-A4 @ A2 ofgfeh

M o2 rr lo 1@ 3

MGAAAKLAFAVFLISCSSGAILGRSETQECLFFNANWEKDRTNQTGVEP
CYGDKDKRRHCFATWKNISGSIEIVKQGCWLDDINCYDRTDCVEKKDSP

EVYFCCCEGNMCNEKFSYFPEMEVTQPTSNPVTPKPPYYNILLYSLVPL
MLIAGIVICAFWVYRHHKMAYPPVLVPTQDPGPPPPSPLLGLKPLQLLE
VKARGRFGCVWKAQLLNEYVAVKIFPTODKQSWONEYEVY SLPGMKHEN
ILQFIGAEKRGTSVDVDLWLITAFHEKGSLSDFLKANVVSWNELCHIAE
TMARGLAYLHEDI PGLKDGHKPAI SHRDIKSKNVLLKNNLTACIADFGL
ALKFEAGKSAGDTHGQVGTRRYMAPEVLEGAINFQRDAFLRI DMYAMGL
VLWELASRCTAADGPVDEYMLPFEEEIGQHPSLEDMQEVVVHKKKRPVL
RDYWQKHAGMAMLCET I EECWDHDAEARLSAGCVGERITQMQRLTNIIT
TEDIVTVVTMVTNVDEPPKESSL (SEQ IDNO: 1)

AT HAEEE dY UE2 3AEY; HAEe Zude #2 SHAZR 3AHL, FAE N-dZ2d Sz
-9 (glycosylation site)& °]F UEZ FAHU}.
A7 ActRIla 7 (AES]), 7Had ZYPE= A EL2 ofe} 2}

ILGRSETQECLFFNANWEKDRTNQTGVEPCYGDKDKRRHCEFATWKNISG
SIEIVKQGCWLDDINCYDRTDCVEKKDSPEVYFCCCEGNMCNEKESYFEP
EMEVTQPTSNPVTPKPP (SEQ ID NO: 2)

Ase] mrele] C-Ed "nets WEE AET. ofd "ae]"h AdE MA(ALS D)2 ofdet gk

ILGRSETQECLFENANWEKDRTNQTGVEPCYGDKDKRRHCFATWKNISG
SIEIVKQGCWLDDINCYDRTDCVEKKDSPEVYFCCCEGNMCNEKESYFP
EM (SEQID NO:3)

ol
r1r

917t ActRIla AA] @wAL olzg
164-1705):

F= A HEe olgiel 2t (Genbank entry NM_0016162] FwE&#QE=

_12_
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ATGGGAGCTGCTGCAAAGTTGGCGTTTGCCGTCTTTCTTATCTCCTGTT
CTTCAGGTGCTATACTTGGTAGATCAGAARACTCAGGAGTGTCTTTTCTT
TAATGCTAATTGGGAAARAAGACAGAACCAATCARACTGGTGTTGARACCG
TGTTATGGTGACAAAGATAAACGGCGGCATTGTTTTGCTACCTGGAAGA
ATATTTCTGGTTCCATTGAAATAGTGAAACAAGGTTGTTGGCTGGATGA
TATCAACTGCTATGACAGGACTGATTGTGTAGAAAAAARAGACAGCCCT
GBAGTATATTTTTGTTGCTGTGAGGGCAATATGTGTAATGAARAAGTTTT
CTTATTTTCCAGAGATGGAAGTCACACAGCCCACTTCAAATCCAGTTAC
ACCTAAGCCACCCTATTACAACATCCTGCTCTATTCCTTGGTGCCACTT
ATGTTAATTGCGGGGATTGTCATTTGTGCATTTTGGGTGTACAGGCATC
ACAAGATGGCCTACCCTCCTGTACTTGTTCCAACTCAAGACCCAGGACC
ACCCCCACCTTCTCCATTACTAGGGTTGAARACCACTGCAGTTATTAGAA
GTGARAGCAAGGGGAAGATTTGGTTGTGTCTGGARAGCCCAGTTGCTTA
ACGAATATGTGGCTGTCAAAATATTTCCAATACAGGACAAACAGTCATG
GCABRAATGAATACGAAGTCTACAGTTTGCCTGGAATGAAGCATGAGAAC
ATATTACAGTTCATTGGT GCAGARARACGAGGCACCAGTGTTGATGTGG
ATCTTTGGCTGATCACAGCATTTCATGAAAAGGGTTCACTATCAGACTT
TCTTAAGGCTAATGTGGTCTCTTGGAATGAACTGTGTCATATTGCAGAA
ACCATGGCTAGAGGATTGGCATATTTACATGAGGATATACCTGGCCTAA
AAGATGGCCACAAACCTGCCATATCTCACAGGGACATCARAAGTAAAAA

TGTGCTGTTGAARAACAACCTGACAGCTTGCATTGCTGACTTTGGGTTG
GCCTTARAATTTGAGGCTGGCAAGTCTGCAGGCGATACCCATGGACAGG
TTGGTACCCGGAGGTACATGGCTCCAGAGGTATTAGAGGGTGCTATAAA
CTTCCAAAGGGATGCATTTTTGAGGATAGATATGTATGCCATGGGATTA
GTCCTATGGGAACTGGCTTCTCGCTGTACTGCTGCAGATGGACCTGTAG
ATGAATACATGTTGCCATTTGAGGAGGAAATTGGCCAGCATCCATCTCT
TGAAGACATGCAGGAAGTTGTTGTGCATAARAAARAGAGGCCTGTTTTA
AGAGATTATTGGCAGAAACATGCTGGAATGGCAATGCTCTGTGAAACCA
TTGAAGAATGTTGGGATCACGACGCAGAAGCCAGGTTATCAGCTGGATG
TGTAGGTGAAAGAATTACCCAGATGCAGAGACTAACAAATATTATTACC
ACAGAGGACATTGTAACAGTGGTCACAATGGTGACAAATGTTGACTTTC

CTCCCAAAGAATCTAGTCTATGA (SEQID NO: 4)

Az ActRITa 7HEA (Al29]) ZLFE =S A shs ik I ofge} 2

ATACTTGGTAGATCAGAAACTCAGGAGTGTCTTTTCTTTAATGCTAATT
GGGAAAAAGACAGAACCAATCAAACTGGTGTTGAACCGTGTTATGGTGA
CAAAGATAAACGGCGGCATTGTTTTGCTACCTGGAAGAATATTTCTGGT
TCCATTGAAATAGTGAAACAAGGTTGTTGGCTGGATGATATCAACTGCT
ATGACAGGACTGATTGTGTAGAAARAAAAGACAGCCCTGAAGTATATTT
TTGTTGCTGTGAGGGCAATATGTGTAATGAAAAGTTTTCTTATTTTCCA
GAGATGGAAGTCACACAGCCCACTTCAARATCCAGTTACACCTAAGCCAC
cc (SEQID NO: 5)

FE =l FAGT. E WAA A, "ActRIIb"E Yoo FoRFE o

=
7} EdWolF e (mutagenesis) i S WHEH & o]E ActRIIb T4
ghoh, 2 o m A Aol A ActRIIbol W3 AFS & seld

FH fE wolae] Fuke A Fe) Tl @
714 Gejel E AFel Ao . dvkg oz ActRITb Aeke] FAYLS A2 A-FR3 98 Bi
sl @zte-Ag AEe] E=EQl, e wel, aea 58 AYP/Eded slvelAl 48 2t AEA

o
ol
fr
o
it
1o,
E
2

b El="el = ActRIIb ek A€o 2l A ZeffE =g §83 FA4& #X
AlEddold, &, 34, 2ela Fel=xw Jel(peptidonimetic form) EFHE EFsh= Z2HE
EFETH(FE: W0/2006/012627). 7FE, ActRIIb ZEHE|=el= ActRIIb ZHEHE =]

FA MIE Basta JdoHow, HAAF 85%, 90%, 95%, 97%, 99% i 1 o] § ASS

sAE ActRITbe] MARRE fad Eelfe=rh sobdrt. 718, & 2wl ActRIIb &2 ¥
ActRITh w7 Bl/fs= NE|Hle] Agstal o]9] 7]5& A, ActRIIb Ze]FE| == Aol A
e Fxske S diste] AdEE 4 vk ActRIIb ZEE =] Aol A3F ActRIIb 74 Z2]HE
(SEQ 1D NO: )¢k 7F&7d Q17+ ActRITb Z2E]=(7}, SEQ ID NO: 16, 17, 20} 21)7F et}

>
TS i
N
[
o

(11

o W

[ ao

[ ot |r

gl
al
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S=50dl 10-1831534

ZF ActRITb AA] whd M Fe oo} ).

MTAPWVALALLWGSLWPGSGRGEAETRECIYYNANWELERTEQSGLERC

EGEQDKRLHCYASWA@SSGTIELVKKGCWLDDFNCYDRQECVATEENPQ
VYFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTAPTLLTVLAYSLLPIG
GLSLIVLLAFWMYRHRKPPYGHVDIHEDPGPPPPSPLVGLKPLOLLEIK
ARGRFGCVWKAQLMNDEFVAVKIFPLQDKQSWQSEREIFSTPGMKHENLL
QFIAAEKRGSNLEVELWLITAFHDKGSLTDYLKGNIITWNELCHVAETM
SRGLSYLHEDVPWCRGEGHKPSIAHRDFKSKNVLLKSDLTAVLADEGLA
VRFEPGKPPGDTHGQVGTRRYMAPEVLEGAINFQRDAFLRIDMYAMGLV
LWELVSRCKAADGPVDEYMLPFEEEIGQHPSLEELQEVVVHKKMRPTIK
DHWLKHPGLAQLCVTIEECWDHDAEARLSAGCVEERVSLIRRSVNGTTS
DCLVSLVTSVTNVDLPPKESSI (SEQ ID NO: 15)

NE PEss g WEE ARG A Edae e FNAR FAND, GA4H N-AdR Fends
H-9(glycosylation site)= a2 FA|HT

o17F ActRIIb 7F&A(MES]), 7Had ZEHAE = L ol Zr):

SGRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRLHCYASWANSS
GTIELVKKGCWLDDFNCYDRQECVATEENPQVYFCCCEGNFCNERFTHL
PEAGGPEVTYEPPPTAPT (SEQID NO: 16)

Ase] mrle] C-od "nets WERE AET. ol "ae]"h AdE MA(ALS D)2 otdet g

SGRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRLHCYASWANSS
GTIELVKKGCWLDDENCYDRQECVATEENPQVYFCCCEGNFCNERFTHL
PEA (SEQID NO: 17)

917t ActRIIb A4A ©@MAL Ax3gst= At AHE2 ofdl9 ZtH(Genbank entry NM_0011062] 72 QEI=
5-1543):

ATGACGGCGCCCTGGGTGGCCCTCGCCCTCCTCTGGGGATCGCTGTGGE
CCGGCTCTGGGCGTGGGGAGGCTGAGACACGGGAGTGCATCTACTACAA
CGCCAACTGGGAGCTGGAGCGCACCAACCAGAGCGGCCTGGAGCGCTGC
GRAAGGCGAGCAGGACAAGCGGCTGCACTGCTACGCCTCCTGGGCCAACA
GCTCTGGCACCATCGAGCTCGTGAAGAAGGGCTGCTGGCTAGATGACTT
CAACTGCTACGATAGGCAGGAGTGTGTGGCCACTGAGGAGAACCCCCAG
GTGTACTTCTGCTGCTGTGAAGGCAACTTCTGCAACGAGCGCTTCACTC
ATTTGCCAGAGGCTGGGGGCCCGGAAGTCACGTACGAGCCACCCCCGAC
AGCCCCCACCCTGCTCACGGTGCTGGCCTACTCACTGCTGCCCATCGGG
GGCCTTTCCCTCATCGTCCTGCTGGCCTTTTGGATGTACCGGCATCGCA
AGCCCCCCTACGGTCATGTGGACATCCATGAGGACCCTGGGCCTCCACC
ACCATCCCCTCTGGTGGGCCTGAAGCCACTGCAGCTGCTGGAGATCAAG
GCTCGGGGGCGCTTTGGCTGTGTCTGGARGGCCCAGCTCATGAATGACT
TTGTAGCTGTCAAGATCTTCCCACTCCAGGACAAGCAGTCGTGGCAGAG
TGAACGGGAGATCTTCAGCACACCTGGCATGAAGCACGAGAACCTGCTA
CAGTTCATTGCTGCCGAGAAGCGAGGCTCCAACCTCGAAGTAGAGCTGT
GGCTCATCACGGCCTTCCATGACAARGGGCTCCCTCACGGATTACCTCAA
GGGGAACATCATCACATGGAACGAACTGTGTCATGTAGCAGAGACGATG
TCACGAGGCCTCTCATACCTGCATGAGGATGTGCCCTGGTGCCGTGGCG
AGGGCCACAAGCCGTCTATTGCCCACAGGGACTTTAARAGTAAGAATGT
ATTGCTGAAGAGCGACCTCACAGCCGTGCTGGCTGACTTTGGCTTGGCT
GTTCGATTTGAGCCAGGGARACCTCCAGGGGACACCCACGGACAGGTAG
GCACGAGACGGTACATGGCTCCTGAGGTGCTCGAGGGAGCCATCAACTT
CCAGAGAGATGCCTTCCTGCGCATTGACATGTATGCCATGGGGTTGGTG
CTGTGGGAGCTTGTGTCTCGCTGCAARGGCTGCAGACGGACCCGTGGATG

AGTACATGCTGCCCTTTGAGGAAGAGATTGGCCAGCACCCTTCGTTGGA
GGAGCTGCAGGAGGTGGTGGTGCACAAGAAGATGAGGCCCACCATTAAA
GATCACTGGTTGARAACACCCGGGCCTGGCCCAGCTTTGTGTGACCATCG
AGGAGTGCTGGGACCATGATGCAGAGGCTCGCTTGTCCGCGGGCTGTGT
GGAGGAGCGGGTGTCCCTGATTCGGAGGTCGGTCAACGGCACTACCTCG
GACTGTCTCGTTTCCCTGGTGACCTCTGTCACCAATGTGGACCTGCCCC
CTAAAGAGTCAAGCATCTAA (SEQID NO: 18)

— 14 —



S50l 10-1831534

I ActRITb 7HEA (AE9]) ZFE =S Jdagshs ik 492 ofgeh o

TCTGGGCGTGGGGAGGCTGAGACACGGGAGTGCATCTACTACAACGCCA
ACTGGGAGCTGGAGCGCACCAACCAGAGCGGCCTGGAGCGCTGCGAAGG
CGAGCAGGACAAGCGGCTGCACTGCTACGCCTCCTGGGCCARCAGCTCT
GGCACCATCGAGCTCGTGAAGAAGGGCTGCTGGCTAGATGACTTCAACT
GCTACGATAGGCAGGAGTGTGTGGCCACTGAGGAGAACCCCCAGGTGTA
CTTCTGCTGCTGTGAAGGCAACTTCTGCAACGAGCGCTTCACTCATTTG
CCAGAGGCTGGGGGCCCGGAAGTCACGTACGAGCCACCCCCGACAGCCC
CCACC (SEQ ID NO: 19)

A FACAA, 2 w2 78 ActRID FERE =0 gAY 2 wAAC Z]sE vheh o], "7h8

ActRIT ZERE =" dnbA o=@ ActRIla B ActRIIb ©hdo] A wws xgshs ZePE=s X

A, 2 gAAdelM, "7FEA ActRIT ZFE = o= ActRIla B ActRIIb whd o] 2 WA AE9] &

W1 ole] wolA (AN, Wiy FE =y Fu ¥3H7h wgEh NEN-AT ActRID FRE =

o2, NEIN AA, AB, BB, i C T E oldglE iﬁ P fﬂﬂlg HI g AERlel] Ajtels oS A
T

o dojHoz, MENI-AF ActRII FPE=E 1 ol T 10}4 sl ez e AACl AdE Zlo]
Uh. ActRIT @do] Alaze] vl ofele] Agtsia, dwbHom,  7hgAdolar, webx 7184, AEnl-2
g ActRII ZRE =z WHd & Ao, 784, NE-A% ActRIIa Ze e = 4 gl SEQ ID NO: 2
3, 7, 129} 1391 dlAE 7H84 FeEl=rh gk, SEQ ID NO:7& ActRITa-hFe® A= a1, AAldoA ¢

< AAEA edn. A, HERI-AE ActRIla ZHMEI=e] U2 Adli= ActRlla ©jdo] AEe) =v
o olgfe] s A, & 59, ¥ @ d(honey bee mellitin) Tl AL (SEQ ID NO: 8), X ZHpxw|
w2 @AAA(tissue plasminogen activator, TPA) #TI(SEQ ID NO: 9) ¥+ 3L ActRIIa #]T](SEQ ID NO:
0)5 X33}, SEQ ID NO: 130 el|Al¥l ActRITa-hFe Z2fEl=% TPA ZHE ol &3th. 7M., AER-Z2%
ActRIIb ZEE|=9] deel= SEQ ID NO: 16, 17, 20 <JAl€l 7h&A ZEE|=rh 2gdvh. Aew-2%
ACtRITb Zo)ME| = k. ActRIlb chl o] 4] muol oj9le] A5 A, o= Sul. 29 g e (honey
bee mellitin) 28] AMA(SEQ ID NO: 8) X %4 Zgxvwezl EA42AA(tissue plasminogen activator,
TPA) Z1TI(SEQ 1D NO: 9)& ¥ 5 9

—

3L S

ActRIT ZZHE|=9] 7]5% &4 Lﬁd(functlonally active fragment)< ActRII Zz|3 ¢

Abe] Ab2slE Tt o R RE A ZT Hb2l o AAE ZYFAEEE AEEo gy FEF

GHe AEZQ Merrifield 22873 (solid phase) f-Moc =+ t-Boc 3}ty 72 Fiolof

ste] gtex oz M E 4 Q. olE W *ﬁ**ﬂ (A =z Aoz Ex 3)35h%
o] vi/f= = ActRIT @ = Aadde] AIEA(AHED)ZA 7|5 = = FEE dH S U]

O

|

& Fs7] A8t AArE 5 Aok 54 FAlol A, ActRIla ZE|FEI=9] 7]
= 3olA AElE= opm At A dol A 756 T ofv| Ak A4

A wWolA= SEQ ID NO: 2 HE 394 Abjrq—; obm =Ab Aol Ha3F 80%, 85%, 90%, 95%, 97%, 98%, 99%
EE 100% TUT ofuiAt HES HAStt, B A, ActRIIb ZEWE| =9 7153 WolAlE= SEQ ID
NO: 16 = 17914 AEE = ofu|wal Mdo] H43 756 FU3 ofn|wmal IS g3, 54 AbglolA,
ol2]3k 1% % WolAE SEQ ID NO: 17 H=E 1804 AEE= ofuik Add A3 80%, 85%, 90%, 95%,
97%, 98%, 99% i 100% FL3 ol gt IS W{IT)

# WolAl: A& &5 (therapeutic efficacy), & ¢Fg4(7FE, A9 wHk7](ex vivo shelf life)et 4
o Al TlEal (proteolytic degradation)oll et WAd)S ZsiAl7l& A 22 XS $138te] ActRIT &F
=o] Tx2 HyIFowm A" x ol oldl HEH ActRII == o 4
=] , AFA-2AL ActRIT ZYHEI =9 7154 S7FA(functional equivalent)® ZFHFE¥I T,
HEEE d2H, ofnnat AF, A, kel ejs] A = glnh 7B, olaFeldl i dde
Ao gelE NG, FTHUAGOR ofxiEgde Reld X3, AR Ede
A0 2 T opn4to R opnike] fAME XF(7ME, BEAY EdAR])
of Fag aE YEUA F& AoE ANste AL FEEith. REAL A3

1)

£
51 J
rE

(Vi
F\F
_1



A Ak el A #AskE X gho|th, ActRIT Z2|HE =] ofniil Mol WE7F 7154 A (functional
homolog)v— ABsteE Ao oJFi= ofAE ActRII ZFE =9 AR H2lo g AlE Yol ¥heS FX=35f
= o] ActRIT ZE|HE =9 58S HrMgo=zH &olsiA d4=E 4 ).

Fl

SA TAldelA, & ERddM s R E =] SYadstE WskA7] 7] ffste] ActRIT HEFE =] 5ol
=QolE AFdd. ols EdWol sy oo Fdlads} 9, dF ¥, 0-94E Ee= N-dZdE =
AAsE FAE =AY AAsES AduEn. ofxveil-dddE SElads) 14 Foje dRbdoer, E
FE =(tripeptide) M, ofzdfepd-X-Eded H= ofAd#piI-X-Ald (17|14, "X"= lefe] ofniih)

zEatedl, A7l Mg A Ax SYaAE ghel 93| Eolﬂoi g, ol WY of
ActRIT EHE|FE|=9] MAoA st ool A s E

L o o

froox fo rf &L oo O b Noopoh ofh o T O

A gl ofs] &dd 4 UH0-94d Fesds} 9l ?‘3 1) Jﬂi%‘ﬁ‘r 14 HH(‘%‘ T oUA

ol opwat dd)el A WA Em Al WA opndt 912 Foll A FE Es ol vqgRt opveit A
T 442 Mdd EXFEHE MM B2 43S FEIT ActRIT ZEFEE ol &4dta 2
ofEle] AE S7M7IE vE 2 ActRIT SR = =23 =9 shebd s g ddelt. o
%= 29 ¥4 (coupling mode)ol we}, T2 (a) of271d3} s|=E|W; (b) 8] 7F25H 7]; (o) el A
=4 7], Gﬂ% =9, A=l f8 AYEd 7 (D) #2 sfel=s4d V], dE 59, A, Eded, ®
Sfol =S A ZER %El sfol=54 7] (e) WEH A7), dE =W, ddLTd, HEA, Ee EYER
S A7) e () SFERE] opfel= Yo Bad 42 gtk ActRID ERE = ol EAsH: shy of

(f) = =
o] ®rEE EO]‘HE]?J AAE getdor /e ghdor Idd ¢ vt sEH fagadd
AzH, EFZFQ2HebdZ N (trifluoromethanesulfonic acid) &E, T 5719 3EEo ActRII &3
Fakgtt, o]y Ed AEe oivxAl AEEs 2 AHE §ASHEA, d4 D(linking
sugar) (N-olHE S FFAM e N-olA 22 EAI)S A3 7o T dAA Jdo Fus A3}, ActRII
ZFE = oA &8s RolojE]e] F4A Huhd Thotakura et al. (1987) Meth. Enzymol. 138:3509l 7]
=% vkel o], ¢ A= (endo)-F di(exo)-SE] FZAITIo}A| ] o] & o= T 21Th. ActRII Z|FE
o] A ol gy ‘j“:si Alz=gle] f3ol| wet HAstA =4

Lo

M o2
r

M o2 N, ofy

o A

= [e]
¥0]E}. dukA o 7, OL{M o] &%= ActRII S@¥dL tE X f/sE 2d AEF
=l = 3

| 6‘}11‘&, s Y IASE AT EHEE AES, dE W, HEK29

= EdMolA, E3], ActRII ZHE| =9 %3 = HolA|(combinatorial mutant) ME<} dF
O‘i JA (truncation mutant)& A&Eshe WS At 23 SAdo A AL 7|54 Wl MEs
olal=d 53] #f&3ttd. o]d =% glolB e (combinatorial library)E AHEeE Z4& 24, HEN
= e Ft=e ZAdske ActRIDI ZYFE= HolAE AbEste Aottt thekst AW A (screening
assay)©| st7]ol AAEEH, ol #A2 WHolAE Hrlst=d o]
iﬂ"i ActRIT gjt=ol AgsbAY, ActRIT Z|3E| =) ActRII 2|ZF
o o3 FEE NedEds dste sl diste] AEdrt.

Atk 7FE, ActRII ZEHEE= ®lo
o Ao oq]uc}omu} T ActRIT 2]%F

ActRII ZZHFHE E& o9 H ]ﬂJ gAge w3k, AE YolH-712d e AW B 9§ AAE
At 71, A Foste FAAke Zde tigh ActRID ZEHEI = WolAe] a3/t HrheTh, ol Z
Kol wep, st o]l AEF ActRIT = @l (7F, HERD Y EAlA F A, AEE ActRIT &
FE = "g/mE ol9] WHolAl, TEa Yooz, ActRII =S AEel7] 9ol H A7 (transfection)E
T Aok, FAHA, ActRID ZRIFEI=E AFH Ee g8 8o Fosx, s oo dd FHZ(blood
measurement), & EW, RBC &=, dEZFZN, & P48 #7F 719 5 o

Ak A ActRIT ZE|HME = vlste] ARl e dANkdog F7lE 858 2te 23-fadE HolA7) 4t
=9 F Ao A, EddHol - (nutagenesis)S A58k oFAE ActRIT ZE|E =9} 53] Aol ME
Y w1 Zhe WelAlE AEE 4 otk 7, WAE wES 1f ActRID EEHAEHEY I, e £
Aste frdete diEs] WA e oE AE 3o 9 A EHAY e d AskE ¢ k. o W
o[Al¢t ol5S QoY= FHARE ActRID ZEFE =9 w7 E 2ddowM ActRII ZHHEH = 52 W
A7l ol gd & Utk 7MY, #2 WUIE uS AR AEEH a3E AN, TR TE A
2dle] AR o, AE WolA Azt ActRII EYHEE 59 S 9443 A& 7FsaA & 4 dvt. Fe
Y oA, EdWols Y] ddEe] wigtr|E WA 7]7] st BA(EAEW) H/EE Fe FollA



217) = B
dal= 429 =5 glolH ]2l (degenerate library)el &3] A== 4 v}, 71=, A ar

2 AAA ActRII ZYFE = FFHLE = A %5 ME(degenerate set)7} 78 Z
, tom, O 2 §% @l AE(FE, A HAl(phage display) ] 4d-fol) &4 2
st7] flste], §HA Ad d®= aadow AZd 5 v

5 FYawId = MARRE A F5A9 ol s Ed F
B fAa Ade] stehA 42 As DNA R A A iE s
g Hde Wy iz AFd v 55 SfawsEder=e
Narang, SA (1983) Tetrahedron 39:3; Itakura et al., (1981) Recombinant DNA, Proc. 3rd Cleveland
Sympos. Macromolecules, ed. AG Walton, Amsterdam: Elsevier pp273-289; Itakura et al., (1984) Annu.
Rev. Biochem. 53:323; Itakura et al., (1984) Science 198:1056; Ike et al., (1983) Nucelic Acid Res.
11:477). °olE& 7l e aide] wakd 3 (directed evolution)ol ©]&% i ATh(FHZ: Scott et al.,
(1990) Science 249:386-390; Roberts et al., (1992) PNAS USA 89:2429-2433; Devlin et al., (1990)
Science 249: 404-406; Cwirla et al., (1990) PNAS USA 87: 6378-6382; U.S. Patent No: 5,223,409,
5,198,3467} 5,096,815) .

giete =z, %3 golBe g s AFEst7] st e Feje] EdWolfdo] o] &= + Uvh. 7FE, ActRII #
FE|= WolAl= oA=2H, Ldebd 279 E9Ho]f 3 (alanine scanning mutagenesis) 55 ©]&3F Ao o3
(Ruf et al., (1994) Biochemistry 33:1565-1572; Wang et al., (1994) J. Biol. Chem. 269:3095-3099;
Balint et al., (1993) Gene 137:109-118; Grodberg et al., (1993) Eur. J. Biochem. 218:597-601;
Nagashima et al., (1993) J. Biol. Chem. 268:2888-2892; Lowman et al., (1991) Biochemistry 30:10832-
10838; Cunningham et al., (1989) Science 244:1081-1085), H#A 2/Md ZEAHo|F(linker scanning
mutagenesis)ol] 23] (Gustin et al., (1993) Virology 193:653-660; Brown et al., (1992) Mol. Cell Biol.
12:2644-2652; McKnight et al., (1982) Science 232:316); X3 = o|(saturation mutagenesis)oll 23
(Meyers et al., (1986) Science 232:613); PCR E<1W ol 2] (Leung et al., (1989) Method Cell Mol Biol
1:11-19); ==& 3tehd EdWolf < (chemical mutagenesis) S& H|EI F2H9] EdWol-F(random
mutagenesis)oll &3](Miller et al., (1992) A Short Course in Bacterial Genetics, CSHL Press, Cold
Spring Harbor, NY; Greener et al., (1994) Strategies in Mol Biol 7:32-34), #}o]B 2|25 E A& &
g ¢ vk, A 213 EoﬂtﬂO]Oﬂl E53], 3 dAH(combinatorial setting)olA HHA 2719 =AW o]
e AFEREE4d) FElo ActRIT ZFPEHE=E gRlstr] gk oz 2l #hgolrt.

AC)

7 EAWol(point mutation)®t HF(truncation)oll o8] wrE| 23t glolB g o FAA AES MWL,
I A #EA, dA BEAAS 2e A A didk oDNA ZelHeglE Abdslr] $13F ZES 9] 7]
Lol ok FAH Q. olF V&S ¢ WOE ActRII ZHFE=9] Z3 Eddo]fao] o3 A&H
2 gfelB g Al&sk AHE f5te] Mxd & vk FHHAS §FHAA golHegE st Hg 4
g o] &HE Ve AYHor, FHA ol Eia]% A7 bd gz F29she oA, A3t ¥y g
ol 2 HAs MEES FAAIA = G, 2ga gt A4 HEo] AP Ee] AEd FHAE A=
ot WEe Audez golgt #EE 7t sk 24 st 23 FHAE Lk dAE XS
A gk FAo = AERL A A AERI-wiE AE AEAG Aol EEEY.

<
54 Ao, 2 2] ActRII ZFPE == ActRID ZHE = Yol Addoz EAs= Wy o]9d,
F7Fe] H% H¥(post-translational modification)& X383t 4= Qlt}. olE WA= od=2H, olxEF
(acetylation), 7F2%E23}(carboxylation), S| Z23H(glycosylation), <14F3}(phosphorylation), =23}
(lipidation)®} o} 3}(acylation)7} EFEA|NE o] 5o =35 x] k=t ZA32ZA, o83 ¥ H ActRII &
YFE| == H-oln it 84 o E W, A E# =8 F (polyethylene glycol), A& (lipid), EA et
o]=(polysaccharide) E+ RExAl7e}o]=(monosaccharide), Z2]ar <12k (phosphate)S X33 4= 9t}
ActRIT ZZFEI=2] 7154 (functionality)ol thdk o]¥l H]-olu]:=2t Q49 3= Y& ActRII ZZHEE=
HolAo tiate], 2 gGAlMe 7]&H nke} o] AAE 4 k. ActRIT ZZFEI=7F ActRIT ZEHAE =9 %
7] Hdl(nascent form)E HWggozN AXEX oA AiE of, HAE A2 (post-translational processing)
AA e el gk 43 (folding) R/EE 7150 F830F. ActRIT Z2HEH=9 At gy AHE o
H3l7] 9ste], o]yl HAFE dA4& fg SolHl AE 7 ERFA] 7S BAske Adolgh ME(H,
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S=50ol 10-1831534

CHO, HeLa, MDCK, 293, WI38, NIH-3T3 =+ HEK293)7} Aei=l 4= git}.
a2

E4 Zdo| A, ActRII ZgFE =9 1% A Wolx = WHYH o ActRII Z|FE =] HAT g
sl o)A §3 =S Biele §3 wwldo]l x3ETH, old §3 wWele dy FXE A 3

oo

W
A > e Mo

3]~ €] (polyhistidine), Glu-Glu, e—rE}E]L S Hol&(glutathione S transferase, GST), ElL#%S
(thioredoxin), @™z A wwz ¢ HAFZEY =4 % G (Fc), YE A~ A7 hilE(\BP), T+ 9
(=B

g4 gF-Ho] xEHANE ol5d FgEA] etk §F =Ml ddke EAS T s Mg, 7
AR g3t =vQle X3 AZntEad ] (affinity chromatography)ol 9|3k g3 ©hilde] Eald &
stth. Hstd AAE Slste], Mg ARvtEIadae] Age 7|WH(matrix), A& £
ofbAl-, Zn Y- EE IYE-FTEH FA7L o]&FHTE. ol 7Nk FelA oiF
S, Pharmacia GST AA Al=®3} (HISs) &3 Hohel &4 o] &5+ QlAexpress™ Al ,L(Qlagen)oi 7H&
stttk o AHEHEA, & HQl& ActRIT ZHFE =9 AES &olstA stesd Mdednt. od HAE
o Adlele st FF S A(FE, GFP)I "o T EX B T(epitope tag)"7F EFEH=H, o]F H
Hog, EFolx<l 7t gk g JFEHE AMdoltt. FolAQl @dEE AT &olatA rhegk g
= Fdl2p vlo)# 2~ FwZFE]d (influenza virus haemagglutinin, HA)¥} c-myc
T =Wl ZREokAl A F-9](protease cleavage site), o1& W, 2
Al (thrombin)ell tigh Z2eolA] A F9E HFsted, 7]
1

of ¥ =L

19
a7b xEET.
EE

do o

A} Xa B F9E #E Z2eolArt

Y diAE BExor Auste], o]2REH Axy dwldo]l fEjE £ J=F vk foE oA o%,
2F5o] AzntEad ] F2](chromatographic separation)ol 93] §3 Z=dclozRy Eajd 4 du}. EAH
nhghA gk Aol A, ActRII Z|HH == AA|HolA ActRII ZHFEEE MAFA7I= A3 =
W) G " oleld sl Pam B, A oF Ha¥ A4, Ei O A &
ol 7]l Holl FGEgle]l, EH WNUIE FUHAIE FAVME 4“]5{‘?} HWAI2EYY Fe F#79 &8
< S A9 duldof upgA st ofFetH EAS Fojche ez &EA duk. fAkeHl, At @ &
SRl g3 vgEAd EAS 34T 5 k. /LE—’[JQE e ¥ §F3F =HEdede oEst
(multimerizing)(7}%, O]ELﬁ‘r(dimerlzmg) A}ets)(tetramerizing)) EWAT 7154 =WQ(F7F4¢ AET

E=

EA degzA, 2 uy
. _

. SEQ ID NO: 6)& A|A| sk},

THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVQ(A)VSHEDPEVKFNWYVDG

VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKC5(A)VSNKALPVPIEKTISKAK

GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
PFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN (A) HYTQKSLSLSPGK*

71A el EA AeEA, B WA E Fc E=d|<o] 8% ActRIIbY 7184 AES =HAS ¥33e g3
w2 (748 SEQ ID NO: 21)& AA 8k},

g

SGRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRLHCYASWANSSGTIELVKKGCWLD
DFNCYDRQECVATEENPQVYFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTAPTGGGTHTCP
PCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT
KPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPVPIEKT ISKAKGQPREPQVYTL
PPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

olojA o Fe |l Asp-265, 24l 3229} Asn-4349} 2S 7oA sh} o]ite] 7E w&dt EA A}
gl A, o5 EdWo] Fo|A Flt o] (71, Asp-265 EHW])S HF5tE WMol Fe =9l oA
Fe Z=vQlz} wlmste] Fey S8l dlg gaw A3 58S Z2Eeth. o2 AlgelA, ol E<¢Wo] FolA
sl o] (7hE, Asn434 EAWO]) S HFeE EAWOIA Fe EHQle ofAE Fe =W vl wale] MHC Z)

F
2 -9 P8 A (PR B3t Z7bd A% 598 e,

7Isd e dAshe qloe) WAew Add 5 AB} 7Fd, ActRIT E2]
Ly



v7h7) (circulatory half life)E Z3A7IAY, & ActRII ZIFEI=9] dlEs] WS 7AaA 7T, o9
22 ks wydE 7 WA (24, ActRII ZHHES A wudS x¢ste 3 oWd 23,
= IAs 9] HP (=M, ActRIT :‘—EP“E] of :L‘ﬂi%'_i’r F91e] 71 23, e gpstE Kolo
o] W (dEM, ActRII ZHEH=ER Y Bests Rolojy o] A7 xE3h)o] 23H XN o]E5o wghE] =] &
=0 & HAACA, A s =Wt 3 dAY] A9 AY 3 EWlJACFE, Fo)& AT BRk o}
Yl H-d A A ¥ (nonproteinaceous modification), olE& EW, 535 HolojE], T H|-dwlzdA 1
olofE], & £, ZdEd FPFS EE3IY.

E4 FAdolA, 2 @i ActRIT ZqE| =9 F8d 2/Es AAE FEE 7Hssi sk, olg2
o dwid 2 BE BEAY, B U8 dido] AAxor EASH] F=tl. ActRII ZIYPE=E Anky
o2, MxF Ao wRY FHd o AYikE ot}

3. ActRII ZHFE|=E A3y slE= A

E4 SHdA, 2 dyoas E WA JiAE T, 753 wolAet &7 %‘ﬂé% H| 23k Qlo]o] ActRIT
ZYNE =71, 7F8A ActRITa ZERWE| =9 7H8Al ActRIIb ZENE=)S A3dgsteE Bed L/Es Az
g Sk Al Mﬂr. 7F4, SEQ ID NO: 4= A4l &4 QI%F ActRITa A4 & JE]E%— Qs st Wb, SEQ
ID NO: 5% ActRIIa®] 7}+ﬂ AEL Zwels ¢lmystt. 7k, SEQ ID NO: 188 =kl kA <17k ActRIIb A

A=)

TA ZYFHAEEE Q7Y s= ¥hH, SEQ ID NO: 19% ActRIIbe] 7F&d A2 Zdels <l =
o ik @A 7t (single-strand) & ©]%F 7F(double strand)elt}t. o]& Ak =

5 A o 2A, ActRII ZFE=E A3t o, v AH4A A=A, §A1A A
WHol )R A o] gd 4 Q.

oA, ActRIla ZEE| =5 Qladsh= ¥ Uro] 3i4ke SEQ ID NO: 4 FE3= 59 WolA ke ¥4

2 gEn. 54 SHelA, ActRIIb Z2FE| =S dadshs & 2y e] 4k SEQ ID NO: 18 Hi=
A AakE e Ao Elt} oAl rE LB = A= st o] rEUlLEE A%
Adel o FHEE Ad, 95 , dsd WolA(allelic variant)7} EgHE T}

e o o rE

H
©
10
[Sale: |1

Wodboll 4= SEQ ID NO: 4, 5, 18, Hi= 199 A3 80%, 85%, 90%, 95%, 97%, 98%, 99%
100% g FEE EE A A AL AAgeh G ASHE vhek Zo], SEQ ID NO: 4, 5,
18, E& 1990 AdrAQ 2k Mg, 1g]al SEQ ID NO: 4, 5, 18, Hi= 199 WelA] ] & el W Ulo
ATH. T2 FA A o] Ak Age BYEA, AT B/EE oA wEULHE Add §
&5 711 DNA 2ho] B8

2 A, & o] siteli= SEQ ID NO: 4, 5, 18, i 199 EAE FEHULEHE AL 1=z o
sk 4 dol %*éﬂﬂ% FTEULEE A4, SEQ ID NO: 4, 5, 18, Ty 199 HA AY, = o5 dH
AAl EFET. 94 AFE upel Fo]l, FXE= DNA EASH(hybridization) & FHXshe HAg ddx

Ed]

].

ol'

£ Adgt dEE(stringency) Z7o] ¥3bd & U5S &olsiA AT Aolth. 74, diEf 45CHA 6.0 x

A3 EF(sodium chloride)/AEZ4APYEF(sodium c1trate)(SSC)°ﬂ/‘1 EA38}, o]F 50TolA 2.0 x SSC2

AHE FE 5 ok, 7FE, AF el 9 s 50Tl thEF 2.0 x SSCO W2 AR WA 50Tl A

EF 0.2 x SSCO =& P =olA Mg 4 v}, o]o] Y3, MH wAA 2xs A2(HE 22°C)olA

e ddn 2 giEF 65T w2 PHEE 2R FUHE 4 Arh. *E9 ¥ BT HsHAY, £
L

(stringency) Zz1o] ®W3ald 4= AdS& &olslA AAE Ao}, D‘“X} DNA A4 3H(hybridization)&
zx719]
1E

N ﬂ

-1ﬂm

the Wrh Weks whdel] 2k e 9 ke A 742 ¢ Ao @ Aol A, i A2l A
6 x SSCO] % A= st &Ad3tEar, o] F A2 2 x SSColM AlH == ks AA T,

42 ZE=(genetic code)olX %E (degeneracy)® <13t SEQ ID NO: 4, 5, 18 & 199 A% 4tz
He= FaE 4k A 2 a o] e el ok 7FE, o] ofnAte] st o] AtsE(triplet)ell
o& AAdr. Fdg o =AE Wrlste IE, BEE F ool‘ﬂ(synonym)(ﬂeé, CAUS} CACE 3s]l~E|de] digh
&% ol (synonym) o] th) & TR ] oluiil M) ks FA ¥E "IE" Ed¥lE fxdrh. sHARE,
Boubgo] dhulA o] olu At HAolA WELE f2sE DNA HE 934 (polymorphism) o] X5 A|E Afo]
of EAE Aom ogEt. FHATE IAGE viey o], 5A dWAS 1A st Hake] sl ol wE
YL E|=oA o5 Wol(wEUE =2 Hu 3-5%)7F AR A thHEA Wol(allelic variation)Z Q1] &
At Fof A Ateldl EAE = ). o9} T RE wEULHE ®ol H Ao olnxit g E
gl 19 el et
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lo
2

o
ey
2

13 2% A (expression construct) WollA s o)At %
d FEAQEHE MG it oz U olfHE &3 AX
o %

o
) A d s 2 Aol FAe0] . A3
51
H
ar
[e)

2 X

N

b

offt

N mE

— =
Ay off o2

ol

ol

X

N
Y o
L
n
o

2
e g
ot

(M oo BN

0%
N
[«0
ol
=
S
oy
2 o
BN
N
12 =&
o
to
Auj
[
o
e
o M
[kl
HU
1—11
YU
o F
m&
Ak
nj
F(‘
a
fol
o
e
0 M
jad
o o
—om

>

)
r o
i 2
of\
il
2
2

]

t}. olE = EH—‘E A Wy ZERE, = st

o A ol 3% (episome),

Jflch, vz sk A 4o
Z3h3it, AeEr)s

Jo
k
ox
[kl
f
o
o
o
= q
b
Rrie
i, -

©
ox.
lo,
[l
iU b8
B
™
1o,
o
F
il
ot |
= o
gﬂ
rir

2
i
g
=
k)
ro
=)
[
(=
I
w
=
e
ox
=
N el
= 0,
Ik
- M
* n
[
fr
{0 3 E
o
4 8
)
T

S
X
)
o
N
S
ofr
ol
X
(<0
ol

yo TN o

(expression vector)dl @A AlFHct. =4 Mg
et s e, mebq 24 Mdels Z2RE, JAA
AL Goeddel; Gene Expression Technology: Methods in
Enzymology, Academic Press, San Dlego CA (1990)° A 71<="). 714, ZE7FssA A4%3 DNA AL
1S Aoste thFst B Ao] MES ActRII ZYHE=E AFAYSE DNA LS wHasH] 95ty o5
HEo] o] g&HTh o]y {F&3 W Alo] Mol =M, SV409] 279k 7] TR, tet TEKE, o}
wulolgl s EE Alo|EvzdRulolg s F27] TEFE, RSV ZERE, lac A28, trp A28, TAC = TRC
Al2=®l 17 ZERE (]9 Wd2 T7 RNA a6 o3 #Agert), X ©ri(phage lambda)e] T8 2.3
olge} ZEHEE P9, fd I w@Fd digk Ao g9, 3-FEMEARIAE FIvbolAl (phosphoglycerate
kinase) =& T2 Fidl(glycolytic) &ad e Z2RE, A AQi7Mg#38 &4 (acid phosphatase)9]
ZRE (7}, Phod), &E a-1v ¢AH(mating factor)d] ZZEE, ujFZulo]#](baculovirus) A]Z~ElE]
A A (polyhedron) XZ2XE, o} 18 A H= o5 Hiolg|A9 fFHAe] BHE Aojsle ALR
A e v A, o5 u¥d 27 Tol xFgET. d WEe dAE FAMIEHE 5 Mxe] A
g g/ ddEs dete wuEe] gy 2 dxpel] A"k A, WE 9] ARZS(copy number), A}
B2 Aol =83 Ay dEe o3 daygEE oo e umA o2 =W, A4 vlH(antibiotic
marker) o] @ SA] FaEojof g},
2 Aol Az 9
g Wy Y2, FEE F3A EBE ol IS ARFoEA
NS glgh wE WEAgE & iul
colNolA wdo] A3

H
f Fehavs, pEX-F

), T T RFA Edel A3
Az S ook, AxEF ActRIT 2 HE =9

d, 43 Ax, dF 59, dEdE.
%3 m}- pBRSZZ—%EH?l Eehsv| =, pEMBL-F-2i
1=

AR TRHFE Ld HEE A el dEe FAS goletA ste 48 AE, a3 3 MxzddA Ly
= sy olabe] R AAF @9 (transcription unit)E E5F EI3TE. pcDNAI/amp, pcDNAI/neo, pRe/CMV,
pSV2gpt, pSV2neo, pSV2-dhfr, pTk2, pRSVneo, pMSG, pSVI7, pko—neo®} pHyg f#l¥ WE+= A Axe] g2
7+ (transfection)o] Adet LHSE wa wE o Agolt), o5 Wi Foa AR Yaln A8 HE BT
oA EAe} ok (drug resistance) MBS &o|alA sl At FEkav|=, o & W, pBR3Z2EFE AE=R
HEEY. tetew A uFZEnl wlo]g X~ (bovine papilloma virus)(BPV-1), i+ ¢I2ElQl-ni= nlo]g{x
(Epstein-Barr virus)(pHEBo, pREP-f-&]¥, p205)¢} & vlole] 2o HFLA|7F 23 A EoA] whulde] AA|ZA
]l o] o] &= & Stk tE npolya(HERubolY 2 X3 Wy Alx"e] A= s, 4 al
Alz='le] Ao E1% = g}, Zotan =] AR 9 &5 AEAC FAHS o]&EH= vhgd WHol
okl 9 FAHo] vt I} JI AE E o AFek vhE Bl AlAg P Al AxF AA)
T Molecular Cloning A Laboratory Manual, 3rd Ed., ed., Sambrook, Fritsch and Maniatis, Cold Spring
Harbor Laboratory Press, 20013 ZFZ3tch. A4 Aldlol A, wjEZulo]gj 2~ e A]JAElQ o

YHE=F Bl Zo] wiEASIth. o]y wjFEEulolejs wrd Ajxwle] Ao pVL-frEiE WE (FH,
pVL1392, pVL13933} pVL941), pAcUW-fele #E (713, pAcUWl), —12]al pBlueBac—frai¥ WE (718, B-gal
B pBlueBac 111)7F 3¢},

J}.oi N x3 =

2 8E FA| ool A, CHO A EoA] 2 o] ActRII ZE|HE =9 A4S $3 ¥lE, o & 59, Pemv-Script
W e (Stratagene, La Jolla, Calif.), pcDNA4 ®E](Invitrogen, Carlsbad, Calif.)®} pCl-neo ®E](Promega,
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Madison, Wise)7} AAETt, == wpe} o], & whgo] fAx fF2A= G2, AE 43, &8 o9
A Ee tﬂo]xﬂ Gl S v E g dS QST Yete] wlge R FAE Ao A I do] ActRIT EE] 3]

o

19
ol
fo
t
s
ob
<
%)
ox
fo
e

T
oL
lo
=
a
o

I
o

g
Buj

zo i3t =Yg AME(7FE, SEQ ID NO: 4, 5, 18 E:=
& AXe] BAG. &3 *ﬂib °144 48 == 19
1ok, 719, 2 @ e] ActRIla ZHPEI == A AEZOHE, HA™HE(E coll)), A, g2
2 2~Hl o] L= IH5E AEoA dadn. e g3 <5 ﬁr—t— og;pﬂ;ﬂ

4 ActRIT ZFEI=E AASIE o #AA e, 7}
A 7ol

2 ActRIla EEt ActRIIb Z¥
HEZ g EJZ%% Els

do] IPHEF sl A-dgh
= A2} wjA o] =3 %ETH
u} 53] (membrane fraction) ujjol
Ha, AEe F7EHIL &) Uﬂ], *(}7] chul o 2 &3 AME, A tE E
fratoh, Al wikel ARbe wiA= "Htoke] dEl FA|FHo] vk, & WOl ActRII ZEHEEE o2
azvEadgy], A oy azetEady, oo (ultrafiltration), 719 % (electrophoresis), ActRII
ZFE =9 EX Y EZo] Eo]z <] ﬂiﬂ% o] &3t WA 3MA (immunoaffinity) A 2 ActRII Z2]FE =0
Sgd =ddo Agst= 2 , ActRITa-Fc ActRIIb-Fc &AL AAst=d dWd A Zdo] o] &4
UHE o8& s} éﬂe tﬂ—ak??}, Gl S GAstr] gk FEoke] 3AE VeEs ol &3te], AlX )
& WA, sF AE, B E EFESY FEE ¢ dvk. agAg FA el A, ActRIla EHFEHEE AAE
&olatA st =HelE % T doltt, vigA g FA oA, HAA= =M, qlo]e] #AE ol
ol 37FA o] o 79 AZvETYT dAR GdEnh: g A I2vtETT, Q AR
oA ARnEIHT o FAZuEHY, 37 uiA ZERE2dY, 8o 9ol wE g Enf
Eady. AAe H}O] 1w quJr viral filtration)9} €59 W& (buffer exchange) o2 $€Z2E 4 Jub. 2
PAA A S nke} o], ActRIla-hFc @ AL A7) oA ZZvtErefvo] o3 AAA >98% 2 SDS
PAGE®] o3t AA oA >95%9] ¢E 2 FAHAT. ol FFo 5+ AFA, FAe v-QAxt FGFAA vt
g avE gAY SRS
& FAldelA, AZF ActRII ZHPE =9 dstes FiE9 N-gddA AZA #u Mg, d8 89, =9-
(His)/ el 27| ol A (enterokinase) At F9 HId& = A= NI 2% A (netal resin)E
o] &g Hshd ARvEIHI o, IddE §F oA 7bFeetAl & ¢ dvk. A By AEe
o]%, A ActRII ZIHE=FE ATt fste] Al 27)velAl Aol 93] Ao AAE F A (F=:
Hochuli et al., (1987) J Chromatography 411:177; Janknecht et al., PNAS USA 88:8972).

ﬂl‘_é‘: oH,

o ) rf rk

=
i
=
 q
i)
¥
5
£ ovo g
=
2
HU
o
= 5
itk
AC)
i)
ML o
[
s
>

Ky i %
M o mol X r-lm

L mlo

8
ol

o ls
2 oo
i o
o

T AAAE tEE Ve dE] XY . Eddow ) Aol ZFHE MES TP thYE DNA
o] Ao EAAQ V)% EE]—E}, 7;3%% 93t Fd-dH(blunt-ended termini) HE ZAA}-Lk(stagger-

2
ended termini), A&3 DS AF3F restriction enzyme digestion), A& @ek(cohesive
end)®] AL(filling-in), 9z &= é?}% AeslsE gzl EAvElolA|(alkaline phosphatase) 8], =L
g3 &4 AF(enzymatic ligation)& o]&3te] FhHTE. thE FA A, §3F FHA= 253t DNA F47%
A& HZEE SAAQ Vsl o3 FdE & Ak, Uide R, FHA dHEe] PR FEHS 279 dAfsE 7
b 2| Apololl AEA 2 & (overhang) & 4HEehE Y7 ZEbo|w (anchor primer)E o] &3te] F3d 4 U=
g, ol& FHA @S AFol ojdi@H o] FiHEg FHA AES AET F Jrk(FHE: Current Protocols in
Molecular Biology, eds. Ausubel et al., John Wiley & Sons: 1992).

4. otz NEJRIF} ActRIT A3HE 2

2 YA AFE dolEE HEIRI-ACtRIT Alodgy ddEH] 484 Ee dEIEZR 58 7=

o] o]-gd & W3t 7F8A ActRIla9h ActRIIb ZEHE =, 53], ActRIIa—FcQ]- ActRIIb-Fc7} A%
e d¥gEdola, old AgEHol AE|Wl U3=E(antagonism) ool 1A (7HE, HE A= ofvl:,
TGF-beta t¥e] th& THAS HE FRIAT £xo] &S Adlsh= 2E&Ae] F419 Axolar, o)yl o
A A= GHPAG wiEAg avE FESHS Fid A48T 7 IFE F 7 U O}ﬂ‘j& g0

EH (7=, HENL B, By, Beb Bp) @A, d-ActRIla A, 3-ActRIIb A, <FEJAlZ | ActRIla Z/TE
ActRITbY] A2FS AdlstE RNAL e 24 i, a8]a HERN, ActRITa Ex ActRIIbe] t&E AHIEA,

s J::
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ol

ol
el
2]

. MEIN-ActRITa B/EE BEU-ACtRID 28-S sk AEAS nEL, BE F32) FElN-AcRII
b o

Al 8 Zisli 71t

N
o

ActRIT ZHMEI=(7}4, 7F8Al ActRIla FE ActRIIb ZEHE|=) 9} Sojx oz wke3la, ActRII ZEHE =
2 xFate wztsd AgHor Agat AcRI-UNE AEAEE A= FA7} ActRII ZLHE = @
dol AIEAZA ol&d & Avk. FARHA, AEW By, B, B9t B EHUHMHE, EE o5 o]FolA
gp HolHom Whgakal, ActRITa R/H:= ActRIIb 23S d3ets AZF AIEd2A o)8d 5 Ut

ActRITa EZZE]=, ActRIIb ZPEE e JER] ZYFPE =2 HE FdlE¥ WYY (immunogen)S ©]§32
2, g-chid/E-AE = 3y A (antisera) v HEE AV £ _iii(standard protocol)ell 2] |
z9 4 du(F=x: Antibodies: A Laboratory Manual ed. by Harlow and Lane (Cold Spring Harbor Press:
1988)). EHEE, d2 59, A7, #2H £ E7E= AW, ActRIla EE ActRIIb A= A YA
& el (immunogenic form), f‘foiﬂ “ﬂ}"(antlbody response)S 52T 4 v FY @A, Ee FF oidE |
9" 5 Q. ded e e = WY (inmunogenicity) S &ofskE 7ol HAl(carrier)el wiE
(conjugation) H+= Gokel] 9 FX¥ o 7] o] E3HT}t, ActRII T NEN ZgHE|=o HgAA
Fito] ol E(adjuvant)®] EAl slell FoE 4 k. WHEe P I
(antibody titer)9] HZol o&] EYE=E 4 A}, FF ELISA & o8 HAIEML2
sto] A S WrlekEd ol &E 5 vt

i
o

MEIR] | ActRITa ¥+ ActRIIb Z# % HEJ FAA 23
st Afd, bgEE FA7 % A

=
Z7)E BAE FEEiH Adn T
ol H.

d
e

l:l:

:

AN 4
__>|‘_',4

2
52

do

o

Ho ngt
ol
2
OQ‘J
N
|
ox
24
=,
%]

ol M ¥ Mo

(o]
A
A 2 M|E(immortalizing cell), ¢
Fhybridoma) AXEE Ak A

EH, 5% Axe st stolHen s ot oldl 7] Fofel g

A Fo] d=d, 7)== A=A, stolH e Enl 7]&(Kohlero} Milsteinol ol8] Hx= 7| ((1975) Nature,
256: 495-497)), A+ B AXE sto]B g =vl 7]& (Kozbar et al., (1983) Immunology Today, 4: 72), 1%t ©@&
2 gAE AAskE EBV-slel B =n} 7]&(Cole et al., (1985) Monoclonal Antibodies and Cancer Therapy,
Alan R. Liss, Inc. pp. 77-96) &°| ¥3Ht}, O]—O]__E]EU]- M= AEN, ActRITa =& ActRIIb ZEFE
o} Boldorw whgale A 9 ol stolHE|knt AEE EFetE WigHomRYH FEE WHEFE EA 9

=~
qog MdE=

Ak flete] A sEA T Atk

2 Al A, "FA"E A2, A9 ofo]AERSI(1gG, IgA, IgM, IgE ) ¢+ FA (whole antibody)E
oustar, AelE FAFH WEshe WAIFREYY] ¢ EE wrRls AT, A TN Vles ol&
st dHstE 4 gl olE dHe F84 W/EE BAste 54 JduExote] Jo Aol diste] AHdE
Atk weEkA 7] ol 54 dlAdn duidgoR wkgd 4 e A B4 uiEs-dud EE ARg
Az dFEe dEs Faitt, oy dwid] B/ne Alxd G F-AgA Adele Fab, F(ab')2,
Fab', Fv, Z28]3 FE|= FAC o8] AZ= VL] 2/%== V[H] =HS BA3he 9 AME A (schv)7F £
SETE, scFve 3 EE H-3f d4uo] 27 e 7 oY A3 FHE Eidste dAE FAE 7 Uk
FA =, FA A% FAY gEFR, GFR, 1= O AAdY 2¥qAS 223 "Axg FAE B
2 A&t 7|es ol gste] FAlE diozRE UHE A, e WAIE2EU] I A =, dF
E9, 123} A (humanized antibody), Hv¥ @Y A& FAZFE dAdE ¢ A7F &4 (human antibody)
£ 9rgintt. @ =ud3 9 ARE A FA] AR A" T

54 FAdAA, & FHe] A= GFE FAoln, 5F FAdelA, & HHE Agrdk FAE s W
s AAET. 7FE, ActRITa ZESIE|=, ActRIIb Z2FE =, E= HEN ZPE| =] Solxow ZAg}s)
T WEE FAE AEse e HdE/rEE WY whes Asted a4 I3 FEHPEHEE Fhske
el 2% (inmunogenic composition)®] YAZFS AF | Folats oA, AAZNEH FA-AF A, ¥
Foz2HE filE A¥)E F5EIE @A, FA-AN AEXLE ST AEXY T8t FA-AYA stol B Eut
& 538t oA, g FA-AL stolBeentE AARste] ddo] SolFo g Afste dEE FAE A
st stolHE|wntE ERIste WAE EEsT. dd 59 stolHEente doAHor, dolHEn-fHd
A7} el Bold oz ZAjtste dEE FAE Adste wid 21 stell Al v F249 ¢ Aok
GEE A= AE wigFH o RE AAE & drt

FA et Bkl o] 8H FEAF "SolHom wkEsh="e FiofllA Uk ow o= wieh o], V]
A7y 24 FAOOFE, AR, ActRITa B+ ActRIIb ZEFPE=)F H4314] F= tfE 9 Alolo] &3] A
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gAolx, 47] FAE Aad, 54 B9 AReY Amd eld 24 P EAE A e
AL gt AR A8 2 Y] FAS ol 54 WM, UE B $F0] AW Solgo] u
gt @22 e It or, o= FUd} wA-RkgAd (cross-reacting) EEPEHES FIH R
Wahed 99 we FA(EE FAS waste)E 2t GA G 458 Sol4el 9 T @
A Ege Fel e FAle] Askyolth. Ask: Holgo] AFF WS Mol WspYoR vyl Fu
AR, AwAoR MEse FAE g 10, 100, 10, 10 EE 1 olske] Askd(slE Ap)e Ren
ool Watel, mirAE FAS Aty fAste] FAS ARstid o §HE /&S FE8 FA S0 9T
& % % Ak 4R, A7 g3 FuelA el AFshznl ol gHkA, S Ag(solution binding)E 7
sk Aol whg AT, GAIsh FU Aol 4TS PAstel B3 MAAd FAZ FA5] Aske] oy
gabat sl%o] sHgaith. o7l ol ELISA, ®W Feh=E ww A% AAK

7}, Biacore™ A3t FHA},
Biacore AB, Uppsala, Sweden), M=$]% ZFAl(sandwich assay)(7}%, A4 B]=(paramagnetic bead)
Al2~®l IGEN International, Inc., Gaithersburg, Maryland), €1=¥ ESF(western blot), WIIA AL

(immunoprecipitation assay), W<Z% 38 (immunohistochemistry) S©| *¥3gtE ),

SN

BE
A=, 4714 o5 7tH
) &

DA FH Ee vE H2 dd JiHeld. ddd Uhe SgEd AR
(self-complementarity) ¥9S 2T F ded, ol 7] s§Ec] olF U Fx9 998 x3gste
29, "slojHA(hairpin)" e "2E-FX(stem-loop)" TFE A= AL ndtt. A IFgES A

ActRIT &4k A = HEW B, By, Bc == By A AL 10007 ©]8}, 50071 o]3}, 25070 o]s}, 100
AN o)k, i 5070, 3570, 2570, 2270, 2070, 187) EE 157 o]3te] FEHUSHER FAEE Jdd AHA
ST AEe xghat), drA 99 JHaAE, Ao 8 wEFULHE, dgyes, F 18
Ry e ;A AAMA|(target transcript)e] AEE(intron), ZW A4
Ed, 29 Ad FE ol EA%c. dutygoz | At sgE-2 dig 8 A =
E EE A7 Aol Hiskedl, do¥om, A7) Aol digf 14 uiA di= 507 wE
Yo E| =0t} AL DNA(E S|, SEJAlAZA] o] &%), RNA B RNA:DNA &lojBg|=olt}, ol 3 7lge
DNA®} RNA9] &31%, 12]3l DNA Hi= RNAZ &ol3HA £72 4 gl Wy g8 g3t fAsH, ]
7}t &}3HE-2 DNA:DNA, DNA:RNA X3 RNA:RNAo]iL, <lole] 3t 7}ehe DNAS} RNAS] =3& =
RNAR gol3lA EFE 4 e ¥dd g2 & ¥y, I dgES A(FIFUoH=Y A4
A o

2t

=
(interaucleotide linkage)& WIS, A bollM ©-214kg) F-&2) = 7] FE(A #ake] 4

g F)ol st ool WEE HXS ol thge WES ket dEAA WA FHFES vk
stAE, dig 1570 WA i 30709 RmEUQEE Holg zta, A, MxoA, E= FggEe] dEd 7}
S0l =2 A, dE YW, AT AYE IFFEY Aol e F99 FFEY Aol dolA g 2
2 BEAS YATE s ol MEE FF XIeTE RNAL TERAY A, BF dapAlel ARAQ] st
& gubdow RNA EEE ol WFo|th, thE 7bEhe RNA, DNA EiE gl g WEY 5 Q. oF st
T gl Jhe tElejt RNAT FERAL] o]F U FEE dnbd oz 187] WX 407 wEEIQEE do], 9
oz e 210 WA 2370 FEULEE AolE zhi=d), o]7]A o] Dicer 7] & (substrate) 24 753},
Zul B g4 AL gAY T DNA a4olx, WEE Jo 9] zEc, ik F3ES A 215
WAl 2~ (nonsense) H= AlZ(sense) AO7F A e M TS T4 e vwEAA Alxe A5 o, O
50%, 75%, 90% Hi= 1 oo g wAHo WS Attt At E] aE AU AEEHE sEE
1, 59 10 mlo]a =& (micromolar)olth, Hgk, it sl3ES =24, AT o digh a3 oiste] AA}

=2 4 Q.

5. A4 HA}

oA, B o M RI-ActRIla 2/WE MEHI-ActRIID AZHYE AR 52 e ZA3E49l

)S Blsly] 918 ActRIT EZ2|FEI=(719, 7H8A ActRIla T& 1

Elzo] gxo] #AASE, o3t AESE Tt FE FFES A
]

2R Bl/EE AP E 2dste v9S WUk 5 . olE S¥ES dEA,
o)
AN

4
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T2 Aol %Zﬁf&q. 54 FA el A, stgtE o] 14 A (high-throughput screening)< A1¥)

H RIT-vi7He E3be w&A7]= #%Xﬂ% glaty] fetel F3E 5 Sk 54
@iﬂtﬂoﬂ & ActRIla T+ ActRIIb HE = 4 AL Eolxoz A 3AY 7
= SEes Addata #1e] flste]l FEn A7) AAbE HERle] Bigh ActRITa = I
YR =0 23S AT SEES dlsked ol8E 915}. 2 A, ShehEe ENL,

ActRITa Z2|FE]=, Hi= ActRIIb Z2fE =9k Foz8shs sHo® gld 4 v,

T

.
ol
Lo
=
>
o
s
I
2
e
ol
>
>
<
>

theFet AL &2 (assay format)o] WHAHAN, T E Esba, &
YAIF A e AL A FhA] o] ol FHolth, B GAMel 7&
(FeA)S doe] %3 38k W (combinatorial chemical method) 2.2

P

[ A

o}.
Fol Zd A (modulator) ZA]

SHES AAUAdA e AldadedA F8E Ad T AEEAolnt. =4 A

7153k wgol st HAMEE SFE(EEA)S d=2ZA, A, 28, AE e AEA ] & BAike
AV(7rE, A AHE), sEHor ANEA(ME, FE =G (peptidomimetic) & HIET £ +4H), &
= Az Ao E AE 5 Utk B dHeA aeEE AP FgEeE v-HEHE /7] &4, HAHE, £
g8 s, JAEEERA, &, 28, i 72 o] xFET. 5A FAdCdA, AAF &A= diE 2,000
4= (dalton) ©]&ke] A (molecular weight)S W3t 48 7] Xt

&

w2 A e dde HE EAEAM AgEAY, Ee =M, =% 38 (combinatorial
chemistry) 2.2 R0l Q& H34ek gtojlueigo] @A Agd = FolBgs daxa, daZ,
& defol=, ofnl, ofwpol=, oA E, A=, oHE B 4 o] f7] FES XIT F AUrt.
AAE Al=del HAE stebze] Alee 53], HAx AE dAeA ZeE FEHE e sgE EgEEA 24
g g Q). oo r ) FstEL tE dgtER oo rw FEAStE I, 3}

LA 8t 7](derivatizing group)E HArstth. FEASE 7)o FAleHA Adol= v ®(biotin), EFLHA
(fluorescein), H=rAIAIW(digoxygenin), =41 &3 Tl (green fluorescent protein), &$¥A(isotope),
Z93] 2~ d(polyhistidine), A4  H]=(magnetic beads), ZFEEE S HAIFEA(glutathione S
transferase, GST), #&43}71s 7}alAl](photoactivatable crosslinker) B ©]E9] Zgo] Eghet).

1
H
N

A9l FEEol dolneldE PASHE Be R AW Zzadedd, gRd /7 )
Selsh717] Sistel g SrAsi. AAE e a-gAE wnde
2 & 3T, YA 2o dasnd, 2 b

BN
>

i,
BV O 1)

I
52
o %=

r_?L' et
)

go = & ol

N
N
lo

)

UH’frO]DP. A7y, AAE 5}61 = *ﬂij_ *é E= Az ﬂO]‘Q‘B-E(blOElVallablll v)el &
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=4
/= ActRIIb FHE|=sk e Abolo] A% AskA t&fzﬂgi Fom, 2 w49 g
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£ 5] 3l
nE 93 7]+ (baseline) S A&7 Hﬁ}@ e /‘i(control assay) GAl
, xR wAeA, EEE A AR AERIe] ActRIla
E|RL 53kl Fdo] AL shjEe] FA] shell AT
BE & da of 3= & Ak Avkrb, -G Al
A4 thalell, AE FEEY §dE(lysate)o] o] &= I
5

ActRITh Z2|FE]=9} ActRIIb =S 0] 83l FAHE
ActRIT ZE]El =9} HER] Afo]o]

dEzA, HENVssA BEAE @wd, «dF 59, MPEARCRE, P, S, ¢ EE W, ¥%
TC =

2

ATt 7HE
ActRITa/ ¥
o]

QL
O
ol
i
BN
Y
e
o
A

~
o,
oy

M
2
o,
2
it
)
Mo = (&

E3A A4S vYe Ve AEd ¢ dvk. 7, 53A 3489 2d4e
3
o
FAR(7FE, FITC), & &4 ¥%AE ActRIla & ActRIIb ZFEE Ei JENIS o] &ate], Wi
(immunoassay)ell 9lall, & AZwlE @9 7 Z(chromatographic detection)oll 23] A3F4E 4 t}.

54 AN, B Mol ActRII eIt olo] AF B Aolo] 3548 AuE AuHon E
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= H-ezr ZAHs=d do] P HF(fluorescence polarization) 4] L P F oyx] A
(fluorescence resonance energy transfer, FRET) #2419 o]&& ydttt. © yolrt, F=3H(optical
waveguide) (PCT Publication WO 96/26432; U.S. Pat. No. 5,677,196), W Z2}=E F(surface plasmon
resonance, SPR), ¥W H3} Al (surface charge sensor), 12]i EW X2 A (surface force sensor)ell

28 AT 2 UE PEF FAo B wgel vy Ao Agte,

Act7r, & Aol M= ActRII =S oo Ad i Ato]e] o4& Fst7 v 7o§1' A7)
AE Flsr] 3, "ol slo]lHFE= A (two hybrid assay)"o® dHA v FEzE EY
(interaction trap assay)9 o]&& m#3stop(3=: U.S. Pat. No. 5,283,317; Zervos et al. (1993) Ce
72:223-232; Madura et al. (1993) J Biol Chem 268:12046-12054; Bartel et al. (1993) Biotechniques
14:920-924; Iwabuchi et al. (1993) Oncogene 8:1693-1696). &4 FAdoA], & wgo|r = ActRII Z|3
Ej=9} o]o] A3 Tl xpolo] AFEA8S FEA7IE SFECHE, A8 2 v FEHD2)S e 9
o] dlelBEl= AlxHl(reverse two hybrid system)®] o]8S& are{etof(3=: Vidal and Legrain, (1999)
Nucleic Acids Res 27:919-29; Vidal and Legrain, (1999) Trends Biotechnol 17:374-81; U.S. Pat. No.
5,525,490; 5,955,280; 5,965,368).

SuA)
1% oo

—_
—_

E4 FAdo A, 2 2] 33E2 & 2ol ActRII v dEH ZFPE| =) Fs a8
Aot A7 3E3 ActRIla, ActRIIb, T HEN ZFE|= Alolo] A5 2ES Ff I
o, old A5#8e F-7FuwAZ (photo-crosslinking), WA EX D zt= A, glx 34 iiH}E:’.
A& HEZg AP A A S o]&ste] wilE oA geld

Methods in Enzymology 46: 1). B3 Al#olA, ol& 3gEL 714 7|x4 ., dl
& EW, YW EE ActRII ERH = Zddste s@FES AEse B4 AT, ol 1A (solid
phase) & NAF(fluid phase) AF @S 2T F At dite =, HEHl T+ ActRlla ZPEHE=E
dadstes FdAe gEY A2="OE, B-ZAREATOMA, FAFEA, Ee 54 FF dwz)on AE
U= FA7395 1, dgxoe uk Ml o gholH e iate] = 7] ghojH e s FAHLL

1%
~~
8
D
@]
=
Q
jon]
w
8
o
Q
w
D
[aN
o
w
wm
o
<
N~—

2 AMEn 0e 4 Jzd A% $4, o2 59, A olUA(free energy)old MBS P& AF B
Hol o]g® = itk AF AL U, WE wE Po zwm 249 FAel o8] LAY, = B
O

M 719 % (capillary electrophoresis)ol] 9af ¥al¥l TAH oz 3= & U}, 2w 3JFEL 5454
2, H] A (colorimetric) =& ¥ T+ HH ZZHE2E FHES 9 Oo}oq HEdo).

W-ActRIT A=A (7, ActRIla B ActRIIb ZEHE=)E ¥
8, QI FAelA AT FE& STRII=E o8E &
Enl-ActRIla 2824, o2 SW, ActRlla ZERE =) N7 a3, =& o
dE =W, ActRIIb e =] A8 aadE& o Al Fojtezy A7) 7)x
oA Wde AR dsts IS ARG, 54 FAdA, SRl HERI-ACRIT AFEH,
= = =

U
o
ot
24
2
w2
2
rT
o
1‘
19
12
] U

£3], ActRIT Z|PEI=9] A5 WS I8 MAld FoATgdo=zn 7] /AdA AdT Jd& FH3 9
HE AASTE, o]E WS X{FE, 53], Q7 A" AR} oHHy X o]&E 4 Ut}

2 Ao, Aol o] S "dW'stE X EA= TAISHY EE(statistical sample)oll A, HE]HA F
gz TR Bluste] A i (occurrence) S TARAIZIAY, e AHHHA &

E 3t
e iz e vmete] ol Agelth ol del WIS AANIAY A7 Agelt olabel FAH ol F
AR (severity) & A&A7)E HEES AFAh # FAMNN, "AE"E AWE olge] o, E:
e oY &3 e AAE 2FET. o= ALE, dW EE A5E A e thE A4 AS Al
A

2 gAelA Eelx= nfep o], HEIHI-ActRITa ZEEAT HEINI-ActRITb AIEA-LS 773 A 2
g, EEEN e PAAET 58 T/ ol&H a1, of AFEAL dud Fx sfATAA o]
|2 5 ok, HAs ) AMATe A i EH] GA W X*'i@i? e JdRE2 S zhe #x4,
dF EW, W8 3x, aga v ek @A $E A EE FEEEN o] AT 3] de AL
e EH, & 5% B AT g9 &2 (blood loss)S Fdshe % Azrg wE dA4gQl Sxjolnt. &
Adelx, AHd3 AT & 2 e A5 58 717171 8k dEHI-ActRIla ASELZE |
553, o]F o]l AHH L FEH(transfusion)el FF o] &S fste] BaARATE. & FA oA, g A
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T FEs e e A48T £ 7717 98k AENI-ActRIIb AEFEAR X RE I, o]F Fdo] A

FH¥ 3 4 (transfusion)ol] F=F o]&& sl wHHTH

B oA Aol JRAIE BEIRI-ActRIT 2EZ, 53], ActRITa-Fco} ActRIIb @22 W1y xjo|A A4 =5

S S7MAFIEY ol8E & ). QoA SRZEN FES #EE o, HAd Ay AE FEolA HFgH

ol AKX} & F=FL2 /I HAF(individual variation)E T#H T} stets, HES XA = Ut 71

12 g/dte] sREER FE ditdoz, BRHEA A ATl B "Rt W oz hgHY.
2= u

o
A YelolE= dH =2 (blood-loss), 9% A (nutritional deficit), F% Wr-2(medication reaction), &
o #EE o8 EAHE, 3" oy Adgte]l xFET. gS FAFSER, RFEE 24, v ARH
(chronic renal failure), H9=°]d4 S (myelodysplastic syndrome), F™E|Z #H A (rheumatoid arthritis),
=9 ©]2l(bone marrow transplantation)& H|E& theket A3ty Ayt WP E=3, ofgfe] Ay A
2 5 dr: 13 FY%(solid tumor)(ZFE, fF¥<t(breast cancer), Y (lung cancer), AU (colon
cancer)); BXZ(lymphatic system)®] FY(71&, " "3+ WA (chronic lymphocyte leukemia), H]-
32121 Y ZF(non-Hodgkin lymphoma)®} F A7l X (Hodgkin lymphoma); Z3&87]|¥(hematopoietic system)2]
FdE, WEY(leukemia), Z4o]lF XS (myelodysplastic syndrome), TFEA Z4=F(multiple myeloma));
WAL @ W (radiation  therapy); 382 W (chemotherapy) (74, W& X3  “dA(platinum containing
regimen)); FHE|Z #E <A (rheumatoid arthritis), T8 9354 #EA, A 9k P (systemic lupus
erythematosis, SLE), w/dolvt w4 I AZ(7HE, AM(psoriasis)), @54 & ZAZ(inflammatory bowel
disease)(7}#, ZEW(Crohn's disease)@} #ALA tFH (ulcerative colitis))o] XEFFEHANE o] Fof =3ty
A ¥e 95 A (inflammatory disease)@} A7FHY A3 (autoimmune disease); S F= AP FolE
H| 323 FAoly ThA Al A = AEd; Aol vHAd 1 A3k FAolY A = 3kxte] TE-o)ut
ZA7]-gA 2 Qlete] W/HEE FA o|f(7FE, dF o5l F<l(Jehovah's Witnesses))Z Ao ol
E7beet A% A0, gekgol(malaria), 5% (osteomyelitis)); AFAETF A (sickle cell
disease), AZ38] W& (thalassemia)S H]ZE3 3| =FZW W= (hemoglobinopathy); ¢FEoly W&, o= 59,
%5E F5(alcohol misuse); FEeo| Fafopgt sk o] AJo® 3 WHES e Aol FHxk; a8

3} 723 (circulatory overload)o] ek $-HZ F£3S ws £ glE 9] 33 b= W Iy LEA *Uﬂ

A3%H(cardiopulmonary disease)S o= A},

0L 3o 33 5o g A& AdA HAL(cardiovascular side effect)S 2 3} Ak, A= R
F2H $£58 34 £, EAMoR ) g 10 g/de WA o=k 12.5 g/de, AEH A , hEF 11.0 g/t = 29
SIEE oy FoF AA(dosing reglmen)gi A54d & AH(FE: Jacobs et al. (2000) Nephrol Dial

Transplant 15, 15-19). diQte =2 FntEAR FF=(A2Eol os] AfH A A= AF v]&)o] AT 4
glol tigh HZ=2A olgd 4= gk, AAE Aol dig FvtEAZ S AA ?Zﬂﬂ 9ol 41 JlA] 51%
Hejolar, g 4R A5 35 WA 45% HLolth, 14 HnfEIR FE2 FAASE, iEF 30-33%°]t.
Act7t, SRS ZR/FPEIR 2 AAut Jolsit), wEbA HHom, nH FEF E‘?l/oﬂu}iiﬁ ST
2 7 gztof tiste] A¥EskE 4 Q.

oA Ael] JRAE NERI-ActRIla A3EA ] AT £330 3 A& = ol& AL&A 7t Epost dolgt
71Hes Ag3ttes AL G ST, wEl o5 AIFEZ LS Epodll BEAAA WHSEA] FE SRl HEF
of AEEER S TV/HATIEHE F8F F vk, b, AEH-ActRIla AFEDLS FA UA FtE &

] ]

-‘“>'E_‘

% rsL'
fol
K

o
(>300 1U/kg/week) o] Epo®] Fol7} SR ER FFES XA FE7A F7HA7IA Rahs Aol A folsitt. §
A4dg Epo Rbg& YE= @A B %6394 el A A2 shAwt, oF fxpel @y A A dApl
Al 53] RS g% w2 9] H]-¥-gA(non-responder) 7t #EE AT, Epooll tidk FAAg 9k A
(constitutive)(5, Epo= A WA A8 o]Fd] #zy) = F3H(F, Epoz WHEdE AR ofo] dZH)d
- At

& B, Epod] FzHgel ®e 3atE A mnsted o] &E 4 vt Epo«l A 2}4
I Hwgk F7kek AT SV (polycythemia)olth. d5H

WEFE FFE2 1 8(HS FAger, 18t ofsh) 3 I3 ¥ dF(vascular thrombosis) S e &
i Epoe] ot FALo|= T8 (headache), AEFMA-FAF T4 (influenza-like syndrome), HE

t AZzo] 71908 A2 AA(myocardial infarction)®} > ZA#(cerebral

R

o
Q
=
=
=
(/1
o
=
=
nlﬂl
o
4
ox
ok
ojN ~

) (hypertensive encephalopathy), Z&85 H 34 (red blood cell applasia) 5°I
E3E L %%ﬂ% 2Eto] BHEPTH(Singibarti, (1994) J. Clin Investig 72(suppl 6), $36-S43; Horl et
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al. (2000) Nephrol Dial Transplant 15(suppl 4), 51-56; Delanty et al. (1997) Neurology 49, 686-639;
Bunn (2002) N Engl J Med 346(7), 522-523).
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o4, B o] SlEN-ActRII ZFEACHY, ActRIlash ActRIIb FLHE =) AgtH 0z 3
2 AASHET. Y, ARl FeREEE aRoR, wE A%y AY(R 4B & YR
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i ool 2

It Jo op Jn
[‘Xﬂ,l‘(ﬂﬂoﬁ
£ x 2

HUNIO—U TQ_ZLFIF_H

i 2o 4

L oo 2 2
B
X

C B o] X8 WHe o)A E(implant)
=

o
fe e

lo g o

(

2o oo
il

(o

T FEoo] AHglel AjekelA ZAELS

2l
ot
)
(o
i
12
o
1
o
(@]
—t
o
iy
ot
i
i
o rlo
=
ol
N
o
o
=
D
=
—t
=
4
_&
r“
E

s Cl‘i(d1spers1on) B —.(suspenswn)o]

v oEd(emulsion), T AME Ao Fof '7—’\}7}% gdon} FARow AFAEHE 2t (sterile
powder) @] %3 oz ) o] ActRII Z¥HEEE ¥ sl fso"iﬁ} ](ant10x1dant) %—gxﬂ(buffer),
At Al (bacteriostat), =¥ FE8xte P st &, dEA, T F5A
(thickening agent)& EFE ¢ Uvt. & o] Aokdhz & 01
Aol Adldle &, dege, EYUL0UH, SYHAE, =234 95, &
E3E, 284 2<U(vegetable oil)(ZFE, 2#lB 2U(olive oil)),
(injectable organic ester)(7}8, Z#|A4stel€(ethyl oleate))”t Tttt FHE F5A(fluidity)2 o=
A, A" (lecithin) @ 22 Z® EZ9 o] & oate], kNl 9o @75 b A7 FAll s}
o, agla AAEgA ] o]&d st FHE F ).

o
=
el
o
o,
é
12
(o
t
-
op
fa)
rr

ofo 4
=¥
O
o
o,
4
op

2
9,
i
E
4>
O
Q2
H

g voprh, & Rl 2= #1424 FHOHE, 9)R AEs A% dHE dEAAY F9E ¢ 3
9. 54 ?Xﬂ del A, & & A= sty o] AR =714, ActRITa %= ActRIIb ZHFE=)&
X4 24 FHOUH, 292 A9d F A ZI¥knatrix)S Egrebed], o WSl 24 Ui Fx2E
= Agsta HHom, A Aeed 5 Aok 7h, 71Nk ActRIT Z2E =] =8 W (slow release)&
Asder. o 7k g olAE ost HEol dA ol&Ha A= =42 48 F U

719 B4 Aele WA A A (bibcompatibility), &34 (biodegradability), 71A% EA, n&3 <
(cosmetic appearance) @ HZE=W EA(interface property)ol] 7]x3ghc}, B o] A E Ex X8 &

A3k AFS Ao Ao}, ols XA E AHeksk AAAel 7ute /Kg a7t ggad oz AHojw Ak
Zr¥(calcium sulfate), EZZHFXE2FHO]E(tricalciumphosphate), F-4F8}Q13]4 (hydroxyapatite), ZZFHE
*P(polylactlc acid)¥} ZzZ|otslol=glo]=(polyanhydride)o]th. & A EHL AEEI/Ms3tL AE
o i8] Ao 54, odF W, = EE IF FHoltt. F7te] 7Eke & dilE e A9
7l Ao ® FdH. E}g AR 71ke AEEfE st st or FogH E4, 45 W, &F
® F4bsl1 8] M (sintered hydroxyapatite), AJA|+2l(bioglass), ¥¢F W4t (aluminate), & & Agtd]o]
ok 71Nk oA AFE F§¥e EEY 23, dE BW, TZFHEAN iSRS A e Fepy Efds
TAFolER FAE = drl. A A (bioceramic)S  ZrE-LFHAEA-¢14E (calcium-aluminate-

phosphate)ell A8 ZA(composition), & F9H =7, U =Z7], JA et AEEAA
(biodegradability)< ¥ Asl= 7F&(processing)ol A WA= 4= o},

EX FAldolA, B wdme] wHe d2X4, e, w(cachet), &F(pill), AHA(tablet), WIERE A
(lozenge) (H3A 7] H-(flavored basis), BHH R, FARQ ~(sucrose)} o}7FAo}(acacia) v EWMAN
Z(tragacanth) ©]&€), &%, I, T FE&HoY Hl-F&4 A = &dol} A e FFh
(oil-in-water) X+ fFEF(water-in-oil) A oHH, T APANE e A, 5 FY(pastille) (EF

A 71%-(inert base), <& EW, Aglel(gelatin)¥ = A A (glycerin), TE FIARL S} ofFA]o} o] &)
= z}z}

_I“ rlr

/e FAAAA (mouth wash) 59 FEZ B FoJd 4 ded, o < g 24" g9 g8AE
g ARroR ittt FEAl= AsR(bolus), @ F(electuary) & Ho|A~E(paste)E FoE = 39

n
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S50l 10-1831534

=
cEEAE () Al dE W, obb-ebrh, wibEsE, A Bt AE, Et, 5
= & 54, 3 (6) FF &5, dE 'Y, 49 4R
() B4, dE 89, Al &3 SgAE ZxesdHotEolE; (8) 541, o5 &9
E AE; (9) F4A, dE =¥, @4, ZHeotaitdss, ZHo R IS, 1E o

}oko] 7

ok, &4 AR oledll, AA AF LS Fofdd FEHHORE o] &E=
%-HH, £ 2l (solubilizing agent)9t F3HAl(emulsifier), dE 59, old &= &(ethyl alcohol),
L (isopropyl alcohol), o€ 7}HY|o]E(ethyl carbonate), o€ o}AMElo]E(ethyl acetate), H
(benzyl alcohol), Wz wlZo]o]E(benzyl benzoate), EZZH#: Z2]Z(propylene glycol), 1,3-4%
CA(E3, H3H, BT, 55, HAlgerm), =B, FAwpAe} IA 715), =& (glycerol),
&F & (tetrahydrofuryl alcohol), AaZugke] Ego|ddl =2 F(polyethylene glycol)Z}
(fatty acid ester), E¥ ol59 ZH¥ES TFHT F Adrh. B4 SAA o9, AT =4
=

A=
shAlsh AeAl, AvlE, EOlE, A, gEA, wEA 53 e olFUEE FHY

HUru Al

f

o
9
=2 M o m,d
N
ij“;k

ruE

o
Ho
2
:10

¥ mE N & ol o (KSR oY
4

=

12
> rlo

g4 3E o], o EA3tE o]ixrHold Ui S(ethoxylated isostearyl alcohol), Za]SA]o|

Z4¥]E(polyoxyethylene sorbitol)Z} A£EZH|E o~ Z(sorbitan ester), PAARAY HAEZQx
(microcrystalline cellulose), ¥¢Fu|F HESIO] =S A= (aluminum metahydroxide), WEU}o]E(bentonite),
ot7}-ot7Hagar-agar)9F EdAZN A (tragacanth), °l59] &= 3 &2 AHAES 72 + Udu

R}

Ul

2 dge] 2AES Te, BEA, F&A, frshAet E4bA(dispersing agent)9F & AFREE FHE F
Atk HAEY g dAHe uet A FXAA, e &9, d#hill(paraben), ZEEREE
(chlorobutanol), ¥ AEHIAH(phenol sorbic acid) ¢ W] o3 dr=d 4 vy, Fg, 53
(isotonic agent), o& €W, T, AFUER & ZAAE U=E XFA7= Aol ugAslt). old Hate, F
A7bs Ak Felol AdE FrE F5E AdATIE FEA, dE 59, ZHold4dF v (aluninum

monostearate) ¥ Agele] Xz A= 4 Q).

A8 WsA7E o

7o 11:} kel Qaboll = Fhate] AP f FRIER FE

gato] A=, Al o], aw HATF £ dele] HiE

A7} EZHE A R 015011 %?‘&E]X] ek F
T

H‘@(dosage regimen) 2 whgo] 338 (718, ActRIIa®} ActRIIb ZHEL)e] 2
aEete] ©@E oAatel o3 A
1‘:& A, dsh= x4 HET
, Fol 71, 3 %
A2e] H7E AAl &7l

o2

A=}
Sl
=

jatad rlru N

TR - o g o2
()
o 1T

ool w1
oX.
oo 1N
Lo o ru
o
tio
ﬁ m‘lN [40
4
b
£
™
Og‘:,"
flo
2
e M
-
1o,
&

HU
rE

o
ox

@
"
A

o

b

=

-

I

o

2
AHL ActRITa-Ferb Hagk digr 209 WA 304<] 713F &<F, digF 100 ng/mé o]/d<] &
L ° W, A T FFd U A SgEe] adrt HEd

F 20 WA 3049 7]7F ESF 200 ng/mé, 500 ng/mé, 1000 ng/me B 71 o]kl HA
Al &% (bone effect)= HATH theF 209 WA 30€9] 713+ &<k,
FaollA #EE S ded, AEAQ a7+ giZF 1000 ng/mé o]Foll A ERbd T, whEk
wol Aol S FX| FowA AT digt aE EASE Aol uhgA s, g 209 X 3049
sQb tiEF 100 WA 1000 ng/mb Atele] HF wR=E dEst= FoF A€ (dosing scheme)o] AAE
Ak, <QIzbellA, 200 ng/mle] B FFL 0.1 mg/kg o2l 13 H-&#H(single dose) o2 SAE F i,
1000 ng/mé<] @ﬂ T 0.3 mg/kg 01%4 13] B&go=z wgdd & vk, A7 #xbe #HEE g3 vz
T OFEe] Fe 3 @R EQ 71 dig 20 WX 309ela, mEkA o ®2A, ujF EE AF VFoR O
2F 0.05 WA 0.5 mg/ke= E‘*?:E 1 A&HHor aHAQ H FFo] GAFHAY, e HS 52 &5
FoF ol A€ 71 3143 WeE 4 k. 7, 0.1 WA 1 me/keo] HE&Fo] vl Ee AY VFoR o] &

o
o
f
-0,
=
o

4> o o

N 2 AN do of of
18 g we
g
v
9#

o
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[0022]

[0023]

[0024]

[0025]

S=50ol 10-1831534

ol A= ActRIT Z|FEl=9 Al AAHs 938 F42 2HS AA S}, o] &

2o AgS UehlE AE = 24 Y2 ActRIla X ActRIIb ZEFIH o= A
Am &35 GAsHA Pt ActRII ZEFFUOHE MDY HE-e 7lve nlo]gx T
d WEE o]&ste] @A"E 4 vk, ActRII ZYFEULEE AE9
E8 9 g ¥EZF(liposome)e] o]0 nl&z s},

Aol wAlE wRel o]l A gWel] o]gd & & thdt wlolgls WlEo|:= oldimujol# s
(adenovirus), FX Hlo]#]X(herpes virus), $5F(vaccinia), F¥ dERZnrlo]|glA(retrovirus)$ Z& RNA
vlolgl A7} ZEFET. g EZnfolgla WEE o k= 2{ gE=Zulolg2o fRAt. g o §dA}
AE e dEZvlelg WEe] A#lol: Noloney F#l MW whel#]2(MoMulV), Harvey H& 3 wl
ol# A (HaMuSV), H# 3 £ wlolg2(MuMIV), 223 Rous &% wlo]#2(RSV)7F A qt o]Ed] =3k
HA] greth, v BrbERl dERZutelg s WE = 5 §AAE 58T 4 Atk ol EE WHE IH=
de AE7F ElEa AEE F UAEF A9rks viAd dig fFHAE A A FHE 4 vk dE=Zn
ojglz WE = dEx, B, FAA(glycolipid), EE TP FAFowN FH-Hojfom ghgold 5
= R Rk A A7F A ek npel o], Ho] ARl

= AEe HEZuolg A Al y2 AU AY, EE ActRII ZEFIEHSEEE

:_]'E‘L_
Hol x4 HolAQl AYdS 7hsetAl she wlol# 2~ #]9(viral envelope)ol] F2& 4 9t}

M 1 o

b

,d
2
Ll
o
oo
oo
o
fru
>
i)
oX,
i,
n
oft T
2 U
it
i)
gr
it
=
to

= O o

teto g ZZ wjek AlExE SF< <24 (calcium phosphate) E A7+ (transfection)o] ol&f, HE=Zn}
Z= x

-1 RS
T4 gag, pold} envE AAYdt= EZEhAT|ER 4

olgl 2 = HAoz PAAEE & Ao}, o5 Axe
ojF, BA fHxE xIste Wy Sgav =R FAAGAET. A" AEe aid A WE dERZute]y
HEE W&t

ActRIT ZwEdALHE g & 149 dAg A&HS FEo|uy A Alzdleltt, FRo|=4 4 Al
2®o= AEA 284, Y=< (nanocapsule), wFo]IE < (microsphere), W] E=(bead), Z28a A A-7]%
H AR, Ff d49d, vdicell), E3E vAd, FEF F)o] EFHET. B A b &
2oluAg A~RE gEFo|tt, YEFS AFAUWSG AAHAA A EHHAl(delivery vehicle) ZA F8&3 <l
T B A (membrane vesicle)©|Th. RNA, DNA®} €8 wlg](virion)& §4 WHol WEE 4 a1, HESHH
24 = Axol] ALdE 4 uh(FZE: Fraley, et al., Trends Biochem. Sci., 6:77, 1981). X% &£X
g o8& aEHQ FHA HdE WHE GEokd FAHY Jrh(3E=: Mannino, et al., Biotechniques,

oo

[e}

6:682, 1988). HEF FA2 BN

1214 (phospholipid)®] FFeltt. th& AAd e tE A dA] o]8d 4 Q. BEFY &84 &4
pH, ©]& ZF=(ionic strength)$} ©]7} %ol (divalent cation)? EAo FHHr}.

moF

(3

o2, ZERo|E=(steroid), 53], FdZHE(cholesterol)d x3d
[e)
[

il

.

ZEL Aabe] #8383 xHe Aol EuE|d(phosphatidyl) FFE, A5 B9, TATSELIHAE
(phosphatidylglycerol), ¥23}E]Y @ (phosphatidylcholine), ¥~3}E]YA| & (phosphatidylserine), ¥}t
El ol gk&o}l (phosphat idylethanolamine), 2233124 (sphingolipid), Mz HZA|=(cerebroside) % 7=
2 A =(ganglioside) 7} EgHETh, dA|H ] AXHoll= W LA E|HE % (egg phosphatidylcholine),
Ed ¥ ~E]dF 9 (dipalmitoylphosphatidylcholine), a8 ar Yadolzd T avtgdE3
(distearoylphosphatidylcholine)o] 3tety,  FES,  gxFe] wAS= d=24, A7]-5o]Ad(organ-
specificity), M E-E-0]A (cell-specificity), a2a A E271#-50]4 (organel le-specificity)ol
71Zz8kaL, FEokel A Eo] Atk

5]

O,
o

=
(244l
wouge o Awow J%dga, ofdlel ANdE Fxshd s gols oldld 4 slnl, olF A
dt B owdel 54 FANE N BHor ¥@Hy B wge s wet

21} = A4 YAR A7 == AF Fe ZHdel 39 27k ActRITag] AlXE9] =)ol
F33t= 7H8A ActRIla €3 9 AS ZAEIT. o5 Fx2A= Z2F, ActRIIa-hFc9}b ActRIla-mFc®E A



[0026]

[0027]
[0028]

[0029]
[0030]
[0031]

[0033]

[0034]
[0035]

[0036]

[0037]
[0038]

[0039]

S=50ol 10-1831534

EES

CHO MEF2FE AA1¥ ActRITa-hFce= 3h7]d A ETH(SEQ ID NO: 7):

[o2

ILGRSETQECLFFNANWEKDRTNQTGVEPCYGDKDKRRHCFATWKNISGSIEIVKQG
CWLDDINCYDRTDCVEKKDSPEVYFCCCEGNMCNEKFSYFPEMEVTQPTSNPVTPK
PPTGGGTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKE
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWINGKEYKCKVSNKALP
VPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGK

ActRITa-hFc$} ActRIIa-mFc ©d-& CHO AlEFolA AU, 3714 oldt gt (leader) M Lol HHA
=

(i) =¥ 22]¥(mellitin)(HBML): MKFLVNVALVEMVVYISYIYA (SEQ ID NO: 8)

(ii) 234 Fg2v| e 244 ARH(TPA) . MDAMKRGLCCVLLLCGAVEVSP (SEQ ID NO: 9)
(iii) 3L MGAAAKLAFAVFLISCSSGA (SEQ ID NO: 10).

AeE Feji A A0S ook, ool hEEA B obrlwt AL BT

MDAMKRGLCCVLLLCGAVFVSPGAAILGRSETQECLFFNANWEKDRTNQTGVEPCY
GDKDKRRHCFATWKNISGSIEIVKQGCWLDDINCYDRTDCVEKKDSPEVYFCCCEG
NMCNEKFSYFPEMEVTQPTSNPVTPKPPTGGGTHTCPPCPAPELLGGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPVPI EKTISKAKGQPREPQVYTLPPSREEMTKN
QVSLTCLVKGFYPSDIAVEWESNGQPENNY KTTPPVLDSDGSFFLYSKLTVDKSRWQ
QGNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO:13)

47 FARE = obdel A Ao o8] dm Ak

ATGGATGCAATGAAGAGAGGGCTCTGCTGTGTGCTGCTGCTGTGTGGAGCAGTCT
TCGTTTCGCCCGGCGCCGCTATACTTGGTAGATCAGAAACTCAGGAGTGTCTTTT

TTTAATGCTAATTGGGAAAAAGACAGAACCAATCAAACTGGTGTTGAACCGTGTT
ATGGTGACAAAGATAAACGGCGGCATTGTTTTGCTACCTGGAAGAATATTTCTGG
TTCCATTGAATAGTGAAACAAGGTTGTTGGCTGGATGATATCAACTGCTATGACA
GGACTGATTGTGTAGAAAAAAAAGACAGCCCTGAAGTATATTTCTGTTGCTGTGA
GGGCAATATGTGTAATGAAAAGTTTTCTTATTTTCCGGAGATGGAAGTCACACAG
CCCACTTCAAATCCAGTTACACCTAAGCCACCCACCGGTGGTGGAACTCACACAT
GCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCC

CCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTG
GTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGAC

GGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAG

CACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGC
AAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGTCCCCATCGAGAAA
ACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCC
CCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAA
GGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG
AACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCT

ATAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCAT
GCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCT
GTCTCCGGGTAAATGAGAATTC (SEQ ID NO:14)

ActRITa-hFc®} ActRITa—mFe & =% Axd ddo] Awds] golsigivt. &= 16 =AlE wpe} o], 7] vy

A AR 9d FJARA GstEArE. N-Td VDA e, -ILGRSETQES] wd A& (SEQ ID NO:
11)o] WA, AAE d24, gud A F2elEadE, Q Ag2es FA2eEady, ddAzz2os 32
vtEHe, 7] A AEetE2HE], 283 Fol wdt ARvtETH T FoA oo FAR, /A EE
ool WES dule] Zd A=vEIy dAld o 4" 5 duk. AAE wlolE o F(viral
filtration)®} &5 w2 (buffer exchange) o2 A= 4 QQu}. ActRIla-hFc @A F7] w4 A=ZvlE
Taes]el] o8 ZA o)A >98%, Z12]al SDS PAGES] 2]d ZAolA >05%2] =2 A AT

5
ActRITa~hFc®} ActRIla-mFci 7=, 53], HEIRL Ao thgh =2 XS HTh GDF-11 Ee JAEW
A("ActA") = E5 o}l Ast H A (standard amine coupling procedure)E ©]-&3}o] Biacore CM5 Holl AAA

o}, ActRITa-hFcst ActRITa-mFe ©FMAe 7] Alxsloz Astsa, 28-S 245190, ActRIla-hFe= 5x10°
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[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

[0046]
[0047]

[0048]

[0049]

[0050]

S=50ol 10-1831534

9] sfz] A4(dissociation constant, Kp)& HEWIO] Agtalar, A7) wuwlde 9.96x107994 Kp= GDF1lel Agt

FUTHE 2 Z2). ActRIla—mFcE SASHA 5319},

ActRIIa-hFcE oF%3dt AFtolA w9 ¢kAgrt, = 1 me/keg, 3 mg/kg =¥ 10 mg/kegd) ActRIIa-hFc whaiz

= fFolstaL, 24/\11}, 48717k, 72A1%F, 144417k3} 168417F Al ol A171 gl g ¥ F3S A5t HE

of AollA, & 1 me/ke, 10 mg/ke E= 30 mg/kgs FASQITh. FolA, ActRIla-hFee 11-149 F3 vk

718 Yeg 3, 7] =9 3 ¢ (circulating level ) 2% “H% =9Foh(1 mg/kg, 10 mg/kg =X 30 mg

/kg®] HZ Folol Aol zbzt 11 pg/ml, 110 pg/mé =2 304 ug/ml). 71=BF2 Ao, 4 wir)e
o

I~

Mddrcr AN T3, A7) 4%91 <3 78 1 mg/ke, 10 mg/kg & 30 mg/kge] HZ Foo Ao 77,
25 pg/ml, 304 pg/ml EEE 1440 pg/méo] SATh.

Aol 20 ActRITa-hFee= RI-QIZF GaHFolld AdT F5& S

2 AFAAE 27 sutg] AT sukE] GA FeEmTF s ool FAAEE ) 75 ol &siedl, 2 el
9 3nte]e 2990l FAo] oAHE I, Zb ellA AET 2nte]E 57Hel FAo] AAHHIUT. 7 FES
o 15937 229 A|H Xé‘j—‘ilﬂ(intravenous IV) 95 E3ly, &9A(vehicle) (s 1), &&= 1, 10,

30 mg/kge] &FFoll A ActRlla-Fc(ZtZ, o 2, 33 4)& F38Ith. €% A% (dose volume) 3 ml/kgoll 4]
ANAG. AT F5o g HeE 3 MA £ 2d AR 3 MA F9F 15, 29093 579 (el
2utE] FEO tiste]) Aldel Hrteklct.

ActRITa~hFeE FA AT 7I3F < BE &% 57 AlFAA, F2T 4Ad gk H A7 abv g (4
&9~ S=[RBC], SEZEWI[HGB], Z2g)al ulEIZ[HCTD Y EATH R F93 F71E f=8ta, Dz %
AT FARTO) & A3 FAAE T F=(RIC)ANA 71 Fakskit. = 3

o

>
—
=

5
rir

oo

THFAZ, AT 59 FEIEN FEA F7h= dPERZFo| " (erythropoietin)oll A Bl azbo] =
=3 o] Wy o ERFolo| TRt} ActRITa-FeollA % A&sit),

ATF.

Aol 3t ActRITa-hFee QI ol AT £ S7HA71H.

Ao 10 7]&% ActRIla-hFe €% ©de dxpx o=z #7443k ¥4 7] (postmenopausal) Il A7 o
de] kg Aae Hrkshy] st FaE F29 (randomized), ©]F-"¥7(double-blind), $]°F-ti
controlled) ATelA A7t Aol Tt 48 o] /MA= ActRIla-hFe HE= $19Fe] @Y &
dose) & AFshe 695 452 14 fohoz 4% Fh(cohort) o2 FHLSIAIZT. &%
B (IV) e Z--ell, 0.01 WA 3.0 mg/kg, Le]al 8HSC)Ie 5ol 0.03 HA 0.1 mg/kgol ATk, =
1208 5 FH3E. FEHPK) w4 ol9dl, &+ A} AFFY A wiA, a8a FSH
O % ActRITa-hFc®] AE3H4 &S H7leqivt.

A wekgE 2] fete], AT 7|z 9t EE AACNA SIEFZR I RBC FF AAEA 2AEIE VE F

=3 sttt 4% F(platelet count)®= Y A[AlA, dlZ(control) e} HWSFITE, AJZFe] FFo]of A

ot ol gat 71F FARRE QAHdon fojo walt #EEA Ay

ActRIIa—hFc9] PK B4 A, g%ate] A8 T2 (linear profile), Z#]al tegf 25-32¢ 9] Hyt w77} &
1% AT}, ActRITa-hFcoll thak =4 o}z Oﬂoﬂ(area under curve, AUC)% S Aoz FAHI, SC FF

(dosmg)tY Fov BdAoR fAEAdi (= 73 8 #x). olE dHolgE SCrF upgEA g FoF WS A Als)

=), 1 o)g= Aby] Hhdo] % wWA7ke] [V E"th L}Q k=9 g% FX(serum concentration)ol|A 23}

=

o]Z(spike) & I3tHA 7] FE Uigt 53 WA olEa & (bioavailability)Z A WH7|E A1&317]
Folti (= 8 #FZE). ActRIla-hFce @¥l%3} & A& (anabolic bone growth)ol] th3l mp# <l ZF-So]z UZe]
A 23 elol A (bone-specific alkaline phosphatase, BAP)S] X F&oA] Al&dta X &< gak-o/FA]
=7}, ada & AE5(bone resorption)o] W mlAQ -t 18 =244 EHEJ“E]E( telopeptide) ¢} EF=E}F
2 (tartrate)-WA A ZA3bE}o}A|(acid phosphatase) 5b Al A &F-9&A 7HAE F=s190. o
2 v, d& W, PINPE AEd o|2x %3 AdE Eoﬂ‘:‘r BAP &2 FH U] %%k OFEoll A Ao xs}
¥ (saturating effect)E HIEdH, ol A7) dmlEs & AEntAd EH?_E} J =) &7 (half-maximal
effect)7} 0.3 mg/kge] &FolA DAEIL, 3 me/ke nﬂWFX] 14 F7hethes Ae AAEIGTE. FEe g
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[0051]

[0052]

[0053]

[0054]

[0055]
[0056]

[0057]

[0058]
[0059]

[0060]
[0061]

S=50ol 10-1831534

AUColl ko3&t & ¥} (pharmacodynamic effect)?] AHAAAZA A, EC50& 51,465 (day*ng/mé)o]th. = 9

& Fxey. ol = AEvA W A HY &% oA diE 1208 59 ASHAY. AR A5
o} Axsl=, AH FSH oA f-o)FA 744 A BRH Y
Aoz IV EE SC AleEE Ko A#glo] 0.013 0.03 mg/kg 7oA olvtx W& (phlebotomy)ol] ,

/kg SCo} TV SIE==2R A= IASFAY, &= 8-154714] drst S71E BTk, 0.3 mg/kg IV &5
oA, ol=w 2 ARl HGB oM 2983 S7H7F vehdar &3 15-29e] Hargel del=dl, o=
Ak JHANM  BEEA @Fokvk. E AT o AlFlAM, oled Wl SASHH el (statistical

significance)oll =938 ¥} T).

L3 Gk
To A F Fe FERIEHAAN w9 HL okE F i3k 7+ (non-drug related reduction)”} ¥EE AT
.1 mg
=

ARk o2 ActRITa~hFces AEF F9F PRI Fo Uizt §3-9&4 a3E Bry. dHshs ws)
(hematological change)?] 293 ¢Jsto], = 10-13L FFx3It},

Aol 4: ofbA ActRITa-Fc Tzl

B ogaAd 7ed e wel o]g=E 4 dE thkdk ActRIla WolA(variant)= International Patent
Application W02006/012627(7}#, pp. 55-58)°lA 71&¥ =, 7] 3 & PAA &3] Fx=2A AY

Ao, diekd FAldE ActRITae] MEL] =dole] C-wdt me(HF 157 ofu)x=ih e A4S ¥3H3ic), o
TFZ2A] tigt qELE olgel AAETHFe FES UEZ TAF)(SEQ 1D NO: 12):

ILGRSETQECLFFNANWEKDRTNQTGVEPCYGDKDKRRHCFATWKNISGSIEIVKQG
CWLDDINCYDRTDCVEKKDSPEVYFCCCEGNMCNEKFSYFPEMTGGGTHTCPPCPA
PELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPVPIEKTISKAKGQPRE
PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

Ao 5: ActRITb-Fc &3t chwj=

Rk

Q9]

2= 2 217+ ActRIIbe] AlFEe] =H¢lS ¥l 7H84 ActRIIb &

A AT, NERI I A EQ] ActRHbiﬂ FE5-AHA (co—crystal) T2E 7tE AFol|A ME =
PAAA w2 A )] dig ofW ATm AASHA Kallth. A7) M
A7 T2 A BalEA ke, o= olE FUIUF AR dlelA ddsiAl APAA #e fFd4 =
(flexible loop) Wl &A3th= A& 9413+t (Thompson et al. EMBO J. 2003 Apr 1 ;22(7):1555-66). 4F
| AEL TS, ActRIIbSF ActRIIa Atolell E&HstA REHT, wWaEtA ol 7]& 71E, & 84 ActRIIb-
Fo &3 Fx2AdA AL=Art. Frrao=, olefgr vl Fef(background form)ollA 64¥ 91x= depd
(alanine)el 93 HFF+=d, o= A64R ﬂ]%?@ﬂ(allele)ol AR oz WA AN, IR o
ropAE FHE|R 7hEYh. wEka w7 ActRIIb-Fo §FA = ofe] MA(Fc FE2 WEE ZAIE)(SEQ 1D
NO:20)S& R f-8hc}:
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KGCWLDDFNCYDRQECVATEENPQVYFCCCEGNFCNERFTHLPEAGGGTHTCPPCP
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SGRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRLHCYASWANSSGTIELVK
KGCWLDDFNCYDRQECVATEENPQVYFCCCEGNFCNERFTHLPEAGGPEVTYEPPP
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SLSPGK
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SEQUENCE LISTING
<110> ACCELERON PHARMA INC.
<120> ACTIVIN-ACTRIT ANTAGONISTS AND USES FOR INCREASING RED
BLOOD CELL LEVELS
<130> PHPH-022-W01
<140> PCT/US07/025868
<141> 2007-12-18
<150> 60/875,682
<151> 2006-12-18
<160> 23
<170> PatentIn Ver. 3.3
<210> 1
<211> 513
<212> PRT
<213> Homo sapiens
<400> 1

Met Gly Ala Ala Ala Lys Leu Ala Phe Ala Val Phe Leu Ile Ser Cys

_40_
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Ser Ser Gly

Phe Asn Ala

35

Pro Cys Tyr
50

Lys Asn Ile

65

Asp Asp Ile

Ser Pro Glu

Lys Phe Ser
115
Pro Val Thr

130

Val Pro Leu
145

Tyr Arg His

Asp Pro Gly

Gln Leu Leu

195

Ala Gln Leu
210

Asp Lys Gln

225

Met Lys His

10

Ala Ile Leu Gly Arg Ser Glu

20

Asn Trp

Gly Asp

Ser Gly

Asn Cys

85
Val Tyr
100

Tyr Phe

Pro Lys

Met Leu

His Lys

165
Pro Pro
180

Glu Val

Leu Asn

Ser Trp

Glu Asn

245

25
Glu Lys Asp Arg
40
Lys Asp Lys Arg
55
Ser Ile Glu Ile

70

Tyr Asp Arg Thr

Phe Cys Cys Cys

105

Pro Glu Met Glu
120

Pro Pro Tyr Tyr

135

Met Ala Tyr Pro

Pro Pro Ser Pro

185

Lys Ala Arg Gly
200

Glu Tyr Val Ala
215

GIn Asn Glu Tyr

230

Ile Leu Gln Phe

Thr

Arg

Val

Asp

90

Val

Asn

Val

Pro

170

Leu

Arg

Val

Thr

Asn

His

Lys

75

Cys

Thr

155

Val

Leu

Phe

Lys

Val

235

15

Gln Glu Cys Leu Phe

Val

Leu

140

Cys

Leu

Gly

220

Tyr

Ile Gly Ala

250

30
Thr Gly
45

Phe Ala

Gly Cys

Glu Lys

Met Cys

110

Pro Thr

125

Leu Tyr

Ala Phe

Val Pro

Leu Lys

190

Cys Val

205

Phe Pro

Ser Leu

Glu Lys

_41_

Val Glu

Thr Trp

Trp Leu

80

Lys Asp
95

Asn Glu

Ser Asn

Ser Leu

Trp Val

160
Thr Gln
175

Pro Leu

Trp Lys

Pro Gly
240
Arg Gly

255
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Thr

Leu

305

Arg

Cys

385

Cys

Val

Asp
465

Gln

Val

Ser

Ser

Cys

290

Asp

Asp

Val
370

Asp

Thr

His

Met

Val

Val Asp Val Asp Leu Trp

260

Leu Ser Asp Phe Leu Lys
275 280
His Ile Ala Glu Thr Met
295
Ile Pro Gly Leu Lys Asp
310
Ile Lys Ser Lys Asn Val

325

Ala Asp Phe Gly Leu Ala
340
Asp Thr His Gly GIn Val
355 360
Leu Glu Gly Ala Ile Asn
375
Met Tyr Ala Met Gly Leu

390

Ala Ala Asp Gly Pro Val
405
Ile Gly GIn His Pro Ser
420
Lys Lys Lys Arg Pro Val
435 440
Met Ala Met Leu Cys Glu

455

Glu Ala Arg Leu Ser Ala
470
Gln Arg Leu Thr Asn Ile
485

Thr Met Val Thr Asn Val

Leu Ile

265

Ala Asn

Ala Arg

Gly His

Leu Leu

330

Leu Lys
345

Gly Thr

Phe Gln

Val Leu

Asp Glu

410
Leu Glu
425

Leu Arg

Thr Ile

Gly Cys

Ile Thr
490

Asp Phe

Thr Ala Phe His Glu

270

Val Val Ser Trp Asn
285
Gly Leu Ala Tyr Leu
300
Lys Pro Ala Ile Ser
315
Lys Asn Asn Leu Thr

335

Phe Glu Ala Gly Lys
350
Arg Arg Tyr Met Ala
365
Arg Asp Ala Phe Leu
380
Trp Glu Leu Ala Ser

395

Tyr Met Leu Pro Phe
415

Asp Met Gln Glu Val

Asp Tyr Trp Gln Lys
445
Glu Glu Cys Trp Asp

460

Val Gly Glu Arg Ile

475

Thr Glu Asp Ile Val
495

Pro Pro Lys Glu Ser

_42_

Lys

Glu

His

His

320

Ser

Pro

Arg

Arg

400

Val

His

His

Thr

480

Thr

Ser

S=50ol 10-1831534



S=50ol 10-1831534

500 505 510

Leu

<210> 2
<211> 115
<212> PRT
<213
> Homo sapiens
<400> 2
Ile Leu Gly Arg Ser Glu Thr Gln Glu Cys Leu Phe Phe Asn Ala Asn
1 5 10 15
Trp Glu Lys Asp Arg Thr Asn Gln Thr Gly Val Glu Pro Cys Tyr Gly
20 25 30
Asp Lys Asp Lys Arg Arg His Cys Phe Ala Thr Trp Lys Asn Ile Ser
35 40 45
Gly Ser Ile Glu Ile Val Lys Gln Gly Cys Trp Leu Asp Asp Ile Asn

50 95 60

Cys Tyr Asp Arg Thr Asp Cys Val Glu Lys Lys Asp Ser Pro Glu Val
65 70 75 80
Tyr Phe Cys Cys Cys Glu Gly Asn Met Cys Asn Glu Lys Phe Ser Tyr
85 90 95
Phe Pro Glu Met Glu Val Thr Gln Pro Thr Ser Asn Pro Val Thr Pro
100 105 110
Lys Pro Pro
115
<210> 3
<211> 100

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
polypeptide

<400> 3

_43_



Ile Leu Gly Arg Ser G

5

Trp Glu Lys Asp Arg T

20

Asp Lys Asp Lys Arg A

35

Gly Ser Ile Glu Ile V

50

Cys Tyr Asp Arg Thr A

65

Tyr Phe Cys Cys Cys G

85

Phe Pro Glu Met

<210> 4
<211> 1542
<212

> DNA
<213> Homo
<400> 4
atgggagctg
atacttggta
agaaccaatc
tttgctacct
gatgatatca
tatttttgtt

gaagtcacac

ctctattcct
tacaggcatc
cccccacctt
ggaagatttg
tttccaatac

atgaagcatg

100

sapiens

ctgcaaagtt
gatcagaaac
aaactggtgt
ggaagaatat
actgctatga
gctgtgaggg

agcccacttc

tggtgccact
acaagatggc
ctccattact
gttgtgtctg
aggacaaaca

agaacatatt

lu Thr Gln

hr Asn Gln

rg His Cys

40

al Lys Gln
55

sp Cys Val

70

lu Gly Asn

ggcgtttgcee
tcaggagtgt
tgaaccgtgt
ttctggttce
caggactgat
caatatgtgt

aaatccagtt

tatgttaatt
ctaccctect
agggttgaaa
gaaagcccag
gtcatggcaa

acagttcatt

Glu Cys Leu
10
Thr Gly Val
25

Phe Ala Thr

Gly Cys Trp

Glu Lys Lys
75
Met Cys Asn

90

gtctttctta
cttttcttta
tatggtgaca
attgaaatag
tgtgtagaaa
aatgaaaagt

acacctaagc

gcggggattg
gtacttgttc
ccactgcagt
ttgcttaacg
aatgaatacg

ggtgcagaaa

Phe Phe Asn Ala Asn

15

Glu Pro Cys Tyr Gly

30

Trp Lys Asn Ile Ser

45

Leu Asp Asp Ile Asn

60

Asp Ser Pro Glu Val

80

Glu Lys Phe Ser Tyr

tctcetgtte
atgctaattg
aagataaacg
tgaaacaagg
aaaaagacag
tttcttattt

caccctatta

tcatttgtgc
caactcaaga
tattagaagt
aatatgtggc
aagtctacag

aacgaggcac

_44_

95

ttcaggtgct
ggaaaaagac
gecggceattgt
ttgttggctg
ccctgaagta
tccagagatg

caacatcctg

attttgggtg
cccaggacca
gaaagcaagg
tgtcaaaata
tttgcctgga

cagtgttgat

120

180

240

300

360

420

480

540

600

660

720

780
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gtggatcttt

gctaatgtgg
gcatatttac
agggacatca
tttgggttgg
ggtacccgga
gcatttttga

tgtactgctg

cagcatccat
ttaagagatt
tgttgggatc
cagatgcaga
gtgacaaatg
<210> 5
<211> 345
<212> DNA
<213> Homo
<400> 5

atacttggta

agaaccaatc
tttgctacct
gatgatatca
tatttttgtt
gaagtcacac
<210> 6

<211> 225

<212> PRT

ggctgatcac

tctcttggaa
atgaggatat
aaagtaaaaa
ccttaaaatt
ggtacatggc
ggatagatat

cagatggacc

ctcttgaaga
attggcagaa
acgacgcaga
gactaacaaa

ttgactttcc

sapiens

gatcagaaac

aaactggtgt
ggaagaatat
actgctatga
gctgtgaggg

agcccacttc

agcatttcat

tgaactgtgt
acctggccta
tgtgctgttg
tgaggctgge
tccagaggta
gtatgccatg

tgtagatgaa

catgcaggaa
acatgctgga
agccaggtta
tattattacc

tcccaaagaa

tcaggagtgt

tgaaccgtgt
ttctggttce
caggactgat
caatatgtgt

aaatccagtt

<213> Artificial Sequence

<220>

gaaaagggtt

catattgcag
aaagatggcc
aaaaacaacc
aagtctgcag
ttagagggtg
ggattagtcc

tacatgttgc

gttgttgtgce
atggcaatgc
tcagctggat
acagaggaca

tctagtctat

cttttcttta

tatggtgaca
attgaaatag
tgtgtagaaa
aatgaaaagt

acacctaagc

cactatcaga

aaaccatggc
acaaacctgc
tgacagcttg
gcgataccca
ctataaactt
tatgggaact

catttgagga

ataaaaaaaa
tctgtgaaac
gtgtaggtga
ttgtaacagt

ga

atgctaattg

aagataaacg
tgaaacaagg
aaaaagacag
tttcttattt

caccce

<223> Description of Artificial Sequence: Synthetic

polypeptide

_45_

ctttcttaag

tagaggattg
catatctcac
cattgctgac
tggacaggtt
ccaaagggat
ggcttctege

ggaaattggc

gaggcectgtt
cattgaagaa
aagaattacc

ggtcacaatg

ggaaaaagac

gcggceattgt
ttgttggctg
ccctgaagta

tccagagatg

840

900
960
1020
1080
1140
1200

1260

1320
1380
1440
1500

1542

60

120
180
240
300

345
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<220>

<221> MOD_RES

<222> (43)

<223> Asp or Ala

<220>

<221> MOD_RES

<222> (100)

<223> Lys or Ala

<220>

<221> MOD_RES

<222> (212)

<223> His or Ala

<400> 6

Thr His Thr Cys
1

Ser Val Phe Leu

20

Arg Thr Pro Glu

35
Pro Glu Val Lys
50
Ala Lys Thr Lys
65

Val Ser Val Leu

Tyr Lys Cys Xaa

100

Thr Ile Ser Lys
115

Leu Pro Pro Ser

130

Cys Leu Val Lys Gly Phe Tyr Pro

145

Pro

Phe

Val

Phe

Pro

Thr

85

Val

Arg

Pro Cys Pro Ala Pro

Pro Pro Lys

Thr Cys Val

Asn Trp Tyr

Arg Glu Glu Gln Tyr

Val Leu His

Ser Asn Lys

Glu Glu Met

Glu Leu Leu Gly Gly Pro

15

Thr Leu Met Ile Ser

30

Val Ser His Glu Asp

45

Gly Val Glu Val His Asn

Asn Ser Thr Tyr Arg Val

80

Leu Asn Gly Lys Glu

95

Val Pro Ile Glu Lys

110

Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr

125

Lys Asn GIn Val Ser Leu Thr

Asp Ile Ala Val Glu Trp Glu

160

_46_
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Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu

165 170

175

Asp Ser Asp Gly Pro Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys

180 185

190

Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu

195 200 205

Ala Leu His Xaa His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly

210 215 220

Lys

225
<210> 7
<211> 344
<212> PRT
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic
construct
<400> 7
Ile Leu Gly Arg Ser Glu Thr Gln Glu Cys Leu Phe Phe
1 5 10
Trp Glu Lys Asp Arg Thr Asn Gln Thr Gly Val Glu Pro
20 25
Asp Lys Asp Lys Arg Arg His Cys Phe Ala Thr Trp Lys

35 40 45

Gly Ser Ile Glu Ile Val Lys Gln Gly Cys Trp Leu Asp
50 55 60
Cys Tyr Asp Arg Thr Asp Cys Val Glu Lys Lys Asp Ser
65 70 75
Tyr Phe Cys Cys Cys Glu Gly Asn Met Cys Asn Glu Lys
85 90

Phe Pro Glu Met Glu Val Thr Gln Pro Thr Ser Asn Pro

Asn

Cys

30

Asn

Asp

Pro

Phe

Val

_47_

Ala Asn
15

Tyr Gly

Ile Ser

Ile Asn

Glu Val

80

Ser Tyr
95

Thr Pro

S=50ol 10-1831534



Lys

Pro

Lys

145

Val

Asp

Tyr

Asp

Leu

225

Arg

Lys

Asp

Lys

Ser
305

Ser

Ser

Pro Pro

115
Glu Leu
130

Asp Thr

Asp Val

Gly Val

Asn Ser

195

Trp Leu

210

Pro Val

Glu Pro

Asn Gln

Thr Thr
290

Lys Leu

Cys Ser

Leu Ser

100

Thr

Leu

Leu

Ser

180

Thr

Asn

Pro

Val
260

Val

Pro

Thr

Leu

340

105

Gly Gly Gly Thr His
120
Gly Gly Pro Ser Val
135
Met Ile Ser Arg Thr
150
His Glu Asp Pro Glu

165

Val His Asn Ala Lys
185
Tyr Arg Val Val Ser
200
Gly Lys Glu Tyr Lys
215
Ile Glu Lys Thr Ile

230

Val Tyr Thr Leu Pro
245
Ser Leu Thr Cys Leu
265
Glu Trp Glu Ser Asn
280
Pro Val Leu Asp Ser

295

Val Asp Lys Ser Arg
310

Met His Glu Ala Leu

325

Ser Pro Gly Lys

Thr

Phe

Pro

Val

170

Thr

Val

Cys

Ser

Pro
250

Val

Asp

Trp

His

330

Cys

Leu

155

Lys

Lys

Leu

Lys

Lys

235

Ser

Lys

Asn

Pro

Phe

140

Val

Phe

Pro

Thr

Val

220

Arg

Pro

Ser

300

His

110

Pro Cys Pro Ala

125

Pro Pro

Thr Cys

Asn Trp

Arg Glu

190
Val Leu
205

Ser Asn

Lys Gly

Glu Glu

Phe Tyr

270
Glu Asn
285

Phe Phe

Gly Asn

Lys

Val

Tyr

175

Glu

His

Lys

Gln

Met

255

Pro

Asn

Leu

Val

Pro

Val

160

Val

Pro

240

Thr

Ser

Tyr

Tyr

Phe

320

Tyr Thr Gln Lys

_48_
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<210> 8

<211> 21

<212> PRT

<213> Apis mellifera

<400> 8

Met Lys Phe Leu Val Asn Val Ala Leu Val Phe Met Val Val Tyr Ile

1 5 10 15

Ser Tyr Ile Tyr Ala
20
<210> 9
<211> 22
<212> PRT
<213> Unknown Organism
<220>
<223> Description of Unknown Organism: Tissue
Plasminogen Activator leader sequence
<400> 9
Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly
1 5 10 15
Ala Val Phe Val Ser Pro
20
<210> 10
<211> 20
<212
> PRT
<213> Unknown Organism
<220>
<223> Description of Unknown Organism: Native leader
sequence
<400> 10
Met Gly Ala Ala Ala Lys Leu Ala Phe Ala Val Phe Leu Ile Ser Cys
1 5 10 15
Ser Ser Gly Ala

20
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<210> 11

<211> 8

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence
peptide

<400> 11

Ile Leu Gly Arg Ser Glu Thr Gln Glu

1 5
<210> 12
<211> 329
<212> PRT
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence
construct
<400> 12
Ile Leu Gly Arg Ser Glu Thr Gln Glu Cys

1 5 10

. Synthetic

. Synthetic

Leu Phe Phe Asn Ala Asn

15

Trp Glu Lys Asp Arg Thr Asn Gln Thr Gly Val Glu Pro Cys Tyr Gly

20 25

Asp Lys Asp Lys Arg Arg His Cys Phe Ala

35 40
Gly Ser Ile Glu Ile Val Lys Gln Gly Cys
50 95
Cys Tyr Asp Arg Thr Asp Cys Val Glu Lys
65 70
Tyr Phe Cys Cys Cys Glu Gly Asn Met Cys

85 90

30

Thr Trp Lys Asn Ile Ser

45

Trp Leu Asp Asp Ile Asn

60

Lys Asp Ser Pro Glu Val

75

80

Asn Glu Lys Phe Ser Tyr

95

Phe Pro Glu Met Thr Gly Gly Gly Thr His Thr Cys Pro Pro Cys Pro

100 105

110

_50_
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Ala Pro Glu Leu Leu Gly Gly Pro Ser

Pro

Val

145

Val

Pro

225

Thr

Ser

Tyr

Tyr

Phe

305

Lys

Lys
130

Val

Asp

Tyr

Asp

Leu

210

Arg

Lys

Asp

Lys

Ser

290

Ser

Ser

115

Asp Thr

Asp Val

Gly Val

Asn Ser

180
Trp Leu
195

Pro Val

Glu Pro

Asn Gln

[le Ala

260
Thr Thr
275

Lys Leu

Cys Ser

Leu Ser

<210> 13

<211> 369

<212> PRT

Leu Met

Ser His

150

165

Thr Tyr

Asn Gly

Pro Ile

230
Val Ser
245

Val Glu

Pro Pro

Thr Val

Val Met
310
Leu Ser

325

120

Ile Ser Arg

Glu Asp Pro

His Asn Ala

Arg Val Val

185

Lys Glu Tyr
200

Glu Lys Thr

Tyr Thr Leu

Leu Thr Cys

Trp Glu Ser

265

Val Leu Asp
280

Asp Lys Ser

295

His Glu Ala

Pro Gly Lys

<213> Artificial Sequence

Val

Thr

Lys

170

Ser

Lys

Pro

Leu

250

Asn

Ser

Arg

Leu

Phe

Pro

Val

155

Thr

Val

Cys

Ser

Pro

235

Val

Asp

Trp

His

315

Leu Phe Pro Pro Lys
125
Glu Val Thr Cys Val
140
Lys Phe Asn Trp Tyr
160

Lys Pro Arg Glu Glu

175
Leu Thr Val Leu His
190
Lys Val Ser Asn Lys
205
Lys Ala Lys Gly Gln
220

Ser Arg Glu Glu Met

240
Lys Gly Phe Tyr Pro
255
GIn Pro Glu Asn Asn
270
Gly Ser Phe Phe Leu
285

Gln Gln Gly Asn Val

300
Asn His Tyr Thr Gln

320

_51_
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<220>

<223> Description of Artificial Sequence: Synthetic
construct

<400> 13

Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly

1 5 10 15
Ala Val Phe Val Ser Pro Gly Ala Ala Ile Leu Gly Arg Ser Glu Thr
20 25 30
Gln Glu Cys Leu Phe Phe Asn Ala Asn Trp Glu Lys Asp Arg Thr Asn
35 40 45
Gln Thr Gly Val Glu Pro Cys Tyr Gly Asp Lys Asp Lys Arg Arg His
50 55 60

Cys Phe Ala Thr Trp Lys Asn Ile Ser Gly Ser Ile Glu Ile Val Lys

65 70 75 80
Gln Gly Cys Trp Leu Asp Asp Ile Asn Cys Tyr Asp Arg Thr Asp Cys
85 90 95
Val Glu Lys Lys Asp Ser Pro Glu Val Tyr Phe Cys Cys Cys Glu Gly
100 105 110
Asn Met Cys Asn Glu Lys Phe Ser Tyr Phe Pro Glu Met Glu Val Thr
115 120 125

Gln Pro Thr Ser Asn Pro Val Thr Pro Lys Pro Pro Thr Gly Gly Gly

130 135 140
Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
145 150 155 160
Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser
165 170 175
Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
180 185 190

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn

195 200 205

Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val
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Val
225

Tyr

Thr

Leu

Cys

Ser

305

Asp

Ser

Ala

Lys

210

Ser Val

Lys Cys

Ile Ser

Pro Pro

275
Leu Val
290

Asn Gly

Ser Asp

Arg Trp

Leu His

355

<210> 14

<211> 1114

<212> DNA

215
Leu Thr Val Leu
230
Lys Val Ser Asn
245

Lys Ala Lys Gly

260

Ser Arg Glu Glu

Lys Gly Phe Tyr

295

GIn Pro Glu Asn
310

Gly Ser Phe Phe

325
GIn Gln Gly Asn
340

Asn His Tyr Thr

<213> Artificial Sequence

<220>

220
His Gln Asp Trp Leu Asn
235
Lys Ala Leu Pro Val Pro
250

Gln Pro Arg Glu Pro Gln

265
Met Thr Lys Asn GIn Val
280 285
Pro Ser Asp Ile Ala Val
300
Asn Tyr Lys Thr Thr Pro
315

Leu Tyr Ser Lys Leu Thr

330
Val Phe Ser Cys Ser Val
345
Gln Lys Ser Leu Ser Leu

360 365

<223> Description of Artificial Sequence: Synthetic

polynucleotide

<400> 14

atggatgcaa tgaagagagg gctctgetgt gtgctgetge tgtgtggage agtcttegtt 60
tcgeeeggeg ccgetatact tggtagatca gaaactcagg agtgtctttt tttaatgeta 120

attgggaaaa agacagaacc aatcaaactg gtgttgaacc gtgttatggt gacaaagata 180

Gly Lys

Ile Glu

255

Val Tyr

270

Ser Leu

Glu Trp

Pro Val

Val Asp

335
Met His
350

Ser Pro

_53_
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aacggcggcea
aggttgttgg
cagccctgaa

ttttccggag

cggtggtgga
agtcttcctc
cacatgcgtg
ggacggegtg
gtaccgtgtg
caagtgcaag

Caaagggcag

caagaaccag
ggagtgggag
ctccgacggce
ggggaacgtc
gagcctctcee
<210> 15

<211> 512

<212> PRT
<213> Homo

<400> 15

ttgttttgcet
ctggatgata
gtatatttct

atggaagtca

actcacacat
ttceecccaa
gtggtggacg
gaggtgcata
gtcagcgtcc
gtctccaaca

cccegagaac

gtcagcctga
agcaatgggc
tecttettee
ttctcatgcet

ctgtctcegg

sapiens

acctggaaga
tcaactgcta
gttgctgtga

cacagcccac

gcccacegtg
aacccaagga
tgagccacga
atgccaagac
tcaccgtcct
aagccctcecc

cacaggtgta

cctgectggt
agccggagaa
tctatagcaa
ccgtgatgca

gtaaatgaga

atatttctgg
tgacaggact

gggcaatatg

ttcaaatcca

cccagcacct
caccctcatg
agaccctgag
aaagccgegg
gcaccaggac
agtccccatc

caccctgecc

caaaggcttc
caactacaag
gctcacecgtg
tgaggctctg

attc

ttccattgaa
gattgtgtag
tgtaatgaaa

gttacaccta

gaactcctgg
atctcccgga
gtcaagttca
gaggagcagt
tggctgaatg
gagaaaacca

ccatccecggg

tatcccagceg
accacgcctc
gacaagagca

cacaaccact

tagtgaaaca
aaaaaaaaga
agttttctta

agccacccac

ggggaccgtce
ccectgaggt
actggtacgt
acaacagcac
gcaaggagta
tctccaaagc

aggagatgac

acatcgccgt
ccgtgetgga
ggtggcagcea

acacgcagaa

Met Thr Ala Pro Trp Val Ala Leu Ala Leu Leu Trp Gly Ser Leu Trp

1 5 10 15

Pro Gly Ser Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys Ile Tyr Tyr
20 25 30
Asn Ala Asn Trp Glu Leu Glu Arg Thr Asn Gln Ser Gly Leu Glu Arg
35 40 45
Cys Glu Gly Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Ala
50 55 60
Asn Ser Ser Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Leu Asp

65 70 75 80

_54_
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360

420

480
540
600
660
720
780

840

900
960
1020
1080
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Asp Phe Asn

Pro Gln Val

Phe Thr His
115
Pro Pro Thr

130

Pro Ile Gly
145

Arg His Arg

Gly Pro Pro

Leu Glu Ile

195

Leu Met Asn
210

Gln Ser Trp

225

His Glu Asn

Leu Glu Val

Leu Thr Asp
275
His Val Ala
290
Val Pro Trp
305

Asp Phe Lys

Cys Tyr Asp Arg Gln Glu Cys Val

85
Tyr Phe Cys
100

Leu Pro Glu

Ala Pro Thr

Gly Leu Ser
150
Lys Pro Pro
165
Pro Pro Ser
180

Lys Ala Arg

Asp Phe Val

Gln Ser Glu

Leu Leu Gln

245

Glu Leu Trp
260

Tyr Leu Lys

Glu Thr Met

Cys

Ala

Leu

135

Leu

Tyr

Pro

Gly

215

Arg

Phe

Leu

Ser

295

Cys

Gly

120

Leu

Leu

Arg

200

Val

Asn
280

Arg

90
Glu Gly Asn
105

Gly Pro Glu

Thr Val Leu

Val Leu Leu
155
His Val Asp
170
Val Gly Leu
185

Phe Gly Cys

Lys Ile Phe

Ile Phe Ser

235

Ala Ala Glu
250

Thr Ala Phe

265

Ile Ile Thr

Gly Leu Ser

Cys Arg Gly Glu Gly His Lys Pro

310

315

Ser Lys Asn Val Leu Leu Lys Ser

Phe

Val

Lys

Val

Pro

220

Thr

Lys

His

Trp

Tyr

300

Ser

Asp

Thr

Cys

Thr

125

Tyr

Phe

His

Pro

Trp

205

Leu

Pro

Arg

Asp

Asn

285

Leu

Ile

Leu

Glu Glu Asn
95

Asn Glu Arg

110

Tyr Glu Pro

Ser Leu Leu

Trp Met Tyr
160
Glu Asp Pro
175
Leu Gln Leu
190

Lys Ala Gln

GIn Asp Lys

Gly Met Lys

240

Gly Ser Asn
255

Lys Gly Ser

270

Glu Leu Cys

His Glu Asp

Ala His Arg

320

Thr Ala Val

_55_
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325 330 335

Leu Ala Asp Phe Gly Leu Ala Val Arg Phe Glu Pro Gly Lys Pro Pro
340 345 350
Gly Asp Thr His Gly Gln Val Gly Thr Arg Arg Tyr Met Ala Pro Glu
355 360 365
Val Leu Glu Gly Ala Ile Asn Phe Gln Arg Asp Ala Phe Leu Arg Ile
370 375 380
Asp Met Tyr Ala Met Gly Leu Val Leu Trp Glu Leu Val Ser Arg Cys

385 390 395 400

Lys Ala Ala Asp Gly Pro Val Asp Glu Tyr Met Leu Pro Phe Glu Glu
405 410 415
Glu Ile Gly Gln His Pro Ser Leu Glu Glu Leu Gln Glu Val Val Val
420 425 430
His Lys Lys Met Arg Pro Thr Ile Lys Asp His Trp Leu Lys His Pro
435 440 445

Gly Leu Ala Gln Leu Cys Val Thr Ile Glu Glu Cys Trp Asp His Asp

=

450 455 460

Ala Glu Ala Arg Leu Ser Ala Gly Cys Val Glu Glu Arg Val Ser Leu

465 470 475 480

Ile Arg Arg Ser Val Asn Gly Thr Thr Ser Asp Cys Leu Val Ser Leu
485 490 495

Val Thr Ser Val Thr Asn Val Asp Leu Pro Pro Lys Glu Ser Ser Ile

500 505 510

<210> 16
<211> 116
<212> PRT

<213> Homo sapiens

<400> 16
Ser Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys Ile Tyr Tyr Asn Ala

1 5 10 15
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Asn Trp Glu Leu Glu Arg Thr Asn Gln Ser Gly Leu Glu Arg Cys Glu
20 25 30
Gly Glu Gln Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Ala Asn Ser
35 40 45
Ser Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Leu Asp Asp Phe

50 55 60

Asn Cys Tyr Asp Arg Gln Glu Cys Val Ala Thr Glu Glu Asn Pro Gln
65 70 75 80
Val Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr
85 90 95
His Leu Pro Glu Ala Gly Gly Pro Glu Val Thr Tyr Glu Pro Pro Pro
100 105 110
Thr Ala Pro Thr
115
<210> 17

<211> 101
<212

> PRT
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 17
Ser Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys Ile Tyr Tyr Asn Ala
1 5 10 15
Asn Trp Glu Leu Glu Arg Thr Asn Gln Ser Gly Leu Glu Arg Cys Glu
20 25 30
Gly Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Ala Asn Ser

35 40 45

Ser Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Leu Asp Asp Phe
50 55 60
Asn Cys Tyr Asp Arg Gln Glu Cys Val Ala Thr Glu Glu Asn Pro Gln

65 70 75 80

_57_
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Val Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr
85 90 95
His Leu Pro Glu Ala
100
<210> 18

<211> 1539

<212> DNA

<213> Homo sapiens

<400> 18

atgacggege cctgggtgge cetegeecte ctetggggat cgetgtggee cggetetggg 60
cgtggggagg ctgagacacg ggagtgeatc tactacaacg ccaactggga getggagege 120
accaaccaga geggectgga gegetgegaa ggegageagg acaagegget geactgetac 180
geetectggg ccaacagete tggecaccatce gagetcgtga agaagggetg ctggetagat 240
gacttcaact gctacgatag gcaggagtgt gtggccactg aggagaaccc ccaggtgtac 300
ttctgetget gtgaaggecaa cttctgcaac gagegettca ctcatttgee agaggetggg 360

ggcccggaag tcacgtacga gecacccecg acagecccca ccectgetcac ggtgetggee 420

tactcactgce tgcccatcgg gggectttee ctcategtee tgetggectt ttggatgtac 480
cggcatcgea agccceccta cggtcatgtg gacatccatg aggaccctgg gectccacca 540
ccatccecte tggtgggect gaagecactg cagetgetgg agatcaagge tcgggggcge 600
tttggetgtg tctggaagge ccagetcatg aatgactttg tagetgtcaa gatcttccca 660
ctccaggaca agcagtcgtg gcagagtgaa cgggagatct tcagcacacce tggcatgaag 720
cacgagaacc tgctacagtt cattgctgec gagaagcegag getccaacct cgaagtagag 780

ctgtggctca tcacggectt ccatgacaag ggetccctca cggattacct caaggggaac 840

atcatcacat ggaacgaact gtgtcatgta gcagagacga tgtcacgagg cctctcatac 900
ctgcatgagg atgtgecctg gtgecgtgge gagggecaca agecgtctat tgeccacagg 960
gactttaaaa gtaagaatgt attgctgaag agcgacctca cagecgtget ggetgacttt 1020
ggcttggetg ttegatttga gecagggaaa cctccagggg acacccacgg acaggtagge 1080
acgagacggt acatggctcc tgaggtgctc gagggageca tcaacttcca gagagatgee 1140
ttcctgegea ttgacatgta tgccatgggg ttggtgctgt gggagettgt gtctegetge 1200

aaggctgcag acggacccgt ggatgagtac atgctgeccet ttgaggaaga gattggccag 1260

cacccttegt tggaggaget gcaggaggtg gtggtgcaca agaagatgag geccaccatt 1320
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aaagatcact ggttgaaaca cccgggectg geccagettt gtgtgaccat cgaggagtge 1380
tgggaccatg atgcagaggce tcgettgtee gegggetgtg tggaggageg ggtgtceectg 1440
attcggaggt cggtcaacgg cactacctcg gactgtcteg tttcectggt gacctetgte 1500
accaatgtgg acctgcccce taaagagtca agcatctaa 1539
<210> 19

<211> 348

<212> DNA

<213> Homo sapiens

<400> 19

tctgggegty gggaggetga gacacgggag tgcatctact acaacgccaa ctgggagetg 60
gagcgcacca accagagegg cctggagege tgcegaaggeg agcaggacaa geggetgeac 120
tgctacgect cctgggecaa cagetctgge accatcgage tcgtgaagaa gggetgetgg 180
ctagatgact tcaactgcta cgataggcag gagtgtgtgg ccactgagga gaacccccag 240
gtgtacttct gectgetgtga aggcaacttc tgcaacgage gettcactca tttgecagag 300
gctgggggee cggaagtcac gtacgageca cccecgacag cceccace 348
<210> 20

<211> 329

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic

polypeptide

<400> 20

Ser Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys Ile Tyr Tyr Asn Ala
1 5 10 15
Asn Trp Glu Leu Glu Arg Thr Asn Gln Ser Gly Leu Glu Arg Cys Glu
20 25 30
Gly Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Ala Asn Ser
35 40 45
Ser Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Leu Asp Asp Phe

50 55 60

Asn Cys Tyr Asp Arg Gln Glu Cys Val Ala Thr Glu Glu Asn Pro Gln

_59_
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65

Val

His

Pro

Val

145

Val

Pro
225

Thr

Ser

Tyr

Tyr

Phe

305

Tyr

Leu

Pro

Lys

130

Val

Asp

Tyr

Asp

Leu

210

Arg

Lys

Asp

Lys

Ser

290

Ser

Phe Cys

Pro Glu

100

Glu Leu

115

Asp Thr

Asp Val

Gly Val

Asn Ser

180

Trp Leu
195

Pro Val

Glu Pro

Asn Gln

260
Thr Thr
275

Lys Leu

Cys Ser

70

75

Cys Cys Glu Gly Asn Phe Cys

85

90

Ala Gly Gly Gly Thr His

Leu

Leu

Ser

165

Thr

Asn

Pro

Val

245

Val

Pro

Thr

Val

105
Gly Gly Pro Ser

120

Met Ile Ser Arg

His Glu Asp Pro
150

Val His Asn Ala

Tyr Arg Val Val

185

Gly Lys Glu Tyr
200
Ile Glu Lys Thr
215
Val Tyr Thr Leu
230

Ser Leu Thr Cys

Glu Trp Glu Ser
265
Pro Val Leu Asp
280
Val Asp Lys Ser
295
Met His Glu Ala

310

Val

Thr

Glu

Lys

170

Ser

Lys

Pro

Leu

250

Asn

Ser

Arg

Leu

Thr

Phe

Pro

Val

155

Thr

Val

Cys

Ser

Pro

235

Val

Asp

Trp

His

315

Asn

Cys

Leu

140

Lys

Lys

Leu

Lys

Lys

220

Ser

Lys

300

Asn

80
Glu Arg Phe Thr
95
Pro Pro Cys Pro
110
Phe Pro Pro Lys

125

Val Thr Cys Val

Phe Asn Trp Tyr

160

Pro Arg Glu Glu
175

Thr Val Leu His

190

Val Ser Asn Lys
205

Ala Lys Gly Gln

Arg Glu Glu Met
240
Gly Phe Tyr Pro

255

Pro Glu Asn Asn
270

Ser Phe Phe Leu

285

GIn Gly Asn Val

His Tyr Thr Gln

320

_60_
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Lys Ser Leu Ser Leu Ser Pro Gly Lys
325

<210> 21

<211> 344

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic

polypeptide
<400> 21
Ser Gly Arg Gly Glu Ala Glu Thr Arg Glu
1 5 10
Asn Trp Glu Leu Glu Arg Thr Asn Gln Ser

20 25

Gly Glu Gln Asp Lys Arg Leu His Cys Tyr
35 40
Ser Gly Thr Ile Glu Leu Val Lys Lys Gly
50 95
Asn Cys Tyr Asp Arg Gln Glu Cys Val Ala
65 70
Val Tyr Phe Cys Cys Cys Glu Gly Asn Phe

85 90

His Leu Pro Glu Ala Gly Gly Pro Glu Val
100 105
Thr Ala Pro Thr Gly Gly Gly Thr His Thr
115 120
Pro Glu Leu Leu Gly Gly Pro Ser Val Phe
130 135
Lys Asp Thr Leu Met Ile Ser Arg Thr Pro

145 150

Val Asp Val Ser His Glu Asp Pro Glu Val

165 170

Cys Ile

Tyr Tyr

Asn

15

Gly Leu Glu Arg Cys

Ala Ser

Cys Trp

60

30

Trp Ala
45

Leu Asp

Asn

Asp

Thr Glu Glu Asn Pro

75

Cys Asn

Thr Tyr

Cys Pro

Leu Phe

140

Glu Val

155

Lys Phe

Glu Arg

Glu Pro

110
Pro Cys
125

Pro Pro

Thr Cys

Asn Trp

_61_

Phe

95

Pro

Pro

Lys

Val

Tyr

175

Ala

Ser

Phe

80

Thr

Pro

Pro

Val
160

Val
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Asp

Tyr

Asp

Leu

225

Arg

Lys

Asp

Lys

Ser

305

Ser

Ser

Gly Val

Asn Ser

195

Trp Leu

210

Pro Val

Glu Pro

Asn Gln

Ile Ala

275

Thr Thr

290

Lys Leu

Cys Ser

Leu Ser

<210> 22

<211> 5

<212> PRT

Glu Val His Asn Ala Lys Thr Lys

180

Thr Tyr Arg Val

Asn Gly Lys Glu

215

Pro Ile Glu Lys

230

GIn Val Tyr Thr

245

Val Ser Leu Thr

260

Val Glu Trp Glu

Pro Pro Val Leu

295

Thr Val Asp Lys

310

185
Val Ser Val Leu
200

Tyr Lys Cys Lys

Thr Ile Ser Lys
235
Leu Pro Pro Ser
250
Cys Leu Val Lys
265
Ser Asn Gly Gln

280

Asp Ser Asp Gly

Ser Arg Trp Gln

315

Pro Arg Glu

190

Thr Val Leu
205

Val Ser Asn

220

Ala Lys Gly

Arg Glu Glu

Gly Phe Tyr
270
Pro Glu Asn

285

Ser Phe Phe
300

GIn Gly Asn

Val Met His Glu Ala Leu His Asn His Tyr Thr

325

330

Leu Ser Pro Gly Lys

340

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic

peptide

<400> 22

Thr Gly Gly Gly Gly

1

5

_62_

Glu Gln

His Gln

Lys Ala

GIn Pro

240
Met Thr
255

Pro Ser

Asn Tyr

Leu Tyr

Val Phe
320
Gln Lys

335
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<210> 23

<211> 5

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
peptide

<400> 23

Ser Gly Gly Gly Gly

1 5
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