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(57) Abstract: This disclosure relates to antagonistic dual receptor antigen-binding proteins, e.g. antibodies and methods of using
the dual receptor antibodies for treatment of pathological diseases. The dual receptor antibodies may comprise an antibody to ActRII
receptors and may be used to treat pathological condition. The pathological conditions can comprise muscle wasting diseases or any
o disease that requires stimulation of muscle growth.
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Dual receptor antagonistic antigen-binding proteins and uses thereof

Cross reference to related applications
{0001} This application claims the benefit of U.S. Provisional Application No.
61/658,237, filed June 11, 2012, the entire disclosure of which 18 hereby incorporated by

reference n its entirety for all purposes.

Statement regarding federally sponsored research or development
{60902} Not applicable.

Reference to a sequence listing

{6683 Not applicable.

Field of the invention
{6004] This disclosure relates to antagonistic dual receptor antigen-binding proteins, e.g.
antibodies and methods of using the dual receptor antibodies. The dual receptor antibodies may

comprise antibodics to ActRII recoptors and may be used to stumulate muscle growth,

Background of the invention
{0005} The transforming growth factor B (TGF-B) family of proteins includes the
transforming growth factors-f (TGF-B), activins, bone morphogenic proteins (BMP), nerve
growth factors (NGFs}, brain-derived neurotrophic factor (BDNF), and growth/ differentiation
factors {GDFs). These family members are involved in the regulation of a wide range of

biological processes including cell proliferation, differentiation, and other functions,

{6G06] Growth/differentiation factor 8 (GIDF-8), also referred to as myostatin, ts a TGF-8
farmily member expressed for the most part in the cells of developing and adult skeletal muscle
tissue. Myostatin appears to play an essential role in negatively controlling skeletal muscle
growth (McPherron et al., Nature (London), 387:83-90, (1997} Zimmers ¢t al., Science,
296:1486-1488, (2002)). Autagonizing myostatin has been shown to increase lean muscle mass

in animals,

{6007} Another member of the TGF- farily of proteins 1s a related growth/
differentiation factor, growth/differentiation factor 11 (GDF-11), GDF-11 has approximately 90
% sequence identity to the amino acid sequence of miyostatin, GDF-11 has a role in the axial
patterning in developing animals (Oh et al., Genes Dev., 11:1812-26, (1997)), and also appears (o
play a role in skeletal muscle development and growth.
{6008} Activins A, B and AB are the homodimers and heterodimer respectively of two
polypeptide chains, BA and BB (Vale et al,, Nature, 321:776-779, (1986); Ling et al., Nature,
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321:779-782, (1986)). Activins were originally discovered as gonadal peptides involved in the
regulation of follicle stimulating hormoune synthesis, and are now believed to be 1ovolved in the

regulation of a number of biological activities. Activin A s a predominant form of activin,

{6009] Activin, myostatin, GDF-11 and other members of the TGF-§ superfamily bind
and signal through a combination of activin type A (ActRHA) and activin type HB (ActRIB)
receptors, both of which are transmembrane sering/threonine kinases (Harrison ¢t al,, 1. Biol.
Chem., 279:28036-28044, (2004)). Cross-linking studies have deterrmned that myostatin is
capable of binding the activin type H receptors ActRIA and ActRIB in virro (Leoe ot al., PNAS
USA, 98:9306-11, (2001)). There is also evidence that GDF-11 binds to both AciRIIA and
ActRHB (Ch et al,, Genes Dev., 16:2749-534, (200233,

{0610} ActRIIB polypeptides can be prepared as a soluble variant of ActRIIB-Fe.
Solable ActRIIB-Fc potently stivaulates rouscle growth by sequestering multiple ligands such as
myostatin, activin and GDF11 (Lee SJ, et al,, Proc Natl Acad Sct U S A, 102(501:18117-22,
{2005 Dec 13) (Epub. 2005 Dec 5)). These ligands, including myostatin, bind to two high

genes, which encode two distinet transmerbrane receptor proteins with about 65% sequence
homology at the amino acid level. Ligand binding at the cell membrane to either of these two
receptors has been shown to cause the phosphorylation of Smads 2/3 and, as a result, to activate
downstream transcriptional changes in the cell, (Lee SJ, et al., Proc Natl Acad Sci U S AL,
102500 18117-22, (2005 Dec 13} {(Epub. 2005 Dec 5)). Skeletal muscle cells express both of
these receptors. Interfering with the activin receptors, ¢.g. by using an antagonistic dual receptor

antibody can result in physiological effects by blocking the activin signaling pathway.

{6011} The present invention provides a biologically active therapeutic that blocks at
least activin activity and 1s thereby capable of stimulating skeletal muscle growth,

Summary of the invention
{6012} The invention relates to antagonistic dual activin receptor antigen-binding proteins
and fragments thereof that bind to ActRH receptors. In various embodiments the antigen-binding
proteins are antibodies. The antibodies can bind ActRIIA and ActRIIB. Uses are provided for
the antigen-binding proteins described herein, ¢.g. stimulation of skeletal muscle growth.
{0613} I various embodiments an isolated antigen-binding protetn that binds two activin
receptors s provided. The antigen binding protein can bind two activin receptors at the samge
tirve. The isolated antigen-binding protein specifically binds to SEQ 1D NO: 2 and SEQ ID NO:

18. Alternatively, the isolated antigen-binding protein specifically binds to SEQ ID NO: 1 and

2



WO 2013/188448 PCT/US2013/045245

SEQ ID NG: 17, In various aspects, when the antigen binding protein binds to SEQ ID NO: 2
and SEQ 1D NG: 18 or to SEQ 1D NO: 1 and SEQ 1D NO: 17 it stimulates muscle growth, Tn
other aspects, the antigen-binding protein is a monoclonal antibody or fragment thereof, The can
be a mouse antibody, a humanized antibody, a hurnan antibody, a chimeric antibody, a
multispecific antibody, or fragment of a mouse antibody, a chimeric anttbody or a multispecific

antibody.

{0014} In various embodirents an 1solated antigen-binding protein comprising SEQ ID
NO: 15 and SEQ ID NO: 16 18 provided. In various aspects the isolated antigen-binding protein
can have 97% identity to SEQ 1D NOs: 15 and 16. The 1solated antigen-binding protein can bind
to SEQ ID NO: 2 and SEQ I NO: 18. In various aspects, when the antigen-binding protein
binds to SEQ 1D NO: 2 and SEQ ID NO: 18 it stimulates muscle growth. In other aspects, the
antigen-binding protein is a monoclonal antibody or fragment thereof. The antibody canbe a
mouse antibody, a humanized antibody, a human antibody, a chimeric antibody, a mmultispecitic

antibody, or fragment of a mouse antibody, a chimeric antibody or a multispecific antibody.

{0015} In various embodiments an isolated antigen-binding protein comprising SEQ 1D
NO: 3, SEQIDNO: 4, SEQ IDNG: 5, SEQ IDNO: 6, SEQIDNGO: 7and SEQIDNG: 81s
provided. The isolated antigen-binding protein can specifically bind to SEQ 1D NO: 2 and SEQ
1D NO: 18, When the antigen-binding protein binds to both SEQ 1D NO: 2 and SEQ ID NO: 18
it can stimulate muscle growth. In other aspects, the antigen-binding protein is a mouvocional
antibody or fragment thereof. The antibody can be a mouse antibody, a humanized antibody, a
human antibody, a chimeric antibody, a2 multispecific antibody, or fragment of a mouse antibody,

a chimeric antibody or a multispecific antibody.

{6016} In various embodiments an isolated antigen-binding protein comprising SEQ 1D
NO: 3, SEQ ID NO: 4, SEQ 1D NG: 5. The solated antigen-binding protein can bind to SEQ ID
NO: 2 and SEQ D NO: 18, In various aspects, when the antigen-binding protein binds to SEQ
ID NG 2 and SEQ ID NO: 18 it stimulates muscle growth, In other aspects, the antigen-binding
protein is a monoclonal antibody or fragment thereof, The antibody can be a mousc antibody, a
humanized antibody, a hurnan antibody, a chimeric antibody, a multispecific antibody, or

fragment of a mouse antibody, a chimeric antibody or a multispecific antibody.

{8617} in various embodiments an isolated antigen-binding protein comprising SEQ ID
NO: 6, SEQ ID NO: 7 and SEQ 1D NG: 8 1s provided. The isolated antigen-binding protein can
bind to SEQ {D NO: 2 and SEQ D NO: 18, In various aspects, when the antigen-binding protein
binds to both SEQ 1D NO: 2 and SEQ ID NGO: 18 it stimulates muscle growth, In other aspects,
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the antigen-binding protein is a monoclonal antibody or fragment thereof, The antibody can be a
raouse antibody, a humanized antibody, a human antibody, a chivaeric antibody, a multispecific

antibody, or fragment of @ mouse antibody, a chimeric antibody or a multispecific antibody.

{6018} i various embodiments an isolated nucleic acid encoding any of the antigen-
binding proteins is provided. An expression vector coruprising the nucleic acid and a host cell s
also provided. The host cell can be a eukaryotic or prokaryotic ceil. The eukaryotic cellcanbe a

mammalian cell.

{0619} I various embodiments, an isolated antigen-binding protein, comprising at least
SEQ 1D NOs: 3-5 or SEQ ID NOs: 4-6 s provided. In various aspects, a method of producing an
antigen-binding protein, comprising culturing the host cell under suitable conditions such that the
nucleic acid is expressed to produce the antibody. The antibody can be recovered from the

culture of the hosi cell.

(0626} I various embodiments a composition comprising an antigen-binding protein of

and a pharmaceutically acceptable carrier, diluent or excipient is provided.

16021} In other emnbodiments, a method of reducing or blocking myostatin, activin A or
GDF-11 activity is provided comprising administering a therapeutically effective amount of the
antigen-binding protein or a pharmaccutical composition containing the antigen binding protein

to a subject 10 need of such treatment.

160622} in yet other embodiments, a method of increasing lean muscle mass or increasing
the ratio of lean muscle mass to fat mass in a subject in need of such treatruent is provided
comprising administering an effective amount the antigen-binding protein or a pharmaceutical

composition containing the antigen binding protein,

{06623} In various erobodiments, a method of treating or preventing a muscle wasting
discase in a subject suffering from such a disorder is provided comprising administering an
effective amount of a therapeutic composition containing the antigen-binding protein to the
subject. The muscle wasting disease can comprise cancer cachexia, muscular dystrophy,
amyotrophic lateral sclerosis, congestive obstructive pulmonary disease, chronic heart fatlure,
chemical cachexia, cachexia from HIV/AIDS, renal fatlure, uremia, rheumatoid arthritis, age-
related sarcopenia, age-related frailty, organ atrophy, carpal tunnel syndrome, androgen
deprivation, or muscle~-wasting due to inactivity from prolonged bed rest, spinal cord mjury,

stroke, bone fracture, burns, aging or insulin resistance.

{6024} In various erabodiments, an isolated antigen-binding protein s provided wherein

the isolated antigen-binding protein has a Kp for ActRIIB of 10 pM or less in a BlAcore assay.
4
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i{n other aspects, the antigen-binding protein can have a Ky for ActRIIB of | pM or less. In yet
other aspects, the tsolated antigen-binding protemn has a Kp for AciRUA of 4nM or less ina

BlAcore assay. The antigen-binding protein can also have a Xy for ActRIFA of 1pM or less.

{6025} i other aspects, the antigen-binding protein can have a KD for both ActRIIB and

ActRUA of 1 pM or less in a BIAcore assay,

{0026} In various embodiments, an isolated antigen-binding protein is provided wherein
the 1solated antigen-binding protein has a ICs for ActRIIB of § rum or less in a cell-based assay.
In other aspects, the antigen-binding protein can have an (s for ActRIIB of 2 nM or less. In yet
other aspects, the isolated antigen-binding protein can have an 1Csy for ActRIIA of 2nM or less in
a cell-based assay. The antigen binding protein can also have an 1Csp for ActRIIA of 1 nM or
iess. The antigen-binding protein can have an ICsp for ActRIIB of 2 nM or less and an

ICs0ACtRIIA of 1 nM or less in a cell-based assay.

(0627} I various embodiments, the antigen-binding protein is an antagonistic dual-

receptor antibody. The dual-receptor antibody can be a human antibody.

{6028} In vartous embodiments, a method of reducing or blocking myostatin, activin A or
GDF-11 activity is provided comprising administering dual receptor antigen-binding proteins or
polypeptides, or pharmuaceutical compositions containing these, to a subject in need of such
treatruent. The antigeu-binding proteins can be antagomstic dual receptor antibodies. The

antibodies can be against ActRIIB and ActRUA.

{6029] In another aspect, a method of increasing lean muscle mass or increasing the ratio
of lean muscle mass to fat mass in a subject in need of such treatment is provided comprising
administering an effective amount of the composition or pharmaceutical coraposition containing
dual receptor antigen-binding proteins or polypeptides to the subject.  The antigen-binding
proteins can be antagonistic dual receptor antibodies. The antibodies can be against ActRIB and

ActRHA.

{0038} In another aspect, a method of treating or preventing a muscle wasting disease in a
subject suffering from such a disorder 18 provided comprising administering a therapeutic
composition containing dual receptor antigen-binding proteins or polypeptides to the subject.

The antigen-binding proteins can be antagonistic dual receptor antibodies. The antibodies can be
against ActRIIB and ActRIIA. The muscle wasting disease juclades, but is not himited to, the
following conditions: cancer cachexia, muscular dystrophy, amyotrophic lateral sclerosis,
congestive obstructive pulmonary disease, chronic heart fatlure, chemical cachexia, cachexia

from HIV/AIDS, renal failure, uremia, rheumatoid arthritis, age-related sarcopenia, age-related
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frailty, organ atrophy, carpal tunnel syndrome, androgen deprivation, and muscle-wasting duc to
inactivity from prolonged bed rest, spival cord injury, stroke, bone fracture, burns, aging, insulin
resistance, and other disorders. The muscle wasting may also result from weightlessness due to
space flight. The antigen-binding proteins can be antagonistic dual receptor antibodies. The

antibodies can be against ActRIIB and ActRIA.

{6631 in another aspect, a2 method of treating conditions in which activin is over-
expressed in a subject in need of such treatment 1s provided comprising, administering an
effective amount of a therapeutic composition containing a dnal activin receptor antigen-binding
protein or polypeptides to the subject. In one embodiment, the disease is cancer. In another
aspect, the present invention provides a method of treating a metabolic disorder comprising
administering a therapeutic composiiion containing antigen-binding proteins or polypeptides to a
subject in need of such treatment, wherein the metabolic disorder is selected from bone loss,

diabetes, obesity, nupatred glucose tolerance, hyperglycemia, and metabolic syndrome.

Brief description of the drawings
{68321 Figure 1. Figure I shows the CDR amino acid sequences for the HC and LC of

antibodies M43 (SEQ 1D NQOs: 3-8) and R31-1(SEQ ID NOs; 9-14).

EHIRRY! Figures 2A-2D. Figure 2A shows the amino acid sequences of M43 HC (SEQ 1D
NO: 15y and LC (SEQ D NO: 16). Bold face letters represent the CDR regions. Underlined
ictters represent the amino acid differences from the R31-1. Figure 2B shows the nucleic acid
sequences of M43 HC (SEQ 1D NO: 21) and M43 LC (SEQ 1D NO: 223, Figare 2C provides
sequences for additional antibodies of the application. Bold face Ietters represent the CDR
regions. Underlined letters represent the amino acid differences from the R31-1. Figure 2D
provides the amino acid and nucleic acid sequences for ActRIIB (SEQ ID NOs: 2 and 20) and

ActRHB-huFe (SEQ ID NOs: 1 and 24)

{6034 Figure 3. Figure 3 shows fack of agonistic activity for M43 in a cell-based assay.
{6035} Figures 4A-4C. Figures 4A-4C show the dose-dependent effect of M43 on body

weight (Figure 4A), lean mass (Figure 4B) and skeletal muscle mass (Figure 4C).

{3836} Figures SA-SD. Figures 5A-5D show effect of M43 on body weight, body
composition and muscle mass, 8-weck-old male inhibin-alpha KO mice (n=7/group) were
treated with a single injection (30 mg/kg, SC) of either M43 or sActRIIB for 2 weeks.

{6837} Figures 6A-0B. Figures 6A-B show effect of M43 on body weight and lean body

mass. S-week-old, male CDM mude mice; Dose: 10 mg/kg/week, 8.C. n=8/group.
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{0038} Figures 7TA-7F. Figures 7A-TF show the huActRIIB and huActRHUA binding

comparison of the parent and 5 mutant antibodies,

Detailed description
{8639} Dual receptor antagonistic antigen-binding proteins (such as antibodics and
functional binding fragments thercot) that bind to ActR receptors are disclosed herein. In some
embodiments, the ActRII receptors are ActRIA and ActRIIB receptors. The antigen-binding
proteins bind to activin receptors and prevent the activin receptors {rom funchioning in various
ways. For example, the dual receptor binding proteins may bind to the activin receptors, prevent
activin binding to the receptors and produce a physiological effect, ¢.g. stimulate skeletal muscle

growth.

{6040} The foregoing summary is not intended to define every aspect or embodiment of
the invention, and additional aspecis may be described in other sections. The entire document s
intended to be related as 2 unified disclosure, and it should be understood that all combinations of
features described herein may be contemplated, even i the combination of features 1s not found

together in the same sentence, or paragraph, or section of this document.

{6041} in addition to the foregoing, as an additional aspect, all embodiments narrower in
scope in any way than the varations defined by specific paragraphs herein can be included in this
disclosure. For example, certain aspects are described as a genus, and it should be understood
that cvery meraber of a genus can be, individually, an embodiment. Also, aspects described as a
genus or selecting a member of a genus should be understood to embrace combinations of two or
more members of the genus, U should also be understood that while various embodiments in the
specification are presented using “comprising” language, under various circumstances, a related

embodiment may also be described using “consisting of” or “consisting essentially of” language.

{6042} 1t will be understood that the descriptions herein are exemplary and explanatory
only and are not restrictive of the invention as clatimed. In this application, the use of the singular
includes the plural unless specifically stated otherwise. In this application, the use of “or” mecans
“and/or” unless stated otherwise. Furthermore, the use of the term “including”, as well as other
forms, such as “inchades” and “included”, is not miting. Also, terms such as “clement” or
“compounent” encompass both elements and compouents comprising one unit and elewents and
components that comprise more than one subunit unless specifically stated otherwise. Also, the

use of the term “portion” can wclude part of a rooiely or the eutire moiety.

{6843} It should also be understood that when describing a vange of values, the
characteristic being described could be an individual value found within the range. For example,

~
/
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“a pH from about pH 4 to about pH 6,” could be, but is not imited to, pH 4, 4.2, 4.6, 5.1, 5.5, etc.
aund any value in between such values. Additionally, “a pH frora about pH 4 to about pH 6,7
should not be construed to mean that the pH in question varies 2 pH units from pH 4 to pH 6, but
rather a value may be picked from within a two pH range for the pH of the solution.

{0644} In some embodiments, when the term “about” 15 used, it means the recited naombe
plus or minus 5%, 10%, 15% or more of that recited number. The actual variation intended is

determinable from the context.

[3045] The section headings used herein are for organizational purposes only and are not
to be construed as limiting the subject matter described. All documents, or portions of
documents, cited in this application, mcluding but not limited to patents, patent applications,
articles, books, and treatises, are hereby expressly incorporated by reference in their entirety for
auny purpose. As utilized 1o accordance with the disclosure, the following terus, unless otherwise

indicated, shall be understood to have the following meanings:

{6046} Asused herein the term “TGEF-f family members” or “TGF- proteins™ refers to
the structurally related growth factors of the transforming growth factor fanuly including
activins, and growth and differential factor (GDF) proteins (Kingsley et al., Genes Dev,, 8:133-
146, (1994); McPherron et al. Growth {actors and cyiokines 1 health and disease, Vol 1B, D.

LeRotth and C.Bondy. ed., JAI Press Inc., Greenwich, Conn, USA, pp 357-393).

16047] GDF-8, also referred to as myostatin, is a negative regulator of skeletal muscle
tissue (McPherron et al,, PNAS USA, 94:12457-12461, (1997)). Myostatin is synthesized as an
inactive protein complex approximately 375 amino acids in length, having GenBank Accession
No: AABRGGY4 for human. The precursor profein is activated by proteolytic cleavage at a
tetrabasic processing site to produce an N-terminal inactive prodomain and an approximately 109
amino acid C-ternmunal protein which dimerizes to form a homodimer of about 25 kDa. This

homodimer ts the mature, biologically active protein (Zimmers et al., Science, 296:1486 {2002},

{0048} As used herein GDF-11 refers to the BMP (bone morphogenic protein) having
Swissprot accession murnber 095390 (SEQ 1D NO: 58), as well as variants and species hormologs
of that protein. GDF-11 has approximately 90% identity to myostatin at the amino acid level.
GDF-11 s involved 1n the regulation of anterior/posterior patterning of the axial skeleton
{McPherron, et al,, Nature Genet., 22(93 1 260-264, (1999); Gamer, et al,, Dev. Biol,,
208(113222-232, (1999)) but postnatal functions arc unknown.

[3049] As used heren the term “derivative of the ActRIIA and ActRIB polypeptides”
refers to the attachment of at least one additional chemical moiety, or at least one additional

8
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polypeptide to form covalent or aggregate conjugates such as glycosyl groups, lipids, acetyl
groups, or C-terminal or N-terminal fusion polypeptides, conjugation to PEG molecules, and
other modifications which are described more fully below. Variant ActRIIB receptor
polypeptides (vACtRIB) can also melude additional modifications and dertvatives, including
maodifications to the C and N termini which arise from processing due to expression in various
cell types such as mammalian cells, E. ¢oli, yeasts and other recombinant host cells. Further
included are vACtRHB polypeptide fragments and polypeptides comprising inactivated N-
glycosylation site(s), inactivated protease processing site(s), or conservative amino acid

substitution{s),

{0058} As used herein, an antibody or antigen-binding fragment can be an agonist or an
antagonist,
{06051} An “agonist” vefers to an agent that binds to a polypeptide (such as a receptor), or

a polynucleotide and stimulates, increases, activates, facilitates, enhances activation, sensitizes or

up regulates the activity or expression of the polypeptide or polynucleotide,

{80521 An “antagomst” refers to an agent that inhibits expression of a polypeptide or
polynuclootide or binds to, partially or totally blocking stinmlation, decreases, prevents, delays
activation, mactivates, deseusitizes, or down regulates the activity of the polypeptide or
polynucieotide.

1y,

{6053} An “antigen binding protein” (“ABP”} refers to any protein that binds a specified
target antigen. In this specification, the specified target antigen can be an activin receptor or
fragiment or region thereof, e.g. ActRIA, ActRIIB, ActRHA-huFc or ActRIIB-huFc. “Antigen-
binding protein” inchudes but s not imited to antibodies and binding parts thereof, such as
immunologically functional fragments. Peptibodies are another example of antigen-binding

proteins.

{0654} A “dual receptor antigen-binding protein” refers to a protein that can bind two
recoptors. The binding can be at the same time or simultancously or alternatively can be either of
the receptors but not at the same time. The “dual receptor antigeu-binding protein” can be a
“dual receptor antagouistic antibody” that binds the two receptors. The receptors can be
myostatin/ activin receptors or the receptors can be ACtRIFA and ActRIIB or ActRHA-huFe and
ActRiIB-huFe. The dual receptor antibody can block the signaling in paralle] of both ActRIIB
and ActRIIA. Blocking the signaling can have a physiological response, e.g. stimulating skeletal

muscle or bone growth,

9
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{8055} The term “polynuclectide” or “nucleic acid” mmcludes both single-stranded and
double-stranded nucleotide polymers. Nucleotides comprising the polynucleotide can be

ribonucleotides or deoxyribonucleotides or a moditied form of either type of nucleotide. Said
modifications include base modifications such as bromouridine and inosine derivatives, ribose

e
3

modifications such as 27,3 -dideoxyribose, and internucleotide Hinkage modifications such as
phosphorothioate, phosphorodithioate, phosphoroselenoate, phosphorodiselenoate,

phosphoroanilothioate, phoshoraniladate and phosphoroamidate.

{6056} The term “oligonucleotide” means a polynucleotide comprising 200 or fewer
nucleotides. In somc embodiments, oligonucleotides are about 10 o about 60 bases in length. In
other embodiments, oligonucleotides are about 12, about 13, about 14, about 15, about 16, about
17, about 18, about 19, or about 20 to about 40 nucleotides in length, Oligonucleotides can be
single stranded or double stranded, e.g., for use n the construction of a nuutant gene.
Oligonucleotides can be sense or antisense oligonucleotides. An oligonucleotide can include a
label, including a radiolabel, a fluorescent label, a hapten or an antigenic label, for detection
assays. Oligonucleotides can be used, for example, as PCR primers, cloning primers or

hybridization probes,

100587] An “isolated nucleic acid molecule” means a DNA or RNA of genomic, mRNA,
cEINA, or synthetic origin or some combination thercof which is not associated with all or a
portion of a polynucleotide 1 which the 1solated polynucleotide is found in nature, or s linked to
a polymucleotide to which it is not linked in nature. For purposes of this disclosure, it should be
understood that “a nucleic acid wolecule comprising” a particular nucleotide sequence does vot
encompass intact chromosomes. Isolated nucleic acid molecules “comprising” specified nucleic
acid sequences can inchude, 1n addition to the specified sequences, coding sequences for up to ten
or even up to twenty other proteins or portions thereof, or can include operably linked regulatory
sequences that control expression of the coding region of the recited nucleie acid sequences,

and/or can include vector sequences.

{6058 Unless specified otherwise, the left-hand end of any single-stranded
polynucleotide sequence discussed herein s the 57 end; the left-hand direction of double-stranded
polynucleotide sequences is referred 1o as the 37 direction. The direction of 57 to 37 addition of
nascent RNA transcripts 1s referred to as the transcription direction; sequence regions on the
DNA strand having the same sequence as the RNA transcript that are 57 to the 57 end of the RNA
transcript are referred to as “upstream sequences;” sequence regions on the DNA strand having
the sawme sequence as the RNA transcript that are 37 to the 37 end of the RNA transcript are

referred to as “downstream sequences.”
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{8059] An isolated nucleic acid can encode antigen-binding proteins disclosed in various
embodiments herein, ¢.g. a dual receptor antigen-binding protein ot anti-activin dual receptor
antibody. The nucleic acid 1s said to be “operably linked” when it is placed into a functional
relationship with another nucleic acid sequence. For exaraple, DNA for a presequence or
secretory leader is operably linked to DNA for a polypeptide if it is expressed as a preprotein that
participates in the secretion of the polypeptide; a promoter or enhancer 1s operably linked to a
coding sequence if it affects the transcription of the sequence; or a ribosone binding site is
operably linked to a coding sequence it it is positioned so as to facilitate translation. Generally,
“operably linked” means that the DNA sequences being linked are near each other, and, in the
case of a secretory leader, contiguous and in reading phase. However, enhancers do not have to
be contiguous. Linking is accomplished by ligation at convenient restriction sites. If such sites do
not exist, the synthetic oligonucleotide adaptors or linkers are used in accordance with

conventional practice.

{8660} The term “amino acid” refers to natural and/or non-naturally occurring armino

acids, and includes its pormal meaning in the art.

{6061} The terms “polypeptide” or “protein” means a macromolecule having the amino
acid sequence of a native protein, i.e., a protein produced by a naturally-occurring and non-
recombinant cell; or the protein can be produced by a genetically-engineered or recombinant cell,
and coruprise molecules having the arno acid sequence of the vative protein, or molecules
having deletions from, additions to, and/or substitutions of one or more amino acids of the native
sequence. The term also includes aminoe acid polymers i which one or more amine acids are
chemical analogs of a corresponding naturally-occurring amino acid and polymers. The terms
“polypeptide” and “protein” specifically encompass inter alia, activin dual receptor antigen-
binding proteins, antibodies, or sequences that have deletions from, additions to, and/or
substitutions of one or more amino acid of antigen-binding protein. The terra “polypeptide
fragment” refers to a polypeptide that has an amino-~terminal deletion, a carboxyl-terminal
deletion, and/or an internal deletion as compared with the full-length native protein. Such
fragments can also contain moditied amino acids as compared with the native protein. In various
embodiments, fragments can be about five to about 500 amino acids long. For example,
fragraents can be at least about 3, about 6, about 8, about 10, about 14, about 26, about 58, about
70, about 100, about 150, about 200, about 250, about 300, about 350, about 400, or about 450
amino acids long. Useful polypeptide fragments inchude immuneologically functional fragments
of antibodies, including binding domains. In the case of an dual activin receptor-binding

antibody, useful fragments include but are not limited to a CDR region, a variable domain ofa
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heavy and/or light chain, a portion of an antibody chain or just its variable region including one,

two, three, four, five or six CDRs, and the like.

j0662] The term “isolated protein™ means that a subject protein {1} 1s free of at least some
other proteins with which it would normally be found, (2) is essentially free of other proteins
from the same source, e.g., from the same species, (33 1s expressed by a cell from a different
species, {4} has been separated from at least about 50 percent of polymucleotides, lipids,
carbohydrates, or other materials with which it 1s associated in nature, (5) is operably associated
{by covalent or non-covalent interaction) with a polypeptide with which it is not associated in
nature, or {6} does not oceur 1 nature, Typically, an “isolated protein” counstituies at least about
5%, at least about 10%, at least about 25%, or at least about 50%, at least about 75%, at least
about 90% or more of a given sample, Genomic DNA, ¢DNA, mRNA or other RNA, of
synthetic origin, or any combination thereof can encode such an isolated protein. In various
embodiments, the isolated protein is substantially free from proteins or polypeptides or other
contarinants that are found in 1ts natural environment that would interfere with its therapeutic,

diagnostic, prophylactic, research or other use.

{6063} A “variant” of a polypeptide {e.g., an antigen-binding protein, or an antibody)
comprises an amino acid sequence wherein one or more amino acid residues are inserted into,
deleted from and/or substituted into the amino acid sequence relative to another polypeptide

sequence. Variauts mchude fusion protens.

{0064} As used herein, the twenty conventional {e.g., naturally occurring} amino acids
and their abbreviations follow conventional usage, See Immunology - A Svnthesis 2nd Ed., E. S,
Golub & D, R, Gren, Eds., Sinauer Assoc., Sunderland, Mass, (1991}}, which is incorporated
herein by reference for any purpose. Stercoisomers {e.g., D-amino acids) of the twenty
conventional amine acids, unnatural amino acids such as o, a~disubstituted amino acids, N-alkyl
amino acids, lactic acid, and other unconventional amino acids can also be suitable components
for polypeptides of various embodiments described herein. Examples of unconventional amino
acids include: 4-hydroxyproline, y-carboxyglutamate, &N N N-trimethyllysine, s-N-acetyllysine,
O-phosphoserine, N-acetylserine, N~formylmethionine, 3-wethylhistidine, S-hydroxylysine, 6-N-
methylarginine, and other similar amino acids and imino acids {(e.z., 4-hydroxyproline). Iu the
polypeptide notation used herein, the left-hand direction is the amino terminal direction and the
right-hand direction is the carboxy-terminal direction, in accordance with standard ysage and

convention.
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{0065} Conservative amino acid substifutions can encompass non-naturally occurring
amino acid residues, which are typically tacorporated by chemical peptide synthesis rather than
by synthesis in biological systems. These include peptidonumetics and other reversed or inverted

{orms of amino acid moieties,

LY Naturally occurring residues can be divided into classes based on common side

chain properties:

{0067} Hydrophobic: Norleucine, Met, Ala, Val, Ley, He;

{0068] Neutral hydrophilic: Cys, Ser, Thr, Asu, Glng

[6069] Acidic: Asp, Glu;

{0676 Basic: His, Lys, Arg;

16671} Residues that influence chain orientation: Gly, Pro; and

16072} Aromatic: Trp, Tyr, Phe.

{8673} For example, nou-couservative substitutions can involve the exchange of a

member of one of these classes for a member from ancther class. Such substituted residues can
be mitroduced, for exarple, into regions of 4 hurnan antibody that are homologous with non-

haman antibodies, or into the non-homologous regions of the molecule.

{6074} i making changes to an antigen-binding protein {such as an antibody), according
to certain embodiments, the hydropathic index of amino acids can be considered. Fach amino
acid has been assigned a hydropathic index on the basis of its hydrophobicity and charge
characteristics, They are: isoleucine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8);
cysteine/cystine (+2.5); methionine (+1.9); alanine (+1.8); glycine (-0.4}); threonine {-0.7); serine
(-0.8); tryptophan (-0.9); tyrosine (-1.3}; proline (-1.6); histidine (-3.2); glutarnate (-3.5);

glutamine (-3.5); aspartate (-3.5); asparagine {-3.5); lvsine {-3.9); and arginine {~4.5).

{8075} The importance of the hydropathic amino acid index in conferring interactive
biclogical function on a protein is understood in the art, Kyte, et al., J. Mol, Biol,, 157:105-131,
(1982). It is known that certain amino acids can be substituted for other amino acids having a
similar hydropathic index or score and still retain a similar biological activity, In making
changes based upon the hydropathic index, in certain embodiments, the substitution of amino
acids whose hydropathic indices are within +2 1s included. In certain embodiments, those which

are within =1 are included, and in certain erabodiments, those within 20,5 are included.
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10676} it 18 also understood in the art that the substitution of like amino acids can be
rade effectively on the basis of hydrophilicity, particularly where the biologically functional
protein or peptide thereby created s intended for use in immunclogical embodiments. In certain
embodiments, the greatest local average hydrophilicity of a protein, as governed by the
hydrophilicity of its adjacent amino acids, correlates with its immunogenicity and antigenicity,

i.e., with a biological property of the protein,

{6677] The following hydrophilicity values have been assigned to these amino acid
residucs: arginine (+3.0); lysine (+3.0); aspartate (+3.0 + 1}; glutamate (3.0 = 1); serine (+0.3);
asparagine (+0.2); gltamine (-0.2); glycine (0); threonine (-0.4); proline (-0.5 £ 1}; alanine (-
(.5); listidine (-0.5); cysteine (~1.0}; methionine (~1.3}; valine {-1.5}; leucine (~-1.8}; 1scleucine {~
L.8); tyrosine (-2.3); phenylalanmne (-2.5) and tryptophan (-3.4), In making changes based upon
similar hydrophilicity values, in certain embodiments, the substitution of amino acids whose
hydrophilicity values are within £2 18 included, i certain emabodiments, those which are within
+1 are wncluded, and in certain embodiments, those within 0.5 are incloded. Cue can also
identify epitopes from primary amino acid sequences on the basis of hydrophilicity. These

regions are also referred to as "epitopic core regions.”

{0678} Exemplary amino acid substifutions are set forth in Table 1.

Table 1: amino gcid substitutions

Original Residucs Exemplary Substitutions Preferred Substitutions
Ala Val, Ley, Hie Val
Arg Lys, Gln, Asp Lys
Asn Gin Gin
Asp Glu Glu
Cys Ser, Ala Ser
Gin Asn Asn
Glu Asp Asp
Gly Pro, Ala Ala
His Asn, Glu, Lys, Arg Arg
Iic Ley, Val, Met, Ala, Phe, Norleucine Leu
Leu Norleucine, lle, Val, Met, Ala, Phe ife
Lys Arg, 1,4 Dwmni iﬁst}nc Acid, Glu, Arg
Met Leuy, Phe, Ile Leu
Phe Leu, Val, e, Ala, Tyr Leu
Pro Ala Gly
Ner Thr, Ala, Cvs Thr
Thr Ner Ser
Trp Tyr, Phe Tyr
Tyr Trp, Phe, Thr, Ser Phe
Val Ile, Met, Leu, Phe, Ala, Norleucine Leu

14
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{6679 The term “derivative” refers to a molecule that includes a chemical modification
other than an insertion, deletion, or substitution of amino acids {or nucleic acids). In certain
embodiments, derivatives comprise covalent modifications, including, but not limited to,
chernical bonding with polymers, lipids, or other organic or inorganic moictics. In certain
embodiments, a chemically modified antigen-binding protein can have a greater circulating half-
iife than an antigen-binding protein that 1s not chemically modified. In certain embodiments, a
chemically modified antigen-binding protein can have improved targeting capacity for desired
cells, tissues, and/or organs. In some crbodiments, a derivative antigen-binding protein is
covalently modified to inchude one or more water soluble polymer attachments, including, but
not limited to, polyethylene glycol, polyoxyethylene glycol, or polypropylene glycol. See e.g.,
U5, Patent Nos, 4,640,835 4,496,689; 4,301,144: 4,670,417: 4,791,192 and 4,179,337, In
certain embodiments, a derivative antigen-binding protein comprises one or more polymer,
including, but not hmited to, monomethoxy-polycthylene glycol, dexiran, cellulose, or other
carbohydrate based polymers, poly-(N-vinyl pyrrolidone}-polyethylene glycol, propvlene glycol
homopolymers, a polypropylene oxide/ethylene oxide co-polymer, polyvoxyethylated polyols

{e.g., glycerol} and polyvinyl alcohol, as well as mixtares of such polymers.

{6080} in certain embodiments, a derivative is covalently modified with polyethyiene
glycol (PEG) subunits. In certain embodiments, ouc or more water-soluble polymer is bonded at
one or more specific posttion, for example at the amino terminus, of a derivative. In certain
cembodiments, one or more water-soluble polymer is randomly attached to onc or more side
chains of a derivative. In certain embodiments, PE(G 1s used to timprove the therapeutic capacity
for an antigen-binding protein. In certain embodiments, PEG s used to improve the therapeutic
capacity for a humanized antibody. Certain such methods are discussed, for example, in U.S.

Patent No, 6,133,426, which 18 hereby incorporated by reference for any purpose.

16081} Peptide analogs are commonly used o the pharmaceutical industry as non-peptide
drugs with properties analogous to those of the template peptide. These types of non-peptide
compound are termed “peptide mimetics” or “peptidomimetics.” Fauchere, 1., Adv. Drug Res.,
15:29, (1986); Veber & Freidinger, TINS, p.392, (1985); and Evans et al., J. Med. Chem,,
3001229, (1987), which are incorporated herein by reference for any purpose. Such compounds
are often developed with the aid of computerized molecular modeling. Peptide mimetics that are
structurally similar to therapeutically useful peptides can be used to produce a similar therapeutic
or prophylactic effect. Generally, peptidomimetics are structurally similar to a paradigm
polypeptide (7., a polypeptide that has a biochemical property or pharmacological activity),

such as human antibody, but have one or more peptide linkages optionally replaced by at least
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one linkage selected from: --CHyNH--, --CH; 8-, ~-CH-CHj--, ~-CH=CH-{cis & trans), --
COCH; -, ~~-CH{OH)CH; ~-, and ~~CHaSO--, by methods well known 1 the art, Systematic
substitution of one or more amino acids of a consensus sequence with a D-amino acid of the
same type {e.g., D-lysine in place of L-lysine} can be used n certaimn embodiments to generate
more stable peptides. 1o addition, constrained peptides comprising a consensus sequence or a
substantially identical conscnsus sequence variation can be generated by methods known in the
art (Rizo & Gierasch, Ann. Rev, Biochem., 61:387, (1992}, incorporated hersin by reference for
any purposc); for example, by adding internal cysteine residucs capable of forming

intramolecular disulfide bridges which cyclize the peptide.

{0082} The termy “naturally occurring” as used throughout the specification in connection
with biological materials such as polypeptides, nucleic acids, host cells, and the hike, refers 1o

materials which are found in nature or a form of the materials that is found in nature,

16083 The terms “identical” or percent “identity,” in the context of two or more nucleic
acids or polypeptide sequences, refer to two or more sequences or subsequences that are the same
or have a specified percentage of amino acid residues or nucleotides that are the same (i.e., about
60% identity, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 91%,
about 92%, about 939, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%,
or higher identity over a specified region, when compared and aligned for maximmum
correspondence over a coraparison window or designated region) as measured using a BLAST or
BLAST 2.0 sequence comparison algorithms with default parameters described below, or
through roanual alignment and also visual inspection (see e.g., the NCBI website
http://www.ncbinimonih.gov/BLAST/ or the like). Such sequences are then said to be
“substantially identical.” This definition also refers to, or aay be applied to, the compliment of a
test sequence. The definition also includes sequences that have deletions and/or additions, as
well as those that have substitutions, As described herein, the algorithms can account for gaps,
and the like. In various embodiments, identity exists over a region that is at least about 25 amino
acids, about 50 amino acids or nucleotides in length, or over a region that 15 50-100 anuno acids

or nucleotides i length.

{00841 For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are comparcd, When using a sequence comparison algorithm, test and
reference sequences are entered into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are designated. Default program

parameters can be used, or alternative parameters cau be designated. The sequence companison
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algorithm then calculates the percent sequence identities for the test sequences relative to the

reference sequence, based ou the program parameters,

[G085] A “comparison window” includes reference to a segment of any one of the
number of contiguous positions as desired. In some embodiments the “comparison window” can
be selected from the group consisting of from about 50 to about 200, or about 100 to about 150,
or greater than 150, if so desired in which a sequence may be compared to a reference sequence
of the same number of contiguous positions after the two sequences are optimally aligned.
Methods of alignment of sequences for comparison are well-known in the art. Optimal alignment
of sequences for comparison can be conducted, e.g., by the local homology algorithm of Smmith &
Waterman, Adv. Appl. Math., 2:482, (1981}, by the homology alignment algorithm of Needleman
& Wunsch, J. Mol Biol,. 48:443, (1970}, by the scarch for simtlarity method of Pearson &
Lipman, Proc. Nat'l. Acad. Sci. US4, 85:2444, (1988}, by computerized implementations of these
algorithrmas (GAP, BESTFIT, FASTA, and TFASTA 1n the Wisconsin Genetics Software
Package, Geuoetics Computer Group, 575 Science Dr., Madison, Wis.}, or by manual alignment
and visual inspection (see e.g., Current Protocols in Molecular Biology {Ausubel er o, eds. 1995

sapplement)).

{30686} An example of an algorithm that is suitable for determining percent sequence
identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described
in Altschul ef al., Nuc. Acids Res., 25:3389-3402, (1977} and Alischul et al., J. Mol Biol,
215:403-410, (1990}, rospectively. ,BLAST and BLAST 2.0 are used, with the parameters
described herein, to determine percent sequence identity for the nucleic acids and proteins of
various embodiments. ,Software for performing BLAST analyses s publicly available through
the National Center for Biotechnology Information (btip:/www nebinlm.nihogov/y. This
algorithm involves first identifying high scoring sequence pairs (HSPs) by identifying short
words of length W in the query sequence, which either match or satisfy some positive-valued
threshold score T when aligned with a word of the same length in a database sequence. T is
referred to as the neighborhood word score threshold (Altschul ef af., supra). These mnitial
neighborhood word hits act as seeds for mitiating searches to find longer HSPs contaning thewm,
The word hits are extended in both directions along cach sequence for as far as the cumulative
alignment score can be increased. Cumuldative scores are calculated using, for nucleotide
sequences, the parameters M (reward score for a pair of matching residues; always>0} and N
{penalty score for mismatching residues; always<@), For amino acid sequences, a scoring matrix
is used to calculate the cumulative score. Extension of the word hits in each direction are halted
when: the cumulative alignment score falls oft by the guantity X from its maximum achicved
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value; the cumulative score goes to zero or below, due to the accumulation of one or more
negative-scoring residue alignments; or the end of either sequence 18 reached. The BLAST
algorithm parameters W, T, and X determine the sensitivity and speed of the alignment. The
BLASTN program (for nucicotide sequences) uses as defaults a wordlength (Wi of 11, an
expectation {E} of 10, M=5, N=—4 and a comparison of both strands. For amino acid sequences,
the BLASTP program uses as defaulis a wordlength of 3, and expectation (E) of 10, and the
BLOSUMS62 scoring matrix {see Hentkoft & Henikoff, Proc. Nad. Acad. Sci. US4, 89:10915,
{(1989)) alignments (B) of 50, cxpectation () of 10, M=35, N=-4, and a comparison of both

strands.

{BG87] The term “control sequence” refers to a polynucleotide sequence that can affect
the expression and processing of coding sequences to which 1t s ligated. The nature of such
control sequences can depend upon the host organism. In particular embodiments, control
sequences for prokaryotes can include a promoter, a ribosomal binding site, and a transcription
termination sequence, For example, control sequences for cukaryotes can mclude promoters
comprising one or a plurality of recognition sites for transcription factors, transcription enhancer
sequences, and transcription termination sequence. “Control sequences” can include leader

sequences and/or fusion partner scquences.

1G088] The term “vector’” means any molecule or entity {e.g., nucleic acid, plasmid,

bacteriophage or virus) used to transter protein coding information nto a host cell.

{0089 The term “expression vector” or “expression construct” refers to a vector that is
suitable for transformation of a host cell and contains nucleic acid sequences that direct and/or
control (in conjunction with the host cell} expression of one or more heterologous coding regions
operatively linked thereto, An expression construct can include, but 1s not himited to, sequences
that affect or control transcription, translation, and, if introus are present, affect RNA sphicing of
a coding region operably linked thereto. The expression vectors useful in various embodiments
described herein can contain at least one expression countrol sequence that is operatively linked to
the DNA sequence or fragment to be expressed. The control sequence is inserted in the vector in
order to conirol and to regulate the expression of the cloned DNA sequence. Examples of useful
expression control sequences are the lac system, the trp systewm, the tac system, the fre system,
major operator and promoter regions of phage lambda, the control region of {d coat protein, the
glycolytic promoters of yeast, e.g., the promoter for 3-phosphoglycerate kinase, the promoters of
yeast acid phosphatase, e.g., Pho35, the promoters of the veast alpha-mating factors, and

promoters derived from polyoma, adenovirus, retrovirus, and sivman virus, e.g., the carly and late
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promoters or SY40, and other sequences known to control the expression of genes of prokaryotic

or eukaryotic cells and their viruses or combinations thercof.

[60946] The term “host cell” means a celi that has been transformed, or is capable of being
transformed, with a nucleic acid sequence and thereby expresses a gene of interest. The term
includes the progeny of the parent cell, whether or not the progeuy is identical in morphology or

in genetic make-up to the original parent cell, so long as the gene of interest is present.

{6091 ] The term “transtection” means the uptake of foreign or exogenous DNA by a cell,
and a cell has been “transfected” when the exogenous BNA has been introduced inside the cell
membrane. A number of transfection technigues are well known in the art and are disclosed
Cloning: A Laboratory Manual, supra; Davis er al, 1986, Basic Methods in Molecular Biology,
Elsevier; Chu ef al., 1981, Gene 13:197. Such techniques can be used to introduce one or more

exogenous DNA moieties into suitable host cells. A transfection may be transient.

16692] The term “transformation” refers to a change 1n a cell's genetic characteristics, and
a cell has been transformed wheun it has been modified to contain new DNA or RNA. For
example, a cell is transformed where it is genetically modified from its native state by
introducing new genetic material vig transfection, transduction, or other techniques. Following
transfection or transduction, the transforming BNA can recombine with that of the cell by
physically integrating into a chromosome of the cell, or can be maintained transiently as an
episomal element without being replicated, or can replicate independently as a plasnmud. A cell is
considered 1o have been “stably transformed” when the transforming DNA 1s replicated with the

division of the cell.

{6093} The term “imnmnologically functional fragment” {or simply “fragment”) of an
antibody or immunoglobulin chain (heavy or light chain) antigen-binding protein, as used herein,
is a species of antigen-binding protein comprising a portion {regardiess of how that portion is
obtained or synthesized) of an antibody that lacks at least some of the amino acids present in a
full-length chain but which is still capable of specifically binding to an antigen.

(6094 “Specific binding” should be understood to mean that the predominant antigens
bound by the antigen-binding protemn are the activin receptors against which the antigen-binding
protein, e.g. ActRIFA (SEQ 1D NG: 1) and ActRIB (SEQ ID NO: 23 This does not necessarily
prectude, however, binding of an antigen-binding protein to proteins other than the activin

receptors. In various embodiments, the binding to other proteins represents less than about 5%,
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less than about 10%, less than about 15%, less than about 20% or less than about 25% of the total

protein bound.

[3695] Fragments of antigen-binding proteins are biologically active in that they bind to
the target antigen and can compete with other antigen-binding proteins, including intact
antibodies, for binding to a given epitope or antigen. In some embodiments, the fragments are
neutralizing fragments. In some embodiments, the fragments can block or reduce the likelithood
of the 1nteraction hetween activin and s receptor(s). In one aspect, such a fragment will retain at
least one CDR present in the full-length light or heavy chain, and in some embodiments will
comprisc a single heavy chain and/or light chain or portion thercof. These biologically active
fragments can be produced by recombinant DNA techniques, or can be produced by enzymatic or
chemical cleavage of antigen-binding proteins, including intact antibodies. Immunologically
functional immunoglobulin fragments inchude, but are not limitted to, Fab, a diabody {(heavy chain
variable domain on the same polypeptide as a light chain variable domain, connceted via a short
peptide linker that 1s too short to permit pairing between the two domains oo the same chain, Fab’,
F{ab’},, Fv, domain antibodies and single-chain antibodies, and can be derived from any
mammalian source, including but not limited to human, mouse, rat, camelid or rabbit, Itis
further contemplated that a functional portion of the antigen-binding proteins disclosed herein,
for example, one or more CDRs, could be covalently bound to a second protein or fo a small
molecule to create a therapeutic agent directed to a particular target in the body, possessing
bifunctional therapeutic properties, or having a prolonged serum half-lite. As will be appreciated

by one of skill in the art, an antigen-binding protein can include nonprotein components.

16096} Certain antigen-binding proteins described herein are antibodies or are derived
from antibodies. In certain embodiments, the polypeptide structure of the antigen~-binding
proteins is based on antibodies, inchuding, but not limited to, monoeclonal antibodies, bispecific
antibodies, minibodies, domain antibodies, synthetic antibodies {somctimes referred to herein as
“antibody mimetice”}, chimeric antibodies, humanized antibodies, human antibodies, antibody
fusions {sometimes referred to herein as “antibody conjugates™), and fragments thereof,
respectively. In some embodiments, the antigen-binding protein coruprises or counsists of avimers
{tightly binding peptide).

{6097} An “F¢” region comprises two heavy chain fragments comprising the Cil and
Cy2 domains of an antibody. The two heavy chain fragments are held together by two or more

disulfide bonds and by hydrophobic mteractions of the Cy3 domains,
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{0098] A “Fab fragment” comprises one light chain and the Cyl and variable regions of
one heavy chain. The heavy chain of a Fab molecule cannot form a disulfide bond with ancther

heavy chain molecule.

{6099] A “Fab’ fragment” comprises one light chain and a portion of one heavy chain
that contains the Vi domain and the Cyl domain and also the region between the Cil and Ci2
domains, such that an interchain disulfide bond can be formed between the two heavy chains of

two Fab’ fragroents to form an F(ab™), molecule.

(G100} A “F{ab’}, fragment” contains two light chains and two heavy chains containing a
portion of the constant region between the Cyl and Cy2 domains, such that an interchain
disulfide bond 1s forred between the two heavy chaius. A F(ab’); fragment thus is coraposed of

two Fab’ fragments that are held together by a disuifide bond between the two heavy chains.

{0101} The “Fv region” comprises the variable regions froma both the heavy and Light

chains, but lacks the constant regions.

(0102} “Single~-chain antibodies” are Fv molecules in which the heavy and light chain
variable regions have been conunected by a flexible linker to form a single polypeptide chain,
which forms an antigen-binding region. Single chain antibodies are discussed in detail in
International Patent Application Publication No. WO 88/0164% and U.S, Patent Nos. 4,946,778

and 5,260,203, the disclosures of which are wncorporated by reference,

(3103} A “domain antibody” 1s an immunoclogically functional immunoglobulin fragment
containing only the variable region of @ heavy chain or the variable region of a light chain. In
some instances, two or more Vy regions are covalently joined with a peptide linker to create a
bivalent domain antibody. The two Vi regions of a bivalent domain antibody can target the same

or different antigens.

(3104} A “bivalent antigen-binding protein” or “bivalent antibody” comprises two
antigen-binding sites, In some mstances, the two binding sites have the same antigen
specificities. Bivalent antigen-binding proteins and bivalent antibodies can be bispecific as
defined hercin. A bivalent antibody other than a “multispecttic” or “multifunctional” antibody,

in certain embodiments, typically is undersiood to have each of its binding sites identical.

[3105] A “multispecific antigen-binding protein” or “multispecific antibody”™ is one that
targets more than one antigen or cpitope.
{3106} A “bispecific,” “dual-specific,” or “bifunctional” astigen-binding protein or

antibody is a hybrid antigen-binding protein or antibody, respectively, having two different
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antigen-binding sites. Bispecific antigen-binding proteins and antibodics are a species of
roultispecific antigen-binding protein antibody aund can be produced by a variety of wethods
including, but not limited to, fusion of hybridomas or linking of Fab’ fragments. See e.g.,
Songsivilat and Lachmann, 1990, Ciin. Exp. Immunol., 79:315-321; Kostelny ef ol., 1992, J
Immunol., 148:1547-1553. The two binding sites of a bispectfic antigen-binding protein or
antibody will bind to two ditferent cpitopes, which can reside on the same or different protein

targets.

{61907} Each individual immunoglobulin chamn is typically composed of several
“immunoglobulin domains.” These domains are the basic units of which antibody polypeptides
are composed. In humans, the IgA and gD isotypes contain four heavy chains and four light
chains; the 1gG and IgE isotypes contain two heavy chains and two light chains; and the IgM
isotype contains five heavy chains and five light chains. The heavy chain C region typically
compriscs one or more domains that can be responsible for effector function. The mumber of
heavy chain constant region domains will depend on the sotype. IgG heavy chamns, for example,
contain three C region domains known as Cpl, Cy2 and Cp3. The antibodies that are provided

can have any of these isotypes and subtypes

{108} “Antigen-binding region” means a protein, or a portion of a protein, that
specifically binds a specified antigen {e.g., a paratope). For example, that portion of an antigen-
binding protein that contains the amino acid residues that interact with an antigen and coufer on
the antigen-binding protein its specificity and affinity for the antigen is referred to as “antigen-
binding region.” An antigen-binding region typically includes one or more Complementary
Binding Regions (CDRs}. Certain antigen-binding regions also include one or more
“framework” regions. A “CDR” is ap amino acid sequence that coutributes to antigen-binding
specificity and affinity. “Framework” regions can aid in maintaining the proper conformation of
the CDRs to promote binding between the antigen-binding region and an antigen. Structurally,

framework regions can be located in antibodies between CDRs.

{6109] i certain aspects, recombinant antigen-binding proteins that bind dual activin
receptors, are provided, In this context, a “recombinant antigen-binding protein” is a protein
made using recombinant techniques, i.e., through the expression of a recombinant nucleic acid as
described herein. Methods and technigues for the production of recombinant proteins are well

known in the art,

{6116} The term “antibody” refers to an intact immunoglobulin of any 1sotype, or a

fragment thereof that can compete with the intact antibody for specific binding to the target
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antigen, and includes, for instance, chimeric, humanized, fully human, and bispecific antibodies,
An “antibody” 15 a species of an antigen-binding protein. An intact antibody will generally
comprisc at least two full-length heavy chains and two full-length light chains, but in some
instances can mnclude fewer chains such as antibodies naturally occurring n camelids which can
comprise only heavy chains. Antibodies can be derived solely from a single source, or can be
“chimeric,” that 1s, different portions of the antibody can be derived from two ditforent
antibodies as described further below. The antigen-binding proteins, antibodies, or binding
fragments can be produced in hybridomas, by recombinant DNA techniques, or by enzymatic or
chemical cleavage of intact antibodies. Unless otherwise indicated, the term “antibody” meludes,
in addition to antibodies comprising two full-length heavy chains and two full-length light
chains, derivatives, variants, fragments, and muteins thereof, examples of which are described
below, Furthermore, unicss explicitly excluded, antibodies include monocional antibodies,
bispecific antibodies, minibodies, domain antibodies, synthetic antibodics (sometimes reforred to
herein as “antibody mimetics”), chimeric antibodies, humanized antibodies, human antibodies,
antibody fusions (sometimes referred to herein as “antibody conjugates”), and fragments thercot,

respectively. In some embodiments, the term also encompasses peptibodies.

{6111} Naturally occurring antibody structural units typically comprise a tetramer. Each
such tetramer typically 1s comaposed of two identical pairs of polypeptide chains, each pair having
one full-fength “light” and one full-length “heavy” chain. The amino-terminal portion of each
chain typically includes a variable region that typically s responsible for antigen recognition,
The carboxy-terminal portion of each chain typically defines a constant region that can be
responsible for effector function. The variable regions of each light/heavy chain pair typically

form the antigen-binding site.

{0112} The variable regions typically exhibit the same general structure of relatively
conserved framework regions (FR) joined by three hyper vanable regions, also called
complementarity determining regions or UIIRs. The CDRs from the two chains of each pair
typically arc aligned by the framework regions, which can enable binding to a specific epttope.
From N-terminal to C-terminal, both light and heavy chain variable regions typically coraprise
the domains FR1, CDRY, FR2, CDR2, FR3, CDR3 and FR4, The assignment of amino acids to
sach domain s typically in accordance with the definitions of Kabat Sequences of Proteins of
Immunological Interest (National Institutes of Health, Bethesda, Md., (1987 and 1991}, or
Chothia & Lesk, J. Mol Biol., 196:901-917, (1987); Chothia er of., Nadure, 342:878-883,
{1989)}.
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{0113} in certain embodiments, an antibody heavy chain binds to an antigen in the
absence of an antibody light chain. In certain embodiments, an antibody light chain binds to an
antigen in the absence of an antibody heavy chain. In certain embodiments, an antibody binding
region binds to an antigen in the absence of an antibody light chain. In certain embodiments, an
antibody binding region binds to an antigen in the absence of an antibody heavy chain. In certain
embodiments, an individual variable region specifically binds to an antigen in the absence of

other variable regions.

16114} In certain embodiments, definitive delineation of a CDR and 1dentification of
residucs comprising the binding site of an antibody 18 accomphished by solving the structure of
the antibody and/or solving the structure of the antibody-ligand complex. in certain
embodiments, that can be accomplished by any of 4 variety of techniques known to those skilled
in the art, such as X-ray crystallography. In certain emabodiments, vartous methods of analysis
can be eraployed to dentify or approximate the CDR regions. Examples of such methods
mclude, but are not himited to, the Kabat definition, the Chothia definition, the “AbM” definition

and the contact definition,

0115} The Kabat definition is a standard for nurabering the residues i an antibody and
is typically used to identify CDR regions. See e.g., Johnson & Wu, Nucleic Acids Res., 28:214-8,
{2000). The Chothia definition is similar to the Kabat definition, but the Chothia definition takes
into account positions of certain structural loop regions. See e.g., Chothia ef al., J. Mol Biol,
196:901-17, (1986); Chothia ef al., Nature, 342:877-83, (1989), The “AbM” definition uses an
integrated suite of compuler programs produced by Oxford Molecular Group that wodel antibody
structure. See e.g., Martin e al., Proc. Natl. Acad, Sci. (USA), 86:9268-9272, (1989); “AbM™,
A Computer Program for Modeling Variable Regions of Antibodies,” Oxford, UK, Oxford
Molecular, Ltd. The AbM definition models the tertiary structure of an antibody from primary
sequence using a combination of knowledge databases and ab inirio methods, such as those
described by Samudrala er al., “4b Initio Protein Structure Prediction Using a Combined
Hicrarchical Approach,” m PROTEINS, Structure, Function and Genetics, Suppl. 3:194-195,

{1999}, The contact definition 1s based on an analysis of the available cormaplex crystal structures,

See e.g., MacCallum et al,, J. Mol Biol., 5:732-45, (1996).
{6116} By convention, the CDR regions mn the heavy chain are typically referred to as HI,

HZ, and H3 and are numbered sequentially in the direction from the amino terminus to the
carboxy terminus. The CDR regions in the light chain are typically referred to as L, L2, and L3

and are numbered sequentially in the divection from the amine terminus to the carboxy terminus.
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{0117} The term “binds specifically” means that the antigen-binding protein
preferentially binds to a specified target(s) or specified sequence. “Binds specifically” should not
be construed to exclude binding to other than the target(s) or specific scquence recited, however
the predominant binding activity should be for the specified target(s) or amino acid sequence,
“Sunultanecusly binds” means that the antigen-binding protein can bind two different targets,
e.g. two different activin receptors at the same time. The two different activin receptors can be
ActRIA and ActRIB. The antigen-binding protein can be an antagonistic dual-receptor
antibody. A dual receptor antibody can bind two receptors simultancously or alternatively can
specifically bind the two difterent receptors individually, The antibody can bind to an ActRHA
homodimer, an ActRIB homobdimer or an ActRITA/ActRIIB heterodimer. By binding to the
receptors, the antibody inhibits or prevents biological activity mediated through that/those

receptor{s).

{6118} The term “hight chain” includes a tull-length light chain and fragments thereof
having sufficient variable region sequence to confer binding specificity. A full-length hght chan
includes a variable region domain, Vy, and a constant region domain, Cy. The variable region
domain of the light chain 1s at the annino-terminus of the polypeptide. Light chains juclade kappa

chains and lambda chains.

16119] Specificity of antibodics in various embodiments or fragments thereof, for activin
receptors can be determined based on affinily and/or avidity, Affinity, represeuted by the
equilibriun constant for the dissociation of an antigen with an antibody (Kd), measures the
binding strength between an antigenic deternunant and an antibody-binding site. Avidity is the
measure of the strength of binding between an antibody with its antigen. Avidity is related to
both the affinity between an epitope with its antigen-binding site ou the antibody, and the valence
of the antibody, which refers to the number of antigen-binding sites specific for a particular
epttope. The lesser the value of the Kd, the stronger the binding strength between an antigenic

determinant and the antibody binding site.

{6126} The term “heavy chain” includes a full-length heavy chain and fragments thereof
having sutticient variable region sequence to confer binding specificity. A full-length heavy
chain includes a variable region domain, Vg, and three constant region domains, Crl, G2, and
Cu3. The Vy domain 1s at the amino-terminus of the polypeptide, and the Cy domains are at the
carboxyl-terminus, with the Cp3 being closest to the carboxy-terminus of the polypeptide. Heavy
chains can be of any 1sotype, including 1gG (inchuding 1gG1, 1gG2, 1gG3 and 1gG4 subtypes),

{gA (including IgAl and IgAZ2 subtypes), 1gM and Igk.
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{0121} A bispecific or bifunctional antibody typically is an artificial hybrid antibody
having two different heavy/light chain pairs and two different binding sties. Bispecific
antibodies can be produced by a variety of methods including, but not limited to, fusion of
hybridomas or linking of Fab' fragments. See, e.g., Songsivilat er af., Clin. Exp. Immunol.,

79:315-321, (1990); Kostelny e al,, J. Immunol., 148:1547-1553, (1992}

{0122} Some species of mammals can also produce antibodies having only a single heavy
chain,
{3123} Each individual immnumoglobulin chain 1s typically composed of several

“immunoglobulin domains.” These domains are the basic units of which antibody polypeptides
are composed. The heavy chain C region typically comprises one or more domains that can be
responsible for effector function. The number of heavy chain constant region domains will

depend oun the sotype. The antibodies that are provided can have any of sotypes and subtypes.

{3124} The term “variable region”™ or “variable domain” refers to a portion of the light
and/or heavy chains of an antibody. In certain embodiments, variable regions of different
antibodies differ extensively in amuno acid sequence even among antibodies of the same species,
The variable region of an antibody typically determines specificity of a particular antibody for its

target

{6125} The term “neuvtralizing antigen-binding protein” or “neutralizing antibody” refers
to an antigen-binding protein or antibody, respectively, that binds to a ligand and prevents or
reduces the binding of the hgand to a binding pariner. This can be done, {or example, by directly
blocking a binding site on the ligand or by binding to the ligand and altering the ligand’s ability
to bind through ndivect means (such as structural or energetic alterations 1o the ligand). In some
embodiments, the term can also denote an antigen-binding protein that prevents the protein to
which it is bound from performing a biological function. In assessing the binding and/or
specificity of an antigen-binding protein, e.g., an antibody or immunoclogically functional
fragrment thereof, an antibody or fragment can substantially inhibit binding ot a ligand to its
binding pariner when an excess of anttbody reduces the quantity of binding partner bound to the
ligand by at least about 1-20, about 20-30%, about 30-40%, about 40-50%, about 50-60%, about
6(-70%, about 78-80%, about R0-85%, about 8§53-90%, about 90-95%, about 85-97%, about 97~
98%, about 98-99%; or more (as measured in an in vifro competitive binding assay). In some
embodiments, wn the case of dual activin receptor antigen-binding proteins, such a neutralizing
molecule can diminish the ability of activin to bind the receptor. In some embodiments, the

neutralizing ability is characterized and/or described via a competition assay. In some
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embodiments, the neutralizing ability is described in terms of an 1Csg or ECsg value, In some

embodiments, the antigen-binding proteins may be nou-neutralizing antigen-binding proteins.

{3126} The term “target” refers to a molecule or a portion of a molecule capable of being
bound by an antigen-binding protein. In certain embodiments, a target can have one or more
epitopes. In certain embodiments, a target is an antigen. The use of “antigen” in the phrase
“antigen-binding protein” simply denotes that the protein scquence that comprises the antigen
can be bound by an antibody. o this context, it does not requive that the protein be foreign or

that it be capable of inducing an immune response.

{6127} The term “compete” when used in the context of antigen-binding proteins (e.g.,
newiralizing antigen-binding proteins or neutralizing antibodies) that corupete for the same
epitope means competition between antigen-binding proteins as determined by an assay in which
the antigen-binding protein {e.g., antibody or immunologically functional fragment thereof)
being tested prevents or inhibits {e.g., reduces} specific binding of a reference antigen-binding
protein {e.g., a ligand, or a reference antibody) to a cormmon antigen {e.g., activin or a fragment
thereof}. Numerous types of competitive binding assays can be used to determine if one antigen-
binding protein competes with another, tor exammple: solid phase direct or indirect
radicimmunoassay (RIA), solid phase direct or indirect enzyme immunoassay (EIA}, sandwich
competition assay {see e.g., Stahli, ef al., 1983, Methods in Enzymology, 9:242-253); solid phase
direct hiotin-avidin B1A {(see e.g., Kirklaund, ef al., 1986, J. fmmunal,. 137:3614-3619) solid
prhase direct labeled assay, solid phase direct labeled sandwich assay (see e.g., Harlow and Lane,
1988, Antibodies, 4 Laboratory Manual, Cold Spring Harbor Press); solid phase direct label RIA
using §-125 label (see e.g., Morel, ef al., 1988, Molec. Immunol., 25.7-15); solid phase direct
blotin-avidin EIA (see e.g., Cheung, ef al., 1990, Virology, 176:546-552); and direct labeled RIA
{Moldenhauer er al., 1990, Scand. J. Immunol., 32:77-82). Typically, such an assay involves the
use of purified antigen bound fo a solid surface or cells bearing cither of these, an unlabelled test
antigen-binding protein and a labeled reference antigen-binding protein. Competitive inhibition
18 measured by deterruining the amount of label bound to the solid surface or cells in the presence
of the test antigen-binding protein. Usually the test antigen-binding protein is present in excess.
Antigen-binding proteins identified by competition assay {competing antigen-binding proteins)
include antigen-binding proteins binding to the same epitope as the refercnce antigen-binding
proteins and antigen-binding proteins binding to an adjacent epitope sufficiently proximal to the
epitope bound by the reference antigen-binding protein for steric mndrance to occur. Additional
details regarding methods for determining competitive binding are provided in the examples
hercin, Usually, when a competing antigen-binding protein 18 prescnt in excess, 1t will inhibit
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{e.g., reduce) specific binding of a reference antigen-binding protein to a common antigen by at
{east about 40-45%, about 45-50%, about 50-35%%, about 5335-60%, aboui 6(3-65%, about 65-70%,
about 780-75% or about 75% or more. In some instances, binding is inhibited by at least about

83-85%, about 85-90%, about 90-95%, about 95-97%, or about 97% or more.

{3128} The term “antigen” refers to a molecule or a portion of a molecule capable of
being bound by a selective binding agent, such as an antigen-binding protein {including, e.g., an
auntibody or inmunological functional fragment thereof). In some embodiments, the antigen 1
capable of being used in an animal to produce antibodies capable of binding to that antigen. An
antigen can posSsess one or more epitopes that are capable of interacting with different antigen-

binding proteins, e.g., antibodies.

{0129} The term “epitope” includes any determinant capable of being bound by an
antigen-binding protein, such as an antibody ot to a T-cell receptor. An eptiope is a region of an
antigen that is bound by an antigen-binding protein that targets that antigen, and when the antige
18 a protein, includes specific amino acids that divectly contact the antigen-binding protein, Most
often, epitopes reside on proteins, but in some instances can reside on other kinds of molecules,
such as nucleic acids. Epttope determinants can include chemically active surface groupings of
molecules such as amino acids, sugar side chains, phosphoryl or sulfonyl groups, and can have
specific three dimensional structural characteristics, and/or specific charge characteristics.
Geunerally, antibodies specific for a particular target antigen will preferentially recognize an

epitope on the target antigen in a complex mixture of proteins and/or macromolecules.

{0130] As used herein, “substantially pure” means that the described species of molecule
is the predominant species present, that is, on a molar basis it 13 more abundant than any other
individual species in the same mixture. In certain embodiments, a substantially pure molecule s
a composition wherein the object species comprises at least about 50% (on a molar basis) of ail
macromolecular species present. In other embodiments, a substantially pure composition will
comprise at least about 80%, about 85%, about 90%, about 95%, or about 99% of all
macromolecular species present in the composition. In other embodiments, the object specices is
purified to essential homogeneity wherein contaminating species cannot be detected in the
composition by conventional detection methods and thus the composition cousists of a single

detectable macromelecular species.

(G131} The term “biological sample,” as used heretn, fnclades, but s not limited to, any
quantity of a substance from a living thing or formerly living thing. Such living things include,

but are not limited to, humans, mice, monkeys, rats, rabbiis, and other animals. Such substances
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include, but are not limited to, blood, serum, urine, cells, organs, tissues, bone, bone marrow,

iymaph nodes, and skin,

(G132} The term “pharmaceutical agent composition” (or agent or drug) as used herein
refers to a chemical compound, composition, agent or drug capable of inducing a desired
therapeutic effect when properly administered to a patient. It does not pecessarily require more

than one type of ingredient.

{6133} The terms “therapeutically cffective amount” and “therapeutically effective dose”
refer to the amount of a dual activin receptor antigen-binding protein determined to produce a
therapeutic response in a mammal, Such therapeutically effective amounts can be ascertained by
one of ordivary skill 1o the art. The exact dose and formulation will depend on the purpose of the
treatment, and will be ascertainable by one skilled in the art using known techniques {(see e.g.,
Lieberman, Pharmaceutical Dosage Forms (vols. 1-3, 1992); Lioyd, The 4rt, Science and
Technology of Pharmaceutical Compounding (1999); Remington: The Science and Practice of

Pharmacy, 20th Edition, Gennaro, Editor {2003), and Pickar, Dosage Calculations (19993},

{0134} The term “pharmacentically acceptable salis” or “pharmaceutically acceptable
carrier” is meant to include salts of the active compounds which are prepared with relatively
nontoxic acids or bases, depending on the particular substituents found on the compounds

described herein.

16135] The term “modulator,” as used herein, is a compound that changes or alters the
activity or function of a molecule. For example, a modulator can cause an increase or decrease
the magnitude of a certain activity or function of a molecule compared to the magnitude of the
activity or function observed in the absence of the modulator. Tn certain ewbodiments, a
modulator is an inhibitor, which decreases the magnitude of at least one activity or function of a
molecule. Certain exemplary activities and functions of a molecule include, but are not limited
to, binding affinity, enzymatic activity, and signal transduction. Certain exemplary inhibitors
include, but are not linuted to, protewns, peptides, antigen-binding {fragments, antibodics,
peptibodies, carbohydrates or small organic molecules. An antibody can be made against dual
activin receptors. Peptibodies are described in, e.g., U8, Patent No. 6,660,843 (corresponding to
PCT Application No, WO 91/83525),

{0136} The terms “patient” and “subject” are used interchangeably and include human
and non-human animal subjects as well as those with formally diagnosed disorders, those without
formally recognized disorders, those receiving medical attention, those at risk of developing the
disorders, etc.
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{0137} The term “treat” and “treatment” includes therapeutic treatments, prophylactic
treatruents, and applications in which oune reduces the risk that a subject will develop a disorder
or other risk factor. Treatment does not require the complete curing of a disorder and

encompasses embodiments 1 which one reduces symptoms or underlying risk factors.

{0138} The term “prevent” does not require the 100% elimination of the possibility of an
event. Rather, it denotes that the likelihood of the occurrence of the event has been reduced in

the presence of the compound or method.

{6139} Standard techniques can be used for recombinant BNA, oligonuclestide synthesis,
and tissue culture and transformation {e.g., clectroporation, lipofection). Enzymatic reactions
and purification technigues can be perforrued according to manufacturer's specifications or as
commonly accomplished in the art or as described herein. The foregoing techniques and
procedures can be generally performed according to conventional methods well known o the art
and as described in various general and more specific references that are cited and discussed
throughout the specification. See e.g., Sambrook et of., Molecular Cloning: A Laboratory
Manuad (2d ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1989}), which
is incorporated herein by reference for any purpose. Unless specific definitions are provided, the
nomenclatures utilized in connection with, and the laboratory procedures and techniques of)
analytical chemistry, synthetic organic chemistry, and medicinal and pharmaceutical chemistry
described herein are those well known and commonly used in the art. Standard technigues can
be used for chemical syntheses, chemical analyses, pharmaceutical preparation, fornmlation, and

delivery, and treatment of patients,

[G140] Antigen-binding proteins { ABPs) that bind dual activin receptors, are provided
herein. In some ernbodituents, the antigen-binding proteins provided are polypeptides which
comprise one or more complernentary determining regions {CDRs), as described herein. In some
antigen-binding proteins, the CDRs are embedded into a “framework”™ region, which orients the
CDR({s}) such that the proper antigen-binding properties of the CDR{s) is achicved. In some
embodiments, antigen-binding proteins provided herein can interfere with, block, reduce or
modulate the interaction between activin and activin receptors, Such antigen-binding proteins
are denoted as “neutralizing.” In some embodiments, the neutralizing antigen-binding protein
binds to dual activin receptors o a location and/or manncr that prevents activin from binding to

the activin receptors.

{6141} i some embodiments, the antigen-binding proteins provided herein are capable of

inhibiting activin-mediated activity {(including binding}. In some embodiments, antigen-binding
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proteins binding to an activin receptor epitope can inhibit, infer afia, interactions between activin
and activin receptors and other physiological effects mediated by the activin/activin receptor
interaction. In some embodiments, the antigen-binding proteins are chimeras, such as a

human/mouse chimera.

10142} The antigen-binding proteins can be used wn a variety of therapeutic applications,
as explained herein. For example, in some embodiments the activin receptor antigen-binding
proteins are useful for treating diseases and conditions associated with activin and/or activin
receptors such as discases related to muscle wasting. The muscle wasting diseases can include,
but are not limited to, the following conditions: cancer cachexia, muscular dystrophy,
amyotrophic lateral sclerosis, congestive obstructive pulmonary disease, chronic heart failure,
chemical cachexia, cachexia from HIV/AIDS, renal fatlure, uremia, rheumatoid arthritis, age-
related sarcopenia, age-related frailty, organ atrophy, carpal tunnel syndrome, androgen
deprivation, and muscle-wasting due to inactivity from prolonged bed rest, spinal cord injury,
stroke, bone fracture, burns, aging, insulin resistance, and other disorders. The muscle wasting
may also result from weightlessness due to space flight. The antigen-binding proteins can be

antagomistic dual receptor antibodies. The antibodies can be against ActRIIB and ActRIIA.

10143} Additional uses can include, but are not limited to a method of reducing or
blocking myostatin, activin A or GDF-11 activity is provided comprising administering dual
receptor antigen-binding proteins and polypeptides, or pharmaceutical compositions containing
these, to a subject in need of such treatment. The antigen-binding proteins can be antagonistic

dual receptor antibodies. The antibodies can be against AciRIIB and ActRIIA,

j0144] in another aspect, a method of increasing lean muscle mass or increasing the ratio
of lean muscle mass to fat mass in a subject in need of such treatment 18 provided comprising
administering an effective amount of the compostition or pharmaceutical composition containing
dual receptor antigen-binding proteins or polypeptides to the subject. The antigen-binding
proteins can be antagonistic dual receptor antibodies. The autibodies can be against AciRUEB and
ActRHA.

{6145} i another aspect, a method of treating or preventing a nwscle wasting discase in a
subject suffering from such a disorder 18 provided comprising adrministering a therapeutic
composition containing an antigen-binding polypeptide or protein to the subject.

{6146} In another aspect, a method of treating conditions 1 which activin is
overexpressed i a subject in need of such treatment is provided comprising, administering an

effective amount of a therapeutic composition containing antigen-binding proteins or
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polypeptides to the subject. In one embodiment, the discase is cancer. In another aspect, the
present invention provides a method of treating a metabolic disorder comprising administering a
therapeutic composition containing antigen-binding proteins or polypeptides to a subject in need
of such treatment, wherein the metabolic disorder is selected from bone loss, diabetes, obesity,
impaired glucose tolerance, hyperglycena, and metabolic syndrome. The antigen-binding
protens can be antagonistic dual receptor antibodics. The antibodies can be against ActRUB and

ActRITA.

{6147} i some embodiments, the antigen-binding proteins that are provided comprise
onc or more CDRs feg, 1,2, 3,4, 5 or 6 CDRs), In some embodiments, the antigen-binding
protein comprises (a) a polypeptide structure and (b) one or more CDRs that are inserted into
and/or joined to the polypeptide structure. The polypeptide structure can take a variety of
different forms. For example, it can be, or comprise, the framework of a naturally occurring

antibody, or fragment or variant thercof, or can be completely synthetic in nature,

{0148} In certain embodiments, the polypeptide structure of the antigen-binding proteins
is an antibody or is derived from an antibody, including, but not limited to, monocional
antibodies, bispecilic antibodies, minibodies, domain antibodies, synthetic antibodics (sometimes
referred to herein as “antibody mimetics”), chimeric antibodies, humanized antibodies, antibody
fusions {sometimes referred to as “antibody conjugates”™), and portions or fragments of each,
respectively. In some nstances, the antigen-binding protein is an immunological fragment of an
antibody {e.g., a Fab fragment, a Fab' fragment, a F(ab'"y, fragment, an Fv fragment, a diabody, ora

single chain antibody molecule, such as an scFv)

[3149] In embodiments where the antigen-binding protein ts used for therapeutic
applications, an antigen-binding protein can inhibit, interfere with or modulate one or more
biological activities of activin. Tn one embodiment, an antigen-binding protewn binds specifically
to activin receptors and/or substantially inhibits binding of human activin to activin receptors by
at least about 20%-40%, about 40-60%, about 60-80%, about 80-85%, or more (for example, by

measuring binding in an in vifro competitive binding assay).

(G150 Some of the antigen-binding proteins that are provided herein are antibodics. In
sorae ernbodiments, the antigen-binding protein has a Ky of tess (binding more tightly) than
about 107, about 1 G"gﬁ about 107, about 107, about 107", about 1077, about 107° M. In some
embodiments, the antigen-binding protein has an 1Csp for blocking the binding of activin to
activin receptors of less than about 1 yM, about 1600 M to about 100 M, about 100nM to
about 10 oM, about 10nM to about 1 nM, about 1000pM to about S00pM, about 500 pM to about
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200 pM, less than about 200 pM, about 200 pM to about 150 pM, about 200 pM to about 100
pM, about 160 pM 1o about 10 pM, about 10 pM to about 1 pM.

(G151} In some embodiments, the antigen-binding proteins bind to a specific
conformational state of activin receptors to prevent activin from interacting with the receptors.
When activin s prevented from juteracting with activin receptors, this can prevent or block
activin or activin receptor mediated activity and the resultant pathology resulting from the

interaction,

[G152] As described herein, an antigen-binding protein to activin receptors can comprise
a humanized antibody and/or part thereof, A practical application of such a strategy is the

“hamanization” of the mouse humoral immune system.

{0183} In certain embodiments, a humanized antibody is substantially non-immunogenic
in humans, In certain embodiments, a humanized antibody has substantially the same atfinity for
a target as an antibody from another species from which the humanized antibody is derived. See
e.g., U.S. Patent No. 5,530,101 U.S. Patent No. 5,693,761; U.S. Patent No. 5,693,762; and U.S.
Patent No, 5,583,089,

{01584} In certain embodiments, amino acids of an antibody variable domain that can be
modificd without diminishing the native affinity of the antigen-binding domain while reducing its

immunogenicity are wdentified. See e.g., U.S, Patent Nos. 5,766,886 and 5,869,619,

[G155] in certain embodiments, modification of an antibody by methods known in the art
18 typically designed to achieve increased binding affinity for a target and/or to reduce
immunogenicity of the antibody in the recipient. In certain embodiments, humanized antibodies
can be modified to chiminate glycosylation sites 1 order to increase affinity of the antibody for
its cognate antigen. See e.g., Co ef al, Mol Immunol., 30:1361-1367, (1993}, In certain
embodiments, techniques such as “reshaping,” “hyperchimerization,” or “veneering/resurfacing”
are used to produce humanized antibodies. See e.g., Vaswami ef al., 4nnals of Allergy, Asthma,
& fmmunol., 81:105, (1998); Roguska ef af., Prot. Engin., 9:895-904, (1996); and U.S. Patent
No. 6,072,035, In certain such embodiments, such techuiques typically reduce antibody
immunogenicity by reducing the mumber of foreign residues, but do not prevent anti-idiotypic
and anti-allotypic responses following repeated administration of the antibodies. Certain other
methods for reducing immunogenicity are described, e.g., in Gilliland er al., J. Immunol.,

62(6):3663-71, (1999},

{6156} In certain nstances, humanizing antibodies can result n a loss of antigen-binding
capacity. The bumanized antibodies can then be “back mutated.” In such embodiments, the
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humanized antibody can be mutated to include one or more of the amino acid residues found in

the donor antibody. See e.g., Saldanha ef o, Mol Tmmunol, 36:709-19, (1999},

[G157] Inn certain embodiments the complementarity determining regions ({CDRs) of the
light and heavy chain variable regions of an antibody to activin receptors can be grafted to
framework regions (FRs) from the same, or another, species. In certain embodiments, the CDRs
of the light and heavy chain variable regions of an antibody to activin receptors can be grafted to
cousensus human FRs. To create consensus human FRs, in certain embodiments, FRs from
several human heavy chain or light chain amino acid sequences are aligned to identify a
consensus amino acid sequence. In certain embodiments, the FRs of an antibody to activin
receptor heavy chain or light chain are replaced with the FRs from a different heavy chain or
fight chain. In certain embodiments, rare amino acids in the FRs of the heavy and light chains of
an antibody to activin receptors are not replaced, while the rest of the FR amino acids are
replaced. Rare amino acids are specific amino acids that are in positions in which they are not
usually found in FRs, In certain emboduments, the grafted variable regions from an antibody to
activin receptors can be used with a constant region that is different from the constant region of
an antibody to the activin receptors. In certain embodiments, the grafted variable regious are part
of a single chain Fv antibody. CDR grafting is described, e.g., in U.S. Patent Nos.: 6,180,370;
6,054,297; 5,693,762; 5,859,205; 5,693,761; 5,565,332; 5,585,089; and 5,530,101, and in Jones,
et al., Nature, 321:522-525, (1986}; Riechmann ef al., Nawure, 332:323-327, (1988); Verhosyen,
et al., Science, 239:1534-1536, (1988), Winter, FEBS Leits,, 430:92-94, (1998), which are

hereby incorporated by reference for any purpose.

{3158} ir certain embodiments, antigen-binding proteins {(such as antibodies} are
produced by immunization with aun antigen (e.g., activin receptors or a fragment thereof), The
antibodies can be produced by immunization with full-length receptors, a soluble form of the
receptors, the catalytic domains alone, the mature form of activin receptors, a splice variant form
of the receptors, or a fragment thereof. In certain embodiments, the antibodies of can be

polyclonal or monoclonal, and/or can be recombinant antibodies

{6159] In certain embodiments, sirategies can be employed to manipulate inherent
properties of an antibody, such as the affinity of an antibody for its target. Such strategies
include, but are not limited to, the use of site-specific or random mutagenesis of the
polynucleotide molecule encoding an antibody to generate an antibody variant. In certain
embodiments, such generation is followed by screening for antibody variants that exhibit the

destred change, e.g. increased or decreased aflinity.
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{0160} in certain embodiments, the amino acid residues targeted in mutagenic strategies
are those 1o the CDRs. In other embodiments, amino acids iu the framework regions of the
variable domains can be targeted.  Such framework regions have been shown to contribute to the
target binding propertics of certain anttbodies. See e.g., Hudson, Curr. Opin. Biotech., 9:395-

402, (1999) and references therein.

{0161} in certain embodiments, smaller and more effectively screened libraries of
auntibody variants can be produced by restricting random or sule-divected mutagenesis to hyper-
mutation sites in the CDRs, which are sites that correspond to areas prone to mutation during the
somatic affinity maturation process, See e.g., Chowdhury & Pastan, Nature Biotech,, 17: 568-
572, (1999} and references therein. In certain embodiments, certain types of DNA clements can
be used to wdentify hyper-mutation sites including, but not Hmited to, certain divect and inverted
repeats, certain consensus sequences, certain secondary structures, and certain palindromes. For
exammple, such DNA clements that can be used to dentify hyper-routation sites include, but are
not fumited 1o, a tetrabase sequence comprising a purine (A or G), followed by guanine (G),
followed by a pyrimidine (C or T}, followed by either adenosine or thymidine (A or T) (i.e., A/G-
G-C/T-A/T). Anocther exaraple of a DNA element that can be used to identify hyper-moutation

sttes is the serine codon, A-G-C/T.

16162] For preparation of suitable antibodies for various embodiments e.g., recombinant,
monoclonal, or polyclonal antibodies, many techniques known in the art can be used (see e.g.,
Kohler & Milstein, Nature, 256:495-497, (1975); Kozbor et al., Immunology Today, 472,
(1983): Cole et al., pp. 77-96 in Monoclonal Antibodies and Cancer Therapy, Alan R, Liss, Inc.,
(19835); Coligan, Current Protocols in Immunology (1991}, Harlow & Lane, Antibodies, A
Laboratory Manual (1988); and Goding, Monoclonal Antibodies: Principles and Practice (2d ed.
19863, The genes encoding the heavy and light chains of an antibody of interest can be cloned
from a ccll, e.g., the genes encoding a monoclonal antibody can be cloned from a hybridoma and
used to produce a recombinant monoclonal antibody. Gene libraries encoding heavy and light
chains of monoclonal antibodies can also be made from hybridoma or plasma cells. Random
combinations of the heavy and light chain geue products generate a large pool of antibodies with
different antigenic specificity (see e.g., Kuby, Immunol., (3 ed. 1997)). Techniques for the
production of single chain antibodies or recombinant antibodies (U.S. Patent No. 4,946,778; U5,
Patent No. 4,816,567} can be adapted to produce antibodies to polypeptides for various
embodiments. Also, transgenic mice, or other organisms such as other mammals, may be used to
express humanized or human antibodies (see e.g., U.S. Patent Nos. 5,545,807; 5,545,806,

5,569,825; 5,625,126; 5,633,425; 5,661,016; Marks ef al., Bio/Technology, 10:779-783, (1992);
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Lonberg ef af., Narure, 368:856-859, (1994 Morrison, Nafure, 368:812-13, (1994, Fishwild et
al., Nature Biotechnology, 14:845-51, (1996); Neuberger, Nature Biotechnology, 14:826, (1996);
and Lonberg & Huszar, fufern. Rev. Immunol., 13:65-93, (1995)). Alternatively, phage display
techuology can be used to identify antibodies and heteromeric Fab fragruents that specifically
bind to selected antigens (see e.g., McCafferty ef al., Nature, 348:552-554, (19903 Marks, ef &/,
Biotechnology, 10:779-783, (1992)). Antibodics can also be made bispectfic, i.e., able to
recognize two different antigens (see e.g., WO 93/08829, Traunecker, ef ol EMEC J., 10:3655-
3659, (1991); and Suresh, ef al., Methods in Enzymology, 121:210 (1986)). Antibodics can also
be heteroconjugates, e.g., two covalently joined antibodies, or tmmunotoxins {see e.g., U.S.

Patent No. 4,676,980, WO 91/00360; WO 92/200373; and EP 0308%9).

{0163} Methods for humanizing or primatizing non-human antibodies are well known in
the art. Generally, a humanized antibody has one or more amino acid residues introduced into it
from a source which s non-human. These non-human amino acid residucs are often referred o
as iraport residucs, which are typically taken from an import variable dowain, Humanization can
be essentially performed following the method of Winter and co-workers (see e.g., Jones, ef al.,
Nature, 321:5322-525, (1986); Riechranu ef al., Nature, 332:323-327, (1988}, Verhoeyen, er af.,
Science, 239:1534-1536, (1988} and Presta, Curr. Op. Struct. Biol 2:593-596, (1992)}, by
substituting rodent CDRs or CDR sequences for the corresponding sequences of a human
antibody. Accordingly, such humanized antibodies are chimeric anttbodies (1J.S. Patent No.
4,816,567), wherein substantially less than an intact human variable domain has been substituted
by the corresponding sequence from a non-human species. In practice, humanized antibodies are
typically human antibodies 1n which some CDR residues and possibly some FR residues are

substitited by residues from analogous sites in rodent antibodies.

{0164} In an alternative approach, others, including GenPharm International, Inc., have
utilized a “minilocus” approach. In the mindlocus approach, an exogenous Ig locus 1s mimicked
through the inclusion of pieces (individual genes) from the Ig locus. Thus, one or more Vy
genes, one or more Dy genes, one or more Jy gencs, a mu constant region, and usually a second
constant region {e.g. a gama constant region) are formed into a construct for iusertion into anp
animal. This approach is described in U.S. Patent No. 5,545,807 to Surant, ef o/ and U.S. Patent
Nos.: 5,545,806; 5,625,825, 5,625,126; 5,633,425; 5,661,016; 5,770,429, 5,789.,650; 5,814,318;
5,877,397 5,874,299; and 6,255,458 each to Lonberg & Kay, U.S, Patent Nos. 5,591,669 and
6,023.010 1o Krimpenfort & Berms, U.S, Patent Nos, 5,612,205, 5,721,367, and 5,783,215 to
Berns ef af., and U8, Patent No. 5,643,763 to Chot & Dunn, and GenPharm International U .S,

Patent Application Scrial Nos.: 07/574,748; 07/575,962; 07/810.279; 07/853,408; 07/904,068;
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07/990,860; 08/053,131; 08/096,762; 08/155,301; 08/161,739; 08/165,699; 08/209,741, the
disclosures of which are hercby incorporated by reference. See also, European Patent No. 0 546
073 Bl, International Patent Application Nos.: WO 92/03918; WO 92/22645, W0 92/22647,
WO 92/22670; WO 93/12227; WO 94/00569; WO 94/25585; WO 96/14436; WO 97/13852; and
W 98/24884, and U8, Patent No. 5,981,175, the disclosures of which are hereby incorporated
by reference in their entirety. See further, Taylor, ef al., 1992, Chen, er af., 1993; Tuatllon, ef al.,
1993; Chot, ef al., 1993, Lonberg, ef ol., (1994); Taylor, er o/, (1994}, and Tuaillon, ef o/,

(1995), Fishowild, et al., (1996}, the disclosures of which are hereby incorporated by reference,

{6165} In one embodiment, the antibody 1s conjugated to an “cffector” moiety, The
effector moicty can be any number of molecules, including labeling moiesties such as radicactive

iabels or fluorescent labels, or can be a therapeutic moiety.

j0166] The antibodies can be fused to additional amino acid residues. Such amino acid
residucs can be a peptide tag, perhaps to facilitate isolation. Other amino acid residues for

homing of the antibodies to spectfic organs or tissues are also contermplated.

{8187} n certain emibodiments the antibody or the antigen-binding region of any of the

monoclonal antibodies described herein can be used to treat cancer or retinepathy.

{0168} “Cancer” should be understood to be a general term that can be used to indicate
auny of various types of malignant neoplasms, which may wvade surrounding tissues, may
metastasize to several sites and may likely recur after attempted removal. The torm may also

refer to any CArcinoma or sarcoma.

{6169] “Retinopathy” should be understood to mean a non-inflammatory disease of the
reting, as distinguished from retingtis, “Disbetic retinopathy” should be understood to mean
retinal changes occurring in diabetes, that can be marked by punctuate hemorrhages,

microancurysms and sharply defined waxy exudates.

{6170} In treating cancer, the antigen-binding region can be joined to at lcast a
functionally active portion of a second protein having therapeutic activity. The second protein
can include, but 1s not liratted to, an enzyrae, lymphokine, oncostatin or toxin, Suitable toxins
include doxorubicin, daunorubicin, taxol, ethiduim bromude, mitomycin, etoposide, tenoposide,
vincristine, vinblastine, colchicine, dihydroxy anthracin dione, actinomycin D, diphtheria toxin,

Pseudomonas exotoxin (PE} A, PE4D, ricin, abrin, glucocorticoid and radioisotopes.

8171} As will be appreciated, antibodies can be expressed in cell lings other than
hybridoma cell lines. Sequences encoding particular antibodics can be used to transform a

suitable mammahan host cell. Transformation can be by any known method for introducing
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polymucleotides into a host celi, including, for example packaging the polynucleotide inn a virus
{or into a viral vector) and transducing a host cell with the virus {or vector} or by transfection
procedures known in the art, as exemplified by U.S. Patent Nos.: 4,399,216; 4,912,040,
4,740,461; and 4,959,455, (which patents are hereby incorporated herein by reference), The
transformation procedure used depends upon the host to be transformed. Methods for
introducing heterologous polynucleotides into mamalian cells are well known m the art and
include dextran-mediated transfection, calcium phosphate precipitation, polybrene mediated
transtection, protoplast fusion, electroporation, encapsulation of the polynucleotide(s) in

liposomes, and direct micromjection of the DNA into nuclel.

{01721 Mammalian cell lings available as hosts for expression are well known in the art
and include many immortalized cell lines available from the American Type Culture Collection
(ATCC)Y, inclading but not limited to Chinese hamster ovary (CHO} cells, Hel.a cells, baby
hamster kidney (BHK) cells, monkey kidney cells {COS), human hepatocellular carcinoma celis
{e.g., Hep (32}, human epithelial kiduey 293 cells, and a number of other cell lines. Cell lines of
particular preference are selected through determining which cell lines have high expression

ievels of the antibody of interest,

{3173} Inn certain embodiments, antigen-binding proteins can comprise an
immunoglobulin molecule of at least one of the 1gG1, 1G22, 12G3, 1G4, Ig E, IgA, 1gD, and
{gM 1sotype. In certain embodiments, antigen-binding proteins comprise a human kappa light
chain and/or a human heavy chain. In certain embodiments, the heavy chain is of the IgG1,
1¢(G2, 1gG3, 1G4, IgE, IgA, 1D, or IgM isotype. In certain emboduments, antigen-binding
proteins have been cloned for expression in mammalian cells. In certain embodiments, antigen-
binding proteius comprise a constant regiou other than any of the constaut regions of the 1gG1,

132, 1g033, 1g(64, Igk, IgA, Igh}, and IgM isotype.

{6174] in certain embodiments, substantial modifications in the functional and/or
chemical characteristics of antibodies to activin receptors can be accoruplished by selecting
substitutions in the amino acid sequence of the heavy and light chains that differ significantly in
their effect on maintaining (4} the structure of the molecular backbone in the arca of the
substitution, for example, as a sheet or helical conformation, (b) the charge or hvdrophobicity of

the molecule at the target site, or {¢) the bulk of the side chain,

{61758} For example, a “conservative amino acid substitution” can involve a substitution
of a native amino acid residue with a nonnative residue such that there is little or no effect on the

polarity or charge of the amino acid residue at that position. Furthermore, any vative residue in
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the polvpeptide can also be substituted with alanine, as has been previously described for

“alaniue scanning mutagenesis.”

{6176} Desired amino acid substitutions {(whether conservative or non-counservative) can
be determined by those skilled in the art at the time such substitutions are desired. In certain
embodiments, amino acid substitutions can be used to wdentify important restdues of antibodies to
activin receptors, or to increase or decrease the affinity of the antibodies to activin receptors as

described herein.

(G177} Inn certain embodiments, antibodies or antigen-binding proteins can be expressed
in cell lines other than hybridoma cell lines. Sequences encoding particular antibodies can be
used for transformation of a suitable mammalian host cell, According to certain embodiments,
transformation can be by any known method for introducing polynucleotides into a host cell,
inclading, for example packagiog the polynucleotide in a vivus (or into a viral vector) and
transducing a host ceil with the virus {or vector) or by transfection procedures known in the art,
as exemplified by U.S. Patent Nos.: 4,399,216; 4,912,040; 4,740,461 and 4,959,455, (which
patents are hereby incorporated herein by reference for any purpose). In certain embodiments,
the transformation procedurc used can depend upon the host to be transformed. Methods for
introduction of heterologous polynucleotides into mammalian cells are well known in the art and
include, but are not limited to, dextran-mediated transfection, calcium phosphate precipitation,
polybrene mediated transtection, protoplast tusion, electroporation, encapsulation of the

polymucleotide(s} in liposomes, and direct microinjection of the DNA into nuclet.

{0178} Mammalian cell lines avatlable as hosts for expression are well known n the art
and include, but are not limited to, many immortalized cell lines available from the American
Type Culture Collection (ATCC), inchuding but not limited to Chinese hamster ovary (CHQO)
cells, Hel.a cells, baby hamster kidney (BHK) cells, monkey kiduoey cells (COS), bumaun
hepatoceliular carcinoma cells {e.g., Hep G2}, and a number of other cell lines. In certain
embodiments, cell Hines can be selected through determining which cell hines have high
expression levels and produce antibodies with constitutive HGF binding properties. Appropriate

expression vectors for mammalian host cells are well known,

{0179} In certain embodiments, antigen-binding profeins comprise one or more
polypeptides. Any of a varicty of expression vector/host systems can be utilized to express
polynucleotide molecules encoding polypeptides comprising one or more autigen-binding protein
components or the antigen-binding protein itself. Such systems include, but are not limited to,

microorganisms, such as bactenia transformed with recombinant bacteriophage, plasmid, or
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cosmid DINA expression vectors; yeast transformed with yeast expression vectors; insect cell
systems mfected with virus expression vectors {e.g., baculoviras); plant cell systems transfected
with virus expression vectors {e.g., cauliflower mosaic virus, CaMV, tobacco mosaic virus,
TMV) or transtformed with bacterial expression vectors {(e.g., T1 or pBR322 plasmid); or animal

cell systems.

{0180} in certain embodiments, a polypeptide comprising one or more antigen-binding
protein components or the antigen-binding protein itself 1s recombinantly expressed in yeast.
Certain such embodiments use commercially available expression systems, e.g., the Pichia
Expression System (Invitrogen, San Diego, CA), following the manufacturer's instructions, In
certain embodiments, such a system relies on the pre-pro-alpha sequence to direct secretion. In
certain embodiments, transcription of the msert 18 driven by the aleohol oxidase (AOX1)

promoter upon induction by methanol.

{6181} i certain embodiments, a secreted polypeptide comprising one or more antigen-
binding protein components or the antigen-binding protein itself is purified from yeast growth
medium. In certain embodiments, the methods used to purify a polypeptide from yeast growth
mediunt is the same as those used to purify the polypeptide from bacterial and mammalian cell

supernatants,

i6182] Inn certain embodiments, a nucleic acid encoding a polypeptide comprising one or
more antigen-binding protein components or the antigen-binding protein itselt is cloned mto a
baculovirus expression vector, such as pVE1393 (PharMingen, San Mego, CA). In certain
embodiments, such a vector can be used according to the manufacturer's directions (PharMingen)
to infect Spodopiera frugiperda cells in sK9 protein-free media and to produce recombinant
polypeptide. In certain embodiments, a polypeptide 1s purified and concentrated from such

media using a heparin-Sepharose column (Pharmacia).

{0183} In certain embodiments, a polypeptide comprising one or more antigen-binding
protein components or the antigen-binding protein itself s expressed m an nsect system. Certain
insect systems for polypeptide expression are well known to those of skill in the art. In one such
system, dutographa californica nuclear polyhedrosis virus (AcNPV) s used as a vector to
express foreign genes 1n Spodoptera frugiperda cells or in Trichoplusia larvae. In certain
embodiments, a nucleic acid molecule encoding a polypeptide can be inserted into a nonessential
gene of the viras, for example, within the polyhedrin gene, and placed under control of the
promoter for that gene. In certain embodiments, successful insertion of a nucleic acid molecule

will render the nonessential gene inactive. In certain cmbodiments, that inactivation results in a
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detectable characteristic. For example, inactivation of the polyhedrin gene results in the

prodaction of virus lacking coat protein.

{3184} in certain embodiments, recombinant viruses can be used to infect 8. frugiperda
cells or Trichoplusia larvae. See e.g., Smith, et al., J. Virol., 46: 584, (1983); Engelhard ef al.,
Prac. Nat. Acad. Sci. (USA}, 91: 3224-7, (1994).

{0185} In certain embodiments, polypeptides comprising one or more antigen-binding
protein components or the antigen-binding protein itself made in bacterial cells are produced as
insoluble inclusion bodies in the bacteria. Host cells comprising such inclusion bodies are
collected by centrifugation; washed in 0,15 M NaCl, 10 mM Tris, pH §, 1 mM EDTA; and
treated with 8.1 mg/tal lysozyme (Sigma, St. Louis, MO} for 15 minutes at room temperature. In
certain embodiments, the lysate is cleared by sonication, and cell debris is pelleted by
centrifugation for 10 munutes at 12,000 X g. In certain embodiments, the polypeptide-containing
pellet is resuspended in 50 mM Tris, pH §, and 10 mM EDTA; layered over 50% glycerol; and
centrifuged for 30 minutes at 6000 X g, In cortain embodiments, that pellet can be resuspended
in standard phosphate buffered saline solution (PBS) free of Mg and Ca™ . In certain
cembodiments, the polypeptide is further purified by {ractionating the resuspended pelletin a
denaturing SDS polvacrylamide gel (see e.g., Sambrook ef af, supra). In certain embodiments,
such a gel can be scaked in 0.4 M KCl to visualize the protein, which can be excised and
electroeluted m gel-running bufter lacking SDS. According to certain erabodiruents, a
Glutathione-S-Transferase (GST) fusion protein is produced in bacteria as a soluble protein. In
certain embodiments, such GST fusion protemn 1s purified ustng a GST Purification Module

{Pharmacia).

{6186} In certain embodiments, it is desirable to “refold” certain polypeptides, eg.,
polypeptides comprising oue or ruore antigen-binding protein compouents or the antigen-binding
protein itself. In certain embodiments, such polypeptides are produced using certain recombinant
systems discussed herein. In certain embodiments, polypeptides are “refolded” and/or oxidized
to form desired tertiary structure and/or to generate disulfide linkages. In certain embodiments,
such structure and/or Hukages are related to certain biological activity of a polypeptide. In
certain embodiments, refolding is accomplished using any of a number of procedures known in
the art, Exemplary methods include, but are not limited to, exposing the solubilized polypeptide
agent to a pH typically above 7 in the presence of a chaotropic agent. An exemplary chaotropic
agent 1s guanidine. In certain embodiments, the refolding/oxidation solution also contains a
reducing agent and the oxidized form of that reducing agent. In certain erabodiments, the
reducing agent and its oxidized form are present in a ratio that will generate a particular redox
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potential that allows disulfide shuffling to occur. In certain embodiments, such shuftling aliows
the formation of cysteine bridges. Hxeroplary redox couples inchude, but are not livaited to,
cysteine/cystamine, glutathione/dithiobisGSH, cupric chioride, dithiothreitol DT T/dithiane DTT,
and 2-mercaptocthanol (bMEy/dithio-bME. In certain cmbodiments, a co-solvent 1s used to
increase the efficiency of refolding. Exemplary cosolvents include, but are not himited to,

glycerol, polyethyiene glycol of various molecular weights, and arginine.

{0187} In certain embodiments, one substantially purifies a polypeptide comprising one
or more antigen-binding protein components or the antigen-binding protein itself. Certain
protein purification techuiques are known to those of skill in the art. In certain embodiments,
protein purification invelves crude fractionation of polypeptide fractionations from non-
polypeptide fractions. In certain embodiments, polypeptides are purified using chromatographic
and/or electrophoretic technigues, Exemplary purification methods include, but are not limited
to, precipitation with ammonium sulphate; precipitation with PEG; immunopreciptiation; heat
denaturation followed by centrifugation; chromatography, including, but not limited to, affinity
chromatography (e.g., Protein-A-Sepharose}, ion exchange chromatography, exclasion
chiromatography, and reverse phase chromatography; gel filtration; hydroxyapatite
chromatography; isoclectric focusing; polyacrylamide gel electrophoresis; and combinations of
such and other techniques. In certain crobodients, a polypeptide s purified by fast protein
liquid chromatography or by high pressure liquid chromatography (HPLC). In certain
cembodiments, purification steps can be changed or certain steps can be omitted, and still result in

a suttable method for the preparation of a substantially purified polypeptide.

{3188} in certain embodiments, one quantitates the degree of purification of a polypeptide
preparation. Certain methods for quantifying the degree of purification are known to those of
skill in the art. Certain exemplary methods inchude, but are not limited to, determiining the
specific binding activity of the preparation and assessing the amount of a polypeptide within a
preparation by SDS/PAGE analysis. Certain exemplary methods for assessing the amount of
purtfication of a polypeptide preparation comprise calculating the binding activity of a
preparation and cornparing it to the binding activity of an imitial extract, In certain embodiments,
the results of such a calculation are expressed as “fold purification.” The units used to represent

the amount of bindimg activity depend upon the particular assay performed.

{3189} Inn certain embodiments, a polypeptide comprising one or more antigen-binding
protein components or the antigen-binding protein itself s partially purified. Partial purification
can be accomplished by using fewer purification steps or by utilizing different forms of the sawe
general purification scheme. For example, in certain embodiments, cation-exchange column
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chromatography performed utilizing an HPLC apparatus will generally result in a greater “fold
purification” than the same techuique utilizing a low-pressure chrowatography system. In certain
embodiments, methods resulting in a lower degree of purification can have advantages in total

recovery of polypeptide, or in maintaining binding activity of a polypeptide.

{8198} In certain instances, the electrophoretic migration of a polypeptide can vary,
sometimes significantly, with different conditions of SDS/PAGE. See e.g., Capaldief af.,
Biochem. Biophys. Res. Comm., 76: 425, (1977}, It will be appreciated that under different
electrophoresis conditions, the apparent molecular weights of purified or partially purified

polypeptide can be different,

{6191} fn various embodiments described herein, antibodies can be used in vivo and in
vifro for investigative or diagnostic methods, which are well known in the art. The diagnostic
rethods include kiis, which contain aniibodies in various ermnbodiments. In other embodiments

the antibodies described herein can be used as a therapeutic.

16192} it 1s understood that the dual-receptor antibodics, where used in a mammal for the
purpose of prophylaxis or treatment, can be administered in the form of a composition that
additionally can comprise a pharmaccutically acceptable carrier. Suitable pharmaceutically
acceptable carriers mclude, for example, one or more of water, saline, phosphate buffered saline,

dextrose, glycerol, ethanol and the like, as well as combinations thereof.

{3193} Pharmaccutically acceptable carriers can further comprise minor amounts of
auxiliary substances such as wetting or ermaulsifying agents, preservatives or buffers, which
enhance the shelf life or effectiveness of the antigen-binding proteins. The compositions of the
injection can, as is well known in the art, be formulated so as to provide quick, sustained or

delayed release of the active ingredient after administration to the mammal.

16194} Pharmacecutical formulations, particularly, of the antibodies for use described
herein can be prepared by mixing an antibody having the desired degree of purity with optional
pharmaceutically acceptable carriers, excipionts or stabilizers. Such formulations can be
ivophilized formulations or aqueous solutiouns. Accepiable carviers, excipients, or stabilizers are
nontoxic to recipients at the dosages and concentrations used. Acceptable carriers, excipients or
stabilizers can be acetate, phosphate, citrate, and other organic acids; antioxidants {(e.g., ascorbic
acid) preservatives low molecular weight polypeptides; proteins, such as serun albumin or
gelatin, or hydrophilic polymers such as polyvinylpyllolidone; and amino acids,
monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, or

dextrins; chelating agents; and ionic and non-ionic surfactants {e.g., polysorbate}; salt-forming
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s

counter-ions such as sodiumy; metal complexes {e.g., Zn-protein complexesy; and/or non-ionic

%

surfactants. The avtibody can be formulated at a concentration of between 0.5-200 og/ml

[3195] Inn therapeutic applications, compositions are administered to a patient suffering
from a discase {e.g., a muscle wasting disease) in a “therapeutically effective dose.” Amounts
effective for this use will depend upon the severity of the disease and the geneval state of the
patient's health. Single or multiple administrations of the compositions may be administered
depending ou the dosage and freguency as required and tolervated by the patient. A “patient” or
“subject” as referred to herein can include both humans and other animals, particularly mammals.
Thus the methods are applicable to both human therapy and veterinary applications. In various

embodiments the patient is a mammal. The mammal can be a primate, or even a human.

{0196} The route of administration of a pharmaccutical composition is in accord with
known methods, ¢.g. orally, through 1ujection by intravenous, nitraperitoneal, ntracerebral (intra-
parenchymal), intracercbroventricular, intramuscular, intra-ocular, intraarterial, intraportal,
intralesional routes, intramedullary, intrathecal, intraventricular, transdermal, subcutancous, or
intraperitoneal; as well as intranasal, enteral, topical, sublingual, wrethral, vaginal, or rectal
means, by sustained release systems or by implantation devices. Where desired, the
conmpositions may be administered by bolus injection or continnously by infusion, or by
implantation device. Alternatively or additionally, the composition may be administered locally
via implantation of a membrane, sponge, or another appropriate material on to which the desired
molecule has boen absorbed or encapsulated. Where an implantation device is used, the device
riay be implanted into any suitable tissue or organ, and delivery of the desired molecule may be

via diffusion, timed-relcase bolus, or continuous administration.

{6197} In certain embodiments, the formulation components are present in concentrations
that are acceptable to the site of admunistration.  In certain erabodiruents, buffers are used to
maintain the composition at physiological pH or at a slightly lower pH, typically within a pH

range of from about 5 to about 8.

{0198} in certain embodiments, when parenteral admimstration is contemplated, a
therapeutic composition can be in the form of a pyrogen-free, parenterally acceptable aqueocus
solution comprising a desired dual receptor antigen-binding protein to activin, with or without
additional therapeutic agents, in a pharmaceutically acceptable vehicle. In certain embodiments,
a vehicle for parenteral injection s sterile distilled water in which a dual receptor antigen-binding
protein to activin receptors, with or without at least one additional therapeutic agent, is

formulated as a sterile, 1sotonic solution, properly preserved. In certain embodiments, the
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preparation can involve the formulation of the desired molecule with an agent, such as injectabic
raicrospheres, bio-erodible particles, polymeric compounds (such as polylactic acid or
polyglycolic acid), beads or liposomes, that can provide for the controlied or sustained release of
the product which can then be delivered via a depot injection, In certain embodiments,
hyaluronic acid can also be used, and can have the effect of promoting sustained duration in the
circulation, In cortain embodiments, implantable drug delivery devices can be used to ntroduce

the desired molecule,

Uses of dual receptor anticen binding compositions

{0199} The present invention provides methods and pharmaceutical compositions for
reducing or neutralizing the amount or activity of myostatin, activin, or GDF-11 in vive and in
vitro. Activin dual receptor antigen binding proteins are capable of reducing and inhibiting the

biological activities of at lecast one of myostatin, activin A and GDF-11.

{6200] In one aspect, the present invention provides methods and reagents for treating
myostatin-related and/or activin A related disorders in a subject in need of such a treatment by
administering an effective dosage of a dual activin receptor antigen binding protein composition
to the subject. As used herein the term “subject” refers to any animal, such as mammals

including humans.

{6201} The compositions of the present invention are uscful for increasing lean muscle
mass in a subject. The compositions may also be useful to increase lean muscle mass in
proportion to fat mass, and thus decrease fat mass as percentage of body weight 1n a subject.
Example 3 demonstrates that dual activin antibodies described herein can inerease lean muscle

mass in animals.

{6202} The disorders that can be treated by a dual activin receptor antigen binding protein
composition include but are not limited to various forms of muscle wasting, as well as metabolic
disorders such as diabetes and related disorders, and bone degenerative diseases such as

osteoporosis,

[6203] Muscle wasting disorders also include dystrophies such as Duchenne’s muscular
dystrophy, progressive muscular dystrophy, Becker’s type muscular dystrophy, Dejerine-
Landouzy muscular dystrophy, Erb’s muscular dystrophy, and infantile nearcaxonal muscular
dystrophy. Additional muscle wasting disorders arise from chrouic diseases or disorders such as
amyotrophic lateral sclerosis, congestive obstructive pulmonary disease, cancer, AIDS, renal

failure, organ atrophy, androgen deprivation, and rheumatotd arthritis.
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{0204} Over-cxpression of myostatin and/or activin may contribute to cachexia, a severe
rauscle wasting syadrome. Cachexia resulis from cancers, and also anises due to theumatoid
arthritis, diabetic nephropathy, renal failure, chemotherapy, injury due to burns, as well as other
causes, In another example, serum and imtramuscular concentrations of myostatin-
immunoreactive protein was found to be increased in men exhibiting AfDS-related muscle
wasting and was mversely related to {at-free mass (Gonzalez-Cadavid, et al.,, PNAS USA,
95:14938-14943, (1998)). Myostatin levels have also been shown to increase in response to
burns mnjuries, resulting in a catabolic muscle effect (Lang, et al, FASER J., 15, 1807-1809,
(2001)). Addutional conditions resulting 1o muscle wasting way arise from inactivity due to
disability such as confinement in a2 wheelchair, prolonged bed rest due to stroke, illness, spinal
chord njury, bone fracture or traura, and muscular atrophy in a mucrogravily euvironment
{space flight}. For example, plasma myostatin immunoreactive protein was found fo increase
after prolonged bed rest (Zachwieja, ot al. J. Gravit, Physiol,, 6(2): 11, (1999). 1t was also found
that the muscles of rats exposed to a microgravity environment during a space shuttle flight
expressed an increased amount of myostatin corapared with the muscles of rats which were not

exposed (Lalang, et al,, I, Endocrin., 167(33:417-28, (2000})).

16205] in addition, age-related increases in fat to muscle ratios, and age-related muscular
atrophy appear to be related to myostatin, For example, the average serum myostatin-
immunoreactive protein inereased with age in groups of young (19-35 yr. old), middie-aged (36~
75 yr. old), and elderly (76-92 yr old) men and women, while the average muscle mass and fat-
free mass declined with age in these groups (Yarashesk, et al., . Nutr. Aging, 6{5):343-8,
(2002)). In addition, myostatin has now been found to be expressed at low levels in heart muscle
and expression is upregulated in cardiomyocytes after infarct (Sharma, et al,, J. Cell Physiol,,
180(13:1-9, (1999)). Therefore, reducing myostatin levels in the heart muscle may improve

recovery of heart muscle afier infarct,

{6206 Myostatin also appears to influence metabolic disorders including type 2 diabetes,
noninsulin-dependent diabetes mellitus, hyperglycenua, and obesity. For exaruple, lack of
myostatin has been shown to iraprove the obese and diabetic phenotypes of two mouse models
{(Yen, et al,. FASEB J., §:479, {(1994). The antigen-binding proteins of the present disclosure are
suitable for treating such metabolic disorders. Thercfore, admnistering the corapositions of the
present invention may improve diabetes, obesity, and hyperglycemic conditions in suitable
subjects. In addition, compositions containing the antigen-binding protein may decrease food

intake in obese individuals,
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{0207} Administering the stabilized antigen-binding proteins described herein may
improve bone strength and reduce osteoporosis and other degenerative bone diseases. It has been
found, for example, that myostatin-deficient mice showed increased mineral content and density
of the mouse humerus and increased mincral content of both trabecular and cortical bone at the
regions where the muscles attach, as well as increased muscle mass (Hanwrick, et al, Calcif,
Tissue Int,, 7H(1):63-8, (2002)). In addition, the antigen-binding proteins described herein may
be used to treat the effects of androgen deprivation in cases such as androgen deprivation therapy

used for the treatment of prostate cancer, for example.

{6208} Also provided are methods and compositions for increasing muscle mass n food
animals by administering an effective dosage of the antigen-binding protein to an animal. Since
the mature C-terrmnal myostatin polypeptide 1s simtlar or identical in all species tested, antigen-
binding proteins described herein could be expected to be effective for increasing lean muscle
mass and reducing fat m any agriculturally important species including cattle, chicken, turkeys,

and pigs.

{6269] Other aspects of the invention will be appreciated by one skilied in the art, and are
described herein. Although various embodiments of the invention have been described herein,
including the following examples, those skilled tn the art will readily appreciate that the specific
examples and studies detailed herein are only illustrative. It should be understood that various

modifications can be made without departing from the spirit of the invention.

Examples
{6210} In mice, treatment with vanant ActRIIB-Fe's produced nuscle growth that was
about 3 times more than that achieved by selectively inhibiting myostatin. This profound muscle
growth efficacy is of therapeutic significance as it could be used to reverse pre-existing muscle
ioss in patients with cancer, renal fatlure, heart fatture, burns, severe mfections and many other
catabolic discases. In addition to developing soluble ActRIIB-Fe molecules, ActRUB/ActRIFA
receptor blocking antibodies were developed to stimulate muscle growth, Due to redundant
functions in cell signaling, in order to achieve muscle growth efficacy simitlar to ActRIB-Fc, an
antagonist antibody capable of blocking both ActRUB (SEQ ID NO: 2} (Fig. 2D) and ActRUA
(SEQ I NO: 18} was developed.

{6211} The following sequences are relevant to this application:
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Table 2
SEQ 1D NO. Description™®

i ActRIIB-huF¢
2 ActRIIB
3 M43 HC-CDR1
4 M43 HC-CDR2
5 M43 HC-CDR32
) M43 LC-CDRU
7 M43 LC-CDR2
8 M43 LC-CDR3
9 R31-1 HC-CDR1
10 R31-1 HC-CDR2
i1 R31-1 HC-CDR3
12 R31-1 LC-CDR1
13 R31-1 LC-CDR2
14 R31-1 LC-CDR3
15 M43 HC
16 M43 LC
17 ActRITA-huFe
I8 AciRIIA
19 ActRIA (nucleic acid sequence)
20 AciRIIB (nucleic acid sequence)
21 M43 HC (nucleic acid sequence)
22 M43 L (nucleic acid sequence)
2 Alk4 (nucleic acid sequence)
24 ActRIB-huFC (nucleic acid sequence}
25 MIg LC
26 MIOHC
27 M25 LC
28 M25HC
29 M37 1O
30 M37 HC
31 M39 LC
32 M39 HC

*Unless otherwise indicated, the description refers to amino acid sequences

Example 1: Antibodyv ceneration and maturation

{0212} A dual-receptor antibody was generated by initially conducting an antibody
campaign using ActRIIB-huFc (SEQ ID NO: 1) (Fig. 2D) as an antigen,

(6213} To screen the antibodies, cell veporter assay sysierns were developed that
contained C2C12/PMARE-Luc cells stably transfected with ActRIIB (SEQ 1D NO: 20); (plus
ALK4, the type | transtaembrane reporter kinase), or with ActRITA {plus ALK4) or with both
ActRIB and ActRIA (SEQ ID NO: 19 {plas ALK 4).
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ActRIIB (SEQ 1D NO: 20)
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ActRIIA sequence:  (SEQ 1D NO: 19)
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(SEQ ID NO
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[0214]

as antigen. However, testing of the antibodies s

This led to wdentification of several anti-ActRIEB antibodies using ActRIB protein

specific for ActRIIB binding in mice showed an in

vive muscle growth efficacy that was much weaker than ActRIB-Fe (although the antibody did

have some effect on muscle growth),

This suggested further testing for a dual receptor antibody

that could effectively block the signaling of both ActRUA and AciRIUB receptors.

[G215]
an antibody {R31

but definite binding to ActRIIA.

To that end, careful examination of anttbodies from the ActRIIB screen revealed

-1} which bound strongly to ActRIIB, while at the same time exhibiting a weak

antibody |

31-1 (SEQ ID NO: 183

AILGRSETQECLFFNANWEKDRTNQTGVE
SPEVYFCCCEGNMCNEKTSY T PEMEY
PTODPGEPPPSPLLGLKPLOLLEVE
GAEKF _JVLVDLWLI”A“P“
VLLKNNLTACIARFGLALKY

3”“T”WTP7nn

MQRL Tt

{ARGREGC

BAGEKSAGDTHG

ITTEDIVIVVIMVINVDEFPPRKESSL

SOV
(ORAN

JPTSNPVT

VINK
GSLSDELKANVVSWN
VETRRYM?
REVLRDY®

ADRKDERRHCE?

LGQHPSLEDMQEVVVHEERR

TWENISGSIET
PRFPYYNILLY
”_QL NEYVAVK I

VKQGCWLDDT

T N T
/ LNLTﬁV VI

(NCYDRTDCVEKED
““WVYR%HVM VDPVLV

g ‘{DIanN
TNFQR?AFLPTDMYANwhviWET““P””A:
MAMLCETIEECWDHDARARLSAGCVGERTITO

™ty

VIEG?
HOKHAG

[0216]

Affinity maturation was next conducted using R31-1 as a parental molecule to

improve the affinity toward ActREA without reducing the affinity for ActRIB, {(SEQ ID NO: 2)
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Affinitv maturation of B31-1 t9 M43

{6217} Anti-ActRIIB human IgG R31-1 obtained {rom Xenomouse immunization using
soluble ActRIIB-tuFc as the immunogen was shown to have <10 pM binding affinity toward

AcRIIB-huFc and -1 nM binding affinity toward ActRIIAhuFc.

ActRlM hu}l, (‘xFQ b I\O 17)
TToRe — : —
SPE YE"
VTCVVV EDPEVKFNWYVE 1 "\’?\TS“YL\'\/’VBVL

I 5 [\ Z\T

LHODWLNGKEYKC K‘]g IK\TTH
iuQ DFN\] KTTPPVLDSDGS

{0218} In order to completely ablate the Activin Receptor signaling pathway,
simultancous blockage of both ActRIA and ActRIIB was necessary. To achieve this goal, an
affinuty maturation and screening strategy was designed to improve the affinity of R31~1 toward

ActRITA without affecting the affinity toward ActRIB.

{0219} Single amino acid residue randomized mutagenesis (NNK codon} (N=A, T, G, or
C; K=T or (5} was performed on every residue in all three HC-CDRs in Figure 1 (SEQ 1D NQOs:
9-11) and all three LC-CDRs in Figure 1 (SEQ ID NOs: 12-14) ot R31-1 12G2 molecule.

{6220} Mutagenesis primers were designed by flanking NNK with 24 wild type
nucleotides 5-prime and 24 wild type nucleotides 3-prime to the targeted position. 31 positions

in HC-CDRs and 31 positions in LC-CDRs were mutated.

{6221} Plasmid DNA containing R31-1 1gG2 v chain and plasmid DNA containing R31-1
« light chain in pT'TS vector were used as the temaplate for 62 mutagenesis reactions. A total of
1178 individual mutants were identified by sequencing and isolated. Single residue mutants of
one chain were patred with the other chain of parent molecule (mutant HC: parent LC or parent
HC: mutant LC) in 96-well transient transfection into 293 6F cells, Conditioned media (CM)

were harvested on 7th day after transfection and used i ELISA for binding assessment,

162221 NewtrAvidin plates coated with biotin-ActRIIB-huFc at BO% saturation
concentration (6.5 pg/ral) and biotin-ActRIEA-huFc at 95% saturation concentration (3.33 pg/mi)
were used for ELISA, CM of mutants was blocked in 2%BSA/2%MPBS before being incubated
on antigen coated plates. After Thr RT (room temperature) incubation, plates were washed 5x
with PBST. Bouund mutant was detected with anti-hulgts HRP at 1:3000 dilution, after 1 hr

incubation, Plates were washed 5x with PBST. LumuiGLO Chemiluminescent substrate (KPL,
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#54-61-01) was added and plates were read on Envision. Mutants with impaired ActRIIA and

ActRIIB binding activity, compared to R31~1, were elimninated.

{0223} For secondary screening to identify beneficial single residue mutants, ELISA was
done at higher stringency using NeutrAvidin plates coated with biotin-ActRIIB-huFc at 0.1
pg/ral and biotin-ActRIA-huFc at 0.5 pg/ml. Fourteen beneficial single-residue mutants (11 HC
mutations in 5 positions and 3 LC mutations in 3 positions) with similar or improved ActRIIB
binding activity and improved ActRHA binding activity, compared to R31-1, were 1dentified.
One mutant 1s in LC-CDRI (LCI-Y 12W), two in LC-CDR3 (LC3-Y3W, LC3-WIH), three in
HC-CDRI (HCI-Y2S, HCI-Y2D, HCISSA), five in HC-CDR2 (HC2-GID, HC2-G1V, HC2-
GIS, HC2-GHA, HOZ-Y10F), and three in HC-CDR3 (HC3-54W, HU3-84Y, HC3-547T).

{0224} Single-residue HC mutants were paired with single-residue LC mutants in a
roatrix for transient transfection nto 293 6F in 96-well plates to generate 33 double-mutant 1gGs
that contain one mutation cach in LC and He. The 1gG2 concentration of crude CM samples was
measured by ForteBio using protein A Biosensor and normalized. To select double mutants with
stgnificantly improved ActRIA binding and unchanged AcRIIB binding, titration ELISA was
done on NeutrAvidin plates coated with Biotin-VMS hFe IgGI-ACTR-2B (E2BW) and biotin-
hACTR-ZA (BI19Q,E121Q)-hFc at various concentrations from 10 pg/ml to 0.001 pg/ml and
crude CM adjusted to 1 pg/mi IgG2. Binding kinetic study of the selected double mutants were
doue on ForteBio. K-off ranking confirmation was done on BuaCore by capturing the IgG in
crude CM on chip and flowing soluble receptors through. 31-1-16 with mutations at HC2-G1S

and LCT-Y12W was identified to be the top clone. 31-1-27 and 31-1-43 were also good cloues.

{0225} I order to further improve the affinity toward ActRIEA, single-residue beneficial
mutations n different CDRs of LC or HC were combined by overlapping PCR to generate HC
mutants and LC mutants with single mutation m 2 or 3 CDRs of the chain. 69 HC multiple-site
mutants (mmHC) with single mutation in 2 or 3 CDRs and 2 LC multiple-site mutants (mumLC)
with single mutation in CDRI and CDR3 were constructed. Fach mnHC was paired with
parental LC, single-residue LC mutants and mmLC and both mmLC were paired with the
parental HC in 96-well transient transtection. Crude CM samples were used in ForteBio kinetic
study. 23 mutants were equal to or better than the bench mark molecnle 311-16. After
confirmation by BiaCore, finalS top mutants [M10 (SEQ ID NOs: 25-26), M2S (SEQ ID NO«:
27-28), M37 (SEQ 3 NOs: 29-303, M39 (SEQ 1D NOs: 31-32) and M43 (SEQ 1D NOs: 15-163]

were selected (LC and HC amino acid sequences shown in Figures 2A and 2C).
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Example 2: Antibodv Characieristics

16226} A Cell based assay was used to determine the binding and blocking activities
against ActRIIB and ActRUIA. A royostatin/activin-responsive reporter cell line was generated
by transfection of C2C 12 myoblast cells (ATCC No: CRL-1772) with a pMARE-luc construct.
The pMARE-Iuc construct 1s made by cloning twelve repeats of the CAGA sequence,
representing the myostatin/activin response elements {Dennler, et al., EMBO, 17: 3091-3100,
{1998} mnto a pLuac-MCR reporter vector (Stratagene cat # 219087) upstream of the TATA box,
This stable cell line (C2ZCT12/PMARE-Luc } was further transfected with activin type ILA receptor
{ActRIIA ) plus activin type | transmerabrane reporter kinase (ALK4) or activin type 1B receptor
{ActRIIB) plus ALK4 or ActRHA and ActRIIB combination plus ALK4 to generate cach
individual stable cell lincs. When myostatin or activinA binds the cell receptors, the Smad
pathway is activated, and phosphorylated Swad binds to the response element (Macias-Silva et
al. Cell 87:1215 (1996}, resulting in the expression of the huciferase gene. Luciferase activity
was then measured using a commercial fuciferase reporter assay kit (cat # E4550, Promega,
Madison, W1} according to mamufacturer’s protocol. These stable lines of C2C12/pMARE-luc
cells that have been transfected with ActRITA+ALK 4 or ActiRUHB+AIKS or ActRIA/MIB+ALKA
were used to measure activity according to the foliowing procedure. Reporter cells were plated
into 96 well cultures. Screcuing using dilutions of the dual receptor antibody as described above
was performed with the concentration fixed at 4 nM miyostatin or activin. Myostatin or activin
was pre-incubated with the dual receptor antibody at several concentrations. Myostatin or activin
activity was measured by determining the luciferase activity in the treated cultures. The 30
valucs were determined for cach antibody.

{0227} Affinity of M43, M37 and M25 toward huActRUIA-huFc¢ measured i KinExa was
<1 pM, which is at least 1000-fold improvement of the parental molecule R31-1. The affinity of
M43 toward huActRIIB-huFe was <1 pM, which is about [0fold improvement. (See Table 3.)

The sequence of the HC and LC for M43 s provided in Figure ZA.

Table 3
BlAcore Kp Before Maturation (R31-1) After Maturation (M43}
Binding to ActRIUB 10 pM 1 pM
Binding to ActRIIA 4 nM I pM
Celi-Based ICy Before Maturation (R31-1) After Maturation (M43)
ActRIIB Signaling 8 nM 2 M
ActRUIA Signaling 2 uM nM
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{0228} This yielded a dual receptor blocking antibody M43, and several other relate

antibody molecules, which showed strong atfinity for ActRIIA as well as for ActRHB.

{0229} Cell assays using the reporter cell systems demonstrated that the dual receptor
auntibodies were able to strongly block miyostatin and activin ligand signaling mediated by both
ActRIIB and ActRIIA receptors. When M43 was added to the cell reporter assays alone, no

signaling was chceited even at very high concentration.

{6230} Additional binding assays compared binding activity of the parental antibody to
the mutant antibodies (M 10, M25, M37, M39, Md43) (Figs. 7B-7F). In the figures huActRIIB
and huActRITA binding comaparison of parental 31-1 (Fig. 7A) and 3 mutants were corapared.
160 nM Ab sampics were injected over immobilized mouse anti-human IgG2, 3, 4 Ab surface to
certain density. hFe{G-hACIRZA(WT), hACtRZB(RO64)-hFe(G 1, hActR2ZA(ET19G)-hFe(Gl),
were flowed over the surface, respectively, for 3 min, followed by Buffer for more than 10 min.
The Y-axis shows the receptor binding response (RU) and the time (scconds) 18 shown on the X-

axis.

{6231} {mportantly, cell based assays mled out any intrinsic agomnst activity of ActRIUB
receptors as shown in Figure 3. Thus, M43 1s free from activity for antibody-mediated receptor

activation.

Example 3: Effect of M43 on bodv weisht and skeletal mass

{6232} In vivo M43 demonstrated a dose-dependent effect of M43on body weight and
skeletal muscle mass in nude mice (Figures 4A-4C), The effects on body weight, lean mass
change and the gastrocnemius at 3 mg, 10 mg and 30 mg/kg are shown in the figures.

Differences were significant at all doses.

[6233] Head to head in vivo coraparison studies n inhibin-o knock-out mice also showed
that M43 had strong muscle growth efficacy similar to ActRIIB-Fe. (Figures SA-5D). Effects

were scen on body weight, body composition and muscle mass,

{0234} Additional studies were done comparing M43 activity to a myostatin pepiibody
and an activin receptor polypeptide in nude mice. Results on body weight change are shown in
Figures SA-5B. It can also be seen in Figures 6A-B that M43 compares favorably with a

myostatin peptibody and a soluble activin receptor relative to a control in terms of body weight

and lean body mass changes
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{6235] The identification of M43 (and related antibodies) and the in vifro and in vive data
clearly showed that blocking both AciRUB and ActRIIB receptors achieved muscle growth
efficacy. Given the poor homology between ActRIIB and ActRUA proteins (their ECDs}, the
discovery of M43 as an antagonist dual receptor monoclonal antibody was unexpected, Md3 is a
fully human antibody and has clear potential clinical utilities. As the pathway blocker, M43 not
only attenuates myostatin signaling, but can inhibit the signaling of activin and other ligands, e.g.

GIDF-11, whose increases have been implicated in pathogenesis of diseases.

16234} For example, increased activin A expression has been associated with many
cancers. Furthermore, it was recently discovered using animal tumor models that activin Ads a
potent stimulator for in vivo growth of certain tumors, as elevated activin A critically mediates
the overproduction of angiogenesis {actors in tumor microenvironment and its blockade (by
sActRIIB or anti-activin antibody) dramatically slows tumor progression. In addition, over
production of activin A causes heart failure in mice and its blockade reversed cardiac
dysfunction. Therefore, M43 should also have potential clincal uiilities beyoud the treatmuent of

muscle loss.

16237} Throughout this specification various publications, patents and patent applications
have been referenced. The disclosures of these documents in their entiretics are hereby
incorporated by reference into this application. The reference to such documents, however,
should vot be construed as an acknowledgruent that such documients are prior art to the
application. Further, merely because a document may be incorporated by reference, this does not

necessarily indicate that the applicants are in complete agreement with the document’s coutents.
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Claims
1. An 1solated antigen-binding protein comprising a first polypeptide having at least
97% identity to SEQ ID NG: 15 and a second polypeptide having at least 97% sequence identily

to SEQ ID NO: 16

2. An isolated antigen-binding protein coruprising SEQ 1D NO: 15 and SEQ ID NO:
16.
3. The isolated antigen-binding protein of claim 1 or 2 that specifically binds to SEQ

IDNG: 2 and SEQ ID NQO: 18,

4. The antigen-binding protein of claim 1 or 2, that specifically binds to SEQ 1D NO:
2 and SEQ ID NGO: 18 and upon binding, stimulates muscle growth.
p 8 2

5. The antigen-binding protein of claim 1 or 2, wherein said antigen-binding protein

is a monocional antibody or fragment thereof.

6. The antigen-binding protein of claim § or 2, wherein said antigen-binding protein
o foud

18 a mouse antibody, a humanized antibody, a human antibody, a chimeric antibody, a

multispecific antibody, or fragment of a mouse antibody, a humanized antibody, a chimeric

antibody or a multispecific antibody.

7. An isolated antigen-binding protein that binds two activin receptors.
8. The wsolated antigen-binding protein of claimn 7 that specifically binds to SEQ ID

NG 2 and SEQ ID NO: 18,

9. The antigen-binding protein of claim 7, that specifically binds to SEQ ID NO: 2
and SEQ I3 NO: 18 and, upon binding, stimulates muscle growth.

10.  The antigen-binding protein of claim 7, wherein said antigen-binding proteinis a
monoclonal antibody or fragment thercof.

11, The antigen-binding protewn of claim 7, wherewn said antigen-binding protemn is a
mouse antibody, a humanized antibody, a human antibody, a chimeric antibody, 2 mmltispecific
antibody, or fragment of a mouse anttbody, a humanized antibody, a ¢chimeric antibody or a
multispecific antibody.

12. An isolated antigen-binding protein comprising SEQ {D NO: 3, SEQ D NO: 4,
SEQ ID NO: 5, SEQ I NO: 6, SEQ I NG: 7 and SEQ 1D NO: 8.

13, The solated antigen-binding protein of claim 12 that specifically binds to SEQ ID
NO: 2 and SEQ ID NOG: 18,
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14, The antigen-binding protein of claim 12 , that specifically binds to SEQ 1D NO: 2

and SEQ ID NO: 18 and upon binding, stiroulates rouscle growth.

15, The antigen-binding protein of claim 12, wherein said antigen-binding protein is
o ol s %:\ %:\

a monoclonal antibody or fragment thereof,

16. The antigen-binding protein of claim 12, wherein said antigen-binding protein is
a mouse antibody, a8 humanized antibody, a human antibody, a chimeric antibody, a multispecific
antibody, or fragment of a mouse anithody, a humanized antibody, a chirneric antibody or a

nmultispecific anttbody.

17.  Anisolated antigen-binding protein comprising SEQ 1D NO: 3, SEQ 1D NO: 4,
and SEQ ID NO: 5.

I8  The solated antigen~-binding protein of claim 17 that specifically binds to SEQ ID
NO: 2 and SEQ 1D NO: 18,

19, The antigen-binding proten of claim 17, that specifically binds to SEQ 1D NO: 2

and SEQ ID NO: 18 and upon binding, stiroulates rouscle growth.

20 Th@ amiﬂen»bindino rotein chiaim ]7 wherein said &'ﬂti ?Gﬁ"biﬂdiﬂ? *;mtein iS
o ol s %:\ %:\
a moncclonai ﬁllﬁb()d Yy Qr ﬁ*agmc—:nt thCTCOf.

21 The antigen-binding protein of claim 17, wherein said antigen-binding proteinis a

mouse antibody, a humanized antibody, a human antibody, a chimeric antibody, a multispectfic
antibody, or fragment of a mouse anithody, a humanized antibody, a chirneric antibody or a
nmultispecific anttbody.

22.  Anisolated antigen-binding protein comprising SEQ ID NO: 6, SEQ ID NO: 7
and SEQ 1D NO: 8.

23, The isolated antigen-binding protein of claim 22, that specifically binds to SEQ
D NO: 2 and SEQ 1D NO: 18

24, The antigen-binding protemn of claim 22, that specifically binds to SEQ [D NO: 2
and SEQ 1D NO: 18 and upon binding, stimulates muscle growth.

Z5. The antigen-binding protein of claim 22, wherein said antigen-binding protein is a
monoclonal antibody or fragment thereof.

26. The antigen-binding protein of claim 22, wherein said antigeu-binding proteinis a

mouse antibody, a humanized antibody, a human antibody, a chimeric antibody, a multispecific



WO 2013/188448 PCT/US2013/045245
antibody, or fragment of a mouse antibody, a humanized antibody, a chimeric antibody or a
multispecific antibody.

27.  Anisolated nucleic acid encoding the antigen-binding protein of any one of claims

1,2,7,12, 17,22, and 52.

28. An expression vector comprising the nucleic acid of claim 27.

29. A host cell comprising the vector of claum 28,

36.  The host cell of claim 29 wherein the cell is a eukaryotic or prokaryotic cell,
31, The host cell of claim 30 wherein the eukaryotic cell is a mammalian cell.

32 An isolated antigen-binding protein, comprising at least SEQ ID NOs: 3-5 or SEQ
1D NOs; 4-6.

33, A method of producing an antigen-binding protein, comprising culturing the host
cell of claim 29 under suitable conditions such that the nucleic acid 1s expressed to produce the

antibody.

34, The method of claim 33, further comprising recovering the antibody from a

culture of the host cell.

35, A composition comprisiog the antigen-binding protewn of any one of ¢lamms 1, 2,

7,12, 17,22, and 52 and a pharmaceutically acceptable carrier, diluent or excipient,

36. A method of reducing or blocking myostatin, activin A or GDF-11 activity
comprising administering a therapeutically effective amount of the antigen-binding protein or a
pharmaceutical composition containing the antigen binding protein of any one of claims |, 2, 7,

12,17, 22 or 52 1o a subject in need of such treatment,

37. A method of increasing lean niuscle mass or increasing the ratio of lean muscle
mass to fat mass in a subject in need of such treatmaent comprising administering an otfective
amount the antigen-binding proiein or a pharmaceutical corposition containing the antigen
binding protein of any one of claims 1, 2, 7, 12, 17, 22 or 52 to a subject in need of such
treatment,

38. A method of treating or preventing a muscle wasting disease in a subject suffering
from such a disorder comprising admmistering an effective amount of a therapeutic composition
containing the antigen-binding polypeptide of any one of claims 1, 2, 7, 12, 17, 22 or 52 to the

subject,
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39, The method of claim 38 wherein the muscle wasting disease comprises cancer
cachexia, muscular dystrophy, amyotrophic lateral sclerosis, congestive obsiractive pulmionary
disease, chronic heart failure, chemical cachexia, cachexia from HIV/AIDS, renal failure, uremia,
rheumatoid arthritis, age-related sarcopenia, age-related frailty, organ atrophy, carpal tunnel
syndrome, androgen deprivation, or muscle~-wasting due to tnactivity from prolonged bed rest,
spinal cord imjury, siroke, bone fracture, burns, aging or insulin resistance.

40.  Anisolated antigen-binding protein of any one of ¢laimse 1,2, 7, 12, 17, 22, and 52
wherein said antigen-binding protein has a Ky for ActRUB of 10 pM or less in a BlAcore assay.

41.  The antigen-binding protein of claim 40 wherein said antigen-binding protein has
a Kp for ActRIIB of 1 pM or less,

42, An isolated antigen-binding protein of any one of claims 1, 2, 7, 12, 17, 22, and 52
wherein said antigen-binding protein has a Ky for ActRITA of 4nM or less 1n a BIAcore assay.

43, The antigen-binding protewn of claim 42 wherein said antigen-binding protein also
has a Ky for ActRIA of 1pM or less.

44, An antigen-binding protein, wherein said antigen-binding protein has a K for
ActRIB and AciRUA of 1 pM or less 1n a BlAcore assay.

45. An isolated antigen-binding protein of any one of claims 1, 2, 7, 12, 17, 22, and 52
wherein said antigen-binding protein has an {Csg for ActRIIB of § nm or less in a cell-based
assay.

46.  The antigen-binding protein of claim 40 wherein said antigen-binding protein has
an ICs for ActRIB of 2 nM or less,

47. An isolated antigen-binding protein of any one of claims 1, 2, 7, 12, 17, 22, and 52
wherein said antigen-binding protein has an {Csg for ActRIIA of ZnM or less in a cell-based
assay.

48.  The antigen-binding protewn of claim 42 wherein said antigen-binding protein also
has an ICsg for ActRIIA of | nM or less,

49,  An antigen-binding protein, wherein said antigen-binding protein has a ICsq for
ActRHB of 2 nM or less and a 1C5ActRIA of 1 nM or less in a cell-based assay.

56.  The antigen-binding protein of any one of claims 1, 2, 7, 12, 17, 22, and 52

wherein the antigen-binding protein is an antagonistic dual-receptor antibody.
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51, The antagonistic dual-receptor antibedy of claim 50 wherein the dual-receptor
auntibody is a human antibody.

52.  The solated antigen-binding protein of claim 7 that specifically binds to SEQ ID
NG 1 and SEQ ID NO: 17,

53. The antigen-binding protein of claim 52, that specifically binds to SEQ ID NO: |
and SECQ D NO: 17 and upon binding, stimulates muscle growth.

54.  The antigen-binding protein of claim 52, wherein said antigen-binding protcinis a
raonoclonal antibody or fragmeut thereof.

55, The antigen-binding protewn of ¢laim 52, wherein said astigen-binding protein is a
mouse antibody, a humanized antibody, a human antibody, a chimeric antibody, 2 mmltispecific
antibody, or fragment of a mouse anttbody, a humanized antibody, a ¢chimeric antibody or a

multispecific antibody.
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2/15
FIG. 2A

HC sequence of M43 (SEQ ID NO: 15)

EVOQLLESGGGLVQRGE C‘ZR'{}SCTAASGFTE‘RNSAMSWVRQ
APGEGT LWVOGIESVIGGSTFYTDSVRGRETVERDNSRNT
YLOMNS LRAEDTAVYYC! J\WYYS?FDYW\?JG‘T’.L"E‘v’“
SASTKGESVEPLAPCSRETSESTAALGCLVEDYFPERPVT
VOWNSGAT rE.’S("‘-"H’i’ FPAVLOSSGLYSLESVVTVRPSSNEG
TOQTYTCNVDHKPSNTRKVDKTVERKCCVECPPCFAPPVAG
PEVELEPPRKPEDTIMISRTPEVICVVVDVSHEDPEVOFN
WYVDGVEVHNAKTKPREEQFNSTFRVVSVLITVVHD DWLi“
GRKEYKCEVSNKGLPAPTEKTISKTRKGOFREPCVYTLPPS
BEEMTENQVELTCLVKGEYPSDIAVEWESNGOFPENNYKT
TEPML ?‘:53 GOSFFLYSKLTVDKSRWOQGNVESCISVMHEEA

HNHYTOKSLSLEPG

‘!m

-\_J

LU sequence of M43 (SEQ 1D NO: 16)

GIVVIQEPSFSVEPGGETVT LTCGEFNSGEVETSYWRPSWYQ
i’)f‘ﬁiif\u PRULIOYNTNTRSSGVPDRELDGSTLONEKAALTIT
DY YCVIMMGSGIWVEGGETRLTVLGOEKANE
ELOQANKATLVCLISDEYPGAVIVAWKADG
KAGVETTKPSKQOSNNKYAASSYLSLTPEQWRSHRSY

SUOVTHEGSTVERKTVARTECS
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3/15
FIG. 2B

Nucleotide segquence of M43

M43 HC (SEQ ID NO: 21)

GAGGTGCAGCTGTTGGAGTCTGGEEGAGGCTTCETACABCCTGGREEGTCCCTGAGACTOTCC

_TC
TETGCAGCCTCTGGATTCACCTTTAGGAACTCTGCCATGAGCTOGETCCECCAGGUTCCAGRE
ARGGGGCTGEAGTGEGTCTCAGGTATTAGTGTTACTGETGETAGCACATTTTACACAGACTOC
GTOAAGGGCCGETTCACCGTCTCCAGAGACAAT T CCASGAACACGOTGTATCTGCARATGAAC
AGCCTGAGAGCCGAGGACACGGCCETATATTACTGTGCGARAGTCTACTACTATAGTTPCTTT
GACTACTGGGGCCAGGGAACCTTGETCACCGTCTCTACTGCCTCCACCARGGGUCCATCGGET
TTCCCCCTGRCGCCCTGCTCCAGGAGCACCTCCGAGAGCACRAGLGECCCTRGEELIGCCTGETD
ARGGACTACTTCCCCGAACUGGTGACEGTETCETGHAACTCAGGCOCTCTGACCAGEGGCETS
CACACCTTCCCAGCTGETCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCOTGETGACCETS
CCCTCCAGCAACTTCGGCACCCAGACCTACACCTGCAACGTAGATCACRAGCCCAGCAACACC
AAGGTGGACAAGACAGTTGAGCGCARAATGTTGTGTCGAGTGCTCACCGTGCCCAGCACCACOT
GIGGCAGGACCGTCAGTCITCCTCTTCCCCCCARARCCCAAGGACACCCTCATGATCTCCCGS
ACCCCTGAGGTCACGTGCETGGTGETGGACGETGAGCCACGRAGACCCCEAGETCCAGTTCAAT
TGETACGTGGACGGCETGGAGGTGCATAATGCCAAGACARAGCCACGGGAGGAGCAGT TCAAC
AGCACGTTCCGTGTGETCAGCGTCCTCACCGTIGTGCACCAGGACTGGCTGAALGGCAAGGAS
TACAAGTGCARGGTCTCCAACAAAGGCUTCCCAGCCCCCATCGAGAAARCCATCTCCARAACT
ABAGGGCAGCCCCGAGAACCACAGGETGTACACCCTGCCCCCATCCCOGEAGGAGATGACCAAL
ARCCAGGTCAGCCTGACCTGLUTGETCAAAGGCTTCTACCCCAGCGACATCGCUETGGAGTGH
GAGAGCAATGGGCAGLLGGAGAACAACTACAAGACCACACCTCCCATGCTEGACTCCGALGEE
TCCTTCTTCCTCTACAGCAAGCTCACCETGGACARAGAGCAGGTCGCAGCAGGGGAACGTCTTC
TCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCUTGTCT
CCGGGTAAA

M43 LC (SEQ ID NO: 22)

CAGACTGTGETGACCCAGGAGCCAAGTTTCTCAGTGTCCCUTGEAGGGACAGTCACATTCAC
TTGTGGCTTCAACTCTGGCTCAGTCTCTACTAGT TACTGGUCCAGCTGGTACCAARCAGALCCC
CAGGCCAGGCTCCACGCACGCTCATCTACAACACAAACACTCGLTCTTCTGGGETCCUTGAT
CGCTTCTCTGGUTCCATCCTTGGGARCARAGCTGCCCTCACCATCACGGGEGCCCAGGTAGA
TGATGAATCTGATTATTACTGTGTCCTGTGGATGCCTAGTGGCATTTGLGTCTTCCGGLCGAG
GGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCCAACCCCACTGTCACTCTGTTCCCGCCC
TCCTCTGAGGAGCTCCAAGCCAACAAGGCCACACTAGTGTGTCTGATCAGTGACTTCTACCC
GGGAGCTGTGACAGTGGCCTGEAAGGCAGATGGCAGCCCCETCARAGGCGGGAGTGGAGACCA
CCAAACCCTCCARRACAGAGCAACAACAAGTACGCEGUCAGCAGCTALCTGAGCCTGACGCCC
GAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCATGARGGGAGCACCETGEGA

GARAGACAGTGGCCCCTACAGAATGTTCA
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FIG. 2D

Amino acid seq

Nuclaotide seq

ActRIB

MTAPWYALALLWGSLWPGEGRGEAL
TRECIYYNANWELERTNQSGLERCE
GEQUKRLT“:Q YASWANSEGTIELVER
GCWLDDENCYDRQECVATERNPGVY

C'CLEGI\L-C;\HLRETQ CAGGREVT
YEPPPTAPT

{SEQ 1D NO.2)

ATGACGGLGUCCIEEETEETCCTCELCOTCCT
\,”L GEGER TEECCGELIT 3"""‘«6(?(5"3{2
G ACGGERGTGCATCTACTAL
\KA GCCAACTGGEAGCTGEAGCGCALTAA :\‘2\
GAGCGGLCTE CGCTGUGAAGGCGAGCAG
A’“A‘\;{JCCL:\""{‘ CTGCTACGCCTCCTGEG
AACAGCTCTGGUACCATCGAGCTY (*""{‘Gﬁua(::’{ﬁ
I‘C}GPTF GGUTACATGACTTCAACTGUTALG
SCGAGTGETETGECCACTEAGGAGAAC
GLTACTTCTGOTGCTEIGRAGETAA
GCARCGABCLCTTCACTCATTTEC
AGGCTEGEEGLCTGEAAGTCACGTACGAL

CCCCCGACAGTCCCCACT

(SEQ 1D NO: 20)

O
Q
-3

AGA

AL

< (J’ ’).

{7
ACH
N
o
A
Jax

el
5l

S
GL

ActRUB-huFe

APWVA

AA..

'YRF” LY

LWPGESGRG

{“{ Q5 (‘L}LRCE
3 NSSGTTELVEE
(D &Q V‘”AT‘*"“"JEQ\’\J
: f*”C’I?GNFCNer: THLPEAGGPEVT
YEPPPTARPTVDKTHTCPPCPAPELL
GGPIVELEPPRKPKITLMIS Q“’L‘F
CYVYDVSHEDPEVKE I\’WEVD(s EVR
NAKTKPREEQYNSTYRVVS
COWLNGKEYE LK\JbI\:ﬁALE-hPIE.K’l
ISKAKGOPREPQVYTLPPSRDELTK
NOVSLTCLVKGEYPSDIAVEWESNG
‘FENNX ITPRPVLLSDGIFFLYSKL

VDESRWOQGNVESCSVMEEALENG
f‘s"'\gl{ Y LELEPGK

(SEQ D NO: 1)

AL

-
GV L;L‘

FLYVLE
&

ATCACGGCGCOCTGEETGELICTCELoOTCeT
CTGEEEATCOCTGTGGCCLGECTCTGGECETE
GGGAGGCTGAG ACA&, GGEGAGTGCATCTACTAL
AACGCCAACTCGGAGCTGEAGCECAZCAACCE
SAGCGEGETCTH w:AC(‘CC THCEAAGGCGAGCAGH
ACARGCGGUIGCACTGLTACGCOTICTGEECC
AACAGCTCIGGCACCATCGAGCTCETGAAGAA
EGECTGCTEECTAGATGACTTCARCTGCTACG

COGoOC

ATAGGCAGGAGTGTGTGGCCACTGAGGAGAAL
CCCCAGGTGTACTTCTGCTIGCTGTGRAGGTCAA
CTTCTGCARCGAGCGOTTCACTCATTIGL (,Zm
AGGCYGGGEECCCEEAAGTCAUGTACGAGCCA
CCCCCCACAGLUCCCACCETUGACARAATTCA
C?‘(A TGCCCACCRTECCCAGTACCTGAACTCC

CETOAG
LA

u( GGGALCC CTTCOTCTTCCCCCE
CCCAAG u’-\l ECCCTCATGATCTCTCGGAC
7C‘l‘GL\”"”("AC ATGCETGCTEOTGCACGTGA
GCCACGAAGACCC YL:Z GGTCAAGTTCAATTGE
TACGTGCACGGCETEGGAGGTGUCATAATGCTAL
GRCAARGCCGCGEEAGGAGCAGTACARCAGEA
CGTACCETETEETCAGCETCCTCACCETCCTG
CACCAGGAUTGGUTGAATGGUAAGGAGTACAA
GTGCRAGGTCTCORACAAAGCCCTCCCAGCLT
CCATCCAGAMAACCATCTCCARAGTTUAAAGGG
CAGCCCCEREAALCACAGETGTA
CCCATCCCG VEGAGCTGACCAAGRACCALG
PGCCTGET LAAA\:(J(, “T(\ TAT
CCCAGCGACATOGCCGTHGRAGTGS uAGAC‘ChA
TEGGCAGCCGGAGARCAACTACAAGACTACGC
CTOCCSTGCTGEGACTCCGACGRCTCCTTCTTC

a;H-g 1/\1I»{:{~«(\

JIA\

TCAGCCTGAL

CTCTACAGCAAGCTOACCGTGEACAAGAGCAG
5] AGCAGGGGAACGTCTTC i’CA; GCTCCG
TGATGCATGAGGCTCTGCACAACCACTACACG

CAGRAAGA qu\*‘"ICCGl’GTp
{SEQ 1D NG 24)

CCGGG TAAA
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