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TGCAGAAGAG TACGAGGCAC TACGTACTCO GAGACGTGTT GGTGATGTGC 

1051 0 : 1 ID NO : CAGAAGA GOC 200UIGI 
CTTCTCGG AGAGGGACAG 

GTAAA TG 

CATTT A Ni 02 62 D NO : 
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ATGGATGCAA TGAAGAGAGG GCTCTGCTGT GTGCTGCTGC TGTGTGGAGO 
TACCTACGTT ACTTCTCTCC CGAGACGACA CACGACGACG ACACACCTCG 
??????????? 

5 1 
so you c 

1 * X 1 X Y 
AGTCTTCGTT TCGCCCGGCG CCGCCGA AC CCG GAXTGA AT TATACA 
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X X X X X R $ 6 * 
AEGCLAASTG GGASCT CAR CGEAC AACC ADCGEECT EGA CGSTG 101 
TACGATTAAC CCTTGAGCTT TIT ? 20 " I 114gVV ONCA 

151 
* 6 0 0 X X X X X X X S 

GANGGEGAAC AGGA AACG ECT CATGC TAS SCOTCOT GGAGEANCE 
CTCCCCCTTG TCCTATTTGC GGAGGTAACG ATACGCAGCA CCTCCTTGAG 

201 
9 6 1 1 * V X X G C D 0 0 

CICÉGCCACEATRGAUCTOG I AAGAA GG ATGCTGGGAC GA GA OTICA 
GAGGCCCTGC TAACTTGAOC AGTTCTTTCC CACGACCCTG CTGOTAAAGT 

251 
¥ 0 X 0 X 0 V 8 * @ 

AG TG TAY GA OG CAGGAN TGTGTOGCSA CEGAAGAGAA # CCCCAGGTS 
TAACAATACT GGCGGTCCTT ACACAGCGCT GGCTTCTCTT AGGCGTCCAG 

301 
Y? ccxcc XXXL 
TA TTCTGRT GKTGS GALEG CAAS TTCTGE AA GAA CGST THACECARAT 
ATAAAGACAA CAACGCTCCC CTTAAAGACA TTACTTGCCA AATGGGTGGA 

351 
X X c 6 V 1 * P P * 

CCÉGALGOS GGGG CC G A GTGACETA GAACCECCH CCGACH GGTG 
GGGGCTTCGG CCGCCCGGGC TCCACTGGAT ACTTGGGGGC GGGTGGCCAC 

401 GIGGAACICA CACAIGCCCA CCGTGCCCAG CACOTGAACT CCTGGGGGGA 
CACCTTGAGT GTGTACGGGT GGCACGGGTC GTGGACTTGA GGACCCCCCT 

451 CCGTCAGTCT TCCTCTTCCC CCCAAAACCC AAGGACACCC TCATGATCTC 
GGCAGICAGA AGGAGAAGGG GGGTTITGGG TICCTGTGGG AGTACTAGAG 

501 CCGGACCCCT GAGGTCACAT GCGTGGTGGT GGACGTGAGC CACGAAGACO 
GGCCTGGGGA CTCCAGTGTA CGCACCACCA CCTGCACTCG GTGCTTCTGG 

5 5 ??? CTGAGGTCAA GTTCAACTGG TACGTGGACG GCGTGGAGGT GCATAATGCO 
GACTCCAGTT CAAGTTGACC ATGCACCIGC . CGCACCTCCA CGTATTACGG 

601 AAGACAAAGC CGCGGGAGGA GCAGTACAAC AGCACGTACC GIGTGGTCAG 
TTCTGTTTCG CGTCATGTTG CACCAGIC TO 

651 CGICCTCACC GTCCTGCACC AGGACTGGCT GAATGGCAAG GAGTACAAGT 
GCAGGAGTGG CAGGACGIGG TCCTGACCGA CITACCGTTC CTCATGTTCA 
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701 GCAAGGTCTC CAACAAAGCC CTCCCAGCCC CCATCGAGAA AACCATCTCC 
CGITCCAGAG GTTGTTTCGG GAGGGTCGGG GGTAGCTCTT TTGGTAGÁGG 
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GAAGGAGATA TCGTTCGAGT GGCACCTGTT CTCGTCCACC GTCGTCCCCT 

1001 ACGTCTTCTC ATGCICCGTG ATGCATGAGG CTCTGCACAA CCACTACACG 
TGCAGAAGAG TACGAGGCAC TACGTACTOC GAGACGTGTI GGTGATGTGO 
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METHODS FOR TREATING ULCERS IN ulcer development including , for example , ischemia , 
THALASSEMIA SYNDROME WITH AN decreased nitric oxide bioavailability , vascular obstruction , 

ACTRIIB POLYPEPTIDE thrombosis , and hypoxia . Id . 
Ulcer healing in anemic patients is typically a slow 

RELATED APPLICATIONS 5 process , and such patients are also at a high risk of recurrent 
ulceration . See , e . g . , Keast et al . ( 2004 ) Ostomy Wound 

This application claims the benefit of priority to U . S . Manage . , 50 ( 10 ) : 64 - 70 ; Trent et al . ( 2004 ) Adv Skin Wound 
Provisional Application Ser . Nos . 62 / 012 , 109 , filed Jun . 13 , Care , 17 ( 8 ) : 410 - 416 ; J . R . Eckman ( 1996 ) Hematol Oncol 
2014 , and 62 / 045 , 808 , filed Sep . 4 , 2014 . The disclosures of Clin North Am . , 10 ( 6 ) : 1333 - 1344 ; and Rassi et al . ( 2008 ) 
each of the foregoing applications are hereby incorporated in Lin 10 Pediatric Annals 37 ( 5 ) : 322 - 328 . Furthermore , most thera 

pies have had limited success in the treatment of ulcers their entirety . occurring in anemic patients . 
SEQUENCE LISTING Thus , it is an object of the present disclosure to provide 

alternative methods for treating or preventing ulcers asso 
The instant application contains a Sequence Listing which hich 15 ciated with anemia . are 

has been submitted electronically in ASCII format and is SUMMARY OF THE INVENTION hereby incorporated by reference in its entirety . Said ASCII 
copy , created on Oct . 26 , 2015 , is named PHPH07910113 In part , the present disclosure demonstrates that ActRII I 
seq . txt and is 109 , 927 bytes in size . 20 antagonists can be used to alter various blood parameters 

( e . g . , red blood cell levels , hemoglobin levels , iron levels , 
BACKGROUND OF THE INVENTION bilirubin levels , nitrogen levels , etc . ) in patients that have 

anemia as well as treat complications associated with ane 
The mature red blood cell , or erythrocyte , is responsible mia including , for example , ulcers . In particular , the disclo 

for oxygen transport in the circulatory systems of verte - 25 sure demonstrates that administration of a GDF Trap poly 
brates . Red blood cells contain high concentrations of hemo - peptide , which is soluble form of an ActRIIB polypeptide 
globin , a protein that binds to oxygen in the lungs at having an acidic amino acid at position 79 with respect to 
relatively high partial pressure of oxygen ( p02 ) and delivers instant SEQ ID NO : 1 , increases red blood cell levels and / or 
oxygen to areas of the body with a relatively low pO2 . hemoglobin levels in patients having various types of hemo 
Mature red blood cells are produced from pluripotent 30 lytic anemia , particularly the hemoglobinopathic anemias , 

hematopoietic stem cells in a process termed erythropoiesis . thalassemia and sickle - cell disease . Surprisingly , in addition 
Postnatal erythropoiesis occurs primarily in the bone mar - to directly affecting various red blood cell parameters , the 
row and in the red pulp of the spleen . The coordinated action disclosed ActRII antagonist ameliorates other complications 
of various signaling pathways controls the balance of cell associated with anemia . For example , treatment with a GDF 
proliferation , differentiation , survival , and death . Under nor - 35 Trap protein was shown to increase hemoglobin levels and 
mal conditions , red blood cells are produced at a rate that promote wound healing of a cutaneous ( skin ) ulcer in a 
maintains a constant red cell mass in the body , and produc - human patient having thalassemia . In some instances , ame 
tion may increase or decrease in response to various stimuli , lioration of these associated complications is of equal or 
including increased or decreased oxygen tension or tissue greater importance to patient health and quality of life as the 
demand . The process of erythropoiesis begins with the 40 treatment of the underlying anemia . Therefore , in certain 
formation of lineage committed precursor cells and proceeds embodiments , the disclosure provides methods of using one 
through a series of distinct precursor cell types . The final or more ActRII antagonists to increase red blood cell levels 
stages of erythropoiesis occur as reticulocytes are released and / or hemoglobin levels in patients in need thereof and to 
into the bloodstream and lose their mitochondria and ribo - treat or prevent one or more complications associated with 
somes while assuming the morphology of mature red blood 45 low red blood cell levels and / or hemoglobin levels in these 
cell . An elevated level of reticulocytes , or an elevated patients . In particular , the disclosure provides methods for 
reticulocyte : erythrocyte ratio , in the blood is indicative of treating or preventing an ulcer , particularly a cutaneous 
increased red blood cell production rates . ulcer , in a subject in need thereof that has low levels of red 

In general , anemia is a condition that develops when a blood cells and / or hemoglobin or is otherwise classified as 
subject ' s blood lacks enough healthy red blood cells or less 50 a subject having an anemia ?e . g . , hereditary spherocytosis , 
than the normal quantity of hemoglobin . Anemia may also hereditary elliptocytosis , hereditary stomacytosis , glucose6 
be diagnosed when there is decreased oxygen - binding phosphate dehydrogenase deficiency , sickle - cell disease , 
capacity of red blood cells , which may result from a defor - thalassemia ( both alpha and beta ) , and paroxysmal nocturnal 
mity in one or more hemoglobin subunits . As human cells hemoglobinuria ] by administering one or more ActRII 
depend on oxygen for survival , anemia can result in a wide 55 antagonists . In some embodiments , the disclosure provides 
range of clinical complications including , e . g . , tissue dam - methods for treating an ulcer , particularly a cutaneous ulcer , 
age . For example , it has been reported that ulcers are the one in a subject in need thereof that has low levels of red blood 
of most common cutaneous manifestation of chronic anemia cells and / or hemoglobin or is otherwise classified as a 
disorders , particularly in hemolytic anemias such as sickle - subject having an anemia [ e . g . , hereditary spherocytosis , 
cell disease and thalassemia . See , e . g . , Keast et al . ( 2004 ) 60 hereditary elliptocytosis , hereditary stomacytosis , glucose6 
Ostomy Wound Manage . , 50 ( 10 ) : 64 - 70 ; Trent et al . ( 2004 ) phosphate dehydrogenase deficiency , sickle - cell disease , 
Adv Skin Wound Care , 17 ( 8 ) : 410 - 416 ; J . R . Eckman ( 1996 ) thalassemia ( both alpha and beta ) , and paroxysmal nocturnal 
Hematol Oncol Clin North Am . , 10 ( 6 ) : 1333 - 1344 ; and hemoglobinuria ] by administering one or more ActRII 
Rassi et al . ( 2008 ) Pediatric Annals 37 ( 5 ) : 322 - 328 . The antagonists . In some embodiments , the disclosure provides 
underlying mechanism for ulcer formation in anemic 65 methods for preventing an ulcer , particularly a cutaneous 
patients has not been completely defined . However , it is ulcer , in a subject in need thereof that has low levels of red 
believed that multiple complications of anemia contribute to blood cells and / or hemoglobin or is otherwise classified as 
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a subject having an anemia [ e . g . , hereditary spherocytosis , venting cutaneous ( skin ) ulcers , with one or more ActRII 
hereditary elliptocytosis , hereditary stomacytosis , glucose antagonists . ActRII antagonists of the disclosure include , for 
phosphate dehydrogenase deficiency , sickle - cell disease , example , agents that can inhibit ActRII receptor ( e . g . , an 
thalassemia ( both alpha and beta ) , and paroxysmal nocturnal ActRIIA and / or ActRIIB receptor ) mediated activation of a 
hemoglobinuria ] by administering one or more ActRII 5 signal transduction pathway ( e . g . , activation of signal trans 
antagonists . In some embodiments , the methods of the duction via intracellular mediators , such as SMAD 1 , 2 , 3 , 
disclosure relate to treating or preventing an ulcer , particu - 5 , and / or 8 ) ; agents that can inhibit one or more ActRII 
larly a cutaneous ulcer , in a subject that has a hemolytic ligands ( e . g . , activin A , activin B , activin AB , activin C , 
anemia by administering one or more ActRII antagonists . In activin E , GDF11 , GDF8 , BMP6 , BMP7 . Nodal , etc . ) from , 
some embodiments , the methods of the disclosure relate to 10 e . g . , binding to and / or activating an ActRII receptor ; agents 
treating an ulcer , particularly a cutaneous ulcer , in a subject that inhibit expression ( e . g . , transcription , translation , cel 
that has a hemolytic anemia by administering one or more lular secretion , or combinations thereof ) of an ActRII ligand 
ActRII antagonists . In some embodiments , the methods of and / or an ActRII receptor ; and agents that can inhibit one or 
the disclosure relate to preventing an ulcer , particularly a more intracellular mediators of the ActRII signaling path 
cutaneous ulcer , in a subject that has a hemolytic anemia by 15 way ( e . g . , SMADs 1 , 2 , 3 , 5 , and / or 8 ) . 
administering one or more ActRII antagonists . In particular , In certain embodiments , the disclosure relates to one or 
the methods of the disclosure relate , in part , to methods of more ActRII antagonists for use in a method to increase red 
treating or preventing an ulcer , particularly a cutaneous blood cell levels and / or hemoglobin levels in patients in 
ulcer , in a subject that has a hemoglobinopathy anemia by need thereof and to treat or prevent one or more complica 
administering one or more ActRII antagonists . In some 20 tions associated with low red blood cell levels and / or 
embodiments , the methods of the disclosure relate to meth - hemoglobin levels in these patients . In particular , the dis 
ods of treating an ulcer , particularly a cutaneous ulcer , in a closure provides ActRII antagonists for use in treating or 
subject that has a hemoglobinopathy anemia by administer - preventing an ulcer , particularly a cutaneous ulcer , in a 
ing one or more ActRII antagonists . In some embodiments , subject in need thereof that has low levels of red blood cells 
the methods of the disclosure relate to methods of prevent - 25 and / or hemoglobin or is otherwise classified as a subject 
ing an ulcer , particularly a cutaneous ulcer , in a subject that having an anemia ( e . g . , hereditary spherocytosis , hereditary 
has a hemoglobinopathy anemia by administering one or elliptocytosis , hereditary stomacytosis , glucose6 - phosphate 
more ActRII antagonists . For example , the present disclo - dehydrogenase deficiency , sickle - cell disease , thalassemia 
sure relates , in part , to methods of treating or preventing an ( both alpha and beta ) , and paroxysmal nocturnal hemoglo 
ulcer , particularly a cutaneous ulcer , in a subject that has a 30 binuria ] . In some embodiments , the disclosure provides 
thalassemia syndrome by administering one or more ActRII ActRII antagonists for use in treating an ulcer , particularly 
antagonists . In some embodiments , the present disclosure a cutaneous ulcer , in a subject in need thereof that has low 
relates to methods of treating an ulcer , particularly a cuta - levels of red blood cells and / or hemoglobin or is otherwise 
neous ulcer , in a subject that has a thalassemia syndrome by classified as a subject having an anemia [ e . g . , hereditary 
administering one or more ActRII antagonists . In some 35 spherocytosis , hereditary elliptocytosis , hereditary stomacy 
embodiments , the present disclosure relates to methods of tosis , glucose6 - phosphate dehydrogenase deficiency , sickle 
preventing an ulcer , particularly a cutaneous ulcer , in a cell disease , thalassemia ( both alpha and beta ) , and parox 
subject that has a thalassemia syndrome by administering ysmal nocturnal hemoglobinuria ] . In some embodiments , 
one or more ActRII antagonists . In some embodiments , the the disclosure provides ActRII antagonists for use in pre 
present disclosure relates to methods of treating or prevent - 40 venting an ulcer , particularly a cutaneous ulcer , in a subject 
ing an ulcer , particularly a cutaneous ulcer , in a subject that in need thereof that has low levels of red blood cells and / or 
has sickle - cell disease by administering one or more ActRII hemoglobin or is otherwise classified as a subject having an 
antagonists . In some embodiments , the present disclosure anemia ( e . g . , hereditary spherocytosis , hereditary elliptocy 
relates to methods of treating an ulcer , particularly a cuta tosis , hereditary stomacytosis , glucose6 - phosphate dehydro 
neous ulcer , in a subject that has sickle - cell disease by 45 genase deficiency , sickle - cell disease , thalassemia ( both 
administering one or more ActRII antagonists . In some alpha and beta ) , and paroxysmal nocturnal hemoglobinuria ) . 
embodiments , the present disclosure relates to methods of In some embodiments , the ActRII antagonists of the disclo 
preventing an ulcer , particularly a cutaneous ulcer , in a sure are for use in treating or preventing an ulcer , particu 
subject that has sickle - cell disease by administering one or l arly a cutaneous ulcer , in a subject that has a hemolytic 
more ActRII antagonists . In certain aspects , one or more 50 anemia . In some embodiments , the ActRII antagonists of the 
ActRII antagonists can be used in combination with one or disclosure are for use in treating an ulcer , particularly a 
more existing supportive therapies for treating or preventing cutaneous ulcer , in a subject that has a hemolytic anemia . In 
ulcers and / or treating anemia ( e . g . , supportive therapies for some embodiments , the ActRII antagonists of the disclosure 
treating sickle - cell disease , thalassemia , etc . ) . Examples of are for use in preventing an ulcer , particularly a cutaneous 
such supportive therapies are well known in the art and also 55 ulcer , in a subject that has a hemolytic anemia . In particular , 
described herein . In some embodiments , the subject is a the ActRII antagonists of the disclosure are for use in , in 
transfusion dependent subject having anemia . In some part , treating or preventing an ulcer , particularly a cutaneous 
embodiments , the subject is a non - transfusion dependent ulcer , in a subject that has a hemoglobinopathy anemia . In 
subject having anemia . some embodiments , the ActRII antagonists of the disclosure 

In part , the disclosure provides methods of treating ulcers 60 are for use in treating an ulcer , particularly a cutaneous ulcer , 
associated with anemia , particularly treating or preventing in a subject that has a hemoglobinopathy anemia . In some 
cutaneous ( skin ) ulcers , with one or more ActRII antago - embodiments , the ActRII antagonists of the disclosure are 
nists . In some embodiments , the disclosure provides meth - for use in preventing an ulcer , particularly a cutaneous ulcer , 
ods of treating ulcers associated with anemia , particularly in a subject that has a hemoglobinopathy anemia . For 
treating cutaneous ( skin ) ulcers , with one or more ActRII 65 example , the present disclosure relates , in part , to one or 
antagonists . In part , the disclosure provides methods of more ActRII antagonists for use in treating or preventing an 
preventing ulcers associated with anemia , particularly pre ulcer , particularly a cutaneous ulcer , in a subject that has a 
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thalassemia syndrome . In some embodiments , the present globin or is otherwise classified as a subject having an 
disclosure relates to one or more ActRII antagonists for use anemia ( e . g . , hereditary spherocytosis , hereditary elliptocy 
in treating an ulcer , particularly a cutaneous ulcer , in a tosis , hereditary stomacytosis , glucose6 - phosphate dehydro 
subject that has a thalassemia syndrome . In some embodi - genase deficiency , sickle - cell disease , thalassemia ( both 
ments , the present disclosure relates to one or more ActRII 5 alpha and beta ) , and paroxysmal nocturnal hemoglobinuria ] . 
antagonists for use in preventing an ulcer , particularly a In some embodiments , the disclosure provides the use of one 
cutaneous ulcer , in a subject that has a thalassemia syn or more ActRII antagonists in the manufacture of a medi 
drome . In some embodiments , the present disclosure relates cament for preventing an ulcer , particularly a cutaneous 
to one or more ActRII antagonists for use in treating or ulcer , in a subject in need thereof that has low levels of red preventing an ulcer , particularly a cutaneous ulcer , in a 10 blood cells and / or hemoglobin or is otherwise classified as subject that has sickle - cell disease . In some embodiments , a subject having an anemia [ e . g . , hereditary spherocytosis , the present disclosure relates to one or more ActRII antago hereditary elliptocytosis , hereditary stomacytosis , glucose6 nists for use in treating an ulcer , particularly a cutaneous 
ulcer , in a subject that has sickle - cell disease . In some phosphate dehydrogenase deficiency , sickle - cell disease , 
embodiments , the present disclosure relates to one or more 15 ore 15 thalassemia ( both alpha and beta ) , and paroxysmal nocturnal 
ActRII antagonists for use in preventing an ulcer , particu hemoglobinuria ] . In some embodiments , the disclosure pro 
larly a cutaneous ulcer , in a subject that has sickle - celi vides the use of one or more ActRII antagonists in the 
disease . In certain aspects , one or more ActRII antagonists manufacture of a medicament for treating or preventing an 
can be used in combination with one or more existing ulcer , particularly a cutaneous ulcer , in a subject that has a 
supportive therapies for treating or preventing ulcers and / or 20 hemolytic anemia . In some embodiments , the disclosure 
treating anemia ( e . g . , supportive therapies for treating provides the use of one or more ActRII antagonists in the 
sickle - cell disease , thalassemia , etc . ) . Examples of such manufacture of a medicament for treating an ulcer , particu 
supportive therapies are well known in the art and also larly a cutaneous ulcer , in a subject that has a hemolytic 
described herein . anemia . In some embodiments , the disclosure provides the 

In part , the disclosure provides one or more ActRII 25 use of one or more ActRII antagonists in the manufacture of 
antagonists for use in treating ulcers associated with anemia , a medicament for preventing an ulcer , particularly a cuta 
particularly treating or preventing cutaneous ( skin ) ulcers . In neous ulcer , in a subject that has a hemolytic anemia . In 
some embodiments , the disclosure provides one or more particular , the disclosure provides the use of one or more 
ActRII antagonists for use in treating ulcers associated with ActRII antagonists in the manufacture of a medicament for , 
anemia , particularly treating cutaneous ( skin ) ulcers , with 30 in part , treating or preventing an ulcer , particularly a cuta 
one or more ActRII antagonists . In part , the disclosure neous ulcer , in a subject that has a hemoglobinopathy 
provides one or more ActRII antagonists for use in prevent - anemia . In some embodiments , the disclosure provides the 
ing ulcers associated with anemia , particularly preventing use of one or more ActRII antagonists in the manufacture of 
cutaneous ( skin ) ulcers . ActRII antagonists of the disclosure a medicament for treating an ulcer , particularly a cutaneous 
include , for example , agents that can inhibit ActRII receptor 35 ulcer , in a subject that has a hemoglobinopathy anemia . In 
( e . g . , an ActRIIA and / or ActRIIB receptor ) mediated acti - some embodiments , the disclosure provides the use of one or 
vation of a signal transduction pathway ( e . g . , activation of more ActRII antagonists in the manufacture of a medica 
signal transduction via intracellular mediators , such as ment for preventing an ulcer , particularly a cutaneous ulcer , 
SMAD 1 , 2 , 3 , 5 , and / or 8 ) ; agents that can inhibit one or in a subject that has a hemoglobinopathy anemia . For 
more ActRII ligands ( e . g . , activin A , activin B , activin AB , 40 example , the present disclosure relates , in part , to the use of 
activin C , activin E , GDF11 , GDF8 , BMP6 , BMP7 , Nodal , one or more ActRII antagonists in the manufacture of a 
etc . ) from , e . g . , binding to and / or activating an ActRII medicament for treating or preventing an ulcer , particularly 
receptor ; agents that inhibit expression ( e . g . , transcription , a cutaneous ulcer , in a subject that has a thalassemia 
translation , cellular secretion , or combinations thereof ) of an syndrome . In some embodiments , the disclosure provides 
ActRII ligand and / or an ActRII receptor ; and agents that can 45 the use of one or more ActRII antagonists in the manufacture 
inhibit one or more intracellular mediators of the ActRII of a medicament for treating an ulcer , particularly a cuta 
signaling pathway ( e . g . , SMADs 1 , 2 , 3 , 5 , and / or 8 ) . neous ulcer , in a subject that has a thalassemia syndrome by 

In certain embodiments , the disclosure relates to the use administering one or more ActRII antagonists . In some 
of one or more ActRII antagonists in the manufacture of a embodiments , the disclosure provides the use of one or more 
medicament for increasing red blood cell levels and / or 50 ActRII antagonists in the manufacture of a medicament for 
hemoglobin levels in patients in need thereof and for treating preventing an ulcer , particularly a cutaneous ulcer , in a 
or preventing one or more complications associated with subject that has a thalassemia syndrome . In some embodi 
low red blood cell levels and / or hemoglobin levels in these ments , the disclosure provides the use of one or more ActRII 
patients . In particular , the disclosure provides the use of one antagonists in the manufacture of a medicament for treating 
or more ActRII antagonists in the manufacture of a medi - 55 or preventing an ulcer , particularly a cutaneous ulcer , in a 
cament for treating or preventing an ulcer , particularly a subject that has sickle - cell disease . In some embodiments , 
cutaneous ulcer , in a subject in need thereof that has low the disclosure provides the use of one or more ActRII 
levels of red blood cells and / or hemoglobin or is otherwise antagonists in the manufacture of a medicament for treating 
classified as a subject having an anemia ( e . g . , hereditary an ulcer , particularly a cutaneous ulcer , in a subject that has 
spherocytosis , hereditary elliptocytosis , hereditary stomacy - 60 sickle - cell disease . In some embodiments , the disclosure 
tosis , glucose6 - phosphate dehydrogenase deficiency , sickle - provides the use of one or more ActRII antagonists in the 
cell disease , thalassemia ( both alpha and beta ) , and parox - manufacture of a medicament for preventing an ulcer , par 
ysmal nocturnal hemoglobinuria ) . In some embodiments , ticularly a cutaneous ulcer , in a subject that has sickle - cell 
the disclosure provides the use of one or more ActRII disease . In certain aspects , one or more ActRII antagonists 
antagonists in the manufacture of a medicament for treating 65 can be used in combination with one or more existing 
an ulcer , particularly a cutaneous ulcer , in a subject in need supportive therapies for treating or preventing ulcers and / or 
thereof that has low levels of red blood cells and / or hemo treating anemia ( e . g . , supportive therapies for treating 

" d 
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sickle - cell disease , thalassemia , etc . ) . Examples of such ods disclosed herein do not substantially bind to and / or 
supportive therapies are well known in the art and also inhibit activin A ( e . g . , activin A - mediated activation of 
described herein . ActRIIA and / or ActRIIB signaling transduction , such as 

In part , the disclosure provides the use of one or more SMAD 2 / 3 signaling ) . 
ActRII antagonists in the manufacture of a medicament for 5 In part , the present disclosure demonstrates that an ActRII 
treating ulcers associated with anemia , particularly treating antagonist comprising a variant , extracellular ( soluble ) 
or preventing cutaneous ( skin ) ulcers . In some embodi ActRIIB domain that binds to and inhibits GDF11 activity 
ments , the disclosure provides the use of one or more ActRII ( e . g . , GDF11 - mediated ActRIIA and / or ActRIIB signaling 
antagonists in the manufacture of a medicament for treating transduction , such as SMAD 2 / 3 signaling ) may be used to 
ulcers associated with anemia , particularly treating cutane - 10 increase red blood cell levels in vivo , treat anemia resulting 
ous ( skin ) ulcers , with one or more ActRII antagonists . In from various conditions / disorders , and treat a cutaneous 
part , the disclosure provides the use of one or more ActRII ulcer in a patient with anemia . Therefore , in certain embodi 
antagonists in the manufacture of a medicament for prevent - ments , ActRII antagonists to be used in accordance with the 
ing ulcers associated with anemia , particularly preventing methods disclosed herein [ e . g . , methods of increasing red 
cutaneous ( skin ) ulcers . ActRII antagonists of the disclosure 15 blood cell levels in a subject in need thereof , methods of 
include , for example , agents that can inhibit ActRII receptor treating anemia in a subject in need thereof , methods of 
( e . g . , an ActRIIA and / or ActRIIB receptor ) mediated acti - treating or preventing one or more complications of anemia 
vation of a signal transduction pathway ( e . g . , activation of ( particularly ulcers ) in subject in need thereof , etc . ] are 
signal transduction via intracellular mediators , such as soluble ActRII polypeptides ( e . g . , soluble ActRIIA or 
SMAD 1 , 2 , 3 , 5 , and / or 8 ) ; agents that can inhibit one or 20 ActRIIB polypeptides ) that bind to and / or inhibit GDF11 
more ActRII ligands ( e . g . , activin A , activin B , activin AB , ( e . g . , GDF11 - mediated activation of ActRIIA and / or 
activin C , activin E , GDF11 , GDF8 , BMP , BMP7 , Nodal , ActRIIB signaling transduction , such as SMAD 2 / 3 signal 
etc . ) from , e . g . , binding to and / or activating an ActRII ing ) . While soluble ActRIIA and soluble ActRIIB ActRII 
receptor ; agents that inhibit expression ( e . g . , transcription , antagonists may affect red blood cell formation and ulcers 
translation , cellular secretion , or combinations thereof ) of an 25 through a mechanism other than GDF11 antagonism , the 
ActRII ligand and / or an ActRII receptor ; and agents that can disclosure nonetheless demonstrates that desirable therapeu 
inhibit one or more intracellular mediators of the ActRII tic agents , with respect to the methods disclosed herein , may 
signaling pathway ( e . g . , SMADs 1 , 2 , 3 , 5 , and / or 8 ) . be selected on the basis of GDF11 antagonism or ActRII 

In certain embodiments , ActRII antagonists to be used in antagonism or both . Optionally , such soluble ActRII poly 
accordance with the methods disclosed herein are agents that 30 peptide antagonists may further bind to and / or inhibit GDF8 
bind to and / or inhibit GDF11 and / or GDF8 ( e . g . , an agent ( e . g . inhibit GDF8 - mediated activation of ActRIIA and / or 
that inhibits GDF11 - and / or GDF8 - mediated activation of ActRIIB signaling transduction , such as SMAD 2 / 3 signal 
ActRIIA and / or ActRIIB signaling transduction , such as ing ) . In some embodiments , soluble ActRIIA and ActRIIB 
SMAD 2 / 3 signaling ) . Such agents are referred to collec - polypeptides of the disclosure that bind to and / or inhibit 
tively as GDF - ActRII antagonists . Optionally , such GDF - 35 GDF11 and / or GDF8 may further bind to and / or inhibit one 
ActRII antagonists may further inhibit one or more of or more additional ActRII ligands selected from : activin A , 
activin A , activin B , activin AB , activin C , activin E , BMP , activin B , activin AB , activin C , activin E , BMP , BMP7 , 
BMP7 , and Nodal . Therefore , in some embodiments , the and Nodal . 
disclosure provides methods of using one or more ActRII In certain aspects , the present disclosure provides GDF 
antagonists , including , for example , soluble ActRIIA poly - 40 Traps that are variant ActRII polypeptides ( e . g . , ActRIIA 
peptides , soluble ActRIIB polypeptides , GDF Trap polypep - and ActRIIB polypeptides ) , including ActRII polypeptides 
tides , anti - ActRIIA antibodies , anti - ActRIIB antibodies , having amino - and carboxy - terminal truncations and / or 
anti - ActRII ligand antibodies ( e . g , anti - GDF11 antibodies , other sequence alterations ( one or more amino acid substi 
anti - GDF8 antibodies , anti - activin A antibodies , anti - activin tutions , additions , deletions , or combinations thereof ) . 
B antibodies , anti - activin AB antibodies , anti - activin C 45 Optionally , GDF Traps of the invention may be designed to 
antibodies , anti - activin E antibodies , anti - BMP6 antibodies , preferentially antagonize one or more ligands of ActRII 
anti - BMP7 antibodies , and anti - Nodal antibodies ) , small receptors , such as GDF8 ( also called myostatin ) , GDF11 , 
molecule inhibitors of ActRIIA , small molecule inhibitors of Nodal , BMP6 , and BMP7 ( also called OP - 1 ) . As disclosed 
ActRIIB , small molecule inhibitors of one or more ActRII herein , examples of GDF Traps include a set of variants 
ligands ( e . g . , activin A , activin B , activin AB , activin C , 50 derived from ActRIIB that have greatly diminished affinity 
activin E , GDF11 , GDF8 , BMP6 , BMP7 , Nodal , etc . ) , for activin , particularly activin A . These variants exhibit 
inhibitor nucleotides of ActRIIA , inhibitor nucleotides of desirable effects on red blood cells while reducing effects on 
ActRIIB , inhibitor nucleotides of one or more ActRII other tissues . Examples of such variants include those hav 
ligands ( e . g . , activin A . activin B , activin AB , activin C , ing an acidic amino acid ( e . g . , aspartic acid ( D ) or glutamic 
activin E , GDF11 , GDF8 , BMP6 , BMP7 , Nodal , etc . ) , or 55 acid ( E ) ] at the position corresponding to position 79 of SEQ 
combinations thereof , to increase red blood cell levels ID NO : 1 . In certain embodiments , GDF Traps to be used in 
and / or hemoglobin levels in a subject in need thereof , treat accordance with the methods disclosed herein [ e . g . , methods 
or prevent an anemia in a subject in need thereof , and / or treat of increasing red blood cell levels in a subject in need 
or prevent ulcers , particularly cutaneous ulcers , in a subject thereof , methods of treating anemia in a subject in need 
that has anemia . In certain embodiments , ActRII antagonists 60 thereof , methods of treating or preventing one or more 
to be used in accordance with the methods disclosed herein complications of anemia ( particularly ulcers ) in subject in 
bind activin A or acitivin B . In certain embodiments , ActRII need thereof , etc . ) bind to and / or inhibit GDF11 . Optionally , 
antagonists to be used in accordance with the methods such GDF Traps may further bind to and / or inhibit GDF8 . In 
disclosed herein bind activin A . In certain embodiments , some embodiments , GDF Traps that bind to and / or inhibit 
ActRII antagonists to be used in accordance with the meth - 65 GDF11 and / or GDF8 may further bind to and / or inhibit one 
ods disclosed herein bind activin B . In certain embodiments , or more additional ActRII ligands ( e . g . , activin B , activin E , 
ActRII antagonists to be used in accordance with the meth - BMP6 , BMP7 , and Nodal ) . In some embodiments , GDF 
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Traps to be used in accordance with the methods disclosed effect , increasing the ratio of activin binding over GDF11 : 
herein do not substantially bind to and / or inhibit activin A D54A , K55A , L79A and F82A . The overall ( GDF11 and 
( e . g . , activin A - mediated activation of ActRIIA and / or activin ) binding activity can be increased by inclusion of the 
ActRIIB signaling transduction , such as SMAD 2 / 3 signal - " tail ” region or , presumably , an unstructured linker region , 
ing ) . In certain embodiments , a GDF Trap polypeptide 5 and also by use of a K74 A mutation . Other mutations that 
comprises an amino acid sequence that comprises , consists caused an overall decrease in ligand binding affinity include : 
of , or consists essentially of , the amino acid sequence of R40A , E37A , R56A , W78A , D8OK , D ' OR , D80A , D80G , 
SEQ ID NOs : 36 , 37 , 41 , 44 , 45 , 50 or 51 , and polypeptides D80F , DOM and DSON . Mutations may be combined to 
that are at least 80 % , 85 % , 90 % , 95 % , 96 % , 97 % , 98 % , or achieve desired effects . For example , many of the mutations 
99 % identical to any of the foregoing . In other embodi - 10 that affect the ratio of GDF11 : Activin binding have an 
ments , a GDF Trap polypeptide comprises an amino acid overall negative effect on ligand binding , and therefore , 
sequence that comprises , consists of , or consists essentially these may be combined with mutations that generally 
of the amino acid sequence of SEQ ID NOs : 2 , 3 , 4 , 5 , 6 , 10 , increase ligand binding to produce an improved binding 
11 , 22 , 26 , 28 , 29 , 31 , or 49 , and polypeptides that are at least protein with ligand selectivity . In an exemplary embodi 
80 % , 85 % , 90 % , 95 % , 96 % , 97 % , 98 % , or 99 % identical to 15 ment , a GDF Trap is an ActRIIB polypeptide comprising an 
any of the foregoing . In still other embodiments , a GDF Trap L79D or L79E mutation , optionally in combination with 
polypeptide comprises an amino acid sequence that com - additional amino acid substitutions , additions or deletions . 
prises of the amino acid sequence of SEQ ID NOs : 2 , 3 , 4 , In certain embodiments , ActRII antagonists to be used in 
5 , 6 , 29 , 31 , or 49 , and polypeptides that are at least 80 % , accordance with the methods disclosed herein are ActRIIB 
85 % , 90 % , 95 % , 96 % , 97 % , 98 % , or 99 % identical to any 20 polypeptides or ActRIIB - based GDF Trap polypeptides . In 
of the foregoing , wherein the position corresponding to 79 general such ActRIIB polypeptides and ActRIIB - based GDF 
in SEQ ID NO : 1 , 4 , or 50 is an acidic amino acid . A GDF Trap polypeptides are soluble polypeptides that comprise a 
Trap may include a functional fragment of a natural ActRII portion / domain derived from the ActRIIB sequence of SEQ 
polypeptide , such as one comprising at least 10 , 20 , or 30 ID NO : 1 , 4 , or 49 , particularly an extracellular , ligand 
amino acids of a sequence selected from SEQ ID NOs : 1 , 2 , 25 binding portion / domain derived from the ActRIIB sequence 
3 , 4 , 5 , 6 , 9 , 10 , 11 , or 49 or a sequence of SEQ ID NO : 2 , of SEQ ID NO : 1 , 4 , or 49 . In some embodiments , the portion 
5 , 10 , 11 , or 49 lacking the C - terminal 1 , 2 , 3 , 4 , 5 or 10 to derived from ActRIIB corresponds to a sequence beginning 
15 amino acids and lacking 1 , 2 , 3 , 4 or 5 amino acids at the at any one of amino acids 21 - 29 ( e . g . , 21 , 22 , 23 , 24 , 25 , 26 , 
N - terminus . In some embodiments , a polypeptide will com - 27 , 28 , or 29 ) of SEO ID NO : 1 or 4 [ optionally beginning 
prise a truncation relative to SEQ ID NO : 2 or 5 of between 30 at 22 - 25 ( e . g . , 22 , 23 , 24 , or 25 ) of SEQ ID NO : 1 or 4 ] and 
2 and 5 amino acids at the N - terminus and no more than 3 ending at any one of amino acids 109 - 134 ( e . g . , 109 , 110 , 
amino acids at the C - terminus . In some embodiments , a 111 , 112 , 113 , 114 , 115 , 116 , 117 , 118 , 119 , 120 , 121 , 122 , 
GDF Trap for use in accordance with the methods disclosed 123 , 124 , 125 , 126 , 127 , 128 , 129 , 130 , 131 , 132 , 133 , or 
herein consists of , or consists essentially of , the amino acid 134 ) of SEQ ID NO : 1 or 4 . In some embodiments , the 
sequence of SEQ ID NO : 36 . 35 portion derived from ActRIIB corresponds to a sequence 

Optionally , a GDF Trap comprising an altered ActRII beginning at any one of amino acids 20 - 29 ( e . g . , 20 , 21 , 22 , 
ligand - binding domain has a ratio of K , for activin A binding 23 , 24 , 25 , 26 , 27 , 28 , or 29 ) of SEQ ID NO : 1 or 4 
to K , for GDF11 and / or GDF8 binding that is at least 2 - , 5 - , [ optionally beginning at 22 - 25 ( e . g . , 22 , 23 , 24 , or 25 ) of 
10 - , 20 , 50 - , 100 - or even 1000 - fold greater relative to the SEQ ID NO : 1 or 4 ] and ending at any one of amino acids 
ratio for the wild - type ligand - binding domain . Optionally , 40 109 - 133 ( e . g . , 109 , 110 , 111 , 112 , 113 , 114 , 115 , 116 , 117 , 
the GDF Trap comprising an altered ligand - binding domain 118 , 119 , 120 , 121 , 122 , 123 , 124 , 125 , 126 , 127 , 128 , 129 , 
has a ratio of IC50 for inhibiting activin A to IC50 for 130 , 131 , 132 , or 133 ) of SEQ ID NO : 1 or 4 . In some 
inhibiting GDF11 and / or GDF8 that is at least 2 - , 5 - , 10 - , embodiments , the portion derived from ActRIIB corre 
20 - , 25 - 50 - , 100 - or even 1000 - fold greater relative to the sponds to a sequence beginning at any one of amino acids 
wild - type ActRII ligand - binding domain . Optionally , the 45 20 - 24 ( e . g . , 20 , 21 , 22 , 23 , or 24 ) of SEQ ID NO : 1 or 4 
GDF Trap comprising an altered ligand - binding domain [ optionally beginning at 22 - 25 ( e . g . , 22 , 23 , 24 , or 25 ) of 
inhibits GDF11 and / or GDF8 with an ICs at least 2 , 5 , 10 , SEQ ID NO : 1 or 4 ] and ending at any one of amino acids 
20 , 50 , or even 100 times less than the IC50 for inhibiting 109 - 133 ( e . g . , 109 , 110 , 111 , 112 , 113 , 114 , 115 , 116 , 117 , 
activin A . These GDF Traps can be fusion proteins that 118 , 119 , 120 , 121 , 122 , 123 , 124 , 125 , 126 , 127 , 128 , 129 , 
include an immunoglobulin Fe domain ( either wild - type or 50 130 , 131 , 132 , or 133 ) of SEQ ID NO : 1 or 4 . In some 
mutant ) . In certain cases , the subject soluble GDF Traps are embodiments , the portion derived from ActRIIB corre 
antagonists ( inhibitors ) of GDF8 and / or GDF11 . sponds to a sequence beginning at any one of amino acids 

In certain aspects , the disclosure provides GDF Traps 21 - 24 ( e . g . , 21 , 22 , 23 , or 24 ) of SEQ ID NO : 1 or 4 and 
which are soluble ActRIIB polypeptides comprising an ending at any of amino acids 109 - 134 ( e . g . , 109 , 110 , 111 , 
altered ligand - binding ( e . g . , GDF11 - binding ) domain . GDF 55 112 , 113 , 114 , 115 , 116 , 117 , 118 , 119 , 120 , 121 , 122 , 123 , 
Traps with altered ligand - binding domains may comprise , 124 , 125 , 126 , 127 , 128 , 129 , 130 , 131 , 132 , 133 , or 134 ) of 
for example , one or more mutations at amino acid residues SEQ ID NO : 1 or 4 . In some embodiments , the portion 
such as E37 , E39 , R40 , K55 , R56 , Y60 , A64 , K74 , 178 , derived from ActRIIB corresponds to a sequence beginning 
L79 , D80 , F82 and F101 of human ActRIIB ( numbering is at any one of amino acids 20 - 24 ( e . g . , 20 , 21 , 22 , 23 , or 24 ) 
relative to SEQ ID NO : 1 ) . Optionally , the altered ligand - 60 of SEQ ID NO : 1 or 4 and ending at any one of amino acids 
binding domain can have increased selectivity for a ligand 118 - 133 ( e . g . , 118 , 119 , 120 , 121 , 122 , 123 , 124 , 125 , 126 , 
such as GDF8 / GDF11 relative to a wild - type ligand - binding 127 , 128 , 129 , 130 , 131 , 132 . or 133 ) of SEQ ID NO : 1 or 
domain of an ActRIIB receptor . To illustrate , these mutations 4 . In some embodiments , the portion derived from ActRIIB 
are demonstrated herein to increase the selectivity of the corresponds to a sequence beginning at any one of amino 
altered ligand - binding domain for GDF11 ( and therefore , 65 acids 21 - 24 ( e . g . , 21 , 22 , 23 . or 24 ) of SEQ ID NO : 1 or 4 
presumably , GDF8 ) over activin : K74Y , K74F , K741 , L79D , and ending at any one of amino acids 118 - 134 ( e . g . , 118 , 
L79E , and D801 . The following mutations have the reverse 119 , 120 , 121 , 122 , 123 , 124 , 125 , 126 , 127 , 128 , 129 , 130 , 
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129 1308 , 119 , 120ding at 

131 , 132 , 133 , or 134 ) of SEQ ID NO : 1 or 4 . In some Other ActRIIB polypeptides and ActRIIB - based GDF 
embodiments , the portion derived from ActRIIB corre Trap polypeptides are contemplated , such as the following . 
sponds to a sequence beginning at any one of amino acids An ActRIIB polypeptide or GDF Trap polypeptide compris 
20 - 24 ( e . g . , 20 , 21 , 22 , 23 , or 24 ) of SEQ ID NO : 1 or 4 and ing an amino acid sequence that is at least 80 % ( e . g . , 85 % , 
ending at any one of amino acids 128 - 133 ( e . g . , 128 , 129 , 5 90 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % ) identical to the 
130 , 131 , 132 , or 133 ) of SEQ ID NO : 1 or 4 . In some sequence of amino acids 29 - 109 of SEQ ID NO : 1 or 4 , 
embodiments , the portion derived from ActRIIB corre wherein the position corresponding to 64 of SEQ ID NO : 1 

is an R or K , and wherein the ActRIIB polypeptide or sponds to a sequence beginning at any of amino acids 20 - 24 ActRIIB - based GDF Trap polypeptide inhibits signaling by ( e . g . , 20 , 21 , 22 , 23 , or 24 ) of SEQ ID NO : 1 or 39 and 
ending at any of amino acids 128 - 133 ( e . g . , 128 , 129 , 130 , 10 activin , GDF8 , and / or GDF11 in a cell - based assay . The 

ActRIIB polypeptide or ActRIIB - based GDF Trap polypep 131 , 132 , or 133 ) of SEO ID NO : 1 or 39 . In some tide as above , wherein at least one alteration with respect to embodiments , the portion derived from ActRIIB corre the sequence of SEQ ID NO : 1 or 4 is positioned outside of sponds to a sequence beginning at any one of amino acids the ligand - binding pocket . The ActRIIB polypeptide or 
21 - 29 ( e . g . , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , or 29 ) of SEQ ID 15 ActRIIB - based GDF Trap polypeptide as above , wherein at NO : 1 or 4 and ending at any one of amino acids 118 - 134 least one alteration with respect to the sequence of SEQ ID 
( e . g . , 118 , 119 , 120 , 121 , 122 , 123 , 124 , 125 , 126 , 127 , 128 , NO : 1 or 4 is a conservative alteration positioned within the 
129 , 130 , 131 , 132 , 133 , or 134 ) of SEQ ID NO : 1 or 4 . In ligand - binding pocket . The ActRIIB polypeptide or 
some embodiments , the portion derived from ActRIIB cor - ACTRIIB - based GDF Trap polypeptide as above , wherein at 
responds to a sequence beginning at any one of amino acids 20 least one alteration with respect to the sequence of SEQ ID 
20 - 29 ( e . g . , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , or 29 ) of SEQ NO : 1 or 4 is an alteration at one or more positions selected 
ID NO : 1 or 4 and ending at any one of amino acids 118 - 133 from the group consisting of K74 , R40 , Q53 , K55 , F82 , and 
( e . g . , 118 , 119 , 120 , 121 , 122 , 123 , 124 , 125 , 126 , 127 , 128 , 179 . 
129 , 130 , 131 , 132 , or 133 ) of SEQ ID NO : 1 or 4 . In some Other ActRIIB polypeptides and ActRIIB - based GDF 
embodiments , the portion derived from ActRIIB corre - 25 Trap polypeptides are contemplated , such as the following . 
sponds to a sequence beginning at one any of amino acids An ActRIIB polypeptide or ActRIIB - based GDF Trap poly 
21 - 29 ( e . g . , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , or 29 ) of SEQ ID peptide comprising an amino acid sequence that is at least 
NO : 1 or 4 and ending at any one of amino acids 128 - 134 80 % ( e . g . , 85 % , 90 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % ) 
( e . g . , 128 , 129 , 130 , 131 , 132 , 133 , or 134 ) of SEQ ID NO : identical to the sequence of amino acids 29 - 109 of SEQ ID 
1 or 4 . In some embodiments , the portion derived from 30 NO : 1 or 4 , and wherein the protein comprises at least one 
ActRIIB corresponds to a sequence beginning at any one of N - X - S / T sequence at a position other than an endogenous 
amino acids 20 - 29 ( e . g . , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , N - X - S / T sequence of ActRIIB , and at a position outside of 
or 29 ) of SEQ ID NO : 1 or 4 and ending at any one of amino the ligand binding pocket . The ActRIIB polypeptide or 
acids 128 - 133 ( e . g . , 128 , 129 , 130 , 131 , 132 , or 133 ) of SEQ ActRIIB - based GDF Trap polypeptide as above , wherein the 
ID NO : 1 or 4 . Surprisingly , ActRIIB and ActRIIB - based 35 ActRIIB polypeptide or ActRIIB - based GDF Trap polypep 
GDF Trap constructs beginning at 22 - 25 ( e . g . , 22 , 23 , 24 , or tide comprises an N at the position corresponding to position 
25 ) of SEQ ID NO : 1 or 4 have activity levels greater than 24 of SEQ ID NO : 1 or 4 and an S or T at the position 
proteins having the full extracellular domain of human corresponding to position 26 of SEQ ID NO : 1 or 4 , and 
ActRIIB . In some embodiments , the ActRIIB polypeptides wherein the ActRIIB polypeptide or ActRIIB - based GDF 
and ActRIIB - based GDF Trap polypeptides comprises , con - 40 Trap polypeptide inhibits signaling by activin , GDF8 , and / or 
sists essentially of , or consists of , an amino acid sequence GDF11 in a cell - based assay . The ActRIIB polypeptide or 
beginning at amino acid position 25 of SEQ ID NO : 1 or 4 ActRIIB - based GDF Trap polypeptide as above , wherein the 
and ending at amino acid position 131 of SEQ ID NO : 1 or ActRIIB polypeptide or ActRIIB - based GDF Trap polypep 
4 . Any of the foregoing ActRIIB polypeptide or ActRIIB - tide comprises an R or K at the position corresponding to 
based GDF Trap polypeptides may be produced as a 45 position 64 of SEQ ID NO : 1 or 4 . The ActRIIB polypeptide 
homodimer . Any of the foregoing ActRIIB polypeptide or or ActRIIB - based GDF Trap polypeptide as above , wherein 
ActRIIB - based GDF Trap polypeptides may further com ActRIIB polypeptide or ActRIIB - based GDF Trap polypep 
prise a heterologous portion that comprises a constant region tide comprises a D or E at the position corresponding to 
from an IgG heavy chain , such as an Fc domain . Any of the position 79 of SEQ ID NO : 1 or 4 , and wherein the ActRIIB 
above ActRIIB - based GDF Trap polypeptides may comprise 50 polypeptide or ActRIIB - based GDF Trap polypeptide inhib 
an acidic amino acid at the position corresponding to posi - its signaling by activin , GDF8 , and / or GDF11 in a cell - based 
tion 79 of SEQ ID NO : 1 , optionally in combination with assay . The ActRIIB polypeptide or ActRIIB - based GDF 
one or more additional amino acid substitutions , deletions , Trap polypeptide as above , wherein at least one alteration 
or insertions relative to SEQ ID NO : 1 . Any of the above with respect to the sequence of SEQ ID NO : 1 or 4 is a 
ActRIIB polypeptides ActRIIB - based GDF Trap polypep - 55 conservative alteration positioned within the ligand - binding 
tides , including homodimer and / or fusion proteins thereof , pocket . The ActRIIB polypeptide or ActRIIB - based GDF 
may bind to and / or inhibit signaling by activin ( e . g . , activin Trap polypeptide as above , wherein at least one alteration 
A , activin B , activin C , or activin AB ) in a cell - based assay . with respect to the sequence of SEQ ID NO : 1 or 4 is an 
Any of the above ActRIIB polypeptides ActRIIB - based alteration at one or more positions selected from the group 
GDF Trap polypeptides , including homodimer and / or fusion 60 consisting of K74 , R40 , Q53 , K55 , F82 , and L79 . The 
proteins thereof , may bind to and / or inhibit signaling by ActRIIB polypeptide or ActRIIB - based GDF Trap polypep 
GDF11 and / or GDF8 in a cell based assay . Optionally , any tide above , wherein the ActRIIB polypeptide or ActRIIB 
of the above ActRIIB polypeptides ActRIIB - based GDF based GDF Trap polypeptide is a fusion protein further 
Trap polypeptides , including homodimer and / or fusion pro - comprising one or more heterologous portion . Any of the 
teins thereof , may bind to and / or inhibit signaling of one or 65 above ActRIIB polypeptides or ActRIIB - based GDF Trap 
more of activin B , activin C , activin E , BMP6 , BMP7 , and polypeptides , or fusion proteins thereof , may be produced as 
Nodal in a cell - based assay . a homodimer . Any of the above ActRIIB fusion proteins or 
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ActRIIB - based GDF Trap fusion proteins may have a het amino acid sequence that comprises , consists of , or consists 
erologous portion that comprises a constant region from an essentially of , the amino acid sequence of SEQ ID NOs : 9 , 
IgG heavy chain , such as an Fc domain . 10 , 22 , 26 , or 28 , and polypeptides that are at least 80 % , 

In certain embodiments , an ActRIIB polypeptide , for use 85 % , 90 % , 95 % , 96 % , 97 % , 98 % , or 99 % identical to any 
in accordance with the methods disclosed herein , comprises 5 of the foregoing . An ActRIIA polypeptide or ActRIIA - based 
an amino acid sequence that comprises , consists of , or GDF - Trap polypeptide may include a functional fragment of 
consists essentially of , the amino acid sequence of SEQ ID a natural ActRIIA polypeptide , such as one comprising at 
NOs : 2 , 3 , 5 , 6 , 29 , 31 , or 49 , and polypeptides that are at least 10 , 20 or 30 amino acids of a sequence selected from 
least 80 % , 85 % , 90 % , 95 % , 96 % , 97 % , 98 % , or 99 % SEQ ID NOs : 9 , 10 , 22 , 26 , or 28 or a sequence of SEQ ID 
identical to any of the foregoing . An ActRIIB polypeptide 10 NO : 10 , lacking the C - terminal 1 , 2 , 3 , 4 , 5 or 10 to 15 amino 
may include a functional fragment of a natural ActRIIB acids and lacking 1 , 2 , 3 , 4 or 5 amino acids at the 
polypeptide , such as one comprising at least 10 , 20 or 30 N - terminus . In some embodiments , a polypeptide will com 
amino acids of a sequence selected from SEQ ID NOs : 2 , 3 , prise a truncation relative to SEQ ID NO : 10 of between 2 
5 , 6 , 29 , 31 , or 49 or a sequence of SEO ID NO : 2 or 5 , and 5 amino acids at the N - terminus and no more than 3 
lacking the C - terminal 1 , 2 , 3 , 4 , 5 or 10 to 15 amino acids 15 amino acids at the C - terminus . In some embodiments , an 
and lacking 1 , 2 , 3 , 4 or 5 amino acids at the N - terminus . In ActRIIA polypeptide for use in the methods described herein 
some embodiments , a polypeptide will comprise a trunca consists of , or consists essentially of , the amino acid 
tion relative to SEQ ID NO : 2 or 5 of between 2 and 5 amino sequence of SEQ ID NO : 26 or 28 . 
acids at the N - terminus and no more than 3 amino acids at An ActRII polypeptide ( e . g . an ActRIIA or ActRIIB 
the C - terminus . In some embodiments , a GDF Trap for use 20 polypeptide ) or GDF Trap polypeptide of the disclosure may 
in accordance with the methods described herein consists of , include one or more alterations ( e . g . , amino acid additions , 
or consists essentially of , the amino acid sequence of SEQ deletions , substitutions , or combinations thereof ) in the 
ID NO : 29 . amino acid sequence of an ActRII polypeptide ( e . g . , in the 

A general formula for an active ( e . g . , ligand binding ) ligand - binding domain ) relative to a naturally occurring 
ActRIIA polypeptide is one that comprises a polypeptide 25 ActRII polypeptide . The alteration in the amino acid 
that starts at amino acid 30 and ends at amino acid 110 of sequence may , for example , alter glycosylation of the poly 
SEQ ID NO : 9 . Accordingly , ActRIIA polypeptides and peptide when produced in a mammalian , insect , or other 
ActRIIA - based GDF Traps of the present disclosure may eukaryotic cell or alter proteolytic cleavage of the polypep 
comprise , consist , or consist essentially of a polypeptide that tide relative to the naturally occurring ActRII polypeptide . 
is at least 80 % , 85 % , 90 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 30 Optionally , ActRII polypeptides ( e . g . an ActRIIA or 
100 % identical to amino acids 30 - 110 of SEQ ID NO : 9 . ActRIIB polypeptides ) and GDF Trap polypeptides of the 
Optionally , ActRIIA polypeptides and ActRIIA - based GDF disclosure comprise one or more modified amino acid resi 
Trap polypeptides of the present disclosure comprise , con - dues selected from : a glycosylated amino acid , a PEGylated 
sists , or consist essentially of a polypeptide that is at least amino acid , a farnesylated amino acid , an acetylated amino 
80 % , 85 % , 90 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % 35 acid , a biotinylated amino acid , an amino acid conjugated to 
identical to amino acids amino acids 12 - 82 of SEQ ID NO : 9 a lipid moiety , and an amino acid conjugated to an organic 
optionally beginning at a position ranging from 1 - 5 ( e . g . , 1 , derivatizing agent . 
2 , 3 , 4 , or 5 ) or 3 - 5 ( e . g . , 3 , 4 , or 5 ) and ending at a position in some embodiments , an ActRII polypeptide ( e . g . an 
ranging from 110 - 116 ( e . g . , 110 , 111 , 112 , 113 , 114 , 115 , or ActRIIA or ActRIIB polypeptide ) or GDF Trap polypeptide 
116 ) or 110 - 115 ( e . g . , 110 , 111 , 112 , 113 , 114 . or 115 ) or 40 of the disclosure may be a fusion protein that has , as one 
SEQ ID NO : 9 , respectively , and comprising no more than 1 , domain , an ActRII polypeptide or GDF Trap polypeptide 
2 , 5 , 10 or 15 conservative amino acid changes in the ligand ( e . g . , a ligand - binding domain of an ActRII receptor , option 
binding pocket , and zero , one or more non - conservative ally with one or more sequence variations ) and one or more 
alterations at positions 40 , 53 , 55 , 74 , 79 and / or 82 in the additional heterologous domains that provide a desirable 
ligand - binding pocket with respect to SEQ ID NO : 9 . Any of 45 property , such as improved pharmacokinetics , easier purifi 
the foregoing ActRIIA polypeptide or ActRIIA - based GDF cation , targeting to particular tissues , etc . For example , a 
Trap polypeptides may be produced as a homodimer . Any of domain of a fusion protein may enhance one or more of in 
the foregoing ActRIIA polypeptide or ActRIIA - based GDF vivo stability , in vivo half - life , uptake / administration , tissue 
Trap polypeptides may further comprise a heterologous localization or distribution , formation of protein complexes , 
portion that comprises a constant region from an IgG heavy 50 multimerization of the fusion protein , and / or purification . 
chain , such as an Fc domain . Any of the above ActRIIA ActRII polypeptide and GDF Trap fusion proteins may 
polypeptides ActRIIA - based GDF Trap polypeptides , include a heterologous polypeptide domain such as but not 
including homodimer and / or fusion proteins thereof , may limited to , an immunoglobulin Fc domain ( wild - type or 
bind to and / or inhibit signaling by activin ( e . g . , activin A , mutant ) or a serum albumin . In some embodiments , the 
activin B , activin C , or activin AB ) in a cell - based assay . Any 55 immunoglobulin Fc domain is an IgG1 Fc domain . In some 
of the above ActRIIA polypeptides ActRIIA - based GDF embodiments , the IgG1 Fc domain is a human IgG1 Fc 
Trap polypeptides , including homodimer and / or fusion pro domain . In some embodiments , the IgG1 Fc domain is a 
teins thereof , may bind to and / or inhibit signaling by GDF11 mouse IgG1 Fc domain . In certain embodiments , an ActRII 
and / or GDF8 in a cell based assay . Optionally , any of the polypeptide and GDF Trap polypeptide fusion protein com 
above ActRIIA polypeptides ActRIIB - based GDF Trap 60 prises a relatively unstructured linker positioned between the 
polypeptides , including homodimer and / or fusion proteins ActRII or GDF Trap polypeptide domain and the heterolo 
thereof , may bind to and / or inhibit signaling of one or more gous domain . In certain embodiments , an ActRII polypep 
of activin B , activin C , activin E , GDF7 , and Nodal in a tide and GDF Trap fusion protein comprises a relatively 
cell - based assay . unstructured linker positioned between the Fc domain and 

In certain embodiments , ActRIIA polypeptides and 65 the ActRII or GDF Trap domain . This unstructured linker 
ActRIIA - based GDF - Trap polypeptides , for use in accor - may correspond to the roughly 15 amino acid unstructured 
dance with the methods disclosed herein , comprises an region at the C - terminal end of the extracellular domain of 
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ActRII or GDF Trap ( the “ tail " ) , or it may be an artificial more of increasing red blood cell levels and / or hemoglobin 
sequence of between 3 and 5 , 15 , 20 , 30 , 50 or more amino in a mammal ( preferably a human ) , treating or preventing 
acids that are relatively free of secondary structure . A linker anemia in a mammal ( preferably a human ) , treating or 
may be rich in glycine and proline residues and may , for preventing sickle cell disease in a mammal ( preferably a 
example , contain repeating sequences of threonine / serine 5 human ) , and / or treating or preventing one or more compli 
and glycines [ e . g . , TG4 ( SEQ ID NO : 52 ) , SG4 ( SEQ ID cations of sickle - cell disease ( e . g . , anemia , vaso - occlusive NO : 54 ) , or TG3 ( SEQ ID NO : 53 ) singlets or repeats ) or a crisis , ulcers ( such as cutaneous ulcers ) , etc . ) in a mammal 
series of three glycines . A fusion protein may include a ( preferably a human ) . In certain embodiments , the disclo purification subsequence , such as an epitope tag , a FLAG sure provides packaged pharmaceuticals comprising a phar tag , a polyhistidine sequence , and a GST fusion . In certain 10 maceutical preparation or composition described herein and embodiments , an ActRII fusion protein or GDF Trap fusion labeled for use in treating anemia in a mammal ( preferably comprises a leader sequence . The leader sequence may be a a human ) , treating sickle cell disease in a mammal ( prefer native ActRII leader sequence ( e . g . , a native ActRIIA or ably a human ) , and / or treating one or more complications of ActRIIB leader sequence ) or a heterologous leader 
sequence . In certain embodiments , the leader sequence is a 15 sickle - cell disease ( e . g . , anemia , vaso - occlusive crisis , 
Tissue Plasminogen Activator ( TPA ) leader sequence . In ulcers ( such as cutaneous ulcers ) , etc . ) in a mammal ( pref 
some embodiments , an ActRII fusion protein or GDF Trap erably a human ) . In certain embodiments , the disclosure 
fusion protein comprises an amino acid sequence as set forth provides packaged pharmaceuticals comprising a pharma 
in the formula A - B - C . The B portion is an N - and C - termi ceutical preparation or composition described herein and 
nally truncated ActRII or GDF Trap polypeptide as 20 labeled for use in preventing anemia in a mammal ( prefer 
described herein . The A and C portions may be indepen ably a human ) , preventing sickle cell disease in a mammal 
dently zero , one or more than one amino acids , and both A ( preferably a human ) , and / or treating or preventing one or 
and C portions are heterologous to B . The A and / or C more complications of sickle - cell disease ( e . g . , anemia , 
portions may be attached to the B portion via a linker vaso - occlusive crisis , ulcers ( such as cutaneous ulcers ) , etc . ) 
sequence . 25 in a mammal ( preferably a human ) . 

Optionally , ActRII polypeptides ( e . g . , ActRIIA and In certain aspects , the disclosure provides nucleic acids 
ActRIIB polypeptides ) GDF Trap polypeptides , including encoding an ActRII polypeptide ( e . g . , an ActRIIA or 
variants and fusion proteins thereof , to be used in accor - ActRIIB polypeptide ) or GDF Trap polypeptide . An isolated 
dance with the methods disclosed herein bind to one or more polynucleotide may comprise a coding sequence for a 
ActRIIB ligand ( e . g . , activin A , activin B , activin AB , 30 soluble ActRII polypeptide or GDF Trap polypeptide , such 
activin C , activin E , GDF11 , GDF8 , BMP , BMP7 , and / or as described herein . For example , an isolated nucleic acid 
Nodal ) with a Kd less than 10 micromolar , less than 1 may include a sequence coding for an ActRII polypeptide or 
micromolar , less than 100 nanomolar , less than 10 nanomo - GDF Trap comprising an extracellular domain ( e . g . , ligand 
lar , or less than 1 nanomolar . Optionally , such ActRII binding domain ) of an ActRII polypeptide having one or 
polypeptides GDF Trap polypeptides inhibit ActRII signal - 35 more sequence variations and a sequence that would code 
ing , such as ActRIIA and / or ActRIIB intracellular signal for part or all of the transmembrane domain and / or the 
transduction events triggered by an ActRII ligand ( e . g . , cytoplasmic domain of an ActRII polypeptide , but for a stop 
SMAD 2 / 3 and / or SMAD 1 / 5 / 8 signaling ) . codon positioned within the transmembrane domain or the 

In certain aspects , the disclosure provides pharmaceutical cytoplasmic domain , or positioned between the extracellular 
preparations or compositions comprising an ActRII antago - 40 domain and the transmembrane domain or cytoplasmic 
nist of the present disclosure ( e . g . , an ActRIIA polypeptide , domain . For example , an isolated polynucleotide coding for 
and ActRIIB polypeptide , a GDF Trap polypeptide ) and a a GDF Trap may comprise a full - length ActRII polynucle 
pharmaceutically acceptable carrier . A pharmaceutical otide sequence such as SEQ ID NO : 1 , 4 , or 9 or having one 
preparation or composition may also include one or more or more variations , or a partially truncated version , said 
additional compounds such as a compound that is used to 45 isolated polynucleotide further comprising a transcription 
treat a disorder or condition described herein ( e . g . , an termination codon at least six hundred nucleotides before the 
addition compound that increases red blood cell levels 3 ' - terminus or otherwise positioned such that translation of 
and / or hemoglobin levels in a subject in need thereof , treats the polynucleotide gives rise to an extracellular domain 
or prevents anemia in a subject in need thereof , treat or optionally fused to a truncated portion of a full - length 
prevents an ulcer , particularly a cutaneous ulcer , a subject in 50 ActRII . Nucleic acids disclosed herein may be operably 
need thereof ) . Preferably , a pharmaceutical preparation or linked to a promoter for expression , and the disclosure 
composition of the disclosure is substantially pyrogen - free . provides cells transformed with such recombinant poly 

In general , it is preferable that an ActRIIA polypeptide , nucleotides . Preferably the cell is a mammalian cell , such as 
and ActRIIB polypeptide , or a GDF Trap polypeptide be a CHO cell . 
expressed in a mammalian cell line that mediates suitably 55 In certain aspects , the disclosure provides methods for 
natural glycosylation of the polypeptide so as to diminish the making an ActRII polypeptide or GDF Trap . Such a method 
likelihood of an unfavorable immune response in a patient . may include expressing any of the nucleic acids disclosed 
Human and CHO cell lines have been used successfully , and herein ( e . g . , SEQ ID NO : 8 , 13 , 27 , 32 , 39 , 42 , 46 , or 48 ) in 
it is expected that other common mammalian expression a suitable cell , such as a Chinese hamster ovary ( CHO ) cell . 
vectors will be useful . In some embodiments , preferable 60 Such a method may comprise : a ) culturing a cell under 
ActRIIA polypeptides , ActRIIB polypeptides , and GDF conditions suitable for expression of the GDF Trap poly 
Trap polypeptides are glycosylated and have a glycosylation peptide , wherein said cell is transformed with a GDF Trap 
pattern that is obtainable from a mammalian cell , preferably expression construct ; and b ) recovering the GDF Trap 
a CHO cell . polypeptide so expressed . GDF Trap polypeptides may be 

In certain embodiments , the disclosure provides packaged 65 recovered as crude , partially purified or highly purified 
pharmaceuticals comprising a pharmaceutical preparation or fractions using any of the well - known techniques for obtain 
composition described herein and labeled for use in one or ing protein from cell cultures . 
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In certain aspects , the present disclosure relates to an subject in need thereof , treating or preventing anemia in a 

antibody , or combination of antibodies , that antagonize subject in need thereof , and / or treating or preventing an 
ActRII activity ( e . g . , inhibition of ActRIIA and / or ActRIIB ulcer in a subject that has anemia ) comprise administering a 
signaling transduction , such as SMAD 2 / 3 and / or SMAD patient in need thereof one or more ActRII antagonists ( e . g . , 
1 / 5 / 8 signaling ) . In particular , the disclosure provides meth - 5 ActRIIA polypeptides , ActRIIB polypeptides , and / or GDF 
ods of using an antibody ActRII antagonist , or combination Trap polypeptides ) in combination with one or more EPO 
of antibody ActRII antagonists , to , e . g . , increase red blood receptor activators . 
cell levels in a subject in need thereof , treat or prevent an An EPO receptor activator may stimulate erythropoiesis 
anemia in a subject in need thereof , and / or treat or prevent by directly contacting and activating EPO receptor . In cer 
an ulcer , particularly a cutaneous ulcer , in a subject that has 10 tain embodiments , the EPO receptor activator is one of a 
anemia . In some embodiments , the disclosure provides class of compounds based on the 165 amino - acid sequence 
methods of using an antibody ActRII antagonist , or combi - of native EPO and generally known as erythropoiesis 
nation of antibody ActRII antagonists to treat an ulcer , stimulating agents ( ESAs ) , examples of which are epoetin 
particularly a cutaneous ulcer , in a subject that has anemia . alfa , epoetin beta ( NeoRecormon® ) , epoetin delta 
In some embodiments , the disclosure provides methods of 15 ( DynepoTM ) , and epoetin omega . In other embodiments , 
using an antibody ActRII antagonist , or combination of ESAs include synthetic EPO proteins ( SEPs ) and EPO 
antibody ActRII antagonists to prevent an ulcer , particularly derivatives with nonpeptidic modifications conferring desir 
a cutaneous ulcer , in a subject that has anemia . able pharmacokinetic properties ( lengthened circulating 

In certain embodiments , an antibody ActRII antagonist of half - life ) , examples of which are darbepoetin alfa 
the disclosure is an antibody , or combination of antibodies , 20 ( Aranesp® ) and methoxy - polyethylene - glycol epoetin beta 
that binds to and / or inhibits activity of at least GDF11 ( e . g . , ( Mircera® ) . In certain embodiments , an EPO receptor acti 
GDF11 - mediated activation of ActRIIA and / or ActRIIB vator may be an EPO receptor agonist that does not incor 
signaling transduction , such as SMAD 2 / 3 signaling ) . porate the EPO polypeptide backbone or is not generally 
Optionally , the antibody , or combination of antibodies , fur - classified as an ESA . Such EPO receptor agonists may 
ther binds to and / or inhibits activity of GDF8 ( e . g . , GDF8 - 25 include , but are not limited to , peptidic and nonpeptidic 
mediated activation of ActRIIA and / or ActRIIB signaling mimetics of EPO , agonistic antibodies targeting EPO recep 
transduction , such as SMAD 2 / 3 signaling ) , particularly in tor , fusion proteins comprising an EPO mimetic domain , and 
the case of a multi - specific antibody that has binding affinity erythropoietin receptor extended - duration limited agonists 
for both GDF11 and GDF8 or in the context of a combina - ( EREDLA ) . 
tion of one or more anti - GDF11 antibody and one or more 30 In certain embodiments , an EPO receptor activator may 
anti - GDF8 antibody . Optionally , an antibody , or combina - stimulate erythropoiesis indirectly , without contacting EPO 
tion of antibodies , of the disclosure does not substantially receptor itself , by enhancing production of endogenous 
bind to and / or inhibit activity of activin A ( e . g . , activin EPO . For example , hypoxia - inducible transcription factors 
A - mediated activation of ActRIIA or ActRIIB signaling ( HIFs ) are endogenous stimulators of EPO gene expression 
transduction , such as SMAD 2 / 3 signaling ) . In some 35 that are suppressed ( destabilized ) under normoxic condi 
embodiments , an antibody , or combination of antibodies , of tions by cellular regulatory mechanisms . In part , the disclo 
the disclosure that binds to and / or inhibits the activity of sure provides increased erythropoiesis in a patient by com 
GDF11 and / or GDF8 further binds to and / or inhibits activity bined treatment with a GDF Trap and an indirect EPO 
of one of more of activin A , activin B , activin AB , activin C , receptor activator with HIF stabilizing properties , such as a 
activin E , BMP6 , BMP7 , and Nodal ( e . g . , activation of 40 prolyl hydroxylase inhibitor . 
ActRIIA or ActRIIB signaling transduction , such as SMAD ActRII antagonists , particularly ActRII polypeptides and 
2 / 3 and / or SMAD 1 / 5 / 8 signaling ) , particularly in the case GDF Trap polypeptides , may also be used for treating or 
of a multi - specific antibody that has binding affinity for preventing other disorders and conditions such as promoting 
multiple ActRII ligands or in the context of a combination muscle growth and / or treating or preventing a muscle 
multiple antibodies — each having binding affinity for a 45 related disorder , promoting bone growth and / or treating or 
different ActRII ligand . preventing a bone - related disorder , treating or preventing 

In part , the disclosure demonstrates that ActRII antago cancer ( particularly multiple myeloma and / or breast cancer ) . 
nists may be used in combination ( e . g . , administered at the See , e . g . , U . S . Pat . Nos . 7 , 612 , 041 ; 8 , 173 , 601 ; 7 , 842 , 663 as 
same time or different times , but generally in such a manner well as U . S . Patent Application Publication No . U . S . 2009 / 
as to achieve overlapping pharmacological effects ) with 50 0074768 . In certain instances , when administering a GDF 
EPO receptor activators to increase red blood cell levels Trap polypeptide for these other therapeutic indications , it 
( erythropoiesis ) or treat anemia in patients in need thereof . may be desirable to monitor the effects on red blood cells 
In part , the disclosure demonstrates that a GDF Trap can be during administration of the ActRII antagonist , or to deter 
administered in combination with an EPO receptor activator mine or adjust the dosing of the ActRII antagonist , in order 
to synergistically increase formation of red blood cells in a 55 to reduce undesired effects on red blood cells . For example , 
patient , particularly in sickle - cell patients . Thus , the effect of increases in red blood cell levels , hemoglobin levels , or 
this combined treatment can be significantly greater than the hematocrit levels may cause increases in blood pressure . 
sum of the effects of the ActRII antagonists and the EPO 
receptor activator when administered separately at their BRIEF DESCRIPTION OF THE DRAWINGS 
respective doses . In certain embodiments , this synergism 60 
may be advantageous since it enables target levels of red The patent or patent application file contains at least one 
blood cells to be attained with lower doses of an EPO drawing executed in color . Copies of this patent or patent 
receptor activator , thereby avoiding potential adverse effects application publication with color drawing ( s ) will be pro 
or other problems associated with higher levels of EPO vided by the Office upon request and payment of the 
receptor activation . Accordingly , in certain embodiments , 65 necessary fee . 
the methods of the present disclosure ( e . g . , methods of FIG . 1 shows an alignment of extracellular domains of 
increasing red blood cell levels and / or hemoglobin in a human ActRIIA ( SEQ ID NO : 56 ) and human ActRIIB ( SEQ 
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ID NO : 2 ) with the residues that are deduced herein , based on FIG . 14 depicts the median change from baseline of RBC 
composite analysis of multiple ActRIIB and ActRIIA crystal ( red blood cell ) count from the human clinical trial described 
structures , to directly contact ligand indicated with boxes . in Example 5 . ActRIIA - hFc was administered intravenously 

FIG . 2 shows a multiple sequence alignment of various ( IV ) at the indicated dosage . 
vertebrate ActRIIB proteins and human ActRIIA ( SEQ ID 5 FIG . 15 depicts the median change from baseline of 
Nos : 57 - 63 and 69 . reticulocyte count from the human clinical trial described in 

FIGS . 3A and 3B shows the purification of ActRIIA - hFc Example 5 . ActRIIA - hFc was administered intravenously 
expressed in CHO cells . The protein purifies as a single , ( IV ) at the indicated dosage . 
well - defined peak as visualized by sizing column ( top panel ) FIG . 16 shows the full amino acid sequence for the GDF 
and Coomassie stained SDS - PAGE ( bottom panel ) ( left 10 Trap ActRIIB ( L79D 20 - 134 ) - hFc ( SEQ ID NO : 38 ) , includ 
lane : molecular weight standards , right lane : ActRIIA - hFc ) . ing the TPA leader sequence ( double underlined ) , ActRIIB 

FIGS . 4A and 4B shows the binding of ActRIIA - hFc to extracellular domain ( residues 20 - 134 in SEQ ID NO : 1 ; 
activin and GDF - 11 , as measured by BiacoreTM assay . underlined ) , and hFc domain . The aspartate substituted at 
FIGS . 5A and 5B show the effects of ActRIIA - hFc on red position 79 in the native sequence is double underlined and 

blood cell counts in female non - human primates ( NHPs ) . 15 highlighted , as is the glycine revealed by sequencing to be 
Female cynomolgus monkeys ( four groups of five monkeys the N - terminal residue in the mature fusion protein . 
each ) were treated with placebo or 1 mg / kg , 10 mg / kg or 30 FIGS . 17A and 17B show a nucleotide sequence encoding 
mg / kg of ActRIIA - hFc on day 0 , day 7 , day 14 and day 21 . ActRIIB ( L79D 20 - 134 ) - hFc . SEQ ID NO : 39 corresponds to 
FIG . 5A shows red blood cell ( RBC ) counts . FIG . 5B shows the sense strand , and SEO ID NO : 40 corresponds to the 
hemoglobin levels . Statistical significance is relative to 20 antisense strand . The TPA leader ( nucleotides 1 - 66 ) is 
baseline for each treatment group . At day 57 , two monkeys double underlined , and the ActRIIB extracellular domain 
remained in each group . ( nucleotides 76 - 420 ) is underlined . 

FIGS . 6A and 6B shows the effects of ActRIIA - hFc on red FIG . 18 shows the full amino acid sequence for the 
blood cell counts in male non - human primates . Male cyno - truncated GDF Trap ActRIIB ( L79D 25 - 131 ) - hFc ( SEQ ID 
molgus monkeys ( four groups of five monkeys each ) were 25 NO : 41 ) , including the TPA leader ( double underlined ) , trun 
treated with placebo or 1 mg / kg , 10 mg / kg , or 30 mg / kg of cated ActRIIB extracellular domain ( residues 25 - 131 in SEQ 
ActRIIA - hFc on day 0 , day 7 , day 14 , and day 21 . FIG . 6A ID NO : 1 ; underlined ) , and hFc domain . The aspartate 
shows red blood cell ( RBC ) counts . FIG . 6B shows hemo - substituted at position 79 in the native sequence is double 
globin levels . Statistical significance is relative to baseline underlined and highlighted , as is the glutamate revealed by 
for each treatment group . At day 57 , two monkeys remained 30 sequencing to be the N - terminal residue in the mature fusion 
in each group . protein . 

FIGS . 7A and 7B shows the effects of ActRIIA - hFc on FIGS . 19A and 19B show a nucleotide sequence encoding 
reticulocyte counts in female non - human primates . Cyno - ActRIIB ( L79D 25 - 131 ) - hFc . SEQ ID NO : 42 corresponds to 
molgus monkeys ( four groups of five monkeys each ) were the sense strand , and SEQ ID NO : 43 corresponds to the 
treated with placebo or 1 mg / kg , 10 mg / kg , or 30 mg / kg of 35 antisense strand . The TPA leader ( nucleotides 1 - 66 ) is 
ActRIIA - hFc on day 0 , day 7 , day 14 , and day 21 . FIG . 7A double underlined , and the truncated ActRIIB extracellular 
shows absolute reticulocyte counts . FIG . 7B shows the domain ( nucleotides 76 - 396 ) is underlined . The amino acid 
percentage of reticulocytes relative to RBCs . Statistical sequence for the ActRIIB extracellular domain ( residues 
significance is relative to baseline for each group . At day 57 , 25 - 131 in SEQ ID NO : 1 ) is also shown ( SEQ ID NO : 45 ) . 
two monkeys remained in each group . 40 FIG . 20 shows the amino acid sequence for the truncated 

FIGS . 8A and 8B shows the effects of ActRIIA - hFc on GDF Trap ActRIIB ( L79D 25 - 131 ) - hFc without a leader 
reticulocyte counts in male non - human primates . Cynomol ( SEQ ID NO : 44 ) . The truncated ActRIIB extracellular 
gus monkeys ( four groups of five monkeys each ) were domain ( residues 25 - 131 in SEQ ID NO : 1 ) is underlined . 
treated with placebo or 1 mg / kg , 10 mg / kg or 30 mg / kg of The aspartate substituted at position 79 in the native 
ActRIIA - hFc on day 0 , day 7 , day 14 and day 21 . FIG . 8A 45 sequence is double underlined and highlighted , as is the 
shows absolute reticulocyte counts . FIG . 8B shows the glutamate revealed by sequencing to be the N - terminal 
percentage of reticulocytes relative to RBCs . Statistical residue in the mature fusion protein . 
significance is relative to baseline for each group . At day 57 , FIG . 21 shows the amino acid sequence for the truncated 
two monkeys remained in each group . GDF Trap ActRIIB ( L79D 25 - 131 ) without the leader , hFc 

FIG . 9 shows results from the human clinical trial 50 domain , and linker ( SEQ ID NO : 45 ) . The aspartate substi 
described in Example 5 , where the area - under - curve ( AUC ) tuted at position 79 in the native sequence is underlined and 
and administered dose of ActRIIA - hFc have a linear corre highlighted , as is the glutamate revealed by sequencing to be 
lation , regardless of whether ActRIIA - hFc was administered the N - terminal residue in the mature fusion protein . 
intravenously ( IV ) or subcutaneously ( SC ) . FIGS . 22A and 22B show an alternative nucleotide 

FIG . 10 shows a comparison of serum levels of ActRIIA - 55 sequence encoding ActRIIB ( L79D 25 - 131 ) - hFc . SEQ ID 
hFc in patients administered IV or SC . NO : 46 corresponds to the sense strand , and SEQ ID NO : 47 

FIG . 11 shows bone alkaline phosphatase ( BAP ) levels in corresponds to the antisense strand . The TPA leader ( nucleo 
response to different dose levels of ActRIIA - hFc . BAP is a tides 1 - 66 ) is double underlined , the truncated ActRIIB 
marker for anabolic bone growth . extracellular domain ( nucleotides 76 - 396 ) is underlined , and 

FIG . 12 depicts the median change from baseline of 60 substitutions in the wild - type nucleotide sequence of the 
hematocrit levels from the human clinical trial described in extracellular domain are double underlined and highlighted 
Example 5 . ActRIIA - hFc was administered intravenously compare with SEQ ID NO : 42 , FIG . 19 ) . The amino acid 
( IV ) at the indicated dosage . sequence for the ActRIIB extracellular domain ( residues 

FIG . 13 depicts the median change from baseline of 25 - 131 in SEQ ID NO : 1 ) is also shown ( SEQ ID NO : 45 ) . 
hemoglobin levels from the human clinical trial described in 65 FIG . 23 shows nucleotides 76 - 396 ( SER ID NO : 48 ) of the 
Example 5 . ActRIIA - hFc was administered intravenously alternative nucleotide sequence shown in FIG . 22 ( SEQ ID 
( IV ) at the indicated dosage . NO : 46 ) . The same nucleotide substitutions indicated in FIG . 
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22 are also underlined and highlighted here . SEQ ID NO : 48 FIG . 33 shows the effect of ActRIIB ( L79D 25 - 131 ) - mFc 
encodes only the truncated ActRIIB extracellular domain on RBC number in an Hbb - ' - mouse model of B - thalas 
( corresponding to residues 25 - 131 in SEQ ID NO : 1 ) with a semia . Blood samples were collected after 4 weeks of 
L79D substitution , e . g . , ActRIIB ( L79D 25 - 131 ) . treatment . Data are means of 2 per group , with bars indi 

FIG . 24 shows the effect of treatment with ActRIIB ( L79D 5 cating the range . Treatment with ActRIIB ( L79D 25 - 131 ) 
20 - 134 ) - hFc ( gray ) or ActRIIB ( L79D 25 - 131 ) - hFc ( black ) mFc reduced by half the RBC deficit present in Hbb - ' - mice . 
on the absolute change in red blood cell concentration from FIG . 34 shows the effect of ActRIIB ( L79D 25 - 131 ) - mFc 
baseline in cynomolgus monkey . VEH = vehicle . Data are on RBC morphology in an Hbb - ' - mouse model of B - thal 

assemia . Images of Giemsa - stained blood smears from mice means + SEM . n = 4 - 8 per group . 
FIG . 25 shows the effect of treatment with ActRIIB ( L79D OD 10 treated for 4 weeks were obtained at 100x magnification . 

Note hemolysis , cellular debris , and many small or irregu 20 - 134 ) - hFc ( gray ) or ActRIIB ( L79D 25 - 131 ) - hFc ( black ) larly shaped RBCs in blood from the vehicle - treated Hbb - / on the absolute change in hematocrit from baseline in mouse . By comparison , ActRIIB ( L79D 25 - 131 ) - mFc treat cynomolgus monkey . VEH = vehicle . Data are means : SEM . ment greatly reduced hemolysis , debris , and the occurrence 
n = 4 - 8 per group . 15 of irregularly shaped RBCs while increasing the number of 

FIG . 26 shows the effect of treatment with ActRIIB ( L79D normally shaped RBCs . 
20 - 134 ) - hFc ( gray ) or ActRIIB ( L79D 25 - 131 ) - hFc ( black ) FIG . 35 shows the effect of ActRIIB ( L79D 25 - 131 ) - mFc 
on the absolute change in hemoglobin concentration from treatment for 2 months on RBC number in an Hbb - ' - mouse 
baseline in cynomolgus monkey . VEH = vehicle . Data are model of B - thalassemia , with data from vehicle - dosed wild 
means + SEM . n = 4 - 8 per group . 20 type mice included for comparison . Data are means : SEM ; 

FIG . 27 shows the effect of treatment with ActRIIB ( L79D n = 7 per group . * * , P < 0 . 01 vs . vehicle - treated Hbb - / - mice . 
20 - 134 ) - hFc ( gray ) or ActRIIB ( L79D 25 - 131 ) - hFc ( black ) Treatment with ActRIIB ( L79D 25 - 131 ) - mFc reduced the 
on the absolute change in circulating reticulocyte concen - mean RBC deficit in Hbb ' - mice by more than 50 % . 
tration from baseline in cynomolgus monkey . VEH = vehicle . FIG . 36 shows the effect of ActRIIB ( L79D 25 - 131 ) - mFc 
Data are means - SEM . n = 4 - 8 per group . 25 treatment for 2 months on serum bilirubin levels in an 

FIG . 28 shows the effect of combined treatment with Hbb - ' - mouse model of B - thalassemia , with data from 
erythropoietin ( EPO ) and ActRIIB ( L79D 25 - 131 ) - hFc for vehicle - dosed wildtype mice included for comparison . Data 
72 hours on hematocrit in mice . Data are means SEM ( n = 4 are means SEM . # # # , P < 0 . 001 vs . vehicle - treated wildtype 
per group ) , and means that are significantly different from mice ; * , P < 0 . 05 vs . vehicle - treated Hbb - ' - mice . Treatment 
each other ( p < 0 . 05 , unpaired t - test ) are designated by dif - 30 with ActRIIB ( L79D 25 - 131 ) - mFc reduced total bilirubin 
ferent letters . Combined treatment increased hematocrit by levels significantly in Hbb - ' - mice . 
23 % compared to vehicle , a synergistic increase greater than FIG . 37 shows the effect of ActRIIB ( L79D 25 - 131 ) - mFc 
the sum of the separate effects of EPO and ActRIIB ( L79D treatment for 2 months on serum EPO level in an Hbb - / 
25 - 131 ) - hFc . mouse model of B - thalassemia , with data from vehicle 

FIG . 29 shows the effect of combined treatment with EPO 35 dosed wildtype mice included for comparison . Data are 
and ActRIIB ( L79D 25 - 131 ) - hFc for 72 hours on hemoglo - means + SEM . # # # , P < 0 . 001 vs . vehicle - treated wildtype 
bin concentrations in mice . Data are means SEM ( n = 4 per m ice ; * , P < 0 . 05 vs . vehicle - treated Hbb - ' - mice . Treatment 
group ) , and means that are significantly different from each with ActRIIB ( L79D 25 - 131 ) - mFc reduced mean circulating 
other ( p < 0 . 05 ) are designated by different letters . Combined EPO levels by more than 60 % in Hbb - / - mice . 
treatment increased hemoglobin concentrations by 23 % 40 FIGS . 38A and 38B show the effect of ActRIIB ( L79D 
compared to vehicle , which was also a synergistic effect . 25 - 131 ) - mFc on splenomegaly in an Hbb™ - mouse model of 

FIG . 30 shows the effect of combined treatment with EPO B - thalassemia , with data from vehicle - dosed wildtype mice 
and ActRIIB ( L79D 25 - 131 ) - hFc for 72 hours on red blood included for comparison . A . Means : SEM from mice starting 
cell concentrations in mice . Data are means - SEM ( n = 4 per at 3 months of age after treatment with 1 mg / kg twice 
group ) , and means that are significantly different from each 45 weekly for 2 months . # # # . P < 0 . 001 vs . vehicle - treated 
other ( p < 0 . 05 ) are designated by different letters . Combined wildtype mice ; * , P < 0 . 05 vs . vehicle - treated Hbb - ' - mice . B . 
treatment increased red blood cell concentrations by 20 % Representative spleen sizes , as observed in a separate study 
compared to vehicle , which was also a synergistic effect . in mice starting at 6 - 8 months of age after treatment with 1 

FIG . 31 shows the effect of combined treatment with EPO mg / kg twice weekly for 3 months . Treatment with ActRIIB 
and ActRIIB ( L79D 25 - 131 ) - hFc for 72 hours on numbers of 50 ( L79D 25 - 131 ) - mFc reduced spleen weight significantly in 
erythropoietic precursor cells in mouse spleen . Data are Hbb - / - mice . 
means + SEM ( n = 4 per group ) , and means that are signifi FIG . 39 shows the effect of ActRIIB ( L79D 25 - 131 ) - mFc 
cantly different from each other ( p < 0 . 01 ) are designated by treatment for 2 months on bone mineral density in an Hbb - ? 
different letters . Whereas EPO alone increased the number mouse model of B - thalassemia , with data from vehicle 
of basophilic erythroblasts ( BasoE ) dramatically at the 55 dosed wildtype mice included for comparison . Means SEM 
expense of late - stage precursor maturation , combined treat - based on femur analysis . # , P < 0 . 05 vs . vehicle - treated 
ment increased BasoE numbers to a lesser but still signifi - wildtype mice ; * , P < 0 . 05 vs . vehicle - treated Hbb - / - mice . 
cant extent while supporting undiminished maturation of Treatment with ActRIIB ( L79D 25 - 131 ) - mFc normalized 
late - stage precursors . bone mineral density in Hbb - - mice . 

FIGS . 32A - C compares RBC parameters in an Hbb - / - 60 FIGS . 40A - C show the effect of ActRIIB ( L79D 25 - 131 ) 
mouse model of B - thalassemia with those in wildtype ( WT ) mFc treatment for 2 months on parameters of iron homeo 
mice . Blood samples from untreated mice at 2 - 6 months of stasis in an Hbb - ' - mouse model of B - thalassemia . 
age were analyzed to determine red blood cell number Means : SEM for serum iron ( A ) , serum ferritin ( B ) , and 
( RBC ; A ) , hematocrit ( HCT ; B ) , and hemoglobin concen - transferin saturation ( C ) . * , P < 0 . 05 ; * * , P < 0 . 01 vs . vehicle 
tration ( Hgb ; C ) . Data are means + SEM ( n = 4 per 65 treated Hbb - - mice . Treatment with ActRIIB ( L79D 
group ) , * * * , p < 0 . 001 . Hbb - mice were confirmed to be 25 - 131 ) - mFc reduced each measure of iron overload sig 
severely anemic . nificantly in Hbb - ' - mice . 
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FIG . 41 shows the effect of ActRIIB ( L79D 25 - 131 ) - mFc a member of the TGF - beta family , it is often possible to 

treatment for 2 months on tissue iron overload in an Hbb - / cause significant physiological changes in an organism . For 
mouse model of B - thalassemia . Iron levels in tissue sections example , the Piedmontese and Belgian Blue cattle breeds 
( 200 um ) from spleen ( A - C ) , liver ( D - F ) , and kidney ( G - I ) carry a loss - of - function mutation in the GDF8 ( also called 
were determined by staining with Perl ' s Prussian blue . Iron 5 myostatin ) gene that causes a marked increase in muscle 
staining in wildtype spleen ( A ) was abundant in red pulp m ass . See , e . g . , Grobet et al . ( 1997 ) Nat Genet . 17 ( 1 ) : 71 - 4 . 
( arrows ) but absent in white pulp ( * ) . Increased iron staining Furthermore , in humans , inactive alleles of GDF8 are asso 
in spleen of Hbb - ' - mice ( B ) reflects expansion of red pulp ciated with increased muscle mass and , reportedly , excep 
regions due to extramedullary erythropoiesis . ActRIIB tional strength . See , e . g . , Schuelke et al . ( 2004 ) N Engl J 
( L79D 25 - 131 ) - mFc in Hbb - ' - mice decreased splenic 10 Med , 350 : 2682 - 8 . 
erythropoiesis and restored the wildtype pattern of splenic TGF - B signals are mediated by heteromeric complexes of 
iron staining ( C ) In addition , abnormal iron staining in type I and type II serine / threonine kinase receptors , which 
hepatic Kupffer cells ( H , arrows ) and renal cortex ( E , phosphorylate and activate downstream SMAD proteins 
arrows ) of Hbb - ' - mice was normalized by ActRIIB ( L79D ( e . g . , SMAD proteins 1 , 2 , 3 , 5 , and 8 ) upon ligand stimu 
25 - 131 ) - mFc ( F and I ) . Magnification , 200x . 15 lation . See , e . g . , Massagué ( 2000 ) Nat . Rev . Mol . Cell Biol . 

FIG . 42 shows the effect of ActRIIB ( L79D 25 - 131 ) - mFc 1 : 169 - 178 . These type I and type II receptors are transmem 
treatment for 2 months on hepatic levels of hepcidin mRNA brane proteins , composed of a ligand - binding extracellular 
in a Hbb - ' - mouse model of B - thalassemia . Means : SEM ; * , domain with cysteine - rich region , a transmembrane domain , 
P < 0 . 05 vs . vehicle - treated Hbb - ' - mice . Treatment with and a cytoplasmic domain with predicted serine / threonine 
ActRIIB ( L79D 25 - 131 ) - mFc increased expression of hep - specificity . Type I receptors are essential for signaling . Type 
cidin mRNA significantly in Hbb - mice . II receptors are required for binding ligands and for expres 

FIG . 43 shows the effect of ActRIIB ( L79D 25 - 131 ) - mFc sion of Type I receptors . Type I and II activin receptors form 
on circulating levels of reactive oxygen species ( ROS ) in an a stable complex after ligand binding , resulting in phospho 
Hbb - ' - mouse model of B - thalassemia , with data from rylation of Type I receptors by Type II receptors . 
vehicle - dosed wildtype mice included for comparison . Data Two related Type II receptors ( ActRII ) , ActRIIA and 
are geometric means - SEM . # # # , P < 0 . 001 vs . vehicle - 25 ActRIIB , have been identified as the Type II receptors for 
treated wildtype mice ; * * * , P < 0 . 001 vs . vehicle - treated activins . See , e . g . , Mathews and Vale ( 1991 ) Cell 65 : 973 
Hbb - / - mice . Treatment with ActRIIB ( L79D 25 - 131 ) - mFc 982 ; and Attisano et al . ( 1992 ) Cell 68 : 97 - 108 . Besides 
reduced ROS significantly in Hbb - ' - mice . activins , ActRIIA and ActRIIB can biochemically interact 

FIG . 44 shows the effect of ActRIIB ( L79D 25 - 131 ) - mFc with several other TGF - B family proteins including , for 
on the absolute change in red blood cell concentration in 30 example , BMP , BMP7 , Nodal , GDF8 , and GDF11 . See , 
sickle - cell disease ( SCD ) mice . Data are means = SEM ( n = 5 e . g . , Yamashita et al . ( 1995 ) J . Cell Biol . 130 : 217 - 226 ; Lee 
per group ) . Wt = wild - type mice , which were non - symptom - and McPherron ( 2001 ) Proc . Natl . Acad . Sci . 98 : 9306 - 9311 ; 
atic compound heterozygote ( B / B ) mice . ActRIIB ( L79D Yeo and Whitman ( 2001 ) Mol . Cell 7 : 949 - 957 ; and Oh et 
25 - 131 ) - mFc treatment resulted in a significant increase in al . ( 2002 ) Genes Dev . 16 : 2749 - 54 . ALK4 is the primary type 
red blood cell levels in sickle - cell mice ( P < 0 . 001 ) in com - I receptor for activins , particularly for activin A , and ALK - 7 
parison control mice ( sickle - cell mice administered vehicle 33 may serve as a receptor for other activins as well , particu 
alone ) . larly for activin B . In certain embodiments , the present 

FIG . 45 shows the effect of ActRIIB ( L79D 25 - 131 ) - mFc disclosure relates to antagonizing a ligand of an ActRII 
on red blood cell levels , hematocrit levels , and hemoglobin receptor ( also referred to as an ActRII ligand ) with one or 
levels in sickle - cell mice . Data are mean changes from more inhibitor agents disclosed herein , particularly inhibitor 
baseline over 4 weeks ( SEM ) vs . sickle - cell control mice . 40 agents that can antagonize GDF11 and / or GDF8 . 
ActRIIB ( L79D 25 - 131 ) - mFc treatment resulted in a signifi Activins are dimeric polypeptide growth factors that 
cant increase in red blood cell levels , hematocrit levels , and belong to the TGF - beta superfamily . There are three prin 
hemoglobin levels in sickle - cell mice in comparison to cipal activin forms ( A . B , and AB ) that are homo / heterodi 
control mice . mers of two closely related ß subunits ( BABA , BBBB , and 

FIG . 46 shows the effect of ActRIIB ( L79D 25 - 131 ) - mFc 16 BBe , respectively ) . The human genome also encodes an 
on various blood parameters ( i . e . , mean corpuscular volume , activin C and an activin E , which are primarily expressed in 
red blood cell ( RDC ) distribution width , reticulocytes , and the liver , and heterodimeric forms containing Bc or Be are 
reactive oxygen species in sickle - cell mice ) . Data are mean also known . 
changes from baseline over 4 weeks ( SEM ) vs . sickle - cell In the TGF - beta superfamily , activins are unique and 
control mice . ActRIIB ( L79D 25 - 131 ) - mFc treatment multifunctional factors that can stimulate hormone produc 
resulted in a significant increase in mean corpuscular vol - 50 tion in ovarian and placental cells , support neuronal cell 
ume , red blood cell ( RDC ) distribution width , reticulocytes , survival , influence cell - cycle progress positively or nega 
and reactive oxygen species in sickle - cell mice in compari tively depending on cell type , and induce mesodermal 
son to control mice . differentiation at least in amphibian embryos . DePaolo et al . 

( 1991 ) Proc Soc Ep Biol Med . 198 : 500 - 512 ; Dyson et al . 
DETAIL DESCRIPTION OF THE INVENTION 55 ( 1997 ) Curr Biol . 7 : 81 - 84 ; and Woodruff ( 1998 ) Biochem 

Pharmacol . 55 : 953 - 963 . Moreover , erythroid differentiation 
1 . Overview factor ( EDF ) isolated from the stimulated human monocytic 

The transforming growth factor - beta ( TGF - beta ) super leukemic cells was found to be identical to activin A . Murata 
family contains a variety of growth factors that share com - et al . ( 1988 ) PNAS , 85 : 2434 . It has been suggested that 
mon sequence elements and structural motifs . These pro activin A promotes erythropoiesis in the bone marrow . In 
teins are known to exert biological effects on a large variety " several tissues , activin signaling is antagonized by its related 
of cell types in both vertebrates and invertebrates . Members heterodimer , inhibin . For example , during the release of 
of the superfamily perform important functions during follicle - stimulating hormone ( FSH ) from the pituitary , 
embryonic development in pattern formation and tissue activin promotes FSH secretion and synthesis , while inhibin 
specification and can influence a variety of differentiation prevents FSH secretion and synthesis . Other proteins that 
processes , including adipogenesis , myogenesis , chondro - 65 may regulate activin bioactivity and / or bind to activin 
genesis , cardiogenesis , hematopoiesis , neurogenesis , and include follistatin ( FS ) , follistatin - related protein ( FSRP , 
epithelial cell differentiation . By manipulating the activity of also known as FLRG or FSRL3 ) , and Az - macroglobulin . 
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As described herein , agents that bind to “ activin A ” are the mature GDF8 domain dimer , inactivating its biological 
agents that specifically bind to the Basubunit , whether in the activity . See , e . g . , Miyazono et al . ( 1988 ) J . Biol . Chem . , 
context of an isolated BA subunit or as a dimeric complex 263 : 6407 - 6415 ; Wakefield et al . ( 1988 ) J . Biol . Chem . , 263 : 
( e . g . , a BABA homodimer or a ßaßi heterodimer ) . In the case 7646 - 7654 ; and Brown et al . ( 1990 ) Growth Factors . 3 : 
of a heterodimer complex ( e . g . , a BABB heterodimer ) , agents 5 35 - 43 ) . Other proteins which bind to GDF8 or structurally 
that bind to “ activin A ” are specific for epitopes present related proteins and inhibit their biological activity include 
within the ß subunit , but do not bind to epitopes present follistatin , and potentially , follistatin - related proteins . See . 
within the non - Ba subunit of the complex ( e . g . , the Pa e . g . , Gamer et al . ( 1999 ) Dev . Biol . , 208 : 222 - 232 . subunit of the complex ) . Similarly , agents disclosed herein Growth and Differentiation Factor - 11 ( GDF11 ) , also that antagonize ( inhibit ) “ activin A ” are agents that inhibit 
one or more activities as mediated by a BA subunit , whether 10 10 known as BMP1 , is a secreted protein . McPherron et al . 
in the context of an isolated B subunit or as a dimeric ( 1999 ) Nat . Genet . 22 : 260 - 264 . GDF11 is expressed in the 
complex ( e . g . , a BB homodimer or a ß BR heterodimer ) . In tail bud , limb bud , maxillary and mandibular arches , and 
the case of BB , heterodimers , agents that inhibit “ activin A " dorsal root ganglia during mouse development . See , e . g . , 
are agents that specifically inhibit one or more activities of Nakashima et al . ( 1999 ) Mech . Dev . 80 : 185 - 189 . GDF11 
the B , subunit , but do not inhibit the activity of the non - B , 15 plays a unique role in patterning both mesodermal and 
subunit of the complex ( e . g . , the B , subunit of the complex ) . neural tissues . See , e . g . , Gamer et al . ( 1999 ) Dev Biol . , 
This principle applies also to agents that bind to and / or 208 : 222 - 32 . GDF11 was shown to be a negative regulator of 
inhibit “ activin B ” , “ activin C ” , and “ activin E ” . Agents chondrogenesis and myogenesis in developing chick limb . 
disclosed herein that antagonize “ activin AB ” are agents that See , e . g . , Gamer et al . ( 2001 ) Dev Biol . 229 : 407 - 20 . The 
inhibit one or more activities as mediated by the B , subunit expression of GDF11 in muscle also suggests its role in 
and one or more activities as mediated by the Pa subunit . - regulating muscle growth in a similar way to GDF8 . In 
Nodal proteins have functions in mesoderm and endo - addition , the expression of GDF11 in brain suggests that 

derm induction and formation , as well as subsequent orga - GDF11 may also possess activities that relate to the function 
nization of axial structures such as heart and stomach in of the nervous system . Interestingly , GDF11 was found to 
early embryogenesis . It has been demonstrated that dorsal inhibit neurogenesis in the olfactory epithelium . See , e . g . , 
tissue in a developing vertebrate embryo contributes pre - 25 Wu et al . ( 2003 ) Neuron . 37 : 197 - 207 . 
dominantly to the axial structures of the notochord and Bone morphogenetic protein ( BMP7 ) , also called osteo 
pre - chordal plate while it recruits surrounding cells to form genic protein - 1 ( OP - 1 ) , is well known to induce cartilage 
non - axial embryonic structures . Nodal appears to signal and bone formation . In addition , BMP7 regulates a wide 
through both type I and type II receptors and intracellular array of physiological processes . For example , BMP7 may 
effectors known as SMAD proteins . Studies support the idea 30 be the osteoinductive factor responsible for the phenomenon 
that ActRIIA and ActRIIB serve as type II receptors for of epithelial osteogenesis . It is also found that BMP7 plays 
Nodal . See , e . g . , Sakuma et al . ( 2002 ) Genes Cells . 2002 , a role in calcium regulation and bone homeostasis . Like 
7 : 401 - 12 . It is suggested that Nodal ligands interact with activin , BMP7 binds to Type II receptors , ActRIIA and 
their co - factors ( e . g . , cripto ) to activate activin type I and ActRIIB . However , BMP7 and activin recruit distinct Type 
type II receptors , which phosphorylate SMAD2 . Nodal I receptors into heteromeric receptor complexes . The major 
proteins are implicated in many events critical to the early 35 BMP7 Type I receptor observed was ALK2 , while activin 
vertebrate embryo , including mesoderm formation , anterior bound exclusively to ALK4 ( ActRIIB ) . BMP7 and activin 
patterning , and left - right axis specification . Experimental elicited distinct biological responses and activated different 
evidence has demonstrated that Nodal signaling activates SMAD pathways . See , e . g . , Macias - Silva et al . ( 1998 ) J Biol 
PAR3 - Lux , a luciferase reporter previously shown to Chem . 273 : 25628 - 36 . 
respond specifically to activin and TGF - beta . However , 40 As demonstrated herein , ActRII polypeptides ( e . g . , 
Nodal is unable to induce pTlx2 - Lux , a reporter specifically ActRIIA and ActRIIB polypeptides ) can be used to increase 
responsive to bone morphogenetic proteins . Recent results red blood cell levels in vivo . In certain examples , it is shown 
provide direct biochemical evidence that Nodal signaling is that a GDF Trap polypeptide ( specifically a variant ActRIIB 
mediated by both activin - TGF - beta pathway SMADs , polypeptide ) is characterized by unique biological properties 
SMAD2 and SMAD3 . Further evidence has shown that the us in comparison to a corresponding sample of a wild - type 
extracellular cripto protein is required for Nodal signaling , ( unmodified ) ActRII polypeptide . This GDF Trap is charac 
making it distinct from activin or TGF - beta signaling . terized , in part , by substantial loss of binding affinity for 

Growth and Differentiation Factor - 8 ( GDF8 ) is also activin A , and therefore significantly diminished capacity to 
known as myostatin . GDF8 is a negative regulator of skel - antagonize activin A activity , but retains near wild - type 
etal muscle mass . GDF8 is highly expressed in the devel levels of binding and inhibition of GDF11 . In vivo , the GDF 
oping and adult skeletal muscle . The GDF8 null mutation in 50 Trap is more effective at increasing red blood cell levels as 
transgenic mice is characterized by a marked hypertrophy compared to the wild - type ActRII polypeptide and has 
and hyperplasia of the skeletal muscle . McPherron et al . , beneficial effects in patients with anemia including , e . g . , 
Nature ( 1997 ) 387 : 83 - 90 . Similar increases in skeletal patients with sickle - cell disease and patients with thalas 
muscle mass are evident in naturally occurring mutations of semia . For example , it is shown herein that GDF Trap 
GDF8 in cattle ( see , e . g . , Ashmore et al . ( 1974 ) Growth , 55 therapy results in increased hemoglobin levels in human 
38 : 501 - 507 ; Swatland and Kieffer ( 1994 ) J . Anim . Sci . patients that have thalassemia . In addition to improvements 
38 : 752 - 757 ; McPherron and Lee ( 1997 ) Proc . Natl . Acad . in red blood cell parameters , certain thalassemia patients 
Sci . USA 94 : 12457 - 12461 ; and Kambadur et al . ( 1997 ) were observed to have substantial resolution of a leg ulcer 
Genome Res . 7 : 910 - 915 ] and , strikingly , in humans ( see , ( which is a common cutaneous complication of anemia , 
e . g . , Schuelke et al . ( 2004 ) N Engl J Med 350 : 2682 - 8 ) . particularly in hemolytic anemias such as thalassemia and 
Studies have also shown that muscle wasting associated with " sickle - cell disease ) during the course of GDF Trap therapy . 
HIV - infection in humans is accompanied by increases in These data indicate a much broader use for ActRII antago 
GDF8 protein expression . See , e . g . , Gonzalez - Cadavid et al . nists in the treatment of various complications of anemic 
( 1998 ) PNAS 95 : 14938 - 43 . In addition , GDF8 can modulate disorders beyond the positive effects on red blood cell 
the production of muscle - specific enzymes ( e . g . , creatine parameters . 
kinase ) and modulate myoblast cell proliferation . See , e . g . 65 Accordingly , the methods of the present disclosure , in 
international patent application publication no . Wo general , are directed to the use of one or more ActRII 
00 / 43781 . The GDF8 propeptide can noncovalently bind to antagonist agents described herein , optionally in combina 

ALI 



US 9 , 850 , 298 B2 
28 

tion with one or more supportive therapies , to increase in red et al . ( 1992 ) J Biol Chem , 267 : 21300 ; and Liboi et al . ( 1993 ) 
blood cell levels in a subject in need thereof , treat or prevent Proc Natl Acad Sci USA 90 : 11351 - 11355 ) . Some results 
an anemia in a subject in need thereof , and / or to treat or suggest that an accessory protein may be required for 
prevent one or more complications of anemia including , for mediation of the differentiation signal . See , e . g . , Chiba et al . 
example , ulcers , particularly cutaneous ulcers . 5 ( 1993 ) Nature 362 : 646 ; and Chiba et al . ( 1993 ) Proc Natl 

Furthermore , the data of the present disclosure indicates Acad Sci USA 90 : 11593 . However , there is controversy 
that the observed biological activity of an ActRII polypep - regarding the role of accessory proteins in differentiation 
tide , with respect to red blood cell parameters and ulcers , is since a constitutively activated form of the receptor can 
not dependent on activin A inhibition . However , it is to be stimulate both proliferation and differentiation . See , e . g . , 
noted that the unmodified ActRIIB polypeptide , which 10 Pharr et al . ( 1993 ) Proc Natl Acad Sci USA 90 : 938 . 
retains activin A binding , still demonstrates the capacity to EPO receptor activators include small molecule erythro 
increase red blood cells in vivo . Furthermore , an ActRIIB or poiesis - stimulating agents ( ESAs ) as well as EPO - based 
ActRIIA polypeptide that retains activin A inhibition may be compounds . An example of the former is a dimeric peptide 
better suited in some applications , in comparison to a GDF based agonist covalently linked to polyethylene glycol ( pro 
Trap having diminished binding affinity for activin A , where 15 prietary name HematideTM and Omontys® ) , which has 
more modest gains in red blood cell levels are desirable shown erythropoiesis - stimulating properties in healthy vol 
and / or where some level of off - target activity is acceptable unteers and in patients with both chronic kidney disease and 
( or even desirable ) . endogenous anti - EPO antibodies . See , e . g . , Stead et al . 

It should be noted that hematopoiesis is a complex ( 2006 ) Blood 108 : 1830 - 1834 ; and Macdougall et al . ( 2009 ) 
process , regulated by a variety of factors , including eryth - N Engl J Med 361 : 1848 - 1855 . Other examples include 
ropoietin , G - CSF and iron homeostasis . The terms “ increase 20 nonpeptide - based ESAs . See , e . g . , Qureshi et al . ( 1999 ) Proc 
red blood cell levels ” and “ promote red blood cell forma - Natl Acad Sci USA 96 : 12156 - 12161 . 
tion ” refer to clinically observable metrics , such as hema EPO receptor activators also include compounds that 
tocrit , red blood cell counts , and hemoglobin measurements , stimulate erythropoiesis indirectly , without contacting EPO 
and are intended to be neutral as to the mechanism by which receptor itself , by enhancing production of endogenous 
such changes occur . 25 EPO . For example , hypoxia - inducible transcription factors 
EPO is a glycoprotein hormone involved in the growth ( HIFs ) are endogenous stimulators of EPO gene expression 

and maturation of erythroid progenitor cells into erythro - that are suppressed ( destabilized ) under normoxic condi 
cytes . EPO is produced by the liver during fetal life and by tions by cellular regulatory mechanisms . Therefore , inhibi 
the kidney in adults . Decreased production of EPO , which tors of HIF prolyl hydroxylase enzymes are being investi 
commonly occurs in adults as a consequence of renal failure , 30 gated for EPO - inducing activity in vivo . Other indirect 
leads to anemia . EPO has been produced by genetic engi activators of EPO receptor include inhibitors of GATA - 2 
neering techniques based on expression and secretion of the transcription factor ( see , e . g . , Nakano et al . ( 2004 ) Blood 
protein from a host cell transfected with the EPO gene . 104 : 4300 - 4307 ) , which tonically inhibits EPO gene expres 
Administration of such recombinant EPO has been effective sion , and inhibitors of hemopoietic cell phosphatase ( HCP or 
in the treatment of anemia . For example , Eschbach et al . 35 SHP - 1 ) , which functions as a negative regulator of EPO 
( 1987 , N Engl J Med 316 : 73 ) describe the use of EPO to receptor signal transduction ( see , e . g . , Klingmuller et al . 
correct anemia caused by chronic renal failure . ( 1995 ) Cell 80 : 729 - 738 . 

Effects of EPO are mediated through its binding to , and The terms used in this specification generally have their 
activation of , a cell surface receptor belonging to the ordinary meanings in the art , within the context of this 
cytokine receptor superfamily and designated the EPO disclosure and in the specific context where each term is 
receptor . The human and murine EPO receptors have been 40 used . Certain terms are discussed below or elsewhere in the 
cloned and expressed . See , e . g . , D ' Andrea et al . ( 1989 ) Cell specification , to provide additional guidance to the practi 
57 : 277 ; Jones et al . ( 1990 ) Blood 76 : 31 ; Winkelman et al . tioner in describing the compositions and methods of the 
( 1990 ) Blood 76 : 24 ; and U . S . Pat . No . 5 , 278 , 065 . The disclosure and how to make and use them . The scope or 
human EPO receptor gene encodes a 483 amino acid trans meaning of any use of a term will be apparent from the 
membrane protein comprising an extracellular domain of 45 specific context in which they are used . 
approximately 224 amino acids and exhibits approximately “ Homologous , ” in all its grammatical forms and spelling 
82 % amino acid sequence identity with the murine EPO variations , refers to the relationship between two proteins 
receptor . See , e . g . , U . S . Pat . No . 6 , 319 , 499 . The cloned , that possess a “ common evolutionary origin , " including 
full - length EPO receptor expressed in mammalian cells proteins from superfamilies in the same species of organism , 
( 66 - 72 kDa ) binds EPO with an affinity ( K ) = 100 - 300 nM ) 50 as well as homologous proteins from different species of 
similar to that of the native receptor on erythroid progenitor organism . Such proteins ( and their encoding nucleic acids ) 
cells . Thus , this form is thought to contain the main EPO have sequence homology , as reflected by their sequence 
binding determinant and is referred to as the EPO receptor . similarity , whether in terms of percent identity or by the 
By analogy with other closely related cytokine receptors , the presence of specific residues or motifs and conserved posi 
EPO receptor is thought to dimerize upon agonist binding . ss tions . 
Nevertheless , the detailed structure of the EPO receptor , The term " sequence similarity , ” in all its grammatical 
which may be a multimeric complex , and its specific mecha forms , refers to the degree of identity or correspondence 
nism of activation are not completely understood . See , e . g . , between nucleic acid or amino acid sequences that may or 
U . S . Pat . No . 6 , 319 , 499 . may not share a common evolutionary origin . 

Activation of the EPO receptor results in several biologi However , in common usage and in the instant application , 
cal effects . These include increased proliferation of imma - 60 the term “ homologous , " when modified with an adverb such 
ture erythroblasts , increased differentiation of immature as " highly . ” may refer to sequence similarity and may or 
erythroblasts , and decreased apoptosis in erythroid progeni may not relate to a common evolutionary origin . 
tor cells . See , e . g . , Liboi et al . ( 1993 ) Proc Natl Acad Sci “ Percent ( % ) sequence identity ” with respect to a refer 
USA 90 : 11351 - 11355 ; Koury et al . ( 1990 ) Science 248 : 378 - ence polypeptide ( or nucleotide ) sequence is defined as the 
381 . The EPO receptor signal transduction pathways medi - 65 percentage of amino acid residues ( or nucleic acids ) in a 
ating proliferation and differentiation appear to be distinct . candidate sequence that are identical to the amino acid 
See , e . g . , Noguchi et al . ( 1988 ) Mol Cell Biol 8 : 2604 ; Patel residues ( or nucleic acids ) in the reference polypeptide 



US 9 , 850 , 298 B2 
29 30 

( nucleotide ) sequence , after aligning the sequences and other types of GDF - ActRII antagonist are expected to be 
introducing gaps , if necessary , to achieve the maximum useful including , for example , anti - GDF11 antibodies ; anti 
percent sequence identity , and not considering any conser GDF8 antibodies ; anti - ActRIIA antibodies ; anti - ActRIIB 
vative substitutions as part of the sequence identity . Align antibodies ; antisense , RNAi , or ribozyme nucleic acids that 

inhibit the production of one or more of GDF11 , GDF8 , ment for purposes of determining percent amino acid 5 ActRIIA , and / or ActRIIB ; and other inhibitors ( e . g . , small sequence identity can be achieved in various ways that are molecule inhibitors ) of one or more of GDF11 , GDF8 , within the skill in the art , for instance , using publicly ActRIIA , and / or ActRIIB , particularly agents that disrupt 
available computer software such as BLAST , BLAST - 2 , GDF11 - and / or GDF8 - ACTRIIA binding and / or GDF11 
ALIGN or Megalign ( DNASTAR ) software . Those skilled and / or GDF8 - ActRIIB binding as well as agents that inhibit 
in the art can determine appropriate parameters for aligning 10 expression of one or more of GDF11 , GDF8 , ActRIIA , 
sequences , including any algorithms needed to achieve and / or ActRIIB . Optionally , GDF - ActRII antagonists of the 
maximal alignment over the full length of the sequences present disclosure may bind to and / or inhibit the activity ( or 
being compared . For purposes herein , however , % amino expression of other ActRII ligands including , for example , 
acid ( nucleic acid ) sequence identity values are generated activin A , activin AB , activin B , activin C , activin E , BMP , 
using the sequence comparison computer program ALIGN BMP7 , and / or Nodal . Optionally , a GDF - ActRII antagonist 
2 . The ALIGN - 2 sequence comparison computer program of the present disclosure may be used in combination with 
was authored by Genentech , Inc . , and the source code has at least one additional ActRII antagonist agent that binds to 
been filed with user documentation in the U . S . Copyright and / or inhibits the activity ( or expression ) of one or more 
Office , Washington D . C . , 20559 , where it is registered under additional ActRII ligands including , for example , activin A , 

activin AB , activin B , activin C , activin E , BMP6 , BMP7 , U . S . Copyright Registration No . TXU510087 . The 20 and / or Nodal . In some embodiments , ActRII antagonists to ALIGN - 2 program is publicly available from Genentech , 20 be used in accordance with the methods disclosed herein do Inc . , South San Francisco , Calif . , or may be compiled from not substantially bind to and / or inhibit activin A ( e . g . , activin the source code . The ALIGN - 2 program should be compiled A - mediated activation of ActRIIA and / or ActRIIB signaling 
for use on a UNIX operating system , including digital UNIX transduction , such as SMAD 2 / 3 signaling ) . 
V4 . OD . All sequence comparison parameters are set by the A . ActRII polypeptides and GDF Traps 
ALIGN - 2 program and do not vary . In certain aspects , the present disclosure relates to ActRII 
As used herein " does not substantially bind to X ” is polypeptides . In particular , the disclosure provides methods 

intended to mean that an agent has a K , that is greater than of using ActRII polypeptides to , e . g . , treat or prevent an 
about 10 - 7 , 10 - " , 10 - 5 , 10 - 4 or greater ( e . g . , no detectable anemia in a subject in need thereof and / or treat or prevent 
binding by the assay used to determine the KD ) for “ X ” . one or more complication of anemia including , for example , 
2 . ActRII Antagonist 30 cutaneous ulcers . As used herein the term “ ActRII ” refers to 

The data presented herein demonstrates that antagonists the family of type II activin receptors . This family includes 
( inhibitors ) of ActRII ( e . g . , antagonist of ActRIIA and / or both the activin receptor type IIA and the activin receptor 
ActRIIB SMAD 2 / 3 and / or SMAD 1 / 5 / 8 signaling ) can be an be type IIB . In some embodiments , the disclosure provides 
used in increasing red blood cell levels in vivo . In particular , methods of using ActRII polypeptides to treat an anemia in 

a subject in need thereof and / or treat one or more compli such ActRII antagonists are shown herein to be effective in 25 35 cations of anemia including , for example , cutaneous ulcers , treating various anemias as well as various complications in a subject having anemia . In some embodiments , the ( e . g . , disorders / conditions ) of anemia including , for disclosure provides methods of using ActRII polypeptides to example , cutaneous ulcers . Accordingly , the present disclo prevent an anemia in a subject in need thereof and / or prevent sure provides , in part , various ActRII antagonist agents that one or more complications of anemia including , for 
can be used , alone or in combination with one or more 10 example , cutaneous ulcers in a subject having anemia . In erythropoiesis stimulating agents ( e . g . , EPO ) or other sup some embodiments , the ActRII polypeptides are ActRIIA 
portive therapies ( e . g . , treatment with hydroxyurea , blood polypeptides . In some embodiments , the ActRII polypep 
transfusion , iron chelation therapy , and / or pain management tides are ActRIIB polypeptides . 
( e . g . , treatment with one or more of opioid analgesic agents , As used herein , the term “ ActRIIB ” refers to a family of 
non - steroidal anti - inflammatory drugs , and / or corticoster - activin receptor type IIB ( ActRIIB ) proteins from any spe 
oids ) ] , to treat or prevent an anemia in a subject in need 45 cies and variants derived from such ActRIIB proteins by 
thereof and / or to treat or prevent a cutaneous ulcer in a mutagenesis or other modification . Reference to ActRIIB 
patient that has anemia . herein is understood to be a reference to any one of the 

In certain embodiments , the ActRII antagonists to be used currently identified forms . Members of the ActRIIB family 
in accordance with the methods disclosed herein are GDF are generally transmembrane proteins , composed of a 
ActRII antagonists ( e . g . , antagonists of GDF - mediated 50 ligand - binding extracellula sts of GDF - mediated so ligand - binding extracellular domain comprising a cysteine 
ActRIIA and / or ActRIIB signaling transduction , such as rich region , a transmembrane domain , and a cytoplasmic 

domain with predicted serine / threonine kinase activity . SMAD 2 / 3 signaling ) , particularly GDF11 - and / or GDF8 The term " ActRIIB polypeptide ” includes polypeptides mediated ActRII signaling . In some embodiments , ActRII comprising any naturally occurring polypeptide of an antagonists of the present disclosure are soluble ActRII ActRIIB family member as well as any variants thereof polypeptides ( e . g . , soluble ActRIIA and ActRIIB polypep - 55 pep . 55 ( including mutants , fragments , fusions , and peptidomimetic 
tides ) and GDF Trap polypeptides , such as ActRIIA - Fc forms ) that retain a useful activity . Examples of such variant 
fusion proteins , ActRIIB - Fc fusion proteins , and GDF Trap ActRIIA polypeptides are provided throughout the present 
Fc fusion proteins . disclosure as well as in International Patent Application 

Although soluble ActRII polypeptides and GDF Trap Publication No . WO 2006 / 012627 , which is incorporated 
polypeptides of the disclosure may affect red blood cell herein by reference in its entirety . Optionally , ActRIIB 
levels and / or cutaneous ulcers through a mechanism other 60 polypeptides of the present disclosure can be used to 
than GDF ( e . g . GDF11 and / or GDF8 ) antagonism ?e . g . , increase red blood cell levels in a subject . Numbering of 
GDF11 and / or GDF8 inhibition may be an indicator of the amino acids for all ActRIIB - related polypeptides described 
tendency of an agent to inhibit the activities of a spectrum herein is based on the numbering of the human ActRIIB 
of additional agents , including , perhaps , other members of precursor protein sequence provided below ( SEQ ID NO : 1 ) , 
the TGF - beta superfamily ( e . g . , activin B , activin C , activin 65 unless specifically designated otherwise . 
E , BMP6 , BMP7 , and / or Nodal ) and such collective inhi The human ActRIIB precursor protein sequence is as 
bition may lead to the desired effect on , e . g . , hematopoiesis ] , follows : 
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1 
( SEQ ID NO : 1 ) 

MTAPWVALAL LWGSLCAGS + EEG RGEAETRECI YYNANWELER T 
NNQSGLERCE 

51 GEQDKRLHCY ASWRNSSGTI ELVKKGCWLD DFNCYDRQEC VATEENPQVY 
101 FCCCEGNFCN ERFTHLPEAG GPEVTYEPPP TAPTLLTVLA YSLLPIGGLS 

151 LIVLLAFWMY RHRKPPYGHV DIHEDPGPPP PSPLVGLKPL QLLEIKARGR 
201 FGCVWKAQLM NDFVAVKIFP LQDKOSWOSE REIFSTPGMK HENLLQFIAA 

251 EKRGSNLEVE LWLITAFHDK GSLTDYLKGN IITWNELCHV AETMSRGLSY 
301 LHEDVPWCRG EGHKPSIAHR DFKSKNULLK SDLTAVLADF GLAVRFEPGK 
351 PPGDTHGQVG TRRYMAPEVL EGAINFORDA FLRIDMYAMG LVLWELVSRC 
401 KAADGPVDEY MLPFEEEIGO HPSLEELQEV VVHKKMRPTI KDHWLKHPGL 

451 AQLCVTIEEC WDHDAEARLS AGCVEERVSL IRRSVNGTTS DCLVSLVTSV 
501 TNVDLPPKES SI 

The signal peptide is indicated with single underlined ; the 
extracellular domain is indicated in bold font ; and the ( SEQ ID NO : 3 ) 

GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRLHCYASWRNSSGT potential , endogenous N - linked glycosylation sites are indi 
cated with double underline . 25 IELVKKGCWLDDFNCYDRQECVATEENPQVYFCCCEGNFCNERFTHLPE 

The processed soluble ( extracellular ) human ActRIIB A . 
polypeptide sequence is as follows : 

A form of ActRIIB with an alanine at position 64 of SEQ 
ID NO : 1 ( A64 ) is also reported in the literature . See , e . g . , 

( SEQ ID NO : 2 ) 30 Hilden et al . ( 1994 ) Blood , 83 ( 8 ) : 2163 - 2170 . Applicants 
GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRLHCYASWRNSSGT have ascertained that an ActRIIB - Fc fusion protein com 

prising an extracellular domain of ActRIIB with the A64 
IELVKKGCWLDDFNCYDROECVATEENPOVYFCCCEGNFCNERFTHLPEA substitution has a relatively low affinity for activin and 

GDF11 . By contrast , the same ActRIIB - Fc fusion protein 
GGPEVTYEPPPTAPT . 35 with an arginine at position 64 ( R64 ) has an affinity for 

activin and GDF11 in the low nanomolar to high picomolar 
In some embodiments , the protein may be produced with range . Therefore , sequences with an R64 are used as the 

an “ SGR . . . ” sequence at the N - terminus . The C - terminal " wild - type ” reference sequence for human ActRIIB in this 
" tail ” of the extracellular domain is indicated by single disclosure . 
underline . The sequence with the “ tail ” deleted ( a A15 The form of ActRIIB with an alanine at position 64 is as 
sequence ) is as follows : follows : 

( SEQ ID NO : 4 ) 
1 MTAPWVALAL LWGSLCAGSG RGEAETRECI YYNANWELER TNQSGLERCE 

51 GEQDKRLHCY ASWANSSGTI ELVKKGCWLD DFNCYDRQEC VATEENPQVY 

101 FCCCEGNFCN ERFTHLPEAG GPEVTYEPPP TAPTLLTVLA YSLLPIGGLS 

151 LIVLLAFWMY RHRKPPYGHV DIHEDPGPPP PSPLVGLKPL QLLEIKARGR 

201 FGCVWKAOLM NDFVAVKIFP LODKOSWOSE REIFSTPGMK HENLLOFIAA 

251 EKRGSNLEVE LWLITAFHDK GSLTDYLKGN IITWNELCHV AETMSRGLSY 

301 LHEDVPWCRG EGHKPSIAHR DFKSKNVLLK SDLTAVLADF GLAVRFEPGK 

351 PPGDTHGQVG TRRYMAPEVL EGAINFORDA FLRIDMYAMG LVLWELVSRC 

401 KAADGPVDEY MLPFEEEIGQ HPSLEELQEV WHKKMRPTI KDHWLKHPGL 

451 AOLCVTIEEC WDHDAEARLS AGCVEERVSL IRRSVNGTTS DCLVSLVTSV 

501 TNVDLPPKES SI . 
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The signal peptide is indicated by single underline and the 
extracellular domain is indicated by bold font . 

The processed soluble ( extracellular ) ActRIIB polypep 
tide sequence of the alternative A64 form is as follows : 

( SEQ ID NO : 6 ) 
GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRLHCYASWANSSGT 

IELVKKGCWLDDFNCYDROECVATEENPOVYFCCCEGNFCNERFTHLPE 

( SEO ID NO : 5 ) 
GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRLHCYASWANSSGT A . 
I ELVKKGCWLDDFNCYDRQECVATEENPQVYFCCCEGNFCNERFTHLPEA 

10 
GGPEVTYEPPPTAPT . 

In some embodiments , the protein may be produced with 
an “ SGR . . . ” sequence at the N - terminus . The C - terminal 
" tail ” of the extracellular domain is indicated by single 
underline . The sequence with the " tail ” deleted ( a A15 
sequence ) is as follows : 

The nu The nucleic acid sequence encoding a human ActRIIB 
precursor protein is shown below ( SEQ ID NO : 7 ) , consist 
ing of nucleotides 25 - 1560 of Genbank Reference Sequence 
NM _ 001106 . 3 , which encode amino acids 1 - 513 of the 
ActRIIB precursor . The sequence as shown provides an 
arginine at position 64 and may be modified to provide an 
alanine instead . The signal sequence is underlined . 

( SEQ ID NO : 7 ) 
1 ATGAcccccc ccTGGGTGGc ccTccccc?c CTCTGGGGAT CGCTGTGCGC 

51 CGGCTCTGGG CGTGGGGAGG CTGAGACACG GGAGTGCATC TACTACAACG 

101 CCAACTGGGA GCTGGAGCGC ACCAACCAGA GCGGCCTGGA GCGCTGCGAA 
151 GGCGAGCAGG ACAAGCGGCT GCACTGCTAC GCCTccTGGc GCAACAGC?? 

201 TGGCACCATC GAGCTCGTGA AGAAGGGCTG CTGGCTAGAT GACTTCAACT 

251 GCTACGATAG GCAGGAGTGT GTGGCCACTG AGGAGAACCC CCAGGTGTAC 
301 TTCTGCTGCT GTGAAGGCAA CTTCTGCAAC GAACGCTTCA CTCATTTGCC 

351 AGAGGCTGGG GGCCCGGAAG TCACGTACGA GCCACCCCCG ACAGCCCCCA 

401 cccTGCTCAC GGTGCTGGcc TACTCACTGC TGCCCATCGG GGGCCT???? 
451 CTCATCGTcc TGCTGGCC?? ??GGATGTAC CGGCATCGCA Accccccc?? 
501 CGGTCATGTG GACATCCATG AGGACCCTGG GCCTCCACCA CCATCCCCTC 
551 TGGTGGGCCT GAAGCCACTG CAGCTGCTGG AGATCAAGGC TCGGGGGCGC 
601 TTTGGCTGTG TCTGGAAGGC CCAGCTCATG AATGACTTTG TAGCTGTCAA 

651 GATCTTCCCA CTCCAGGACA AGCAGTCGTG GCAGAGTGAA CGGGAGATCT 
701 ?????????c TGGCATGAAG CACGAGAAcc TGCTACAGTT CATTGCTGCC 
751 GAGAAGCGAG GCTCCAACCT CGAAGTAGAG ??GTGGCTCA TCACGGCCTT 

801 cCATGACAAG GGCTcccTCA CGGATTACCT CAAGGGG??? ?????????? 
851 GGAACGAACT GTGTCATGTA GCAGAGACGA TGTCACGAGG ?c???????? 
901 CTGCATGAGG ATGTGC?CTG GTGCCGTGGC GAGGGCCACA AGCCGTC??? 

951 TaccCACAGG GACTTTAAAA GTAAGAATGT ATTGCTGAAG AGCGACCTCA 
1001 CAGCCGTGCT GGCTGACTTT GGCTIGGCTG TTCGATTTGA GccAGGGAAA 

1051 CCTCCAGGGG ACACCCACGG ACAGGTAGGC ACGAGACGGT ACATGGCTCC 
1101 TGAGGTGCTC GAGGGAGCCA TCAACTICCA GAGAGATC?? ?????GCGCA 
1151 TTGACATGTA TGCCATGGGG TTGGTGCTGT GGGAGCTTGT GTCTCGCTGC 

1201 AAGGCTGCAG ACGGACCCGT GGATGAGTAC ATGCTGCCCT TTGAGGAAGA 

1251 GATTGGCCAG CACCCTTCGT TGGAGGAGCT GCAGGAGGTG GTGGTGCACA 
1301 AGAAGATGAG GCCCACCATT AAAGATCACT GGTTGAAACA CCCGGGCCTG 

1351 ccccAGCTTT GTGTGACCAT CGAGGAGTGC TGGGACCATG ATGCAGAGGC 

1401 TCGCTTGTCC GCGGGCTGTG TGGAGGAGCG GGTGTCCCTG ATTCGGAGGT 
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- continued 
1451 CGGTCAACGG CACTACCTCG GACTGTCTCG TTTCCCTGGT GACCTCTGTC 
1501 ACCAATGTGG ACCTGCCCCC TAAAGAGTCA AGCATC . 

5 
A nucleic acid sequence encoding processed soluble ( ex 

tracellular ) human ActRIIB polypeptide is as follows ( SEQ 
ID NO : 8 ) . The sequence as shown provides an arginine at 
position 64 and may be modified to provide an alanine 
instead . 

( SEQ ID NO : 9 ) 
1 MGAAAKLAFA VFLISCSSGA ILGRSETQEC LFFNANWEKD 
RTNQTGVEPC 

10 51 YGDKDKRRHC FATWKNISGS IEIVKQGCWL DDINCYDRTD 
CVEKKDSPEV 

20 

25 35 

30 

101 YFCCCEGNMC NEKFSYFPEM EVTOPTSNPV TPKPPYYNIL 
( SEO ID NO : 8 ) LYSLVPLMLI 

1 GGGCGTGGGG AGGCTGAGAC ACGGGAGTGC ATCTACTACA 
AccccAACTG 15 151 AGIVICAFWV YRHHKMAYPP VLVPTODPGP PPPSPLLGLK 

PLQLLEVKAR 51 GGAGCTGGAG CGCACCAACC AGAGCGGCCT GGAGCGCTGC 
GAAGGCGAGC 201 GRFGCVWKAQ LLNEYVAVKI FPIQDKQSWQ NEYEVYSLPG 

MKHENILOFI 101 AGGACAAGCG ccTGCACTac TACGC????? GGCGCAACAG 
????GGCAcc 251 GAEKRGTSVD VDLWLITAFH EKGSLSDFLK ANVVSWELC 

HIAETMARGL 151 ATCGAGCTCG TGAAGAAGGG CTGCTGGCTA GATGACTTCA 
ACTGCTACGA 301 AYLHEDIPGL KDGHKPAISH RDIKSKNVLL KNNLTACIAD 

FGLALKFEAG 201 TAGGCAGGAG TGTGTGGCCA CTGAGGAGAA CCCCCAGGTG 
?????????? 351 KSAGDTHGOV GTRRYMAPEV LEGAINFORD AFLRIDMYAM 

25 GLVLWELASR 
251 GCTGTGAAGG CAACT???GC AACGAAcGcT TCACTCATTT 

GCCAGAGGCT 401 CTAADGPVDE YMLPFEEEIG QHPSLEDMQE VVVHKKKRPV 
LRDYWOKHAG 301 GGGGGCCCGG AAGTCACGTA CGAGCCACCC CCGACAGCCC 

????? . 451 MAMLCETIEE CWDHDAEARL SAGCVGERIT OMORL TNIIT 
30 TEDIVTVVTM 

In certain embodiments , the present disclosure relates to 
ActRIIA polypeptides . As used herein , the term “ ActRIIA ” 501 VTNVDFPPKE SSL 
refers to a family of activin receptor type IIA ( ActRIIA ) The signal peptide is indicated by single underline ; the 
proteins from any species and variants derived from such extracellular domain is indicated in bold font ; and the 
ActRIIA proteins by mutagenesis or other modification . 35 potential , endogenous N - linked glycosylation sites are indi 
Reference to ActRIIA herein is understood to be a reference cated by double underline . 
to any one of the currently identified forms . Members of the The processed soluble ( extracellular ) human ActRIIA 
ActRIIA family are generally transmembrane proteins , com - polypeptide sequence is as follows : 
posed of a ligand - binding extracellular domain comprising a 
cysteine - rich region , a transmembrane domain , and a cyto 
plasmic domain with predicted serine / threonine kinase ( SEQ ID NO : 10 ) 

ILGRSETQECLFFNANWEKDRTNQTGVEPCYGDKDKRRHCFATWKNIS activity . 
The term “ ActRIIA polypeptide ” includes polypeptides GSIEIVKQGCWLDDINCYDRTDCVEKKDSPEVYFCCCEGNMCNEKFSY 

comprising any naturally occurring polypeptide of an 45 FPE urally occurg polypeptide 01 a 45 FPEMEVTQPTSNPVTPKPP 
ActRIIA family member as well as any variants thereof 
( including mutants , fragments , fusions , and peptidomimetic The C - terminal “ tail ” of the extracellular domain is indi 
forms ) that retain a useful activity . Examples of such variant cated by single underline . The sequence with the " tail ” 
ActRIIA polypeptides are provided throughout the present deleted ( a A15 sequence ) is as follows : 
disclosure as well as in International Patent Application 50 
Publication No . WO 2006 / 012627 , which is incorporated 

( SEO ID NO : 11 ) herein by reference in its entirety . Optionally , ActRIIA ILGRSETOECLFFNANWEKDRTNOTGVEPCYGDKDKRRHCFATWKNIS polypeptides of the present disclosure can be used to 
increase red blood cell levels in a subject . Numbering of GSIEIVKOGCWLDDINCYDRTDCVEKKDSPEVYFCCCEGNMCNEKFSY 
amino acids for all ActRIIA - related polypeptides described 55 
herein is based on the numbering of the human ActRIIA 
precursor protein sequence provided below ( SEQ ID NO : 9 ) , The nucleic acid sequence encoding human ActRIIA unless specifically designated otherwise . precursor protein is shown below ( SEQ ID NO : 12 ) , as 

The human ActRIIA precursor protein sequence is as follows nucleotides 159 - 1700 of Genbank Reference 
follows : NM 001616 . 4 . The signal sequence is underlined . 

???? 

( SEQ ID NO : 12 ) 
atgggagctg ctgcaaagtt ggcgtttgcc gtctttctta tctcctgtto 1 

51 ttcaggtgct atacttggta gatcagaaac tcaggagtgt cttttcttta 



US 9 , 850 , 298 B2 
38 

- continued 
101 atgctaattg ggaaaaagac agaaccaatc aaactggtgt tgaaccgtgt 

151 tatggtgaca aagataaacg goggcattgt tttgctacct ggaagaatat 
201 ttctggttcc attgaaatag tgaaacaagg ttgttggctg gatgatatca 
251 actgctatga caggactgat tgtgtagaaa aaaaagacag ccctgaagta 
301 tatttttgtt gctgtgaggg caatatgtgt aatgaaaagt tttcttattt 

351 tccggagatg gaagtcacac agcccacttc aaatccagtt acacctaagc 
401 caccctatta caacatcctg ctctattcct tggtgccact tatgttaatt 

451 gcggggattg tcatttgtgc attttgggtg tacaggcatc acaagatggc 
501 ctaccctcct gtacttgttc caactcaaga cccaggacca cccccacctt 

551 ctccattact aggtttgaaa ccactgcagt tattagaagt gaaagcaagg 
601 ggaagatttg gttgtgtctg gaaagcccag ttgcttaacg aatatgtggc 
651 tgtcaaaata tttccaatac aggacaaaca gtcatggcaa aatgaatacg 
701 aagtctacag tttgcctgga atgaagcatg agaacatatt acagttcatt 

751 ggtgcagaaa aacgaggcac cagtgttgat gtggatcttt ggctgatcac 
801 agcatttcat gaaaagggtt cactatcaga ctttcttaag gctaatgtgg 
851 tctcttggaa tgaactgtgt catattgcag aaaccatgac tagaggattg 
901 gcatatttac atgaggatat acctggccta aaagatggcc acaaacctgc 

951 catatctcac agggacatca aaagtaaaaa tgtgctgttg aaaaacaacc 
1001 tgacagcttg cattgctgac tttgggttgg ccttaaaatt tgaggctggc 
1051 aagtctgcag gcgataccca tggacaggtt ggtacccgga ggtacatggc 

1101 tccagaggta ttagagggtg ctataaactt ccaaagggat gcatttttga 

1151 ggatagatat gtatgccatg ggattagtcc tatgggaact ggcttctcgc 

1201 tgtactgctg cagatggacc tgtagatgaa tacatgttgc catttgagga 
1251 ggaaattggc cagcatccat ctcttgaaga catgcaggaa gttgttgtgc 
1301 ataaaaaaaa gaggcctgtt ttaagagatt attggcagaa acatgctgga 

1351 atggcaatgc tctgtgaaac cattgaagaa tgttgggatc acgacgcaga 
1401 agccaggtta tcagctggat gtgtaggtga aagaattacc cagatgcaga 
1451 gactaacaaa tattattacc acagaggaca ttgtaacagt ggtcacaatg 
1501 gtgacaaatg ttgactttcc tcccaaagaa tctagtcta 

The nucleic acid sequence encoding processed soluble 
( extracellular human ActRIIA polypeptide is as follows : 

- continued 
50 251 gctgtgaggg caatatgtgt aatgaaaagt tttcttattt 

tccggagatg 
( SEO ID NO : 13 ) 

1 atacttggta gatcagaaac tcaggagtgt cttttcttta 
atgctaattg 

301 gaagt cacac agcccacttc aaatccagtt acacctaagc 
caccc . 

51 ggaaaaagac agaaccaatc aaactggtgt tgaaccgtgt 
tatggtgaca 

101 aagataaacg gcggcattgt tttgctacct ggaagaatat 
ttctggttcc 

An alignment of the amino acid sequences of human 
ActRIIB soluble extracellular domain and human ActRIIA 
soluble extracellular domain are illustrated in FIG . 1 . This 
alignment indicates amino acid residues within both recep 
tors that are believed to directly contact ActRII ligands . FIG . 

o 2 depicts a multiple sequence alignment of various verte 
brate ActRIIB proteins and human ActRIIA . From these 
alignments is it possible to predict key amino acid positions 
within the ligand - binding domain that are important for 
normal ActRII - ligand binding activities as well as to predict 

65 amino acid positions that are likely to be tolerant to substi 
tution without significantly altering normal ActRII - ligand 
binding activities . 

151 attgaaatag tgaaacaagg ttgttggctg gatgatatca 
actgctatga 

201 caggactgat tgtgtagaaa aaaaagacag ccctgaagta 
tatttttgtt 
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In other aspects , the present disclosure relates to GDF embodiments , a GDF Trap polypeptide of the present dis 
Trap polypeptides ( also referred to as “ GDF Traps ” ) . In closure has diminished binding affinity for activin A . 
particular , the disclosure provides methods of using GDF For example , the disclosure provides GDF Trap polypep 
Trap polypeptides to , e . g . , treat or prevent an anemia in a tides that preferentially bind to and / or antagonize GDF8 / 
subject in need thereof , treat sickle cell disease in a subject 5 GDF11 relative to activin A . As demonstrated by the 
in need thereof and / or treat or prevent one or more compli - Examples of the disclosure , such GDF Trap polypeptides are 
cations of anemia including , for example , cutaneous ulcers . more potent activators of erythropoiesis in vivo in compari 
In some embodiments , the disclosure provides methods of son to ActRII polypeptides that retain high binding affinity 
using GDF Trap polypeptides to treat an anemia in a subject for activin A . Furthermore , these non - activin A - binding 
in need thereof and / or treat one or more complications of 10 GDF Traps polypeptides demonstrate decreased effects on 
anemia including , for example , cutaneous ulcers , in a sub - other tissues . Therefore , such GDF Traps may be useful for 
ject having anemia . In some embodiments , the disclosure increasing red blood cell levels in a subject while reducing 
provides methods of using GDF Trap polypeptides to pre - potential off - target effects associated with binding / antago 
vent an anemia in a subject in need thereof and / or prevent nizing activin A . However , such selective GDF Trap poly 
one or more complications of anemia including , for 15 peptides may be less desirable in some applications wherein 
example , cutaneous ulcers , in a subject having anemia . more modest gains in red blood cell levels may be needed 

In some embodiments , GDF Traps of the present disclo - for therapeutic effect and wherein some level of off - target 
sure are soluble , variant ActRII polypeptides ( e . g . , ActRIIA effect is acceptable ( or even desirable ) . 
and ActRIIB polypeptides ) that comprise one or more muta Amino acid residues of the ActRIIB proteins ( e . g . , E39 , 
tions ( e . g . , amino acid additions , deletions , substitutions , 20 K55 , Y60 , K74 , W78 , 179 , 180 , and F101 ) are in the 
and combinations thereof ) in the extracellular domain ( also ActRIIB ligand - binding pocket and help mediate binding to 
referred to as the ligand - binding domain ) of an ActRII its ligands including , for example , activin A , GDF11 , and 
polypeptide ( e . g . , a “ wild - type ” ActRII polypeptide ) such GDF8 . Thus the present disclosure provides GDF Trap 
that the variant ActRII polypeptide has one or more altered polypeptides comprising an altered - ligand binding domain 
ligand - binding activities than the corresponding wild - type 25 ( e . g . , a GDF8 / GDF11 - binding domain ) of an ActRIIB recep 
ActRII polypeptide . In some embodiments , GDF Trap poly - tor which comprises one or more mutations at those amino 
peptides of the present disclosure retain at least one similar acid residues . 
activity as a corresponding wild - type ActRII polypeptide Optionally , the altered ligand - binding domain can have 
( e . g . , an ActRIIA or ActRIIB polypeptide ) . For example , a increased selectivity for a ligand such as GDF11 and / or 
GDF Trap may bind to and / or inhibit ( e . g . antagonize ) the 30 GDF8 relative to a wild - type ligand - binding domain of an 
function of one or more ActRII ligands ( e . g . , inhibit ActRII ActRIIB receptor . To illustrate , one or more mutations may 
ligand - mediated activation of the ActRIIA and / or ActRIIB be selected that increase the selectivity of the altered ligand 
signaling transduction , such as SMAD 2 / 3 and / or SMAD binding domain for GDF11 and / or GDF8 over one or more 
1 / 5 / 8 signaling pathway ) . In some embodiments , GDF Traps activins ( activin A , activin B , activin AB , activin C , and / or 
of the present disclosure bind to and / or inhibit one or more 35 activin A ) , particularly activin A . Optionally , the altered 
of activin A , activin B , activin AB , activin C , activin E , ligand - binding domain has a ratio of K , for activin binding 
Nodal , GDF8 , GDF11 , BMP6 and / or BMP7 ) . to K , for GDF11 and / or GDF8 binding that is at least 2 - , 5 - , 

In certain embodiments , GDF Trap polypeptides of the 10 - , 20 - , 50 - , 100 - or even 1000 - fold greater relative to the 
disclosure have elevated binding affinity for one or more ratio for the wild - type ligand - binding domain . Optionally , 
specific ActRII ligands ( e . g . , GDF8 , GDF11 , BMP6 , Nodal , 40 the altered ligand - binding domain has a ratio of IC50 for 
and / or BMP7 ) . In other embodiments , GDF Trap polypep - inhibiting activin to IC50 for inhibiting GDF11 and / or GDF8 
tides of the disclosure have decreased binding affinity for that is at least 2 - , 5 - , 10 - , 20 , 50 - , 100 - or even 1000 - fold 
one or more specific ActRII ligands ( e . g . , activin A , activin greater relative to the wild - type ligand - binding domain . 
B , activin AB , activin C , and / or activin E ) . In still other Optionally , the altered ligand - binding domain inhibits 
embodiments , GDF Trap polypeptides of the disclosure have 45 GDF11 and / or GDF8 with an IC so at least 2 - , 5 - , 10 - , 20 - , 
elevated binding affinity for one or more specific ActRII 50 - , 100 - or even 1000 - times less than the IC50 for inhibiting 
ligands and decreased binding affinity for one or more activin . 
different / other ActRII ligands . Accordingly , the present dis - As a specific example , the positively - charged amino acid 
closure provides GDF Trap polypeptides that have an altered residue Asp ( D80 ) of the ligand - binding domain of ActRIIB 
binding specificity for one or more ActRII ligands . 50 can be mutated to a different amino acid residue to produce 

In certain embodiments , GDF Traps of the present dis - a GDF Trap polypeptide that preferentially binds to GDF8 , 
closure are designed to preferentially bind to and antagonize but not activin . Preferably , the D80 residue with respect to 
GDF11 and / or GDF8 ( also known as myostatin ) , e . g . , in SEQ ID NO : 1 is changed to an amino acid residue selected 
comparison to a wild - type ActRII polypeptide . Optionally , from the group consisting of : an uncharged amino acid 
such GDF11 and / or GDF8 - binding Traps may further bind 55 residue , a negative amino acid residue , and a hydrophobic 
to and / or antagonize one or more of Nodal , GDF8 , GDF11 , amino acid residue . As a further specific example , the 
BMP6 and / or BMP7 . Optionally , such GDF11 and / or hydrophobic residue L79 of SEO ID NO : 1 can be altered to 
GDF8 - binding Traps may further bind to and / or antagonize confer altered activin - GDF11 / GDF8 binding properties . For 
one or more of activin B , activin C , activin E , Nodal , GDF8 , example , an L79P substitution reduces GDF11 binding to a 
GDF11 , BMP6 and / or BMP7 . Optionally , such GDF11 60 greater extent than activin binding . In contrast , replacement 
and / or GDF8 - binding Traps may further bind to and / or of L79 with an acidic amino acid [ an aspartic acid or 
antagonize one or more of activin A , activin A / B , activin B , glutamic acid ; an L79D or an L79E substitution ] greatly 
activin C , activin E , Nodal , GDF8 , GDF11 , BMP6 and / or reduces activin A binding affinity while retaining GDF11 
BMP7 . In certain embodiments , GDF Traps of the present binding affinity . In exemplary embodiments , the methods 
disclosure have diminished binding affinity for activins ( e . g . , 65 described herein utilize a GDF Trap polypeptide which is a 
activin A , activin A / B , activin B , activin C , activin E ) , e . g . , variant ActRIIB polypeptide comprising an acidic amino 
in comparison to a wild - type ActRII polypeptide . In certain acid ( e . g . , D or E ) at the position corresponding to position 
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79 of SEQ ID NO : 1 , optionally in combination with one or and ActRIIB - based GDF Traps ending at 128 ( with respect 
more additional amino acid substitutions , additions , or dele to present SEQ ID NO : 1 ) or later should retain ligand 
tions . binding activity . ActRIIB polypeptides and ActRIIB - based 

As will be recognized by one of skill in the art , most of GDF Traps ending at or between 119 and 127 ( e . g . , 119 , 120 , 
the described mutations , variants or modifications described 5 121 , 122 , 123 , 124 , 125 , 126 , or 127 ) , with respect to SEQ 
herein may be made at the nucleic acid level or , in some ID NO : 1 , will have an intermediate binding ability . Any of 
cases , by post - translational modification or chemical syn - these forms may be desirable to use , depending on the 
thesis . Such techniques are well known in the art and some clinical or experimental setting . 
of which are described herein . At the N - terminus of ActRIIB , it is expected that a protein 

In certain embodiments , the present disclosure relates to 10 beginning at amino acid 29 or before ( with respect to present 
ActRII polypeptides ( ActRIIA and ActRIIB polypeptides ) SEQ ID NO : 1 ) will retain ligand - binding activity . Amino 
which are soluble ActRII polypeptides . As described herein , acid 29 represents the initial cysteine . An alanine - to - aspara 
the term " soluble ActRII polypeptide ” generally refers to gine mutation at position 24 ( with respect to present SEQ ID 
polypeptides comprising an extracellular domain of an NO : 1 ) introduces an N - linked glycosylation sequence with 
ActRII protein . The term “ soluble ActRII polypeptide , ” as 15 out substantially affecting ligand - binding . See , e . g . , U . S . 
used herein , includes any naturally occurring extracellular Pat . No . 7 , 842 , 663 . This confirms that mutations in the 
domain of an ActRII protein as well as any variants thereof region between the signal cleavage peptide and the cysteine 
( including mutants , fragments , and peptidomimetic forms ) cross - linked region , corresponding to amino acids 20 - 29 are 
that retain a useful activity ( e . g . , a GDF Trap polypeptide as well tolerated . In particular , ActRIIB polypeptides and 
described herein ) . Other examples of soluble ActRII poly - 20 ActRIIB - based GDF Traps beginning at position 20 , 21 , 22 , 
peptides comprise a signal sequence in addition to the 23 , and 24 ( with respect to present SEQ ID NO : 1 ) should 
extracellular domain of an ActRII or GDF Trap protein . For retain general ligand - biding activity , and ActRIIB polypep 
example , the signal sequence can be a native signal sequence tides and ActRIIB - based GDF Traps beginning at positions 
of an ActRIIA or ActRIIB protein , or a signal sequence from 25 , 26 , 27 , 28 , and 29 ( with respect to present SEQ ID NO : 
another protein including , for example , a tissue plasminogen 25 l ) are also expected to retain ligand - biding activity . Data 
activator ( TPA ) signal sequence or a honey bee melittin shown herein as well as in , e . g . , U . S . Pat . No . 7 , 842 , 663 
( HBM ) signal sequence . demonstrates that , surprisingly , an ActRIIB construct begin 

In part , the present disclosure identifies functionally - ning at 22 , 23 , 24 , or 25 will have the most activity . 
active portions and variants of ActRII polypeptides that can Taken together , an active portion ( e . g . , ligand - binding 
be used as guidance for generating and using ActRIIA 30 activity ) of ActRIIB comprises amino acids 29 - 109 of SEQ 
polypeptides , ActRIIB polypeptides , and GDF Trap poly - ID NO : 1 . Therefore ActRIIB polypeptides and ActRIIB 
peptides within the scope of the methods described herein . based GDF Traps of the present disclosure may , for example , 

ActRII proteins have been characterized in the art in terms comprise an amino acid sequence that is at least 80 % , 81 % , 
of structural and functional characteristics , particularly with 82 % , 83 % , 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 
respect to ligand - binding . See , e . g . , Attisano et al . ( 1992 ) 35 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % 
Cell 68 ( 1 ) : 97 - 108 ; Greenwald et al . ( 1999 ) Nature Struc - identical to a portion of ActRIIB beginning at a residue 
tural Biology 6 ( 1 ) : 18 - 22 ; Allendorph et al . ( 2006 ) PNAS corresponding to amino acids 20 - 29 ( e . g . , beginning at 
103 ( 20 : 7643 - 7648 ; Thompson et al . ( 2003 ) The EMBO amino acid 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , or 29 ) of SEQ 
Journal 22 ( 7 ) : 1555 - 1566 ; and U . S . Pat . Nos . 7 , 709 , 605 , ID NO : 1 and ending at a position corresponding to amino 
7 , 612 , 041 , and 7 , 842 , 663 . 40 acids 109 - 134 ( e . g . , ending at amino acid 109 , 110 , 111 , 112 , 

For example , Attisano et al . showed that a deletion of the 113 , 114 , 115 , 116 , 117 , 118 , 119 , 120 , 121 , 122 , 123 , 124 , 
proline knot at the C - terminus of the extracellular domain of 125 , 126 , 127 , 128 , 129 , 130 , 131 , 132 , 133 , or 134 ) of SEQ 
ActRIIB reduced the affinity of the receptor for activin . An ID NO : 1 . In some embodiments , ActRIIB - based GDF Trap 
ActRIIB - Fc fusion protein containing amino acids 20 - 119 of polypeptides of the present disclosure do not comprise or 
present SEQ ID NO : 1 , " ActRIIB ( 20 - 119 ) - Fc ” , has reduced 45 consist of amino acids 29 - 109 of SEQ ID NO : 1 . Other 
binding to GDF - 11 and activin relative to an ActRIIB ( 20 - examples include polypeptides that begin at a position from 
134 ) - Fc , which includes the proline knot region and the 20 - 29 ( e . g . , position 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , or 29 ) 
complete juxtamembrane domain . See , e . g . , U . S . Pat . No . or 21 - 29 ( e . g . , position 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , or 29 ) 
7 , 842 , 663 . However , an ActRIIB ( 20 - 129 ) - Fc protein retains and end at a position from 119 - 134 ( e . g . , 119 , 120 , 121 , 122 , 
similar but somewhat reduced activity relative to the wild - 50 123 , 124 , 125 , 126 , 127 , 128 , 129 , 130 , 131 , 132 , 133 , or 
type , even though the proline knot region is disrupted . Thus , 134 ) , 119 - 133 ( e . g . , 119 , 120 , 121 , 122 , 123 , 124 , 125 , 126 , 
ActRIIB extracellular domains that stop at amino acid 134 , 127 , 128 , 129 , 130 , 131 , 132 , or 133 ) , 129 - 134 ( e . g . , 129 , 
133 , 132 , 131 , 130 and 129 ( with respect to present SEQ ID 130 , 131 , 132 , 133 , or 134 ) , or 129 - 133 ( e . g . , 129 , 130 , 131 , 
NO : 1 ) are all expected to be active , but constructs stopping 132 , or 133 ) of SEQ ID NO : 1 . Other examples include 
at 134 or 133 may be most active . Similarly , mutations at 55 constructs that begin at a position from 20 - 24 ( e . g . , 20 , 21 , 
any of residues 129 - 134 ( with respect to SEQ ID NO : 1 ) are 22 , 23 , or 24 ) , 21 - 24 ( e . g . , 21 , 22 , 23 , or 24 ) , or 22 - 25 ( e . g . , 
not expected to alter ligand - binding affinity by large mar - 22 , 22 , 23 , or 25 ) and end at a position from 109 - 134 ( e . g . , 
gins . In support of this , mutations of P129 and P130 ( with 109 , 110 , 111 , 112 , 113 , 114 , 115 , 116 , 117 , 118 , 119 , 120 , 
respect to SEQ ID NO : 1 ) do not substantially decrease 121 , 122 , 123 , 124 , 125 , 126 , 127 , 128 , 129 , 130 , 131 , 132 , 
ligand binding . Therefore , an ActRIIB polypeptide or an 60 133 , or 134 ) , 119 - 134 ( e . g . , 119 , 120 , 121 , 122 , 123 , 124 , 
ActRIIB - based GDF Trap polypeptide of the present disclo - 125 , 126 , 127 , 128 , 129 , 130 , 131 , 132 , 133 , or 134 ) or 
sure may end as early as amino acid 109 ( the final cysteine ) , 129 - 134 ( e . g . , 129 , 130 , 131 , 132 , 133 , or 134 ) of SEQ ID 
however , forms ending at or between 109 and 119 ( e . g . , 109 , NO : 1 . Variants within these ranges are also contemplated , 
110 , 111 , 112 , 113 , 114 , 115 , 116 , 117 , 118 , or 119 ) are particularly those having at least 80 % , 81 % , 82 % , 83 % , 
expected to have reduced ligand binding . Amino acid 119 65 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , 93 % , 
( with respect to present SEQ ID NO : 1 ) is poorly conserved 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % identity to the 
and so is readily altered or truncated . ActRIIB polypeptides corresponding portion of SEQ ID NO : 1 . In some embodi 



44 
US 9 , 850 , 298 B2 

43 
ments , the ActRIIB polypeptides and ActRIIB - based GDF changes , including polar residues , such as E , D , K , R , H , S , 
Traps comprise a polypeptide having an amino acid T , P , G , Y and probably A . T93 is a Kin Xenopus , indicating 
sequence that is at least 80 % , 81 % , 82 % 83 % 84 % , 85 % , that a wide structural variation is tolerated at this position , 
86 % , 87 % , 88 % , 89 % , 90 % , 91 % 92 % 93 % , 94 % , 95 % , with polar residues favored , such as S , K , R , E , D , H , G , P , 
96 % , 97 % , 98 % , 99 % , or 100 % identical to amino acid 5 G and Y . F108 is a Y in Xenopus , and therefore Y or other 
residues 25 - 131 of SEQ ID NO : 1 . In certain embodiments , hydrophobic group , such as I , V or L should be tolerated . 
ActRIIB - based GDF Trap polypeptides do not comprise or E111 is K in Xenopus , indicating that charged residues will 
consist of amino acids 25 - 131 of SEQ ID NO : 1 . be tolerated at this position , including D , R , K and H , as well 

The disclosure includes the results of an analysis of as Q and N . R112 is K in Xenopus , indicating that basic 
composite ActRIIB structures , shown in FIG . 1 , demonstrat - 10 residues are tolerated at this position , including R and H . A 
ing that the ligand - binding pocket is defined , in part , by at position 119 is relatively poorly conserved , and appears as 
residues Y31 , N33 , N35 , L38 through T41 , E47 , E50 , Q53 P in rodents and V in Xenopus , thus essentially any amino 
through K55 , L57 , H58 , Y60 , S62 , K74 , W78 through N83 , acid should be tolerated at this position . 
Y85 , R87 , A92 , and E94 through F101 . At these positions . It has been previously demonstrated that the addition of a 
it is expected that conservative mutations will be tolerated , 15 further N - linked glycosylation site ( N - X - S / T ) is well - toler 
although a K74A mutation is well - tolerated , as are R40A , ated relative to the ActRIIB ( R64 ) - Fc form . See , e . g . , U . S . 
K55A , F82A and mutations at position L79 . R40 is a K in Pat . No . 7 , 842 , 663 . Therefore . N - X - S / T sequences may be 
Xenopus , indicating that basic amino acids at this position generally introduced at positions outside the ligand binding 
will be tolerated . Q53 is R in bovine ActRIIB and K in pocket defined in FIG . 1 in ActRIIB polypeptide and 
Xenopus ActRIIB , and therefore amino acids including R , 20 ActRIIB - based GDF Traps of the present disclosure . Par 
K , Q , N and H will be tolerated at this position . Thus , a ticularly suitable sites for the introduction of non - endog 
general formula for an ActRIIB polypeptide and ActRIIB - enous N - X - S / T sequences include amino acids 20 - 29 , 20 - 24 , 
based GDF Trap polypeptide of the disclosure is one that 22 - 25 , 109 - 134 , 120 - 134 or 129 - 134 ( with respect to SEQ 
comprises an amino acid sequence that is at least 80 % , 81 % , ID NO : 1 ) . N - X - S / T sequences may also be introduced into 
82 % 83 % , 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 25 the linker between the ActRIIB sequence and an Fc domain 
92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % or other fusion component . Such a site may be introduced 
identical to amino acids 29 - 109 of SEQ ID NO : 1 , optionally with minimal effort by introducing an N in the correct 
beginning at a position ranging from 20 - 24 ( e . g . , 20 , 21 , 22 , position with respect to a pre - existing S or T , or by intro 
23 , or 24 ) or 22 - 25 ( e . g . , 22 , 23 , 24 , or 25 ) and ending at a ducing an S or Tat a position corresponding to a pre - existing 
position ranging from 129 - 134 ( e . g . , 129 , 130 , 131 , 132 , 30 N . Thus , desirable alterations that would create an N - linked 
133 , or 134 ) , and comprising no more than 1 , 2 , 5 , 10 or 15 glycosylation site are : A24N , R64N , S67N ( possibly com 
conservative amino acid changes in the ligand - binding bined with an N65A alteration ) , E105N , R112N , G120N , 
pocket , and zero , one or more non - conservative alterations E123N , P129N , A132N , R112S and R112T ( with respect to 
at positions 40 , 53 , 55 , 74 , 79 and / or 82 in the ligand - binding SEQ ID NO : 1 ) . Any S that is predicted to be glycosylated 
pocket . Sites outside the binding pocket , at which variability 35 may be altered to a T without creating an immunogenic site , 
may be particularly well tolerated , include the amino and because of the protection afforded by the glycosylation . 
carboxy termini of the extracellular domain ( as noted Likewise , any T that is predicted to be glycosylated may be 
above ) , and positions 42 - 46 and 65 - 73 ( with respect to SEQ altered to an S . Thus the alterations S67T and S44T ( with 
ID NO : 1 ) . An asparagine to alanine alteration at position 65 respect to SEQ ID NO : 1 ) are contemplated . Likewise , in an 
( N65A ) actually improves ligand - binding in the A64 back - 40 A24N variant , an S26T alteration may be used . Accordingly , 
ground , and is thus expected to have no detrimental effect on an ActRIIB polypeptide and ActRIIB - based GDF Trap poly 
ligand - binding in the R64 background . See , e . g . , U . S . Pat . peptide of the present disclosure may be a variant having one 
No . 7 , 842 , 663 . This change probably eliminates glycosy - or more additional , non - endogenous N - linked glycosylation 
lation at N65 in the A64 background , thus demonstrating consensus sequences as described above . 
that a significant change in this region is likely to be 45 The variations described herein may be combined in 
tolerated . While an R64A change is poorly tolerated , R64K various ways . Additionally , the results of the mutagenesis 
is well - tolerated , and thus another basic residue , such as H program described herein indicate that there are amino acid 
may be tolerated at position 64 . See , e . g . , U . S . Pat . No . positions in ActRIIB that are often beneficial to conserve . 
7 , 842 , 663 . With respect to SEQ ID NO : 1 , these include position 64 

ActRIIB is well - conserved across nearly all vertebrates , 50 ( basic amino acid ) , position 80 ( acidic or hydrophobic 
with large stretches of the extracellular domain conserved amino acid ) , position 78 ( hydrophobic , and particularly 
completely . Many of the ligands that bind to ActRIIB are tryptophan ) , position 37 ( acidic , and particularly aspartic or 
also highly conserved . Accordingly , comparisons of glutamic acid ) , position 56 ( basic amino acid ) , position 60 
ActRIIB sequences from various vertebrate organisms pro - ( hydrophobic amino acid , particularly phenylalanine or tyro 
vide insights into residues that may be altered . Therefore , an 55 sine ) . Thus , in the ActRIIB polypeptides and ActRIIB - based 
active , human ActRIIB variant polypeptide and ActRIIB GDF Traps disclosed herein , the disclosure provides a 
based GDF Trap useful in accordance with the presently framework of amino acids that may be conserved . Other 
disclosed methods may include one or more amino acids at positions that may be desirable to conserve are as follows : 
corresponding positions from the sequence of another ver - position 52 ( acidic amino acid ) , position 55 ( basic amino 
tebrate ActRIIB , or may include a residue that is similar to 60 acid ) , position 81 ( acidic ) , 98 ( polar or charged , particularly 
that in the human or other vertebrate sequence . The follow - E , D , R or K ) , all with respect to SEQ ID NO : 1 . 
ing examples illustrate this approach to defining an active general formula for an active ( e . g . , ligand binding ) 
ActRIIB variant . L46 is a valine in Xenopus ActRIIB , and so ActRIIA polypeptide is one that comprises a polypeptide 
this position may be altered , and optionally may be altered that starts at amino acid 30 and ends at amino acid 110 of 
to another hydrophobic residue , such as V , I or F , or a 65 SEQ ID NO : 9 . Accordingly , ActRIIA polypeptides and 
non - polar residue such as A . E52 is a Kin Xenopus , ActRIIA - based GDF Traps of the present disclosure may 
indicating that this site may be tolerant of a wide variety of comprise a polypeptide that is at least 80 % , 81 % , 82 % , 83 % , 
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84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % 92 % , 93 % 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % identical 
94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % identical to to an amino acid sequence selected from SEQ ID NOs : 1 , 2 , 
amino acids 30 - 110 of SEQ ID NO : 9 . In some embodiments , 3 , 4 , 5 , 6 , 29 , 31 , and 49 . 
ActRIIA - based GDF Traps of the present disclosure do not In some embodiments , a GDF Trap polypeptide of the 
comprise or consist of amino acids 30 - 110 of SEO ID NO : 9 . 5 present disclosure is a variant ActRIIB polypeptide com 
Optionally , ActRIIA polypeptides and ActRIIA - based GDF prising an amino acid sequence that is at least 75 % identical 
Trap polypeptides of the present disclosure comprise a to an amino acid sequence selected from SEQ ID NOs : 1 , 2 , 
polypeptide that is at least 80 % , 81 % , 82 % 83 % , 84 % , 85 % , 3 , 4 , 5 , 6 , 29 , 30 , 31 , 36 , 37 , 38 , 41 , 44 , 45 , 49 , 50 , and 51 . 
86 % , 87 % , 88 % , 89 % , 90 % , 91 % 92 % , 93 % , 94 % , 95 % , In certain embodiments , the GDF Trap comprises an amino 
96 % , 97 % , 98 % , 99 % , or 100 % identical to amino acids 10 acid sequence that is at least 80 % , 81 % , 82 % , 83 % , 84 % , 

85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % 92 % , 93 % , 94 % , amino acids 12 - 82 of SEQ ID NO : 9 optionally beginning at 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % identical to an amino a position ranging from 1 - 5 ( e . g . , 1 , 2 , 3 , 4 , or 5 ) or 3 - 5 ( e . g . , acid sequence selected from SEQ ID NOs : 1 , 2 , 3 , 4 , 5 , 6 , 3 , 4 , or 5 ) and ending at a position ranging from 110 - 116 29 , 30 , 31 , 36 , 37 , 38 , 41 , 44 , 45 , 49 , 50 , and 51 . In certain ( e . g . , 110 , 111 , 112 , 113 , 114 , 115 , or 116 ) or 110 - 115 ( e . g . , 1 ( e . g . , TTV , 111 , 112 , 113 , 114 , 113 , or 110 ) or 110 - 11 10 . 8 . , 15 embodiments , the GDF Trap comprises an amino acid 110 , 111 , 112 , 113 , 114 , or 115 ) , respectively , and compris sequence that is at least 80 % , 81 % , 82 % 83 % , 84 % , 85 % , 
ing no more than 1 , 2 , 5 , 10 or 15 conservative amino acid 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 
changes in the ligand binding pocket , and zero , one or more 96 % , 97 % , 98 % , 99 % , or 100 % identical to an amino acid 
non - conservative alterations at positions 40 , 53 , 55 , 74 , 79 sequence selected from SEQ ID NOs : 1 , 2 , 3 , 4 , 5 , 6 , 29 , 30 , 
and / or 82 in the ligand - binding pocket with respect to SEQ 20 31 , 36 , 37 , 38 , 41 , 44 , 45 , 49 , 50 , and 51 , wherein the 
ID NO : 9 . position corresponding to L79 of SEQ ID NO : 1 , 4 , or 49 is 

In certain embodiments , functionally active fragments of an acidic amino acids ( a D or E amino acid residue ) . In 
ActRII polypeptides ( e . g . ActRIIA and ActRIIB polypep certain embodiments , the GDF Trap consists essentially of , 
tides ) and GDF Trap polypeptides of the present disclosure or consists of , an amino acid sequence that at least 80 % , 
can be obtained by screening polypeptides recombinantly 25 81 % , 82 % , 83 % , 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 
produced from the corresponding fragment of the nucleic 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % 
acid encoding an ActRII polypeptide or GDF Trap polypep - identical to an amino acid sequence selected from SEQ ID 
tide ( e . g . , SEQ ID NOs : 7 , 8 , 12 , 13 , 27 , 32 , 39 , 40 , 42 , 46 , NOs : 36 , 37 , 38 , 41 , 44 , 45 , 50 , and 51 . In certain embodi 
and 48 ) . In addition , fragments can be chemically synthe ments , the GDF Trap does not comprise or consists of an 
sized using techniques known in the art such as conventional 30 ongl 30 amino acid sequence selected from SEQ ID NOs : 1 , 2 , 3 , 4 , 
Merrifield solid phase f - Moc or t - Boc chemistry . The frag 5 , 6 , 29 , and 31 . 
ments can be produced ( recombinantly or by chemical In some embodiments , a GDF Trap polypeptide of the 

present disclosure is a variant ActRIIA polypeptide com synthesis ) and tested to identify those peptidyl fragments prising an amino acid sequence that is at least 75 % identical that can function as antagonists ( inhibitors ) of ActRII recep - 35 to an amino acid sequence selected from SEQ ID NOs : 9 , 10 , tors and / or one or more ActRII ligands ( e . g . , GDF11 , GDF8 , 11 , 22 , 26 , 28 , 29 , and 31 . In certain embodiments , the GDF activin A , activin B , activin AB , activin C , activin E , BMP , Trap comprises an amino acid sequence that is at least 80 % , 
BMP7 , and / or Nodal ) . 81 % , 82 % , 83 % , 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 

In some embodiments , an ActRIIA polypeptide of the 91 % 92 % 93 % 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % 
present disclosure is a polypeptide comprising an amino acid 40 identical to an amino acid sequence selected from SEQ ID 
sequence that is at least 75 % identical to an amino acid NOs : 9 , 10 , 11 , 22 , 26 , 28 , 29 , and 31 . In certain embodi 
sequence selected from SEQ ID NOs : 9 , 10 , 11 , 22 , 26 , and ments , the GDF Trap consists essentially of , or consists of , 
28 . In certain embodiments , the ActRIIA polypeptide com an amino acid sequence that at least 80 % , 81 % , 82 % , 83 % , 
prises an amino acid sequence that is at least 80 % , 81 % 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % 92 % , 93 % , 
82 % 83 % , 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 45 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % identical to an 
92 % , 93 % , 94 % , 95 % , 96 % , 97 % . 98 % , 99 % , or 100 % amino acid sequence selected from SEQ ID NOs : 9 , 10 , 11 , 
identical to an amino acid sequence selected from SEO ID 22 , 26 , 28 , 29 , and 31 . In certain embodiments , the GDF 
NOs : 9 , 10 , 11 , 22 , 26 , and 28 . In certain embodiments , the Trap does not comprise or consists of an amino acid 
ActRIIA polypeptide consists essentially of , or consists of , sequence selected from SEQ ID NOs : 9 , 10 , 11 , 22 , 26 , 28 , 
an amino acid sequence that is at least 80 % , 81 % , 82 % , 50 29 , and 31 . 
83 % . 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % 92 % , In some embodiments , the present disclosure contem 
93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % identical plates making functional variants by modifying the structure 
to an amino acid sequence selected from SEQ ID NOs : 9 , 10 , of an ActRII polypeptide ( e . g . and ActRIIA or ActRIIB 
11 , 22 , 26 , and 28 . polypeptide ) or a GDF Trap for such purposes as enhancing 

In some embodiments , an ActRIIB polypeptide of the 55 therapeutic efficacy , or stability ( e . g . , shelf - life and resis 
present disclosure is a polypeptide comprising an amino acid tance to proteolytic degradation in vivo ) . Variants can be 
sequence that is at least 75 % identical to an amino acid produced by amino acid substitution , deletion , addition , or 
sequence selected from SEQ ID NOs : 1 , 2 , 3 , 4 , 5 , 6 , 29 , 31 , combinations thereof . For instance , it is reasonable to expect 
and 49 . In certain embodiments , the ActRIIB polypeptide that an isolated replacement of a leucine with an isoleucine 
comprises an amino acid sequence that is at least 80 % , 81 % , 60 or valine , an aspartate with a glutamate , a threonine with a 
82 % , 83 % , 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , serine , or a similar replacement of an amino acid with a 
92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % structurally related amino acid ( e . g . , conservative mutations ) 
identical to an amino acid sequence selected from SEQ ID will not have a major effect on the biological activity of the 
NOs : 1 , 2 , 3 , 4 , 5 , 6 , 29 , 31 , and 49 . In certain embodiments , resulting molecule . Conservative replacements are those that 
the ActRIIB polypeptide consists essentially of , or consists 65 take place within a family of amino acids that are related in 
of , an amino acid sequence that is at least 80 % , 81 % , 82 % , their side chains . Whether a change in the amino acid 
83 % , 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , sequence of a polypeptide of the disclosure results in a 
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functional homolog can be readily determined by assessing ActRII polypeptides and GDF Trap polypeptides may be 
the ability of the variant polypeptide to produce a response screened for ability to bind to an ActRII receptor , to prevent 
in cells in a fashion similar to the wild - type polypeptide , or binding of an ActRII ligand ( e . g . , GDF11 , GDF8 , activin A , 
to bind to one or more ligands , such as GDF11 , activin A , activin B , activin AB , activin C , activin E , BMP7 , BMP6 , 
activin B , activin AB , activin C , activin E , GDF8 , BMP6 , 5 and / or Nodal ) to an ActRII polypeptide , or to interfere with 
and BMP7 , as compared to the unmodified or a wild - type signaling caused by an ActRII ligand . 
polypeptide . The activity of an ActRII polypeptides or GDF Trap 

In certain embodiments , the present disclosure contem - polypeptides may also be tested in a cell - based or in vivo 
plates specific mutations of ActRII polypeptides and GDF assay . For example , the effect of an ActRII polypeptide or 
Trap polypeptides of the present disclosure so as to alter the 10 GDF Trap polypeptide on the expression of genes involved 
glycosylation of the polypeptide . Such mutations may be in hematopoiesis may be assessed . This may , as needed , be 
selected so as to introduce or eliminate one or more glyco - performed in the presence of one or more recombinant 
sylation sites , such as O - linked or N - linked glycosylation ActRII ligand proteins ( e . g . , GDF11 , GDF8 , activin A , 
sites . Asparagine - linked glycosylation recognition sites gen activin B , activin AB , activin C , activin E , BMP7 , BMP6 , 
erally comprise a tripeptide sequence , asparagine - X - threo - 15 and / or Nodal ) , and cells may be transfected so as to produce 
nine or asparagine - X - serine ( where “ X ” is any amino acid ) an ActRII polypeptide or GDF Trap polypeptide , and option 
which is specifically recognized by appropriate cellular ally , an ActRII ligand . Likewise , an ActRII polypeptide or 
glycosylation enzymes . The alteration may also be made by GDF Trap polypeptide may be administered to a mouse or 
the addition of , or substitution by , one or more serine or other animal , and one or more blood count measurements 
threonine residues to the sequence of the polypeptide ( for 20 ( e . g . , an RBC count , hemoglobin , or reticulocyte ) or cuta 
O - linked glycosylation sites ) . A variety of amino acid sub neous ulcer parameters may be assessed using art recognized 
stitutions or deletions at one or both of the first or third methods . 
amino acid positions of a glycosylation recognition site Combinatorial - derived variants can be generated which 
( and / or amino acid deletion at the second position ) results in have a selective or generally increased potency relative to a 
non - glycosylation at the modified tripeptide sequence . 25 reference ActRII polypeptide or GDF Trap polypeptide . 
Another means of increasing the number of carbohydrate Such variants , when expressed from recombinant DNA 
moieties on a polypeptide is by chemical or enzymatic constructs , can be used in gene therapy protocols . Likewise , 
coupling of glycosides to the polypeptide . Depending on the mutagenesis can give rise to variants which have intracel 
coupling mode used , the sugar ( s ) may be attached to ( a ) lular half - lives dramatically different than the corresponding 
arginine and histidine ; ( b ) free carboxyl groups ; ( c ) free 30 unmodified ActRII polypeptide or GDF Trap polypeptide . 
sulfhydryl groups such as those of cysteine ; ( d ) free For example , the altered protein can be rendered either more 
hydroxyl groups such as those of serine , threonine , or stable or less stable to proteolytic degradation or other 
hydroxyproline ; ( e ) aromatic residues such as those of cellular processes which result in destruction of , or other 
phenylalanine , tyrosine , or tryptophan ; or ( f ) the amide wise inactivation of an unmodified polypeptide . Such vari 
group of glutamine . Removal of one or more carbohydrate 35 ants , and the genes which encode them , can be utilized to 
moieties present on a polypeptide may be accomplished alter ActRII polypeptide or GDF Trap polypeptide levels by 
chemically and / or enzymatically . Chemical deglycosylation modulating the half - life of the polypeptide . For instance , a 
may involve , for example , exposure of a polypeptide to the short half - life can give rise to more transient biological 
compound trifluoromethanesulfonic acid , or an equivalent effects and , when part of an inducible expression system , can 
compound . This treatment results in the cleavage of most or 40 allow tighter control of recombinant ActRII polypeptide or 
all sugars except the linking sugar ( N - acetylglucosamine or GDF Trap polypeptide levels within the cell . In an Fc fusion 
N - acetylgalactosamine ) , while leaving the amino acid protein , mutations may be made in the linker ( if any ) and / or 
sequence intact . Enzymatic cleavage of carbohydrate moi - the Fc portion to alter the half - life of the protein . 
eties on polypeptides can be achieved by the use of a variety A combinatorial library may be produced by way of a 
of endo - and exo - glycosidases as described by Thotakura et 45 degenerate library of genes encoding a library of polypep 
al . [ Meth . Enzymol . ( 1987 ) 138 : 350 ] . The sequence of a tides which each include at least a portion of potential 
polypeptide may be adjusted , as appropriate , depending on ActRII or GDF Trap sequences . For instance , a mixture of 
the type of expression system used , as mammalian , yeast , synthetic oligonucleotides can be enzymatically ligated into 
insect , and plant cells may all introduce differing glycosy - gene sequences such that the degenerate set of potential 
lation patterns that can be affected by the amino acid 50 ActRII or GDF Trap polypeptide encoding nucleotide 
sequence of the peptide . In general , ActRII polypeptides and sequences are expressible as individual polypeptides , or 
GDF Trap polypeptides of the present disclosure for use in alternatively , as a set of larger fusion proteins ( e . g . , for 
humans may be expressed in a mammalian cell line that phage display ) . 
provides proper glycosylation , such as HEK293 or CHO cell There are many ways by which the library of potential 
lines , although other mammalian expression cell lines are 55 homologs can be generated from a degenerate oligonucle 
expected to be useful as well . otide sequence . Chemical synthesis of a degenerate gene 

This disclosure further contemplates a method of gener - sequence can be carried out in an automatic DNA synthe 
ating mutants , particularly sets of combinatorial mutants of sizer , and the synthetic genes can then be ligated into an 
ActRII polypeptides and GDF Trap polypeptides of the appropriate vector for expression . The synthesis of degen 
present disclosure , as well as truncation mutants . Pools of 60 erate oligonucleotides is well known in the art . See , e . g . , 
combinatorial mutants are especially useful for identifying Narang , S A ( 1983 ) Tetrahedron 39 : 3 ; Itakura et al . ( 1981 ) 
ActRII and GDF Trap sequences . The purpose of screening Recombinant DNA , Proc . 3rd Cleveland Sympos . Macro 
such combinatorial libraries may be to generate , for molecules , ed . AG Walton , Amsterdam : Elsevier pp 273 
example , polypeptides variants which have altered proper 289 ; Itakura et al . ( 1984 ) Annu . Rev . Biochem . 53 : 323 ; 
ties , such as altered pharmacokinetic or altered ligand bind - 65 Itakura et al . ( 1984 ) Science 198 : 1056 ; Ike et al . ( 1983 ) 
ing . A variety of screening assays are provided below , and Nucleic Acid Res . 11 : 477 . Such techniques have been 
such assays may be used to evaluate variants . For example , employed in the directed evolution of other proteins . See , 
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e . g . , Scott et al . , ( 1990 ) Science 249 : 386 - 390 ; Roberts et al . tic mechanisms for such post - translational activities and 
( 1992 ) PNAS USA 89 : 2429 - 2433 ; Devlin et al . ( 1990 ) may be chosen to ensure the correct modification and 
Science 249 : 404 - 406 ; Cwirla et al . , ( 1990 ) PNAS USA 87 : processing of the ActRII polypeptides or GDF Trap poly 
6378 - 6382 ; as well as U . S . Pat . Nos . 5 , 223 , 409 , 5 , 198 , 346 , peptides . 
and 5 , 096 , 815 ) . In certain aspects , ActRII polypeptides or GDF Trap 

Alternatively , other forms of mutagenesis can be utilized polypeptides of the present disclosure include fusion pro to generate a combinatorial library . For example , ActRII teins having at least a portion ( domain ) of an ActRII polypeptides or GDF Trap polypeptides of the present polypeptide ( e . g . , an ActRIIA or ActRIIB polypeptide ) or disclosure can be generated and isolated from a library by GDF Trap polypeptide and one or more heterologous por screening using , for example , alanine scanning mutagenesis 10 tions ( domains ) . Well known examples of such fusion [ see , e . g . , Ruf et al . ( 1994 ) Biochemistry 33 : 1565 - 1572 ; domains include , but are not limited to , polyhistidine , Glu Wang et al . ( 1994 ) J . Biol . Chem . 269 : 3095 - 3099 ; Balint et Glu , glutathione S transferase ( GST ) , thioredoxin , protein A , al . ( 1993 ) Gene 137 : 109 - 118 ; Grodberg et al . ( 1993 ) Eur . J . 
Biochem . 218 : 597 - 601 ; Nagashima et al . ( 1993 ) J . Biol . protein G , an immunoglobulin heavy chain Fc region , malt 
Chem . 268 : 2888 - 2892 : Lowman et al . ( 1991 ) Biochemistry 15 ose binding protein ( MBP ) , or human serum albumin . A 
30 : 10832 - 10838 ; and Cunningham et al . ( 1989 ) Science fusion domain may be selected so as to confer a desired 
244 : 1081 - 1085 ] , by linker scanning mutagenesis ( see , e . g . , property . For example , some fusion domains are particularly 
Gustin et al . ( 1993 ) Virology 193 : 653 - 660 ; and Brown et al . useful for isolation of the fusion proteins by affinity chro 
( 1992 ) Mol . Cell Biol . 12 : 2644 - 2652 ; McKnight et al . matography . For the purpose of affinity purification , relevant 
( 1982 ) Science 232 : 316 ) , by saturation mutagenesis [ see , 20 matrices for affinity chromatography , such as glutathione - , 
e . g . , Meyers et al . , ( 1986 ) Science 232 : 613 ] ; by PCR muta - amylase - , and nickel - or cobalt - conjugated resins are used . 
genesis ( see , e . g . , Leung et al . ( 1989 ) Method Cell Mol Biol Many of such matrices are available in “ kit ” form , such as 
1 : 11 - 19 ) ; or by random mutagenesis , including chemical the Pharmacia GST purification system and the QIAexpress 
mutagenesis ( see , e . g . , Miller et al . ( 1992 ) A Short Course in TMsystem ( Qiagen ) useful with ( HIS . ) ( SEQ ID NO : 66 ) 
Bacterial Genetics , CSHL Press , Cold Spring Harbor , N . Y . ; 25 fusion partners . As another example , a fusion domain may 
and Greener et al . ( 1994 ) Strategies in Mol Biol 7 : 32 - 34 ] . be selected so as to facilitate detection of the ligand Trap 
Linker scanning mutagenesis , particularly in a combinatorial polypeptides . Examples of such detection domains include 
setting , is an attractive method for identifying truncated the various fluorescent proteins ( e . g . , GFP ) as well as 
( bioactive ) forms of ActRII polypeptides . “ epitope tags , ” which are usually short peptide sequences 

A wide - range of techniques are known in the art for 30 for which a specific antibody is available . Well known 
screening gene products of combinatorial libraries made by epitope tags for which specific monoclonal antibodies are 
point mutations and truncations , and , for that matter , for readily available include FLAG , influenza virus haemagglu 
screening cDNA libraries for gene products having a certain tinin ( HA ) , and c - myc tags . In some cases , the fusion 
property . Such techniques will be generally adaptable for domains have a protease cleavage site , such as for Factor Xa 
rapid screening of the gene libraries generated by the 35 or Thrombin , which allows the relevant protease to partially 
combinatorial mutagenesis of ActRII polypeptides or GDF digest the fusion proteins and thereby liberate the recombi 
Trap polypeptides of the disclosure . The most widely used nant proteins therefrom . The liberated proteins can then be 
techniques for screening large gene libraries typically com - isolated from the fusion domain by subsequent chromato 
prises cloning the gene library into replicable expression graphic separation . In certain embodiments , an ActRII poly 
vectors , transforming appropriate cells with the resulting 40 peptide or a GDF Trap polypeptide is fused with a domain 
library of vectors , and expressing the combinatorial genes that stabilizes the polypeptide in vivo ( a " stabilizer ” 
under conditions in which detection of a desired activity domain ) . By “ stabilizing " is meant anything that increases 
facilitates relatively easy isolation of the vector encoding the serum half - life , regardless of whether this is because of 
gene whose product was detected . In some embodiments , decreased destruction , decreased clearance by the kidney , or 
assays include ActRII ligand ( e . g . , GDF11 , GDF8 , activin A , 45 other pharmacokinetic effect . Fusions with the Fc portion of 
activin B , activin AB , activin C , activin E , BMP7 , BMP , an immunoglobulin are known to confer desirable pharma 
and / or Nodal ) binding assays and / or ActRII ligand - mediated cokinetic properties on a wide range of proteins . Likewise , 
cell signaling assays . fusions to human serum albumin can confer desirable prop 

In certain embodiments , ActRII polypeptides or GDF erties . Other types of fusion domains that may be selected 
Trap polypeptides of the present disclosure may further 50 include multimerizing ( e . g . , dimerizing , tetramerizing ) 
comprise post - translational modifications in addition to any domains and functional domains ( that confer an additional 
that are naturally present in the ActRII ( e . g . , an ActRIIA or biological function , such as further stimulation of muscle 
ActRIIB polypeptide ) or GDF Trap polypeptide . Such modi - growth ) . 
fications include , but are not limited to , acetylation , car - In certain embodiments , the present disclosure provides 
boxylation , glycosylation , phosphorylation , lipidation , and 55 ActRII or GDF Trap fusion proteins comprising an immu 
acylation . As a result , the ActRII polypeptide or GDF Trap noglobulin Fc domain . In some embodiments , the immuno 
polypeptide may contain non - amino acid elements , such as globulin Fc domain is a mammalian immunoglobulin 
polyethylene glycols , lipids , polysaccharide - or mono - sac domain . In some embodiments , the immunoglobulin Fc 
charide , and phosphates . Effects of such non - amino acid domain is a human immunoglobulin domain . In some 
elements on the functionality of a ligand Trap polypeptide 60 embodiments , the immunoglobulin Fc domain is a mouse 
may be tested as described herein for other ActRII or GDF immunoglobulin domain . In certamin embodiments , the 
Trap variants . When a polypeptide of the disclosure is immunoglobulin Fc domain is an IgA , IgD , IgE , IgG , or IgM 
produced in cells by cleaving a nascent form of the poly - Fc domain . In certain embodiments , the immunoglobulin Fc 
peptide , post - translational processing may also be important domain is an IgG , IgG , IgGz , IgG4 , IgA1 , or IgA , Fc 
for correct folding and / or function of the protein . Different 65 domain . In some embodiments , the immunoglobulin Fe 
cells ( e . g . , CHO , HeLa , MDCK , 293 , W138 , NIH - 3T3 or domain is a human IgG1 Fc domain , or a human IgG2 Fc 
HEK293 ) have specific cellular machinery and characteris - domain . 
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In certain embodiments , the present disclosure provides 
ActRII or GDF Trap fusion proteins comprising the follow 
ing IgG1 Fc domain sequence : 

( SEO ID NO : 14 ) 
1 THTCPPCPAP ELLGGPSVFL FPPKPKDTLM ISRTPEVTCV 
VVDVSHEDPE 

51 VKFNWYVDGV EVHNAKTKPR EEQYNSTYRV VSVLTVLHOD 
WLNGKEYKCK 

It is understood that different elements of the fusion 
proteins may be arranged in any manner that is consistent 
with the desired functionality . For example , an ActRII 
polypeptide domain or GDF Trap polypeptide domain may 

5 be placed C - terminal to a heterologous domain , or alterna 
tively , a heterologous domain may be placed C - terminal to 
an ActRII polypeptide domain or GDF Trap polypeptide 
domain . The ActRII polypeptide domain or GDF Trap 
polypeptide domain and the heterologous domain need not 
be adjacent in a fusion protein , and additional domains or 
amino acid sequences may be included C - or N - terminal to 
either domain or between the domains . 

For example , an ActRII or GDF Trap fusion protein may 
15 comprises an amino acid sequence as set forth in the formula 

A - B - C . The B portion corresponds to an ActRII polypeptide 
domain or a GDF Trap polypeptide domain . The A and C 
portions may be independently zero , one or more than one 
amino acids , and both the A and C portions when present are 
heterologous to B . The A and / or C portions may be attached 

101 VSNKALPVPI EKTISKAKGO PREPOVYTLP PSREEMTKNO 
VSLTCLVKGF 

151 YPSDIAVEWE SNGQPENNYK TTPPVLDSDG SFFLYSKLTV 
DKSRWOOGNV 

201 FSCSVMHEAL HNHYTOKSLS LSPGK . 

In other embodiments , the present disclosure provides 
ActRII or GDF Trap fusion proteins comprising the follow 
ing variants of the IgG1 Fe domain : 

( SEQ ID NO : 64 ) 
1 THTCPPCPAP ELLGGPSVFL FPPKPKDTLM ISRTPEVTCV VVDVSHEDPE 

51 VKFNWYVDGV EVHNAKTKPR EEQYNSTYRV VSVLTVLHQD WLNGKEYKCK 

101VSNKALPAPI EKTISKAKGQ PREPQVYTLP PSREEMTKNO VSLTCLVKGF 

151 YPSDIAVEWE SNGOPENNYK TTPPVLDSDG SFFLYSKLTV DKSRWQQGNV 

201FSCSVMHEAL HNHYTOKSLS LSPGK 

( SEO ID NO : 15 ) 
1 THTCPPCPAP ELLGGPSVFL FPPKPKDTLM ISRTPEVTCV VVD ( A ) VSHEDPE 

51 VKFNWYVDGV EVHNAKTKPR EEQYNSTYRV VSVLTVLHQD WLNGKEYKCK ( A ) 
101VSNKALPVPI EKTISKAKGQ PREPOVYTLP PSREEMTKNO VSLTCLVKGF 

151 YPSDIAVEWE SNGQPENNYK TTPPVLDSDG PFFLYSKLTV DKSRWOQGNV 
201FSCSVMHEAL HN ( A ) HYTOKSLS LSPGK . 

40 
Optionally , the IgG1 Fc domain has one or more muta - to the B portion via a linker sequence . Exemplary linkers are 

tions at residues such as Asp - 265 , lysine 322 , and Asn - 434 . include short polypeptide linkers such as 2 - 10 , 2 - 5 , 2 - 4 , 2 - 3 
In certain cases , the mutant IgG1 Fc domain having one or glycine residues ( SEQ ID NO : 67 , such as , for example , a 
more of these mutations ( e . g . , Asp - 265 mutation ) has Gly - Gly - Gly linker . Other suitable linkers are described 
reduced ability of binding to the Fcy receptor relative to a 45 herein above [ e . g . , a TGGG linker ( SEQ ID NO : 53 ) ] . In 
wild - type Fe domain . In other cases , the mutant Fc domain certain embodiments , an ActRII or GDF Trap fusion protein 
having one or more of these mutations ( e . g . , Asn - 434 comprises an amino acid sequence as set forth in the formula 
mutation ) has increased ability of binding to the MHC class A - B - C , wherein A is a leader ( signal ) sequence , B consists 
I - related Fc - receptor ( FcRN ) relative to a wild - type IgG1 Fc of an ActRII or GDF polypeptide domain , and C is a 
domain . 50 polypeptide portion that enhances one or more of in vivo 

In certain other embodiments , the present disclosure pro stability , in vivo half - life , uptake / administration , tissue 
vides ActRII or GDF trap fusion proteins comprising vari localization or distribution , formation of protein complexes , 
ants of the IgG2 Fc domain , including the following : and / or purification . In certain embodiments , an ActRII or 

GDF Trap fusion protein comprises an amino acid sequence 
55 as set forth in the formula A - B - C , wherein A is a TPA leader 

( SEO ID NO : 65 ) sequence , B consists of an ActRII or GDF polypeptide 1 VECPPCPAPP VAGPSVFLFP PKPKDTLMIS RTPEVTCWV 
DVSHEDPEVO domain , and C is an immunoglobulin Fc domain . In some 

embodiments , fusion proteins comprise the amino acid 
51 FNWYVDGVEV HNAKTKPREE QFNSTFRVVS VLTVVHQDWL sequences set forth in any one of SEQ ID NOs : 22 , 26 , 29 , 

NGKEYKCKVS 60 31 , 36 , 38 , 41 , 44 , and 51 . 
101 NKGLPAPIEK TISKTKGQPR EPOVYTLPPS REEMTKNOVS In certain embodiments , ActRII polypeptides or GDF 

LTCLVKGFYP Trap polypeptides of the present disclosure contain one or 
more modifications that are capable of stabilizing the poly 151 SDIAVEWESN GQPENNYKTT PPMLDSDGSF FLYSKLTVDK peptides . For example , such modifications enhance the in SRWQQGNVFS 65 vitro half - life of the polypeptides , enhance circulatory half 

201 CSVMHEALHN HYTOKSLSLS PGK life of the polypeptides , and / or reduce proteolytic degrada 
tion of the polypeptides . Such stabilizing modifications 
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include , but are not limited to , fusion proteins ( including , for bodies disclosed herein ( e . g . , an anti - activin A antibody , an 
example , fusion proteins comprising an ActRII polypeptide anti - activin B antibody , an anti - activin C antibody , an anti 
domain or a GDF Trap polypeptide domain and a stabilizer activin E antibody , an anti - GDF11 antibody , an anti - GDF8 
domain ) , modifications of a glycosylation site ( including , for antibody , an anti - BMP6 antibody , an anti - BMP7 antibody , 
example , addition of a glycosylation site to a polypeptide of 5 an anti - ActRIIA antibody , and / or or an anti - ActRIIB anti 
the disclosure ) , and modifications of carbohydrate moiety body ) ; iv ) one or more small molecule ActRII antagonists 
( including , for example , removal of carbohydrate moieties disclosed herein ( e . g . , a small molecule antagonist of one or 
from a polypeptide of the disclosure ) . As used herein , the more of GDF11 , GDF8 , activin A , activin B , activin AB , 
term “ stabilizer domain ” not only refers to a fusion domain activin C , activin E , BMP6 , BMP7 , Nodal , ActRIIA , and / or 
( e . g . , an immunoglobulin Fc domain ) as in the case of fusion 10 ActRIIB ) ; v ) one or more of the polynucleotide ActRII 
proteins , but also includes nonproteinaceous modifications antagonists disclosed herein ( e . g . , a polynucleotide antago 
such as a carbohydrate moiety , or nonproteinaceous moiety , nist of one or more of GDF11 , GDF8 , activin A , activin B , 
such as polyethylene glycol . activin AB , activin C , activin E , BMP , BMP7 . Nodal , 

In some embodiments , ActRII polypeptides and GDF ActRIIA , and / or ActRIIB ) ; vi ) one or more follistatin poly 
Traps to be used in accordance with the methods described 15 peptides disclosed herein ; and / or vii ) one or more FLRG 
herein are isolated polypeptides . As used herein , an isolated polypeptides disclosed herein . 
protein or polypeptide is one which has been separated from Similarly , any of the GDF Traps disclosed herein can be 
a component of its natural environment . In some embodi combined with one or more additional ActRII antagonist 
ments , a polypeptide of the disclosure is purified to greater agents of the disclosure to achieve the desired effect ( e . g . , 
than 95 % , 96 % , 97 % , 98 % , or 99 % purity as determined by , 20 treat or prevent an anemia , treat or prevent one or more 
for example , electrophoretic ( e . g . , SDS - PAGE , isoelectric complications of anemia such as cutaneous ulcers , etc . ) . In 
focusing ( IEF ) , capillary electrophoresis ) or chromato - some embodiments , the desired effect is treating one or more 
graphic ( e . g . , ion exchange or reverse phase HPLC ) . Meth - complications of anemia such as cutaneous ulcers . In some 
ods for assessment of antibody purity are well known in the embodiments , the desired effect is preventing one or more 
art . See , e . g . , Flatman et al . , ( 2007 ) J . Chromatogr . B 25 complications of anemia such as cutaneous ulcers . For 
848 : 79 - 87 . example , a GDF Trap disclosed herein can be used in 

In certain embodiments , ActRII polypeptides and GDF combination with i ) one or more additional GDF Traps 
Traps of the disclosure can be produced by a variety of disclosed herein , ii ) one or more ActRII polypeptides dis 
art - known techniques . For example , polypeptides of the closed herein ( e . g . , ActRIIA or ActRIIB polypeptides ) dis 
disclosure can be synthesized using standard protein chem - 30 closed herein ; iii ) one or more ActRII antagonist antibodies 
istry techniques such as those described in Bodansky , M . disclosed herein ( e . g . , an anti - activin A antibody , an anti 
Principles of Peptide Synthesis , Springer Verlag , Berlin activin B antibody , an anti - activin C antibody , an anti 
( 1993 ) and Grant G . A . ( ed . ) , Synthetic Peptides : A User ' s activin E antibody , an anti - GDF11 antibody , an anti - GDF8 
Guide , W . H . Freeman and Company , New York ( 1992 ) . In antibody , an anti - BMP6 antibody , an anti - BMP7 antibody , 
addition , automated peptide synthesizers are commercially 35 an anti - ActRIIA antibody , and / or or an anti - ActRIIB anti 
available ( see , e . g . , Advanced ChemTech Model 396 ; Mil - body ) ; iv ) one or more small molecule ActRII antagonists 
ligen / Biosearch 9600 ) . Alternatively , the polypeptides of the disclosed herein ( e . g . , a small molecule antagonist of one or 
disclosure , including fragments or variants thereof , may be more of GDF11 , GDF8 , activin A , activin B , activin AB , 
recombinantly produced using various expression systems activin C , activin E , BMP6 , BMP7 , Nodal , ActRIIA , and / or 
( e . g . , E . coli , Chinese Hamster Ovary ( CHO ) cells , COS 40 ActRIIB ) ; v ) one or more of the polynucleotide ActRII 
cells , baculovirus ) as is well known in the art . In a further antagonists disclosed herein ( e . g . , a polynucleotide antago 
embodiment , the modified or unmodified polypeptides of the nist of one or more of GDF11 , GDF8 , activin A , activin B , 
disclosure may be produced by digestion of recombinantly activin AB , activin C , activin E , BMP6 , BMP7 , Nodal , 
produced full - length ActRII or GDF Trap polypeptides by ActRIIA , and / or ActRIIB ) ; vi ) one or more follistatin poly 
using , for example , a protease , e . g . , trypsin , thermolysin , 45 peptides disclosed herein ; and / or vii ) one or more FLRG 
chymotrypsin , pepsin , or paired basic amino acid converting polypeptides disclosed herein . 
enzyme ( PACE ) . Computer analysis ( using a commercially B . Nucleic Acids Encoding ActRII Polypeptides and GDF 
available software , e . g . , MacVector , Omega , PCGene , Traps 
Molecular Simulation , Inc . ) can be used to identify pro - In certain embodiments , the present disclosure provides 
teolytic cleavage sites . Alternatively , such polypeptides may 50 isolated and / or recombinant nucleic acids encoding the 
be produced from recombinantly produced full - length ActRII polypeptides and GDF Trap polypeptides ( including 
ActRII or GDF Trap polypeptides using chemical cleavage fragments , functional variants , and fusion proteins thereof ) 
( e . g . , cyanogen bromide , hydroxylamine , etc . ) . disclosed herein . For example , SEQ ID NO : 12 encodes the 
Any of the ActRII polypeptides disclosed herein ( e . g . , naturally occurring human ActRIIA precursor polypeptide , 

ActRIIA or ActRIIB polypeptides ) can be combined with 55 while SEQ ID NO : 13 encodes the processed extracellular 
one or more additional ActRII antagonist agents of the domain of ActRIIA . In addition , SEQ ID NO : 7 encodes a 
disclosure to achieve the desired effect ( e . g . , treat or prevent naturally occurring human ActRIIB precursor polypeptide 
an anemia , treat or prevent one or more complications of ( the R64 variant described above ) , while SEQ ID NO : 8 
anemia such as cutaneous ulcers , etc . ) . In some embodi - encodes the processed extracellular domain of ActRIIB ( the 
ments , the desired effect is treating one or more complica - 60 R64 variant described above ) . The subject nucleic acids may 
tions of anemia such as cutaneous ulcers . In some embodi - be single - stranded or double stranded . Such nucleic acids 
ments , the desired effect is preventing one or more may be DNA or RNA molecules . These nucleic acids may be 
complications of anemia such as cutaneous ulcers . For used , for example , in methods for making ActRII - based 
example , an ActRII polypeptide disclosed herein can be ligand Trap polypeptides of the present disclosure . 
used in combination with i ) one or more additional ActRII 65 As used herein , isolated nucleic acid ( s ) refers to a nucleic 
polypeptides disclosed herein , ii ) one or more GDF Traps acid molecule that has been separated from a component of 
disclosed herein ; iii ) one or more ActRII antagonist anti - its natural environment . An isolated nucleic acid includes a 
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nucleic acid molecule contained in cells that ordinarily onyms ( for example , CAU and CAC are synonyms for 
contain the nucleic acid molecule , but the nucleic acid histidine ) may result in “ silent " mutations which do not 
molecule is present extrachromosomally or at a chromo - affect the amino acid sequence of the protein . However , it is 
somal location that is different from its natural chromosomal expected that DNA sequence polymorphisms that do lead to 
location . 5 changes in the amino acid sequences of the subject proteins 

In certain embodiments , nucleic acids encoding ActRII will exist among mammalian cells . One skilled in the art will 
polypeptides and GDF Traps of the present disclosure are appreciate that these variations in one or more nucleotides 
understood to include nucleic acids that are variants of any ( up to about 3 - 5 % of the nucleotides ) of the nucleic acids 
one of SEQ ID NOs : 7 , 8 , 12 , 13 , 27 , 32 , 39 , 40 , 42 , 43 , 46 , encoding a particular protein may exist among individuals of 
47 , and 48 . Variant nucleotide sequences include sequences 10 a given species due to natural allelic variation . Any and all 
that differ by one or more nucleotide substitutions , additions , such nucleotide variations and resulting amino acid poly 
or deletions including allelic variants , and therefore , will morphisms are within the scope of this disclosure . 
including coding sequences that differ from the nucleotide In certain embodiments , the recombinant nucleic acids of 
sequence designated in any one of SEQ ID NOs : 7 , 8 , 12 , 13 , the present disclosure may be operably linked to one or more 
27 , 32 , 39 , 40 , 42 , 43 , 46 , 47 , and 48 . 15 regulatory nucleotide sequences in an expression construct . 

In certain embodiments , ActRII polypeptides and GDF Regulatory nucleotide sequences will generally be appro 
Traps of the present disclosure are encoded by isolated or priate to the host cell used for expression . Numerous types 
recombinant nucleic acid sequences that are at least 80 % , of appropriate expression vectors and suitable regulatory 
81 % , 82 % , 83 % , 84 % , 85 % , 86 % , 87 % 88 % , 89 % , 90 % , sequences are known in the art for a variety of host cells . 
91 % 92 % 93 % 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or 100 % 20 Typically , said one or more regulatory nucleotide sequences 
identical to SEQ ID NOs : 7 , 8 , 12 , 13 , 27 , 32 , 39 , 40 , 42 , 43 , may include , but are not limited to , promoter sequences , 
46 , 47 , and 48 In some embodiments , GDF Traps of the leader or signal sequences , ribosomal binding sites , tran 
present disclosure are not encoded by nucleic acid sequences scriptional start and termination sequences , translational 
that comprise or consist of any one of nucleotide sequences start and termination sequences , and enhancer or activator 
corresponding to any one of SEQ ID NOs : 7 , 8 , 12 , 13 , 27 , 25 sequences . Constitutive or inducible promoters as known in 
and 32 . One of ordinary skill in the art will appreciate that the art are contemplated by the disclosure . The promoters 
nucleic acid sequences that are at least 80 % , 81 % , 82 % , may be either naturally occurring promoters , or hybrid 
83 % , 84 % . 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , promoters that combine elements of more than one pro 
93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % identical moter . An expression construct may be present in a cell on 
to the sequences complementary to SEQ ID NOs : 7 , 8 , 12 , 30 an episome , such as a plasmid , or the expression construct 
13 , 27 , 32 , 39 , 42 , 47 , and 48 , and variants thereof , are also may be inserted in a chromosome . In some embodiments , 
within the scope of the present disclosure . In further embodi - the expression vector contains a selectable marker gene to 
ments , the nucleic acid sequences of the disclosure can be allow the selection of transformed host cells . Selectable 
isolated , recombinant , and / or fused with a heterologous marker genes are well known in the art and will vary with 
nucleotide sequence , or in a DNA library . 35 the host cell used . 

In other embodiments , nucleic acids of the present dis - In certain aspects of the present disclosure , the subject 
closure also include nucleotide sequences that hybridize nucleic acid is provided in an expression vector comprising 
under highly stringent conditions to the nucleotide sequence a nucleotide sequence encoding an ActRII polypeptide or a 
designated in SEQ ID NOs : 7 , 8 , 12 , 13 , 27 , 32 , 39 , 40 , 42 , GDF Trap and operably linked to at least one regulatory 
43 , 46 , 47 , and 48 , complement sequence of SEQ ID NOs : 40 sequence . Regulatory sequences are art - recognized and are 
7 , 8 , 12 , 13 , 27 , 32 , 39 , 40 , 42 , 43 , 46 , 47 , and 48 , or selected to direct expression of the ActRII or GDF Trap 
fragments thereof . As discussed above , one of ordinary skill polypeptide . Accordingly , the term regulatory sequence 
in the art will understand readily that appropriate stringency includes promoters , enhancers , and other expression control 
conditions which promote DNA hybridization can be varied . elements . Exemplary regulatory sequences are described in 
One of ordinary skill in the art will understand readily that 45 Goeddel ; Gene Expression Technology : Methods in Enzy 
appropriate stringency conditions which promote DNA mology , Academic Press , San Diego , Calif . ( 1990 ) . For 
hybridization can be varied . For example , one could perform instance , any of a wide variety of expression control 
the hybridization at 6 . 0x sodium chloride / sodium citrate sequences that control the expression of a DNA sequence 
( SSC ) at about 45° C . , followed by a wash of 2 . OxSSC at 50° when operatively linked to it may be used in these vectors 
C . For example , the salt concentration in the wash step can 50 to express DNA sequences encoding an ActRII or GDF Trap 
be selected from a low stringency of about 2 . 0 - SSC at 50° polypeptide . Such useful expression control sequences , 
C . to a high stringency of about 0 . 2xSSC at 50° C . In include , for example , the early and late promoters of SV40 , 
addition , the temperature in the wash step can be increased tet promoter , adenovirus or cytomegalovirus immediate 
from low stringency conditions at room temperature , about early promoter , RSV promoters , the lac system , the trp 
22° C . , to high stringency conditions at about 65° C . Both 55 system , the TAC or TRC system , T7 promoter whose 
temperature and salt may be varied , or temperature or salt expression is directed by T7 RNA polymerase , the major 
concentration may be held constant while the other variable operator and promoter regions of phage lambda , the control 
is changed . In one embodiment , the disclosure provides regions for fd coat protein , the promoter for 3 - phosphoglyc 
nucleic acids which hybridize under low stringency condi - erate kinase or other glycolytic enzymes , the promoters of 
tions of 6xSSC at room temperature followed by a wash at 60 acid phosphatase , e . g . , Pho5 , the promoters of the yeast 
2xSSC at room temperature . a - mating factors , the polyhedron promoter of the baculovi 

Isolated nucleic acids which differ from the nucleic acids rus system and other sequences known to control the expres 
as set forth in SEQ ID NOs : 7 , 8 , 12 , 13 , 27 , 32 , 39 , 40 , 42 , sion of genes of prokaryotic or eukaryotic cells or their 
43 , 46 , 47 , and 48 due to degeneracy in the genetic code are viruses , and various combinations thereof . It should be 
also within the scope of the disclosure . For example , a 65 understood that the design of the expression vector may 
number of amino acids are designated by more than one depend on such factors as the choice of the host cell to be 
triplet . Codons that specify the same amino acid , or syn - transformed and / or the type of protein desired to be 
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expressed . Moreover , the vector ' s copy number , the ability polypeptides . For example , a host cell transfected with an 
to control that copy number and the expression of any other expression vector encoding an ActRII or GDF Trap poly 
protein encoded by the vector , such as antibiotic markers , peptide can be cultured under appropriate conditions to 
should also be considered . allow expression of the ActRII or GDF Trap polypeptide to 

A recombinant nucleic acid of the present disclosure can 5 occur . The polypeptide may be secreted and isolated from a 
be produced by ligating the cloned gene , or a portion thereof , mixture of cells and medium containing the polypeptide . 
into a vector suitable for expression in either prokaryotic Alternatively , the ActRII or GDF Trap polypeptide may be 
cells , eukaryotic cells ( yeast , avian , insect or mammalian ) , retained cytoplasmically or in a membrane fraction and the or both . Expression vehicles for production of a recombinant cells harvested , lysed and the protein isolated . A cell culture ActRII or GDF Trap polypeptide include plasmids and other 10 includes host cells , media and other byproducts . Suitable vectors . For instance , suitable vectors include plasmids of media for cell culture are well known in the art . The subject the following types : PBR322 - derived plasmids , pEMBL 
derived plasmids , pEX - derived plasmids , pBTac - derived polypeptides can be isolated from cell culture medium , host 

cells , or both , using techniques known in the art for puri plasmids and PUC - derived plasmids for expression in pro 
karyotic cells , such as E . coli . 15 fying proteins , including ion - exchange chromatography , gel 

Some mammalian expression vectors contain both pro filtration chromatography , ultrafiltration , electrophoresis , 
karyotic sequences to facilitate the propagation of the vector immunoaffinity purification with antibodies specific for par 
in bacteria , and one or more eukaryotic transcription units ticular epitopes of the ActRII or GDF Trap polypeptides and 
that are expressed in eukaryotic cells . The pcDNAI / amp , affinity purification with an agent that binds to a domain 
pcDNAI / neo , pRc / CMV , PSV2gpt , pSV2neo , PSV2 - dhfr , 20 fused to the ActRII or GDF Trap polypeptide ( e . g . , a protein 
pTk2 , PRSVneo , PMSG , PSVT7 , pko - neo and pHyg derived A column may be used to purify an ActRII - Fc or GDF 
vectors are examples of mammalian expression vectors Trap - Fc fusion protein ) . In some embodiments , the ActRII 
suitable for transfection of eukaryotic cells . Some of these or GDF Trap polypeptide is a fusion protein containing a 
vectors are modified with sequences from bacterial plas - domain which facilitates its purification . 
mids , such as PBR322 , to facilitate replication and drug 25 In some embodiments , purification is achieved by a series 
resistance selection in both prokaryotic and eukaryotic cells . of column chromatography steps , including , for example , 
Alternatively , derivatives of viruses such as the bovine three or more of the following , in any order : protein A 
papilloma virus ( BPV - 1 ) , or Epstein - Barr virus ( PHEBO , chromatography , O sepharose chromatography , phe 
PREP - derived and p205 ) can be used for transient expres nylsepharose chromatography , size exclusion chromatogra 
sion of proteins in eukaryotic cells . Examples of other viral 30 phy , and cation exchange chromatography . The purification ( including retroviral ) expression systems can be found could be completed with viral filtration and buffer exchange . below in the description of gene therapy delivery systems . 
The various methods employed in the preparation of the An ActRII - Fc or GDF Trap - Fc protein may be purified to a 
plasmids and in transformation of host organisms are well purity of > 90 % , > 95 % , > 96 % , > 98 % , or > 99 % as deter 
known in the art . For other suitable expression systems for 35 af mined by size exclusion chromatography and > 90 % , > 95 % , 

> 96 % , > 98 % , or > 99 % as determined by SDS PAGE . The both prokaryotic and eukaryotic cells , as well as general 
recombinant procedures . See , e . g . , Molecular Cloning A target level of purity should be one that is sufficient to 
Laboratory Manual , 3rd Ed . , ed . by Sambrook . Fritsch and achieve desirable results in mammalian systems , particularly 
Maniatis ( Cold Spring Harbor Laboratory Press , 2001 ) . In non - human primates , rodents ( mice ) , and humans . 
some instances , it may be desirable to express the recom - 40 In another embodiment , a fusion gene coding for a 
binant polypeptides by the use of a baculovirus expression purification leader sequence , such as a poly - ( His ) / enteroki 
system . Examples of such baculovirus expression systems nase cleavage site sequence at the N - terminus of the desired 
include pVL - derived vectors ( such as PVL1392 , pVL1393 portion of the recombinant ActRII or GDF Trap polypeptide , 
and PVL941 ) , pAcUW - derived vectors ( such as pAcUW1 ) , can allow purification of the expressed fusion protein by 
and pBlueBac - derived vectors ( such as the B - gal containing 45 affinity chromatography using a Ni2 + metal resin . The puri 
pBlueBac III ) . fication leader sequence can then be subsequently removed 

In some embodiments , a vector will be designed for by treatment with enterokinase to provide the purified 
production of the subject ActRII or GDF Trap polypeptides ActRII or GDF Trap polypeptide . See , e . g . , Hochuli et al . 
in CHO cells , such as a Pcmv - Script vector ( Stratagene , La ( 1987 ) J . Chromatography 411 : 177 ; and Janknecht et al . 
Jolla , Calif . ) , pcDNA4 vectors ( Invitrogen , Carlsbad , Calif . ) 50 ( 1991 ) PNAS USA 88 : 8972 . 
and PCI - neo vectors ( Promega , Madison , Wisc . ) . As will be Techniques for making fusion genes are well known . 
apparent , the subject gene constructs can be used to cause Essentially , the joining of various DNA fragments coding for 
expression of the subject ActRII polypeptides in cells propa different polypeptide sequences is performed in accordance 
gated in culture , e . g . , to produce proteins , including fusion with conventional techniques , employing blunt - ended or 
proteins or variant proteins , for purification . 55 stagger - ended termini for ligation , restriction enzyme diges 

This disclosure also pertains to a host cell transfected with tion to provide for appropriate termini , filling - in of cohesive 
a recombinant gene including a coding sequence for one or ends as appropriate , alkaline phosphatase treatment to avoid 
more of the subject ActRII or GDF Trap polypeptides . The undesirable joining , and enzymatic ligation . In another 
host cell may be any prokaryotic or eukaryotic cell . For embodiment , the fusion gene can be synthesized by con 
example , an ActRII or GDF Trap polypeptide of the disclo - 60 ventional techniques including automated DNA synthesiz 
sure may be expressed in bacterial cells such as E . coli , ers . Alternatively , PCR amplification of gene fragments can 
insect cells ( e . g . , using a baculovirus expression system ) , be carried out using anchor primers which give rise to 
yeast , or mammalian cells [ e . g . a Chinese hamster ovary complementary overhangs between two consecutive gene 
( CHO ) cell line ] . Other suitable host cells are known to fragments which can subsequently be annealed to generate 
those skilled in the art . 65 a chimeric gene sequence . See , e . g . , Current Protocols in 

Accordingly , the present disclosure further pertains to Molecular Biology , eds . Ausubel et al . , John Wiley & Sons : 
methods of producing the subject ActRII and GDF Trap 1992 . 
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C . Antibody Antagonist GDF8 and / or GDF11 further binds to and / or inhibits activity 
In certain aspects , the present disclosure relates to an of one of more of activin A , activin B , activin AB , activin C , 

antibody , or combination of antibodies , that antagonize activin E , BMP , BMP7 , and Nodal ( e . g . , activation of 
ActRII activity ( e . g . , inhibition of ActRIIA and / or ActRIIB ActRIIA or ActRIIB signaling transduction , such as SMAD 
signaling transduction , such as SMAD 2 / 3 and / or SMAD 5 2 / 3 and / or SMAD 1 / 5 / 8 signaling ) , particularly in the case 
1 / 5 / 8 signaling ) . In particular , the disclosure provides meth of a multi - specific antibody that has binding affinity for 
ods of using an antibody ActRII antagonist , or combination multiple ActRII ligands or in the context of a combination 
of antibody ActRII antagonists , to , e . g . , treat or prevent an multiple antibodies — each having binding affinity for a 
anemia in a subject in need thereof and / or treat or prevent different ActRII ligand . one or more complication of anemia including , for example , 10 In another aspect , an ActRII antagonist of the present 
cutaneous ulcers . In some embodiments , the disclosure disclosure is an antibody , or combination of antibodies , that provides methods of using an antibody ActRII antagonist , or binds to and / or inhibits activity of an ActRII receptor ( e . g . combination of antibody ActRII antagonists , to treat an 

an ActRIIA or ActRIIB receptor ) . In some embodiments , an anemia in a subject in need thereof and / or treat one or more 
complications of anemia including , for example , cutaneous 15 anti 15 anti - ActRII receptor antibody ( e . g . an anti - ActRIIA or anti 
ulcers in a subject having anemia . In some embodiments , the ActRIIB receptor antibody ) , or combination of antibodies , 
disclosure provides methods of using an antibody ActRII of the disclosure binds to an ActRII receptor and prevents 
antagonist , or combination of antibody ActRII antagonists , binding and / or activation of the Actrll receptor by at least 
to prevent an anemia in a subject in need thereof and / or GDF11 ( e . g . , GDF11 - mediated activation of ActRIIA and / or 
prevent one or more complications of anemia including , for 20 ActRIIB signaling transduction , such as SMAD 2 / 3 signal 
example , cutaneous ulcers in a subject having anemia . ing ) . Optionally , an anti - ActRII receptor antibody , or com 

In certain embodiments , an antibody ActRII antagonist of bination of antibodies , of the disclosure further prevents 
the disclosure is an antibody , or combination of antibodies , binding and / or activation of the ActRII receptor by GDF8 . 
that binds to and / or inhibits activity of at least GDF11 ( e . g . , Optionally , an anti - ActRII receptor antibody , or combina 
GDF11 - mediated activation of ActRIIA and / or ActRIIB 25 tion of antibodies , of the disclosure does not substantially 
signaling transduction , such as SMAD 2 / 3 signaling ) . inhibit activin A from binding to and / or activating an ActRII 
Optionally , the antibody , or combination of antibodies , fur - receptor . In some embodiments , an anti - ActRII receptor 
ther binds to and / or inhibits activity of GDF8 ( e . g . , GDF8 - antibody , or combination of antibodies , of the disclosure that 
mediated activation of ActRIIA and / or ActRIIB signaling binds to an ActRII receptor and prevents binding and / or 
transduction , such as SMAD 2 / 3 signaling ) , particularly in 30 activation of the ActRII receptor by GDF11 and / or GDF8 
the case of a multi - specific antibody that has binding affinity further prevents binding and / or activation of the ActRII 
for both GDF11 and GDF8 or in the context of a combina - receptor by one or more of activin A , activin B , activin AB , 
tion of one or more anti - GDF11 antibodies and one or more activin C , activin E , BMP6 , BMP7 , and Nodal . 
anti - GDF8 antibodies . Optionally , an antibody , or combina - The term antibody is used herein in the broadest sense and 
tion of antibodies , of the disclosure does not substantially 35 encompasses various antibody structures , including but not 
bind to and / or inhibit activity of activin A ( e . g . , activin limited to monoclonal antibodies , polyclonal antibodies , 
A - mediated activation of ActRIIA or ActRIIB signaling multispecific antibodies ( e . g . , bispecific antibodies ) , and 
transduction , such as SMAD 2 / 3 signaling ) . In some antibody fragments so long as they exhibit the desired 
embodiments , an antibody , or combination of antibodies , of antigen - binding activity . An antibody fragment refers to a 
the disclosure that binds to and / or inhibits the activity of 40 molecule other than an intact antibody that comprises a 
GDF11 and / or GDF8 further binds to and / or inhibits activity portion of an intact antibody that binds the antigen to which 
of one of more of activin A , activin B , activin AB , activin C , the intact antibody binds . Examples of antibody fragments 
activin E , BMP6 . BMP7 , and Nodal ( e . g . , activation of include but are not limited to Fv , Fab , Fab ' , Fab ' - SH , F ( ab ' ) 2 ; 
ActRIIA or ActRIIB SMAD 2 / 3 and / or SMAD 1 / 5 / 8 sig - diabodies ; linear antibodies ; single - chain antibody mol 
naling ) , particularly in the case of a multi - specific antibody 45 ecules ( e . g . , scFv ) ; and multispecific antibodies formed from 
that has binding affinity for multiple ActRII ligands or in the antibody fragments . See , e . g . , Hudson et al . ( 2003 ) Nat . 
context of a combination of multiple antibodies each hav - Med . 9 : 129 - 134 ; Plückthun , in The Pharmacology of Mono 
ing binding affinity for a different ActRII ligand . clonal Antibodies , vol . 113 , Rosenburg and Moore eds . , 

In certain aspects , an ActRII antagonist of the present ( Springer - Verlag , New York ) , pp . 269 - 315 ( 1994 ) ; WO 
disclosure is an antibody , or combination of antibodies , that 50 93 / 16185 ; and U . S . Pat . Nos . 5 , 571 , 894 , 5 , 587 , 458 , and 
binds to and / or inhibits activity of at least GDF8 ( e . g . , 5 , 869 , 046 . Antibodies disclosed herein may be polyclonal 
GDF8 - mediated activation of ActRIIA and / or ActRIIB sig - antibodies or monoclonal antibodies . In certain embodi 
naling transduction , such as SMAD 2 / 3 signaling ) . Option - ments , the antibodies of the present disclosure comprise a 
ally , the antibody , or combination of antibodies , further label attached thereto and able to be detected ( e . g . , the label 
binds to and / or inhibits activity of GDF11 ( e . g . , GDF11 - 55 can be a radioisotope , fluorescent compound , enzyme , or 
mediated activation of ActRIIA and / or ActRIIB signaling enzyme co - factor ) . In some embodiments , the antibodies of 
transduction , such as SMAD 2 / 3 signaling ) , particularly in the present disclosure are isolated antibodies . 
the case of a multi - specific antibody that has binding affinity Diabodies are antibody fragments with two antigen - bind 
for both GDF8 and GDF11 or in the context of a combina ing sites that may be bivalent or bispecific . See , e . g . , EP 
tion of one or more anti - GDF8 antibodies and one or more 60 404 , 097 ; WO 1993 / 01161 ; Hudson et al . ( 2003 ) Nat . Med . 
anti - GDF11 antibodies . Optionally , an antibody , or combi - 9 : 129 - 134 ( 2003 ) ; and Hollinger et al . ( 1993 ) Proc . Natl . 
nation of antibodies , of the disclosure does not substantially Acad . Sci . USA 90 : 6444 - 6448 . Triabodies and tetrabodies 
bind to and / or inhibit activity of activin A ( e . g . , activin are also described in Hudson et al . ( 2003 ) Nat . Med . 
A - mediated activation of ActRIIA or ActRIIB signaling 9 : 129 - 134 . 
transduction , such as SMAD 2 / 3 signaling ) . In some 65 Single - domain antibodies are antibody fragments com 
embodiments , an antibody , or combination of antibodies , of prising all or a portion of the heavy chain variable domain 
the disclosure that binds to and / or inhibits the activity of or all or a portion of the light chain variable domain of an 
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antibody . In certain embodiments , a single - domain antibody with N - ethyl - N ' - ( 3 - dimethylaminopropyl ) - carbodiimide 
is a human single - domain antibody . See , e . g . , U . S . Pat . No . hydrochloride ( EDC ) and N - hydroxysuccinimide ( NHS ) 
6 , 248 , 516 . according to the supplier ' s instructions . For example , an 

Antibody fragments can be made by various techniques , antigen can be diluted with 10 mM sodium acetate , pH 4 . 8 , 
including but not limited to proteolytic digestion of an intact 5 to 5 ug / ml ( about 0 . 2 uM ) before injection at a flow rate of 
antibody as well as production by recombinant host cells 5 ul / minute to achieve approximately 10 response units 
( e . g . , E . coli or phage ) , as described herein . ( RU ) of coupled protein . Following the injection of antigen , 

The antibodies herein may be of any class . The class of an 1 M ethanolamine is injected to block unreacted groups . For 
antibody refers to the type of constant domain or constant kinetics measurements , two - fold serial dilutions of Fab ( 0 . 78 
region possessed by its heavy chain . There are five major 10 nM to 500 nM ) are injected in PBS with 0 . 05 % polysorbate 
classes of antibodies : IgA , IgD , IgE , IgG , and IgM , and 20 ( TWEEN - 20? ) surfactant ( PBST ) at a flow rate of 
several of these may be further divided into subclasses approximately 25 ul / min . Association rates ( kon ) and disso 
( isotypes ) , for example , IgG , IgG , IgG , IgG4 , IgA , and ciation rates ( ko ) are calculated using , for example , a simple 
IgA2 . The heavy chain constant domains that correspond to one - to - one Langmuir binding model ( BIACORE® Evalua 
the different classes of immunoglobulins are called alpha , 15 tion Software version 3 . 2 ) by simultaneously fitting the 
delta , epsilon , gamma , and mu . association and dissociation sensorgrams . The equilibrium 

In general , an antibody for use in the methods disclosed dissociation constant ( KD ) is calculated as the ratio k / kon . 
herein specifically binds to its target antigen , preferably with See , e . g . , Chen et al . , ( 1999 ) J . Mol . Biol . 293 : 865 - 881 . If 
high binding affinity . Affinity may be expressed as a Ky the on - rate exceeds , for example , 10º M - 5 - ? by the surface 
value and reflects the intrinsic binding affinity ( e . g . , with 20 plasmon resonance assay above , then the on - rate can be 
minimized avidity effects ) . Typically , binding affinity is determined by using a fluorescent quenching technique that 
measured in vitro , whether in a cell - free or cell - associated measures the increase or decrease in fluorescence emission 
setting . Any of a number of assays known in the art , intensity ( e . g . , excitation = 295 nm ; emission = 340 nm , 16 nm 
including those disclosed herein , can be used to obtain band - pass ) of a 20 nM anti - antigen antibody ( Fab form ) in 
binding affinity measurements including , for example , sur - 25 PBS in the presence of increasing concentrations of antigen 
face plasmon resonance ( BiacoreTM assay ) , radiolabeled as measured in a spectrometer , such as a stop - flow equipped 
antigen binding assay ( RIA ) , and ELISA . In some embodi - spectrophometer ( Aviv Instruments ) or a 8000 - series SLM 
ments , antibodies of the present disclosure bind to their AMINCO? spectrophotometer ( ThermoSpectronic ) with a 
target antigens ( e . g . GDF11 , GDF8 , ActRIIA , ActRIIB , etc . ) stirred cuvette . 
with at least a K , of 1x10 - ' or stronger , 1x10 - 8 or stronger , 30 As used herein , anti - GDF11 antibody generally refers to 
1x10 - 9 or stronger , 1x10 - 10 or stronger , 1x10 - 11 or stronger , an antibody that is capable of binding to GDF11 with 
1x10 - 12 or stronger , 1x10 - 13 or stronger , or 1x1014 or sufficient affinity such that the antibody is useful as a 
stronger . diagnostic and / or therapeutic agent in targeting GDF11 . In 

In certain embodiments , Ky is measured by RIA per - certain embodiments , the extent of binding of an anti 
formed with the Fab version of an antibody of interest and 35 GDF11 antibody to an unrelated , non - GDF11 protein is less 
its target antigen as described by the following assay . than about 10 % , 9 % , 8 % , 7 % , 6 % , 5 % . 4 % , 3 % , 2 % , or less 
Solution binding affinity of Fabs for the antigen is measured than 1 % of the binding of the antibody to GDF11 as 
by equilibrating Fab with a minimal concentration of radio - measured , for example , by a radioimmunoassay ( RIA ) . In 
labeled antigen ( e . g . , 1291 - labeled ) in the presence of a certain embodiments , an anti - GDF11 antibody binds to an 
titration series of unlabeled antigen , then capturing bound 40 epitope of GDF11 that is conserved among GDF11 from 
antigen with an anti - Fab antibody - coated plate . See , e . g . , different species . In certain some embodiments , an anti 
Chen et al . ( 1999 ) J . Mol . Biol . 293 : 865 - 881 . To establish GDF11 antibody of the present disclosure is an antagonist 
conditions for the assay , multi - well plates ( e . g . , MICROTI antibody that can inhibit GDF11 activity . For example , an 
TER® from Thermo Scientific ) are coated ( e . g . , overnight ) anti - GDF11 antibody of the disclosure may inhibit GDF11 
with a capturing anti - Fab antibody ( e . g . , from Cappel Labs ) 45 from binding to a cognate receptor ( e . g . , ActRIIA or 
and subsequently blocked with bovine serum albumin , pref - ActRIIB receptor ) and / or inhibit GDF11 - mediated signal 
erably at room temperature ( approximately 23° C . ) . In a transduction activation of a cognate receptor , such as 
non - adsorbent plate , radiolabeled antigen are mixed with SMAD2 / 3 signaling by ActRIIA and / or ActRIIB receptors . 
serial dilutions of a Fab of interest ( e . g . , consistent with In some embodiments , anti - GDF11 antibodies of the present 
assessment of the anti - VEGF antibody , Fab - 12 , in Presta et 50 disclosure do not substantially bind to and / or inhibit activity 
al . , ( 1997 ) Cancer Res . 57 : 4593 - 4599 ) . The Fab of interest of activin A . It should be noted that GDF11 has high 
is then incubated , preferably overnight but the incubation sequence homology to GDF8 and therefore antibodies that 
may continue for a longer period ( e . g . , about 65 hours ) to bind and / or to GDF11 , in some cases , may also bind to 
ensure that equilibrium is reached . Thereafter , the mixtures and / or inhibit GDF8 . 
are transferred to the capture plate for incubation , preferably 55 An anti - GDF8 antibody refers to an antibody that is 
at room temperature for about one hour . The solution is then capable of binding to GDF8 with sufficient affinity such that 
removed and the plate is washed times several times , pref - the antibody is useful as a diagnostic and / or therapeutic 
erably with polysorbate 20 and PBS mixture . When the agent in targeting GDF8 . In certain embodiments , the extent 
plates have dried , scintillant ( e . g . , MICROSCINT® from of binding of an anti - GDF8 antibody to an unrelated , non 
Packard ) is added , and the plates are counted on a gamma 60 GDF8 protein is less than about 10 % , 9 % , 8 % , 7 % , 6 % , 5 % , 
counter ( e . g . , TOPCOUNT® from Packard ) . 4 % , 3 % . 2 % , or less than 1 % of the binding of the antibody 

According to another embodiment , Ky is measured using to GDF8 as measured , for example , by a radioimmunoassay 
surface plasmon resonance assays using , for example a ( RIA ) . In certain embodiments , an anti - GDF8 antibody 
BIACORE® 2000 or a BIACORE® 3000 ( Biacore , Inc . , binds to an epitope of GDF8 that is conserved among GDF8 
Piscataway , N . J . ) with immobilized antigen CM5 chips at 65 from different species . In some embodiments , an anti - GDF8 
about 10 response units ( RU ) . Briefly , carboxymethylated antibody of the present disclosure is an antagonist antibody 
dextran biosensor chips ( CM5 , Biacore Inc . ) are activated that can inhibit GDF8 activity . For example , an anti - GDF8 
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antibody of the disclosure may inhibit GDF8 from binding inhibit GDF11 from binding to the ActRIIB receptor and / or 
to a cognate receptor ( e . g . , ActRIIA or ActRIIB receptor ) inhibit GDF11 from activating ActRIIB signaling . Option 
and / or inhibit GDF8 - mediated signal transduction ( activa ally , anti - ActRIIB antibodies of the disclosure further inhibit 
tion ) of a cognate receptor , such as SMAD2 / 3 signaling by GDF8 from binding to the ActRIIB receptor and / or inhibit 
ActRIIA and / or ActRIIB receptors . In some embodiments , 5 GDF8 from activating ActRIIB signaling . Optionally , anti 
anti - GDF8 antibodies of the present disclosure do not sub ActRIIB antibodies of the present disclosure do not sub 
stantially bind to and / or inhibit activity of activin A . It stantially inhibit activin A from binding to the ActRIIB 
should be noted that GDF8 has high sequence homology to receptor and / or do not substantially inhibit activin A - medi 
GDF11 and therefore antibodies that bind and / or to GDF8 , ated activation of ActRIIB signaling . In some embodiments , 
in many cases , may also bind to and / or inhibit GDF11 . 10 an anti - ActRIIB antibody of the disclosure that inhibits 

An anti - ActRIIA antibody refers to an antibody that is GDF11 and / or GDF8 from binding to and / or activating an 
capable of binding to ActRIIA with sufficient affinity such ActRIIB receptor further inhibits one or more of activin A , 
that the antibody is useful as a diagnostic and / or therapeutic activin B , activin AB , activin C , activin E , activin A , GDF8 , 
agent in targeting ActRIIA . In certain embodiments , the BMP6 , and BMP7 from binding to and / or activating the 
extent of binding of an anti - ActRIIA antibody to an unre - 15 ActRIIB receptor . 
lated , non - ActRIIA protein is less than about 10 % , 9 % , 8 % , The nucleic acid and amino acid sequences of human 
7 % , 6 % , 5 % , 4 % , 3 % , 2 % , or less than 1 % of the binding of GDF11 . GDF8 , activin A , activin B , activin AB , activin C , 
the antibody to ActRIIA as measured , for example , by a activin E , GDF8 , BMP6 , BMP7 , ActRIIB , and ActRIIA or 
radioimmunoassay ( RIA ) . In certain embodiments , an anti - are well known in the art and thus antibody antagonists for 
ActRIIA antibody binds to an epitope of ActRIIA that is 20 use in accordance with this disclosure may be routinely 
conserved among ActRIIA from different species . In some made by the skilled artisan based on the knowledge in the art 
embodiments , an anti - ActRIIA antibody of the present dis - and teachings provided herein . 
closure is an antagonist antibody that can inhibit ActRIIA In certain embodiments , an antibody provided herein 
activity . For example , an anti - ActRIIA antibody of the ( e . g . , an anti - GDF11 antibody , an anti - GDF8 antibody , an 
present disclosure may inhibit one or more ActRIIA ligands 25 anti - ActRIIA antibody , or an anti - ActRIIB antibody ) is a 
selected from activin A , activin B , activin AB , activin C , chimeric antibody . A chimeric antibody refers to an antibody 
activin E , GDF11 , GDF8 , activin A , BMP6 , and BMP7 from in which a portion of the heavy and / or light chain is derived 
binding to the ActRIIA receptor and / or inhibit one of these from a particular source or species , while the remainder of 
ligands from activating ActRIIA signaling ( e . g . , SMAD2 / 3 the heavy and / or light chain is derived from a different 
and / or SMAD 1 / 5 / 8 ActRIIA signaling ) . In some embodi - 30 source or species . Certain chimeric antibodies are described , 
ments , anti - ActRIIA antibodies of the present disclosure for example , in U . S . Pat . No . 4 , 816 , 567 ; and Morrison et al . , 
inhibit GDF11 from binding to the ActRIIA receptor and / or ( 1984 ) Proc . Natl . Acad . Sci . USA , 81 : 6851 - 6855 . In some 
inhibit GDF11 from activating ActRIIA signaling . Option - embodiments , a chimeric antibody comprises a non - human 
ally , anti - ActRIIA antibodies of the disclosure further inhibit variable region ( e . g . , a variable region derived from a 
GDF8 from binding to the ActRIIA receptor and / or inhibit 35 mouse , rat , hamster , rabbit , or non - human primate , such as 
GDF8 from activating ActRIIA signaling . Optionally , anti - a monkey ) and a human constant region . In some embodi 
ActRIIA antibodies of the present disclosure do not sub - ments , a chimeric antibody is a " class switched ” antibody in 
stantially inhibit activin A from binding to the ActRIIA which the class or subclass has been changed from that of 
receptor and / or do not substantially inhibit activin A - medi - the parent antibody . In general , chimeric antibodies include 
ated activation of ActRIIA signaling . In some embodiments , 40 antigen - binding fragments thereof . 
an anti - ActRIIA antibody of the disclosure that inhibits In certain embodiments , a chimeric antibody provided 
GDF11 and / or GDF8 from binding to and / or activating an herein ( e . g . , an anti - GDF11 antibody , an anti - GDF8 anti 
ActRIIA receptor further inhibits one or more of activin A , body , an anti - ActRIIA antibody , or an anti - ActRIIB anti 
activin B , activin AB , activin C , activin E , activin A , GDF8 , body ) is a humanized antibody . A humanized antibody refers 
BMP6 , and BMP7 from binding to and / or activating the 45 to a chimeric antibody comprising amino acid residues from 
ActRIIA receptor . non - human hypervariable regions ( HVRs ) and amino acid 
An anti - ActRIIB antibody refers to an antibody that is residues from human framework regions ( FRs ) . In certain 

capable of binding to ActRIIB with sufficient affinity such embodiments , a humanized antibody will comprise substan 
that the antibody is useful as a diagnostic and / or therapeutic tially all of at least one , and typically two , variable domains , 
agent in targeting ActRIIB . In certain embodiments , the 50 in which all or substantially all of the HVRs ( e . g . , CDRs ) 
extent of binding of an anti - ActRIIB antibody to an unre - correspond to those of a non - human antibody , and all or 
lated , non - ActRIIB protein is less than about 10 % , 9 % , 8 % , substantially all of the FRs correspond to those of a human 
7 % , 6 % , 5 % , 4 % , 3 % , 2 % , or less than 1 % of the binding of antibody . A humanized antibody optionally may comprise at 
the antibody to ActRIIB as measured , for example , by a least a portion of an antibody constant region derived from 
radioimmunoassay ( RIA ) . In certain embodiments , an anti - 55 a human antibody . A “ humanized form ” of an antibody , e . g . , 
ActRIIB antibody binds to an epitope of ActRIIB that is a non - human antibody , refers to an antibody that has under 
conserved among ActRIIB from different species . In some gone humanization . 
embodiments , an anti - ActRIIB antibody of the present dis Humanized antibodies and methods of making them are 
closure is an antagonist antibody that can inhibit ActRIIB reviewed , for example , in Almagro and Fransson ( 2008 ) 
activity . For example , an anti - ActRIIB antibody of the 60 Front . Biosci . 13 : 1619 - 1633 and are further described , for 
present disclosure may inhibit one or more ActRIIB ligands example , in Riechmann et al . , ( 1988 ) Nature 332 : 323 - 329 ; 
selected from activin A , activin B , activin AB , activin C , Queen et al . ( 1989 ) Proc . Nat ' l Acad . Sci . USA 86 : 10029 
activin E , GDF11 , GDF8 , activin A , BMP6 , and BMP7 from 10033 ; U . S . Pat . Nos . 5 , 821 , 337 , 7 , 527 , 791 , 6 , 982 , 321 , and 
binding to the ActRIIB receptor and / or inhibit one of these 7 , 087 , 409 ; Kashmiri et al . , ( 2005 ) Methods 36 : 25 - 34 [ de 
ligands from activating ActRIIB signaling ( e . g . , SMAD2 / 3 65 scribing SDR ( a - CDR ) grafting ] ; Padlan , Mol . Immunol . 
and / or SMAD 1 / 5 / 8 ActRIIB signaling ) . In some embodi - ( 1991 ) 28 : 489 - 498 ( describing “ resurfacing ” ) ; Dall ' Acqua 
ments , anti - ActRIIB antibodies of the present disclosure et al . ( 2005 ) Methods 36 : 43 - 60 ( describing “ FR shuffling ” ) ; 
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Osbourn et al . ( 2005 ) Methods 36 : 61 - 68 ; and Klimka et al . Histopathol . , 20 ( 3 ) : 927 - 937 ( 2005 ) and Vollmers and 
Br . J . Cancer ( 2000 ) 83 : 252 - 260 ( describing the “ guided Brandlein ( 2005 ) Methods Find Exp . Clin . Pharmacol . , 
selection ” approach to FR shuffling ) . 27 ( 3 ) : 185 - 91 . 
Human framework regions that may be used for human - Human antibodies provided herein ( e . g . , an anti - GDF11 

ization include but are not limited to : framework regions 5 antibody , an anti - activin B antibody , an anti - ActRIIA anti 
selected using the “ best - fit ” method [ see , e . g . , Sims et al . et al body , or an anti - ActRIIB antibody may also be generated 

( 1993 ) J . Immunol . 151 : 2296 ] ; framework regions derived by isolating Fv clone variable domain sequences selected 
from the consensus sequence of human antibodies of a from human - derived phage display libraries . Such variable 
particular subgroup of light - chain or heavy - chain variable domain sequences may then be combined with a desired 

regions ( see , e . g . , Carter et al . ( 1992 ) Proc . Natl . Acad . Sci . 10 human constant domain . Techniques for selecting human 
antibodies from antibody libraries are described herein . USA , 89 : 4285 ; and Presta et al . ( 1993 ) J . Immunol . , 151 : For example , antibodies of the present disclosure may be 2623 ] ; human mature ( somatically mutated ) framework isolated by screening combinatorial libraries for antibodies regions or human germline framework regions ( see , e . g . , with the desired activity or activities . A variety of methods 

Almagro and Fransson ( 2008 ) Front . Biosci . 13 : 1619 - 1633 ] ; 019 - 1031 ; 15 are known in the art for generating phage display libraries and framework regions derived from screening FR libraries and screening such libraries for antibodies possessing the 
( see , e . g . , Baca et ed . , ( 1997 ) J . Biol . Chem . 272 : 10678 desired binding characteristics . Such methods are reviewed , 
10684 ; and Rosok et ed . , ( 1996 ) J . Biol . Chem . 271 : 22611 for example , in Hoogenboom et al . ( 2001 ) in Methods in 
22618 ) . Molecular Biology 178 : 1 - 37 . O ' Brien et al . , ed . , Human 

In certain embodiments , an antibody provided herein 20 Press , Totowa , N . J . and further described , for example , in 
( e . g . , an anti - GDF11 antibody , an anti - GDF8 antibody , an the McCafferty et al . ( 1991 ) Nature 348 : 552 - 554 ; Clackson 
anti - ActRIIA antibody , or an anti - ActRIIB antibody ) is a et al . , ( 1991 ) Nature 352 : 624 - 628 ; Marks et al . ( 1992 ) J . 
human antibody . Human antibodies can be produced using Mol . Biol . 222 : 581 - 597 ; Marks and Bradbury ( 2003 ) in 
various techniques known in the art . Human antibodies are Methods in Molecular Biology 248 : 161 - 175 , Lo , ed . , 
described generally in van Dijk and van de Winkel ( 2001 ) 25 Human Press , Totowa , N . J . ; Sidhu et al . ( 2004 ) J . Mol . Biol . 
Curr . Opin . Pharmacol . 5 : 368 - 74 and Lonberg ( 2008 ) , Curr . 338 ( 2 ) : 299 - 310 ; Lee et al . ( 2004 ) J . Mol . Biol . 340 ( 5 ) : 1073 
Opin . Immunol . 20 : 450 - 459 . 1093 ; Fellouse ( 2004 ) Proc . Natl . Acad . Sci . USA 101 ( 34 ) : 
Human antibodies may be prepared by administering an 12467 - 12472 ; and Lee et al . ( 2004 ) J . Immunol . Methods 

immunogen ( e . g . , a GDF11 polypeptide , GDF8 polypeptide , 284 ( 1 - 2 ) : 119 - 132 . 
an ActRIIA polypeptide , or an ActRIIB polypeptide ) to a 30 In certain phage display methods , repertoires of VH and 
transgenic animal that has been modified to produce intact VL genes are separately cloned by polymerase chain reac 
human antibodies or intact antibodies with human variable tion ( PCR ) and recombined randomly in phage libraries , 
regions in response to antigenic challenge . Such animals which can then be screened for antigen - binding phage as 
typically contain all or a portion of the human immuno described in Winter et al . ( 1994 ) Ann . Rev . Immunol . , 12 : 
globulin loci , which replace the endogenous immunoglobu - 35 433 - 455 . Phage typically display antibody fragments , either 
lin loci , or which are present extrachromosomally or inte as single - chain Fv ( scFv ) fragments or as Fab fragments . 
grated randomly into the animal ' s chromosomes . In such Libraries from immunized sources provide high - affinity 
transgenic animals , the endogenous immunoglobulin loci antibodies to the immunogen ( e . g . , GDF11 , activin B , 
have generally been inactivated . For a review of methods for ActRIIA , or ActRIIB ) without the requirement of construct 
obtaining human antibodies from transgenic animals see , for 40 ing hybridomas . Alternatively , the naive repertoire can be 
example , Lonberg ( 2005 ) Nat . Biotechnol . 23 : 1117 - 1125 ; cloned ( e . g . , from human ) to provide a single source of 
U . S . Pat . Nos . 6 , 075 , 181 and 6 , 150 , 584 ( describing XENO - antibodies directed against a wide range of non - self and also 
MOUSETM technology ) ; U . S . Pat . No . 5 , 770 , 429 ( describ self - antigens without any immunization as described by 
ing HuMab® technology ) ; U . S . Pat . No . 7 , 041 , 870 ( describ - Griffiths et al . ( 1993 ) EMBO J , 12 : 725 - 734 . Finally , naive 
ing K - M MOUSE® technology ) ; and U . S . Patent 45 libraries can also be made synthetically by cloning un 
Application Publication No . 2007 / 0061900 ( describing rearranged V - gene segments from stem cells , and using PCR 
VelociMouse® technology ) . Human variable regions from primers containing random sequence to encode the highly 
intact antibodies generated by such animals may be further variable CDR3 regions and to accomplish rearrangement in 
modified , for example , by combining with a different human vitro , as described by Hoogenboom and Winter ( 1992 ) J . 
constant region . 50 Mol . Biol . , 227 : 381 - 388 . Patent publications describing 
Human antibodies provided herein can also be made by human antibody phage libraries include , for example : U . S . 

hybridoma - based methods . Human myeloma and mouse - Pat . No . 5 , 750 , 373 , and U . S . Patent Publication Nos . 2005 / 
human heteromyeloma cell lines for the production of 0079574 , 2005 / 0119455 , 2005 / 0266000 , 2007 / 0117126 , 
human monoclonal antibodies have been described . See , 2007 / 0160598 , 2007 / 0237764 , 2007 / 0292936 , and 2009 / 
e . g . , Kozbor J . Immunol . , ( 1984 ) 133 : 3001 ; Brodeur et al . 55 0002360 . 
( 1987 ) Monoclonal Antibody Production Techniques and In certain embodiments , an antibody provided herein is a 
Applications , pp . 51 - 63 , Marcel Dekker , Inc . , New York ; multi - specific antibody , for example , a bispecific antibody . 
and Boerner et al . ( 1991 ) J . Immunol . , 147 : 86 . Human Multi - specific antibodies ( typically monoclonal antibodies ) 
antibodies generated via human B - cell hybridoma technol - have binding specificities for at least two different epitopes 
ogy are also described in Li et al . , ( 2006 ) Proc . Natl . Acad . 60 ( e . g . , two , three , four , five , or six or more ) on one or more 
Sci . USA , 103 : 3557 - 3562 . Additional methods include those ( e . g . , two , three , four , five , six or more ) antigens . 
described , for example , in U . S . Pat . No . 7 , 189 , 826 ( describ In certain embodiments , a multi - specific antibody of the 
ing production of monoclonal human IgM antibodies from present disclosure comprises two or more binding specifici 
hybridoma cell lines ) and Ni , Xiandai Mianyixue ( 2006 ) ties , with at least one of the binding specificities being for a 
26 ( 4 ) : 265 - 268 ( 2006 ) ( describing human - human hybrido - 65 GDF11 epitope , and optionally one or more additional 
mas ) . Human hybridoma technology ( Trioma technology ) is binding specificities being for an epitope on a different 
also described in Vollmers and Brandlein ( 2005 ) Histol . ActRII ligand ( e . g . , GDF8 , activin A , activin B , activin AB , 
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activin C , activin E , BMP6 BMP7 and / or Nodal ) and / or an modifier “ monoclonal ” indicates the character of the anti 
ActRII receptor ( e . g . , an ActRIIA and / or ActRIIB receptor ) . body as being obtained from a substantially homogeneous 
In certain embodiments , multi - specific antibodies may bind population of antibodies and is not to be construed as 
to two or more different epitopes of GDF11 . Preferably a requiring production of the antibody by any particular 
multi - specific antibody of the disclosure that has binding 5 method . For example , the monoclonal antibodies to be used 
affinity , in part , for an GDF11 epitope can be used to inhibit in accordance with the present methods may be made by a 
a GDF11 activity ( e . g . , the ability to bind to and / or activate variety of techniques , including but not limited to the 
an ActRIIA and / or ActRIIB receptor ) , and optionally inhibit hybridoma method , recombinant DNA methods , phage 
the activity of one or more different ActRII ligands ( e . g . , display methods , and methods utilizing transgenic animals 
GDF8 , activin A , activin B , activin AB , activin C , activin E , 10 containing all or part of the human immunoglobulin loci , 
BMP6 , BMP7 and / or Nodal ) and / or an ActRII receptor ( e . g . , such methods and other exemplary methods for making 
an ActRIIA or ActRIIB receptor ) . In certain embodiments , monoclonal antibodies being described herein . 
multi - specific antibodies of the present disclosure that bind For example , by using immunogens derived from GDF11 
to and / or inhibit GDF11 further bind to and / or inhibit at least or GDF8 , anti - protein / anti - peptide antisera or monoclonal 
GDF8 . Optionally , multi - specific antibodies of the disclo - 15 antibodies can be made by standard protocols . See , e . g . , 
sure that bind to and / or inhibit GDF11 do not substantially Antibodies : A Laboratory Manual ( 1988 ) ed . by Harlow and 
bind to and / or substantially inhibit activin A . In some Lane , Cold Spring Harbor Press : 1988 . A mammal , such as 
embodiments , multi - specific antibodies of the disclosure a mouse , a hamster , or rabbit can be immunized with an 
that bind to and / or inhibit GDF11 and GDD8 further bind to immunogenic form of the GDF11 or GDF8 polypeptide , an 
and / or inhibit one or more of activin A , activin B , activin 20 antigenic fragment which is capable of eliciting an antibody 
AB , activin C , activin E , BMP6 , BMP7 and / or Nodal . response , or a fusion protein . Techniques for conferring 

In certain embodiments , a multi - specific antibody of the immunogenicity on a protein or peptide include conjugation 
present disclosure comprises two or more binding specifici - to carriers or other techniques well known in the art . An 
ties , with at least one of the binding specificities being for a immunogenic portion of a GDF11 or GDF8 polypeptide can 
GDF8 epitope , and optionally one or more additional bind - 25 be administered in the presence of adjuvant . The progress of 
ing specificities being for an epitope on a different ActRII immunization can be monitored by detection of antibody 
ligand ( e . g . , GDF11 , activin A , activin B , activin AB , activin titers in plasma or serum . Standard ELISA or other immu 
C , activin E , BMP , BMP7 and / or Nodal ) and / or an ActRII noassays can be used with the immunogen as antigen to 
receptor ( e . g . , an ActRIIA and / or ActRIIB receptor ) . In assess the levels of antibody production and / or level of 
certain embodiments , multi - specific antibodies may bind to 30 binding affinity . 
two or more different epitopes of GDF8 . Preferably a Following immunization of an animal with an antigenic 
multi - specific antibody of the disclosure that has binding preparation of GDF11 or GDF8 , antisera can be obtained 
affinity , in part , for an GDF8 epitope can be used to inhibit and , if desired , polyclonal antibodies can be isolated from 
an GDF8 activity ( e . g . , the ability to bind to and / or activate the serum . To produce monoclonal antibodies , antibody 
an ActRIIA and / or ActRIIB receptor ) , and optionally inhibit 35 producing cells ( lymphocytes ) can be harvested from an 
the activity of one or more different ActRII ligands ( e . g . , immunized animal and fused by standard somatic cell fusion 
GDF11 , activin A , activin B , activin AB , activin C , activin procedures with immortalizing cells such as myeloma cells 
E , BMP , BMP7 and / or Nodal ) and / or an ActRII receptor to yield hybridoma cells . Such techniques are well known in 
( e . g . , an ActRIIA or ActRIIB receptor ) . In certain embodi - the art , and include , for example , the hybridoma technique 
ments , multi - specific antibodies of the present disclosure 40 [ see , e . g . , Kohler and Milstein ( 1975 ) Nature , 256 : 495 
that bind to and / or inhibit GDF8 further bind to and / or 497 ) , the human B cell hybridoma technique ( see , e . g . , 
inhibit at least GDF11 . Optionally , multi - specific antibodies Kozbar et al . ( 1983 ) Immunology Today , 4 : 72 ] , and the 
of the disclosure that bind to and / or inhibit GDF8 do not EBV - hybridoma technique to produce human monoclonal 
substantially bind to and / or substantially inhibit activin A . In antibodies [ Cole et al . ( 1985 ) Monoclonal Antibodies and 
some embodiments , multi - specific antibodies of the disclo - 45 Cancer Therapy , Alan R . Liss , Inc . pp . 77 - 96 ) . Hybridoma 
sure that bind to and / or inhibit GDF8 and GDF11 further cells can be screened immunochemically for production of 
bind to and / or inhibit one or more of activin A , activin B , antibodies specifically reactive with a GDF11 or GDF8 
activin AB , activin C , activin E , BMP6 , BMP7 and / or polypeptide , and monoclonal antibodies isolated from a 
Nodal . culture comprising such hybridoma cells . 

Engineered antibodies with three or more functional anti - 50 In certain embodiments , one or more amino acid modi 
gen binding sites , including " Octopus antibodies , ” are also fications may be introduced into the Fe region of an antibody 
included herein . See , e . g . , US 2006 / 0025576A1 . provided herein ( e . g . , an anti - GDF11 antibody , an anti 

In certain embodiments , the antibodies disclosed herein activin B antibody , an anti - ActRIIA antibody , or an anti 
( e . g . , an anti - GDF11 antibody , an anti - activin B antibody , an ActRIIB antibody ) , thereby generating an Fc region variant . 
anti - ActRIIA antibody , or an anti - ActRIIB antibody ) are 55 The Fe region variant may comprise a human Fe region 
monoclonal antibodies . Monoclonal antibody refers to an sequence ( e . g . , a human IgG1 , IgG2 , IgG3 or IgG4 Fc 
antibody obtained from a population of substantially homo region ) comprising an amino acid modification ( e . g . , a 
geneous antibodies , i . e . , the individual antibodies compris substitution , deletion , and / or addition ) at one or more amino 
ing the population are identical and / or bind the same acid positions . 
epitope , except for possible variant antibodies , e . g . , contain - 60 For example , the present disclosure contemplates an anti 
ing naturally occurring mutations or arising during produc - body variant that possesses some but not all effector func 
tion of a monoclonal antibody preparation , such variants tions , which make it a desirable candidate for applications in 
generally being present in minor amounts . In contrast to which the half - life of the antibody in vivo is important yet 
polyclonal antibody preparations , which typically include for which certain effector functions ?e . g . , complement - de 
different antibodies directed against different epitopes , each 65 pendent cytotoxicity ( CDC ) and antibody - dependent cellu 
monoclonal antibody of a monoclonal antibody preparation lar cytotoxicity ( ADCC ) are unnecessary or deleterious . In 
is directed against a single epitope on an antigen . Thus , the vitro and / or in vivo cytotoxicity assays can be conducted to 



69 
US 9 , 850 , 298 B2 

70 
confirm the reduction / depletion of CDC and / or ADCC may be desirable to test solution binding . A variety of 
activities . For example , Fc receptor ( FcR ) binding assays different techniques are available for testing interaction 
can be conducted to ensure that the antibody lacks Fcy between antibodies and antigens to identify particularly 
binding ( hence likely lacking ADCC activity ) , but retains desirable antibodies . Such techniques include ELISAs , sur 
FcRn binding ability . The primary cells for mediating 5 face plasmon resonance binding assays ( e . g . , the BiacoreTM 
ADCC , NK cells , express FcyRIII only , whereas monocytes binding assay , Bia - core AB , Uppsala , Sweden ) , sandwich 
express FcYRI , FcyRII and FcyRIII . FCR expression on assays ( e . g . , the paramagnetic bead system of IGEN Inter 
hematopoietic cells is summarized in , for example , Ravetch national , Inc . , Gaithersburg , Md . ) , western blots , immuno 
and Kinet ( 1991 ) Annu . Rev . Immunol . 9 : 457 - 492 . Non - precipitation assays , and immunohistochemistry . 
limiting examples of in vitro assays to assess ADCC activity 10 In certain embodiments , amino acid sequence variants of 
of a molecule of interest are described in U . S . Pat . No . the antibodies and / or the binding polypeptides provided 
5 , 500 , 362 ; Hellstrom , I . et al . ( 1986 ) Proc . Nat ' l Acad . Sci . herein are contemplated . For example , it may be desirable to 
USA 83 : 7059 - 70631 ; Hellstrom , I et al . ( 1985 ) Proc . Nat ' l improve the binding affinity and / or other biological proper 
Acad . Sci . USA 82 : 1499 - 1502 ; U . S . Pat . No . 5 , 821 , 337 ; and ties of the antibody and / or binding polypeptide . Amino acid 
Bruggemann , M . et al . ( 1987 ) J . Exp . Med . 166 : 1351 - 1361 . 15 sequence variants of an antibody and / or binding polypep 
Alternatively , non - radioactive assays methods may be tides may be prepared by introducing appropriate modifica 
employed ( e . g . , ACTITM , non - radioactive cytotoxicity assay tions into the nucleotide sequence encoding the antibody 
for flow cytometry ; CellTechnology , Inc . Mountain View , and / or binding polypeptide , or by peptide synthesis . Such 
Calif . ; and Cyto Tox 96® non - radioactive cytotoxicity assay , modifications include , for example , deletions from , and / or 
Promega , Madison , Wis . ) . Useful effector cells for such 20 insertions into , and / or substitutions of residues within the 
assays include peripheral blood mononuclear cells ( PBMC ) amino acid sequences of the antibody and / or binding poly 
and natural killer ( NK ) cells . Alternatively , or additionally , peptide . Any combination of deletion , insertion , and substi 
ADCC activity of the molecule of interest may be assessed tution can be made to arrive at the final construct , provided 
in vivo , for example , in an animal model such as that that the final construct possesses the desired characteristics , 
disclosed in Clynes et al . ( 1998 ) Proc . Nat ' l Acad . Sci . USA 25 e . g . , target - binding ( GDF11 , GDF8 , ActRIIA , and / or 
95 : 652 - 656 . C1q binding assays may also be carried out to ActRIIB binding ) . 
confirm that the antibody is unable to bind Clq and hence Alterations ( e . g . , substitutions ) may be made in HVRs , for 
lacks CDC activity . See , e . g . , C1q and C3c binding ELISA example , to improve antibody affinity . Such alterations may 
in WO 2006 / 029879 and WO 2005 / 100402 . To assess be made in HVR “ hotspots , " i . e . , residues encoded by 
complement activation , a CDC assay may be performed . 30 codons that undergo mutation at high frequency during the 
See , e . g . , Gazzano - Santoro et al . ( 1996 ) J . Immunol . Meth - somatic maturation process ( see , e . g . , Chowdhury ( 2008 ) 
ods 202 : 163 ; Cragg , M . S . et al . ( 2003 ) Blood 101 : 1045 - Methods Mol . Biol . 207 : 179 - 196 ( 2008 ) ) , and / or SDRs 
1052 ; and Cragg , M . S , and M . J . Glennie ( 2004 ) Blood ( a - CDRs ) , with the resulting variant VH or VL being tested 
103 : 2738 - 2743 . FcRn binding and in vivo clearance / half for binding affinity . Affinity maturation by constructing and 
life determinations can also be performed using methods 35 reselecting from secondary libraries has been described in 
known in the art . See , e . g . , Petkova , S . B . et al . ( 2006 ) Int ' l . the art . See , e . g . , Hoogenboom et al . , in Methods in Molecu 
Immunol . 18 ( 12 ) : 1759 - 1769 . lar Biology 178 : 1 - 37 , O ' Brien et al . , ed . , Human Press , 

Antibodies of the present disclosure ( e . g . , an anti - GDF11 Totowa , N . J . , ( 2001 ) . In some embodiments of affinity 
antibody , an anti - activin B antibody , an anti - ActRIIA anti - maturation , diversity is introduced into the variable genes 
body , or an anti - ActRIIB antibody ) with reduced effector 40 chosen for maturation by any of a variety of methods ( e . g . , 
function include those with substitution of one or more of Fc error - prone PCR , chain shuffling , or oligonucleotide - di 
region residues 238 , 265 , 269 , 270 , 297 , 327 and 329 ( U . S . rected mutagenesis ) . A secondary library is then created . The 
Pat . No . 6 , 737 , 056 ) . Such Fc mutants include Fc mutants library is then screened to identify any antibody variants 
with substitutions at two or more of amino acid positions with the desired affinity . Another method to introduce diver 
265 , 269 , 270 , 297 and 327 , including the so - called 45 sity involves HVR - directed approaches , in which several 
“ DANA ” Fc mutant with substitution of residues 265 and HVR residues ( e . g . , 4 - 6 residues at a time ) are randomized . 
297 to alanine ( U . S . Pat . No . 7 , 332 , 581 ) . HVR residues involved in antigen binding may be specifi 

In certain embodiments , it may be desirable to create cally identified , e . g . , using alanine scanning mutagenesis or 
cysteine engineered antibodies , e . g . , " thioMAbs , ” in which modeling . CDR - H3 and CDR - L3 in particular are often 
one or more residues of an antibody are substituted with 50 targeted . 
cysteine residues . In particular embodiments , the substituted In certain embodiments , substitutions , insertions , or dele 
residues occur at accessible sites of the antibody . By sub - tions may occur within one or more HVRs so long as such 
stituting those residues with cysteine , reactive thiol groups alterations do not substantially reduce the ability of the 
are thereby positioned at accessible sites of the antibody and antibody to bind to the antigen . For example , conservative 
may be used to conjugate the antibody to other moieties , 55 alterations ( e . g . , conservative substitutions as provided 
such as drug moieties or linker - drug moieties , to create an herein ) that do not substantially reduce binding affinity may 
immunoconjugate , as described further herein . In certain be made in HVRs . Such alterations may be outside of HVR 
embodiments , any one or more of the following residues “ hotspots ” or SDRs . In certain embodiments of the variant 
may be substituted with cysteine : V205 ( Kabat numbering ) VH and VL sequences provided above , each HVR either is 
of the light chain ; A118 ( EU numbering ) of the heavy chain ; 60 unaltered , or contains no more than one , two , or three amino 
and S400 ( EU numbering ) of the heavy chain Fc region . acid substitutions . 
Cysteine engineered antibodies may be generated as A useful method for identification of residues or regions 
described , for example , in U . S . Pat . No . 7 , 521 , 541 . of the antibody and / or the binding polypeptide that may be 

In addition , the techniques used to screen antibodies in targeted for mutagenesis is called “ alanine scanning muta 
order to identify a desirable antibody may influence the 65 genesis ” as described by Cunningham and Wells ( 1989 ) 
properties of the antibody obtained . For example , if an Science , 244 : 1081 - 1085 . In this method , a residue or group 
antibody is to be used for binding an antigen in solution , it of target residues ( e . g . , charged residues such as Arg , Asp , 
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His , Lys , and Glu ) are identified and replaced by a neutral or antibody ) can be used in combination with i ) one or more 
negatively charged amino acid ( e . g . , alanine or polyalanine ) additional ActRII antagonist antibodies disclosed herein , ii ) 
to determine whether the interaction is affected . Further one or more ActRII polypeptides disclosed herein ( e . g . , 
substitutions may be introduced at the amino acid locations ActRIIA and / or ActRIIB polypeptides ) , iii ) one or more 
demonstrating functional sensitivity to the initial substitu - 5 GDF Traps disclosed herein ; iv ) one or more small molecule 
tions . Alternatively , or additionally , a crystal structure of an ActRII antagonist disclosed herein ( e . g . , a small molecule 
antigen - antibody complex can be used to identify contact antagonist of one or more of GDF11 , GDF8 , activin A , 
points between the antibody and antigen . Such contact activin B , activin AB , activin C , activin E , BMP , BMP7 , 
residues and neighboring residues may be targeted or elimi - Nodal , ActRIIA , and / or ActRIIB ) ; v ) one or more polynucle 
nated as candidates for substitution . Variants may be 10 otide ActRII antagonists disclosed herein ( e . g . , a polynucle 
screened to determine whether they contain the desired otide antagonist of one or more of GDF11 , GDF8 , activin A , 
properties . activin B , activin AB , activin C , activin E , BMP6 , BMP7 , 

Amino acid sequence insertions include amino - and / or Nodal , ActRIIA , and / or ActRIIB ) ; vi ) one or more follistatin 
carboxyl - terminal fusions ranging in length from one resi - polypeptides disclosed herein ; and / or vii ) one or more 
due to polypeptides containing a hundred or more residues , 15 FLRG polypeptides disclosed herein . 
as well as intrasequence insertions of single or multiple D . Small Molecule Antagonists 
amino acid residues . Examples of terminal insertions In another aspect , the present disclosure relates to a small 
include an antibody with an N - terminal methionyl residue . molecule , or combination of small molecules , that antago 
Other insertional variants of the antibody molecule include n izes ActRII activity ( e . g . , inhibition of ActRIIA and / or 
fusion of the N - or C - terminus of the antibody to an enzyme 20 ActRIIB signaling transduction , such as SMAD 2 / 3 and / or 
( e . g . , for ADEPT ) or a polypeptide which increases the SMAD 1 / 5 / 8 signaling ) . In particular , the disclosure pro 
serum half - life of the antibody . vides methods of using a small molecule antagonist , or 

In certain embodiments , an antibody and / or binding poly - combination of small molecule antagonists , of ActRII to , 
peptide provided herein may be further modified to contain e . g . , treat or prevent an anemia in a subject in need thereof 
additional non - proteinaceous moieties that are known in the 25 and / or treat or prevent one or more complications of anemia 
art and readily available . The moieties suitable for deriva - including , for example , cutaneous ulcers . In some embodi 
tization of the antibody and / or binding polypeptide include ments , the disclosure provides methods of using a small 
but are not limited to water soluble polymers . Non - limiting molecule antagonist , or combination of small molecule 
examples of water soluble polymers include , but are not antagonists of ActRII , to treat an anemia in a subject in need 
limited to , polyethylene glycol ( PEG ) , copolymers of eth - 30 thereof and / or treat one or more complications of anemia 
ylene glycol / propylene glycol , carboxymethylcellulose , including , for example , cutaneous ulcers , in a subject having 
dextran , polyvinyl alcohol , polyvinyl pyrrolidone , poly - 1 , 3 - anemia . In some embodiments , the disclosure provides 
dioxolane , poly - 1 , 3 , 6 - trioxane , ethylene / maleic anhydride methods of using a small molecule antagonist , or combina 
copolymer , polyaminoacids ( either homopolymers or ran tion of small molecule antagonists of ActRII , to prevent an 
dom copolymers ) , and dextran or poly ( n - vinyl pyrrolidone ) 35 anemia in a subject in need thereof and / or prevent one or 
polyethylene glycol , propropylene glycol homopolymers , more complications of anemia including , for example , cuta 
prolypropylene oxide / ethylene oxide co - polymers , polyoxy - neous ulcers in a subject having anemia . 
ethylated polyols ( e . g . , glycerol ) , polyvinyl alcohol , and In some embodiments , an ActRII antagonist of the present 
mixtures thereof . Polyethylene glycol propionaldehyde may disclosure is a small molecule antagonist , or combination of 
have advantages in manufacturing due to its stability in 40 small molecule antagonists , that direct or indirect inhibits at 
water . The polymer may be of any molecular weight , and least GDF11 activity . Optionally , such a small molecule 
may be branched or unbranched . The number of polymers antagonist , or combination of small molecule antagonists , 
attached to the antibody and / or binding polypeptide may may further inhibit , either directly or indirectly , GDF8 . 
vary , and if more than one polymer are attached , they can be Optionally , a small molecule antagonist , or combination of 
the same or different molecules . In general , the number 45 small molecule antagonists , of the present disclosure does 
and / or type of polymers used for derivatization can be not substantially inhibit activin A activity . In some embodi 
determined based on considerations including , but not lim - ments , a small molecule antagonist , or combination of small 
ited to , the particular properties or functions of the antibody molecule antagonists , of the present disclosure that inhibits , 
and / or binding polypeptide to be improved , whether the either directly or indirectly , GDF11 and / or GDF8 activity 
antibody derivative and / or binding polypeptide derivative 50 further inhibits , either directly or indirectly , activity of one 
will be used in a therapy under defined conditions . or more of activin A , activin B , activin AB , activin C , activin 

Any of the ActRII antagonist antibodies disclosed herein E , BMP , BMP7 . Nodal , ActRIIA , and ActRIIB . 
( e . g . , an anti - activin A antibody , an anti - activin B antibody , In certain embodiments , a small molecule antagonist , or 
an anti - activin C antibody , an anti - activin E antibody , an combination of small molecule antagonists , of the present 
anti - GDF11 antibody , an anti - GDF8 antibody , an anti - 55 disclosure is an indirect inhibitor of one or more of GDF11 , 
BMP6 antibody , an anti - BMP7 antibody , an anti - ActRIIA GDF8 , activin A , activin B , activin AB , activin C , activin E , 
antibody , and / or or an anti - ActRIIB antibody ) can be com BMP6 , Nodal , ActRIIA , and ActRIIB . For example , a small 
bined with one or more additional ActRII antagonist agents molecule antagonist , or combination of small molecule 
of the disclosure to achieve the desired effect ( e . g . , treat or antagonists , of the present disclosure may inhibit the expres 
prevent an anemia in a subject in need thereof and / or treat 60 sion ( e . g . , transcription , translation , cellular secretion , or 
or prevent one or more complications of anemia including , combinations thereof ) of at least GDF11 . Optionally , such a 
for example , cutaneous ulcers ) . For example , an ActRII small molecule antagonist , or combination of small mol 
antagonist antibody disclosed herein ( e . g . , an anti - GDF11 ecule antagonists , may further inhibit expression of GDF8 . 
antibody , an anti - activin B antibody , an anti - activin C anti - Optionally , a small molecule antagonist , or combinations of 
body , an anti - activin E antibody , an anti - GDF11 antibody , an 65 small molecule antagonists , of the disclosure does not sub 
anti - GDF8 antibody , an anti - BMP6 antibody , an - anti - BMP7 stantially inhibit the expression of activin A . In some 
antibody , an anti - ActRIIA antibody , or an anti - ActRIIB embodiments , a small molecule antagonist , or combination 
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of small molecule antagonists , of the disclosure that inhibits ActRIIA receptor and inhibits at least GDF11 from binding 
expression of GDF11 and / or GDF8 may further inhibit the to and / or activating the ActRIIA receptor . Optionally , such a 
expression of one or more of activin A , activin B , activin small molecule antagonist , or combination of small mol 
AB , activin C , activin E , BMP6 , BMP7 , Nodal , ActRIIA , ecule antagonists , may further inhibit GDF8 from binding to 
and ActRIIB . and / or activating the ActRIIA receptor . Optionally , a small 

In other embodiments , a small molecule antagonist , or molecule antagonist , or combination of small molecule combination of small molecule antagonists , of the present antagonists , of the disclosure does not substantially inhibit 
disclosure is direct inhibitor of one or more of GDF11 , activin A from binding to and / or activating an ActRIIA 
GDF8 , activin A , activin B , activin AB , activin C , activin E , receptor . In some embodiments , a small molecule antago BMP6 , BMP7 , Nodal , ActRIIA , and ActRIIB . For example , 10 nist , or combination of small molecule antagonists , of the a small molecule antagonist , or combination of small mol disclosure that inhibits GDF11 and / or GDF8 from binding to ecule antagonists , of the present disclosure directly binds to and / or activating the ActRIIA receptor further inhibits one or and inhibits at least GDF11 activity ( e . g . inhibits the ability 

more of activin A , activin B , activin AB , activin C , activin GDF11 to bind to an ActRIIA and / or ActRIIB receptor ; 
inhibit GDF11 - mediated activation of the ActRIIA and / or 15 E , ! 15 E , BMP6 , BMP7 . and Nodal from binding to / and or acti 
ActRIIB signaling transduction , such as SMAD 2 / 3 signal vating the ActRIIA receptor . 
ing ) . Optionally , a small molecule antagonist , or combina - In some embodiments , a small molecule antagonist , or 
tions of small molecule antagonists , of the disclosure may combination of small molecule antagonists , of the present 
further bind to and inhibit GDF8 activity ( e . g . inhibit the disclosure directly binds to and inhibits at least ActRIIB 
ability of GDF8 to bind to an ActRIIA and / or ActRIIB 20 activity ( e . g . 
receptor ; inhibit GDF8 - mediated activation of the ActRIIA ActRII ligand - mediated activation of ActRIIB signaling 
and / or ActRIIB signaling transduction , such as SMAD 2 / 3 transduction , such as SMAD 2 / 3 signaling ) . For example , a 
signaling ) . Optionally , a small molecule antagonist , or com small molecule antagonist , or combination of small mol 
binations of small molecule antagonists , of the disclosure ecule antagonists , of the disclosure binds to an ActRIIB 
does not substantially bind to or inhibit activin A activity 25 receptor and inhibits at least GDF11 from binding to and / or 
( e . g . the ability of activin A to bind to an ActRIIA and / or activating the ActRIIB receptor . Optionally , such a small 
ActRIB receptor ; activin A - mediated activation of the molecule antagonist , or combination of small molecule 
ActRIIA and / or ActRIIB signaling transduction , such as antagonists , may further inhibit GDF8 from binding to SMAD 2 / 3 signaling pathway ) . In some embodiments , a and / or activating the ActRIIB receptor . Optionally , a small small molecule antagonist , or combinations of small mol - 30 molecule antagonist , or combination of small molecule ecule antagonists , of the disclosure that binds to and inhibits antagonists , of the disclosure does not substantially inhibit the activity of GDF11 and / or GDF8 further binds to and activin A from binding to and / or activating an ActRIIB inhibits the activity of one or more of activin A , activin B , receptor . In some embodiments , a small molecule antago activin AB , activin C , activin E , BMP , BMP7 , Nodal , 
ActRIIA , and ActRIIB . nist , or combination of small molecule antagonists , of the 

In some embodiments , a small molecule antagonist , or disclosure that inhibits GDF11 and / or GDF8 from binding to 
combination of small molecule antagonists , of the present and / or activating the ActRIIB receptor further inhibits one or 
disclosure directly binds to and inhibits at least GDF8 more of activin A , activin B , activin AB , activin C , activin 
activity ( e . g . inhibits the ability GDF8 to bind to an ActRIIA E . BMP , BMP7 . and Nodal from binding to / and or acti 
and / or ActRIIB receptor ; inhibits GDF8 - mediated activation 40 vating the ActRIIB receptor . 
of the ActRIIA and / or ActRIIB signaling transduction , such Binding organic small molecule antagonists of the present 
as SMAD 2 / 3 signaling ) . Optionally , a small molecule disclosure may be identified and chemically synthesized 
antagonist , or combinations of small molecule antagonists , using known methodology ( see , e . g . , PCT Publication Nos . 
of the disclosure may further bind to and inhibit GDF11 WO 00 / 00823 and WO 00 / 39585 ) . In general , small mol 
activity ( e . g . inhibit the ability of GDF11 to bind to an 45 ecules antagonists of the disclosure are usually less than 
ActRIIA and / or ActRIIB receptor ; inhibit GDF11 - mediated about 2000 daltons in size , alternatively less than about 
activation of the ActRIIA and / or ActRIIB signaling trans - 1500 , 750 , 500 , 250 or 200 daltons in size , wherein such 
duction , such as SMAD 2 / 3 signaling ) . Optionally , a small organic small molecules that are capable of binding , pref 
molecule antagonist , or combinations of small molecule erably specifically , to a polypeptide as described herein ( e . g . , 
antagonists , of the disclosure does not substantially bind to 50 GDF11 , GDF8 , ActRIIA , and ActRIIB ) . Such small mol 
or inhibit activin A activity ( e . g . the ability of activin A to ecule antagonists may be identified without undue experi 
bind to an ActRIIA and / or ActRIIB receptor , activin A - me - mentation using well known techniques . In this regard , it is 
diated activation of the ActRIIA and / or ActRIIB signaling noted that techniques for screening organic small molecule 
transduction , SMAD 2 / 3 signaling ) . In some embodiments , libraries for molecules that are capable of binding to a 
a small molecule antagonist , or combinations of small 55 polypeptide target are well known in the art . See , e . g . , 
molecule antagonists , of the disclosure that binds to and international patent publication Nos . WO00 / 00823 and 
inhibits the activity of GDF8 and / or GDF11 further binds to W000 / 39585 . 
and inhibits the activity of one or more of activin A , activin Binding organic small molecules of the present disclosure 
B , activin AB , activin C , activin E , BMP6 , BMP7 , Nodal , may be , for example , aldehydes , ketones , oximes , hydra 
ActRIIA , and ActRIIB . 60 zones , semicarbazones , carbazides , primary amines , second 

In some embodiments , a small molecule antagonist , or a ry amines , tertiary amines , N - substituted hydrazines , 
combination of small molecule antagonists , of the present hydrazides , alcohols , ethers , thiols , thioethers , disulfides , 
disclosure directly binds to and inhibits at least ActRIIA carboxylic acids , esters , amides , ureas , carbamates , carbon 
activity ( e . g . ActRII ligand - mediated activation of ActRIIA ates , ketals , thioketals , acetals , thioacetals , aryl halides , aryl 
signaling transduction , such as SMAD 2 / 3 signaling ) . For 65 sulfonates , alkyl halides , alkyl sulfonates , aromatic com 
example , a small molecule antagonist , or combination of pounds , heterocyclic compounds , anilines , alkenes , alkynes , 
small molecule antagonists , of the disclosure binds to an diols , amino alcohols , oxazolidines , oxazolines , thiazoli 
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dines , thiazolines , enamines , sulfonamides , epoxides , aziri - translation , secretion , or combinations thereof ) of at least 
dines , isocyanates , sulfonyl chlorides , diazo compounds , GDF11 . Optionally , such a polynucleotide antagonist , or 
and acid chlorides . combination of polynucleotide antagonists , may further 
Any of the small molecule ActRII antagonists disclosed inhibit the activity and / or expression of GDF8 . Optionally , 

herein ( e . g . , a small molecule antagonist of one or more of 5 a polynucleotide antagonist , or combination of polynucle 
GDF11 , GDF8 , activin A , activin B , activin AB , activin C , otide antagonists , of the disclosure does not substantially 
activin E . BMP6 , BMP7 , Nodal , ActRIIA , and / or ActRIIB ) inhibit the activity and / or expression of activin A . In some 
can be combined with one or more additional ActRII antago embodiments , a polynucleotide antagonist , or combination nist agents of the disclosure to achieve the desired effect of polynucleotide antagonists , of the disclosure that inhibits ( e . g . , increase red blood cell levels and / or hemoglobin in a 10 the activity and / or expression of GDF11 and / or GDF8 may subject in need thereof , treat or prevent an anemia , treat further inhibit the activity and or expression of one or more sickle - cell disease , treat or prevent one or more complica of activin A , activin B , activin AB , activin C , activin E , tions of sickle - cell disease ) . For example , an small molecule 
ActRII antagonist disclosed herein ( e . g . , a small molecule BMP6 , BMP7 , Nodal , ActRIIA , and / or ActRIIB . 
antagonist of one or more of GDF11 . GDF8 . activin A . 15 In some embodiments , a polynucleotide antagonist , or 
activin B . activin AB , activin C , activin E . BMP6 , BMP7 , combination of polynucleotide antagonists , of the disclosure 
Nodal , ActRIIA , and / or ActRIIB ) can be used in combina - inhibits the activity and / or expression ( e . g . , transcription , 
tion with i ) one or more additional small molecule ActRII translation , secretion , or combinations thereof ) of at least 
antagonists disclosed herein , ii ) one or more ActRII poly GDF8 . Optionally , such polynucleotide antagonist , or com 
peptides disclosed herein ( e . g . , ActRIIA and / or ActRIIB 20 bination of polynucleotide antagonists , may further inhibit 
polypeptides ) , iii ) one or more GDF Traps disclosed herein ; the activity and / or expression of GDF11 . Optionally , a 
iv ) one or more ActRII antagonist antibodies disclosed polynucleotide antagonist , or combination of polynucleotide 
herein ( e . g . , an anti - GDF11 antibody , an anti - activin B antagonists , of the disclosure does not substantially inhibit 
antibody , an anti - activin C antibody , an anti - activin E anti - the activity and / or expression of activin A . In some embodi 
body , an anti - GDF11 antibody , an anti - GDF8 antibody , an 25 ments , a polynucleotide antagonist , or combination of poly 
anti - BMP6 antibody , an - anti - BMP7 antibody , an anti - Ac - nucleotide antagonists , of the disclosure that inhibits the 
TRIIA antibody , or an anti - ActRIIB antibody ) ; v ) one or activity and / or expression of GDF8 and / or GDF11 may 
more polynucleotide ActRII antagonists disclosed herein further inhibit the activity and or expression of one or more 
( e . g . , a polynucleotide antagonist of one or more of GDF11 , of activin A , activin B , activin AB , activin C , activin E , 
GDF8 , activin A , activin B , activin AB , activin C , activin E , 30 BMP , BMP7 , Nodal , ActRIIA , and / or ActRIIB . 
BMP , BMP7 . Nodal , ActRIIA , and / or ActRIIB ) ; vi ) one or In some embodiments , a polynucleotide antagonist , or 
more follistatin polypeptides disclosed herein ; and / or vii ) combination of polynucleotide antagonists , of the disclosure 
one or more FLRG polypeptides disclosed herein . inhibits the activity and / or expression ( e . g . , transcription , 
E . Antagonist Polynucleotides translation , secretion , or combinations thereof ) of at least 

In another aspect , the present disclosure relates to a 35 ActRIIA . Optionally , a polynucleotide antagonist , or com 
polynucleotide , or combination of polynucleotides , that bination of polynucleotide antagonists , of the disclosure 
antagonizes ActRII activity ( e . g . , inhibition of ActRIIA does not substantially inhibit the activity and / or expression 
and / or ActRIIB signaling transduction , such as SMAD 2 / 3 of activin A . In some embodiments , a polynucleotide 
and / or SMAD 1 / 5 / 8 signaling ) . In particular , the disclosure antagonist , or combination of polynucleotide antagonists , of 
provides methods of using a polynucleotide ActRII antago - 40 the disclosure that inhibits the activity and / or expression of 
nist , or combination of polynucleotide ActRII antagonists , ActRIIA may further inhibit the activity and or expression of 
to , e . g . , treat or prevent an anemia in a subject in need one or more of activin A , activin B , activin AB , activin C , 
thereof and / or treat or prevent one or more complication of activin E , BMP6 , BMP7 , Nodal , and / or ActRIIB . 
anemia including , for example , cutaneous ulcers . In some In some embodiments , a polynucleotide antagonist , or 
embodiments , the disclosure provides methods of using a 45 combination of polynucleotide antagonists , of the disclosure 
polynucleotide ActRII antagonist , or combination of poly - inhibits the activity and / or expression ( e . g . , transcription , 
nucleotide ActRII antagonists , to treat an anemia in a subject translation , secretion , or combinations thereof ) of at least 
in need thereof and / or treat one or more complications of ActRIIB . Optionally , a polynucleotide antagonist , or com 
anemia including , for example , cutaneous ulcers , in a sub - bination of polynucleotide antagonists , of the disclosure 
ject having anemia . In some embodiments , the disclosure 50 does not substantially inhibit the activity and / or expression 
provides methods of using a polynucleotide ActRII antago - of activin A . In some embodiments , a polynucleotide 
nist , or combination of polynucleotide ActRII antagonists , to antagonist , or combination of polynucleotide antagonists , of 
prevent an anemia in a subject in need thereof and / or prevent the disclosure that inhibits the activity and / or expression of 
one or more complications of anemia including , for ActRIIB may further inhibit the activity and or expression of 
example , cutaneous ulcers in a subject having anemia . 55 one or more of activin A , activin B , activin AB , activin C , 

In some embodiments , a polynucleotide ActRII antago - activin E , BMP , BMP7 , Nodal , and / or ActRIIA . 
nist , or combination of polynucleotide ActRII antagonist , of The polynucleotide antagonists of the present disclosure 
the present disclosure can be used to inhibit the activity may be an antisense nucleic acid , an RNAi molecule ( e . g . , 
and / or expression of one or more of GDF11 , GDF8 , activin small interfering RNA ( siRNA ) , small - hairpin RNA 
A , activin B , activin AB , activin C , activin C , activin E , 60 ( shRNA ) , microRNA miRNA ) ) , an aptamer and / or a 
BMP6 , BMP7 , Nodal , ActRIIA , and / or ActRIIB . In certain ribozyme . The nucleic acid and amino acid sequences of 
embodiments , a polynucleotide ActRII antagonist , or com - human GDF11 , GDF8 , activin A , activin B , activin C , 
bination of polynucleotide ActRII antagonist , of the disclo activin E , BMP6 , BMP7 , Nodal , ActRIIA , and ActRIIB are 
sure is a GDF - ActRII antagonist . known in the art and thus polynucleotide antagonists for use 

In some embodiments , a polynucleotide antagonist , or 65 in accordance with methods of the present disclosure may be 
combination of polynucleotide antagonists , of the disclosure routinely made by the skilled artisan based on the knowl 
inhibits the activity and / or expression ( e . g . , transcription , edge in the art and teachings provided herein . 
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For example , antisense technology can be used to control Such a vector would contain a sequence encoding the 
gene expression through antisense DNA or RNA , or through desired antisense nucleic acid . Such a vector can remain 
triple - helix formation . Antisense techniques are discussed , episomal or become chromosomally integrated , as long as it 
for example , in Okano ( 1991 ) J . Neurochem . 56 : 560 ; Oli - can be transcribed to produce the desired antisense RNA . 
godeoxynucleotides as Antisense Inhibitors of Gene Expres - 5 Such vectors can be constructed by recombinant DNA 
sion , CRC Press , Boca Raton , Fla . ( 1988 ) . Triple helix technology methods standard in the art . Vectors can be 
formation is discussed in , for instance , Cooney et al . ( 1988 ) plasmid , viral , or others known in the art , used for replica 
Science 241 : 456 ; and Dervan et al . , ( 1991 ) Science 251 : tion and expression in vertebrate cells . Expression of the 
1300 . The methods are based on binding of a polynucleotide sequence encoding desired genes of the instant disclosure , or 
to a complementary DNA or RNA . In some embodiments , 10 fragments thereof , can be by any promoter known in the art 
the antisense nucleic acids comprise a single - stranded RNA to act in vertebrate , preferably human cells . Such promoters 
or DNA sequence that is complementary to at least a portion can be inducible or constitutive . Such promoters include , but 
of an RNA transcript of a gene disclosed herein ( e . g . , are not limited to , the SV40 early promoter region see , e . g . , 
GDF11 , GDF8 , activin A , activin B , activin C , activin C , Benoist and Chambon ( 1981 ) Nature 29 : 304 - 310 ] , the pro 
activin E , BMP6 , BMP7 , Nodal , ActRIIA , and ActRIIB ) . 15 moter contained in the 3 ' long terminal repeat of Rous 
However , absolute complementarity , is not required . sarcoma virus ( see , e . g . , Yamamoto et al . ( 1980 ) Cell 

A sequence “ complementary to at least a portion of an 22 : 787 - 797 , the herpes thymidine promoter ( see , e . g . , Wag 
RNA , ” referred to herein , means a sequence having suffi - ner et al . ( 1981 ) Proc . Natl . Acad . Sci . U . S . A . 78 : 1441 
cient complementarity to be able to hybridize with the RNA , 1445 ] , and the regulatory sequences of the metallothionein 
forming a stable duplex ; in the case of double stranded 20 gene ( see , e . g . , Brinster , et al . ( 1982 ) Nature 296 : 39 - 42 . 
antisense nucleic acids of a gene disclosed herein ( e . g . , In some embodiments , the polynucleotide antagonists are 
GDF11 , GDF8 , activin A , activin B , activin C , activin E , interfering RNA or RNAi molecules that target the expres 
BMP , BMP7 , Nodal , ActRIIA , and ActRIIB ) , a single sion of one or more of : GDF11 , GDF8 , activin A , activin B , 
strand of the duplex DNA may thus be tested , or triplex activin C , activin E , BMP6 , BMP7 , Nodal , ActRIIA , and 
formation may be assayed . The ability to hybridize will 25 ActRIIB . RNAi refers to the expression of an RNA which 
depend on both the degree of complementarity and the interferes with the expression of the targeted mRNA . Spe 
length of the antisense nucleic acid . Generally , the larger the cifically , RNAi silences a targeted gene via interacting with 
hybridizing nucleic acid , the more base mismatches with an the specific mRNA through a siRNA ( small interfering 
RNA it may contain and still form a stable duplex ( or triplex RNA ) . The ds RNA complex is then targeted for degradation 
as the case may be ) . One skilled in the art can ascertain a 30 by the cell . An siRNA molecule is a double stranded RNA 
tolerable degree of mismatch by use of standard procedures duplex of 10 to 50 nucleotides in length , which interferes 
to determine the melting point of the hybridized complex . with the expression of a target gene which is sufficiently 

Polynucleotides that are complementary to the 5 ' end of complementary ( e . g . at least 80 % identity to the gene ) . In 
the message , for example , the 5 ' untranslated sequence up to some embodiments , the siRNA molecule comprises a 
and including the AUG initiation codon , should work most 35 nucleotide sequence that is at least 85 , 90 , 95 , 96 , 97 , 98 , 99 , 
efficiently at inhibiting translation . However , sequences or 100 % identical to the nucleotide sequence of the target 
complementary to the 3 ' untranslated sequences of mRNAs gene . 
have been shown to be effective at inhibiting translation of Additional RNAi molecules include short hairpin RNA 
mRNAs as well . See , e . g . , Wagner , R . , ( 1994 ) Nature ( shRNA ) ; also short interfering hairpin and microRNA 
372 : 333 - 335 . Thus , oligonucleotides complementary to 40 ( miRNA ) . The shRNA molecule contains sense and anti 
either the 5 ' - or 3 ' - untranslated , non - coding regions of a gene sense sequences from a target gene connected by a loop . The 
of the disclosure ( e . g . , GDF11 , GDF8 , activin A , activin B , shRNA is transported from the nucleus into the cytoplasm , 
activin C , activin E , BMP6 , BMP7 , Nodal , ActRIIA , and and it is degraded along with the mRNA . Pol III or U6 
ActRIIB ) , could be used in an antisense approach to inhibit promoters can be used to express RNAs for RNAi . Paddison 
translation of an endogenous mRNA . Polynucleotides 45 et al . Genes & Dev . ( 2002 ) 16 : 948 - 958 , 2002 ) have used 
complementary to the 5 ' untranslated region of the mRNA small RNA molecules folded into hairpins as a means to 
should include the complement of the AUG start codon . effect RNAi . Accordingly , such short hairpin RNA ( shRNA ) 
Antisense polynucleotides complementary to mRNA coding molecules are also advantageously used in the methods 
regions are less efficient inhibitors of translation but could be described herein . The length of the stem and loop of 
used in accordance with the methods of the present disclo - 50 functional shRNAs varies ; stem lengths can range anywhere 
sure . Whether designed to hybridize to the 5 ' - untranslated from about 25 to about 30 nt , and loop size can range 
3 ' - untranslated or coding region of an mRNA of the disclo - between 4 to about 25 nt without affecting silencing activity . 
sure ( e . g . , an GDF11 , GDF8 . activin A , activin B , activin C , While not wishing to be bound by any particular theory , it 
activin E , BMP6 , BMP7 , Nodal , ActRIIA , and ActRIIB is believed that these shRNAs resemble the double stranded 
mRNA ) , antisense nucleic acids should be at least six 55 RNA ( dsRNA ) products of the DICER RNase and , in any 
nucleotides in length , and are preferably oligonucleotides event , have the same capacity for inhibiting expression of a 
ranging from 6 to about 50 nucleotides in length . In specific specific gene . The shRNA can be expressed from a lentiviral 
aspects , the oligonucleotide is at least 10 nucleotides , at least vector . An miRNA is a single stranded RNA of about 10 to 
17 nucleotides , at least 25 nucleotides , or at least 50 nucleo - 70 nucleotides in length that are initially transcribed as 
tides . 60 pre - miRNA characterized by a “ stem - loop ” structure and 

In one embodiment , the antisense nucleic acid of the which are subsequently processed into mature miRNA after 
present disclosure ( e . g . , a GDF11 , GDF8 , activin A , activin further processing through the RISC . 
B , activin C , activin E , BMP , BMP7 , Nodal , ActRIIA , or Molecules that mediate RNAi , including without limita 
ActRIIB antisense nucleic acid ) is produced intracellularly tion siRNA , can be produced in vitro by chemical synthesis 
by transcription from an exogenous sequence . For example , 65 ( Hohjoh , FEBS Lett 521 : 195 - 199 , 2002 ) , hydrolysis of 
a vector or a portion thereof , is transcribed , producing an dsRNA ( Yang et al . , Proc Natl Acad Sci USA 99 : 9942 - 9947 , 
antisense nucleic acid ( RNA ) of a gene of the disclosure . 2002 ) , by in vitro transcription with T7 RNA polymerase 
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( Donzeet et al . , Nucleic Acids Res 30 : e46 , 2002 ; Yu et al . , GDF11 , GDF8 , activin A , activin B , activin AB , activin C , 
Proc Natl Acad Sci USA 99 : 6047 - 6052 , 2002 ) , and by activin E , BMP6 , BMP7 , Nodal , ActRIIA , and / or ActRIIB ) 
hydrolysis of double - stranded RNA using a nuclease such as can be combined with one or more additional ActRII antago 
E . coli RNase III ( Yang et al . , Proc Natl Acad Sci USA nist agents of the disclosure to achieve the desired effect 
99 : 9942 - 9947 , 2002 ) . 5 ( e . g . , treat or prevent an anemia in a subject in need thereof 

According to another aspect , the disclosure provides and / or treat or prevent one or more complications of anemia 
polynucleotide antagonists including but not limited to , a including , for example , cutaneous ulcers ) . For example , an 
decoy DNA , a double stranded DNA , a single - stranded polynucleotide ActRII antagonist disclosed herein ( e . g . , a 
DNA , a complexed DNA , an encapsulated DNA , a viral polynucleotide antagonist of one or more of GDF11 , GDF8 , 
DNA , a plasmid DNA , a naked RNA , an encapsulated RNA , 10 activin A , activin B , activin AB , activin C , activin E , BMP6 , 
a viral RNA , a double stranded RNA , a molecule capable of BMP7 , Nodal . ActRIIA , and / or ActRIIB ) can be used in 
generating RNA interference , or combinations thereof . combination with i ) one or more additional polynucleotide 

In some embodiments , the polynucleotide antagonists of ActRII antagonists disclosed herein , ii ) one or more ActRII 
the disclosure are aptamers . Aptamers are nucleic acid s polypeptides disclosed herein ( e . g . , ActRIIA and / or ActRIIB molecules , including double stranded DNA and single 13 polypeptides ) , iii ) one or more GDF Traps disclosed herein ; stranded RNA molecules , which bind to and form tertiary iv ) one or more ActRII antagonist antibodies disclosed structures that specifically bind to a target molecule , such as herein ( e . g . , an anti - GDF11 antibody , an anti - activin B a GDF11 , GDF8 , activin A , activin B , activin C , activin E , 
BMP6 , BMP7 , Nodal , ActRIIA , and ActRIIB polypeptide . antibody , an anti - activin C antibody , an anti - activin E anti 
The generation and therapeutic use of aptamers are well 20 weli 20 body , an anti - GDF11 antibody , an anti - GDF8 antibody , an 
established in the art . See , e . g . , U . S . Pat . No . 5 , 475 , 096 . anti - BMP6 antibody , an - anti - BMP7 antibody , an anti - Ac 
Additional information on aptamers can be found in U . S . TRIIA antibody , or an anti - ActRIIB antibody ) ; v ) one or 
Patent Application Publication No . 20060148748 . Nucleic more small molecule ActRII antagonists disclosed herein 
acid aptamers are selected using methods known in the art , ( e . g . , a small molecule antagonist of one or more of GDF11 , 
for example via the Systematic Evolution of Ligands by 25 GDF8 , activin A , activin B , activin AB , activin C , activin E , 
Exponential Enrichment ( SELEX ) process . SELEX is a BMP6 , BMP7 , Nodal , ActRIIA , and / or ActRIIB ) ; vi ) one or 
method for the in vitro evolution of nucleic acid molecules more follistatin polypeptides disclosed herein ; and / or vii ) 
with highly specific binding to target molecules as described one or more FLRG polypeptides disclosed herein . 
in , e . g . , U . S . Pat . Nos . 5 , 475 , 096 , 5 , 580 , 737 , 5 , 567 , 588 , F . Other Antagonists 
5 , 707 , 796 , 5 , 763 , 177 , 6 , 011 , 577 , and 6 , 699 , 843 . In other aspects , an agent for use in accordance with the 

Another screening method to identify aptamers is methods disclosed herein ( e . g . , methods of treating or pre 
described in U . S . Pat . No . 5 , 270 , 163 . The SELEX process is venting an anemia in an subject in need thereof and / or 
based on the capacity of nucleic acids for forming a variety methods of treating or preventing one or more complications 
of two - and three - dimensional structures , as well as the s of anemia including , for example , cutaneous ulcers ) is a 
chemical versatility available within the nucleotide mono - 33 follistatin polypeptide . The term “ follistatin polypeptide ” mers to act as ligands ( form specific binding pairs ) with includes polypeptides comprising any naturally occurring virtually any chemical compound , whether monomeric or polypeptide of follistatin as well as any variants thereof polymeric , including other nucleic acid molecules and poly ( including mutants , fragments , fusions , and peptidomimetic peptides . 
Molecules of any size or composition can serve as targets . 40 te 40 forms ) that retain a useful activity , and further includes any 

The SELEX method involves selection from a mixture of functional monomer or multimer of follistatin . In certain 
candidate oligonucleotides and step - wise iterations of bind embodiments , follistatin polypeptides of the disclosure bind 
ing , partitioning and amplification , using the same general to and / or inhibit activin activity , particularly activin A ( e . g . , 
selection scheme , to achieve desired binding affinity and activin - mediated activation of ActRIIA and / or ActRIIB 
selectivity . Starting from a mixture of nucleic acids , which 45 SMAD 2 / 3 signaling ) . Variants of follistatin polypeptides 
can comprise a segment of randomized sequence , the that retain activin binding properties can be identified based 
SELEX method includes steps of contacting the mixture on previous studies involving follistatin and activin interac 
with the target under conditions favorable for binding ; tions . For example , WO2008 / 030367 discloses specific fol 
partitioning unbound nucleic acids from those nucleic acids listatin domains ( “ FSDs ” ) that are shown to be important for 
which have bound specifically to target molecules ; dissoci - 50 activin binding . As shown below in SEQ ID NOs : 18 - 20 , the 
ating the nucleic acid - target complexes ; amplifying the follistatin N - terminal domain ( “ FSND " SEQ ID NO : 18 ) , 
nucleic acids dissociated from the nucleic acid - target com FSD2 ( SEQ ID NO : 20 ) , and to a lesser extent FSD1 ( SEQ 
plexes to yield a ligand enriched mixture of nucleic acids . ID NO : 19 ) represent exemplary domains within follistatin The steps of binding , partitioning , dissociating and ampli that are important for activin binding . In addition , methods fying are repeated through as many cycles as desired to yield 55 for making and testing libraries of polypeptides are highly specific high affinity nucleic acid ligands to the target described above in the context of ActRII polypeptides and molecule . such methods also pertain to making and testing variants of Typically , such binding molecules are separately admin follistatin . Follistatin polypeptides include polypeptides istered to the animal ( see , e . g . , O ' Connor ( 1991 ) J . Neuro 60 derived from the sequence of any known follistatin having chem . 56 : 560 ] , but such binding molecules can also be a sequence at least about 80 % identical to the sequence of a 
expressed in vivo from polynucleotides taken up by a host follistatin polypeptide , and optionally at least 85 % , 90 % , 
cell and expressed in vivo . See , e . g . , Oligodeoxynucleotides 95 % , 96 % , 97 % , 98 % , 99 % or greater identity . Examples of 
as Antisense Inhibitors of Gene Expression , CRC Press , follistatin polypeptides include the mature follistatin poly 
Boca Raton , Fla . ( 1988 ) . 65 peptide or shorter isoforms or other variants of the human 

Any of the polynucleotide ActRII antagonists disclosed follistatin precursor polypeptide ( SEQ ID NO : 16 ) as 
herein ( e . g . , a polynucleotide antagonist of one or more of described , for example , in WO2005 / 025601 . 
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The human follistatin precursor polypeptide isoform methods of treating or preventing a complication of anemia 

FST344 is as follows : including , for example , cutaneous ulcers ) is a follistatin - like 
related gene ( FLRG ) , also known as follistatin - related pro 
tein 3 ( FSTL3 ) . In some embodiments , the agent is used to 

( SEQ ID NO : 16 ; NCBI Reference No . 5 treat a complication of anemia including , for example , 
NP _ 037541 . 1 follistatin isoform FST344 ) cutaneous ulcers . In some embodiments , the agent is used to 1 mvrarhqpgg lcllllllcqfmedrsaqag ncwlrqakng 

rcqvlyktel prevent a complication of anemia including , for example , 
cutaneous ulcers . The term “ FLRG polypeptide ” includes 

51 skeeccstgr 1st swteedv ndntlfkwmi fnggapncip polypeptides comprising any naturally occurring polypep 
cketcenvdc 10 tide of FLRG as well as any variants thereof ( including 

101 gpgkkcrmnk knkprcvcap dcsnitwkgpvcgldgktyr mutants , fragments , fusions , and peptidomimetic forms ) that 
necallkarc retain a useful activity . In certain embodiments , FLRG 

polypeptides of the disclosure bind to and / or inhibit activin 151 keqpelevqy qgrckktcrd vfcpgsstov vdqtnnaycv activity , particularly activin A ( e . g . , activin - mediated acti tcnricpepa 
15 vation of ActRIIA and / or ActRIIB SMAD 2 / 3 signaling ) . 

201 sseqylcgnd gvtyssachl rkatcllgrs iglayegkci Variants of FLRG polypeptides that retain activin binding 
kakscediqc properties can be identified using routine methods to assay 

251 tggkkclwdf kvgrgrcslc delcpdsksd epvcasdnat FLRG and activin interactions . See , e . g . , U . S . Pat . No . 
yasecamkea 6 , 537 , 966 . In addition , methods for making and testing 

20 libraries of polypeptides are described above in the context 
301 acssgvllev khsgscnsis edteeeeede dqdysfpiss of ActRII polypeptides and such methods also pertain to 

ilew making and testing variants of FLRG . FLRG polypeptides 
The signal peptide is underlined ; also underlined above include polypeptides derived from the sequence of any 

are the last 27 residues in which represent the C - terminal known FLRG having a sequence at least about 80 % identical 
extension distinguishing this follistatin isoform from the 25 to the sequence of an FLRG polypeptide , and optionally at 
shorter follistatin isoform FST317 shown below . least 85 % , 90 % , 95 % , 97 % , 99 % or greater identity . 

The human follistatin precursor polypeptide isoform The human FLRG ( follistatin - related protein 3 precursor ) 
FST317 is as follows : polypeptide is as follows : 

30 

( SEQ ID NO : 17 ; NCBI Reference No . 
NP 006341 . 1 ) 

1 MVRARHQPGG LCLLLLLLCO FMEDRSAQAG NCWLRQAKNG 
RCQVLYKTEL 

( SEO ID NO : 21 ; NCBI Reference 
No . NP _ 005851 . 1 ) 

1 MRPGAPGPLW PLPWGALAWA VGFVSSMGSG NPAPGGVCWL 
QQGQEATCSL 

35 51 SKEECCSTGR LSTSWTEEDV NDNTLFKWMI FNGGAPNCIP 
CKETCENVDC 

51 VLOTDVTRAE CCASGNIDTA WSNLTHPGNK INLLGFLGLV 51 
HCLPCKDSCD 

101 GPGKKCRMNK KNKPRCVCAP DCSNITWKGP VCGLDGKTYR 
NECALLKARC 

101 GVECGPGKAC RMLGGRPRCE CAPDCSGLPA RLQVCGSDGA 
TYRDECELRA 

10 TCV VDOINNAYCV 40 - 151 KEOPELEVOY OGRCKKTCRD VFCPGSSTCV VDOTNNAYCV 
TCNRICPEPA 

151 ARCRGHPDLS VMYRGRCRKS CEHVVCPRPO SCVVDQTGSA 
HCVVCRAAPC 

45 40 

201 SSEQYLCGND GVTYSSACHL RKATCLLGRS IGLAYEGKCI 201 PVPSSPGQEL CGNNNVTYIS SCHMRQATCF LGRSIGVRHA 
KAKSCEDIQC GSCAGTPEEP 

251 TGGKKCLWDF KVGRGRCSLC DELCPDSKSD EPVCASDNAT 251 PGGESAEEEE NFV 
YASECAMKEA The signal peptide is underlined . 

301 ACSSGVLLEV KHSGSCN In certain embodiments , functional variants or modified 
forms of the follistatin polypeptides and FLRG polypeptides The signal peptide is underlined . include fusion proteins having at least a portion of the The follistatin N - terminus domain ( FSND ) sequence is as se ence is as 50 follistatin polypeptides or FLRG polypeptides and one or follows : more fusion domains , such as , for example , domains that 
facilitate isolation , detection , stabilization or multimeriza 
tion of the polypeptide . Suitable fusion domains are dis ( SEO ID NO : 18 ; FSND ) 

GNCWLRQAKNGRCQVLYKTELSKEECCSTGRLSTSWTEEDVNDNTLFKW cussed in detail above with reference to the ActRII poly 
55 peptides . In some embodiment , an antagonist agent of the 

MIFNGGAPNCIPCK disclosure is a fusion protein comprising an activin - binding 
The FSD1 and FSD2 sequences are as follows : portion of a follistatin polypeptide fused to an Fc domain . In 

another embodiment , an antagonist agent of the disclosure is 
a fusion protein comprising an activin binding portion of an 

( SEO ID NO : 19 : FSD1 ) 60 FLRG polypeptide fused to an Fc domain . 
ETCENVDCGPGKKCRMNKKNKPRCV Any of the follistatin polypeptides disclosed herein may 

be combined with one or more additional ActRII antagonist 
( SEQ ID NO : 20 ; FSD2 ) 

KTCRDVFCPGSSTCVVDQTNNAYCVT agents of the disclosure to achieve the desired effect ( e . g . , 
treat or prevent an anemia in a subject in need thereof and / or 

In other aspects , an agent for use in accordance with the 65 treat or prevent one or more complications of anemia 
methods disclosed herein ( e . g . , methods of treating or pre - including , for example , cutaneous ulcers ) . For example , a 
venting an anemia in an subject in need thereof and / or follistatin polypeptide disclosed herein can be used in com 












































































































































