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INVITRO CELL CULTURE METHODS FOR BETA-THALASSEMIA USING ACTIVIN
TYPE II RECEPTOR LIGAND TRAPS

1. CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority of United States Provisional Patent
Application No. 62/164,367, filed May 20, 2015, and United States Provisional Patent
Application No. 62/320,032, filed April 8, 2016, the entire contents of each of which are
incorporated herein by reference and for all purposes.

2. SEQUENCE LISTING

[0002] The present application is being filed with a Sequence Listing submitted as file name
“12827 965 228 SeqListing.txt”, of size 93 kilobytes, which was created on May 16, 2016.
The Sequence Listing is incorporated herein by reference in its entirety and for all purposes.

3. FIELD

[0003] Provided herein are methods of treating beta-thalassemia in a subject comprising
administering to the subject an activin type II receptor (ActRII) signaling inhibitor (e.g., an
activin ligand trap) and utilizing one or more in vitro cell culture methods provided herein in (i)
selection of the subject to be treated according to the methods provided herein; and/or (ii)
monitoring of the subject being treated according to the methods provided herein.

4. BACKGROUND

[0004] Beta-thalassemia, one of the most common inherited hemoglobinopathies worldwide,
is due to autosomal mutations in the gene encoding B-globin which induce an absence or low-
level synthesis of this protein in erythropoietic cells (Weatherall DJ, 2001, Nature Reviews
Genetics; 2(4):245-255). About 80 to 90 million people (~ 1.5 % of the global population) are
carriers of beta-thalassemia with approximately 60,000 symptomatic individuals born annually
(Modell et al., 2007, Scand J Clin Lab Invest; 67:39-69). The annual incidence of symptomatic
individuals is estimated at 1 in 100,000 worldwide and 1 in 10,000 in the European Union (EU)
(Galanello R and Origa R, 2010, Orphanet J Rare Dis; 5:11). Incidence is highest in the
Mediterranean region, the Middle East, and South East Asia (particularly India, Thailand and
Indonesia; this region accounts for approximately 50% of affected births) and incidence is

increasing worldwide (e.g., Europe, the Americas and Australia) as a result of migration (Colah
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R, Gorakshakar et al., 2010; Expert Rev Hematol; 3(1):103-17; Modell et al., 2008, Bull World
Health Organ;86(6):480-7).

[0005] Beta-thalassemias are characterized by a reduction of B-globin chains and a
subsequent imbalance in globin chains (a:non-a ratio) of the hemoglobin (Hb) molecule, which
results in impaired erythropoiesis and other complications. Nearly 200 different mutations have
been described in patients with beta-thalassemia that affect the beta-globin gene, for which
patients may be either homozygous or compound heterozygous. Phenotypic effects, therefore,
range widely in patients from slight impairment to complete inhibition of beta-globin chain
synthesis (Thein SL, 2013, Cold Spring Harb Perspect Med;3(5):a011700). In addition to
deficient B-globin chains, patients may also present with B-thalassemia combined with structural
variants such as HbE, leading to HbE/beta-thalassemia.

[0006] Given the current lack of safe and effective drug therapies to treat beta-thalassemia,
for example, transfusion-dependent and non-transfusion-dependent beta-thalassemia, there is
significant unmet medical need for the development of new therapies that specifically address
the underlying pathophysiology of beta-thalassemia syndromes including anemia and
complications of ineffective erythropoiesis, for methods of diagnosing beta-thalassemia, and for
methods of monitoring treating of beta-thalassemia.

[0007] Two related type II receptors, ActRITA and ActRIIB, have been identified as the type
IT receptors for activins (Mathews and Vale, 1991, Cell 65:973-982; Attisano et al., 1992, Cell
68: 97-108). Besides activins, ActRIIA and ActRIIB can biochemically interact with several
other TGF-beta family proteins, including BMP7, Nodal, GDF8, and GDF11 (Yamashita et al,
1995, J. Cell Biol. 130:217-226; Lee and McPherron, 2001, Proc. Natl. Acad. Sci. 98:9306-9311;
Yeo and Whitman, 2001, Mol. Cell 7: 949-957; Oh et al., 2002, Genes Dev. 16:2749-54). ALK4
is the primary type I receptor for activins, particularly for activin A, and ALK-7 may serve as a
receptor for activins as well, particularly for activin B.

[0008] ActRII signaling inhibitors have been demonstrated to increase red blood cell levels
and treat ineffective erythropoiesis (see, e.g., U.S. Patent No. 7,988,973 and U.S. Patent
Application No. 13/654,191, respectively, which are incorporated herein by reference in their
entireties). Moreover, an activin ligand trap, consisting of a humanized fusion-protein consisting
of the extracellular domain of activin-receptor type IIA (ActRIIA) and the human IgG1 Fc

(ActRIIA-hFc), is currently being evaluated in phase II clinical trials for treatment of subjects
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with beta-thalassemia. An activin ligand trap, consisting of a humanized fusion-protein
consisting of the extracellular domain of activin-receptor type IIB (ActRIIB) and the human
IgG1 Fc (ActRIIB-hFc), is currently being evaluated in phase II clinical trials for treatment of
subjects with beta-thalassemia.

S. SUMMARY

[0009] Provided herein are methods of treating beta-thalassemia in a subject comprising
administering to the subject an ActRII signaling inhibitor and utilizing one or more in vitro cell
culture methods provided herein in (1) selection of the subject to be treated according to the
methods provided herein; and/or (i1) monitoring of the subject being treated according to the
methods provided herein.

[0010] Also provided herein is an in vitro cell culture method, comprising (a) co-culturing an
erythroid progenitor cell (EPC) and a stromal cell in the presence of an activin type II receptor
(ActRII) signaling inhibitor for a period of time; and (b) determining the level of GYPA,
GATAI, GATAZ2, or alpha-globin in the EPC.

[0011] Also provided herein is an in vitro cell culture method, comprising (a) co-culturing an
EPC and a stromal cell in the presence of an activin type II receptor (ActRII) signaling inhibitor
for a period of time; and (b) determining the level of expansion of the EPC.

[0012] Also provided herein is an in vitro cell culture method, comprising (a) culturing a
stromal cell in the presence of an activin type II receptor (ActRII) signaling inhibitor for a period
of time; and (b) determining the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1,
serpinEl, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a,
IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the
supernatant obtained from the culture of step (a).

[0013] Also provided herein is an in vitro cell culture method, comprising (a) culturing an
EPC in conditioned media for a period of time, wherein the conditioned media has been obtained
from a stromal cell cultured in the presence of an ActRII signaling inhibitor; and (b) determining
the level of GYPA, GATA1, GATAZ2, and/or alpha-globin in the EPC and/or the level of ICAM-
1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinE1, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-
10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-
3, p27, p21, Bax, Bad, CIAP1, or PON2 in the supernatant obtained from the culture of step (a).
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[0014] Also provided herein is an in vitro cell culture method, comprising (a) culturing an
EPC in conditioned media for a period of time, wherein the conditioned media has been obtained
from a stromal cell cultured in the presence of an ActRII signaling inhibitor; and (b) determining
the level of expansion of the EPC.

[0015] Also provided herein is an in vitro cell culture method, comprising (a) culturing an
EPC in the presence of an ActRII signaling inhibitor for a period of time; and (b) determining the
level of GYPA, GATA1, GATA2, or alpha-globin in the EPC and/or the level of ICAM-1, IL-
1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinEl, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-
la, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27,
p21, Bax, Bad, CIAP1, or PON2 in the supernatant obtained from the culture of step (a).

[0016] In certain embodiments, the stromal cell has been obtained from bone marrow of a
beta-thalassemic subject. In certain embodiments, the erythroid progenitor cell has been
obtained from peripheral blood of a beta-thalassemic subject.

[0017] In certain embodiments, the ActRII signaling inhibitor is a polypeptide comprising an
amino acid sequence selected from the group consisting of: (a) 90% identical to SEQ ID NO:2;
(b) 95% identical to SEQ ID NO:2; (c) 98% identical to SEQ ID NO:2; (d) SEQ ID NO:2; (e)
90% identical to SEQ ID NO:3; (f) 95% identical to SEQ ID NO:3; (g) 98% identical to SEQ ID
NO:3; (h) SEQ ID NO:3; (1) 90% identical to SEQ ID NO:6; (j) 95% identical to SEQ ID NO:6;
(k) 98% identical to SEQ ID NO:6; (1) SEQ ID NO:6; (m) 90% identical to SEQ ID NO:7; (n)
95% identical to SEQ ID NO:7; (0) 98% identical to SEQ ID NO:7; (p) SEQ ID NO:7; (q) 90%
identical to SEQ ID NO:12; (r) 95% identical to SEQ ID NO:12; (s) 98% identical to SEQ ID
NO:12; (t) SEQ ID NO:12; (u) 90% identical to SEQ ID NO:17; (v) 95% identical to SEQ ID
NO:17; (w) 98% identical to SEQ ID NO:17; (x) SEQ ID NO:17; (y) 90% identical to SEQ ID
NO:20; (z) 95% identical to SEQ ID NO:20; (aa) 98% identical to SEQ ID NO:20; (bb) SEQ ID
NO:20; (cc) 90% identical to SEQ ID NO:21; (dd) 95% identical to SEQ ID NO:21; (ee) 98%
identical to SEQ ID NO:21; (ff) SEQ ID NO:21; (gg) 90% identical to SEQ ID NO:25; (hh) 95%
identical to SEQ ID NO:25; (ii) 98% identical to SEQ ID NO:25; and (jj) SEQ ID NO:25.

[0018] In certain embodiments, the ActRII signaling inhibitor is an ActRIIA signaling
inhibitor.

[0019] In certain embodiments, the ActRIIA signaling inhibitor is a polypeptide comprising

an amino acid sequence selected from the group consisting of: (a) 90% identical to SEQ ID
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NO:2; (b) 95% identical to SEQ ID NO:2; (¢) 98% identical to SEQ ID NO:2; (d) SEQ ID NO:2;
(e) 90% identical to SEQ ID NO:3; (f) 95% identical to SEQ ID NO:3; (g) 98% identical to SEQ
ID NO:3; (h) SEQ ID NO:3; (1) 90% identical to SEQ ID NO:6; (j) 95% identical to SEQ ID
NO:6; k) 98% identical to SEQ ID NO:6; (1) SEQ ID NO:6; (m) 90% identical to SEQ ID NO:7;
(n) 95% identical to SEQ ID NO:7; (0) 98% identical to SEQ ID NO:7; and (p) SEQ ID NO:7.
In certain embodiments, the ActRII signaling inhibitor is a polypeptide comprising the amino
acid sequence of SEQ ID NO:7. In certain embodiments, the ActRII signaling inhibitor is a
humanized fusion-protein consisting of the extracellular domain of ActRIIA and the human IgG1
Fc domain.

[0020] In certain embodiments, the wherein the ActRII signaling inhibitor is a signaling
inhibitor of ActRIIB. In certain embodiments, the ActRIIB signaling inhibitor is a polypeptide
comprising an amino acid sequence selected from the group consisting of: (a) 90% identical to
SEQ ID NO:17; (b) 95% identical to SEQ ID NO:17; (¢) 98% identical to SEQ ID NO:17; (d)
SEQ ID NO:17; (e) 90% identical to SEQ ID NO:20; (f) 95% identical to SEQ ID NO:20; (g)
98% identical to SEQ ID NO:20; (h) SEQ ID NO:20; (1) 90% identical to SEQ ID NO:21; (j)
95% identical to SEQ ID NO:21; (k) 98% identical to SEQ ID NO:21; (1) SEQ ID NO:21; (m)
90% identical to SEQ ID NO:25; (n) 95% identical to SEQ ID NO:25; (o) 98% identical to SEQ
ID NO:25; and (p) SEQ ID NO:25. In certain embodiments, the ActRII signaling inhibitor is a
polypeptide comprising the amino acid sequence of SEQ ID NO:25. In certain embodiments, the
ActRII signaling inhibitor is a humanized fusion-protein consisting of the extracellular domain of
ActRIIB and the human IgG1 F¢ domain.

[0021] Also provided herein is use of an in vitro cell culture method provided herein for
predicting responsiveness of a subject to treatment of beta-thalassemia, wherein the subject has
been administered an ActRII signaling inhibitor, wherein the EPC has been obtained from the
subject.

[0022] Also provided herein is use of an in vitro cell culture method provided herein for
predicting responsiveness of a subject to treatment with an ActRII signaling inhibitor, wherein
the stromal cell has been obtained from the subject.

[0023] Also provided herein is use of an in vitro cell culture method provided herein for

monitoring treatment of beta-thalassemia in a subject administered an initial pharmaceutically
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effective dose of an ActRII signaling inhibitor, wherein the EPC has been obtained from the
subject.

[0024] Also provided herein is use of an in vitro cell culture method provided herein for
monitoring treatment of beta-thalassemia in a subject administered an initial pharmaceutically
effective dose of an ActRII signaling inhibitor, wherein the stromal cell has been obtained from
the subject.

[0025] Also provided herein is use of an in vitro cell culture method provided herein for
selecting a subject to be administered an ActRII signaling inhibitor, wherein the EPC has been
obtained from the subject.

[0026] Also provided herein is use of an in vitro cell culture method provided herein for
selecting a subject to be administered an ActRII signaling inhibitor, wherein the stromal cell has
been obtained from the subject.

[0027] In certain embodiments, use of an in vifro cell culture method provided herein
comprises selecting the subject if use of the in vifro cell culture method results in achieving one
or more outcome parameter, wherein the outcome parameter is selected from a group consisting
of: (a) an increase in the level of GYPA in the EPC of the in vifro cell culture method as
compared to the level of GYPA in a control EPC; (b) an increase in the level of GATAI in the
EPC of the in vitro cell culture method as compared to the level of GATAI in a control EPC; (¢)
a decrease in the level of GATAZ2 in the EPC of the in vitro cell culture method as compared to
the level of GATAZ2 in a control EPC; (d) a decrease in the level of alpha-globin in the EPC of
the in vitro cell culture method as compared to the level of alpha-globin in a control EPC; (e) an
increase in the level of expansion of the EPC in the in vifro cell culture method as compared to
the level of expansion in a control EPC; (f) an increase in the level of ICAM-1 in the supernatant
of the in vitro cell culture method as compared to the level of ICAM-1 in a control supernatant;
(g) an increase in the level of IL-1Ra in the supernatant of the in vitro cell culture as compared to
the level of IL-1Ra in a control supernatant; (h) an increase in the level of survivin in the
supernatant of the in vitro cell culture method as compared to the level of survivin in a control
supernatant; (1) an increase in the level of Bcl-2 in the supernatant of the in vifro cell culture
method as compared to the level of Bcl-2 in a control supernatant; (j) an increase in the level of
Bcl-xL in the supernatant of the in vitro cell culture method as compared to the level of Bel-xL

in a control supernatant; (k) an increase in the level of MCP-1 in the supernatant of the in vifro
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cell culture method as compared to the level of MCP-1 in a control supernatant; (1) an increase in
the level of serpinEl in the supernatant of the in vitro cell culture method as compared to the
level of serpinEl in a control supernatant; (m) an increase in the level of GRO-a in the
supernatant of the in vitro cell culture method as compared to the level of GRO-a in a control
supernatant, (n) an increase in the level of IL-8 in the supernatant of the in vifro cell culture
method as compared to the level of IL-8 in a control supernatant; (o) an increase in the level of
IL-10 in the supernatant of the in vitro cell culture method as compared to the level of IL-101in a
control supernatant; (p) an increase in the level of IL-2 in the supernatant of the in vifro cell
culture method as compared to the level of IL-2 in a control supernatant; (q) an increase in the
level of CIAP1 in the supernatant of the in vitro cell culture method as compared to the level of
CIAPI1 in a control supernatant; (r) an increase in the level of PON2 in the supernatant of the in
vitro cell culture method as compared to the level of PON2 in a control supernatant; (s) a
decrease in the level of RANTES in the supernatant of the in vifro cell culture method as
compared to the level of RANTES in a control supernatant; (t) a decrease in the level of IP-10 in
the supernatant of the in vitro cell culture method as compared to the level of IP-10 in a control
supernatant; (u) a decrease in the level of IL-1a in the supernatant of the in vifro cell culture
method as compared to the level of IL-1a in a control supernatant; (v) a decrease in the level of
IL-1b in the supernatant of the in vitro cell culture method as compared to the level of IL-1b in a
control supernatant; (w) a decrease in the level of MIF in the supernatant of the in vifro cell
culture method as compared to the level of MIF in a control supernatant; (x) a decrease in the
level of G-CSF in the supernatant of the in vitro cell culture method as compared to the level of
G-CSF in a control supernatant; (y) a decrease in the level of GMCSF in the supernatant of the in
vitro cell culture method as compared to the level of GMCSF in a control supernatant; (z) a
decrease in the level of C5a in the supernatant of the in vitro cell culture method as compared to
the level of C5a in a control supernatant; (aa) a decrease in the level of IL-6 in the supernatant of
the in vitro cell culture method as compared to the level of IL-6 in a control supernatant; (bb) a
decrease in the level of HO-2 in the supernatant of the in vitro cell culture method as compared
to the level of HO-2 in a control supernatant; (cc) a decrease in the level of HIF-1a in the
supernatant of the in vitro cell culture method as compared to the level of HIF-1a in a control
supernatant; (dd) a decrease in the level of TRAIL R1 in the supernatant of the in vitro cell

culture method as compared to the level of TRAIL R1 in a control supernatant; (ee) a decrease in



WO 2016/187378 PCT/US2016/033187

the level of cleaved caspase-3 in the supernatant of the in vifro cell culture method as compared
to the level of cleaved caspase-3 in a control supernatant; (ff) a decrease in the level of p27 in the
supernatant of the in vitro cell culture method as compared to the level of p27 in a control
supernatant; (gg) a decrease in the level of p21 in the supernatant of the in vifro cell culture
method as compared to the level of p21 in a control supernatant; (hh) a decrease in the level of
Bax in the supernatant of the in vifro cell culture method as compared to the level of Bax in a
control supernatant; and (ii) a decrease in the level of Bad in the supernatant of the in vifro cell
culture method as compared to the level of bad in a control supernatant. In certain embodiments,
the subject has beta-thalassemia.

[0028] Also provided herein is a method of treating beta-thalassemia in a subject, comprising
administering an ActRII signaling inhibitor to the subject, wherein the patient has been selected
by using an in vitro cell culture method provided herein.

[0029] Also provided herein is a method of treating beta-thalassemia in a subject, comprising
administering an ActRII signaling inhibitor to the subject, wherein the patient is being monitored
by using the in vitro cell culture method provided herein. In certain embodiments, the subject is
a human.

6. BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1A depicts expansion of total beta-thalassemic subject-derived CD34+ cells in
the presence hActRIIA-Fc (SEQ ID NO:7) at different concentrations (circles=0 ug/mL;
squares=50 ug/mL; triangles=100 ug/mL) after 2 weeks of culture. FIG. 1B depicts expansion
of total control subject-derived CD34+ cells in the presence hActRIIA-Fc (SEQ ID NO:7) at
different concentrations (circles=0 ug/mL; squares=50 ug/mL; triangles=100 ug/mL) after 2
weeks of culture. FIG. 1C depicts the flow cytometric analyses of CD71 expression (bottom
panel), GPA expression (middle panel), or CD34 expression (top panel) of ex vivo expanded
CD34+ cells derived from beta-thalassemic or control subjects treated with different
concentrations of hActRIIA-Fc (SEQ ID NO:7). Bars labeled “1” represent data from samples
treated with O ug/mL of hActRIIA-Fc (SEQ ID NO:7). Bars labeled “2” represent data from
samples treated with 50 ug/mL of hActRIIA-Fc (SEQ ID NO:7). Bars labeled “3” represent data
from samples treated with 100 ug/mL of hActRIIA-Fc (SEQ ID NO:7). All data for FIG. 1A-

FIG. 1C are expressed as the mean+sd.
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[0031] FIG. 2A depicts expansion of total beta-thalassemic subject-derived CD34+ cells in
the presence of hActRIIA-Fc (SEQ ID NO:7)-treated cultured medium (CM) at different
concentrations (circles=0 ug/mL; squares=50 ug/mL; triangles=100 ug/mL) after 2 weeks of
culture. FIG. 2B depicts expansion of total control subject-derived CD34+ cells in the presence
of hActRITA-Fc (SEQ ID NO:7)-treated cultured medium (CM) at different concentrations
(circles=0 ug/mL; squares=50 ug/mL; triangles=100 ug/mL) after 2 weeks of culture. FIG. 2C
depicts the flow cytometric analyses of CD71 expression (bottom panel), GPA expression
(middle panel), or CD34 expression (top panel) of ex vivo expanded CD34+ cells derived from
beta-thalassemic or control subjects in the presence of hActRIIA-Fc¢ (SEQ ID NO:7)-treated
cultured medium (CM) at different concentrations. Bars labeled “1” represent data from samples
treated with O ug/mL of hActRIIA-Fc (SEQ ID NO:7). Bars labeled “2” represent data from
samples treated with 50 ug/mL of hActRIIA-Fc (SEQ ID NO:7). Bars labeled “3” represent data
from samples treated with 100 ug/mL of hActRIIA-Fc (SEQ ID NO:7). All data for FIG. 2A-
FIG. 2C are expressed as the mean+sd.

[0032] FIG. 3A-FIG. 3E demonstrates that hActRITA-Fc¢ (SEQ ID NO:7) induces
expression anti-inflammatory cytokines and chemokines in conditioned media. FIG. 3A
demonstrates the level of IL-I, GRO-a, IP-10, MCP-1, RANTES, and Serpin E1, from top to
bottom, respectively, each of which is classified as a chemokine, in cells treated with untreated
CM (“17), CM treated with 50 ug/mL of hActRIIA-Fc (“2”), or CM treated with 100 ug/mL of
hActRITA-Fc (“37). FIG. 3B demonstrates the level of IFN-gamma, IL-1beta, and IL-1alpha,
from top to bottom, respectively, each of which is classified as a Th1 cytokine, in cells treated
with untreated CM (“17), CM treated with 50 ug/mL of hActRITIA-F¢ (“2”), or CM treated with
100 ug/mL of hActRIIA-Fc (“3”). FIG. 3C demonstrates the level of IL-2, IL-10, IL-1Ra, from
top to bottom, respectively, each of which is classified as an anti-inflammatory cytokine, in cells
treated with untreated CM (1), CM treated with 50 ug/mL of hActRIIA-Fc (“27), or CM
treated with 100 ug/mL of hActRITA-Fc¢ (“3”). FIG. 3D demonstrates the level of MIF, GM-
CSF, G-CSF, C5/C5a, and SICAM-1, from top to bottom, respectively, each of which is
classified as a cytokine involved in inflammation/differentiation, in cells treated with untreated
CM (“17), CM treated with 50 ug/mL of hActRIIA-Fc (“2”), or CM treated with 100 ug/mL of
hActRITA-Fc (“37). FIG. 3E demonstrates the level of IL-27, IL-23, and IL-6, from top to

bottom, respectively, each of which is classified as an -12 and IL-17 family cytokine, in cells
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treated with untreated CM (1), CM treated with 50 ug/mL of hActRIIA-Fc (“27), or CM
treated with 100 ug/mL of hActRIIA-Fc (“3”). The X-axis for FIG. 3A-FIG. 3E is the media
pixel density.

[0033] FIG. 4A and FIG. 4B demonstrate that pro-apoptotic effects of hActRIIA-Fc (SEQ
ID NO:7) are correlated with alterations in molecules involved in apoptosis and redox status.
FIG. 4A depicts the level of HO-1, HIF-1a, TRAIL R1/DRS, TRAIL R1/DR4, Cleaved Caspase-
3, p27, p21, Bax, and Bad, from top to bottom, respectively, which are classified as having pro-
apoptotic functions, in cells treated with untreated CM (“17), CM treated with 50 ug/mL of
hActRIIA-Fc (“27), or CM treated with 100 ug/mL of hActRIIA-Fc (“3”). FIG. 4B depicts the
level of HSP27, Diablo, PON2, Survivin, XIAP, CIAP-2, CIAP-1, Bcl-x, and Bcl-2, from top to
bottom, respectively, which are classified as having anti-apoptotic functions, in cells treated with
untreated CM (“17), CM treated with 50 ug/mL of hActRITA-F¢ (“27), or CM treated with 100
ug/mL of hActRIIA-Fc (“3”). The X-axis for FIG. 4A and FIG. 4B is the media pixel density.
[0034] FIG. 5SA depicts the expansion fold of total beta-thalassemic subject-derived CD34+
cells over hActRIIA (SEQ ID NO:7)-Fc-treated or not treated HSS cells (circles=0 ug/mL;
squares=50 ug/mL; triangles=100 ug/mL) after two weeks of co-culture. FIG. 5B depicts the
expansion fold of total control subject-derived CD34+ cells over hActRIIA-Fc (SEQ ID NO:7)-
treated or not treated HSS cells (circles=0 ug/mL; squares=50 ug/mL; triangles=100 ug/mL) after
two weeks of co-culture. FIG. SC depicts the flow cytometric analyses of CD71 expression
(bottom panel), GPA expression (middle panel), or CD34 expression (top panel) of ex vivo
expanded CD34+ cells derived from beta-thalassemic or control subjects in co-culture with
hActRIIA (SEQ ID NO:7)-Fc-treated or not treated HSS cells. Bars labeled “1” represent data
from samples treated with O ug/mL of hActRITA-Fc (SEQ ID NO:7). Bars labeled “2” represent
data from samples treated with 50 ug/mL of hActRIIA-Fc (SEQ ID NO:7). Bars labeled “3”
represent data from samples treated with 100 ug/mL of hActRIIA-Fc (SEQ ID NO:7). All data
for FIG. SA-FIG. 5C are expressed as the meansd.

[0035] FIG. 6A depicts the cellular proliferation curve of non-adherent cells (“NAC”,
diamonds), phase-bright cells (“PBC”, squares), and phase-dim cells (“PDC”, triangles) at the
indicated time points. FIG. 6B depicts the proportion of NAC (bars labeled “17), PBC (bars
labeled “27), and PDC (bars labeled “37) cells FACS sorted for CD71, GPA, or CD34 expression
at day 14.
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[0036] FIG. 7A depicts the cellular proliferation curve of NAC cells (top panel), PBC cells
(middle panel), and PDC cells (bottom panel). The cells were co-cultured with HSS cells treated
with hActRIIA-Fc (SEQ ID NO:7) at a concentration of 0 ug/mL (diamonds), 50 ug/mL
(squares), or 100 ug/mL (triangles). FIG. 7B depicts a representative FACS analysis of the three
cell fractions (top panel: PDC; middle panel: PBC; and bottom panel: NAC) from FIG. 7A.
*P<0.05; **P<0.001

[0037] FIG. 8A depicts the relative expression level of GATA1 mRNA as determined by
gPCR in CD34 cells derived from beta-thalassemic subjects (bars labeled “2”) or control subjects
(bars labeled “3”) treated with 100 ug/mL of hActRIIA-Fc¢ (SEQ ID NO: 7) or without
hACctRITA-Fc (bars labeled “17). FIG. 8B depicts the relative expression level of GATA2
mRNA as determined by qPCR in CD34 cells derived from beta-thalassemic subjects (bars
labeled “27) or control subjects (bars labeled “37) treated with 100 ug/mL of hActRIIA-Fc (SEQ
ID NO: 7) or without hActRIIA-Fc (bars labeled “1”). FIG. 8C depicts the relative expression
level of alpha-globin mRNA as determined by qPCR in CD34 cells derived from beta-
thalassemic subjects (bars labeled “2”) or control subjects (bars labeled “3”) treated with 100
ug/mL of hActRITA-Fc (SEQ ID NO: 7) or without hActRIIA-Fc (bars labeled “17). FIG. 8D
depicts the relative expression level of beta-globin mRNA as determined by qPCR in CD34 cells
derived from beta-thalassemic subjects (bars labeled “2”) or control subjects (bars labeled “37)
treated with 100 ug/mL of hActRIIA-Fc (SEQ ID NO: 7) or without hActRIIA-Fc (bars labeled
“17). FIG. 8E depicts the relative expression level of gamma-globin mRNA as determined by
gPCR in CD34 cells derived from beta-thalassemic subjects (bars labeled “2”) or control subjects
(bars labeled “3”) treated with 100 ug/mL of hActRITA-Fc (SEQ ID NO: 7) or without
hActRITA-Fc (bars labeled “17). All data in FIG. 8 A-FIG. 8E are expressed as the meantsd. *P
< 0.05 and **P < 0.001 for one out of three independent experiments.

[0038] FIG. 9A depicts the relative expression level of GATA1 mRNA as determined by
gPCR in NAC, PBC, and PDC cells derived from beta-thalassemic subjects (as compared to
control subjects) treated with hActRIIA-Fc (SEQ ID NO:7) at 0 ug/mL (bars labeled “17), 50
ug/mL (bars labeled “2”), or 100 ug/mL (bars labeled “3”). FIG. 9B depicts the relative
expression level of GATA2 mRNA as determined by qPCR in NAC, PBC, and PDC cells
derived from beta-thalassemic subjects (as compared to control subjects) treated with hActRITA-

Fc (SEQ ID NO:7) at 0 ug/mL (bars labeled “17), 50 ug/mL (bars labeled “2”), or 100 ug/mL
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(bars labeled “37). FIG. 9C depicts the relative expression level of alpha-globin mRNA as
determined by qPCR in NAC, PBC, and PDC cells derived from beta-thalassemic subjects (as
compared to control subjects) treated with hActRIIA-Fc (SEQ ID NO:7) at 0 ug/mL (bars
labeled “17), 50 ug/mL (bars labeled “27), or 100 ug/mL (bars labeled “3”). FIG. 9D depicts the
relative expression level of beta-globin mRNA as determined by qPCR in NAC, PBC, and PDC
cells derived from beta-thalassemic subjects (as compared to control subjects) treated with
hActRIIA-Fc (SEQ ID NO:7) at 0 ug/mL (bars labeled “17), 50 ug/mL (bars labeled “2”), or 100
ug/mL (bars labeled “3”). FIG. 9E depicts the relative expression level of gamma-globin
mRNA as determined by qPCR in NAC, PBC, and PDC cells derived from beta-thalassemic
subjects (as compared to control subjects) treated with hActRIIA-F¢ (SEQ ID NO:7) at 0 ug/mL
(bars labeled “17), 50 ug/mL (bars labeled “2”), or 100 ug/mL (bars labeled “3”).

7. DETAILED DESCRIPTION

7.1 Abbreviations and Terminology

[0039] “B™ refers to an allele associated with a lack of beta globin subunit synthesis.
[0040] “B™ refers to an allele associated with reduced beta globin subunit synthesis.

[0041] As used herein, the term “about” when used in conjunction with a number refers to
any number within 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, or 15%
of the referenced number. In certain embodiments, the term “about” encompasses the exact
number recited.

[0042] As used herein, “ActRII” refers to activin receptor type II. As used herein,
“ActRITA” refers to activin receptor type IIA. See, for example, Mathews and Vale, 1991, Cell
65:973-982. GenBank™ accession number NM_001278579.1 provides an exemplary human
ActRIIA nucleic acid sequence. GenBank™ accession number NP_001265508.1 provides an
exemplary human ActRITA amino acid sequence. As used herein, “ActRIIB” refers to activin
receptor type I[IB. See, for example, Attisano et al., 1992, Cell 68: 97-108. GenBank™
accession number NM_001106.3 provides an exemplary human ActRIIB nucleic acid sequence.
GenBank™ accession number NP_001097.2 provides an exemplary human ActRIIB amino acid
sequence.

[0043] As used herein, “ActRIIA-mFc” or “mActRIIA-Fc” refers to a mouse activin type ITA
receptor-IgG1 fusion protein. See, for example, U.S. Patent No. 8,173,601 and Carrancio ef al.,
2014, British Journal of Haematology, 165:870-882. As used herein, “mActRIIB-Fc” or
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“ActRIIB-mFc” refers to a mouse activin type 1IB receptor-IgG1 fusion protein. See, for
example, U.S. Patent No. 8,173,601. As used herein, “hActRITA-Fc¢” or “ActRITA-hFc” refers to
a human activin type IIA receptor-IgG1 fusion protein, such as, e.g., SEQ ID NO:7. See, for
example, U.S. Patent No. 8,173,601. As used herein, “hActRIIB-Fc¢” or “ActRIIB-hFc” refers to
a human activin type 1IB receptor-IgG1 fusion protein. See, for example, U.S. Patent No.
8,173,601,

[0044] “AE” refers to adverse events.

[0045] “Alpha-globin” refers to alpha-globin, which is also known as “HBA1.” GenBank™
Accession No. NP_000508.1 provides an exemplary amino acid sequence of a human alpha
globin. GenBank™ Accession No. NM_000558.4 provides an exemplary nucleic acid sequence
of a human alpha globin.

[0046] “Bad” refers to BCL2-associated agonist of cell death. GenBank™ Accession Nos.
NM 032989.2 and NM_004322.3 provide exemplary nucleic acid sequences of human Bad.
GenBank™ Accession Nos. NP 116784.1 and NP_ 004313.1 provide exemplary amino acid
sequences of human Bad.

[0047] “Bax” refers to BCL2-associated X protein. GenBank™ Accession Nos.

NM 001291430.1, NM _001291429.1, NM_001291428.1, NM_138764.4, NM_138761.3,

NM 004324.3, NM_001291431.1, and NM_138763.3 provide exemplary nucleic acid sequences
of human Bax. GenBank™ Accession Nos. NP_ 001278359.1, NP_001278360.1,

NP 001278358.1, NP _001278357.1, NP_620119.2, NP 620119.2, NP _620118.1, NP_620116.1,
and NP_004315.1 provide exemplary amino acid sequences of human Bax.

[0048] “Bcl-2” refers to B-cell CLL/lymphoma 2. GenBank™ Accession Nos.
NP_000648.2 and NP_000624.2 provide exemplary amino acid sequences of a human Bcl-2.
GenBank™ Accession Nos. NM_000633.2 and NM_000657.2 provide exemplary nucleic acid
sequences of a human Bcl-2.

[0049] “Bel-xL” refers to Bel2-like 1. GenBank™ Accession Nos. NP_612815.1 and
NP_001182.1 provide exemplary amino acid sequences of a human Bcl-xL. GenBank™
Accession Nos. NM_001191.2 and NM_138578.1 provide exemplary nucleic acid sequences of

a human Bcl-xL.
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[0050] “C5a” refers to the alpha chain of complement component 5. GenBank™ Accession
No. NM_001735.2 provides an exemplary nucleic acid sequence of human C5a. GenBank™
Accession No. NP_001726.2 provides an exemplary amino acid sequence of human C5a.

[0051] “Caspase-3” refers to caspase 3 or apoptosis-related cysteine peptidase. GenBank™
Accession Nos. NM_032991.2 and NM_004346.3 provide exemplary nucleic acid sequences of
human Caspase-3. GenBank™ Accession Nos. NP _004337.2 and NP _116786.1 provide
exemplary amino acid sequences of human Caspase-3.

[0052] “CIAP1” refers to baculoviral IAP repeat-containing 2. GenBank™ Accession Nos.
NM 001256166.1, NM_001256163.1, and NM_001166.4 provide exemplary nucleic acid
sequences of human CIAP1. GenBank™ Accession Nos. NP_001243095.1, NP_001243092.1,
and NP_001157.1 provide exemplary amino acid sequences of human CIAP1.

[0053] “EPC” refers to an erythroid progenitor cell.

[0054] “G-CSF” refers to colony stimulating factor 3. GenBank™ Accession Nos.

NM 001178147.1, NM_172220.2, NM_172219.2, and NM_000759.3 provide exemplary
nucleic acid sequences of human G-CSF. GenBank™ Accession Nos. NP_001171618.1,
NP_757374.2, NP_757373.1, and NP_000750.1 provide exemplary amino acid sequences of
human G-CSF.

[0055] “GMCSF” refers to granulocyte-macrophage colony-stimulating factor. GenBank™
Accession No. NM_000758.3 provides an exemplary nucleic acid sequence of human GMCSF.
GenBank™ Accession No. NP_000749.2 provides an exemplary amino acid sequence of human
GMCSF.

[0056] “GATAL1” refers to GATA binding factor 1, also known as globin transcription factor
1. GenBank™ Accession No. NP_002040.1 provides an exemplary amino acid sequence of a
human GATA1. GenBank™ Accession No. NM_002049.3 provides an exemplary nucleic acid
sequence of a human GATAL.

[0057] “GATA2” refers to GATA binding factor 2. GenBank™ Accession Nos.
NP_116027.2 and NP_001139134.1 provide exemplary amino acid sequences of a human
GATA2. GenBank™ Accession Nos. NM_001145662.1, NM_032638.4, and NM_001145661.1
provide exemplary nucleic acid sequences of a human GATA2.

[0058] “GYPA” refers to glycophorin A. GenBank™ Accession Nos. NP_002090.4,
NP_001295116.1 and NP_001295119.1 provide exemplary amino acid sequences of a human
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GYPA. GenBank™ Accession Nos. NM_002099.7, NM_001308187.1 and NM_001308190.1
provide exemplary nucleic acid sequences of a human GYPA.

[0059] “GRO-a” refers to growth regulated alpha-protein, also known as CXCLI.
GenBank™ Accession No. NP_001502.1 provides an exemplary amino acid sequence of a
human GRO-a. GenBank™ Accession No. NM_001511.3 provides an exemplary nucleic acid
sequence of a human GRO-a.

[0060] In certain embodiments, “Hb” refers to hemoglobin protein. GenBank™ Accession
No. NP_000549.1 provides an exemplary amino acid sequence of a human hemoglobin alpha
subunit. GenBank™ Accession No. NP_000509.1 provides an exemplary amino acid sequence
of a human hemoglobin beta subunit. GenBank™ Accession No. NP_000550.2 provides an
exemplary amino acid sequence of a human hemoglobin gamma subunit. Typically, the most
common form of hemoglobin in a human adult comprises two alpha subunits and two beta
subunits. Fetal hemoglobin, also referred to as “hemoglobin F” or “HbF” comprises two alpha
subunits and two gamma subunits.

[0061] In certain embodiments, “HbE” or “Hemoglobin E” refers to a mutated form of
hemoglobin, for example, human hemoglobin. Hemoglobin E comprises two alpha subunits and
two beta subunits, wherein position 26 of the beta subunit is mutated from glutamic acid to
lysine (E26K).

[0062] In certain embodiments, “HbE/beta-thalassemia” refers to the co-inheritance of
hemoglobin E and a O allele.

[0063] In certain embodiments, “HbS” or “Hemoglobin S” refers to a mutated form of
hemoglobin. Hemoglobin S comprises two alpha subunits and two beta subunits, wherein
position 6 of the beta subunit is mutated from glutamine to valine (G6V).

[0064] “HIF-1a” refers to hypoxia-inducible factor 1, alpha subunit (basic helix-loop-helix
transcription factor). GenBank™ Accession Nos. NM_001243084.1, NM_001530.3, and

NM 181054 .2 provide exemplary nucleic acid sequences of human HIF-1a. GenBank™
Accession Nos. NP_001230013.1, NP_851397.1, and NP_001521.1 provide exemplary amino
acid sequences of human HIF-1a.

[0065] “HO-2” refers to heme oxygenase (decycling) 2. GenBank™ Accession Nos.

NM 001286271.1, NM_001286270.1, NM_001286269.1, NM_001286268.1,

NM 001286267.1, NM_001127206.2, NM_001127205.1, NM_001127204.1, and
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NM 002134 .3 provide exemplary nucleic acid sequences of human HO-2. GenBank™
Accession Nos. NP_001273200.1, NP_001273199.1, NP_001273198.1, NP_001273197.1,

NP _001273196.1, NP_001120678.1, NP_001120677.1, NP_001120676.1, and NP_002125.3
provide exemplary amino acid sequences of human HO-2.

[0066] “IL-1a” refers to interleukin 1, alpha. GenBank™ Accession No. NM_000575 .4
provides an exemplary nucleic acid sequence of human IL-1a. GenBank™ Accession No.
NP_000566.3 provides an exemplary amino acid sequence of human IL-1a.

[0067] “IL-1b” refers to interleukin 1, beta. GenBank™ Accession No. NM000576.2
provides an exemplary nucleic acid sequence of human IL-1b. GenBank™ Accession No.
NP_000567.1 provides an exemplary amino acid sequence of human IL-1b.

[0068] “IL-2” refers to interleukin 2. GenBank™ Accession No. NM000586.3 provides an
exemplary nucleic acid sequence of human IL-2. GenBank™ Accession No. NP_000577.2
provides an exemplary amino acid sequence of human IL-2.

[0069] “IL-6" refers to interleukin 6. GenBank™ Accession No. NM_000600.3 provides an
exemplary nucleic acid sequence of human IL-6. GenBank™ Accession No. NP_000591.1
provides an exemplary amino acid sequence of human IL-6.

[0070] “IL-8” refers to interleukin 8. GenBank™ Accession No. NM_000584.3 provides an
exemplary nucleic acid sequence of human IL-8. GenBank™ Accession No. NP_000575.1
provide exemplary amino acid sequences of human IL-8.

[0071] “IL-10” refers to interleukin-10. GenBank™ Accession No. NM_000572.2 provides
an exemplary nucleic acid sequence of human IL-10. GenBank™ Accession No. NP _000563.1
provides an exemplary amino acid sequence of human IL-10.

[0072] “IL-1Ra” refers to interleukin-1 receptor antagonist. GenBank™ Accession Nos.
NP _776215.1, NP_776214.1, NP_776213.1, and NP_000568.1 provide exemplary amino acid
sequences of a human IL-1Ra. GenBank™ Accession Nos. NM_173842.2, NM 173843 .2,

NM 173841.2, and NM_000577.4 provide exemplary nucleic acid sequences of a human IL-
IRa.

[0073] “IP-10” refers to chemokine (C-X-C motif) ligand 10. GenBank™ Accession No.
NM_001565.3 provides an exemplary nucleic acid sequence of human IP-10. GenBank™

Accession No. NP_001556.2 provides an exemplary amino acid sequence of human IP-10.
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[0074] “MCP-1” refers to monocyte chemoattractant protein 1, also known as CCL2.
GenBank™ Accession Nos. NP_001116513.2 and NP_001116868.1 provide exemplary amino
acid sequences of a human IL-1Ra. GenBank™ Accession No. NM_002982 .3 provides an
exemplary nucleic acid sequence of a human MCP-1.

[0075] “MIF” refers to Macrophage migration inhibitory factor (glycosylation-inhibiting
factor). GenBank™ Accession No. NM_002415.1 provides an exemplary nucleic acid sequence
of human MIF. GenBank™ Accession No. NP_002406.1 provides an exemplary amino acid
sequence of human MIF.

[0076] “p21” refers to cyclin-dependent kinase inhibitor 1A. GenBank™ Accession Nos.
NM 001291549.1, NM_001220778.1, NM_001220777.1, NM_078467.2, and NM_000389.4
provide exemplary nucleic acid sequences of human p21. GenBank™ Accession Nos.
NP_001278478.1 and NP_001207707.1 provide exemplary amino acid sequences of human p21.
[0077] “p27” refers to cyclin-dependent kinase inhibitor 1B. GenBank™ Accession No.

NM 004064 .4 provides an exemplary nucleic acid sequences of human p27. GenBank™
Accession No. NP_004055.1 provides an exemplary amino acid sequence of human p27.

[0078] “PON2” refers to paraoxonaase 2 GenBank™ Accession Nos. NM_001018161.1 and
NM_000305.2 provide exemplary nucleic acid sequences of human PON2. GenBank™
Accession Nos. NP _001018171.1 and NP_000296.2 provide exemplary amino acid sequences of
human PON2.

[0079] “RANTES” refers to chemokine (C-C motif) ligand 5. GenBank™ Accession Nos.
NM 001278736.1 and NM_002985.2 provide exemplary nucleic acid sequences of human
RANTES. GenBank™ Accession Nos. NP_001265665.1 and NP_002976.2 provide exemplary
amino acid sequences of human RANTES.

[0080] “serpinE1” refers to serpin peptidase inhibitor, clade E (nexin, Plasminogen activator
inhibitor type 1), member 1. GenBank™ Accession No. NP_000593.1 provides an exemplary
amino acid sequence of human serpinE1. GenBank™ Accession No. NM_000602.4 provides an
exemplary nucleic acid sequence of human serpinE1.

[0081] “ICAM-1" refers to intracellular adhesion molecule 1. GenBank™ Accession No.
NP_000192.2 provides an exemplary amino acid sequence of human ICAM-1. GenBank™
Accession No. NM 000201 .2 provides an exemplary nucleic acid sequence of human ICAM-1.
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[0082] “Survivin” refers to baculoviral AP repeat containing 5. GenBank™ Accession Nos.
NP _001012271.1, NP_001012270.1, and NP_001159.2 provide exemplary amino acid
sequences of a human survivin. GenBank™ Accession Nos. NM_001168.2, NM_001012270.1,
and NM_001012271.1 provide exemplary nucleic acid sequences of a human survivin.

[0083] “TRAIL R1” refers to tumor necrosis factor receptor superfamily, member 10a.
GenBank™ Accession No. NM_003844.3 provide exemplary nucleic acid sequences of human
TRAIL R1. GenBank™ Accession No. NP_003835.3 provides an exemplary amino acid
sequence of human TRAIL R1.

7.2 Overview

[0084] Provided herein are methods of treating beta-thalassemia in a subject comprising
administering to the subject an ActRII signaling inhibitor (e.g., ActRIIA-hFc (SEQ ID NO:7) or
ActRIIB-hFc (SEQ ID NO:25); see Section 7.8) and utilizing one or more in vitro cell culture
methods provided herein (see Section 7.4) in (1) selection of the subject (see Section 7.5) to be
treated according to the methods provided herein (see Section 7.3); and/or (i1) monitoring of the
subject (see Section 7.5) being treated according to the methods provided herein (see Section
7.3).

[0085] Without being bound by theory, the responsiveness of erythroid progenitor cells
(EPCs) of a beta-thalassemic subject in an in vifro cell culture method provided herein (see
Section 7.4 and 7.4.1) can be used to predict whether or not the patient will be responsive to
treatment with an ActRII signaling inhibitor (e.g., ActRIIA-hFc (SEQ ID NO:7) or ActRIIB-hFc
(SEQ ID NO:25)). In addition, without being bound by theory, the responsiveness of stromal
cells of a beta-thalassemic subject in an in vitro cell culture method provided herein (see Section
7.4 and 7.4.1) can be used to predict whether or not the patient will be responsive to treatment
with an ActRII signaling inhibitor (e.g., ActRIIA-hFc (SEQ ID NO:7) or ActRIIB-hFc (SEQ ID
NO:25)). Similarly, a beta-thalassemic subject can be monitored using an in vifro cell culture
method provided herein (see Section 7.4 and 7.4.1) to determine how well the subject responds
to treatment of beta-thalassemia with an ActRII signaling inhibitor (e.g., ActRIIA-hFc (SEQ ID
NO:7) or ActRIIB-hFc (SEQ ID NO:25)).

[0086] For example, without being bound by any theory, if an in vifro cell culture method

provided herein results in one or more of the outcome parameters provided in Section 7.4.1, the
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subject can be selected for treatment with an ActRII signaling inhibitor (e.g., ActRIIA-hFc (SEQ
ID NO:7) or ActRIIB-hFc¢ (SEQ ID NO:25)) and is considered to be responsive to said treatment.
[0087] In certain embodiments “responsive” or “responsiveness” includes treatment of

2%

beta-thalassemia in the subject. In certain embodiments, “treat,” “treatment,” or “treating,” in
the context of beta-thalassemia, includes amelioration of at least one symptom of beta-
thalassemia. Nonlimiting examples of symptoms of beta include defective red blood cell
production in the marrow, ineffective erythropoiesis, deficient hemoglobin levels, multiple organ
dysfunction, iron overload, paleness, fatigue, jaundice, and splenomegaly.

7.3 Methods of Treatment

[0088] Provided herein is a method of treating beta-thalassemia in a subject, comprising
administering a pharmaceutically effective dose of an ActRII signaling inhibitor to the subject,
wherein the subject has been selected by using an in vifro cell culture method provided herein
(see Section 7.4). Also provided herein is a method for treating beta-thalassemia in a subject,
comprising administering a pharmaceutically effective dose of an ActRII signaling inhibitor to
the subject, performing an in vifro cell culture method provided herein (see Section 7.4), and
determining a subsequent dose of the ActRII signaling inhibitor to administer to the subject
based on the in vitro cell culture method. In certain embodiments, the pharamaceutically
effective dose is a dose as described in Section 7.6. In certain embodiments, the
pharmaceutically effective dose is administered to the subject at a frequency as described in
Section 7.6. In certain embodiments, the pharmaceutically effective dose is administered to the
subject according to a route of administration as described in Section 7.6. In certain
embodiments, the ActRII signaling inhibitor is as described in Section 7.8. In certain
embodiments, the ActRII signaling inhibitor is an ActRIIA signaling inhibitor as described in
Section 7.8.1. In certain embodiments, the ActRIIA signaling inhibitor is an ActRIIA-Fc such as
an ActRITA-hFc¢ (e.g., SEQ ID NO:7). In certain embodiments, the ActRII signaling inhibitor is
an ActRIIB signaling inhibitor as described in Section 7.8.2. In certain embodiments, the
ActRIIB signaling inhibitor is an ActRIIB-Fc such as an ActRIIB-hFc¢ (e.g., SEQ ID NO:25). In
certain embodiments, the ActRII signaling inhibitor is part of a composition as described in
Section 7.7. In certain embodiments, the ActRII signaling inhibitor is administered to the subject
in combination with a second pharmaceutically active agent or therapy as described in Section

7.3.1.
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[0089] Without being bound by theory, the responsiveness of an EPC of a beta-thalassemic
subject in an in vitro cell culture method provided herein (see Section 7.4 and 7.4.1) can be used
to predict whether or not the patient will be responsive to treatment with an ActRII signaling
inhibitor. In addition, without being bound by theory, the responsiveness of a stromal cell of a
beta-thalassemic subject in an in vifro cell culture method provided herein (see Section 7.4 and
7.4.1) can be used to predict whether or not the patient will be responsive to treatment with an
ActRII signaling inhibitor. Thus, without being bound by theory, an in vitro cell culture method
provided herein may be performed (i) to select a subject to be treated according to the methods
provided herein, and/or (ii) to determine if a subsequent dose of an ActRII signaling inhibitor
administered to the subject should be increased or decreased.

[0090] In certain embodiments, the subject is a subject as described in Section 7.5. In certain
embodiments, the subject is selected to be treated with an ActRII signaling inhibitor if 1, 2, 3, or
more of the outcome parameters provided in Section 7.4.1 are achieved in an in vifro cell culture
method provided in Section 7.4, wherein the in vitro cell culture method utilizes an EPC derived
from the subject. In certain embodiments, the subject is to be treated with an ActRII signaling
inhibitor if 1, 2, 3, or more of the outcome parameters provided in Section 7.4.1 are achieved in
an in vitro cell culture method provided in Section 7.4, wherein the in vitro cell culture method
utilizes a stromal cell derived from the subject. In certain embodiments, the subject is to be
treated with an ActRII signaling inhibitor if 1, 2, 3, or more of the outcome parameters provided
in Section 7.4.1 are achieved in an in vitro cell culture method provided in Section 7.4, wherein
the in vitro cell culture method utilizes an EPC derived from the subject and a stromal cell
derived from a reference population. In certain embodiments, the reference population is as
described in Section 7.9.

[0091] In certain embodiments, the subject is a subject as described in Section 7.5. In certain
embodiments, the subject is predicted to be responsive to treatment with an ActRII signaling
inhibitor if 1, 2, 3, or more of the outcome parameters provided in Section 7.4.1 are achieved in
an in vitro cell culture method provided in Section 7.4, wherein the in vitro cell culture method
utilizes an EPC derived from the subject. In certain embodiments, the subject is predicted to be
responsive to treatment with an ActRII signaling inhibitor if 1, 2, 3, or more of the outcome
parameters provided in Section 7.4.1 are achieved in an in vitro cell culture method provided in

Section 7.4, wherein the in vitro cell culture method utilizes a stromal cell derived from the
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subject. In certain embodiments, the subject is predicted to be responsive to treatment with an
ActRII signaling inhibitor if 1, 2, 3, or more of the outcome parameters provided in Section 7.4.1
are achieved in an in vifro cell culture method provided in Section 7.4, wherein the in vitro cell
culture method utilizes an EPC derived from the subject and a stromal cell derived from a
reference population. In certain embodiments, the reference population is as described in
Section 7.9.

[0092] In specific embodiments, one or more in vitro cell culture methods provided herein
(see Section 7.4) is performed before a method of treatment provided herein. In specific
embodiments, one or more in vitro cell culture methods provided herein (see Section 7.4) is
performed after a method of treatment provided herein. In specific embodiments, one or more in
vitro cell culture methods provided herein (see Section 7.4) is performed concurrently with a
method of treatment provided herein.

[0093] In certain embodiments, the in vitro cell culture method (see Section 7.4) is
performed a period of time prior to administering a first dose of the ActRII signaling inhibitor to
the subject. In certain embodiments, the period of time prior to administering a first dose of the
ActRII signaling inhibitor to the subject is within 1 day, 1 week, 2 weeks, 3 weeks, 4 weeks, 1
month, 2 months, 3 months, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10
months, 11 months, or 1 year of administering a first dose of the ActRII signaling inhibitor to the
subject.

[0094] In certain embodiments, the method of treatment further comprises performing one or
more in vitro cell culture methods provided herein (see Section 7.4) a period of time after a first
dose of the ActRII signaling inhibitor has been administered to the subject. In certain
embodiments, one in vitro cell culture method is performed. In certain embodiments, two in
vitro cell culture methods are performed. In certain embodiments, three in vifro cell culture
methods are performed. In certain embodiments, four in vitro cell culture methods are
performed. In certain embodiments, five in vitro cell culture methods are performed. In certain
embodiments, six in vitro cell culture methods are performed. In certain embodiments, the
period of time after the first dose of the ActRII signaling inhibitor has been administered to the
subject is 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 1 week, 2 weeks, 3 weeks, 4 weeks, 1
month 2 months, 3 months, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10

months, 11 months, or 12 months.
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[0095] In certain embodiments, the method of treatment further comprises (1) performing one
or more in vitro cell culture methods provided herein (see Section 7.4) a period of time after a
first dose of the ActRII signaling inhibitor has been administered to the subject; and (ii)
administering a subsequent dose of the ActRII signaling inhibitor to the subject. In certain
embodiments, one in vitro cell culture method is performed. In certain embodiments, two in
vitro cell culture methods are performed. In certain embodiments, three in vitro cell culture
methods are performed. In certain embodiments, four in vitro cell culture methods are
performed. In certain embodiments, five in vitro cell culture methods are performed. In certain
embodiments, six in vitro cell culture methods are performed. In certain embodiments, the
period of time after the first dose of the ActRII signaling inhibitor has been administered to the
subject is 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 1 week, 2 weeks, 3 weeks, 4 weeks, 1
month 2 months, 3 months, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10
months, 11 months, or 12 months. In certain embodiments, the subsequent dose is a subsequent
dose as described in Section 7.6. In certain embodiments, the subsequent dose is administered to
the subject at a frequency as described in Section 7.6. In certain embodiments, the subsequent
dose is administered to the subject according to a route of administration as described in Section
7.6. In certain embodiments, the subsequent dose is less than the first dose (e.g., a reduced
concentration or administered at a reduced frequency as compared to the initial dose) if 1, 2, 3, or
more of the outcome parameters provided in Section 7.4.1 are achieved in an in vifro cell culture
method provided in Section 7.4, wherein the in vitro cell culture method utilizes an EPC derived
from the subject. In certain embodiments, the subsequent dose is less than the first dose (e.g., a
reduced concentration or administered at a reduced frequency as compared to the initial dose) if
1, 2, 3, or more of the outcome parameters provided in Section 7.4.1 are achieved in an in vitro
cell culture method provided in Section 7.4, wherein the in vitro cell culture method utilizes a
stromal cell derived from the subject. In certain embodiments, the subsequent dose is less than
the first dose (e.g., a reduced concentration or administered at a reduced frequency as compared
to the initial dose) if 1, 2, 3, or more of the outcome parameters provided in Section 7.4.1 are
achieved in an in vitro cell culture method provided in Section 7.4, wherein the in vifro cell
culture method utilizes an EPC derived from the subject and a stromal cell derived from a
reference population. In certain embodiments, the reference population is as described in

Section 7.9.
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[0096] In certain embodiments, the subsequent dose is greater than the first dose (e.g., an
increased concentration or administered at an increased frequency as compared to the initial
dose) if 1, 2, 3, or more of the outcome parameters provided in Section 7.4.1 are not achieved in
an in vitro cell culture method provided in Section 7.4, wherein the in vitro cell culture method
utilizes an EPC derived from the subject. In certain embodiments, the subsequent dose is greater
than the first dose (e.g., an increased concentration or administered at an increased frequency as
compared to the initial dose) if 1, 2, 3, or more of the outcome parameters provided in Section
7.4.1 are not achieved in an in vitro cell culture method provided in Section 7.4, wherein the in
vitro cell culture method utilizes a stromal cell derived from the subject. In certain embodiments,
the subsequent dose is greater than the first dose (e.g., an increased concentration or
administered at an increased frequency as compared to the initial dose) if 1, 2, 3, or more of the
outcome parameters provided in Section 7.4.1 are not achieved in an in vifro cell culture method
provided in Section 7.4, wherein the in vitro cell culture method utilizes an EPC derived from the
subject and a stromal cell derived from a reference population. In certain embodiments, the
reference population is as described in Section 7.9.

[0097] Also provided herein is a method of treating beta-thalassemia in a subject, comprising
administering an ActRII signaling inhibitor to the subject, wherein the patient is being monitored
by using an in vitro cell culture method provided herein (see Section 7.4). In certain
embodiments, the pharamaceutically effective dose is a dose as described in Section 7.6. In
certain embodiments, the pharmaceutically effective dose is administered to the subject at a
frequency as described in Section 7.6. In certain embodiments, the pharmaceutically effective
dose is administered to the subject according to a route of administration as described in Section
7.6. In certain embodiments, the ActRII signaling inhibitor is as described in Section 7.8. In
certain embodiments, the ActRII signaling inhibitor is an ActRIIA signaling inhibitor as
described in Section 7.8.1. In certain embodiments, the ActRIIA signaling inhibitor is an
ActRITA-Fc such as an ActRIIA-hFc¢ (e.g., SEQ ID NO:7). In certain embodiments, the ActRII
signaling inhibitor is an ActRIIB signaling inhibitor as described in Section 7.8.2. In certain
embodiments, the ActRIIB signaling inhibitor is an ActRIIB-Fc such as an ActRIIB-hFc (e.g.,
SEQ ID NO:25). In certain embodiments, the ActRII signaling inhibitor is part of a composition
as described in Section 7.7. In certain embodiments, the ActRII signaling inhibitor is

administered to the subject in combination with a second pharmaceutically active agent or
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therapy as described in Section 7.3.1. In certain embodiments, the subject is a subject as
described in Section 7.5.

[0098] Without being bound by theory, the responsiveness of an EPC of a beta-thalassemic
subject in an in vitro cell culture method provided herein (see Section 7.4 and 7.4.1) can be used
to monitor the subject to determine whether or not the subject is predicted to be responsive to
treatment with an ActRII signaling inhibitor. In addition, without being bound by theory, the
responsiveness of a stromal cell of a beta-thalassemic subject in an in vitro cell culture method
provided herein (see Section 7.4 and 7.4.1) can be used to monitor whether or not the subject is
predicted to be responsive to treatment with an ActRII signaling inhibitor. For example, without
being bound by any particular theory, administering of the ActRII signaling inhibitor to a subject
exposes an EPC and/or a stromal cell in the subject to the ActRII signaling inhibitor, and thus, an
in vitro cell culture method provided herein that utilizes an EPC and/or a stromal cell obtained
from a subject who has been administered an ActRII signaling inhibitor may not require addition
of the ActRII signaling inhibitor to the in vitro cell culture method. Thus, in certain
embodiments, monitoring of the patient by using an in vitro cell culture method provided herein
comprises performing an in vifro cell culture method provided herein (see Section 7.4)in the
absence of the ActRII signaling inhibitor. In certain embodiments, monitoring of the patient by
using an in vitro cell culture method provided herein comprises performing an in vitro cell
culture method provided herein (see Section 7.4) in the presence of the ActRII signaling
inhibitor.

[0099] In certain embodiments, the subject is predicted to be responsive to treatment with an
ActRII signaling inhibitor if 1, 2, 3, or more of the outcome parameters provided in Section 7.4.1
are achieved in an in vifro cell culture method provided in Section 7.4, wherein the in vitro cell
culture method utilizes an EPC derived from the subject. In certain embodiments, the subject is
predicted to be responsive to treatment with an ActRII signaling inhibitor if 1, 2, 3, or more of
the outcome parameters provided in Section 7.4.1 are achieved in an in vitro cell culture method
provided in Section 7.4, wherein the in vitro cell culture method utilizes a stromal cell derived
from the subject. In certain embodiments, the subject is predicted to be responsive to treatment
with an ActRII signaling inhibitor if 1, 2, 3, or more of the outcome parameters provided in
Section 7.4.1 are achieved in an in vitro cell culture method provided in Section 7.4, wherein the

in vitro cell culture method utilizes an EPC derived from the subject and a stromal cell derived
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from a reference population. In certain embodiments, the reference population is as described in
Section 7.9.

[00100] In certain embodiments, the in vitro cell culture method (see Section 7.4) is
performed a first period of time after administering a first dose of the ActRII signaling inhibitor
to the subject. In certain embodiments, the first period of time after administering a first dose of
the ActRII signaling inhibitor to the subject is within 1 day, 1 week, 2 weeks, 3 weeks, 4 weeks,
1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10
months, 11 months, or 1 year of administering a first dose of the ActRII signaling inhibitor to the
subject.

[00101] In certain embodiments, the method of treatment further comprises performing one or
more in vitro cell culture methods provided herein (see Section 7.4) a second period of time after
a first dose of the ActRII signaling inhibitor has been administered to the subject. In certain
embodiments, one in vitro cell culture method is performed. In certain embodiments, two in
vitro cell culture methods are performed. In certain embodiments, three in vitro cell culture
methods are performed. In certain embodiments, four in vitro cell culture methods are
performed. In certain embodiments, five in vitro cell culture methods are performed. In certain
embodiments, six in vitro cell culture methods are performed. In certain embodiments, the
second period of time after the first dose of the ActRII signaling inhibitor has been administered
to the subject is 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 1 week, 2 weeks, 3 weeks, 4 weeks,
1 month 2 months, 3 months, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10
months, 11 months, or 12 months.

[00102] In certain embodiments, the method of treatment comprises (i) administering the
ActRII signaling inhibitor to the subject; (ii) performing one or more in vitro cell culture
methods provided herein (see Section 7.4) a first period of time after a first dose of the ActRII
signaling inhibitor has been administered to the subject; and (i1) administering a subsequent dose
of the ActRII signaling inhibitor to the subject. In certain embodiments, one in vitro cell culture
method is performed. In certain embodiments, two in vifro cell culture methods are performed.
In certain embodiments, three in vifro cell culture methods are performed. In certain
embodiments, four 7n vifro cell culture methods are performed. In certain embodiments, five in
vitro cell culture methods are performed. In certain embodiments, six in vitro cell culture

methods are performed. In certain embodiments, the period of time after the first dose of the
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ActRII signaling inhibitor has been administered to the subject is 1 day, 2 days, 3 days, 4 days, 5
days, 6 days, 1 week, 2 weeks, 3 weeks, 4 weeks, 1 month 2 months, 3 months, 4 months, 5
months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, or 12 months. In
certain embodiments, the subsequent dose is a subsequent dose as described in Section 7.6. In
certain embodiments, the subsequent dose is administered to the subject at a frequency as
described in Section 7.6. In certain embodiments, the subsequent dose is administered to the
subject according to a route of administration as described in Section 7.6. In certain
embodiments, the subsequent dose is less than the first dose (e.g., a reduced concentration or
administered at a reduced frequency as compared to the initial dose) if 1, 2, 3, or more of the
outcome parameters provided in Section 7.4.1 are achieved in an in vitro cell culture method
provided in Section 7.4, wherein the in vitro cell culture method utilizes an EPC derived from the
subject. In certain embodiments, the subsequent dose is less than the first dose (e.g., a reduced
concentration or administered at a reduced frequency as compared to the initial dose) if 1, 2, 3, or
more of the outcome parameters provided in Section 7.4.1 are achieved in an in vifro cell culture
method provided in Section 7.4, wherein the in vifro cell culture method utilizes a stromal cell
derived from the subject. In certain embodiments, the subsequent dose is less than the first dose
(e.g., a reduced concentration or administered at a reduced frequency as compared to the initial
dose) if 1, 2, 3, or more of the outcome parameters provided in Section 7.4.1 are achieved in an
in vitro cell culture method provided in Section 7.4, wherein the in vitro cell culture method
utilizes an EPC derived from the subject and a stromal cell derived from a reference population.
In certain embodiments, the reference population is as described in Section 7.9.

[00103] In certain embodiments, the subsequent dose is greater than the first dose (e.g., an
increased concentration or administered at an increased frequency as compared to the initial
dose) if 1, 2, 3, or more of the outcome parameters provided in Section 7.4.1 are not achieved in
an in vitro cell culture method provided in Section 7.4, wherein the in vitro cell culture method
utilizes an EPC derived from the subject. In certain embodiments, the subsequent dose is greater
than the first dose (e.g., an increased concentration or administered at an increased frequency as
compared to the initial dose) if 1, 2, 3, or more of the outcome parameters provided in Section
7.4.1 are not achieved in an in vitro cell culture method provided in Section 7.4, wherein the in
vitro cell culture method utilizes a stromal cell derived from the subject. In certain embodiments,

the subsequent dose is greater than the first dose (e.g., an increased concentration or
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administered at an increased frequency as compared to the initial dose) if 1, 2, 3, or more of the
outcome parameters provided in Section 7.4.1 are not achieved in an in vifro cell culture method
provided in Section 7.4, wherein the in vitro cell culture method utilizes an EPC derived from the
subject and a stromal cell derived from a reference population. In certain embodiments, the
reference population is as described in Section 7.9.

[00104] Also provided herein is use of an in vitro cell culture method provided herein (see,
Section 7.4) for predicting whether beta-thalassemia will be treated in a subject, wherein an
ActRII signaling inhibitor has been administered to the subject. In certain embodiments, the
erythroid progenitor utilized in the in vitro cell culture method has been obtained from the
subject. In certain embodiments, the stromal cell utilized in the in vitro cell culture method has
been obtained from the subject. In certain embodiments, the stromal cell utilized in the in vitro
cell culture method has been obtained from a reference population. Without being bound by any
particular theory, the occurrence of one or more outcome parameters (see Section 7.4.1) in an in
vitro cell culture method provided herein indicate that beta-thalassemia will be treated in the
subject upon administering the ActRII signaling inhibitor to the subject, wherein the erythroid
progenitor and/or stromal cell in the in vitro cell culture assay has been obtained from the
subject.

[00105] Also provided herein is use of an in vitro cell culture method provided herein (see,
Section 7.4) for selecting a subject to be administered an ActRII signaling inhibitor. In certain
embodiments, the subject is selected to be administered an ActRII signaling inhibitor if one or
more cells obtained from the subject are utilized in one or more in vitro cell culture methods
provided herein (see, Section 7.4) and one or more outcome parameter occurs. In certain
embodiments, the outcome parameter is as described in Section 7.4.1.

[00106] Also provided herein is use of an in vitro cell culture method provided herein (see,
Section 7.4) for monitoring treatment of beta-thalassemia in a subject, wherein an ActRII
signaling inhibitor has been administered to the subject.

7.3.1 Combination Therapy

[00107] In certain embodiments, the methods provided herein (see, Section 7.3 and
Section7.4) are performed in combination with a second pharmaceutically active agent or
therapy. Such combination therapy may be achieved by way of the simultaneous, sequential, or

separate dosing of the individual components of the treatment. Additionally, when administered
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as a component of such combination therapy, the ActRII signaling inhibitor and the second
pharmaceutically active agent or therapy may be synergistic, such that the daily dose of either or
both of the components may be reduced as compared to the dose of either component that would
normally be given as a monotherapy. Alternatively, when administered as a component of such
combination therapy, the ActRII signaling inhibitor provided herein and the second
pharmaceutically active agent or therapy may be additive, such that the daily dose of each of the
components is similar or the same as the dose of either component that would normally be given
as a monotherapy.

[00108] In certain embodiments, the ActRII signaling inhibitor provided herein is
administered on the same day as a second pharmaceutically active agent or therapy. In certain
embodiments, the ActRII signaling inhibitor is administered one, two, three, or more days before
a second pharmaceutically active agent or therapy. In certain embodiments, the ActRII signaling
inhibitor is administered one, two, three or more days after a second pharmaceutically active
agent or therapy. In certain embodiments, the ActRII signaling inhibitor is administered within
one, two, three or more weeks of a second pharmaceutically active agent or therapy.

[00109] In certain embodiments, the second pharmaceutically active agent or therapy is an
active agent or therapy, respectively, used to treat beta-thalassemia. Non-limiting examples or
pharmaceutically active agents or therapies used to treat beta-thalassemia include red blood cell
transfusion, iron chelation therapy, such as, for example, deferoxamine, deferiprone, and/or
deferasirox, fetal hemoglobin inducing agents, such as, for example, hydroxyurea, and
hematopoietic stem cell transplantation.

7.4 in vitro Cell Culture Methods

[00110] Without being bound by theory, the responsiveness of erythroid progenitor cells
(EPCs) of a beta-thalassemic subject in an in vitro cell culture method provided herein can be
used to predict whether or not the patient will be responsive to treatment with an ActRII
signaling inhibitor (e.g., ActRIIA-hFc (SEQ ID NO:7) or ActRIIB-hFc (SEQ ID NO:25)). In
addition, without being bound by theory, the responsiveness of stromal cells of a beta-
thalassemic subject in an in vitro cell culture method provided herein can be used to predict
whether or not the patient will be responsive to treatment with an ActRII signaling inhibitor (e.g.,
ActRITA-hFc (SEQ ID NO:7) or ActRIIB-hFc (SEQ ID NO:25)). Similarly, a beta-thalassemic

subject can be monitored using an in vitro cell culture method provided herein to determine how
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well the subject responds to treatment of beta-thalassemia with an ActRII signaling inhibitor
(e.g., ActRIIA-hFc (SEQ ID NO:7) or ActRIIB-hFc (SEQ ID NO:25)). For example, without
being bound by any theory, if an in vifro cell culture method provided herein results in one or
more of the outcome parameters provided in Section 7.4.1, the subject can be selected for
treatment with an ActRII signaling inhibitor (e.g., ActRIIA-hFc (SEQ ID NO:7) or ActRIIB-hFc
(SEQ ID NO:25)) and is considered to be responsive to said treatment. In specific embodiments,
one or more in vitro cell culture methods provided herein (see Section 7.4) is performed before a
method of treatment provided herein. In specific embodiments, one or more in vitro cell culture
methods provided herein (see Section 7.4) is performed after a method of treatment provided
herein. In specific embodiments, one or more in vitro cell culture methods provided herein (see
Section 7.4) is performed concurrently with a method of treatment provided herein. In specific
embodiments, the method of treatment is as described in Section 7.3. In specific embodiments,
the patient is a patient described in Section 7.5.

[00111] Provided herein is an in vitro cell culture method, comprising (a) co-culturing an EPC
and a stromal cell in the presence of an activin type II receptor (ActRII) signaling inhibitor for a
period of time; and (b) determining the level of GYPA, GATA1, GATAZ2, or alpha-globin in the
EPC. In certain embodiments, the in vitro cell culture method further comprises determining the
level of GYPA, GATA1, GATA2, or alpha-globin in the supernatant of the in vifro cell culture
method. In certain embodiments, the in vifro cell culture method further comprises determining
cell number after the period of time. In certain embodiments, the level of GYPA, GATAI,
GATA2, or alpha-globin in the EPC is determined according to an assay as described in Section
7.9 or Section 8.1. In certain embodiments, the level of GYPA, GATA1, GATAZ2, or alpha-
globin in the supernatant is determined according to an assay as described in Section 7.9 or
Section 8.1. In certain embodiments, the in2 vitro cell culture method further comprises
determining cell viability of the EPC after the period of time. In certain embodiments, the in
vitro cell culture method further comprises determining the number of EPCs in the culture after
the period of time. In certain embodiments, the in vifro cell culture method further comprises
determining erythroid differentiation after the period of time. In specific embodiments, one or
more in vitro cell culture methods provided herein (see Section 7.4) is performed before a
method of treatment provided herein. In specific embodiments, one or more in vitro cell culture

methods provided herein (see Section 7.4) is performed after a method of treatment provided
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herein. In specific embodiments, one or more in vitro cell culture methods provided herein (see
Section 7.4) is performed concurrently with a method of treatment provided herein. In specific
embodiments, the method of treatment is as described in Section 7.3.

[00112] Also provided herein is an inz vitro cell culture method, comprising (a) co-culturing an
EPC and a stromal cell in the presence of an activin type II receptor (ActRII) signaling inhibitor
for a period of time; and (b) determining the level of expansion of the EPC. In certain
embodiments, the level of expansion of the EPC is determined according to an assay as described
in Section 7.9 or Section 8.1. In certain embodiments, the in vitro cell culture method further
comprises determining cell viability of the EPC after the period of time. In certain embodiments,
the in vitro cell culture method further comprises determining the number of EPCs in the culture
after the period of time. In certain embodiments, the in vitro cell culture method further
comprises determining erythroid differentiation after the period of time. In specific
embodiments, one or more in vitro cell culture methods provided herein (see Section 7.4) is
performed before a method of treatment provided herein. In specific embodiments, one or more
in vitro cell culture methods provided herein (see Section 7.4) is performed after a method of
treatment provided herein. In specific embodiments, one or more in vitro cell culture methods
provided herein (see Section 7.4) is performed concurrently with a method of treatment provided
herein. In specific embodiments, the method of treatment is as described in Section 7.3.

[00113] Also provided herein is an in vitro cell culture method, comprising (a) culturing a
stromal cell in the presence of an activin type II receptor (ActRII) signaling inhibitor for a period
of time; and (b) determining the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1,
serpinE1l, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a,
IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the
supernatant obtained from the culture of step (a). In certain embodiments, the method further
comprises determining the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinEl,
GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-
2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the stromal
cell. In certain embodiments, the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1,
serpinEl, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a,
IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the

supernatant is determined according to an assay as described in Section 7.9. In certain
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embodiments, the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinE1l, GRO-a,
IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-
la, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the stromal cell is
determined according to an assay as described in Section 7.9. In certain embodiments, the in
vitro cell culture method further comprises determining cell viability of the stromal cell after the
period of time. In certain embodiments, the in vitro cell culture method further comprises
determining the number of stromal cells in the culture after the period of time. In specific
embodiments, one or more in vitro cell culture methods provided herein (see Section 7.4) is
performed before a method of treatment provided herein. In specific embodiments, one or more
in vitro cell culture methods provided herein (see Section 7.4) is performed after a method of
treatment provided herein. In specific embodiments, one or more in vitro cell culture methods
provided herein (see Section 7.4) is performed concurrently with a method of treatment provided
herein. In specific embodiments, the method of treatment is as described in Section 7.3.

[00114] Also provided herein is an in vitro cell culture method, comprising (a) culturing an
EPC in conditioned media for a period of time, wherein the conditioned media has been obtained
from a stromal cell cultured in the presence of an ActRII signaling inhibitor; and (b) determining
the level of GYPA, GATA1, GATAZ2, and/or alpha-globin in the EPC and/or the level of ICAM-
1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinE1, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-
10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-
3, p27, p21, Bax, Bad, CIAP1, or PON2 in the supernatant obtained from the culture of step (a).
In certain embodiments, the method further comprises determining the level of GYPA, GATALI,
GATAZ2, and/or alpha-globin in the supernatant of the in vitro cell culture method. In certain
embodiments, the method further comprises determining the level of ICAM-1, IL-1Ra, survivin,
Bcl-2, Bel-xL, MCP-1, serpinE1, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF
G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad,
CIAP1, or PON2 in the EPC of the in vitro cell culture method. In certain embodiments, the

2

conditioned media has been obtained from a stromal cell co-cultured with an EPC in the
presence of an ActRII signaling inhibitor. In certain embodiments, the level of GYPA, GATALI,
GATAZ2, and/or alpha-globin in the EPC is determined according to an assay as described in
Section 7.9 or Section 8.1. In certain embodiments, the level of GYPA, GATA1, GATA2,

and/or alpha-globin in the supernatant is determined according to an assay as described in
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Section 7.9 or Section 8.1. In certain embodiments, the level of ICAM-1, IL-1Ra, survivin, Bcl-
2, Bel-xL, MCP-1, serpinE1, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-
CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad,
CIAP1, or PON2 in the supernatant is determined according to an assay as described in Section
7.9 or Section 8.1. In certain embodiments, the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bcl-
xL, MCP-1, serpinE1, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF,
GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAPI,
or PON2 in the EPC is determined according to an assay as described in Section 7.9 or Section
8.1. In certain embodiments, the in vitro cell culture method further comprises determining cell
viability of the EPC after the period of time. In certain embodiments, the in vifro cell culture
method further comprises determining the number of EPCs in the culture after the period of time.
In certain embodiments, the in vitro cell culture method further comprises determining erythroid
differentiation after the period of time. In specific embodiments, one or more in vitro cell culture
methods provided herein (see Section 7.4) is performed before a method of treatment provided
herein. In specific embodiments, one or more in vitro cell culture methods provided herein (see
Section 7.4) is performed after a method of treatment provided herein. In specific embodiments,
one or more in vitro cell culture methods provided herein (see Section 7.4) is performed
concurrently with a method of treatment provided herein. In specific embodiments, the method
of treatment is as described in Section 7.3.

[00115] Also provided herein is an in vitro cell culture method, comprising (a) culturing an
EPC in conditioned media for a period of time, wherein the conditioned media has been obtained
from a stromal cell cultured in the presence of an ActRII signaling inhibitor; and (b) determining
the level of expansion of the EPC. In certain embodiments, the conditioned media has been
obtained from a stromal cell co-cultured with an EPC in the presence of an ActRII signaling
inhibitor. In certain embodiments, the level of expansion of the EPC is determined according to
an assay as described in Section 7.9 or Section 8.1. In certain embodiments, the in vitro cell
culture method further comprises determining cell viability of the EPC after the period of time.
In certain embodiments, the in vitro cell culture method further comprises determining the
number of EPCs in the culture after the period of time. In certain embodiments, the in vitro cell
culture method further comprises determining erythroid differentiation after the period of time.

In specific embodiments, one or more i vitro cell culture methods provided herein (see Section
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7.4) is performed before a method of treatment provided herein. In specific embodiments, one or
more in vitro cell culture methods provided herein (see Section 7.4) is performed after a method
of treatment provided herein. In specific embodiments, one or more in vitro cell culture methods
provided herein (see Section 7.4) is performed concurrently with a method of treatment provided
herein. In specific embodiments, the method of treatment is as described in Section 7.3.

[00116] Also provided herein is an in vitro cell culture method, comprising (a) culturing an
EPC in the presence of an ActRII signaling inhibitor for a period of time; and (b) determining the
level of GYPA, GATA1, GATA2, or alpha-globin in the EPC and/or the level of ICAM-1, IL-
1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinEl, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-
la, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27,
p21, Bax, Bad, CIAP1, or PON2 in the supernatant obtained from step (a). In certain
embodiments, the method further comprises determining the level of GYPA, GATA1, GATA2,
or alpha-globin in the supernatant of the in vitro cell culture method. In certain embodiments,
the method further comprises determining the level of [CAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL,
MCP-1, serpinEl, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF,
GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAPI,
or PON2 in the EPC. In certain embodiments, the level of GYPA, GATA1, GATA2, or alpha-
globin in the EPC is determined according to an assay as described in Section 7.9 or Section 8.1.
In certain embodiments, the level of GYPA, GATA1, GATA2, or alpha-globin in the supernatant
is determined according to an assay as described in Section 7.9 or Section 8.1. In certain
embodiments, the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinE1l, GRO-a,
IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-
la, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the supernatant is
determined according to an assay as described in Section 7.9 or Section 8.1. In certain
embodiments, the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinE1l, GRO-a,
IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-
la, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the EPC is
determined according to an assay as described in Section 7.9 or Section 8.1. In certain
embodiments, the in vitro cell culture method further comprises determining cell viability of the
EPC after the period of time. In certain embodiments, the in vitro cell culture method further

comprises determining the number of EPCs in the culture after the period of time. In certain
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embodiments, the in vitro cell culture method further comprises determining erythroid
differentiation after the period of time. In specific embodiments, one or more in vitro cell culture
methods provided herein (see Section 7.4) is performed before a method of treatment provided
herein. In specific embodiments, one or more in vitro cell culture methods provided herein (see
Section 7.4) is performed after a method of treatment provided herein. In specific embodiments,
one or more in vitro cell culture methods provided herein (see Section 7.4) is performed
concurrently with a method of treatment provided herein. In specific embodiments, the method
of treatment is as described in Section 7.3.

[00117] In certain embodiments, the period of time is 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, or 20 days. In certain embodiments, the period of time is 14 days. In certain
embodiments, the EPC is cultured as described in Section 7.9 or Section 8.1. In certain
embodiments the stromal cell is cultured as described in Section 7.9 or Section 8.1. In certain
embodiments, the EPC and stromal cell are co-cultured as described in Section 7.9 or Section
8.1.

[00118] In certain embodiments, the stromal cell has been obtained from bone marrow. In
certain embodiments, the stromal cell has been obtained from a beta-thalassemic subject. In
certain embodiments, the stromal cell has been obtained from bone marrow of a beta-thalassemic
subject. In certain embodiments, the stromal cell has been obtained from a reference population.
In certain embodiments, the stromal cell has been obtained from bone marrow of a reference
population. In certain embodiments, the EPC has been obtained from peripheral blood. In
certain embodiments, the EPC has been obtained from bone marrow. In certain embodiments,
the EPC has been obtained from a beta-thalassemic subject. In certain embodiments, the EPC
has been obtained from peripheral blood of a beta-thalassemic subject. In certain embodiments,
the EPC has been obtained from bone marrow of a beta-thalassemic subject. In certain
embodiments, the EPC has been obtained from a reference population. In certain embodiments,
the EPC has been obtained from peripheral blood of a reference population. In certain
embodiments, the EPC has been obtained from bone marrow of a reference population. In
certain embodiments, the EPC is a CD34 " cell. In certain embodiments, the EPCs is a non-
adherent cell in supernatant (NAC). In certain embodiments, the EPC is a phase-bright cells
(PBC) adhering to the surface of a stromal cell. In certain embodiments, the EPC is a phase-dim

cell (PDC) beneath a stromal cell in a co-culture. In certain embodiments, the stromal cell has
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been obtained from a reference population and the EPC has been obtained from a beta-
thalassemic subject. In certain embodiments, the stromal cell has been obtained from a beta-
thalassemic subject and the EPC has been obtained from a beta-thalassemic subject. In certain
embodiments, the stromal cell has been obtained from a beta-thalassemic subject and the EPC
has been obtained from a reference population. In certain embodiments, the stromal cell has
been obtained according to an assay as described in Section 7.9 or Section 8.1. In certain
embodiments, the beta-thalassemic subject is a subject as described in Section 7.5. In certain
embodiments, the EPC has been obtained according to an assay as described in Section 7.9 or
Section 8.1. In certain embodiments, the reference population is a subject from a reference
population as described in Section 7.9 or Section 8.1.

[00119] In certain embodiments, the ActRII signaling inhibitor is as described in Section 7.8.
In certain embodiments, the ActRII signaling inhibitor is an ActRIIB signaling inhibitor as
described in Section 7.8.2. In certain embodiments, the ActRIIB signaling inhibitor is an
ActRIIB-Fc¢ such as an ActRIIB-hFc¢ (e.g., SEQ ID NO:25). In certain embodiments, the ActRII
signaling inhibitor is an ActRIIA signaling inhibitor as described in Section 7.8.1. In certain
embodiments, the ActRIIA signaling inhibitor is an ActRIIA-Fc such as an ActRIIA-hFc (e.g.,
SEQ ID NO:7). In certain embodiments, the ActRII signaling inhibitor is an amount of about 10
ug, about 20 pg, about 30 pg, about 40 pg, about 50 pg, about 60 pg, about 70 pg, about 80 ug,
about 90 pg, about 100 ug, about 110 pg, about 120 ug, about 130 pg, about 140 ug, or about
150 pg of an ActRII signaling inhibitor. In certain embodiments, the ActRII signaling inhibitor
is an amount of about 50 pg of an ActRII signaling inhibitor. In certain embodiments, the
ActRII signaling inhibitor is an amount of about 100 pg of an ActRII signaling inhibitor. In
certain embodiments, the ActRII signaling inhibitor is part of a composition as described in
Section 7.7.

[00120] In certain embodiments, the in vitro cell culture method is used to select a subject to
be administered an ActRII signaling inhibitor according to a method of treatment provided
herein (see Section 7.3, Section 7.4.1 and Section7.5). In certain embodiments, the in vitro cell
culture method is used to monitor treatment of beta-thalassemia in a subject, wherein the subject
is administered an ActRII signaling inhibitor according to a method of treatment provided herein

(see Section 7.3, Section 7.4.1, and Section7.5). In certain embodiments, the in vitro cell culture
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method is used in combination with a method of treatment provided herein (see Section 7.3,
Section 7.4.1, and Section7.5).

[00121] Without being bound by any particular theory, administering of the ActRII signaling
inhibitor to a subject exposes an EPC and/or a stromal cell in the subject to the ActRII signaling
inhibitor, and thus, an in vitro cell culture method provided herein that utilizes an EPC and/or a
stromal cell obtained from a subject who has been administered an ActRII signaling inhibitor
may not require addition of the ActRII signaling inhibitor to the in vifro cell culture method.
Thus, in certain embodiments, monitoring of the patient by using an in vitro cell culture method
provided herein comprises performing an in vitro cell culture method provided herein (see
Section 7.4) in the absence of the ActRII signaling inhibitor. In certain embodiments,
monitoring of the patient by using an in vitro cell culture method provided herein comprises
performing an in vitro cell culture method provided herein (see Section 7.4)in the presence of the
ActRII signaling inhibitor.

[00122] Thus, in certain embodiments, the in vifro cell culture method, comprises (a) co-
culturing an EPC and a stromal cell for a period of time; and (b) determining the level of GYPA,
GATAL1, GATAZ2, or alpha-globin in the EPC, wherein the EPC has been obtained from a subject
administered a pharmaceutically effective dose of an ActRII signaling inhibitor, and wherein the
stromal cell has been obtained from a reference population (e.g., a reference population as
described in Section 7.9. In certain embodiments, the in vifro cell culture method, comprises (a)
co-culturing an EPC and a stromal cell for a period of time; and (b) determining the level of
GYPA, GATA1, GATAZ2, or alpha-globin in the EPC, wherein the EPC has been obtained from
a subject administered a pharmaceutically effective dose of an ActRII signaling inhibitor, and
wherein the stromal cell has been obtained from the subject administered a pharmaceutically
effective dose of an ActRII signaling inhibitor. In certain embodiments, the in vifro cell culture
method further comprises determining the level of GYPA, GATA1, GATAZ2, or alpha-globin in
the supernatant of the in vitro cell culture method. In certain embodiments, the in vitro cell
culture method further comprises determining cell number after the period of time. In certain
embodiments, the level of GYPA, GATAIL, GATA2, or alpha-globin in the EPC is determined
according to an assay as described in Section 7.9 or Section 8.1. In certain embodiments, the
level of GYPA, GATA1, GATAZ2, or alpha-globin in the supernatant is determined according to

an assay as described in Section 7.9 or Section 8.1. In certain embodiments, the in vitro cell
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culture method further comprises determining cell viability of the EPC after the period of time.
In certain embodiments, the in vifro cell culture method further comprises determining the
number of EPCs in the culture after the period of time. In certain embodiments, the in vitro cell
culture method further comprises determining erythroid differentiation after the period of time.
In specific embodiments, the subject has been administered the pharmaceutically effective dose
of an ActRII signaling inhibitor according to the methods of treatment described in Section 7.3.
In specific embodiments, the subject is a subject described in Section 7.5.

[00123] In certain embodiments, the in vitro cell culture method, comprises (a) co-culturing
an EPC and a stromal cell for a period of time; and (b) determining the level of expansion of the
EPC, wherein the EPC has been obtained from a subject administered a pharmaceutically
effective dose of an ActRII signaling inhibitor, and wherein the stromal cell has been obtained
from a reference population (e.g., a reference population as described in Section 7.9. In certain
embodiments, the in vifro cell culture method, comprises (a) co-culturing an EPC and a stromal
cell for a period of time; and (b) determining the level of expansion of the EPC, wherein the EPC
has been obtained from a subject administered a pharmaceutically effective dose of an ActRII
signaling inhibitor, and wherein the stromal cell has been obtained from the subject administered
a pharmaceutically effective dose of an ActRII signaling inhibitor. In certain embodiments, the
level of expansion of the EPC is determined according to an assay as described in Section 7.9 or
Section 8.1. In certain embodiments, the in vifro cell culture method further comprises
determining cell viability of the EPC after the period of time. In certain embodiments, the in
vitro cell culture method further comprises determining the number of EPCs in the culture after
the period of time. In certain embodiments, the in vitro cell culture method further comprises
determining erythroid differentiation after the period of time. In specific embodiments, the
subject has been administered the pharmaceutically effective dose of an ActRII signaling
inhibitor according to the methods of treatment described in Section 7.3. In specific
embodiments, the subject is a subject described in Section 7.5.

[00124] In certain embodiments, the in vitro cell culture method, comprises (a) culturing a
stromal cell; and (b) determining the level of ICAM-1, IL-1Ra, survivin, Bel-2, Bel-xL, MCP-1,
serpinEl, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a,
IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the

supernatant obtained from the culture of step (a), wherein the stromal cell has been obtained
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from a subject administered a pharmaceutically effective dose of an ActRII signaling inhibitor.
In certain embodiments, the method further comprises determining the level of ICAM-1, IL-1Ra,
survivin, Bcl-2, Bel-xL, MCP-1, serpinE1l, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a,
IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27,
p21, Bax, Bad, CIAP1, or PON2 in the stromal cell. In certain embodiments, the level of ICAM-
1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinE1, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-
10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-
3, p27, p21, Bax, Bad, CIAP1, or PON2 in the supernatant is determined according to an assay
as described in Section 7.9. In certain embodiments, the level of ICAM-1, IL-1Ra, survivin, Bcl-
2, Bel-xL, MCP-1, serpinE1, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-
CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad,
CIAP1, or PON2 in the stromal cell is determined according to an assay as described in Section
7.9. In certain embodiments, the in2 vitro cell culture method further comprises determining cell
viability of the stromal cell after the period of time. In certain embodiments, the in vifro cell
culture method further comprises determining the number of stromal cells in the culture after the
period of time. In specific embodiments, the subject has been administered the pharmaceutically
effective dose of an ActRII signaling inhibitor according to the methods of treatment described
in Section 7.3. In specific embodiments, the subject is a subject described in Section 7.5.
[00125] In certain embodiments, the in vitro cell culture method, comprises (a) culturing an
EPC in conditioned media for a period of time, wherein the conditioned media has been obtained
from culturing a stromal cell; and (b) determining the level of GYPA, GATA1, GATA2, and/or
alpha-globin in the EPC and/or the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1,
serpinEl, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a,
IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the
supernatant obtained from the culture of step (a), wherein the EPC has been obtained from a
subject administered a pharmaceutically effective dose of an ActRII signaling inhibitor, and
wherein the stromal cell has been obtained from the subject administered a pharmaceutically
effective dose of an ActRII signaling inhibitor. In certain embodiments, the in vifro cell culture
method, comprises (a) culturing an EPC in conditioned media for a period of time, wherein the
conditioned media has been obtained from culturing a stromal cell; and (b) determining the level

of GYPA, GATA1, GATAZ2, and/or alpha-globin in the EPC and/or the level of ICAM-1, IL-
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1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinEl, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-
la, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27,
p21, Bax, Bad, CIAP1, or PON2 in the supernatant obtained from the culture of step (a), wherein
the EPC has been obtained from a reference population (e.g., a reference population as described
in Section 7.9), and wherein the stromal cell has been obtained from a subject administered a
pharmaceutically effective dose of an ActRII signaling inhibitor. In certain embodiments, the
method further comprises determining the level of GYPA, GATA1, GATAZ2, and/or alpha-globin
in the supernatant of the in vitro cell culture method. In certain embodiments, the method further
comprises determining the level of ICAM-1, IL-1Ra, survivin, Bc¢l-2, Bel-xL, MCP-1, serpinEl,
GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-
2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the EPC of
the in vitro cell culture method. In certain embodiments, the conditioned media has been
obtained from a stromal cell co-cultured with an EPC in the presence of an ActRII signaling
inhibitor. In certain embodiments, the level of GYPA, GATA1, GATAZ2, and/or alpha-globin in
the EPC is determined according to an assay as described in Section 7.9 or Section 8.1. In
certain embodiments, the level of GYPA, GATA1, GATA2, and/or alpha-globin in the
supernatant is determined according to an assay as described in Section 7.9 or Section 8.1. In
certain embodiments, the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinEl,
GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-
2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the
supernatant is determined according to an assay as described in Section 7.9 or Section 8.1. In
certain embodiments, the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinEl,
GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-
2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the EPC is
determined according to an assay as described in Section 7.9 or Section 8.1. In certain
embodiments, the in vitro cell culture method further comprises determining cell viability of the
EPC after the period of time. In certain embodiments, the in vitro cell culture method further
comprises determining the number of EPCs in the culture after the period of time. In certain
embodiments, the in vitro cell culture method further comprises determining erythroid
differentiation after the period of time. In specific embodiments, the subject has been

administered the pharmaceutically effective dose of an ActRII signaling inhibitor according to
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the methods of treatment described in Section 7.3. In specific embodiments, the subject is a
subject described in Section 7.5.

[00126] In certain embodiments, the in vitro cell culture method, comprises (a) culturing an
EPC in conditioned media for a period of time, wherein the conditioned media has been obtained
from culturing a stromal cell; and (b) determining the level of expansion of the EPC, wherein the
EPC has been obtained from a reference population (e.g., a reference population as described in
Section 7.9), and wherein the stromal cell has been obtained from the subject administered a
pharmaceutically effective dose of an ActRII signaling inhibitor. In certain embodiments, the in
vitro cell culture method, comprises (a) culturing an EPC in conditioned media for a period of
time, wherein the conditioned media has been obtained from culturing a stromal cell; and (b)
determining the level of expansion of the EPC, wherein the EPC has been obtained from a
subject administered a pharmaceutically effective dose of an ActRII signaling inhibitor, and
wherein the stromal cell has been obtained from the subject administered a pharmaceutically
effective dose of an ActRII signaling inhibitor. In certain embodiments, the conditioned media
has been obtained from a stromal cell co-cultured with an EPC in the presence of an ActRII
signaling inhibitor. In certain embodiments, the level of expansion of the EPC is determined
according to an assay as described in Section 7.9 or Section 8.1. In certain embodiments, the in
vitro cell culture method further comprises determining cell viability of the EPC after the period
of time. In certain embodiments, the in vitro cell culture method further comprises determining
the number of EPCs in the culture after the period of time. In certain embodiments, the in vitro
cell culture method further comprises determining erythroid differentiation after the period of
time. In specific embodiments, the subject has been administered the pharmaceutically effective
dose of an ActRII signaling inhibitor according to the methods of treatment described in Section
7.3. In specific embodiments, the subject is a subject described in Section 7.5.

[00127] In certain embodiments, the in vitro cell culture method, comprises (a) culturing an
EPC for a period of time; and (b) determining the level of GYPA, GATA1, GATAZ2, or alpha-
globin in the EPC and/or the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1,
serpinEl, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a,
IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the
supernatant obtained from step (a), wherein the EPC has been obtained from a subject

administered an ActRII signaling inhibitor. In certain embodiments, the method further
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comprises determining the level of GYPA, GATA1, GATAZ2, or alpha-globin in the supernatant
of the in vitro cell culture method. In certain embodiments, the method further comprises
determining the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinE1l, GRO-a,
IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-
la, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the EPC. In certain
embodiments, the level of GYPA, GATAIL, GATA2, or alpha-globin in the EPC is determined
according to an assay as described in Section 7.9 or Section 8.1. In certain embodiments, the
level of GYPA, GATA1, GATAZ2, or alpha-globin in the supernatant is determined according to
an assay as described in Section 7.9 or Section 8.1. In certain embodiments, the level of ICAM-
1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinE1, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-
10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-
3, p27, p21, Bax, Bad, CIAP1, or PON2 in the supernatant is determined according to an assay
as described in Section 7.9 or Section 8.1. In certain embodiments, the level of ICAM-1, IL-
1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinEl, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-
la, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27,
p21, Bax, Bad, CIAP1, or PON2 in the EPC is determined according to an assay as described in
Section 7.9 or Section 8.1. In certain embodiments, the in vitro cell culture method further
comprises determining cell viability of the EPC after the period of time. In certain embodiments,
the in vitro cell culture method further comprises determining the number of EPCs in the culture
after the period of time. In certain embodiments, the in vitro cell culture method further
comprises determining erythroid differentiation after the period of time. In specific
embodiments, the subject has been administered the pharmaceutically effective dose of an
ActRII signaling inhibitor according to the methods of treatment described in Section 7.3. In
specific embodiments, the subject is a subject described in Section 7.5.

[00128] In certain embodiments, the period of time is 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, or 20 days. In certain embodiments, the period of time is 14 days. In certain
embodiments, the EPC is cultured as described in Section 7.9 or Section 8.1. In certain
embodiments the stromal cell is cultured as described in Section 7.9 or Section 8.1. In certain
embodiments, the EPC and stromal cell are co-cultured as described in Section 7.9 or Section
8.1. In certain embodiments, the stromal cell has been obtained from bone marrow. In certain

embodiments, the EPC has been obtained from peripheral blood. In certain embodiments, the
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EPC has been obtained from bone marrow. In certain embodiments, the EPC is a CD34" cell. In
certain embodiments, the EPCs is a non-adherent cell in supernatant (NAC). In certain
embodiments, the EPC is a phase-bright cells (PBC) adhering to the surface of a stromal cell. In
certain embodiments, the EPC is a phase-dim cell (PDC) beneath a stromal cell in a co-culture.
In certain embodiments, the stromal cell has been obtained according to an assay as described in
Section 7.9 or Section 8.1. In certain embodiments, the beta-thalassemic subject is a subject as
described in Section 7.5. In certain embodiments, the EPC has been obtained according to an
assay as described in Section 7.9 or Section 8.1. In certain embodiments, the reference
population is a subject from a reference population as described in Section 7.9 or Section 8.1.
[00129] In certain embodiments, the ActRII signaling inhibitor is as described in Section 7.8.
In certain embodiments, the ActRII signaling inhibitor is an ActRIIB signaling inhibitor as
described in Section 7.8.2. In certain embodiments, the ActRIIB signaling inhibitor is an
ActRIIB-Fc¢ such as an ActRIIB-hFc¢ (e.g., SEQ ID NO:25). In certain embodiments, the ActRII
signaling inhibitor is an ActRIIA signaling inhibitor as described in Section 7.8.1. In certain
embodiments, the ActRIIA signaling inhibitor is an ActRIIA-Fc such as an ActRIIA-hFc (e.g.,
SEQ ID NO:7). In certain embodiments, the ActRII signaling inhibitor is an amount of about 10
ug, about 20 pg, about 30 pg, about 40 pg, about 50 pg, about 60 pg, about 70 pg, about 80 ug,
about 90 pg, about 100 ug, about 110 pg, about 120 ug, about 130 pg, about 140 ug, or about
150 pg of an ActRII signaling inhibitor. In certain embodiments, the ActRII signaling inhibitor
is an amount of about 50 pg of an ActRII signaling inhibitor. In certain embodiments, the
ActRII signaling inhibitor is an amount of about 100 pug of an ActRII signaling inhibitor. In
certain embodiments, the ActRII signaling inhibitor is part of a composition as described in
Section 7.7.

7.4.1 In vitro cell culture method outcome parameters

[00130] Without being bound by any particular theory, the occurrence of one or more
outcome parameters in an in vitro cell culture method provided herein can be utilized to (i)
indicate that beta-thalassemia will be treated in the subject upon administering the ActRII
signaling inhibitor to the subject; (ii) to select a subject to be administered an ActRII signaling
inhibitor according to the methods provided herein; and/or (ii1) to monitor treatment of beta-
thalassemia in a subject administered an ActRII signaling inhibitor according to the methods

provided herein. In specific embodiments, one or more in vitro cell culture methods provided



WO 2016/187378 PCT/US2016/033187
43

herein is performed before a method of treatment provided herein. In specific embodiments, one
or more in vitro cell culture methods provided herein (see Section 7.4) is performed after a
method of treatment provided herein. In specific embodiments, one or more in vitro cell culture
methods provided herein (see Section 7.4) is performed concurrently with a method of treatment
provided herein. In specific embodiments, the method of treatment is as described in Section
7.3. In specific embodiments, the patient is a patient described in Section 7.5.

[00131] In certain embodiments, the outcome parameter is an increase in the level of GYPA
in the EPC of the in vifro cell culture method as compared to the level of GYPA in a control EPC.
In certain embodiments, the level of GYPA is increased by at least 0.5-fold, 0.6-fold, 0.7-fold,
0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-
fold, 4.0-fold, or 5.0-fold as compared to the level of GYPA in a control EPC. In certain
embodiments, the level of GYPA is increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold,
0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-
fold, or 5.0-fold as compared to the level of GYPA in a control EPC.

[00132] In certain embodiments, the outcome parameter is an increase in the level of GYPA
in the supernatant of the in vitro cell culture method as compared to the level of GYPA in a
control EPC. In certain embodiments, the level of GYPA is increased by at least 0.5-fold, 0.6-
fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold,
3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of GYPA in a control
supernatant. In certain embodiments, the level of GYPA is increased by at most 0.5-fold, 0.6-
fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold,
3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of GYPA in a control
supernatant.

[00133] In certain embodiments, the level of GYPA is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of GYPA is the
nucleic acid level of GYPA. In certain embodiments, the level of GYPA is the cDNA level of
GYPA. In certain embodiments, the level of GYPA is the mRNA level of GYPA. In certain
embodiments, the level of GYPA is the protein level of GYPA.

[00134] In certain embodiments, the outcome parameter is an increase in the level of GATAI
in the EPC of the in vitro cell culture method as compared to the level of GATAL1 in a control

EPC. In certain embodiments, the level of GATAI1 is increased by at least 0.5-fold, 0.6-fold,



WO 2016/187378 PCT/US2016/033187
44

0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-
fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of GATAL in a control EPC. In
certain embodiments, the level of GATAI is increased by at most 0.5-fold, 0.6-fold, 0.7-fold,
0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-
fold, 4.0-fold, or 5.0-fold as compared to the level of GATAI in a control EPC.

[00135] In certain embodiments, the outcome parameter is an increase in the level of GATAI
in the supernatant of the in vifro cell culture method as compared to the level of GATAl ina
control supernatant. In certain embodiments, the level of GATAL is increased by at least 0.5-
fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold
2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of GATA1 in a control

2

supernatant. In certain embodiments, the level of GATAI is increased by at most 0.5-fold, 0.6-
fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold
3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of GATA1 in a control

2

supernatant.

[00136] In certain embodiments, the level of GATAT1 is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of GATAI1 is the
nucleic acid level of GATAI1. In certain embodiments, the level of GATAL is the cDNA level of
GATAL. In certain embodiments, the level of GATALI is the mRNA level of GATA1. In certain
embodiments, the level of GATAI1 is the protein level of GATA1.

[00137] In certain embodiments, the outcome parameter is a decrease in the level of GATA2
in the EPC of the in vitro cell culture method as compared to the level of GATA?2 in a control
EPC. In certain embodiments, the level of GATAZ2 is decreased by at least 0.5-fold, 0.6-fold,
0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-
fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of GATA2 in a control EPC. In
certain embodiments, the level of GATA?2 is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold,
0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-
fold, 4.0-fold, or 5.0-fold as compared to the level of GATA2 in a control EPC.

[00138] In certain embodiments, the outcome parameter is a decrease in the level of GATA2
in the supernatant of the in vifro cell culture method as compared to the level of GATA2 in a
control supernatant. In certain embodiments, the level of GATAZ2 is decreased by at least 0.5-

fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold,



WO 2016/187378 PCT/US2016/033187
45

2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of GATA2 in a control
supernatant. In certain embodiments, the level of GATAZ2 is decreased by at most 0.5-fold, 0.6-
fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold,
3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of GATAZ2 in a control
supernatant.

[00139] In certain embodiments, the level of GATA?2 is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of GATA2 is the
nucleic acid level of GATA2. In certain embodiments, the level of GATAZ2 is the cDNA level of
GATAZ2. In certain embodiments, the level of GATA2 is the mRNA level of GATA2. In certain
embodiments, the level of GATAZ2 is the protein level of GATA2.

[00140] In certain embodiments, the outcome parameter is a decrease in the level of alpha-
globin in the EPC of the in vitro cell culture method as compared to the level of alpha-globin in a
control EPC. In certain embodiments, the level of alpha-globin is decreased by at least 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of alpha-globin in a control
EPC. In certain embodiments, the level of alpha-globin is decreased by at most 0.5-fold, 0.6-fold,
0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-
fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of alpha-globin in a control EPC.
[00141] In certain embodiments, the outcome parameter is a decrease in the level of alpha-
globin in the supernatant of the in vitro cell culture method as compared to the level of alpha-
globin in a control supernatant. In certain embodiments, the level of alpha-globin is decreased
by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold,
1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of
alpha-globin in a control supernatant. In certain embodiments, the level of alpha-globin is
decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of alpha-globin in a control supernatant.

[00142] In certain embodiments, the level of alpha-globin is determined according to an assay
as described in Section 7.9 or Section 8.1. In certain embodiments, the level of alpha-globin is
the nucleic acid level of alpha-globin. In certain embodiments, the level of alpha-globin is the

cDNA level of alpha-globin. In certain embodiments, the level of alpha-globin is the mRNA
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level of alpha-globin. In certain embodiments, the level of alpha-globin is the protein level of
alpha-globin.

[00143] In certain embodiments, the outcome parameter is an increase in the level of
expansion of the EPC in the in vitro cell culture method as compared to the level of expansion in
a control EPC. In certain embodiments, the level of expansion of the EPC is increased by at least
0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-
fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of expansion of
the control EPC. In certain embodiments, the level of expansion of the EPC is increased by at
most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of expansion
of the control EPC. In certain embodiments, the level of expansion of the EPC in the in vitro cell
culture is determined according to an assay as described in Section 7.9 or Section 8.1.

[00144] In certain embodiments, the outcome parameter is an increase in the level of ICAM-1
in the EPC of the in vitro cell culture method as compared to the level of ICAM-1 in a control
EPC. In certain embodiments, the level of ICAM-1 in the EPC of the culture is increased by at
least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of ICAM-1 in
a control EPC. In certain embodiments, the level of [CAM-1 in the supernatant of the culture is
increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of ICAM-1 in a control EPC.

[00145] In certain embodiments, the outcome parameter is an increase in the level of [CAM-1
in the supernatant of the in vitro cell culture method as compared to the level of ICAM-1 in a
control supernatant. In certain embodiments, the level of ICAM-1 in the supernatant of the
culture is increased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold,
1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
compared to the level of ICAM-1 in a control supernatant. In certain embodiments, the level of
ICAM-1 in the supernatant of the culture is increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-
fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold,
4.0-fold, or 5.0-fold as compared to the level of ICAM-1 in a control supernatant. In certain

embodiments, the level of ICAM-1 is determined according to an assay as described in Section



WO 2016/187378 PCT/US2016/033187
47

7.9 or Section 8.1. In certain embodiments, the level of ICAM-1 is the nucleic acid level of
ICAM-1. In certain embodiments, the level of ICAM-1 is the cDNA level of ICAM-1. In
certain embodiments, the level of ICAM-1 is the mRNA level of ICAM-1. In certain
embodiments, the level of ICAM-1 is the protein level of ICAM-1.

[00146] In certain embodiments, the outcome parameter is an increase in the level of IL-1Ra
in the EPC of the in vitro cell culture as compared to the level of IL-1Ra in a control EPC. In
certain embodiments, the level of IL-1Ra in the EPC of the culture is increased by at least 0.5-
fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold,
2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IL-1Ra in a control
EPC. In certain embodiments, the level of IL-1Ra in the EPC of the culture is increased by at
most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IL-1Ra in a
control EPC.

[00147] In certain embodiments, the outcome parameter is an increase in the level of IL-1Ra
in the supernatant of the in vitro cell culture as compared to the level of IL-1Ra in a control
supernatant. In certain embodiments, the level of IL-1Ra in the supernatant of the culture is
increased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of IL-1Ra in a control supernatant. In certain embodiments, the level of IL-1Ra in the
supernatant of the culture is increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of IL-1Ra in a control supernatant.

[00148] In certain embodiments, the level of IL-1Ra is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of IL-1Ra is the
nucleic acid level of IL-1Ra. In certain embodiments, the level of IL-1Ra is the cDNA level of
IL-1Ra. In certain embodiments, the level of IL-1Ra is the mRNA level of IL-1Ra. In certain
embodiments, the level of IL-1Ra is the protein level of IL-1Ra.

[00149] In certain embodiments, the outcome parameter is an increase in the level of survivin
in the EPC of the in vitro cell culture method as compared to the level of survivin in a control
EPC. In certain embodiments, the level of survivin in the EPC of the culture is increased by at

least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
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2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of survivin in
a control EPC. In certain embodiments, the level of survivin in the EPC of the culture is
increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of survivin in a control EPC.

[00150] In certain embodiments, the outcome parameter is an increase in the level of survivin
in the supernatant of the in vifro cell culture method as compared to the level of survivin in a
control supernatant. In certain embodiments, the level of survivin in the supernatant of the
culture is increased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold,
1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
compared to the level of survivin in a control supernatant. In certain embodiments, the level of
survivin in the supernatant of the culture is increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-
fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold,
4.0-fold, or 5.0-fold as compared to the level of survivin in a control supernatant.

[00151] In certain embodiments, the level of survivin is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of survivin is the
nucleic acid level of survivin. In certain embodiments, the level of survivin is the cDNA level of
survivin. In certain embodiments, the level of survivin is the mRNA level of survivin. In certain
embodiments, the level of survivin is the protein level of survivin.

[00152] In certain embodiments, the outcome parameter is an increase in the level of Bcl-2 in
the EPC of the in vitro cell culture method as compared to the level of Bcl-2 in a control EPC. In
certain embodiments, the level of Bcl-2 in the EPC of the culture is increased by at least 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of Bcl-2 in a control EPC.
In certain embodiments, the level of Bcl-2 in the EPC of the culture is increased by at most 0.5-
fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold,
2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of Bcl-2 in a control
EPC.

[00153] In certain embodiments, the outcome parameter is an increase in the level of Bcl-2 in
the supernatant of the in vitro cell culture method as compared to the level of Bel-2 in a control

supernatant. In certain embodiments, the level of Bcl-2 in the supernatant of the culture is
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increased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of Bcl-2 in a control supernatant. In certain embodiments, the level of Bcl-2 in the
supernatant of the culture is increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of Bcl-2 in a control supernatant.

[00154] In certain embodiments, the level of Bcl-2 is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of Bcl-2 is the nucleic
acid level of Bcl-2. In certain embodiments, the level of Bcl-2 is the cDNA level of B¢l-2. In
certain embodiments, the level of Bcl-2 is the mRNA level of Bcl-2. In certain embodiments,
the level of Bcl-2 is the protein level of Bcl-2.

[00155] In certain embodiments, the outcome parameter is an increase in the level of Bel-xL
in the EPC of the in vitro cell culture method as compared to the level of Bcl-xL in a control
EPC. In certain embodiments, the level of Bcl-xL in the EPC of the culture is increased by at
least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of Bcl-xL in a
control EPC. In certain embodiments, the level of Bcl-xL in the EPC of the culture is increased
by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold,
1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of
Bcl-xL in a control EPC.

[00156] In certain embodiments, the outcome parameter is an increase in the level of Bel-xL
in the supernatant of the in vitro cell culture method as compared to the level of Bel-xL in a
control supernatant. In certain embodiments, the level of Bcl-xL in the supernatant of the culture
is increased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of Bel-xL in a control supernatant. In certain embodiments, the level of Bcl-xL in the
supernatant of the culture is increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of Bcl-xL in a control supernatant.

[00157] In certain embodiments, the level of Bcl-xL is determined according to an assay as

described in Section 7.9 or Section 8.1. In certain embodiments, the level of Bel-xL is the
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nucleic acid level of Bcl-xL. In certain embodiments, the level of Bcl-xL is the cDNA level of
Bcl-xL. In certain embodiments, the level of Bel-xL is the mRNA level of Bel-xL. In certain
embodiments, the level of Bcl-xL is the protein level of Bel-xL.

[00158] In certain embodiments, the outcome parameter is an increase in the level of MCP-1
in the EPC of the in vitro cell culture method as compared to the level of MCP-1 in a control
EPC. In certain embodiments, the level of MCP-1 in the EPC of the culture is increased by at
least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of MCP-1 in a
control EPC. In certain embodiments, the level of MCP-1 in the EPC of the culture is increased
by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold,
1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of
MCP-1 in a control EPC.

[00159] In certain embodiments, the outcome parameter is an increase in the level of MCP-1
in the supernatant of the in2 vitro cell culture method as compared to the level of MCP-1 in a
control supernatant. In certain embodiments, the level of MCP-1 in the supernatant of the
culture is increased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold,
1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
compared to the level of MCP-1 in a control supernatant. In certain embodiments, the level of
MCP-1 in the supernatant of the culture is increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-
fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold,
4.0-fold, or 5.0-fold as compared to the level of MCP-1 in a control supernatant.

[00160] In certain embodiments, the level of MCP-1 is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of MCP-1 is the
nucleic acid level of MCP-1. In certain embodiments, the level of MCP-1 is the cDNA level of
MCP-1. In certain embodiments, the level of MCP-1 is the mRNA level of MCP-1. In certain
embodiments, the level of MCP-1 is the protein level of MCP-1.

[00161] In certain embodiments, the outcome parameter is an increase in the level of serpinE1l
in the EPC of the in vitro cell culture method as compared to the level of serpinEl in a control
EPC. In certain embodiments, the level of serpinE1l in the EPC of the culture is increased by at
least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of serpinEl in
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a control EPC. In certain embodiments, the level of serpinEl in the EPC of the culture is
increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of serpinEl in a control EPC.

[00162] In certain embodiments, the outcome parameter is an increase in the level of serpinE1l
in the supernatant of the in vitro cell culture method as compared to the level of serpinEl in a
control supernatant. In certain embodiments, the level of serpinE1 in the supernatant of the
culture is increased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold,
1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
compared to the level of serpinEl in a control supernatant. In certain embodiments, the level of
serpinE1 in the supernatant of the culture is increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-
fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold,
4.0-fold, or 5.0-fold as compared to the level of serpinEl in a control supernatant.

[00163] In certain embodiments, the level of serpinEl is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of serpinE1 is the
nucleic acid level of serpinEl. In certain embodiments, the level of serpinEl is the cDNA level
of serpinEl. In certain embodiments, the level of serpinEl is the mRNA level of serpinEl. In
certain embodiments, the level of serpinEl is the protein level of serpinEl.

[00164] In certain embodiments, the outcome parameter is an increase in the level of GRO-a
in the EPC of the in vitro cell culture method as compared to the level of GRO-a in a control
EPC. In certain embodiments, the level of GRO-a in the EPC of the culture is increased by at
least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of GRO-ain a
control EPC. In certain embodiments, the level of GRO-a in the EPC of the culture is increased
by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold,
1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of
GRO-a in a control EPC.

[00165] In certain embodiments, the outcome parameter is an increase in the level of GRO-a
in the supernatant of the in vitro cell culture method as compared to the level of GRO-ain a
control supernatant. In certain embodiments, the level of GRO-a in the supernatant of the culture

is increased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
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1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of GRO-a in a control supernatant. In certain embodiments, the level of GRO-a in the
supernatant of the culture is increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of GRO-a in a control supernatant.

[00166] In certain embodiments, the level of GRO-a is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of GRO-a is the
nucleic acid level of GRO-a. In certain embodiments, the level of GRO-a is the cDNA level of
GRO-a. In certain embodiments, the level of GRO-a is the mRNA level of GRO-a. In certain
embodiments, the level of GRO-a is the protein level of GRO-a.

[00167] In certain embodiments, the outcome parameter is an increase in the level of IL-8 in
the EPC of the in vitro cell culture method as compared to the level of IL-8 in a control EPC. In
certain embodiments, the level of IL-8 in the EPC of the culture is increased by at least 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IL-8 in a control EPC.
In certain embodiments, the level of IL-8 in the EPC of the culture is increased by at most 0.5-
fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold,
2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IL-8 in a control
EPC.

[00168] In certain embodiments, the outcome parameter is an increase in the level of IL-8 in
the supernatant of the in vitro cell culture method as compared to the level of IL-8 in a control
supernatant. In certain embodiments, the level of IL-8 in the supernatant of the culture is
increased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of IL-8 in a control supernatant. In certain embodiments, the level of IL-8 in the
supernatant of the culture is increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of IL-8 in a control supernatant.

[00169] In certain embodiments, the level of IL-8 is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of IL-8 is the nucleic

acid level of IL-8. In certain embodiments, the level of IL-8 is the cDNA level of IL-8. In
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certain embodiments, the level of IL-8 is the mRNA level of IL-8. In certain embodiments, the
level of IL-8 is the protein level of IL-8.

[00170] In certain embodiments, the outcome parameter is an increase in the level of IL-10 in
the EPC of the in vitro cell culture method as compared to the level of IL-10 in a control EPC.
In certain embodiments, the level of IL-10 in the EPC of the culture is increased by at least 0.5-
fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold,
2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IL-10 in a control
EPC. In certain embodiments, the level of IL-10 in the EPC of the culture is increased by at
most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold
2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IL.-10 in a
control EPC.

2

[00171] In certain embodiments, the outcome parameter is an increase in the level of IL-10 in
the supernatant of the in vitro cell culture method as compared to the level of IL-10 in a control
supernatant. In certain embodiments, the level of IL-10 in the supernatant of the culture is
increased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of IL-10 in a control supernatant. In certain embodiments, the level of IL-10 in the
supernatant of the culture is increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of IL-10 in a control supernatant.

[00172] In certain embodiments, the level of IL-10 is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of IL-10 is the nucleic
acid level of IL-10. In certain embodiments, the level of IL-10 is the cDNA level of IL-10. In
certain embodiments, the level of IL-10 is the mRNA level of IL-10. In certain embodiments,
the level of IL-10 is the protein level of IL-10.

[00173] In certain embodiments, the outcome parameter is an increase in the level of IL-2 in
the EPC of the in vitro cell culture method as compared to the level of IL-2 in a control EPC. In
certain embodiments, the level of IL-2 in the EPC of the culture is increased by at least 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IL-2 in a control EPC.

In certain embodiments, the level of IL-2 in the EPC of the culture is increased by at most 0.5-
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fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold,
2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IL-2 in a control
EPC.

[00174] In certain embodiments, the outcome parameter is an increase in the level of IL-2 in
the supernatant of the in vitro cell culture method as compared to the level of IL-2 in a control
supernatant. In certain embodiments, the level of IL-2 in the supernatant of the culture is
increased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of IL-2 in a control supernatant. In certain embodiments, the level of IL-2 in the
supernatant of the culture is increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of IL-2 in a control supernatant.

[00175] In certain embodiments, the level of IL-2 is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of IL-2 is the nucleic
acid level of IL-2. In certain embodiments, the level of IL-2 is the cDNA level of IL-2. In
certain embodiments, the level of IL-2 is the mRNA level of IL-2. In certain embodiments, the
level of IL-2 is the protein level of IL-2.

[00176] In certain embodiments, the outcome parameter is an increase in the level of CIAP1
in the EPC of the in vitro cell culture method as compared to the level of CIAP1 in a control EPC.
In certain embodiments, the level of CIAP1 in the EPC of the culture is increased by at least 0.5-
fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold,
2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of CIAP1 in a control
EPC. In certain embodiments, the level of CIAP1 in the EPC of the culture is increased by at
most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of CIAP1 in a
control EPC.

[00177] In certain embodiments, the outcome parameter is an increase in the level of CIAP1
in the supernatant of the in vitro cell culture method as compared to the level of CIAP1 in a
control supernatant. In certain embodiments, the level of CIAP1 in the supernatant of the culture
is increased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
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level of CIAPI in a control supernatant. In certain embodiments, the level of CIAP1 in the
supernatant of the culture is increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of CIAP1 in a control supernatant.

[00178] In certain embodiments, the level of CIAP1 is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of CIAP1 is the
nucleic acid level of CIAP1. In certain embodiments, the level of CIAP1 is the cDNA level of
CIAP1. In certain embodiments, the level of CIAP1 is the mRNA level of CIAP1. In certain
embodiments, the level of CIAP1 is the protein level of CIAP1.

[00179] In certain embodiments, the outcome parameter is an increase in the level of PON2 in
the EPC of the in vitro cell culture method as compared to the level of PON2 in a control EPC.
In certain embodiments, the level of PON2 in the EPC of the culture is increased by at least 0.5-
fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold,
2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of PON2 in a control
EPC. In certain embodiments, the level of PON2 in the EPC of the culture is increased by at
most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of PON2 in a
control EPC.

[00180] In certain embodiments, the outcome parameter is an increase in the level of PON2 in
the supernatant of the in vitro cell culture method as compared to the level of PON2 in a control
supernatant. In certain embodiments, the level of PON2 in the supernatant of the culture is
increased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of PON2 in a control supernatant. In certain embodiments, the level of PON2 in the
supernatant of the culture is increased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of PON2 in a control supernatant.

[00181] In certain embodiments, the level of PON2 is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of PON2 is the nucleic

acid level of PON2. In certain embodiments, the level of PON2 is the cDNA level of PON2. In
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certain embodiments, the level of PON2 is the mRNA level of PON2. In certain embodiments,
the level of PON2 is the protein level of PON2.

[00182] In certain embodiments, the outcome parameter is an decrease in the level of
RANTES in the EPC of the in vitro cell culture method as compared to the level of RANTES in
a control EPC. In certain embodiments, the level of RANTES in the EPC of the culture is
decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of RANTES in a control EPC. In certain embodiments, the level of RANTES in the EPC
of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-
fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
compared to the level of RANTES in a control EPC.

[00183] In certain embodiments, the outcome parameter is a decrease in the level of RANTES
in the supernatant of the in vitro cell culture method as compared to the level of RANTES in a
control supernatant. In certain embodiments, the level of RANTES in the supernatant of the
culture is decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold,
1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
compared to the level of RANTES in a control supernatant. In certain embodiments, the level of
RANTES in the supernatant of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold,
0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-
fold, 4.0-fold, or 5.0-fold as compared to the level of RANTES in a control supernatant.

[00184] In certain embodiments, the level of RANTES is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of RANTES is the
nucleic acid level of RANTES. In certain embodiments, the level of RANTES is the cDNA level
of RANTES. In certain embodiments, the level of RANTES is the mRNA level of RANTES. In
certain embodiments, the level of RANTES is the protein level of RANTES.

[00185] In certain embodiments, the outcome parameter is an decrease in the level of IP-10 in
the EPC of the in vitro cell culture method as compared to the level of IP-10 in a control EPC. In
certain embodiments, the level of IP-10 in the EPC of the culture is decreased by at least 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IP-10 in a control EPC.
In certain embodiments, the level of IP-10 in the EPC of the culture is decreased by at most 0.5-
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fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold,
2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IP-10 in a control
EPC.

[00186] In certain embodiments, the outcome parameter is a decrease in the level of IP-10 in
the supernatant of the in vitro cell culture method as compared to the level of IP-10 in a control
supernatant. In certain embodiments, the level of IP-10 in the supernatant of the culture is
decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of IP-10 in a control supernatant. In certain embodiments, the level of IP-10 in the
supernatant of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of IP-10 in a control supernatant.

[00187] In certain embodiments, the level of IP-10 is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of IP-10 is the nucleic
acid level of IP-10. In certain embodiments, the level of IP-10 is the cDNA level of IP-10. In
certain embodiments, the level of IP-10 is the mRNA level of IP-10. In certain embodiments,
the level of IP-10 is the protein level of IP-10.

[00188] In certain embodiments, the outcome parameter is an decrease in the level of [L-1a in
the EPC of the in vitro cell culture method as compared to the level of IL-1a in a control EPC. In
certain embodiments, the level of IL-1a in the EPC of the culture is decreased by at least 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IL-1a in a control EPC.
In certain embodiments, the level of IL-1a in the EPC of the culture is decreased by at most 0.5-
fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold,
2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IL-1a in a control
EPC.

[00189] In certain embodiments, the outcome parameter is a decrease in the level of IL-1a in
the supernatant of the in vitro cell culture method as compared to the level of IL-1a in a control
supernatant. In certain embodiments, the level of IL-1a in the supernatant of the culture is
decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
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level of IL-1a in a control supernatant. In certain embodiments, the level of IL-1a in the
supernatant of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of IL-1a in a control supernatant.

[00190] In certain embodiments, the level of IL-1a is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of IL-1a is the nucleic
acid level of IL-1a. In certain embodiments, the level of IL-1a is the cDNA level of IL-1a. In
certain embodiments, the level of IL-1a is the mRNA level of IL-1a. In certain embodiments,
the level of IL-1a is the protein level of IL-1a.

[00191] In certain embodiments, the outcome parameter is an decrease in the level of IL-1b in
the EPC of the in vitro cell culture method as compared to the level of IL-1b in a control EPC.
In certain embodiments, the level of IL-1b in the EPC of the culture is decreased by at least 0.5-
fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold,
2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IL-1b in a control
EPC. In certain embodiments, the level of IL-1b in the EPC of the culture is decreased by at
most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IL-1b in a
control EPC.

[00192] In certain embodiments, the outcome parameter is a decrease in the level of IL-1b in
the supernatant of the in vitro cell culture method as compared to the level of IL-1b in a control
supernatant. In certain embodiments, the level of IL-1b in the supernatant of the culture is
decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of IL-1b in a control supernatant. In certain embodiments, the level of IL-1b in the
supernatant of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of IL-1b in a control supernatant.

[00193] In certain embodiments, the level of IL-1b is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of IL-1b is the nucleic

acid level of IL-1b. In certain embodiments, the level of IL-1b is the cDNA level of IL-1b. In
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certain embodiments, the level of IL-1b is the mRNA level of IL-1b. In certain embodiments,
the level of IL-1b is the protein level of IL-1b.

[00194] In certain embodiments, the outcome parameter is an decrease in the level of MIF in
the EPC of the in vitro cell culture method as compared to the level of MIF in a control EPC. In
certain embodiments, the level of MIF in the EPC of the culture is decreased by at least 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of MIF in a control EPC.
In certain embodiments, the level of MIF in the EPC of the culture is decreased by at most 0.5-
fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold
2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of MIF in a control
EPC.

2

[00195] In certain embodiments, the outcome parameter is a decrease in the level of MIF in
the supernatant of the in vitro cell culture method as compared to the level of MIF in a control
supernatant. In certain embodiments, the level of MIF in the supernatant of the culture is
decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of MIF in a control supernatant. In certain embodiments, the level of MIF in the
supernatant of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of MIF in a control supernatant.

[00196] In certain embodiments, the level of MIF is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of MIF is the nucleic
acid level of MIF. In certain embodiments, the level of MIF is the cDNA level of MIF. In
certain embodiments, the level of MIF is the mRNA level of MIF. In certain embodiments, the
level of MIF is the protein level of MIF.

[00197] In certain embodiments, the outcome parameter is an decrease in the level of G-CSF
in the EPC of the in vitro cell culture method as compared to the level of G-CSF in a control
EPC. In certain embodiments, the level of G-CSF in the EPC of the culture is decreased by at
least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of G-CSF in a
control EPC. In certain embodiments, the level of G-CSF in the EPC of the culture is decreased
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by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold,
1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of G-
CSF in a control EPC.

[00198] In certain embodiments, the outcome parameter is a decrease in the level of G-CSF in
the supernatant of the in vitro cell culture method as compared to the level of G-CSF in a control
supernatant. In certain embodiments, the level of G-CSF in the supernatant of the culture is
decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of G-CSF in a control supernatant. In certain embodiments, the level of G-CSF in the
supernatant of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of G-CSF in a control supernatant.

[00199] In certain embodiments, the level of G-CSF is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of G-CSF is the
nucleic acid level of G-CSF. In certain embodiments, the level of G-CSF is the cDNA level of
G-CSF. In certain embodiments, the level of G-CSF is the mRNA level of G-CSF. In certain
embodiments, the level of G-CSF is the protein level of G-CSF.

[00200] In certain embodiments, the outcome parameter is an decrease in the level of GMCSF
in the EPC of the in vitro cell culture method as compared to the level of GMCSF in a control
EPC. In certain embodiments, the level of GMCSF in the EPC of the culture is decreased by at
least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of GMCSF in
a control EPC. In certain embodiments, the level of GMCSF in the EPC of the culture is
decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of GMCSF in a control EPC.

[00201] In certain embodiments, the outcome parameter is a decrease in the level of GMCSF
in the supernatant of the in vitro cell culture method as compared to the level of GMCSF in a
control supernatant. In certain embodiments, the level of GMCSF in the supernatant of the
culture is decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold,
1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
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compared to the level of GMCSF in a control supernatant. In certain embodiments, the level of
GMCSF in the supernatant of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-
fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold,
4.0-fold, or 5.0-fold as compared to the level of GMCSF in a control supernatant.

[00202] In certain embodiments, the level of GMCSF is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of GMCSF is the
nucleic acid level of GMCSF. In certain embodiments, the level of GMCSF is the cDNA level
of GMCSF. In certain embodiments, the level of GMCSF is the mRNA level of GMCSF. In
certain embodiments, the level of GMCSF is the protein level of GMCSF.

[00203] In certain embodiments, the outcome parameter is an decrease in the level of C5a in
the EPC of the in vitro cell culture method as compared to the level of C5a in a control EPC. In
certain embodiments, the level of C5a in the EPC of the culture is decreased by at least 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of C5a in a control EPC. In
certain embodiments, the level of C5a in the EPC of the culture is decreased by at most 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of C5a in a control EPC.
[00204] In certain embodiments, the outcome parameter is a decrease in the level of C5a in
the supernatant of the in vitro cell culture method as compared to the level of C5a in a control
supernatant. In certain embodiments, the level of C5a in the supernatant of the culture is
decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of C5a in a control supernatant. In certain embodiments, the level of C5a in the supernatant
of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-
fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
compared to the level of C5a in a control supernatant.

[00205] In certain embodiments, the level of C5a is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of C5a is the nucleic
acid level of C5a. In certain embodiments, the level of C5a is the cDNA level of C5a. In certain
embodiments, the level of C5a is the mRNA level of C5a. In certain embodiments, the level of

C5a is the protein level of C5Sa.
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[00206] In certain embodiments, the outcome parameter is an decrease in the level of IL-6 in
the EPC of the in vitro cell culture method as compared to the level of IL-6 in a control EPC. In
certain embodiments, the level of IL-6 in the EPC of the culture is decreased by at least 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IL-6 in a control EPC.
In certain embodiments, the level of IL-6 in the EPC of the culture is decreased by at most 0.5-
fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold,
2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of IL-6 in a control
EPC.

[00207] In certain embodiments, the outcome parameter is a decrease in the level of IL-6 in
the supernatant of the in vitro cell culture method as compared to the level of IL-6 in a control
supernatant. In certain embodiments, the level of IL-6 in the supernatant of the culture is
decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of IL-6 in a control supernatant. In certain embodiments, the level of IL-6 in the
supernatant of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of IL-6 in a control supernatant.

[00208] In certain embodiments, the level of IL-6 is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of IL-6 is the nucleic
acid level of IL-6. In certain embodiments, the level of IL-6 is the cDNA level of IL-6. In
certain embodiments, the level of IL-6 is the mRNA level of IL-6. In certain embodiments, the
level of IL-6 is the protein level of IL-6.

[00209] In certain embodiments, the outcome parameter is an decrease in the level of HO-2 in
the EPC of the in vitro cell culture method as compared to the level of HO-2 in a control EPC.
In certain embodiments, the level of HO-2 in the EPC of the culture is decreased by at least 0.5-
fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold,
2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of HO-2 in a control
EPC. In certain embodiments, the level of HO-2 in the EPC of the culture is decreased by at
most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
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2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of HO-2 in a
control EPC.

[00210] In certain embodiments, the outcome parameter is a decrease in the level of HO-2 in
the supernatant of the in vitro cell culture method as compared to the level of HO-2 in a control
supernatant. In certain embodiments, the level of HO-2 in the supernatant of the culture is
decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of HO-2 in a control supernatant. In certain embodiments, the level of HO-2 in the
supernatant of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold,
1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or
5.0-fold as compared to the level of HO-2 in a control supernatant.

[00211] In certain embodiments, the level of HO-2 is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of HO-2 is the nucleic
acid level of HO-2. In certain embodiments, the level of HO-2 is the cDNA level of HO-2. In
certain embodiments, the level of HO-2 is the mRNA level of HO-2. In certain embodiments,
the level of HO-2 is the protein level of HO-2.

[00212] In certain embodiments, the outcome parameter is an decrease in the level of HIF-1A
in the EPC of the in vitro cell culture method as compared to the level of HIF-1A in a control
EPC. In certain embodiments, the level of HIF-1A in the EPC of the culture is decreased by at
least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold,
2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of HIF-1A in a
control EPC. In certain embodiments, the level of HIF-1A in the EPC of the culture is decreased
by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold,
1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of
HIF-1A in a control EPC.

[00213] In certain embodiments, the outcome parameter is a decrease in the level of HIF-1A
in the supernatant of the in vifro cell culture method as compared to the level of HIF-1A in a
control supernatant. In certain embodiments, the level of HIF-1A in the supernatant of the
culture is decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold,
1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as

compared to the level of HIF-1A in a control supernatant. In certain embodiments, the level of
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HIF-1A in the supernatant of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-
fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold,
4.0-fold, or 5.0-fold as compared to the level of HIF-1A in a control supernatant.

[00214] In certain embodiments, the level of HIF-1A is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of HIF-1A is the
nucleic acid level of HIF-1A. In certain embodiments, the level of HIF-1A is the cDNA level of
HIF-1A. In certain embodiments, the level of HIF-1A is the mRNA level of HIF-1A. In certain
embodiments, the level of HIF-1A is the protein level of HIF-1A.

[00215] In certain embodiments, the outcome parameter is an decrease in the level of TRAIL
R1 in the EPC of the in vitro cell culture method as compared to the level of TRAIL R1 in a
control EPC. In certain embodiments, the level of TRAIL R1 in the EPC of the culture is
decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of TRAIL R1 in a control EPC. In certain embodiments, the level of TRAIL R1 in the EPC
of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-
fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
compared to the level of TRAIL R1 in a control EPC.

[00216] In certain embodiments, the outcome parameter is a decrease in the level of TRAIL
R1 in the supernatant of the in vitro cell culture method as compared to the level of TRAIL R1 in
a control supernatant. In certain embodiments, the level of TRAIL R1 in the supernatant of the
culture is decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold,
1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
compared to the level of TRAIL R1 in a control supernatant. In certain embodiments, the level
of TRAIL R1 in the supernatant of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold,
0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-
fold, 4.0-fold, or 5.0-fold as compared to the level of TRAIL R1 in a control supernatant.
[00217] In certain embodiments, the level of TRAIL R1 is determined according to an assay
as described in Section 7.9 or Section 8.1. In certain embodiments, the level of TRAIL R1 is the
nucleic acid level of TRAIL R1. In certain embodiments, the level of TRAIL R1 is the cDNA
level of TRAIL R1. In certain embodiments, the level of TRAIL R1 is the mRNA level of
TRAIL R1. In certain embodiments, the level of TRAIL R1 is the protein level of TRAIL R1.
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[00218] In certain embodiments, the outcome parameter is an decrease in the level of cleaved
caspase-3 in the EPC of the in vitro cell culture method as compared to the level of cleaved
caspase-3 in a control EPC. In certain embodiments, the level of cleaved caspase-3 in the EPC
of the culture is decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-
fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
compared to the level of cleaved caspase-3 in a control EPC. In certain embodiments, the level
of cleaved caspase-3 in the EPC of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold,
0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-
fold, 4.0-fold, or 5.0-fold as compared to the level of cleaved caspase-3 in a control EPC.
[00219] In certain embodiments, the outcome parameter is a decrease in the level of cleaved
caspase-3 in the supernatant of the in vitro cell culture method as compared to the level of
cleaved caspase-3 in a control supernatant. In certain embodiments, the level of cleaved caspase-
3 in the supernatant of the culture is decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold,
0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-
fold, or 5.0-fold as compared to the level of cleaved caspase-3 in a control supernatant. In
certain embodiments, the level of cleaved caspase-3 in the supernatant of the culture is decreased
by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold,
1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of
cleaved caspase-3 in a control supernatant.

[00220] In certain embodiments, the level of cleaved caspase-3 is determined according to an
assay as described in Section 7.9 or Section 8.1. In certain embodiments, the level of cleaved
caspase-3 is the nucleic acid level of cleaved caspase-3. In certain embodiments, the level of
cleaved caspase-3 is the cDNA level of cleaved caspase-3. In certain embodiments, the level of
cleaved caspase-3 is the mRNA level of cleaved caspase-3. In certain embodiments, the level of
cleaved caspase-3 is the protein level of cleaved caspase-3.

[00221] In certain embodiments, the outcome parameter is an decrease in the level of p27 in
the EPC of the in vitro cell culture method as compared to the level of p27 in a control EPC. In
certain embodiments, the level of p27 in the EPC of the culture is decreased by at least 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of p27 in a control EPC. In
certain embodiments, the level of p27 in the EPC of the culture is decreased by at most 0.5-fold,
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0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of p27 in a control EPC.
[00222] In certain embodiments, the outcome parameter is a decrease in the level of p27 in the
supernatant of the in vitro cell culture method as compared to the level of p27 in a control
supernatant. In certain embodiments, the level of p27 in the supernatant of the culture is
decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of p27 in a control supernatant. In certain embodiments, the level of p27 in the supernatant
of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-
fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
compared to the level of p27 in a control supernatant.

[00223] In certain embodiments, the level of p27 is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of p27 is the nucleic
acid level of p27. In certain embodiments, the level of p27 is the cDNA level of p27. In certain
embodiments, the level of p27 is the mRNA level of p27. In certain embodiments, the level of
p27 is the protein level of p27.

[00224] In certain embodiments, the outcome parameter is an decrease in the level of p21 in
the EPC of the in vitro cell culture method as compared to the level of p21 in a control EPC. In
certain embodiments, the level of p21 in the EPC of the culture is decreased by at least 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of p21 in a control EPC. In
certain embodiments, the level of p21 in the EPC of the culture is decreased by at most 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of p21 in a control EPC.
[00225] In certain embodiments, the outcome parameter is a decrease in the level of p21 in the
supernatant of the in vitro cell culture method as compared to the level of p21 in a control
supernatant. In certain embodiments, the level of p21 in the supernatant of the culture is
decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of p21 in a control supernatant. In certain embodiments, the level of p21 in the supernatant

of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-
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fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
compared to the level of p21 in a control supernatant.

[00226] In certain embodiments, the level of p21 is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of p21 is the nucleic
acid level of p21. In certain embodiments, the level of p21 is the cDNA level of p21. In certain
embodiments, the level of p21 is the mRNA level of p21. In certain embodiments, the level of
p21 is the protein level of p21.

[00227] In certain embodiments, the outcome parameter is an decrease in the level of Bax in
the EPC of the in vitro cell culture method as compared to the level of Bax in a control EPC. In
certain embodiments, the level of Bax in the EPC of the culture is decreased by at least 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of Bax in a control EPC. In
certain embodiments, the level of Bax in the EPC of the culture is decreased by at most 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of Bax in a control EPC.
[00228] In certain embodiments, the outcome parameter is a decrease in the level of Bax in
the supernatant of the in vitro cell culture method as compared to the level of Bax in a control
supernatant. In certain embodiments, the level of Bax in the supernatant of the culture is
decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of Bax in a control supernatant. In certain embodiments, the level of Bax in the supernatant
of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-
fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
compared to the level of Bax in a control supernatant.

[00229] In certain embodiments, the level of Bax is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of Bax is the nucleic
acid level of Bax. In certain embodiments, the level of Bax is the cDNA level of Bax. In certain
embodiments, the level of Bax is the mRNA level of Bax. In certain embodiments, the level of
Bax is the protein level of Bax.

[00230] In certain embodiments, the outcome parameter is an decrease in the level of Bad in

the EPC of the in vitro cell culture method as compared to the level of Bad in a control EPC. In
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certain embodiments, the level of Bad in the EPC of the culture is decreased by at least 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of Bad in a control EPC. In
certain embodiments, the level of Bad in the EPC of the culture is decreased by at most 0.5-fold,
0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-
fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the level of Bad in a control EPC.
[00231] In certain embodiments, the outcome parameter is a decrease in the level of Bad in
the supernatant of the in vitro cell culture method as compared to the level of Bad in a control
supernatant. In certain embodiments, the level of Bad in the supernatant of the culture is
decreased by at least 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-fold, 1.4-fold,
1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as compared to the
level of Bad in a control supernatant. In certain embodiments, the level of Bad in the supernatant
of the culture is decreased by at most 0.5-fold, 0.6-fold, 0.7-fold, 0.8-fold, 0.9-fold, 1.0-fold, 1.2-
fold, 1.4-fold, 1.6-fold, 1.8-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold, or 5.0-fold as
compared to the level of Bad in a control supernatant.

[00232] In certain embodiments, the level of Bad is determined according to an assay as
described in Section 7.9 or Section 8.1. In certain embodiments, the level of Bad is the nucleic
acid level of Bad. In certain embodiments, the level of Bad is the cDNA level of Bad. In certain
embodiments, the level of Bad is the mRNA level of Bad. In certain embodiments, the level of
Bad is the protein level of Bad.

[00233] In certain embodiments, the control EPC is an EPC cultured in the absence of an
ActRII signaling inhibitor, wherein the EPC has been obtained from the subject. In certain
embodiments, the control EPC is cultured in the presence of an ActRII signaling inhibitor,
wherein the EPC has been obtained from a reference population. In certain embodiments, the
control EPC is an EPC cultured in conditioned media for a period of time, wherein the EPC has
been obtained from the subject, wherein the conditioned media has been obtained from a stromal
cell cultured in the absence of an ActRII signaling inhibitor, and wherein the stromal cell has
been obtained from a reference population. In certain embodiments, the control EPC is an EPC
cultured in conditioned media for a period of time, wherein the EPC has been obtained from a
reference population, wherein the conditioned media has been obtained from a stromal cell

cultured in the presence of an ActRII signaling inhibitor, and wherein the stromal cell has been
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obtained from a reference population. In certain embodiments, the control EPC is an EPC co-
cultured with a stromal cell in the absence of an ActRII signaling inhibitor for a period of time,
wherein the control EPC has been obtained from the subject. In certain embodiments, the
control EPC is an EPC co-cultured with a stromal cell in the presence of an ActRII signaling
inhibitor for a period of time, wherein the control EPC has been obtained from a reference
population.

[00234] In certain embodiments, the control supernatant is supernatant obtained from
culturing a stromal cell in the absence of an ActRII signaling inhibitor for a period of time,
wherein the stromal cell has been obtained from the subject. In certain embodiments, the control
supernatant is supernatant obtained from culturing a stromal cell in the presence of an ActRII
signaling inhibitor for a period of time, wherein the stromal cell has been obtained from a
reference population. In certain embodiments, the control supernatant is supernatant obtained
from culturing an EPC in conditioned media for a period of time, wherein the EPC has been
obtained from the subject, wherein the conditioned media has been obtained from a stromal cell
cultured in the absence of an ActRII signaling inhibitor, and wherein the stromal cell has been
obtained from the subject. In certain embodiments, the control supernatant is supernatant
obtained from culturing an EPC in conditioned media for a period of time, wherein the EPC has
been obtained from the subject, wherein the conditioned media has been obtained from a stromal
cell cultured in the presence of an ActRII signaling inhibitor, and wherein the stromal cell has
been obtained from a reference population.

7.5 Patient Population

[00235] The subjects treated in accordance with the methods described herein can be any
mammals such as rodents and primates, and in a preferred embodiment, humans. In certain
embodiments, the methods described herein can be used to treat beta-thalassemia in a subject,
such as, transfusion-dependent beta-thalassemia, non-transfusion-dependent beta-thalassemia,
beta-thalassemia major, and beta-thalassemia intermediate, to reduce transfusion burden in a
subject with beta-thalassemia, or to monitor said treatment, and/or to select subjects to be treated
in accordance with the methods provided herein, in any mammal such as a rodent or primate, and
in a preferred embodiment, in a human subject. As used herein, “patient” and “subject” are used

interchangeably.
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[00236] In certain embodiments, the subject treated in accordance with the methods described
here can be of any age. In certain embodiments, the subject treated in accordance with the
methods described herein is less than 18 years old. In a specific embodiment, the subject treated
in accordance with the methods described herein is less than 13 years old. In another specific
embodiment, the subject treated in accordance with the methods described herein is less than 12,
less than 11, less than 10, less than 9, less than 8, less than 7, less than 6, or less than 5 years old.
In another specific embodiment, the subject treated in accordance with the methods described
herein is 1-3 years old, 3-5 years old, 5-7 years old, 7-9 years old, 9-11 years old, 11-13 years
old, 13-15 years old, 15-20 years old, 20-25 years old, 25-30 years old, or greater than 30 years
old. In another specific embodiment, the subject treated in accordance with the methods
described herein is 30-35 years old, 35-40 years old, 40-45 years old, 45-50 years old, 50-55
years old, 55-60 years old, or greater than 60 years old. In another specific embodiment, the
subject treated in accordance with the methods described herein is 60-65 years old, 65-70 years
old, 70-75 years old, 75-80 years old, or greater than 80 years old.

[00237] In certain embodiments, the subject treated in accordance with the methods described
herein (see Section 7.3) has beta-thalassemia. In certain embodiments, the beta-thalassemia is
transfusion-dependent beta-thalassemia. Transfusion-dependent beta-thalassemia is also known
as “Cooley’s anemia”. In certain embodiments, the beta-thalassemia is beta-thalassemia major.
In certain embodiments, the transfusion-dependent beta-thalassemia is beta-thalassemia major.
In certain embodiments, the beta-thalassemia is non-transfusion-dependent beta-thalassemia. In
certain embodiments, the beta-thalassemia is beta-thalassemia intermediate. In certain
embodiments, the transfusion-dependent beta-thalassemia is non-beta-thalassemia intermediate.
In certain embodiments, the subject has HbE/beta thalassemia. In certain embodiments, the
subject (1) has beta-thalassemia major; (i1) has severe HbE/beta-thalassemia; and (ii1) is
transfusion-dependent. In certain embodiments, the subject (1) has beta-thalassemia intermedia;
(i1) has mild/moderate HbE/beta-thalassemia; and (ii1) is non-transfusion-dependent.

[00238] In certain embodiments, the subject treated in accordance with the methods described
herein (see Section 7.3), has transfusion-dependent beta-thalassemia. In certain embodiments,
the subject has been diagnosed with transfusion-dependent beta-thalassemia. In certain
embodiments, the subject has been diagnosed with beta-thalassemia and hemoglobin E. In

certain embodiments, the diagnosis has been confirmed by genetic analysis. In certain
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embodiments, the transfusion-dependent beta-thalassemia is beta-thalassemia major. In certain
embodiments, the transfusion-dependent beta-thalassemia is beta-thalassemia major. In certain
embodiments, the subject comprises a genotype comprising homozygosity or compound
heterozygosity for a mutant beta globin allele. In certain embodiments, the homozygosity
comprises p*/B°, wherein p° refers to an allele associated with lack of beta globin chain synthesis.
In certain embodiments, the homozygosity comprises p/B", wherein B refers to an allele
associated with reduced beta globin chain synthesis. In certain embodiments, the compound
heterozygosity comprises p°/B”, wherein B° refers to an allele associated with lack of beta globin
chain synthesis, and wherein " refers to an allele associated with reduced beta globin chain
synthesis. In certain embodiments, the compound heterozygosity comprises B’/HbE, wherein p°
refers to an allele associated with lack of beta globin chain synthesis, and wherein HbE refers to
hemoglobin E. In certain embodiments, the compound heterozygosity comprises p /HbE,
wherein B refers to an allele associated with reduced beta globin chain synthesis, and wherein
HbE refers to hemoglobin E. In certain embodiments, the subject has symptomatic thalassemia.
In certain embodiments, the subject has co-inherited duplication of the alpha-globin gene. In
certain embodiments, the subject has been diagnosed with transfusion-dependent beta-
thalassemia. In certain embodiments, the diagnosis has been confirmed by genetic analysis. In
certain embodiments, the subject is a human infant subject. In certain embodiments, the subject
has hereditary persistence of fetal hemoglobin.

[00239] In certain embodiments, the subject requires regular, lifelong red blood cell
transfusions. In certain embodiments, the subject has a high transfusion burden. In certain
embodiments, high transfusion burden is 12 or more red blood cell units over 24 weeks prior to
treatment according to the methods provided herein. In certain embodiments, the subject has a
low transfusion burden. In certain embodiments, low transfusion burden is 7-12 red blood cell
units over 24 weeks prior to treatment according to the methods provided herein.

[00240] In certain embodiments, the subject has one or more transfusion-dependent beta-
thalassemia clinical complications. Non-limiting examples of transfusion-dependent beta-
thalassemia clinical complications include growth retardation, pallor, jaundice, poor
musculature, genu valgum, hepatosplenomegaly, leg ulcers, development of masses from
extramedullary hematopoiesis, and skeletal changes resulting from expansion of the bone

marrow. In certain embodiments, the subject has one or more complications of chronic red
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blood cell transfusions. Non-limiting examples of complications of chronic red blood cell
transfusions include transfusion-associated infections, such as, for example, hepatitis B virus
infection, hepatitis C virus infection, and human immunodeficiency virus infection,
alloimmunization, and organ damage due to iron overload, such as, for example, liver damage,
heart damage, and endocrine gland damage.

[00241] In certain embodiments, the subject treated in accordance with the methods described
herein (see Section 7.3), has non-transfusion-dependent beta-thalassemia. In certain
embodiments, the subject has been diagnosed with beta-thalassemia. In certain embodiments,
the subject has been diagnosed with beta-thalassemia and hemoglobin E. In certain
embodiments, the beta-thalassemia has been confirmed by genetic analysis. In certain
embodiments, the non-transfusion-dependent beta-thalassemia is beta-thalassemia intermedia. In
certain embodiments, the non-transfusion-dependent beta thalassemia is mild-moderate
hemoglobin E/beta-thalassemia. In certain embodiments, the non-transfusion-dependent beta-
thalassemia does not require regular red blood cell transfusion. In certain embodiments, the
subject seldom requires red blood cell transfusions. In certain embodiments, the non-
transfusion-dependent beta-thalassemia requires regular red blood cell transfusion later in life.
In certain embodiments, the subject has received O to 6 red blood cell units during the 24-week
period prior to treatment according to the methods provided herein. In certain embodiments, the
subject has a mean baseline hemoglobin level of less than 10.0 g/dL.

[00242] In certain embodiments, the beta-thalassemia is non-transfusion-dependent beta-
thalassemia. In certain embodiments, the beta-thalassemia is beta-thalassemia intermediate. In
certain embodiments, the transfusion-dependent beta-thalassemia is non-beta-thalassemia
intermediate. In certain embodiments, the subject comprises a genotype comprising compound
heterozygosity. In certain embodiments, the compound heterozygosity comprises a p allele,
wherein p° refers to an allele associated with lack of beta globin chain synthesis. In certain
embodiments, the compound heterozygosity comprises a B~ allele, wherein B refers to an allele
associated with reduced beta globin chain synthesis. In certain embodiments, the compound
heterozygosity comprises p°/B”, wherein B° refers to an allele associated with lack of beta globin
chain synthesis, and wherein " refers to an allele associated with reduced beta globin chain
synthesis. In certain embodiments, the compound heterozygosity comprises one or more

hemoglobin variants. In certain embodiments, the hemoglobin variant is hemoglobin E. In
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certain embodiments, the subject (i) comprises a genotype comprising coinheritance of two
severe beta globin chain mutations, and (ii) has alpha-thalassemia. In certain embodiments, the
subject (1) comprises a genotype comprising coinheritance of two severe beta globin chain
mutations, and (i1) has hereditary persistence of fetal hemoglobin. In certain embodiments, the
subject has symptomatic thalassemia. In certain embodiments, the subject has co-inherited
duplication of the alpha-globin gene. In certain embodiments, the subject has been diagnosed
with beta-thalassemia. In certain embodiments, the diagnosis has been confirmed by genetic
analysis.

[00243] In certain embodiments, the subject displays one or more non-transfusion-dependent
beta-thalassemia clinical complications. Non-limiting examples of non-transfusion-dependent
beta-thalassemia clinical complications include endocrine abnormalities, such as, for example,
diabetes mellitus, hypothyroidism, hypogonadism, thrombotic events, pulmonary hypertension,
hypercoagulability, the development of transfusion-dependency later in life, ineffective
erythropoiesis, expansion of the hematopoietic tissue outside of the marrow medulla, formation
of extramedullary hematopoiesis masses, skeletal deformities, osteopenia, osteoporosis, bone
pain, gallstones, and leg ulcers. In certain embodiments, the subject exhibits alloimmunization.
[00244] In certain embodiments, the subject displays mild symptoms beta-thalassemia
symptoms. In certain embodiments, the subject has near normal growth.

[00245] In certain embodiments, the non-transfusion-dependent beta-thalassemic subject
displays severe symptoms. Non-limiting examples of severe symptoms include growth
retardation, development retardation, and skeletal deformities.

[00246] In certain embodiments, the subject has splenomegaly. In certain embodiments, the
splenomegaly develops in the first 6-12 months of the subject’s life.

[00247] In certain embodiments, the subject has impaired growth during the first 10 years of
the subject’s life.

[00248] In certain embodiments, the subject exhibits microcytic, hypochromic anemia. In
certain embodiments, the hemoglobin A2 levels in the subject prior to treatment of the subject
according to the methods provided herein are elevated as compared to the hemoglobin A2 levels
in a reference population (e.g., a reference population as described in Section 7.9). In certain

embodiments, the fetal hemoglobin levels in the subject prior to treatment of the subject
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according to the methods provided herein is elevated as compared to the fetal hemoglobin levels
in a reference population (e.g., a reference population as described in Section 7.9).

[00249] In certain embodiments, the subject does not express hemoglobin S.

[00250] In certain embodiments, the subject does not express hemoglobin S. In certain
embodiments, the subject has not received red blood cell transfusions within 12 weeks prior to
treatment according to the methods provided herein, wherein the subject has non-transfusion-
dependent beta-thalassemia. In certain embodiments, the subject does not have active hepatitis C
infection. In certain embodiments, the subject does not have active hepatitis B infection. In
certain embodiments, the subject is not positive for human immunodeficiency virus. In certain
embodiments, the subject does not have insulin-dependent diabetes. In certain embodiments, the
subject has not been administered an erythropoiesis stimulating agent within 3 months prior to
treatment according to the methods provided herein. In certain embodiments, the subject has not
undergone iron chelation therapy within 168 days prior to treatment according to the methods
provided herein. In certain embodiments, the subject has not undergone hydroxyurea treatment
within 168 days prior to treatment according to the methods provided herein. In certain
embodiments, the subject has not been administered biphosphonates within the 168 days prior to
treatment according to the methods provided herein. In certain embodiments, the subject does
not have uncontrolled hypertension. Uncontrolled hypertension refers to > Grade 1 according to
NCI CTCAE version 4.0. In certain embodiments, the subject does not have liver disease with
ALT greater than 3 times the upper limit of normal. In certain embodiments, the subject does
not have liver disease with histopathological evidence of liver cirrhosis/fibrosis as determined by
liver biopsy. In certain embodiments, the subject does not have heart disease. Heart disease or
heart failure can be classified by the New York Heart Association as classification 3 or higher.
In certain embodiments, the subject does not have arrhythmia requiring treatment. In certain
embodiments, the subject does not have lung disease. Non-limiting examples of lung disease
include pulmonary fibrosis and pulmonary hypertension. In certain embodiments the subject
does not have a creatinine clearance rate of less than 60 mL/min as determined by the Cockroft-
Gault method. In certain embodiments, the subject does not have folate deficiency. In certain
embodiments, the subject does not have proteinuria of Grade 3 or higher. In certain
embodiments, the subject does not have adrenal insufficiency. In certain embodiments, the

subject has not undergone a major surgery within 30 days prior to treatment according to the



WO 2016/187378 PCT/US2016/033187
75

methods provided herein, except for wherein the major surgery is splenectomy. In certain
embodiments, the subject does not have a history of severe allergic or anaphylactic reactions or
hypersensitivity to recombinant proteins. In certain embodiments, the subject has not undergone
long-term anticoagulant therapy. Nonlimiting examples of anti-coagulant therapy includes
heparin and warfarin. In certain embodiments, the subject is not undergoing treatment with
cytotoxic agents, systemic corticosteroids, immunosuppressants, or anticoagulant therapy within
28 days prior to treatment according to the methods provided herein.

[00251] In certain embodiments, the subject is undergoing other treatment interventions.
Non-limiting examples of other treatment interventions include splenectomy, transfusion
therapy, iron chelation therapy, and fetal hemoglobin-inducing agents. In certain embodiments,
the subject requires iron chelation therapy. See Section 7.3.1 for a description of combination
therapies.

7.6 Dosing Regimens

[00252] In certain embodiments, the ActRII signaling inhibitor administered to a subject
according to the methods provided herein (see Section 7.3) is ActRIIA-hFc¢ (SEQ ID NO:7). In
certain embodiments, the dose of ActRIIA-hFc (SEQ ID NO:7) is about 0.1 mg/kg, about 0.3
mg/kg, about 0.5 mg/kg, about 0.75 mg/kg, about 1.0 mg/kg, or about 1.5 mg/kg. In certain
embodiments, the dose of ActRIIA-hFc (SEQ ID NO:7) is about 0.1 mg/kg. In certain
embodiments, the dose of ActRIIA-hFc (SEQ ID NO:7) is about 0.3 mg/kg. In certain
embodiments, the dose of ActRIIA-hFc (SEQ ID NO:7) is about 0.5 mg/kg. In certain
embodiments, the dose of ActRIIA-hFc (SEQ ID NO:7) is about 0.75 mg/kg. In certain
embodiments, the dose of ActRIIA-hFc (SEQ ID NO:7) is about 1.0 mg/kg. In certain
embodiments, the dose of ActRIIA-hFc (SEQ ID NO:7) is about 1.5 mg/kg.

[00253] In certain embodiments, the ActRII signaling inhibitor administered to a subject
according to the methods provided herein (see Section 7.3) is ActRIIB-hFc (SEQ ID NO:25). In
certain embodiments, the dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.3 mg/kg, about 0.45
mg/kg, about 0.6 mg/kg, about 0.8 mg/kg, about 1.0 mg/kg, or about 1.25 mg/kg. In certain
embodiments, the dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.3 mg/kg. In certain
embodiments, the dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.45 mg/kg. In certain
embodiments, the dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.6 mg/kg. In certain
embodiments, the dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.8 mg/kg. In certain
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embodiments, the dose of ActRIIB-hFc (SEQ ID NO:25) is about 1.0 mg/kg. In certain
embodiments, the dose of ActRIIB-hFc (SEQ ID NO:25) is about 1.25 mg/kg.

[00254] In certain embodiments, the dose of ActRITA-hFc (SEQ ID NO:7) is an initial dose.
In certain embodiments, the initial dose of ActRIIA-hFc (SEQ ID NO:7) is about 0.1 mg/kg,
about 0.3 mg/kg, about 0.5 mg/kg, about 0.75 mg/kg, about 1.0 mg/kg, or about 1.5 mg/kg. In
certain embodiments, the initial dose of ActRIIA-hFc (SEQ ID NO:7) is about 0.1 mg/kg. In
certain embodiments, the initial dose of ActRIIA-hFc (SEQ ID NO:7) is about 0.3 mg/kg. In
certain embodiments, the initial dose of ActRIIA-hFc (SEQ ID NO:7) is about 0.5 mg/kg. In
certain embodiments, the initial dose of ActRIIA-hFc (SEQ ID NO:7) is about 0.75 mg/kg. In
certain embodiments, the initial dose of ActRIIA-hFc (SEQ ID NO:7)is about 1.0 mg/kg. In
certain embodiments, the initial dose of ActRIIA-hFc (SEQ ID NO:7)is about 1.5 mg/kg.
[00255] In certain embodiments, the dose of ActRIIB-hFc¢ (SEQ ID NO:25) is an initial dose.
In certain embodiments, the initial dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.3 mg/kg,
about 0.45 mg/kg, about 0.6 mg/kg, about 0.8 mg/kg, about 1.0 mg/kg, or about 1.25 mg/kg. In
certain embodiments, the initial dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.3 mg/kg. In
certain embodiments, the initial dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.45 mg/kg. In
certain embodiments, the initial dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.6 mg/kg. In
certain embodiments, the initial dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.8 mg/kg. In
certain embodiments, the initial dose of ActRIIB-hFc (SEQ ID NO:25) is about 1.0 mg/kg. In
certain embodiments, the initial dose of ActRIIB-hFc (SEQ ID NO:25) is about 1.25 mg/kg.
[00256] In certain embodiments, the dose of ActRIIA-hFc (SEQ ID NO:7) is a subsequent
dose. In certain embodiments, the subsequent dose of ActRIIA-hFc (SEQ ID NO:7) is
determined according to the methods provided in Section 7.3. In certain embodiments, the
subsequent dose of ActRIIA-hFc (SEQ ID NO:7) is about 0.1 mg/kg, about 0.3 mg/kg, about 0.5
mg/kg, about 0.75 mg/kg, about 1.0 mg/kg, or about 1.5 mg/kg. In certain embodiments, the
subsequent dose of ActRIIA-hFc¢ (SEQ ID NO:7) is about 0.1 mg/kg. In certain embodiments,
the subsequent dose of ActRIIA-hFc (SEQ ID NO:7) is about 0.3 mg/kg. In certain
embodiments, the subsequent dose of ActRIIA-hFc (SEQ ID NO:7) is about 0.5 mg/kg. In
certain embodiments, the subsequent dose of ActRIIA-hFc (SEQ ID NO:7) is about 0.75 mg/kg.
In certain embodiments, the subsequent dose of ActRIIA-hFc (SEQ ID NO:7)is about 1.0 mg/kg.
In certain embodiments, the subsequent dose of ActRIIA-hFc (SEQ ID NO:7)is about 1.5 mg/kg.
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[00257] In certain embodiments, the dose of ActRIIB-hF¢ (SEQ ID NO:25) is a subsequent
dose. In certain embodiments, the subsequent dose of ActRIIB-hFc (SEQ ID NO:25) is
determined according to the methods provided in Section 7.3. In certain embodiments, the
subsequent dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.3 mg/kg, about 0.45 mg/kg, about
0.6 mg/kg, about 0.8 mg/kg, about 1.0 mg/kg, or about 1.25 mg/kg. In certain embodiments, the
subsequent dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.3 mg/kg. In certain embodiments,
the subsequent dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.45 mg/kg. In certain
embodiments, the subsequent dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.6 mg/kg. In
certain embodiments, the subsequent dose of ActRIIB-hFc (SEQ ID NO:25) is about 0.8 mg/kg.
In certain embodiments, the subsequent dose of ActRIIB-hFc¢ (SEQ ID NO:25) is about 1.0
mg/kg. In certain embodiments, the subsequent dose of ActRIIB-hFc (SEQ ID NO:25) is about
1.25 mg/kg.

In certain embodiments, the subsequent dose is about 2.5 mg, about 5 mg, about 10 mg, about 15
mg, about 20 mg, or about 35 mg greater than the initial dose, or about 0.05 mg/kg, about 0.1
mg/kg, about 0.15 mg/kg, about 0.25 mg/kg, about 0.3 mg/kg, about 0.35 mg/kg, about 0.4
mg/kg, or about 0.5 mg/kg greater than the initial dose.

[00258] In certain embodiments, the subsequent dose is administered more frequently than the
initial dose. In certain embodiments, the subsequent dose is administered less frequently than the
initial dose. In certain embodiments, the subsequent dose is administered at the same frequency
as the initial dose. In certain embodiments, the subsequent dose is administered every 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, or 28 days. In certain embodiments, the subsequent
dose is administered every 21 days. In certain embodiments, the subsequent dose is administered
continuously and/or indefinitely.

[00259] In certain embodiments, the dose of the ActRII signaling inhibitor (e.g., ActRIIA-hFc
(SEQ ID NO:7) or ActRIIB-hFc (SEQ ID NO:25)) is dosed at intervals and amounts sufficient to
achieve serum concentrations of about 0.2 microgram/kg or greater, and serum levels of about 1
microgram/kg or 2 microgram/kg or greater are desirable for achieving significant effects on
bone density and strength. Dosing regimens may be designed to reach serum concentrations of
between 0.2 and 15 microgram/kg, and optionally between 1 and 5 microgram/kg. In humans,
serum levels of 0.2 microgram/kg may be achieved with a single dose of about 0.1 mg/kg or

greater and serum levels of 1 microgram/kg may be achieved with a single dose of about 0.3
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mg/kg or greater. The observed serum half-life of the molecule is between about 20 and 30 days,
substantially longer than most Fc fusion proteins, and thus a sustained effective serum level may
be achieved, for example, by dosing with about 0.2-0.4 mg/kg on a weekly or biweekly basis, or
higher doses may be used with longer intervals between dosings. For example, doses of about 1-
3 mg/kg might be used on a monthly or bimonthly basis, and the effect on bone may be
sufficiently durable that dosing is necessary only once every 3, 4, 5, 6, 9, 12 or more months.
Serum levels of the ActRII signaling inhibitor can be measured by any means known to the
skilled artisan. For example, antibodies against the ActRII signaling inhibitor can be used to
determine the serum levels of the ActRII signaling inhibitor using, e.g., an ELISA.

[00260] In certain embodiments, the ActRII signaling inhibitor (e.g., ActRIIA-hFc¢ (SEQ ID
NO:7) or ActRIIB-hFc¢ (SEQ ID NO:25)) is administered to the subject subcutaneously. In
certain embodiments, the ActRII signaling inhibitor (e.g., ActRIIA-hFc (SEQ ID NO:7) or
ActRIIB-hFc (SEQ ID NO:25)) is administered to the subject subcutaneously in the upper arm,
abdomen, or thigh of the subject. In certain embodiments, the ActRII signaling inhibitor (e.g.,
ActRITA-hF¢ (SEQ ID NO:7) or ActRIIB-hF¢ (SEQ ID NO:25)) is administered to the subject
every 21 days. In certain embodiments, the ActRII signaling inhibitor (e.g., ActRIIA-hFc (SEQ
ID NO:7) or ActRIIB-hFc¢ (SEQ ID NO:25)) is administered to the subject every 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, or 28 days. In certain embodiments, the ActRII signaling
inhibitor (e.g., ActRIIA-hFc (SEQ ID NO:7) or ActRIIB-hFc (SEQ ID NO:25)) is administered
to the subject every 21 days, subcutaneously in the upper arm, abdomen, or thigh of the subject.
In certain embodiments, the ActRII signaling inhibitor (e.g., ActRIIA-hFc (SEQ ID NO:7) or
ActRIIB-hFc (SEQ ID NO:25)) is administered to the subject every 14, 15, 16, 17, 18, 19, 20,
21,22, 23,24, 25, 26, 27, or 28 days, subcutaneously in the upper arm, abdomen, or thigh of the
subject.

[00261] In certain embodiments, the ActRII signaling inhibitor (e.g., ActRIIA-hFc¢ (SEQ ID
NO:7) or ActRIIB-hF¢ (SEQ ID NO:25)) is part of a composition as described in Section 7.7. In
certain embodiments, the ActRII signaling inhibitor (e.g., ActRIIA-hFc (SEQ ID NO:7) or
ActRIIB-hFc (SEQ ID NO:25)) is a sterile, preservative-free, lyophilized powder reconstituted in
water for injection. In certain embodiments, a single dose of the ActRII signaling inhibitor (e.g.,
ActRITA-hF¢ (SEQ ID NO:7) or ActRIIB-hF¢ (SEQ ID NO:25)) is reconstituted in a volume of

water for injection of greater than 1 mL. In such embodiments, the single dose of the ActRII
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signaling inhibitor (e.g., ActRIIA-hFc (SEQ ID NO:7) or ActRIIB-hFc (SEQ ID NO:25)) is
administered to the subject via two injections of equal volume of reconstituted ActRII signaling
inhibitor (e.g., ActRIIA-hFc (SEQ ID NO:7) or ActRIIB-hFc (SEQ ID NO:25)). In certain
embodiments, the two injections are administered to the subject at separate sites, e.g., one
injection in the right thigh and one injection in the left thigh.

7.7 Pharmaceutical Compositions

[00262] In certain embodiments, ActRII signaling inhibitors (e.g., ActRII polypeptides) are
formulated with a pharmaceutically acceptable carrier for use with the methods described herein.
For example, an ActRII polypeptide can be administered to a subject or utilized in an in vifro cell
culture assay alone or as a component of a pharmaceutical formulation (therapeutic
composition). The subject compounds may be formulated for administration in any convenient
way for use in human or veterinary medicine or for use in an in vitro cell culture method
described herein. ActRII can be ActRIIA or ActRIIB.

[00263] In a preferred embodiment, the ActRII signaling inhibitor is formulated for
subcutaneous administration.

[00264] In another preferred embodiment, the ActRII signaling inhibitor is packaged in a
container as a sterile, preservative-free lyophilized powder or cake. In certain embodiments, the
container comprises 25 mg of the ActRII signaling inhibitor. In certain embodiments, the
container comprising 25 mg of the ActRII signaling inhibitor comprises a total of 37.5 mg of
protein. In certain embodiments, ActRII signaling inhibitor in the container comprising 25 mg of
the ActRII signaling inhibitor is reconstituted with 0.68 mL of water for injection. In certain
embodiments, the container comprises 75 mg of the ActRII signaling inhibitor. In certain
embodiments, the container comprising 75 mg of the ActRII signaling inhibitor comprises a total
of 87.5 mg of protein. In certain embodiments, ActRII signaling inhibitor in the container
comprising 75 mg of the ActRII signaling inhibitor is reconstituted with 1.6 mL of water for
injection. In certain embodiments, the ActRII signaling inhibitor in the container is reconstituted
with a volume of water for injection, such that the final concentration of the reconstituted ActRII
signaling inhibitor in the water for injection is 50 mg/mL with a pH of approximately 6.5. In
certain embodiments, the container is stored at between 2°C and 8°C. In certain embodiments,

the container is a 3 mL glass vial with a gray butyl coated stopper.
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[00265] In certain embodiments, the therapeutic methods provided herein include
administering the composition (comprising an ActRII signaling inhibitor) systemically, or locally
as an implant or device. When administered, the therapeutic composition for uses provided
herein is in a pyrogen-free, physiologically acceptable form. Therapeutically useful agents other
than the ActRII signaling inhibitors which may also optionally be included in the composition as
described above, may be administered simultaneously or sequentially with the subject
compounds (e.g., ActRII polypeptides, such as ActRIIA and / or ActRIIB polypeptides (see,
Section 7.8)).

[00266] Typically, ActRII signaling inhibitors will be administered parenterally. In a
preferred embodiment, the ActRII signaling inhibitor will be administered subcutaneously.
Pharmaceutical compositions suitable for parenteral administration may comprise one or more
ActRII polypeptides in combination with one or more pharmaceutically acceptable sterile
isotonic aqueous or nonaqueous solutions, dispersions, suspensions or emulsions, or sterile
powders which may be reconstituted into sterile injectable solutions or dispersions just prior to
use, which may contain antioxidants, buffers, bacteriostats, solutes which render the formulation
isotonic with the blood of the intended recipient or suspending or thickening agents. Examples
of suitable aqueous and nonaqueous carriers which may be employed in the pharmaceutical
compositions for use in the methods described herein include water, ethanol, polyols (such as
glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof,
vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate. Proper
fluidity can be maintained, for example, by the use of coating materials, such as lecithin, by the
maintenance of the required particle size in the case of dispersions, and by the use of surfactants.
[00267] The compositions described herein may also contain adjuvants, such as preservatives,
wetting agents, emulsifying agents and dispersing agents. Prevention of the action of
microorganisms may be ensured by the inclusion of various antibacterial and antifungal agents,
for example, paraben, chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to
include isotonic agents, such as sugars, sodium chloride, and the like into the compositions. In
addition, prolonged absorption of the injectable pharmaceutical form may be brought about by
the inclusion of agents which delay absorption, such as aluminum monostearate and gelatin.
[00268] It is understood that the dosage regimen will be determined by the attending

physician considering various factors which modify the action of the compounds described
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herein (e.g., ActRII polypeptides, such as ActRIIA and / or ActRIIB polypeptides (see,

Section 7.8)).

[00269] In certain embodiments, the ActRII signaling inhibitor is substantially pure in a
pharmaceutical composition. Specifically, at most 20%, 10%, 5%, 2.5%, 1%, 0.1%, or at most
0.05% of the compounds in the pharmaceutical composition are compounds other than the
ActRII signaling inhibitor and the pharmaceutical acceptable carrier.

7.8 Inhibitors of ActRII Signaling

[00270] The ActRII signaling inhibitors described in this Section and known in the art can be
used in the methods provided herein. In certain embodiments, the ActRII signaling inhibitors
described in this Section can be used in the methods provided herein (see, Section 7.3 and
Section 7.4). In certain embodiments, the ActRII signaling inhibitor for use with the present
methods comprises an amino acid sequence of SEQ ID NO:7 (i.e., ActRIIA-hFc). In certain
embodiments, the ActRII signaling inhibitor for use with the present methods comprises an
amino acid sequence of SEQ ID NO:25 (i.e., ActRITA-hFc).

[00271] Inhibitors of ActRII signaling receptors encompassed herein include ActRIIA
signaling inhibitors and ActRIIB signaling inhibitors (see below). In certain embodiments, an
ActRII signaling inhibitor is specific to ActRIIA signaling. In other embodiments, an ActRII
signaling inhibitor is specific to ActRIIB signaling. In certain embodiments, an ActRII signaling
inhibitor preferentially inhibits ActRIIA signaling. In other embodiments, an ActRII signaling
inhibitor preferentially inhibits ActRIIB signaling. In certain embodiments, an ActRII signaling
inhibitor inhibits both ActRIIA signaling and ActRIIB signaling.

[00272] In certain embodiments, inhibitors of ActRII signaling can be polypeptides
comprising activin-binding domains of ActRII. Without being bound by theory, such activin-
binding domain comprising polypeptides sequester activin and thereby prevent activin signaling.
These activin-binding domain comprising polypeptides may comprise all or a portion of the
extracellular domain of an ActRII (i.e., all or a portion of the extracellular domain of ActRIIA or
all or a portion of the extracellular domain of ActRIIB). In specific embodiments, the
extracellular domain of an ActRII is soluble.

[00273] In certain embodiments, the activin-binding domain comprising polypeptides are
linked to an Fc¢ portion of an antibody (i.e., a conjugate comprising an activin-binding domain

comprising polypeptide of an ActRII receptor and an Fc portion of an antibody is generated).
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Without being bound by theory, the antibody portion confers increased stability on the conjugate.
In certain embodiments, the activin-binding domain is linked to an Fc portion of an antibody via
a linker, e.g., a peptide linker.

[00274] The inhibitors of ActRII signaling used in the compositions and methods described
herein comprise molecules that inhibit ActRITA signaling and/or ActRIIB signaling, directly or
indirectly, either extracellularly or intracellularly. In some embodiments, the inhibitors of
ActRIIA signaling and/or ActRIIB signaling used in the compositions and methods described
herein inhibit ActRITA signaling and/or ActRIIB signaling via interactions with the receptor(s)
itself. In other embodiments, the inhibitors of ActRIIA signaling and/or ActRIIB signaling used
in the compositions and methods described herein inhibit ActRIIA signaling and/or ActRIIB
signaling via interactions with an ActRIIA and/or ActRIIB ligand, e.g., Activin.

[00275] In certain embodiments, an ActRII signaling inhibitor for use with the present
methods are as described in Section 5.5 of International Publication No. WO 2014/066486,
which is incorporated by herein in its entirety. In certain embodiments, such ActRII signaling
inhibitors cab be generated and modified as previously described in Section 5.5.1 of International
Publication No. WO 2014/066486, which is incorporated by herein in its entirety. In certain
embodiments, such ActRII signaling inhibitors cab be generated and modified as previously
described in Section 5.5.2 of International Publication No. WO 2014/066486, which is
incorporated by herein in its entirety. In certain embodiments, such ActRII signaling inhibitors
cab be generated and modified as previously described in Section 5.5.3 of International
Publication No. WO 2014/066486, which is incorporated by herein in its entirety.

7.8.1 Inhibitors of ActRIIA Signaling

[00276] Asused herein, the term "ActRIIA" refers to a family of activin receptor type ITA
(ActRIIA) proteins from any species and variants derived from such ActRIIA proteins by
mutagenesis or other modification. Reference to ActRIIA herein is understood to be a reference
to any one of the currently identified forms. Members of the ActRIIA family are generally
transmembrane proteins, composed of a ligand-binding extracellular domain with a cysteine-rich
region, a transmembrane domain, and a cytoplasmic domain with predicted serine/threonine
kinase activity.

[00277]  ActRIIA signaling inhibitors to be used in the compositions and methods described
herein include, without limitation, activin-binding soluble ActRIIA polypeptides; antibodies that
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bind to activin (particularly the activin A or B subunits, also referred to as BA or 3B) and disrupt
ActRIIA binding; antibodies that bind to ActRIIA and disrupt activin binding; non-antibody
proteins selected for activin or ActRIIA binding (see e.g., W0/2002/088171, WO/2006/055689,
W0/2002/032925, W0O/2005/037989, US 2003/0133939, and US 2005/0238646, each of which
is incorporated herein by reference in its entirety, for examples of such proteins and methods for
design and selection of same); and randomized peptides selected for activin or ActRITA binding,
which can be conjugated to an Fc domain.

[00278] In certain embodiments, two or more different proteins (or other moieties) with
activin or ActRIIA binding activity, especially activin binders that block the type [ (e.g., a
soluble type I activin receptor) and type II (e.g., a soluble type II activin receptor) binding sites,
respectively, may be linked together to create a bifunctional or multifunctional binding molecule
that inhibits ActRIIA signaling and thus can be used in the compositions and methods described
herein. In certain embodiments, Activin-ActRIIA signaling axis antagonists that inhibit ActRIIA
signaling include nucleic acid aptamers, small molecules and other agents are used in the
compositions and methods described herein include.

[00279]  Such ActIIRA signaling inhibitors can be generated and modified as previously
described in Section 5.5.1 of International Publication No. WO 2014/066486, which is
incorporated herein in its entirety.

(a) ActRIIA Signaling Inhibitors Comprising ActRIIA Polypeptides

[00280] The term "ActRIIA polypeptide" includes polypeptides comprising any naturally
occurring polypeptide of an ActRIIA family member as well as any variants thereof (including
mutants, fragments, fusions, and peptidomimetic forms) that retain a useful activity. For
example, ActRIIA polypeptides include polypeptides derived from the sequence of any known
ActRIIA having a sequence at least about 80% identical to the sequence of an ActRITA
polypeptide, and optionally at least 85%, 90%, 95%, 97%, 98%, 99% or greater identity. For
example, an ActRIIA polypeptide may bind to and inhibit the function of an ActRITA protein
and/or activin. An ActRIIB polypeptide may be selected for its ability to promote bone growth
and bone mineralization. Examples of ActRIIA polypeptides include human ActRIIA precursor
polypeptide (SEQ ID NO: 1) and soluble human ActRIIA polypeptides (e.g., SEQ ID NOs: 2, 3,
7 and 12). With respect to the ActRIIA precursor polypeptide whose amino acid sequence is
depicted at SEQ ID NO:1, the signal peptide of the human ActRIIA precursor polypeptide
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located at amino acid positions 1 to 20; the extracellular domain is located at amino acid
positions 21 to 135 and the N-linked glycosylation sites of the human ActRIIA precursor
polypeptide (SEQ ID NO: 1) are located at amino acid positions 43 and 56 of SEQ ID NO:1.
The nucleic acid sequence encoding the human ActRIIB precursor polypeptide of SEQ ID NO:1
is disclosed as SEQ ID NO:4 (nucleotides 164-1705 of Genbank entry NM_001616). The
nucleic acid sequence encoding the soluble human ActRIIA polypeptide of SEQ ID NO:2 is
disclosed as SEQ ID NO:5. See Table 1 for a description of the sequences.

[00281] In specific embodiments, the ActRIIA polypeptides used in the compositions and
methods described herein are soluble ActRIIA polypeptides. An extracellular domain of an
ActRIIA protein can bind to activin and is generally soluble, and thus can be termed a soluble,
activin-binding ActRITA polypeptide. Thus, as used herein, the term "soluble ActRITA
polypeptide" generally refers to polypeptides comprising an extracellular domain of an ActRITA
protein, including any naturally occurring extracellular domain of an ActRIIA protein as well as
any variants thereof (including mutants, fragments and peptidomimetic forms). Soluble ActRITA
polypeptides can bind to activin; however, the wild type ActRIIA protein does not exhibit
significant selectivity in binding to activin versus GDF8/11. Native or altered ActRITA proteins
may be given added specificity for activin by coupling them with a second, activin-selective
binding agent. Examples of soluble, activin-binding ActRIIA polypeptides include the soluble
polypeptides illustrated in SEQ ID NOs: 2, 3, 7, 12 and 13. Other examples of soluble, activin-
binding ActRIIA polypeptides comprise a signal sequence in addition to the extracellular domain
of an ActRIIA protein, for example, the honey bee mellitin leader sequence (SEQ ID NO: 8), the
tissue plasminogen activator (TPA) leader (SEQ ID NO: 9) or the native ActRIIA leader (SEQ
ID NO: 10). The ActRIIA-hFc polypeptide illustrated in SEQ ID NO:13 uses a TPA leader.
[00282] In certain embodiments, the inhibitors of ActRIIA signaling used in the compositions
and methods described herein comprise a conjugate/fusion protein comprising an activin-binding
domain of ActRIIA linked to an Fc portion of an antibody. In certain embodiments, the activin-
binding domain is linked to an Fc portion of an antibody via a linker, e.g., a peptide linker.
Optionally, the Fc domain has one or more mutations at residues such as Asp-265, lysine 322,
and Asn-434. In certain cases, the mutant Fc domain having one or more of these mutations
(e.g., an Asp-265 mutation) has a reduced ability to bind to the Fcy receptor relative to a wild-

type Fc domain. In other cases, the mutant Fc domain having one or more of these mutations
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(e.g., an Asn-434 mutation) has an increased ability to bind to the MHC class I- related Fc-
receptor (FcRN) relative to a wild-type Fc domain. Exemplary fusion proteins comprising a
soluble extracellular domain of ActRIIA fused to an Fc domain are set forth in SEQ ID NOs: 6,
7,12, and 13.

[00283] In a specific embodiment, the ActRIIA signaling inhibitors used in the compositions
and methods described herein comprise the extracellular domain of ActRIIA, or a portion
thereof, linked to an Fc portion of an antibody, wherein said ActRIIA signaling inhibitor
comprises an amino acid sequence that is at least 75% identical to an amino acid sequence
selected from SEQ ID NOs: 6, 7, 12, and 13. In another specific embodiment, the ActRITA
signaling inhibitors used in the compositions and methods described herein comprise the
extracellular domain of ActRIIA, or a portion thereof, linked to an Fc portion of an antibody,
wherein said ActRIIA signaling inhibitor comprises an amino acid sequence that is at least 80%,
85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to an amino acid sequence selected from
SEQ ID NOs: 6, 7, 12, and 13.

[00284] In certain embodiments, the inhibitors of ActRIIA signaling used in the compositions
and methods described herein comprise a truncated form of an extracellular domain of ActRIIA.
The truncation can be at the carboxy terminus and/or the amino terminus of the ActRITA
polypeptide. In certain embodiments, the truncation canbe 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 amino acids long relative to the mature ActRIIB
polypeptide extracellular domain. In certain embodiments, the truncation canbe 1, 2, 3,4, 5, 6,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 N-terminal amino acids of
the mature ActRIIA polypeptide extracellular domain. In certain embodiments, the truncation
canbe1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 C-
terminal amino acids of the mature ActRITA polypeptide extracellular domain. For example,
truncated forms of ActRIIA include polypeptides with amino acids 20-119; 20-128; 20-129; 20-
130; 20-131; 20-132; 20-133; 20-134; 20-131; 21-131; 22-131; 23-131; 24-131; and 25-131,
wherein the amino acid positions refer to the amino acid positions in SEQ ID NO:1.

[00285] In certain embodiments, the inhibitors of ActRIIA signaling used in the compositions
and methods described herein comprise an extracellular domain of ActRIIA with one or more

amino acid substitutions. In certain embodiments, the inhibitors of ActRIIA signaling used in



WO 2016/187378 PCT/US2016/033187
86

the compositions and methods described herein comprise a truncated form of an ActRITA
extracellular domain that also carries an amino acid substitution.

[00286] In a specific embodiment, the ActRIIA signaling inhibitor to be used in the
compositions and methods described herein is a fusion protein between the extracellular domain
of the human ActRIIA receptor and the Fc portion of IgG1. In another specific embodiment, the
ActRIIA signaling inhibitor to be used in the compositions and methods described herein is a
fusion protein between a truncated extracellular domain of the human ActRIIA receptor and the
Fc portion of IgG1. In another specific embodiment, the ActRIIA signaling inhibitor to be used
in the compositions and methods described herein is a fusion protein between a truncated
extracellular domain of the human ActRIIA receptor and the Fc portion of IgG1, wherein the
truncated extracellular domain of the human ActRITA receptor possesses one or more amino acid
substitutions.

[00287] Functionally active fragments of ActRIIA polypeptides can be obtained, for example,
by screening polypeptides recombinantly produced from the corresponding fragment of the
nucleic acid encoding an ActRIIA polypeptide. In addition, fragments can be chemically
synthesized using techniques known in the art such as conventional Merrifield solid phase f-Moc
or t-Boc chemistry. The fragments can be produced (recombinantly or by chemical synthesis)
and tested to identify those peptidyl fragments that can function as antagonists (inhibitors) of
ActRIIA protein or signaling mediated by activin.

[00288] In addition, functionally active variants of ActRIIA polypeptides can be obtained, for
example, by screening libraries of modified polypeptides recombinantly produced from the
corresponding mutagenized nucleic acids encoding an ActRIIA polypeptide. The variants can be
produced and tested to identify those that can function as antagonists (inhibitors) of ActRIIA
protein or signaling mediated by activin. In certain embodiments, a functional variant of the
ActRIIA polypeptides comprises an amino acid sequence that is at least 75% identical to an
amino acid sequence selected from SEQ ID NOs: 2 or 3. In certain cases, the functional variant
has an amino acid sequence at least 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identical to
an amino acid sequence selected from SEQ ID NOs: 2 or 3.

[00289] In certain aspects, the ActRITIA polypeptides used in the compositions and methods
described herein are generated using isolated and/or recombinant nucleic acids encoding any of

the ActRIIA polypeptides (e.g., soluble ActRIIA polypeptides), including fragments, functional
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variants and fusion proteins disclosed herein. For example, SEQ ID NO: 4 encodes the naturally
occurring human ActRITA precursor polypeptide, while SEQ ID NO: 5 encodes the processed
extracellular domain of ActRIIA. Such nucleic acids may be single-stranded or double stranded.
Such nucleic acids may be DNA or RNA molecules. These nucleic acids may be used, for
example, in methods for making ActRIIA polypeptides or as direct therapeutic agents (e.g., in a
gene therapy approach).

[00290] In certain aspects, nucleic acids encoding ActRIIA polypeptides may include nucleic
acids that are variants of SEQ ID NO: 4 or 5. Variant nucleotide sequences include sequences
that differ by one or more nucleotide substitutions, additions or deletions, such as allelic variants.
[00291] In certain embodiments, isolated or recombinant nucleic acid sequences encoding
ActRIIA polypeptides may be least 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identical to
SEQ ID NO: 4 or 5. One of ordinary skill in the art will appreciate that nucleic acid sequences
complementary to SEQ ID NO: 4 or 5, and variants of SEQ ID NO: 4 or 5 may be used in the
production of ActRIIA polypeptides suitable for use in the methods and compositions described
herein. In further embodiments, such nucleic acid sequences can be isolated, recombinant,
and/or fused to a heterologous nucleotide sequence, or be from a DNA library.

7.8.2 INHIBITORS OF ACTRIIB SIGNALING

[00292] Asused herein, the term "ActRIIB" refers to a family of activin receptor type 1B
(ActRIIB) proteins from any species and variants derived from such ActRIIB proteins by
mutagenesis or other modification. Reference to ActRIIB herein is understood to be a reference
to any one of the currently identified forms of the receptor. Members of the ActRIIB family are
generally transmembrane proteins, composed of a ligand-binding extracellular domain with a
cysteine-rich region, a transmembrane domain, and a cytoplasmic domain with predicted
serine/threonine kinase activity.

[00293]  ActRIIB signaling inhibitors to be used in the compositions and methods described
herein include, without limitation, activin-binding soluble ActRIIB polypeptides; antibodies that
bind to activin (particularly the activin A or B subunits, also referred to as BA or 3B) and disrupt
ActRIIB binding; antibodies that bind to ActRIIB and disrupt activin binding; non-antibody
proteins selected for activin or ActRIIB binding; and randomized peptides selected for activin or

ActRIIB binding, which can be conjugated to an Fc domain.
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[00294] In certain embodiments, two or more different proteins (or other moieties) with
activin or ActRIIB binding activity, especially activin binders that block the type I (e.g., a
soluble type I activin receptor) and type II (e.g., a soluble type II activin receptor) binding sites,
respectively, may be linked together to create a bifunctional or multifunctional binding molecule
that inhibits ActRIIB and thus can be used in the compositions and methods described herein
include. In certain embodiments, Activin-ActRIIB signaling axis antagonists that inhibit
ActRIIB include nucleic acid aptamers, small molecules and other agents are used in the
compositions and methods described herein include.

[00295]  Such ActlIRB signaling inhibitors can be generated and modified as previously
described in Section 5.5.2 of International Publication No. WO 2014/066486, which is
incorporated herein in its entirety.

(a) ActRIIB Signaling Inhibitors Comprising ActRIIB Polypeptides

[00296] As used herein, the term "ActRIIB polypeptide" refers to polypeptides comprising
any naturally occurring polypeptide of an ActRIIB family member as well as any variants thereof
(including mutants, fragments, fusions, and peptidomimetic forms) that retain a useful activity.
For example, ActRIIB polypeptides include polypeptides derived from the sequence of any
known ActRIIB receptor having a sequence at least about 80% identical to the sequence of an
ActRIIB polypeptide, and optionally at least 85%, 90%, 95%, 96%, 97%, 98%, 99% or greater
identity. For example, an ActRIIB polypeptide may bind to and inhibit the function of an
ActRIIB protein and/or activin. An example of an ActRIIB polypeptide includes the human
ActRIIB precursor polypeptide (SEQ ID NO:16 or SEQ ID NO:28). With respect to the
ActRIIB precursor polypeptide whose amino acid sequence is depicted as SEQ ID NO:16 or
SEQ ID NO:28 (i.e., the human ActRIIB precursor polypeptide), the signal peptide of the
ActRIIB precursor polypeptide is located at amino acids 1 to 18; the extracellular domain is
located at amino acids 19 to 134 and the potential N-linked glycosylation sites are located at
amino acid positions 42 and 65. The nucleic acid sequence encoding the human ActRIIB
precursor polypeptide of SEQ ID NO:16 is disclosed as SEQ ID NO:19 (SEQ ID NO:19
provides an alanine at the codon corresponding to amino acid position 64, but could be readily
modified by one of skill in the art using methods known in the art to provide an arginine at the
codon corresponding to amino acid position 64 instead). See Table 1 for a description of the

sequences.
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[00297] The numbering of amino acids for all of the ActRIIB-related polypeptides described
herein is based on the amino acid numbering for SEQ ID NO:16 and SEQ ID NO:28 (which only
differ in the amino acid expressed at position 64), unless specifically designated otherwise. For
example, if an ActRIIB polypeptide is described as having a substitution/mutation at amino acid
position 79, then it is to be understood that position 79 refers to the 79th amino acid in SEQ ID
NO:16 or SEQ ID NO:28, from which the ActRIIB polypeptide is derived. Likewise, if an
ActRIIB polypeptide is described as having an alanine or an arginine at amino acid position 64,
then it is to be understood that position 64 refers to the 64th amino acid in SEQ ID NO:16 or
SEQ ID NO:28, from which the ActRIIB polypeptide is derived.

[00298] In certain embodiments, the inhibitors of ActRIIB signaling used in the compositions
and methods described herein comprise polypeptides comprising an activin-binding domain of
ActRIIB. In some embodiments, the activin-binding domains of ActRIIB comprise the
extracellular domain of ActRIIB, or a portion thereof. In specific embodiments, the extracellular
domain or portion thereof of ActRIIB is soluble. Illustrative modified forms of ActRIIB
polypeptides are disclosed in U.S. Patent Application Publication Nos. 20090005308 and
20100068215, the disclosures of which are incorporated herein by reference in their entireties.
[00299] In specific embodiments, the ActRIIB polypeptides used in the compositions and
methods described herein are soluble ActRIIB polypeptides. The term "soluble ActRIIB
polypeptide" generally refers to polypeptides comprising an extracellular domain of an ActRIIB
protein, including any naturally occurring extracellular domain of an ActRIIB protein as well as
any variants thereof (including mutants, fragments and peptidomimetic forms). Soluble ActRIIB
polypeptides can bind to activin; however, the wild type ActRIIB protein does not exhibit
significant selectivity in binding to activin versus GDF8/11. In certain embodiments, altered
forms of ActRIIB with different binding properties can be used in the methods provided herein.
Such altered forms are disclosed, e.g., in international patent application publication Nos. WO
2006/012627 and WO 2010/019261, the disclosures of which are incorporated herein by
reference in their entireties. Native or altered ActRIIB proteins may be given added specificity
for activin by coupling them with a second, activin-selective binding agent. Exemplary soluble
ActRIIB polypeptides include the extracellular domain of a human ActRIIB polypeptide (e.g.,
SEQ ID NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, and 43).
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[00300] An Fc fusion protein having the ActRIIB extracellular sequence disclosed by Hilden
et al. (Blood, 1994, 83(8):2163-70), which has an alanine at the position corresponding to amino
acid 64 of the ActRIIB precursor amino acid sequence, i.e., SEQ ID NO: 16 (herein referred to
as “A64”), has been demonstrated to possess a relatively low affinity for activin and GDF-11.
By contrast, an Fc fusion protein with an arginine at position 64 of the ActRIIB precursor amino
acid sequence (herein referred to as “R64”) has an affinity for activin and GDF-11 in the low
nanomolar to high picomolar range (see, e.g., U.S. Patent Application Publication No.
20100068215, the disclosure of which is herein incorporated in its entirety). An ActRIIB
precursor amino acid sequence with an arginine at position 64 is presented in SEQ ID NO:28.
As such, in certain embodiments, the ActRIIB polypeptides used in accordance with the
compositions and methods described herein may comprise either (i) an alanine at the position
corresponding to amino acid 64 of the ActRIIB precursor amino acid sequence, i.e., SEQ ID NO:
16; or (ii) an arginine at position 64 of the ActRIIB precursor amino acid sequence, i.e., SEQ ID
NO: 28. In other embodiments, the ActRIIB polypeptides used in accordance with the
compositions and methods described herein may comprise an amino acid that is not alanine or
arginine at the position corresponding to amino acid 64 of the ActRIIB precursor amino acid
sequence, i.e., SEQ ID NO: 16 or SEQ ID NO:28.

[00301] It has been shown that a deletion of the proline knot at the C-terminus of the
extracellular domain of ActRIIB reduces the affinity of the receptor for activin (see, e.g.,
Attisano et al., Cell, 1992, 68(1):97-108). An ActRIIB-Fc fusion protein containing amino acids
20-119 of SEQ ID NO: 28 (i.e., SEQ ID NO:32), "ActRIIB(20-119)-Fc" has reduced binding to
GDF-11 and activin relative to an ActRIIB-Fc fusion protein containing amino acids 20-134 of
SEQ ID NO: 28 (i.e,, SEQ ID NO:31), “ActRIIB(20-134)-Fc”, which includes the proline knot
region and the complete juxtamembrane domain. However, an ActRIIB-Fc¢ fusion protein
containing amino acids 20-129 of SEQ ID NO: 28, “ActRIIB(20-129)-F¢” retains similar but
somewhat reduced activity relative to the non-truncated extracellular domain of ActRIIB, even
though the proline knot region is disrupted. Thus, ActRIIB polypeptides comprising
extracellular domains that stop at amino acid 134, 133, 132, 131, 130 and 129 of SEQ ID NO: 28
(or SEQ ID NO:16) are all expected to be active, but constructs stopping at amino acid 134 or
133 may be most active. Similarly, mutations at any of residues 129-134 are not expected to

alter ligand binding affinity by large margins, as indicated by the fact that mutations of P129 and
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P130 of SEQ ID NO: 28 do not substantially decrease ligand binding. Therefore, the ActRIIB
polypeptides used in accordance with the methods and compositions described herein may end as
early as amino acid 109 (i.e., the final cysteine) of SEQ ID NO:28 (or SEQ ID NO:16), however,
forms ending at or between amino acid positions 109 and 119 of SEQ ID NO:28 (or SEQ ID
NO:16) are expected to have reduced ligand binding ability.

[00302] Amino acid 29 of SEQ ID NO:16 and SEQ ID NO:28 represents the initial cysteine in
the ActRIIB precursor sequence. It is expected that an ActRIIB polypeptide beginning at amino
acid 29 of the N-terminus of SEQ ID NO:16 or SEQ ID NO:28, or before these amino acid
positions, will retain ligand binding activity. An alanine to asparagine mutation at position 24 of
SEQ ID NO:16 or SEQ ID NO:28 introduces an N-linked glycosylation sequence without
substantially affecting ligand binding. This confirms that mutations in the region between the
signal cleavage peptide and the cysteine cross-linked region, corresponding to amino acids 20-29
of SEQ ID NO:16 or SEQ ID NO:28, are well tolerated. In particular, ActRIIB polypeptides
beginning at amino acid position 20, 21, 22, 23 and 24 of SEQ ID NO:16 or SEQ ID NO:28 will
retain activity, and ActRIIB polypeptides beginning at amino acid positions 25, 26, 27, 28 and 29
of SEQ ID NO:16 or SEQ ID NO:28 are also expected to retain activity. An ActRIIB
polypeptide beginning at amino acid position 22, 23, 24 or 25 of SEQ ID NO:16 or SEQ ID
NO:28 will have the most activity.

[00303] Taken together, the active portions (i.e., ACtRIIB polypeptides) of the ActRIIB
precursor protein (i.e., SEQ ID NO:16 or SEQ ID NO:28) to be used in accordance with the
methods and compositions described herein will generally comprise amino acids 29-109 of SEQ
ID NO:16 or SEQ ID NO:28, and such ActRIIB polypeptides may, for example, begin at a
residue corresponding to any one of amino acids 19-29 of SEQ ID NO:16 or SEQ ID NO:28 and
end at a position corresponding to any one of amino acids 109-134 of SEQ ID NO:16 or SEQ ID
NO:28. Specific examples of ActRIIB polypeptides encompassed herein include those that
begin at an amino acid position from 19-29, 20-29 or 21-29 of SEQ ID NO:16 or SEQ ID NO:28
and end at an amino acid position from 119-134, 119-133 or 129-134, 129-133 of SEQ ID
NO:16 or SEQ ID NO:28. Other specific examples of ActRIIB polypeptides encompassed
herein include those that begin at an amino acid position from 20-24 (or 21-24, or 22-25) of SEQ
ID NO:16 or SEQ ID NO:28 and end at an amino acid position from 109-134 (or 109-133), 119-
134 (or 119-133) or 129-134 (or 129-133) of SEQ ID NO:16 or SEQ ID NO:28. Variant
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ActRIIB polypeptides falling within these ranges are also contemplated, particularly those
having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence
identity or sequence homology to the corresponding portion of SEQ ID NO:16 or SEQ ID
NO:28.

[00304] In certain embodiments, the inhibitors of ActRIIB signaling used in the compositions
and methods described herein comprise a truncated form of an extracellular domain of ActRIIB.
The truncation can be at the carboxy terminus and/or the amino terminus of the ActRIIB
polypeptide. In certain embodiments, the truncation canbe 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 amino acids long relative to the mature ActRIIB
polypeptide extracellular domain. In certain embodiments, the truncation canbe 1, 2, 3,4, 5, 6,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 N-terminal amino acids of
the mature ActRIIB polypeptide extracellular domain. In certain embodiments, the truncation
canbe1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 C-
terminal amino acids of the mature ActRIIB polypeptide extracellular domain. For example,
truncated forms of ActRIIB include polypeptides with amino acids 20-119; 20-128; 20-129; 20-
130; 20-131; 20-132; 20-133; 20-134; 20-131; 21-131; 22-131; 23-131; 24-131; and 25-131,
wherein the amino acid positions refer to the amino acid positions in SEQ ID NO:16 or SEQ ID
NO:28.

[00305] Additional exemplary truncated forms of ActRIIB include (i) polypeptides beginning
at amino acids at any of amino acids 21-29 of SEQ ID NO:16 or SEQ ID NO:28 (optionally
beginning at 22-25 of SEQ ID NO:16 or SEQ ID NO:28) and ending at any of amino acids 109-
134 of SEQ ID NO:16 or SEQ ID NO:28; (i1) polypeptides beginning at any of amino acids 20-
29 of SEQ ID NO:16 or SEQ ID NO:28 (optionally beginning at 22-25 of SEQ ID NO:16 or
SEQ ID NO:28) and ending at any of amino acids 109-133 of SEQ ID NO:16 or SEQ ID NO:28;
(iii) polypeptides beginning at any of amino acids 20-24 of SEQ ID NO:16 or SEQ ID NO:28
(optionally beginning at 22-25 of SEQ ID NO:16 or SEQ ID NO:28) and ending at any of amino
acids 109-133 of SEQ ID NO:16 or SEQ ID NO:28; (iv) polypeptides beginning at any of amino
acids 21-24 of SEQ ID NO:16 or SEQ ID NO:28 and ending at any of amino acids 109-134 of
SEQ ID NO:16 or SEQ ID NO:28; (v) polypeptides beginning at any of amino acids 20-24 of
SEQ ID NO:16 or SEQ ID NO:28 and ending at any of amino acids 118-133 of SEQ ID NO:16
or SEQ ID NO:28; (vi) polypeptides beginning at any of amino acids 21-24 of SEQ ID NO:16 or



WO 2016/187378 PCT/US2016/033187
93

SEQ ID NO:28 and ending at any of amino acids 118-134 of SEQ ID NO:16 or SEQ ID NO:28;
(vil) polypeptides beginning at any of amino acids 20-24 of SEQ ID NO:16 or SEQ ID NO:28
and ending at any of amino acids 128-133 of SEQ ID NO:16 or SEQ ID NO:28; (viii)
polypeptides beginning at any of amino acids 20-24 of SEQ ID NO:16 or SEQ ID NO:28 and
ending at any of amino acids 128-133 of SEQ ID NO:16 or SEQ ID NO:28; (ix) polypeptides
beginning at any of amino acids 21-29 of SEQ ID NO:16 or SEQ ID NO:28 and ending at any of
amino acids 118-134 of SEQ ID NO:16 or SEQ ID NO:28; (x) polypeptides beginning at any of
amino acids 20-29 of SEQ ID NO:16 or SEQ ID NO:28 and ending at any of amino acids 118-
133 of SEQ ID NO:16 or SEQ ID NO:28; (xi) polypeptides beginning at any of amino acids 21-
29 of SEQ ID NO:16 or SEQ ID NO:28 and ending at any of amino acids 128-134 of SEQ ID
NO:16 or SEQ ID NO:28; and (xii) polypeptides beginning at any of amino acids 20-29 of SEQ
ID NO:16 or SEQ ID NO:28 and ending at any of amino acids 128-133 of SEQ ID NO:16 or
SEQ ID NO:28. In a specific embodiment, an ActRIIB polypeptides comprises, consists
essentially of, or consists of, an amino acid sequence beginning at amino acid position 25 of SEQ
ID NO:16 or SEQ ID NO:28 and ending at amino acid position 131 of SEQ ID NO:16 or SEQ
ID NO:28. In another specific embodiment, an ActRIIB polypeptide consists of, or consists
essentially of, the amino acid sequence of SEQ ID NO:17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36,
37, 42, or 43.

[00306] Any of the ActRIIB polypeptides used in the compositions and methods described
herein may be produced as a homodimer. Any of the ActRIIB polypeptides used in the
compositions and methods described herein may be formulated as a fusion protein having a
heterologous portion that comprises a constant region from an IgG heavy chain, such as an Fc
domain. Any of the ActRIIB polypeptides used in the compositions and methods described
herein may comprise an acidic amino acid at the position corresponding to position 79 of SEQ
ID NO:16 or SEQ ID NO:28, optionally in combination with one or more additional amino acid
substitutions, deletions or insertions relative to SEQ ID NO:16 or SEQ ID NO:28.

[00307] In specific embodiments, the inhibitors of ActRIIB signaling used in the compositions
and methods described herein comprise an extracellular domain of ActRIIB with one or more
amino acid substitutions/mutations. Such an amino acid substitution/mutation can be, for
example, an exchange from the leucine at amino acid position 79 of SEQ ID NO:16 or SEQ ID

NO:28 to an acidic amino acid, such as aspartic acid or glutamic acid. For example, position
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L79 of SEQ ID NO:16 or SEQ ID NO:28 may be altered in ActRIIB extracellular domain
polypeptides to confer altered activin-myostatin (GDF-11) binding properties. L79A and L79P
mutations reduce GDF-11 binding to a greater extent than activin binding. L79E and L79D
mutations retain GDF-11 binding, while demonstrating greatly reduced activin binding.

[00308] In certain embodiments, the inhibitors of ActRIIB signaling used in the compositions
and methods described herein comprise a truncated form of an ActRIIB extracellular domain that
also carries an amino acid substitution, e.g., an exchange from the leucine at amino acid position
79 of SEQ ID NO:16 or SEQ ID NO:28 to an acidic amino acid, such as aspartic acid or
glutamic acid. In a specific embodiment, the truncated form of an extracellular domain of
ActRIIB polypeptide that also carries an amino acid substitution used in the compositions and
methods described herein is SEQ ID NO:23. Forms of ActRIIB that are truncated and/or carry
one or more amino acid substitutions can be linked to an Fc domain of an antibody as discussed
above.

[00309] Functionally active fragments of ActRIIB polypeptides can be obtained, for example,
by screening polypeptides recombinantly produced from the corresponding fragment of the
nucleic acid encoding an ActRIIB polypeptide. In addition, fragments can be chemically
synthesized using techniques known in the art such as conventional Merrifield solid phase f-Moc
or t-Boc chemistry. The fragments can be produced (recombinantly or by chemical synthesis)
and tested to identify those peptidyl fragments that can function as antagonists (inhibitors) of
ActRIIB protein or signaling mediated by activin.

[00310] In addition, functionally active variants of ActRIIB polypeptides can be obtained, for
example, by screening libraries of modified polypeptides recombinantly produced from the
corresponding mutagenized nucleic acids encoding an ActRIIB polypeptide. The variants can be
produced and tested to identify those that can function as antagonists (inhibitors) of ActRIIB
protein or signaling mediated by activin. In certain embodiments, a functional variant of the
ActRIIB polypeptides comprises an amino acid sequence that is at least 75% identical to an
amino acid sequence selected from SEQ ID NO:17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42,
and 43. In certain embodiments, the functional variant has an amino acid sequence at least 80%,
85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to an amino acid sequence selected from
SEQ ID NO:17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, and 43.
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[00311] It has been demonstrated that the ligand binding pocket of ActRIIB is defined by
residues Y31, N33, N35, L38 through T41, E47, ES0, Q53 through K55, L57, H58, Y60, S62,
K74, W78 through N83, Y85, R87, A92, and E94 through F101 of SEQ ID NO:16 or SEQ ID
NO:28. At these positions, it is expected that conservative mutations will be tolerated, although
a K74A mutation is well-tolerated, as are R40A, K55A, F82A and mutations at position L79.
R40 is a K in Xenopus, indicating that basic amino acids at this position will be tolerated. Q53 is
R in bovine ActRIIB and K in Xenopus ActRIIB, and therefore amino acids including R, K, Q,
N and H will be tolerated at this position. Thus, a general formula for an ActRIIB polypeptide
for use in the methods and compositions described herein is one that comprises amino acids 29-
109 of SEQ ID NO:16 or SEQ ID NO:28, but optionally beginning at an amino acid position
ranging from 20-24 or 22-25 of SEQ ID NO:16 or SEQ ID NO:28 and ending at an amino acid
position ranging from 129-134 of SEQ ID NO:16 or SEQ ID NO:28, and comprising no more
than 1, 2, 5, or 15 conservative amino acid changes in the ligand binding pocket, and zero, one or
more non-conservative alterations at amino acid positions 40, 53, 55, 74, 79 and/or 82 of SEQ ID
NO:16 or SEQ ID NO:28 in the ligand binding pocket. Such an ActRIIB polypeptide may retain
greater than 80%, 90%, 95% or 99% sequence identity or sequence homology to the sequence of
amino acids 29-109 of SEQ ID NO:16 or SEQ ID NO:28. Sites outside the binding pocket, at
which variability may be particularly well tolerated, include the amino and carboxy termini of
the extracellular domain of ActRIIB, and positions 42-46 and 65-73. An asparagine to alanine
alteration at position 65 of SEQ ID NO:16 or SEQ ID NO:28 (N65A) actually improves ligand
binding in the A64 background, and is thus expected to have no detrimental effect on ligand
binding in the R64 background. This change probably eliminates glycosylation at N65 in the
A64 background, thus demonstrating that a significant change in this region is likely to be
tolerated. While an R64A change is poorly tolerated, R64K is well-tolerated, and thus another
basic residue, such as H may be tolerated at position 64.

[00312] In specific embodiments, the inhibitors of ActRIIB signaling used in the compositions
and methods described herein comprise a conjugate/fusion protein comprising an extracellular
domain (e.g., an activin-binding domain) of an ActRIIB receptor linked to an Fc portion of an
antibody. Such conjugate/fusion proteins may comprise any of the ActRIIB polypeptides
disclosed herein (e.g., any of SEQ ID NOs:17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, or
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43), any ActRIIB polypeptides known in the art, or any ActRIIB polypeptides generated using
methods known in the art and/or provided herein.

[00313] In certain embodiments, the extracellular domain is linked to an F¢ portion of an
antibody via a linker, e.g., a peptide linker. Exemplary linkers include short polypeptide
sequences such as 2-10, 2-5, 2-4, 2-3 amino acid residues (e.g., glycine residues), such as, for
example, a Gly-Gly-Gly linker. In a specific embodiment, the linker comprises the amino acid
sequence Gly-Gly-Gly (GGG). In another specific embodiment, the linker comprises the amino
acid sequence Thr-Gly-Gly-Gly (TGGG). Optionally, the Fc domain has one or more mutations
at residues such as Asp-265, lysine 322, and Asn-434. In certain cases, the mutant Fc domain
having one or more of these mutations (e.g., an Asp-265 mutation) has a reduced ability to bind
to the Fcy receptor relative to a wild-type Fc domain. In other cases, the mutant Fc domain
having one or more of these mutations (e.g., an Asn-434 mutation) has an increased ability to
bind to the MHC class I- related Fc-receptor (FcRN) relative to a wild-type Fc domain.
Exemplary fusion proteins comprising a soluble extracellular domain of ActRIIB fused to an Fc
domain are set forth in SEQ ID NOs:20, 21, 24, 25, 34, 35, 38, 39, 40, 41, 44, 46, and 47.
[00314] In a specific embodiment, the ActRIIB signaling inhibitors used in the compositions
and methods described herein comprise the extracellular domain of ActRIIB, or a portion
thereof, linked to an Fc portion of an antibody, wherein said ActRIIB signaling inhibitor
comprises an amino acid sequence that is at least 75% identical to an amino acid sequence
selected from SEQ ID NOs:20, 21, 24, 25, 34, 35, 38, 39, 40, 41, 44, 46, and 47. In another
specific embodiment, the ActRIIB signaling inhibitors used in the compositions and methods
described herein comprise the extracellular domain of ActRIIB, or a portion thereof, linked to an
Fc portion of an antibody, wherein said ActRIIB signaling inhibitor comprises an amino acid
sequence that is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to an amino
acid sequence selected from SEQ ID NOs:20, 21, 24, 25, 34, 35, 38, 39, 40, 41, 44, 46, and 47.
[00315] In a specific embodiment, the ActRIIB signaling inhibitor to be used in the
compositions and methods described herein is a fusion protein between the extracellular domain
of the human ActRIIB receptor and the Fc portion of IgG1. In another specific embodiment, the
ActRIIB signaling inhibitor to be used in the compositions and methods described herein is a
fusion protein between a truncated extracellular domain of the human ActRIIB receptor and the

Fc portion of IgG1. In another specific embodiment, the ActRIIB signaling inhibitor to be used
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in the compositions and methods described herein is a fusion protein between a truncated
extracellular domain of the human ActRIIB receptor and the Fc portion of IgG1, wherein the
truncated extracellular domain of the human ActRIIB receptor possesses an amino acid
substitution at the amino acid position corresponding to amino acid 79 of SEQ ID NO:16 or SEQ
ID NO:28. In one embodiment, the amino acid substitution at the amino acid position
corresponding to amino acid 79 of SEQ ID NO:16 or SEQ ID NO:28 is substitution of Leucine
for Aspartic Acid (i.e., an L79D mutation).

[00316] In a specific embodiment, the ActRIIB signaling inhibitor to be used in the
compositions and methods described herein is SEQ ID NO:24 or 25, which represents a fusion
protein between the extracellular domain of the human ActRIIB receptor and the Fc portion of
IgG1, wherein said ActRIIB extracellular domain comprises amino acids 25-131 of SEQ ID
NO:28 with an L79D mutation. The nucleic acid sequence encoding the ActRIIB-Fc fusion
protein of SEQ ID NO:24 is presented in SEQ ID NO:45.

[00317] In another specific embodiment, the ActRIIB signaling inhibitor to be used in the
compositions and methods described herein is SEQ ID NO:34 or 35, which represents a fusion
protein between the extracellular domain of the human ActRIIB receptor and the Fc portion of
IgG1, wherein said ActRIIB extracellular domain comprises amino acids 25-131 of SEQ ID
NO:16 with an L79D mutation.

[00318] In specific embodiments, mutated ActRIIB polypeptides comprising the addition of a
further N-linked glycosylation site (N-X-S/T) that increases the serum half-life of an ActRIIB-Fc
fusion protein, relative to the ActRIIB(R64)-Fc form can be used in the methods and
compositions described herein. In a specific embodiment, introduction of an asparagine at
position 24 of SEQ ID NO:16 or SEQ ID NO:28 (A24N) results in the creation of an NXT
sequence that confers a longer half-life. Other NX(T/S) sequences can be found at 42-44 (NQS)
and 65-67 (NSS), although the latter may not be efficiently glycosylated with the R at position
64 (i.e., in R64 polypeptides). N-X-S/T sequences may be generally introduced at positions
outside the ligand binding pocket of ActRIIB, which is detailed above. Particularly suitable sites
for the introduction of non-endogenous N-X-S/T sequences include amino acids 20-29, 20-24,
22-25, 109-134, 120-134 or 129-134 of SEQ ID NO:16 or SEQ ID NO:28. N-X-S/T sequences
may also be introduced into the linker between the ActRIIB sequence and the Fc or other fusion

component. Such a site may be introduced with minimal effort by introducing an N in the
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correct position with respect to a pre-existing S or T, or by introducing an S or T at a position
corresponding to a pre-existing N. Thus, desirable alterations that would create an N-linked
glycosylation site are: A24N, R64N, S67N (possibly combined with an N65A alteration),
E106N, R112N, G120N, E123N, P129N, A132N, R112S and R112T (with all amino acid
positions corresponding to the positions they can be found in SEQ ID NO:16 or SEQ ID NO:28).
Any S that is predicted to be glycosylated may be altered to a T without creating an
immunogenic site, because of the protection afforded by the glycosylation. Likewise, any T that
is predicted to be glycosylated may be altered to an S. Thus the alterations S67T and S44T are
encompassed herein. Likewise, in an A24N variant, an S26T alteration may be used.
Accordingly, an ActRIIB polypeptide may include one or more additional, non-endogenous N-
linked glycosylation consensus sequences.

[00319] In certain embodiments, the methods and compositions described herein use isolated
or purified ActRIIB polypeptides, i.e., ActRIIB polypeptides which are isolated from, or
otherwise substantially free of, other proteins can be used with the methods and compositions
described herein. ActRIIB polypeptides will generally be produced by expression from
recombinant nucleic acids.

[00320] In certain aspects, the ActRIIB polypeptides used in the methods and compositions
described herein are encoded by isolated and/or recombinant nucleic acids, including fragments,
functional variants and fusion proteins disclosed herein. For example, SEQ ID NO:19 encodes
the naturally occurring human ActRIIB precursor polypeptide. The subject nucleic acids may be
single-stranded or double stranded. Such nucleic acids may be DNA or RNA molecules. These
nucleic acids may be used, for example, in methods for making ActRIIB polypeptides or as
direct therapeutic agents (e.g., in a gene therapy approach).

[00321] In certain aspects, the nucleic acids that can be used to produce ActRIIB polypeptides
suitable for use in the methods and compositions described herein are further understood to
include nucleic acids that are variants of SEQ ID NO: 19 as well as variants of those nucleic acid
sequences that encode soluble ActRIIB polypeptides (e.g., nucleic acids that encode SEQ ID
NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, and 43). Variant nucleotide sequences
include sequences that differ by one or more nucleotide substitutions, additions or deletions, such

as allelic variants.
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[00322] In certain embodiments, the isolated or recombinant nucleic acid sequences that can
be used to produce ActRIIB polypeptides suitable for use in the methods and compositions
described herein are at least 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identical to SEQ
ID NO:19 or those nucleic acid sequences that encode soluble ActRIIB polypeptides (e.g.,
nucleic acids that encode SEQ ID NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, and 43).
One of ordinary skill in the art will appreciate that nucleic acid sequences complementary to
SEQ ID NO:19 or those nucleic acid sequences that encode soluble ActRIIB polypeptides (e.g.,
nucleic acids that encode SEQ ID NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, and 43),
and variants of SEQ ID NO:19 or those nucleic acid sequences that encode soluble ActRIIB
polypeptides (e.g., nucleic acids that encode SEQ ID NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33,
36, 37, 42, and 43) can be used with the methods and compositions described herein. In further
embodiments, the nucleic acid sequences can be isolated, recombinant, and/or fused with a
heterologous nucleotide sequence, or in a DNA library.

7.9 Assays
7.9.1 Reference Population

[00323] In certain embodiments, the size of the reference population can be 1, 5, 10, 25, 50,
75, 100, 200, 250, 300, 400, 500, or 1000 individuals. In certain embodiments, the reference
population consists of random volunteers. In certain embodiments, the reference population
consists of healthy people. In certain embodiments, the reference population consists of people
of the same age, weight, and/or gender as the patient population as described in Section 7.5. In
certain embodiments, the reference population consists of people without beta-thalassemia.

7.9.2 Cells and Cell Culture

[00324] Cells used in accordance with the methods provided herein can be isolated and/or
cultured according to any method known in the art or described herein (see Section 8.1).
[00325] EPCs can be isolated according to any method known in the art or described herein.
In certain embodiments, EPCs are CD34" cells. CD34" cells can be isolated according to any
method known in the art or described herein (see Section 8.1). CD34" cells can be isolated by
high-gradient magnetic cell sorting or FACS analysis. See, e.g., Kato and Radbruch, 1993,
Cytometry, 14:384-392. In certain embodiments, EPCs are isolated by culturing CD34" cells
following G-CSF mobilization of peripheral blood stem cells. See, e.g., Mortimer ef al., 1983,
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Nature, 302:426-429; Wong et al., 2008, J Virol, 82:2470-2476; and Young et al., 2004, N. Engl.
J. Med. 350:586-597, each of which is incorporated herein by reference in its entirety. In certain
embodiments, EPCs are isolated as described in Filippone ez al., 2010, PLoS ONE, 5(3): €9496,
which is incorporated herein by reference in its entirety. In certain embodiments, in the context
of a co-culture comprising an EPC and a stromal cell, the EPCs is a non-adherent cell in
supernatant (NAC). In certain embodiments, in the context of a co-culture comprising an EPC
and a stromal cell, the EPC is a phase-bright cells (PBC) adhering to the surface of a stromal cell.
In certain embodiments, in the context of a co-culture comprising an EPC and a stromal cell, the
EPC is a phase-dim cell (PDC) beneath a stromal cell in a co-culture.

[00326] The level of EPC expansion can be determined according to any method known in the
art or described herein (see Section 8.1). For example, erythroid cell expansion can be evaluated
by flow cytometry or cell morphology.

[00327] Bone marrow stromal cells are a non-hematopoietic cell population residing in the
bone marrow. See, e.g., Kagami et al., 2011, Int. J. Biochem. Cell Biol. 43(3):286-289. Bone
marrow-derived stromal cells can be isolated according to any method known in the art or
described herein. For example, bone marrow stromal cells can be obtained from the adherent
cultures of untreated whole bone marrow. Alternatively, bone marrow stromal cells can be
isolated by removal of non-bone marrow stromal cells through density gradient centrifugation
and/or hemolysis. See, e.g., Horn et al., 2008, Cytotherapy, 10(7):676-685.

7.9.3 Level of Biomarkers

[00328] The level of a biomarker, such as GYPA, GATA1, GATA?2, alpha-globin, ICAM-1,
IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinE1l, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10,
IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3,
p27, p21, Bax, Bad, CIAP1, or PON2, can be determined by any method known in the art or
described herein (see Section 8.1). For example, the nucleic acid level of the biomarker in a
sample (e.g., a cell or supernatant from a cell culture) can be determined by assessing (e.g.,
quantifying) transcribed RNA of the protein in the sample using, e.g., Northern blotting, PCR
analysis, real time PCR analysis, or any other technique known in the art or described herein. In
one embodiment, the level of the biomarker in a sample (e.g., a cell or supernatant from a cell
culture) can be determined by assessing (e.g., quantifying) mRNA of the protein in the sample.

The protein level of a biomarker in a sample (e.g., a cell or supernatant from a cell culture) can
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also be determined by assessing (e.g., quantifying) the level of protein expression of the
biomarker in the sample using, e.g., immunohistochemical analysis, Western blotting, ELISA,
immunoprecipitation, flow cytometry analysis, or any other technique known in the art or
described herein. In particular embodiments, the level of the biomarker is determined by a
method capable of quantifying the amount of the protein present in a sample (e.g., a cell or
supernatant from a cell culture) of a patient (e.g., in human serum), and/or capable of detecting
the correction of the level of protein following treatment with an activin type II receptor
signaling inhibitor. In one embodiment, the level of the protein in a sample (e.g., a cell or
supernatant from a cell culture) is determined by assessing (e.g., quantifying) protein expression
of the biomarker in the sample using ELISA. In certain embodiments, the level of a biomarker,
such as GYPA, GATA1, GATAZ2, alpha-globin, ICAM-1, IL-1Ra, survivin, Bel-2, Bel-xL,
MCP-1, serpinEl, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF,
GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAPI,
or PON2, can be determined according to an assay as described in Section8.1.

[00329] In certain embodiments, the level of GYPA, GATA1, GATA2, or alpha-globin in an
EPC is measured in a non-adherent cell in supernatant (NAC). In certain embodiments, the level
of GYPA, GATA1, GATAZ2, or alpha-globin in an EPC is measured in a phase-bright cells
(PBC) adhering to the surface of a stromal cell. In certain embodiments, the level of GYPA,
GATAL1, GATAZ2, or alpha-globin in an EPC is measured in a phase-dim cell (PDC) beneath a
stromal cells in a co-culture.

[00330] The level of a biomarker, such as GYPA, GATA1, GATA?2, alpha-globin, ICAM-1,
IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinE1l, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10,
IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3,
p27, p21, Bax, Bad, CIAP1, or PON2, can be determined from a location where one skilled in
the art would expect the biomarker to be expressed. For example, the level of a secreted
biomarker can be determined in supernatant. Alternatively, the level of a secreted biomarker can
be determined in a membrane fraction of a cell. As an additional example, the level of an
intracellular biomarker can be determined in whole cell lysate or in a subcellular fraction
wherein the biomarker is present. In certain embodiments, the level of the biomarker is

determined in supernatant. In certain embodiments, the level of the biomarker is determined in
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whole cell lysate. In certain embodiments, the level of the biomarker is determined in a
subcellular fraction.

7.9.4 Screening Assays

[00331] Various ActRII polypeptide variants, or soluble ActRII polypeptide variants, may be
tested for their ability to inhibit ActRIIL. In certain aspects, such testing can be performed as
previously described in Section 5.3(b) of International Publication No. WO 2014/071158, which
is incorporated herein in its entirety. In addition, compounds can be tested for their ability to
inhibit ActRII. Once signaling inhibitors of ActRII activity are confirmed, these compounds can
be used with the methods provided herein. ActRII can be ActRIIA or ActRIIB.

7.10 Clinical Response

[00332] Various assays known in the art can be utilized to evaluate treatment of beta-
thalassemia upon treatment with an ActRII signaling inhibitor according to the methods provided
herein. Serum ferritin levels can be determined according to assay(s) known to one skilled in the
art. Typically, adult males have a serum ferritin concentration of between 24 and 336 ng/mL.
Typically, adult females of between 11 and 307 ng/mL.

[00333] Red blood cell morphology can be evaluated according to assay(s) known to one
skilled in the art such as, for example, blood smears. The ratio of number of abnormal red blood
cells in the subject to the total number of red blood cells in the subject can be determined by, for
example, obtaining a blood sample, performing a blood smear, counting the number of abnormal
red blood cells in the smear, counting the total number of red blood cells in the smear, and
determining the ratio by dividing the number of abnormal red blood cells by the total number of
red blood cells in the smear. The ratio of the number of red blood cells with basophilic stippling
in the subject to the total number of red blood cells in the subject can be determined by, for
example, obtaining a blood sample, performing a blood smear, counting the number of red blood
cells with basophilic stippling in the smear, counting the total number of red blood cells in the
smear, and determining the ratio by dividing the number of red blood cells with basophilic
stippling by the total number of red blood cells in the smear. The ratio of the number of
poikilocytic red blood cells in the subject to the total number of red blood cells in the subject can
be determined by, for example, obtaining a blood sample, performing a blood smear, counting
the number of poikilocytic red blood cells in the smear, counting the total number of red blood

cells in the smear, and determining the ratio by dividing the number of poikilocytic red blood
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cells by the total number of red blood cells in the smear. The ratio of the number of schistocytes
in the subject to the total number of red blood cells in the subject can be determined by, for
example, obtaining a blood sample, performing a blood smear, counting the number of
schistocytes in the smear, counting the total number of red blood cells in the smear, and
determining the ratio by dividing the number of schistocytes by the total number of red blood
cells in the smear. The ratio of the number of irregularly contracted red blood cells in the subject
to the total number of red blood cells in the subject can be determined by, for example, obtaining
a blood sample, performing a blood smear, counting the number of irregularly contracted red
blood cells in the smear, counting the total number of red blood cells in the smear, and
determining the ratio by dividing the number of irregularly contracted red blood cells by the total
number of red blood cells in the smear.

[00334] Further, erythroid response in a subject treated in accordance with the methods
provided herein can be evaluated. In certain embodiments, the erythroid response comprises a
reduction in transfusion burden in the subject by at least 33% for at least 12 weeks, wherein the
subject has transfusion-dependent beta thalassemia. In certain embodiments, the erythroid
response comprises (1) a reduction in transfusion burden in the subject by at least 33% for at least
12 weeks, and (i1) a reduction of at least two units of red blood cells for at least 12 weeks in the
subject. The duration of the erythroid response can be calculated for a subject who achieves a
response. The algorithm used to calculate the duration of response is as follows: (1) First Day of
Response = the first day of the first 12-week interval showing response. Last Day of Response =
last day of the last consecutive 129-week interval showing response. Date of Last Assessment =
either the last visit date for subjects still on drug or the date of discontinuation for subjects who
discontinued from the treatment. The duration of the erythroid response can be calculated as
follows, depending on whether or not the response ends before the Date of Last Assessment: (1)
a subject whose response does not continue to the end of a treatment period, the duration of
response is not censored, and is calculated as: Response Duration = Last Day of Response — First
Day of Response +1; (2) a subject who continues to exhibit an erythroid response at the end of a
treatment period, the end date of the response is censored and duration of the response is
calculated as: Response Duration = Date of Last Response Assessment — First Day of Response

+1.
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[00335] The time to the first erythroid response can be calculated as follows: the day from the
first dose of study drug to the First Day of Response starts will be calculated using: Time to
Response = First Day of Response — Date of First Study Drug +1.

[00336] In addition, transfusion burden can be evaluated in a subject treated in accordance
with the methods provided herein. It is estimated that one unit of red blood cells contains
approximately 200 mg of iron, while the body typically loses only 1.5 mg of iron per day.
Transfusion burden in a subject treated according to the methods provided herein can be
determined by determining the subject’s transfusion requirement (i.e., the amount and the
frequency of red blood cell transfusion). As a nonlimiting example, if a subject requiring
transfusion of 2 units of red blood cells every 3 weeks achieves a reduction in frequency in
transfusion to every 4 weeks upon treatment according to the methods provided herein, the
subject has a 25% reduction in transfusion burden.

[00337] In addition, clinical complications associated with beta-thalassemia can be evaluated
according to any assay known to one skilled in the art. Extramedullary hematopoietic (EMH)
masses in a subject can be evaluated by assay(s) known to one skilled in the art, such as, for
example, magnetic resonance imaging (MRI) and computed tomography scanning. In certain
embodiments, EMH masses in a subject can be evaluated by MRI.

[00338] Splenomegaly can be evaluated by assay(s) known to one skilled in the art, such as,
for example, magnetic resonance imaging (MRI).

[00339] Tricuspid regurgitant velocity (TRV) can be evaluated according to assay(s) known to
one skilled in the art, such as, for example, echocardiography (ECHO).

[00340] Liver iron concentration in a subject can be evaluated by assay(s) known to one
skilled in the art, such as, for example, magnetic resonance imaging (MRI).

[00341] Nonlimiting examples of osteoporosis symptoms include back pain, loss of height
over time, stooped posture, easy bone fracturing, and decreased bone mineral density. Bone
mineral density in a subject treated according to the methods provided herein can be determined
by assay(s) known to one skilled in the art, such as, for example, by bone density scanning (also
referred to as dual-energy x-ray absorptiometry (DXA or DEXA) or bone densitometry) and
ultrasound. In certain embodiments, bone mineral density in a subject treated according to the

methods provided herein is determined by DXA.
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[00342] Skeletal deformities in subject treated according to the methods provided herein can
be determined by assay(s) known to one skilled in the art, such as, for example, by x-ray and
imaging techniques, such as, for example, magnetic resonance imaging (MRI) and computed
tomography.

[00343] Various circulating markers of bone turnover can be used to diagnose bone disorders,
such as low bone turnover. Circulating markers of bone turnover are markers of bone formation
such as bone specific alkaline phosphatase (bAP), osteocalcin, procollagen type I C-terminal
propeptide (PICP) and insulin-like growth factor-1 (IGF-1), some being markers of bone
resorption such as pyridinoline, deoxypyridinoline, tartrate-resistant acid phosphatase (TRAP),
TRAP type 5b, pyridinoline, deoxypyridinoline and procollagen type I C-terminal telopeptide
(ICTP), serum or urine collagen cross-links (N-telopeptide or C-telopeptide), and 25
hydroxyvitamin D. Assays to measure the entire parathyroid hormone (PTH) molecule can also
be used. The skilled artisan is aware of imaging methods allowing the assessment of bone
mineral density (BMD), bone volume, trabecular bone volume, and trabecular thickness. See,
e.g., Tilman B. Drueke and Sharon M. Moe, Disturbances of bone and mineral metabolism in
chronic kidney disease: an international initiative to improve diagnosis and treatment, Nephrol
Dial Transplant (2004) 19: 534-536; Okuno S, Inaba M., Biochemical markers of bone turnover.
New aspect. Dialysis and bone metabolic marker, Clin Calcium. 2009 Aug;19(8):1084-91;
Herberth J, Monier-Faugere MC, Mawad HW, Branscum AJ, Herberth Z, Wang G, Cantor T,
Malluche HH, The five most commonly used intact parathyroid hormone assays are useful for
screening but not for diagnosing bone turnover abnormalities in CKD-5 subjects, Clin Nephrol.
2009 Jul;72(1):5-14; Lehmann G, Ott U, Kaemmerer D, Schuetze J, Wolf G., Bone
histomorphometry and biochemical markers of bone turnover in subjects with chronic kidney
disease Stages 3 — 5, Clin Nephrol. 2008 Oct;70(4):296-305; Drieke TB., Is parathyroid
hormone measurement useful for the diagnosis of renal bone disease?, Kidney Int. 2008
Mar;73(6):674-6; Yamada S, Inaba M, Kurajoh M, Shidara K, Imanishi Y, Ishimura E,
Nishizawa Y, Utility of serum tartrate-resistant acid phosphatase (TRACPS5b) as a bone
resorption marker in subjects with chronic kidney disease: independence from renal dysfunction.,
Clin Endocrinol (Oxf). 2008 Aug;69(2):189-96. Epub 2008 Jan 23. See also, Paul D. Miller,

Diagnosis and Treatment of Osteoporosis in Chronic Renal Disease, 2009.
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[00344]  Another marker for monitoring bone resorption in CKD subjects with mild renal
dysfunction is serum concentration of type I collagen N-telopeptide (S-NTX). See, e.g., Hamano
T, Fujii N, Nagasawa Y, Isaka Y, Moriyama T, Okada N, Imai E, Horio M, Ito T., Serum NTX is
a practical marker for assessing antiresorptive therapy for glucocorticoid treated subjects with
chronic kidney disease., Bone. 2006 Nov;39(5):1067-72. Epub 2006 Jun 16.

[00345] Quantitative computed tomography (QCT) can also be used to determine bone
turnover.

[00346] Markers, such as, for example, Runx2 and Alp can be evaluated to monitor the
oseoblastic transition in a subject. Markers, such as, for example, Sm22-alpha can be evaluated
to monitor vascular smooth muscle function and the levels of differentiated vascular smooth
muscle cells.

[00347] Heart size and cardiac hypertrophy can be determined by any method known to the
skilled artisan, such as, for example, magnetic resonance imaging, electrocardiography,
echocardiography, and noncontrast-enhanced cardiac computed tomography.

[00348] To assess the quality of life for a subject treated according to the methods provided
herein, the Short Form (36) Health Suvey (SF-26) and/or the Functional Assessment of Cancer
Therapy-Anemia (FACT-An) can be utilized.

[00349] The SF-36 (Version 2.0) is a self-administered instrument consisting of 8 multi-item
scales that assess 8 health domains: (1) Physical functioning (PF), 10 items from 3a to 3j; (2)
Role-Physical (RP), 4 items from 4a to 4d; (3) Bodily Pain (BP), items 7 and 8; (4) General
Health (GH), items 1 and 11ato 11d, (5) Vitality (VT), items 9a, 9e, 9g , and 91; (6) Social
functioning (SF), items 6 and 10; (7) Role-Emotional (RE), items 5Sa, 5b, and 5Sc; and (8) Mental
Health (MH), 5 items 9b, 9¢, 9d, 9f and 9h. Two overall summary scores can also be obtained:
(1) a Physical Component Summary score (PCS); and (2) a Mental Component Summary score
(MCS). Health domain scores, as well as the PCS and MCS scores, are transformed to norm
based scores (mean of 50 and SD of 10), with higher scores indicating better health. The
primary interests of the SF-36 are the health domain norm-based scores, and the PCS and MCS
norm-based scores. Summary statistics (n, mean, standard deviation, median, minimum, and
maximum) of health domain norm-based scores, PCS and MCS norm-based scores, as well as

change from baseline in these norm-based scores can be assessed. Scoring for the SF-36 and
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methods to address missing values can be accomplished according to directions provided by the
instrument developers.

[00350] Alternatively, FACT-An can be utilized to determine quality of life for a subject
treated according to the methods provided herein. FACT-An is a 47-item, cancer-specific
questionnaire consisting of a core 27-item general questionnaire (FACT-General, or FACT-G
Total) measuring the four general domains of quality of life (physical, social/family, emotional
and functional wellbeing). FACT-An scales are formatted on 1-4 pages, by subscale domain, for
self-administration using a 5-point Likert rating scale (0 = Not at all; 1 = A little bit; 2 =
Somewhat; 3 = Quite a bit; and 4 = Very much). Scoring for the FACT instrument can be
completed at the total scale level according to directions provided by the instrument developer.
The FACT-G total score can be scored by summing the four domains within the general HRQoL
instrument.

[00351] With regard to common terminology criteria for adverse events (CTCAE, version
4.0), Grade 1 refers to mild adverse events. Specifically, Grade 1 refers to transient or mild
discomfort. No limitation in activity and no medical intervention/therapy is required for Grade 1
adverse events. Grade 2 refers to moderate adverse events. Specifically, Grade 2 refers to mild
to moderate limitation in activity. Some assistance may be needed, however, no or minimal
medical intervention/therapy required for Grade 2 adverse events. Grade 3 refers to severe
adverse events. Specifically, Grade 3 refers to marked limitation in activity. Some assistance is
usually required and medical intervention/therapy is required, while hospitalization is possible
for Grade 3 adverse events. Grade 4 refers to life-threatening adverse events. Specifically,
Grade 4 refers to extreme limitation in activity, significant required assistance, significant
required medical intervention/therapy, and hospitalization or hospice care is probable for Grade
4 adverse events. Grade 5 adverse event is death.

[00352] A hematocrit measures the percentage of red blood cells in a given volume of whole
blood and may be included as part of a standard complete blood count. The hematocrit is
normally about 45% for men and about 40% for women. However, beta-thalassemia patients
typically have a hematocrit lower than that normally seen. Thus, determination of the hematocrit
in a beta-thalassemia patient being treated in accordance with the methods provided herein

allows for the determination of the efficacy of such treatment.
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[00353] Hemoglobin concentration can be determined according to an assay known to one
skilled in the art. Beta-thalassemia patients typically have a hemoglobin concentration lower
than that normally seen. Thus, determination of the hemoglobin concentration in a beta-
thalassemia patient being treated in accordance with the methods provided herein allows for the
determination of the efficacy of such treatment.

7.11 Kits

[00354] Provided herein is a kit comprising one or more containers filled with one or more of
the ActRII signaling inhibitors (see Section 7.8) and to provide the in vitro cell culture method of
Section 7.4. In certain embodiments, the kit comprises a stromal cell derived from a reference
population as described in Section 7.9. In certain embodiments, the kit comprises media for
culturing a stromal cell. In certain embodiments, the kit comprises media for culturing an EPC.
In certain embodiments, the kit comprises one or more reagents to determine the level of one or
more biomarkers described herein. In certain embodiments, the reagent is an antibody specific
for the biomarker. In certain embodiments, the reagent is an oligonucleotide that specifically
hybridizes to a nucleic acid encoding the biomarker. In certain embodiments, the reagent
comprises a primer set for use in PCR amplification of a nucleic acid encoding the biomarker. In
certain embodiments, the biomarker is selected from a group consisting of GYPA, GATAI,
GATAZ2, alpha-globin. ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinE1l, GRO-a, IL-
8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a,
TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2. In certain embodiments,
the biomarker is GYPA. In certain embodiments, the biomarker is GATA1. In certain
embodiments, the biomarker is GATA2. In certain embodiments, the biomarker is alpha-globin.
In certain embodiments, the biomarker is ICAM-1. In certain embodiments, the biomarker is IL-
1Ra. In certain embodiments, the biomarker is survivin. In certain embodiments, the biomarker
is Bcl-2. In certain embodiments, the biomarker is Bcl-xL. In certain embodiments, the
biomarker is MCP-1. In certain embodiments, the biomarker is serpinEl. In certain
embodiments, the biomarker is GRO-a. In certain embodiments, the biomarker is IL-8. In
certain embodiments, the biomarker is IL-10. In certain embodiments, the biomarker is IL-2. In
certain embodiments, the biomarker is RANTES. In certain embodiments, the biomarker is IP-
10. In certain embodiments, the biomarker is IL-1a. In certain embodiments, the biomarker is

IL-1b. In certain embodiments, the biomarker is MIF. In certain embodiments, the biomarker is
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G-CSF. In certain embodiments, the biomarker is GMCSF. In certain embodiments, the
biomarker is C5a. In certain embodiments, the biomarker is IL-6. In certain embodiments, the
biomarker is HO-2. In certain embodiments, the biomarker is HIF-1a. In certain embodiments,
the biomarker is TRAIL R1. In certain embodiments, the biomarker is cleaved caspase-3. In
certain embodiments, the biomarker is p27. In certain embodiments, the biomarker is p21. In
certain embodiments, the biomarker is Bax. In certain embodiments, the biomarker is Bad. In
certain embodiments, the biomarker is CIAP1. In certain embodiments, the biomarker is PON2.

8. EXAMPLES

8.1 Example 1. Erythropoietic response to a ligand trap of activin receptor in cultures
from beta-thalassemia patients

8.1.1 Background

[00355] The hallmark of beta-thalassemias is ineffective erythropoiesis leading to anemia and
tissue hypoxia. Activin has been shown to affect the erythropoiesis in the late-stage of
maturation. ActRIIA-hFc (SEQ ID NO:7), a recombinant activin receptor type IIA (ActRIIA)
ligand trap, binds with high affinity activin A/B and other transforming growth factors. In
animal models, ActRITA-hFc (SEQ ID NO:7) reverses bone loss and increases hemoglobin and
hematocrit by mechanisms not yet fully understood.

[00356] This example investigates the molecular mechanisms underlying the effect of
ActRITA-mFc¢ (see, e.g., U.S. Patent No. 8,173,601 and Carrancio ef al., 2014, British Journal of
Haematology, 165:870-882) on erythropoiesis at different stages of differentiation and
maturation from beta-thalassemia patients.

8.1.2 Methods

[00357] CD34+-enriched EPCs were isolated from peripheral blood of beta-thalassemia
patients and healthy donors by immunoselection. EPCs were cultured in presence or absence of
ActRITA-mFc (50 and 100 ug/mL) for 14 days in two conditions: liquid standard cultures and
HSS stromal cell line co-cultured with EPCs. Erythroid progenitor liquid cultures in medium
from HSS cells conditioned by ActRITA-mFc (CM) were also set. Conditioned medium was
assayed for apoptosis activity and cytokine content with ELISA.

[00358] In the co-cultures, the erythroid cells were rescued as non-adherent cells in

supernatant (NAC), phase-bright cells adhering to the surface of HSS cells (PBC) and phase-dim
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cells beneath the stromal cells (PDC). At day 14 erythroid cells were evaluated for cell number
and viability, differentiation (GYPA/CD71/CD34) and gene expression profile.
(a) Isolation of CD34" Cells

[00359] CD34+-enriched cells were obtained from peripheral blood of 5 b-thalassemic
patients and 5 healthy donors and prepared with the use of lymphocyte separation medium
(Cappel, Aurora, OH). CD34" cells were positively selected by means of the mini-MACS
immunomagnetic separation system (Miltenyi Biotec, Auburn, CA), according to the
manufacturer’s instructions. In brief, to obtain normal CD34” cells, 10® or fewer mononuclear
cells were washed twice and then suspended in 300 pL sorting buffer composed of 1X
phosphate-buffered saline (PBS), 2 mM EDTA (ethylenediaminetetraacetic acid), and 0.5%
bovine serum albumin. Cells were incubated with 100 uL. human immunoglobulin—Fc¢ receptor
(FcR) blocking antibody and 100 pL. monoclonal hapten-conjugated CD34 antibody (clone
QBEND/10; Miltenyi Biotec) for 15 minutes at 4°C. After washing, cells were resuspended in
400 uL sorting buffer, and 100 pL paramagnetic microbeads conjugated to antihapten antibody
were added, followed by incubation for 15 minutes at 4°C. After washing, cells were
resuspended in sorting buffer, passed through a 30 pm nylon mesh, and separated in a column
exposed to the magnetic field of the MACS device. The column was washed twice with sorting
buffer and removed from the separator. Retained cells were eluted with sorting buffer by means
of a plunger and subjected to a second separation. Purity of CD34 cells was 90% to 97% by flow
cytometry analysis.

(b) Human erythroid progenitor cell culture

[00360] To reproduce erythropoiesis in vitro, a liquid culture method starting from erythroid
progenitors of peripheral blood was utilized to obtain a pure erythroid population at different
steps of differentiation and maturation. A total of 5x10* CD34" cells were cultured at 37°C in
flat-bottomed 6-well plates (Costar, Cambridge, MA, USA) in 2 mL of standard medium
consisting of alpha-minimal essential medium (a-MEM; GIBCO, Grand Island, NY)
supplemented with 30% fetal bovine serum (FBS; GIBCO, Grand Island, NY), 20 ng/mL
recombinant human (rH) stem cell factor (SCF, PeproTech, London, UK), 10 ng/mL rH
interleukin-3 (IL-3, PeproTech, London, UK) and 3U/mL rH erythropoietin (rHuepo, Janssen-
Cilag, Milan, Italy). Cells were incubated at 37°C with an atmosphere of 5% CO, for 14 days.
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ActRIIA-mFc¢ was added at different concentration (0 pg/ml, 50 pg/ml, or 100 pg/ml) and at
different stages of culture in order to determine its effects on erythroid maturation.

(¢) Clonogenic assay

[00361] Input CD34" cells (5x10° cells) were plated in triplicate in 35-mm tissue culture
dishes containing 1 mL methylcellulose semisolid culture medium (MethoCult H4435, Stem Cell
Technologies, Grenoble, France) containing thSCF 50 ng/mL, rhGM-CSF 20 ng/mL, rhIL-3 20
ng/mL, rhIL-6 20 ng/mL, thG-CSF 20 ng/mL, and rhEPO 3 U/mL. After 14 days of incubation
at 37°C in 5% CO,, BFU-E colony in culture were subsequently scored with an inverted
microscope. Experiments were performed in triplicate. Colonies were defined as clusters
consisting of 40 or more cells.

(d) Morphology analysis

[00362] Cells were harvested at different days of culture (days 7 and 14). Cell morphology
was analyzed by light microscopy on cytocentrifuged (Shandon Astmoor, England) smears
stained with May-Grunwald-Giemsa, by assessing and counting cells in 5 different fields of
view, for a total of 500 to 600 cells. Hemoglobin-containing cells were identified by benzidine
staining.

(e) Proliferative and phenotypic analysis

[00363] Cell viability was determined at days 0, 4, 7, 10 and 14 of culture by counting of
hematopoietic cells in each well using trypan blue stain (Stem Cell Technologies, USA) and
stem cell and lineage markers were analyzed by flow cytometry (Partec, Germany) using
fluorescein isothiocyanate (FITC)-conjugate anti-CD71 and phycoerythrin (PE)-conjugated anti-
glycophorin A antibodies (BD, Becton Dickinson, San Jose, CA) to evaluate erythroid
differentiation and phycoerythrin-Cy7 (PE)-conjugated anti-CD34, APC-conjugate anti-CD45 to
assess the percentage of stem cells. Flow cytometric analysis was performed by incubating
harvested cells with different fluorescent conjugated monoclonal antibodies at 4°C for 30
minutes. Then the cells were washed in PBS and fixed with 2% paraformaldehyde (Sigma).
Isotype controls were used in every experiment. Acquisition and analysis will be performed on a

FACSCanto flow cytometer using FACSDiva 5.0 software (BD).
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) Preparation of HSS cell line

[00364] The Human Marrow Stromal cell (MSC) line used for the co-culture study is HSS5,
which is a multipotent cell line obtained by longterm murine bone marrow cultures and can be
used as feeder layers in ex vivo bone marrow cultures or in colony forming assays. HSS was
maintained in Iscove’s modified Dulbecco’s medium (IMDM) supplemented with 20% fetal
bovine serum (FBS) (Invitrogen, Calsbad, Calif., USA) and 10 ng/ml interleukin-3 (IL-3)
(Calbiochem, San Diego, Calif., USA). The above cell lines were grown at 37°C with 5% CO,.
Once adherent cells were more than 70% confluent, they were detached with 0.25% trypsin-
EDTA (Gibco), counted and replated at a 1:3 dilution under the same culture conditions. ActRII
ActRIIA-mFc¢ was added at different concentration (0 pg/ml, 50 pg/ml, or 100 pg/ml) and at
different days of culture (0, 3 and 6).

(2) Assessment of Chemokines in Conditioned Culture Media

[00365] Chemokine secretion of HS5 preparations was analyzed in conditioned culture media.
Medium was conditioned by exposure to semi-confluent cultures of the immortalized human
stromal cell lines for one week in presence of ActRIIA-mFc at different concentrations. The
culture debris was pelleted by centrifugation at 2000 x g for 10 minutes and the supernatant was
then aliquoted and frozen at -20°C. Conditioned media was thawed only once prior to use.
[00366] Conditioned medium was assayed for colony apoptosis activity with Human
Apoptosis Array Kit and for cytokine content with ELISAs using Human Cytokine Array Panel
A (R&D Systems, Minneapolis, Minn.) according to manufacturer’s specifications.. Cells were
treated with TNF-a in the presence or absence of apocynin, or untreated, for 24 h and media was
collected and incubated with the array membrane. Washes and treatments were performed
without deviation from the recommended protocol. Membranes were treated with HyGlo
chemiluminescence detection reagent (Denville Scientific, Metuchen, NJ) and exposed to film to
for various time points to detect the signal. Films were scanned using a Canon Lide 100
instrument and subjected to densitometric analysis with ImageJ software
(http://rsb.info.nih.gov/ij/). All experiments were carried out in triplicate

(h) Co-culture of hematopoietic stem cells with the HSS stromal cell layer

[00367] When HSS cells reached more than 90% confluence in IMDM, they were washed

with PBS and were re-placed in a serum free medium to co-culture with CD34" cells. CD34"
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HSC were suspended in Iscove’s modified Dulbecco’s medium containing 10% fetal calf serum
(Biochrom, Cambridge, UK), 20 ng/mL SCF, 10 ng/mL IL-3 and 4U/mL erythropoietin. HSC
suspensions were plated at a density of 1x10* cells/cm? on a confluent HSS layer at 37°C in 5%
CO,. The co-cultures were maintained for 2 weeks with half medium change every 4 days. On
each change during the first week CD34" cells from three distinct localizations in the co-culture
were collected separately. Briefly, the supernatant of the co-culture was aspirated and the cells
in the supernatant (non-adherent cells (NAC)) were collected. The HSS layer was gently washed
twice with PBS to remove the remaining non-adherent cells. After washing, the cells remaining
on the MSC layer (phase-bright cells (PBC)) were collected by further intensive washing steps
with PBS. When no phasebright cells could be observed under phase-contrast microscopy, the
HSS layer with the cells underneath the layer (phase-dim cells (PDC)) was trypsinized and
collected as well. The three cell fractions were counted using trypan blue (vitality more than
95%).

(i) Gene expression analysis

[00368] Total cellular RNA was extracted from CD34" cells by means of TRIzol reagent
(Invitrogen, Carlsbad, CA) or the High Purity RNA Isolation Kit (Roche Diagnostics,
Indianapolis, IN), according to the manufacturers’ protocols.
[00369] Reverse-transcription PCR from 1 pg of total RNA was performed using the High
Capacity cDNA Reverse Transcription Kits (Applied Biosystems, Foster city, CA, USA)in a
total final volume of 20 pL. The reaction mixtures for quantitative polymerase chain reaction
(PCR) were prepared using Tagman PCR probes specific for the gene of interest according to
standard methods and analyzed by 7500 Real-time PCR System (Applied Biosystems, Foster
city, CA, USA). Experiments were performed as triplicate and the data were normalized to
GAPDH.

3g) Statistical Analysis

[00370] Results obtained from multiple experiments are expressed as the mean + standard
deviation (SD). The data were analyzed using the t-test. Probability values<0.05 defined

significant differences between test points.
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8.1.3 Results

[00371] At day 14 no significant differences between liquid cultures treated or not with
ActRITA-mF¢ were detected in cell number, viability and immunophenotype both in beta-
thalassemia and control subjects. In beta-thalassemia co-cultures, no relevant differences in cell
number and viability of the three cell fractions, in presence or absence of ActRIIA-mFc were
observed; whereas regarding cell surface markers, GYPA was more expressed in NAC (1.5-fold,
p<0.05) and in PDC (3.6-fold, p<0.001) treated with ActRIIA-mFc in comparison to non-treated
fractions. Similar results were observed in controls. In CM cultures, erythroid precursors from
beta-thalassemic patients expanded significantly in treated cells versus not-treated cells (6.5-fold
vs. 3.1-fold). No significant differences were found in controls.

[00372] High levels of anti-inflammatory, anti-apoptotic cytokine (ICAM-1, IL-1Ra, survivin,
Bcl-2 and Bcl-xL), and factors that favored erythroid differentiation (MCP-1, serpinEl and
GRO-a), were detected in CM.

[00373] Atday 14 in the presence of ActRIIA-mFc, GATAI expression increased (p<0.005)
while GATAZ2 and alpha-globin expression decreased in erythroid thalassemic cells. In control
subjects, no significant differences were observed.

[00374] In beta-thalassemic CM and co-cultures treated with ActRIIA-mFc, GATA1 mRNA
production was strongly induced (p<0.001), while the levels of GATA2 and alpha-globin
mRNA were significantly lower (p<0.005). Similar results were observed in controls.

8.14 Conclusions

[00375] These data indicate that ActRITA-mFc does not affect directly the erythroid
maturation, but acts through bone marrow-derived factors. Furthermore, ActRIIA-mFc recruits
quiescent EPCs with more primitive properties (NAC and PDC) and leads them to differentiate,
with a more marked effect on erythroid maturation.

8.2 Example 2. Study of erythropoiesis regulation by Sotatercept (ACE-011) in
human normal and beta-thalassemic erythroid liquid culture system

8.2.1 Introduction

[00376] This example provides a more detailed description of certain of the experiments
described in Example 1 (Section 8.1) and additional experiments as compared to Example 1

(Section 8.1).
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8.2.2 Materials and Methods
(a) Isolation of CD34" Cells

[00377] CD34+-enriched cells were obtained from peripheral blood of 5 b-thalassemic
patients and 5 healthy donors and prepared with the use of lymphocyte separation medium
(Cappel, Aurora, OH). CD34" cells were positively selected by means of the mini-MACS
immunomagnetic separation system (Miltenyi Biotec, Auburn, CA), according to the
manufacturer’s instructions. In brief, to obtain normal CD34” cells, 10® or fewer mononuclear
cells were washed twice and then suspended in 300 pL sorting buffer composed of 1X
phosphate-buffered saline (PBS), 2 mM EDTA (ethylenediaminetetraacetic acid), and 0.5%
bovine serum albumin. Cells were incubated with 100 uL. human immunoglobulin—Fc¢ receptor
(FcR) blocking antibody and 100 pL. monoclonal hapten-conjugated CD34 antibody (clone
QBEND/10; Miltenyi Biotec) for 15 minutes at 4°C. After washing, cells were resuspended in
400 uL sorting buffer, and 100 pL paramagnetic microbeads conjugated to antihapten antibody
were added, followed by incubation for 15 minutes at 4°C. After washing, cells were
resuspended in sorting buffer, passed through a 30 pm nylon mesh, and separated in a column
exposed to the magnetic field of the MACS device. The column was washed twice with sorting
buffer and removed from the separator. Retained cells were eluted with sorting buffer by means
of a plunger and subjected to a second separation. Purity of CD34 cells was 90% to 97% by flow
cytometry analysis.

(b) Human erythroid progenitor cell culture

[00378] To reproduce erythropoiesis in vitro, a liquid culture method starting from erythroid
progenitors of peripheral blood was utilized to obtain a pure erythroid population at different
steps of differentiation and maturation. A total of 5x10* CD34" cells were cultured at 37°C in
flat-bottomed 6-well plates (Costar, Cambridge, MA, USA) in 2 mL of standard medium
consisting of alpha-minimal essential medium (a-MEM; GIBCO, Grand Island, NY)
supplemented with 30% fetal bovine serum (FBS; GIBCO, Grand Island, NY), 20 ng/mL
recombinant human (rH) stem cell factor (SCF, PeproTech, London, UK), 10 ng/mL rH
interleukin-3 (IL-3, PeproTech, London, UK) and 3U/mL rH erythropoietin (rHuepo, Janssen-
Cilag, Milan, Italy). Cells were incubated at 37°C with an atmosphere of 5% CO, for 14 days.
ActRITA-hFc (SEQ ID NO: 7; also referred to as “Sotatercept”) was added at different
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concentration (0 pg/ml, 50 ug/ml, or 100 pug/ml) and at different stages of culture in order to
determine its effects on erythroid maturation.

(¢) Clonogenic assay

[00379] Input CD34" cells (5x10° cells) were plated in triplicate in 35-mm tissue culture
dishes containing 1 mL methylcellulose semisolid culture medium (MethoCult H4435, Stem Cell
Technologies, Grenoble, France) containing thSCF 50 ng/mL, rhGM-CSF 20 ng/mL, rhIL-3 20
ng/mL, rhIL-6 20 ng/mL, thG-CSF 20 ng/mL, and rhEPO 3 U/mL. After 14 days of incubation
at 37°C in 5% CO,, BFU-E colony in culture were subsequently scored with an inverted
microscope. Experiments were performed in triplicate. Colonies were defined as clusters
consisting of 40 or more cells.

(d) Morphology analysis

[00380] Cells were harvested at different days of culture (days 7 and 14). Cell morphology
was analyzed by light microscopy on cytocentrifuged (Shandon Astmoor, England) smears
stained with May-Grunwald-Giemsa, by assessing and counting cells in 5 different fields of
view, for a total of 500 to 600 cells. Hemoglobin-containing cells were identified by benzidine
staining.

(e) Proliferative and phenotypic analysis

[00381] Cell viability was determined at days O, 4, 7, 10 and 14 of culture by counting of
hematopoietic cells in each well using trypan blue stain (Stem Cell Technologies, USA) and
stem cell and lineage markers were analyzed by flow cytometry (Partec, Germany) using
fluorescein isothiocyanate (FITC)-conjugate anti-CD71 and phycoerythrin (PE)-conjugated anti-
glycophorin A antibodies (BD, Becton Dickinson, San Jose, CA) to evaluate erythroid
differentiation and phycoerythrin-Cy7 (PE)-conjugated anti-CD34, APC-conjugate anti-CD45 to
assess the percentage of stem cells. Flow cytometric analysis was performed by incubating
harvested cells with different fluorescent conjugated monoclonal antibodies at 4°C for 30
minutes. Then the cells were washed in PBS and fixed with 2% paraformaldehyde (Sigma).
Isotype controls were used in every experiment. Acquisition and analysis will be performed on a

FACSCanto flow cytometer using FACSDiva 5.0 software (BD).
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) Preparation of HSS cell line

[00382] The Human Marrow Stromal cell (MSC) line used for the co-culture study is HSS5,
which is a multipotent cell line obtained by longterm murine bone marrow cultures and can be
used as feeder layers in ex vivo bone marrow cultures or in colony forming assays. HSS was
maintained in Iscove’s modified Dulbecco’s medium (IMDM) supplemented with 20% fetal
bovine serum (FBS) (Invitrogen, Calsbad, Calif., USA) and 10 ng/ml interleukin-3 (IL-3)
(Calbiochem, San Diego, Calif., USA). The above cell lines were grown at 37°C with 5% CO,.
Once adherent cells were more than 70% confluent, they were detached with 0.25% trypsin-
EDTA (Gibco), counted and replated at a 1:3 dilution under the same culture conditions.
ActRITA-hFc (SEQ ID NO: 7; also referred to as “Sotatercept”) was added at different
concentration (0 pg/ml, 50 pg/ml, or 100 pug/ml) and at different days of culture (0, 3 and 6).

(2) Assessment of Chemokines in Conditioned Culture Media

[00383] Chemokine secretion of HS5 preparations was analyzed in conditioned culture media.
Medium was conditioned by exposure to semi-confluent cultures of the immortalized human
stromal cell lines for one week in presence of ActRITA-hFc (SEQ ID NO: 7; also referred to as
“Sotatercept”) at different concentrations. The culture debris was pelleted by centrifugation at
2000 x g for 10 minutes and the supernatant was then aliquoted and frozen at -20°C.
Conditioned media was thawed only once prior to use.

[00384] Conditioned medium was assayed for colony apoptosis activity with Human
Apoptosis Array Kit and for cytokine content with ELISAs using Human Cytokine Array Panel
A (R&D Systems, Minneapolis, Minn.) according to manufacturer’s specifications.. Cells were
treated with TNF-a in the presence or absence of apocynin, or untreated, for 24 h and media was
collected and incubated with the array membrane. Washes and treatments were performed
without deviation from the recommended protocol. Membranes were treated with HyGlo
chemiluminescence detection reagent (Denville Scientific, Metuchen, NJ) and exposed to film to
for various time points to detect the signal. Films were scanned using a Canon Lide 100
instrument and subjected to densitometric analysis with ImageJ software

(http://rsb.info.nih.gov/ij/). All experiments were carried out in triplicate
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(h) Co-culture of hematopoietic stem cells (HSC) with the HSS stromal cell
layer

[00385] When HSS cells reached more than 90% confluence in IMDM, they were washed
with PBS and were re-placed in a serum free medium to co-culture with CD34" cells. CD34"
HSC were suspended in Iscove’s modified Dulbecco’s medium containing 10% fetal calf serum
(Biochrom, Cambridge, UK), 20 ng/mL SCF, 10 ng/mL IL-3 and 4U/mL erythropoietin. HSC
suspensions were plated at a density of 1x10* cells/cm? on a confluent HSS layer at 37°C in 5%
CO,. The co-cultures were maintained for 2 weeks with half medium change every 4 days. On
each change during the first week CD34" cells from three distinct localizations in the co-culture
were collected separately. Briefly, the supernatant of the co-culture was aspirated and the cells
in the supernatant (non-adherent cells (NAC)) were collected. The HSS layer was gently washed
twice with PBS to remove the remaining non-adherent cells. After washing, the cells remaining
on the MSC layer (phase-bright cells (PBC)) were collected by further intensive washing steps
with PBS. When no phasebright cells could be observed under phase-contrast microscopy, the
HSS layer with the cells underneath the layer (phase-dim cells (PDC)) was trypsinized and
collected as well. The three cell fractions were counted using trypan blue (vitality more than
95%).

(i) Gene expression analysis

[00386] Total cellular RNA was extracted from CD34" cells by means of TRIzol reagent
(Invitrogen, Carlsbad, CA) or the High Purity RNA Isolation Kit (Roche Diagnostics,
Indianapolis, IN), according to the manufacturers’ protocols.

[00387] Reverse-transcription PCR from 1 pg of total RNA was performed using the High
Capacity cDNA Reverse Transcription Kits (Applied Biosystems, Foster city, CA, USA)in a
total final volume of 20 pL. The reaction mixtures for quantitative polymerase chain reaction
(PCR) were prepared using Tagman PCR probes specific for the gene of interest according to
standard methods and analyzed by 7500 Real-time PCR System (Applied Biosystems, Foster
city, CA, USA). Experiments were performed as triplicate and the data were normalized to

GAPDH.
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W Statistical Analysis

[00388] Results obtained from multiple experiments are expressed as the mean + standard
deviation (SD). The data were analyzed using the t-test. Probability values<0.05 defined
significant differences between test points.

8.2.3 Results

(a) Ex vivo expansion of CD34+ liquid cultures with hActRIIA-Fc (SEQ ID
NO:7)

[00389] To identify the effect of hActRIIA-Fc (SEQ ID NO:7) on ex vivo expansion capacity,
especially for primitive progenitors, CD34+ cells mobilized from peripheral blood of thalassemic
patients (n=5) or control patients (n=5) were cultured with or without hActRIIA-Fc (SEQ ID
NO:7; 0 pg/mL, 50 ug/mL, or 100 pg/mL) for 2 weeks.
[00390] The viability and the expression levels of CD71 (transferrin receptor expressed on
both proliferating cells and early erythroid cells), glycophorin A (GPA, a specific marker of the
erythroid lineage), and CD34 were analyzed on the cell surface of intact cells by flow cytometry
(FIG. 1). Culturing of the cells obtained from beta-thalassemic patients in the presence of
hActRITA-Fc¢ (SEQ ID NO:7) did not result in alterations in the number or viability of CD34+
cells (0 pg/mL hACtRIIA-Fc: 8.82+2 4x10° cells; 50 pg/mL hActRIIA-Fc: 9.2+1.9x10° cells;
100 pg/mL hACtRIIA-Fc (SEQ ID NO:7): 9.422.5x10° cells; FIG.1A). A similar result is also
observed in the cells obtained from the control patients (FIG. 1B).
[00391] Erythropoietic cell differentiation was evaluated by morphological assessment using
cytospin slides stained with neutral benzidine. In addition, the expression of surface antigens
CD71, GPA, and CD45 (expressed on HSCs and non-erythroid cells such as myeloid cells) was
determined by flow cytometry to monitor the differentiation of CD34+ HSCs into RBCs.
[00392] Microscopic evaluation showed an average of 30+11.1% reticulocytes and 38.2+8%
normoblasts on day 14 in the standard culture. Only a marginal contamination by non-erythroid
cells (5.0+3%) was observed on the last culture day. There were no significant differences
between the different culture conditions.
[00393] CD71, CD34 and GPA-positive cells revealed distinct and progressive temporal
changes. After 14 days of liquid cultures, the cells in each condition expressed high levels of
GPA (35.0-59.3%), decreased expression of CD71 (32.5-40.3%), and low levels of CD34 (10.5-
19.4%). However, the fraction of CD71-/GPA+/CD34- cells generated in the presence of
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hActRITA-Fc (SEQ ID NO:7) was comparable to that observed in cells not treated with
hACctRITA-Fc, both in thalassemic and control cultures (FIG. 1C).

[00394] These data indicate that hActRIIA-Fc (SEQ ID NO:7) has no direct impact on
differentiation/proliferation of CD34+ progenitor cells.

(b)  Ex vivo effect of hActRIIA-F¢ (SEQ ID NO:7)-treated conditioned media
(CM) on CD34+ proliferation and differentiation

[00395] To analyze the ability of hActRITA-Fc (SEQ ID NO:7) to indirectly improve CD34+
ex vivo differentiation, purified CD34+ cells were cultured in the presence media obtained from
cells cultured in the presence of stromal hActRITA-Fc¢ (hActRIIA-Fc CM) or in media obtained
from stromal cells cultured in the absence of hActRITA-F¢ (control CM). SFT combination was
used as growth factors. CD34+ cells were derived from beta-thalassemic patients (n=5) or
controls patients (n=5).

[00396] The total nucleated cells from beta-thalassemic patients expanded significantly when

cultured in the hACtRIIA-Fc CM (64.9 £26.2x10° cells) as compared to beta-thalassemic cells
cultured in control CM (30.9+19.0x10° cells) (FIG. 2A). No significant differences were found

between control cells cultured in hActRIIA-Fc CM and control cells cultured in control CM
(FIG. 2B).

[00397] To investigate the impact of CM on CD34+ phenotype, flow cytometry analyses were
performed. hActRIIA-Fc CM, at both 50 and 100 pg/mL concentrations, significantly increased
the allostimulatory capacity of maturation of CD34+ cells, as demonstrated by high levels of
GPA and low levels of CD71 and CD34 markers, both in cells obtained from beta-thalassemic
and control subjects. Without being bound by any particular theory, hActRIIA-F¢ (SEQ ID
NO:7) affects the differentiation capacity of CD34+ cells during erythropoiesis by secretion of
additional soluble factors from stromal cells treated with hActRIIA-Fc (SEQ ID NO:7), which
may be due to the action of cytokine combination on CD34+ cells, or by a paracrine cross-talk
between the expanding CD34+ cells and stromal cells.

(¢) Colony-forming cell assays

[00398] The clonogenic capacity of CD34+ cells cultured in presence of absence of
hActRITA-Fc (SEQ ID NO:7) was investigated. CD34+ cells were derived from beta-

thalassemic patients (n=5) or controls subjects (n=5).
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[00399] The hActRIIA-Fc (SEQ ID NO:7)-treated fraction produced a significantly higher
proportion of BFU-E than the not-treated fraction (0 pg/mL hActRIIA-Fc: 49+1; 50 pg/mL
hActRIIA-Fc: 70+0.7; and 100 ug/mL hActRIIA-Fc: 104+5; p< 0.001), indicating that the
hActRITA-Fc (SEQ ID NO:7)-treated cells had a higher repopulating capacity.

(d) Chemokine Secretion of Marrow Stromal Cells

[00400] Without being bound by any particular theory, hActRIIA-Fc¢ (SEQ ID NO:7)-treated
conditioned media may function in modulating erythropoietic responses via induction of
cytokines. To elucidate the hActRIIA-Fc (SEQ ID NO:7)-induced cytokine profile in primary
human CD34+ cells, a cytokine array was performed to measure expression levels of 36 different
cytokines. Cells were cultured in conditioned media obtained from stromal cells cultured with O
ug/mL hActRITA-Fc, 50 pg/mL hActRITA-Fc¢, or 100 pg/mL hActRIIA for one week and
chemokine secretion of marrow stromal cell preparations was analyzed in conditioned culture
media using a semiquantitative array for 36 human cytokines and 35 apoptosis-related proteins.
[00401] For analysis, the cytokines were grouped as follows: (i) chemokines, (ii) Thl
cytokines, (ii1) anti-inflammatory cytokines, (iv) cytokines involved in inflammation and cell
differentiation and (v) IL-12 and IL-17 family cytokines (FIG. 3A-FIG. 3E). hActRIIA-Fc (SEQ
ID NO:7)-mediated induction of cytokine expression was observed in the chemokine (MCP-1,
serpinE, GRO-a, IL-8; FIG. 3A) and in anti-inflammatory (SICAM-1, IL-1Ra, IL-10 and IL-2;
FIG. 3C and FIG. 3D) groups of cytokines. Decreases in cytokine levels in response to
hActRITA-Fc¢ (SEQ ID NO:7) treatment were also observed (e.g., RANTES and IP-10 (FIG. 3A);
IL-1a and IL-1b (FIG. 3B); MIF, G-CSF, GM-CSF, and C5a (FIG. 3D); and IL-6 (FIG. 3E)).
[00402] Without being bound by any particular theory, there was a distinctive pattern that was
associated with maintenance of “stemness” status of CD34+ cells and marrow stem cells cultured
with hActRIIA-Fc CM produced high levels of the anti-inflammatory molecules and factors that
favored erythroid differentiation. IL-1a, IL-6, IL-8, MIF, G-CSF, GM-CSF, MCP1, SICAM1,
C5/C5a were highly expressed in all hActRIIA-Fc CM, while there was a lower constitutive
expression for various other cytokines (FIG. 3A-FIG3E).

[00403] To determine whether hActRIIA-Fc (SEQ ID NO:7) can alter the expression of
apoptosis-related protein(s) in hActRITA-Fc CM cultures, a protein array was performed to
examine the change in expression of 35 apoptosis-related genes. A number of apoptotic

signaling proteins were modulated following treatment with hActRIIA-Fc (SEQ ID NO:7) CM.
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As shown in FIG. 4A and FIG. 4B, the presence of hActRIIA-Fc (SEQ ID NO:7) CM
significantly down-regulated the expression of pro-apoptotic cytokines (FIG. 4A: HO-2, HIF-1a,
TRAIL R1, Cleaved Caspase-3, p27, p21, Bax and Bad) compared with control CM. In contrast,
the expression of anti-apoptotic proteins CIAP-1, Bcl-2, Bel-xL, PON2, and Survivin increased
in hActRITA-Fc CM as compared to their expression in control CM (FIG. 4B).

(e) Ex vivo expansion and differentiation of total CD34+ cells over hActRITA-
Fc (SEQ ID NO:7)-treated HSS stromal cells

[00404] To examine the hematopoiesis-supporting effects of human HSS stromal cell line
treated with hActRITA-Fc¢ (SEQ ID NO:7) at different concentrations, five thousand purified
CD34+ cells, derived from beta-thalassemic patients (n=5) or controls subjects (n=5), were
plated on a stromal cell layer after hActRITA-Fc¢ (SEQ ID NO:7) pre-treatment with
combinations of EPO, SCF, and IL-3. Cells not adhering and adhering weakly to stromal cells
were collected by gentle pipetting after 2 weeks of culture for analysis. For 14 culture days,
CD34+ cell numbers were counted by MACS system with CD34 antibody. CD34+ cells were
increased after 14 days of culture (0 pg/ml hActRIIA-Fc: up to 4.0 fold, n=21.76+2.28x10’ cells;
50 pg/ml hActRIIA-Fc: up to 5.0-fold, n=26.26£4.90x10’ cells; 100 pg/ml hActRIIA-Fc: up to
6.0-fold, n=30.43£2.00x10° cells; not statistically relevant;FIG. 5A and FIG. 5B).

[00405] The expression of the stem/progenitor cell markers CD34, CD45, GPA and CD71
were examined by FACS analysis. Representative data of flow cytometric analysis of the cells at
the start of culture and after 2 weeks of expansion culture are shown in FIG. SC. Compared to
the fraction treated with O ng/ml hActRIIA-Fc, the fractions treated with 50 ng/ml hActRIIA-Fc
or 100 ug/ml hActRIIA-Fc included more cells with a more differentiated phenotype, such as
GPA+ (60+£2% vs 55+6%), CD71+ (30+10% vs 28+8%) and CD71+GPA+CD34- (43+2% vs
39+2%). CD34+CD71+GPA-expressing cells, which, without being bound by any particular
theory, are held to be even less differentiated, were rarely detected after 14 culture days and
comprised only 10% in both fractions without a significant difference. There were no
remarkable differences between hActRITA-Fc¢ (SEQ ID NO:7)-treated co-cultured conditions and
co-cultures not-treated with hActRIIA-Fc.
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) Ex vivo expansion and differentiation of total CD34+ cells over HSS
stromal cells in distinct localizations

[00406] CD34+ cells in co-culture are usually considered as a single population, and their
localization relative to the marrow stem cell layer has not been investigated intensively. Without
being bound by any particular theory, the stromal cells facilitate stem cell maintenance in ex vivo
co-culture systems through the secretion of soluble factors and cell-cell contact. In addition,
without being bound by any particular theory, a three-dimensional architecture may be important
to mimic physiological conditions ex vivo. HSS5 stromal cells served as a physical boundary of
distinct compartments. The properties and features of CD34+ cells in different sites in relation to
hActRITA-Fc (SEQ ID NO:7) pre-treatment on stromal cells were evaluated to gain insight into
the relationship between hActRIIA-Fc (SEQ ID NO:7) and three-dimensional CD34+/HSS5 co-
culture microenvironment. During the first week, hematopoietic stem cells from three distinct
localizations in the co-culture were collected separately: non-adherent cells (NAC) were
collected in the supernatant, phase-bright cells (PBC) were collected on the HSS layer by further
intensive washing steps with PBS, and phase-dim cells (PDC) were harvested underneath the
layer after trypsin treatment. Finally, the three cell fractions were counted using trypan blue
(vitality more than 95%) and measured as described below. Interestingly, the phase-dim fraction
showed a slow expansion activity and a more immature phenotype. In contrast, the phase-bright
fraction on the marrow stem cell surface revealed significantly more proliferation activity and
non-adherent cells had a limited proliferation (FIG. 6A and FIG. 6B).

[00407] To determine the influence of cellular localization on CD34+ cell expansion in
relationship to hActRIIA-Fc (SEQ ID NO:7) concentrations, cells were counted in their
separated environments. CD34+ cells were derived from beta-thalassemic patients (n=5) or
control subjects (n=5). Prior to day 4 of co-culture, the numbers of the three fractions increased
similarly (FIG. 7A). After day 4 of co-culture, the number of phase-bright cells increased
further, while the number of non-adherent cells and phase-dim cells remained almost constant
(FIG. 7A). Interestingly, although the cell count was highest for phase-bright cells, the treatment
with hActRIIA-Fc (SEQ ID NO:7) did not affect the proliferation activity of all three cellular
fractions.

[00408] To investigate the impact of the localization on precursor differentiation, CD34+ cell

phenotypes were determined by FACS analysis. Both non-adherent cells and phase-dim cells
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were enriched in GPA+CD71+CD34- in comparison to the phase-bright cells when HSS stromal
cell line were pre-treated with hActRIIA-Fc (SEQ ID NO:7). At day 14, GPA was more highly
expressed in non-adherent (1.5-fold, p<0.05) and in phase-dim cells (3.6-fold, p<0.001) when
hActRITA-Fc¢ (SEQ ID NO:7) was added to stromal feeder layer at concentration of 100 pg/ml in
comparison to no treatment of stromal cells (FIG. 7B). The proportion of GPA+CD71+CD34-
cells in the phase-bright fraction increased after 14 days of co-culture, but the drop was not
correlated with the addition of hActRIIA-Fc in the cultures media.

[00409] Without being bound by any particular theory, the effect of hActRIIA-Fc¢ (SEQ ID
NO:7) on cell proliferation and differentiation differs according to the localization of the cells,
suggesting that the more slowly proliferating CD34+ cells (NAC, PDC) grown beneath
hActRIIA-Fc (SEQ ID NO:7)-treated stromal layer seem to lose their more primitive stemness
features and to be stimulated to differentiate.

(g)  Gene expression analysis

[00410] Gene expression analyses of untreated and treated cells were performed in different
conditioned culture conditions to determine the effects of hActRIIA-Fc¢ (SEQ ID NO:7) on
erythropoiesis. In particular, GATA1, GATAZ2, alpha, beta, and gamma-globin gene expression
was analyzed in CD34+ cells cultured in liquid method, conditioned media, and co-cultures with
HSS5. The CD34+ cells were derived from beta-thalassemic patients (n=5) or controls subjects
(n=5).

[00411] In cells grown in liquid culture, addition of hActRIIA-Fc (SEQ ID NO:7) resulted in
a significant increase in the expression of GATA1 (p<0.005) and a decrease in the levels of
GATAZ2 and b-globin genes in the beta-thalassemic-derived cells (FIG. 8A-FIG. 8D). In cells
derived from control subjects, hActRITA-Fc (SEQ ID NO:7) stimulation resulted in no
significant decrease in the levels of a-globin gene; on the other hand, the presence of hActRIIA-
Fc (SEQ ID NO:7) had no effect on GATA1 and GATA2 mRNA expression (FIG. 8A-FIG. 8C)
[00412] In cells incubated in conditioned medium, hActRIIA-F¢ (SEQ ID NO:7) pre-
treatment contributed to the suppression of GATA2 and a-globin expression and enhancement of
GATALI expression (p<0.005), both in beta-thalassemic and controls cells (FIG. 8 A-FIG. 8C).
[00413] GATAI1 mRNA production was strongly induced in CD34+ cells co-cultured with
hActRITA-Fc¢ (SEQ ID NO:7)-treated feeder layer (p<0.001) (FIG. 8A). In contrast, the level of
GATA2 and a-globin mRNA were significantly lower in CD34/HSS co-cultures containing
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hActRIIA-Fc (SEQ ID NO:7) at concentration of 100 pug/mL than in cells cultured without
hActRIIA-Fc (SEQ ID NO:7) treatment (FIG. 8B and FIG. 8C. These results indicate that the
expression of erythroid-specific genes (GATA-1 and GATA-2) and a-globin gene in different
culture conditions is mediated directly or indirectly by hActRIIA-Fc (SEQ ID NO:7) signaling.
[00414] In NAC and PDC fractions, a significant increase in the expression of GATA1
(p<0.001 in NAC fraction at 50 pg/mL hActRIIA-Fc (SEQ ID NO:7) and in PDC fraction at 100
ug/mL hActRIIA-Fc (SEQ ID NO:7)) and a concomitant decrease in GATA2. In contrast, the
effect of hActRIIA-Fc (SEQ ID NO:7) on GATA1 and GATA?2 gene expression in the PBC did
not have statistical significance and was not correlated to the concentrations of hActRITA-Fc
(SEQ ID NO:7) in pre-treated cells (FIG. 9). hActRIIA-Fc (SEQ ID NO:7) induced a decrease
in alpha-globin mRNA chains in NAC and PDC cells, but not on beta-globin chains.

8.2.4 Conclusions

[00415] Without being bound by any particular theory, the stimulatory effect of hActRIIA-Fc
(SEQ ID NO:7) on erythropoiesis does not function directly on erythroid precursors, but is likely
is mediated by inhibition of bone marrow-derived factors. hActRIIA-F¢ (SEQ ID NO:7)
treatment resulted in a specific secreted cytokine profile. Additionally, hActRIIA-Fc (SEQ ID
NO:7) is a strong inducer of anti-inflammatory cytokine expression inflammatory (SICAM-1,
IL-1Ra, IL-10 and IL-2), while inhibiting basal expression of others (RANTES, IP-10, IL1a,
IL1b, MIF, G-CSF, GM-CSF, IL-6). Additionally, certain proteins involved in inhibition of
apoptosis, such as survivin, Bcl-2 and Bel-xL, were induced, and certain pro-apoptotic cytokines
were down-regulated. Suppression of RANTES, 11-6, and IL-1 signaling caused less
inflammatory rate in expanded cells, and activation of Bcl-2 signaling contributed to enhanced
anti-apoptotic effects.

[00416] In addition, three different compartments were identified in the co-culture system
utilized herein: (1) the supernatant, in which HSC grow without direct contact with MSC,; (i) the
surface of MSC; and (iii) the environment beneath the MSC layer. All three locations are
dynamically linked with each other, and are characterized by special features. Without being
bound by any particular theory, hActRIIA-F¢ (SEQ ID NO:7) probably recruits quiescent
CD34+ cells with more primitive properties that were non-adherent or had migrated beneath the

feeder layer and leads them to differentiate.
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Reverse transcriptase PCR analysis revealed a decrease in a-globin (Hbb-al) and

GATA2 gene expression and an increase in GATAT expression compared to that in controls,

which may contribute to the promotion of terminal erythroid maturation and the correction of a-

globin precipitation in circulating RBCs.

Without being bound by any particular theory, hActRITA-Fc¢ (SEQ ID NO:7)

[00418]

promotes erythroid maturation of quiescent mid-late erythroid precursors and reduces

inflammation and oxidative stress during the late stages of erythropoiesis.

9. DESCRIPTION OF THE SEQUENCES
[00419] Table 1. Sequence Information.
SEQ | DESCRIPTION SEQUENCE
D
NO.
1 human ActRITA MGAAAKLAFAVFLISCSSGAILGRSETQECLFFNANWEK
precursor polypeptide | DRTNQTGVEPCYGDKDKRRHCFATWKNISGSIEIVKQGC
WLDDINCYDRTDCVEKKDSPEVYFCCCEGNMCNEKFSY
FPEMEVTQPTSNPVTPKPPYYNILLYSLVPLMLIAGIVICA
FWVYRHHKMAYPPVLVPTQDPGPPPPSPLLGLKPLQLLE
VKARGRFGCVWKAQLLNEYVAVKIFPIQDKQSWQNEYE
VYSLPGMKHENILQFIGAEKRGTSVDVDLWLITAFHEKG
SLSDFLKANVVSWNELCHIAETMARGLAYLHEDIPGLKD
GHKPAISHRDIKSKNVLLKNNLTACIADFGLALKFEAGK
SAGDTHGQVGTRRYMAPEVLEGAINFQRDAFLRIDMYA
MGLVLWELASRCTAADGPVDEYMLPFEEEIGQHPSLED
MQEVVVHKKKRPVLRDYWQKHAGMAMLCETIEECWD
HDAEARLSAGCVGERITQMQRLTNIOTTEDIVTVVTMVT
NVDFPPKESSL
2 human ActRITA ILGRSETQECLFFNANWEKDRTNQTGVEPCY GDKDKRR
soluble (extracellular), | HCFATWKNISGSIEIVKQGCWLDDINCYDRTDCVEKKDS
processed polypeptide | PEVYFCCCEGNMCNEKFSYFPEMEVTQPTSNPVTPKPP
sequence
3 human ActRITA ILGRSETQECLFFNANWEKDRTNQTGVEPCY GDKDKRR
soluble (extracellular), | HCFATWKNISGSIEIVKQGCWLDDINCYDRTDCVEKKDS
processed polypeptide | PEVYFCCCEGNMCNEKFSYFPEM
sequence with the C-
terminal 15 amino
acids deleted
4 nucleic acid sequence | ATGGGAGCTGCTGCAAAGTTGGCGTTTGCCGTCTTTCT

encoding human
ActRIIA precursor
protein

TATCTCCTGTTCTTCAGGTGCTATACTTGGTAGATCAG
AAACTCAGGAGTGTCTTTTCTTTAATGCTAATTGGGAA
AAAGACAGAACCAATCAAACTGGTGTTGAACCGTGTT
ATGGTGACAAAGATAAACGGCGGCATTGTTTTGCTAC
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SEQ
ID
NO.

DESCRIPTION

SEQUENCE

CTGGAAGAATATTTCTGGTTCCATTGAAATAGTGAAA
CAAGGTTGTTGGCTGGATGATATCAACTGCTATGACA
GGACTGATTGTGTAGAAAAAAAAGACAGCCCTGAAGT
ATATTTTTGTTGCTGTGAGGGCAATATGTGTAATGAAA
AGTTTTCTTATTTTCCAGAGATGGAAGTCACACAGCCC
ACTTCAAATCCAGTTACACCTAAGCCACCCTATTACAA
CATCCTGCTCTATTCCTTGGTGCCACTTATGTTAATTGC
GGGGATTGTCATTTGTGCATTTTGGGTGTACAGGCATC
ACAAGATGGCCTACCCTCCTGTACTTGTTCCAACTCAA
GACCCAGGACCACCCCCACCTTCTCCATTACTAGGGTT
GAAACCACTGCAGTTATTAGAAGTGAAAGCAAGGGGA
AGATTTGGTTGTGTCTGGAAAGCCCAGTTGCTTAACGA
ATATGTGGCTGTCAAAATATTTCCAATACAGGACAAA
CAGTCATGGCAAAATGAATACGAAGTCTACAGTTTGC
CTGGAATGAAGCATGAGAACATATTACAGTTCATTGG
TGCAGAAAAACGAGGCACCAGTGTTGATGTGGATCTT
TGGCTGATCACAGCATTTCATGAAAAGGGTTCACTATC
AGACTTTCTTAAGGCTAATGTGGTCTCTTGGAATGAAC
TGTGTCATATTGCAGAAACCATGGCTAGAGGATTGGC
ATATTTACATGAGGATATACCTGGCCTAAAAGATGGC
CACAAACCTGCCATATCTCACAGGGACATCAAAAGTA
AAAATGTGCTGTTGAAAAACAACCTGACAGCTTGCAT
TGCTGACTTTGGGTTGGCCTTAAAATTTGAGGCTGGCA
AGTCTGCAGGCGATACCCATGGACAGGTTGGTACCCG
GAGGTACATGGCTCCAGAGGTATTAGAGGGTGCTATA
AACTTCGAAAGGGATGCATTTTTGAGGATAGATATGT
ATGCCATGGGATTAGTCCTATGGGAACTGGCTTCTCGC
TGTACTGCTGCAGATGGACCTGTAGATGAATACATGTT
GCCATTTGAGGAGGAAATTGGCCAGCATCCATCTCTT
GAAGACATGCAGGAAGTTGTTGTGCATAAAAAAAAGA
GGCCTGTTTTAAGAGATTATTGGCAGAAACATGCTGG
AATGGCAATGCTCTGTGAAACCATTGAAGAATGTTGG
GATCACGACGCAGAAGCCAGGTTATCAGCTGGATGTG
TAGGTGAAAGAATTACCCAGATGCAGAGACTAACAAA
TATTATTACCACAGAGGACATTGTAACAGTGGTCACA
ATGGTGACAAATGTTGACTTTCCTCCCAAAGAATCTAG
TCTATGA

nucleic acid sequence
encoding a human
ActRIIA soluble
(extracellular)
polypeptide

ATACTTGGTAGATCAGAAACTCAGGAGTGTCTTTTCTT
TAATGCTAATTGGGAAAAAGACAGAACCAATCAAACT
GGTGTTGAACCGTGTTATGGTGACAAAGATAAACGGC
GGCATTGTTTTGCTACCTGGAAGAATATTTCTGGTTCC
ATTGAAATAGTGAAACAAGGTTGTTGGCTGGATGATA
TCAACTGCTATGACAGGACTGATTGTGTAGAAAAAAA
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SEQ
ID
NO.

DESCRIPTION

SEQUENCE

AGACAGCCCTGAAGTATATTTTTGTTGCTGTGAGGGCA
ATATGTGTAATGAAAAGTTTTCTTATTTTCCAGAGATG
GAAGTCACACAGCCCACTTCAAATCCAGTTACACCTA
AGCCACCC

fusion protein
comprising a soluble
extracellular domain
of ActRIIA fused to an
Fc domain

THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVV
VDX1VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHQDWLNGKEYKCKX2VSNKALPVPIEKTI
SKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGPFFLYSKLTVDK
SRWQQGNVFSCSVMHEALHNX3HYTQKSLSLSPGK
(wherein X1isD or A; X2is K or A and X3 is Nor A)

Extracellular domain
of human ActRITA
fused to a human Fc
domain

ILGRSETQECLFFNANWEKDRTNQTGVEPCY GDKDKRR
HCFATWKNISGSIEIVKQGCWLDDINCYDRTDCVEKKDS
PEVYFCCCEGNMCNEKFSYFPEMEVTQPTSNPVTPKPPT

GGGTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEV

TCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPVPIEK
TISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV

DKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

Leader sequence of
Honey bee mellitin
(HBML)

MKFLVNVALVFMVVYISYIYA

Leader sequence of
Tissue Plasminogen
Activator (TPA)

MDAMKRGLCCVLLLCGAVFVSP

10

Native ActRIIA leader

MGAAAKLAFAVFLISCSSGA

11

ActRITA-hF¢ and
mACctRITA-Fc N-
terminal sequence

ILGRSETQE

12

ActRITA-Fc¢ Protein
with deletion of the C-
terminal 15 amino

ILGRSETQECLFFNANWEKDRTNQTGVEPCY GDKDKRR
HCFATWKNISGSIEIVKQGCWLDDINCYDRTDCVEKKDS
PEVYFCCCEGNMCNEKFSYFPEMTGGGTHTCPPCPAPEL

acids of the LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVK
extracellular domain FNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
of ActRITA DWLNGKEYKCKVSNKALPVPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK
13 Unprocessed MDAMKRGLCCVLLLCGAVFVSPGAAILGRSETQECLFFN

ActRITA-hF¢ with
TPA leader sequence

ANWEKDRTNQTGVEPCYGDKDKRRHCFATWKNISGSIE
IVKQGCWLDDINCYDRTDCVEKKDSPEVYFCCCEGNMC
NEKFSYFPEMEVTQPTSNPVTPKPPTGGGTHTCPPCPAPE
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SEQ
ID
NO.

DESCRIPTION

SEQUENCE

LLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPVPIEKTISKAKGQPREPQV
YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGK

14

Nucleic acid sequence
encoding Unprocessed
ActRITA-hF¢ with
TPA leader sequence

ATGGATGCAATGAAGAGAGGGCTCTGCTGTGTGCTGC
TGCTGTGTGGAGCAGTCTTCGTTTCGCCCGGCGCCGCT
ATACTTGGTAGATCAGAAACTCAGGAGTGTCTTTTTTT
AATGCTAATTGGGAAAAAGACAGAACCAATCAAACTG
GTGTTGAACCGTGTTATGGTGACAAAGATAAACGGCG
GCATTGTTTTGCTACCTGGAAGAATATTTCTGGTTCCA
TTGAATAGTGAAACAAGGTTGTTGGCTGGATGATATC
AACTGCTATGACAGGACTGATTGTGTAGAAAAAAAAG
ACAGCCCTGAAGTATATTTCTGTTGCTGTGAGGGCAAT
ATGTGTAATGAAAAGTTTTCTTATTTTCCGGAGATGGA
AGTCACACAGCCCACTTCAAATCCAGTTACACCTAAG
CCACCCACCGGTGGTGGAACTCACACATGCCCACCGT
GCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTT
CCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCT
CCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGT
GAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTAC
GTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGC
CGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGT
CAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAAT
GGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCC
TCCCAGTCCCCATCGAGAAAACCATCTCCAAAGCCAA
AGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCC
CCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCC
TGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATC
GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAAC
AACTACAAGACCACGCCTCCCGTGCTGGACTCCGACG
GCTCCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAG
AGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCG
TGATGCATGAGGCTCTGCACAACCACTACACGCAGAA
GAGCCTCTCCCTGTCTCCGGTAAATGAGAATTC

15

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence with the N-
terminal 6 amino acids
of the EC domain
deleted and the C-

ETRECIYYNANWELERTNQSGLERCEGEQDKRLHCYAS
WRNSSGTIELVKKGCWDDDFNCYDRQECVATEENPQVY
FCCCEGNFCNERFTHLPEAGGPEVTYEPPP
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SEQ
ID
NO.

DESCRIPTION

SEQUENCE

terminal 4 amino acids
of the EC domain
deleted (amino acids
25-130 of SEQ ID
NO:28) and with an
L79D mutation

16

human ActRIIB
precursor protein
sequence (A64)

MTAPWVALALLWGSLWPGSGRGEAETRECIYYNANWE
LERTNQSGLERCEGEQDKRLHCYASWANSSGTIELVKK
GCWLDDFNCYDRQECVATEENPQVYFCCCEGNFCNERF
THLPEAGGPEVTYEPPPTAPTLLTVLAYSLLPIGGLSLIVL
LAFWMYRHRKPPYGHVDIHEDPGPPPPSPLVGLKPLQLL
EIKARGRFGCVWKAQLMNDFVAVKIFPLQDKQSWQSER
EIFSTPGMKHENLLQFIAAEKRGSNLEVELWLITAFHDKG
SLTDYLKGNIITWNELCHVAETMSRGLSYLHEDVPWCR
GEGHKPSIAHRDFKSKNVLLKSDLTAVLADFGLAVRFEP
GKPPGDTHGQVGTRRYMAPEVLEGAINFQRDAFLRIDM
YAMGLVLWELVSRCKAADGPVDEYMLPFEEEIGQHPSL
EELQEVVVHKKMRPTIKDHWLKHPGLAQLCVTIEECWD
HDAEARLSAGCVEERVSLIRRSVNGTTSDCLVSLVTSVT
NVDLPPKESSI

17

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence (amino acids
19-134 of SEQ ID
NO:16)

SGRGEAETRECIYYNANWELERTNQSGLERCEGEQDKR
LHCYASWANSSGTIELVKKGCWLDDFNCYDRQECVATE
ENPQVYFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTAPT

18

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence with the C-
terminal 15 amino
acids deleted (amino
acids 19-119 of SEQ
ID NO:16)

SGRGEAETRECIYYNANWELERTNQSGLERCEGEQDKR
LHCYASWANSSGTIELVKKGCWLDDFNCYDRQECVATE
ENPQVYFCCCEGNFCNERFTHLPEA

19

nucleic acid sequence
encoding a human
ACtRIIB (A64)
precursor protein

ATGACGGCGCCCTGGGTGGCCCTCGCCCTCCTCTGGG
GATCGCTGTGGCCCGGCTCTGGGCGTGGGGAGGCTGA
GACACGGGAGTGCATCTACTACAACGCCAACTGGGAG
CTGGAGCGCACCAACCAGAGCGGCCTGGAGCGCTGCG
AAGGCGAGCAGGACAAGCGGCTGCACTGCTACGCCTC
CTGGGCCAACAGCTCTGGCACCATCGAGCTCGTGAAG
AAGGGCTGCTGGCTAGATGACTTCAACTGCTACGATA
GGCAGGAGTGTGTGGCCACTGAGGAGAACCCCCAGGT
GTACTTCTGCTGCTGTGAAGGCAACTTCTGCAACGAGC
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SEQ
ID
NO.

DESCRIPTION

SEQUENCE

GCTTCACTCATTTGCCAGAGGCTGGGGGCCCGGAAGT
CACGTACGAGCCACCCCCGACAGCCCCCACCCTGCTC
ACGGTGCTGGCCTACTCACTGCTGCCCATCGGGGGCCT
TTCCCTCATCGTCCTGCTGGCCTTTTGGATGTACCGGC
ATCGCAAGCCCCCCTACGGTCATGTGGACATCCATGA
GGACCCTGGGCCTCCACCACCATCCCCTCTGGTGGGCC
TGAAGCCACTGCAGCTGCTGGAGATCAAGGCTCGGGG
GCGCTTTGGCTGTGTCTGGAAGGCCCAGCTCATGAAT
GACTTTGTAGCTGTCAAGATCTTCCCACTCCAGGACAA
GCAGTCGTGGCAGAGTGAACGGGAGATCTTCAGCACA
CCTGGCATGAAGCACGAGAACCTGCTACAGTTCATTG
CTGCCGAGAAGCGAGGCTCCAACCTCGAAGTAGAGCT
GTGGCTCATCACGGCCTTCCATGACAAGGGCTCCCTCA
CGGATTACCTCAAGGGGAACATCATCACATGGAACGA
ACTGTGTCATGTAGCAGAGACGATGTCACGAGGCCTC
TCATACCTGCATGAGGATGTGCCCTGGTGCCGTGGCG
AGGGCCACAAGCCGTCTATTGCCCACAGGGACTTTAA
AAGTAAGAATGTATTGCTGAAGAGCGACCTCACAGCC
GTGCTGGCTGACTTTGGCTTGGCTGTTCGATTTGAGCC
AGGGAAACCTCCAGGGGACACCCACGGACAGGTAGG
CACGAGACGGTACATGGCTCCTGAGGTGCTCGAGGGA
GCCATCAACTTCCAGAGAGATGCCTTCCTGCGCATTGA
CATGTATGCCATGGGGTTGGTGCTGTGGGAGCTTGTGT
CTCGCTGCAAGGCTGCAGACGGACCCGTGGATGAGTA
CATGCTGCCCTTTGAGGAAGAGATTGGCCAGCACCCT
TCGTTGGAGGAGCTGCAGGAGGTGGTGGTGCACAAGA
AGATGAGGCCCACCATTAAAGATCACTGGTTGAAACA
CCCGGGCCTGGCCCAGCTTTGTGTGACCATCGAGGAG
TGCTGGGACCATGATGCAGAGGCTCGCTTGTCCGCGG
GCTGTGTGGAGGAGCGGGTGTCCCTGATTCGGAGGTC
GGTCAACGGCACTACCTCGGACTGTCTCGTTTCCCTGG
TGACCTCTGTCACCAATGTGGACCTGCCCCCTAAAGA
GTCAAGCATCTAA

20

fusion protein
comprising a soluble
extracellular domain
of ActRIIB (A64;
SEQ ID NO:17) fused
to an Fc domain

SGRGEAETRECIYYNANWELERTNQSGLERCEGEQDKR
LHCYASWANSSGTIELVKKGCWLDDFNCYDRQECVATE
ENPQVYFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTAPT
GGGTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEV
TCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPVPIEK
TISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

21

fusion protein

SGRGEAETRECIYYNANWELERTNQSGLERCEGEQDKR
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SEQ
ID
NO.

DESCRIPTION

SEQUENCE

comprising a soluble
extracellular domain
of ActRIIB (A64) with
the C-terminal 15
amino acids deleted
(SEQ ID NO:18)
fused to an Fc domain

LHCYASWANSSGTIELVKKGCWLDDFNCYDRQECVATE
ENPQVYFCCCEGNFCNERFTHLPEAGGGTHTCPPCPAPE
LLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPVPIEKTISKAKGQPREPQV
YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGK

22

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence with the N-
terminal 6 amino acids
of the EC domain
deleted and the C-
terminal 5 amino acids
of the EC domain
deleted (amino acids
25-129 of SEQ ID
NO:28) and with an
L79D mutation

ETRECIYYNANWELERTNQSGLERCEGEQDKRLHCYAS
WRNSSGTIELVKKGCWDDDFNCYDRQECVATEENPQVY
FCCCEGNFCNERFTHLPEAGGPEVTYEPP

23

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence with the N-
terminal 6 amino acids
of the EC domain
deleted and the C-
terminal 3 amino acids
of the EC domain
deleted (amino acids
25-131 of SEQ ID
NO:28) and with an
L79D mutation

ETRECIYYNANWELERTNQSGLERCEGEQDKRLHCYAS
WRNSSGTIELVKKGCWDDDFNCYDRQECVATEENPQVY
FCCCEGNFCNERFTHLPEAGGPEVTYEPPPT

24

Unprocessed ActRIIB-
Fc fusion protein with
the N-terminal 6
amino acids of the EC
domain deleted and
the C-terminal 3
amino acids of the EC
domain deleted (amino
acids 25-131 of SEQ

MDAMKRGLCCVLLLCGAVFVSPGAAETRECIYYNANW
ELERTNQSGLERCEGEQDKRLHCYASWRNSSGTIELVKK
GCWDDDFNCYDRQECVATEENPQVYFCCCEGNFCNERF
THLPEAGGPEVTYEPPPTGGGTHTCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVD
GVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP
VLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN
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SEQ | DESCRIPTION SEQUENCE
ID
NO.
ID NO:28) and with HYTQKSLSLSPGK

an L.79D mutation and
with TPA leader
sequence

25

Processed ActRIIB-Fc¢
fusion protein with the
N-terminal 6 amino
acids of the EC
domain deleted and
the C-terminal 3
amino acids of the EC
domain deleted (amino
acids 25-131 of SEQ
ID NO:28) and with
an L79D mutation

ETRECIYYNANWELERTNQSGLERCEGEQDKRLHCYAS
WRNSSGTIELVKKGCWDDDFNCYDRQECVATEENPQVY
FCCCEGNFCNERFTHLPEAGGPEVTYEPPPTGGGTHTCPP
CPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSV
LTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPR
EPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

26

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence (amino acids
20-134 of SEQ ID
NO:16)

GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRL
HCYASWANSSGTIELVKKGCWLDDFNCYDRQECVATEE
NPQVYFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTAPT

27

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence with the C-
terminal 15 amino

acids deleted (amino
acids 20-119 of SEQ

GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRL
HCYASWANSSGTIELVKKGCWLDDFNCYDRQECVATEE
NPQVYFCCCEGNFCNERFTHLPEA

ID NO:16)

28 human ActRIIB MTAPWVALALLWGSLWPGSGRGEAETRECIYYNANWE
precursor protein LERTNQSGLERCEGEQDKRLHCYASWRNSSGTIELVKKG
sequence (R64) CWLDDFNCYDRQECVATEENPQVYFCCCEGNFCNERFT

HLPEAGGPEVTYEPPPTAPTLLTVLAYSLLPIGGLSLIVLL
AFWMYRHRKPPY GHVDIHEDPGPPPPSPLVGLKPLQLLEI
KARGRFGCVWKAQLMNDFVAVKIFPLQDKQSWQSEREI
FSTPGMKHENLLQFIAAEKRGSNLEVELWLITAFHDKGS
LTDYLKGNITWNELCHVAETMSRGLSYLHEDVPWCRG
EGHKPSIAHRDFKSKNVLLKSDLTAVLADFGLAVRFEPG
KPPGDTHGQVGTRRYMAPEVLEGAINFQRDAFLRIDMY
AMGLVLWELVSRCKAADGPVDEYMLPFEEEIGQHPSLE
ELQEVVVHKKMRPTIKDHWLKHPGLAQLCVTIEECWDH
DAEARLSAGCVEERVSLIRRSVNGTTSDCLVSLVTSVTN
VDLPPKESSI
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SEQ
ID
NO.

DESCRIPTION

SEQUENCE

29

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence (amino acids
19-134 of SEQ ID
NO:28)

SGRGEAETRECIYYNANWELERTNQSGLERCEGEQDKR
LHCYASWRNSSGTIELVKKGCWLDDFNCYDRQECVATE
ENPQVYFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTAPT

30

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence with the C-
terminal 15 amino
acids deleted (amino
acids 19-119 of SEQ
ID NO:28)

SGRGEAETRECIYYNANWELERTNQSGLERCEGEQDKR
LHCYASWRNSSGTIELVKKGCWLDDFNCYDRQECVATE
ENPQVYFCCCEGNFCNERFTHLPEA

31

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence (amino acids
20-134 of SEQ ID
NO:28)

GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRL
HCYASWRNSSGTIELVKKGCWLDDFNCYDRQECVATEE
NPQVYFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTAPT

32

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence with the C-
terminal 15 amino
acids deleted (amino
acids 20-119 of SEQ
ID NO:28)

GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRL
HCYASWRNSSGTIELVKKGCWLDDFNCYDRQECVATEE
NPQVYFCCCEGNFCNERFTHLPEA

33

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence with the N-
terminal 6 amino acids
of the EC domain
deleted and the C-
terminal 3 amino acids
of the EC domain
deleted (amino acids
25-131 of SEQ ID
NO:16) and with an
L79D mutation

ETRECIYYNANWELERTNQSGLERCEGEQDKRLHCYAS
WANSSGTIELVKKGCWDDDFNCYDRQECVATEENPQV
YFCCCEGNFCNERFTHLPEAGGPEVTYEPPPT

34

Unprocessed ActRIIB-
Fc fusion protein with

MDAMKRGLCCVLLLCGAVFVSPGAAETRECIYYNANW
ELERTNQSGLERCEGEQDKRLHCYASWANSSGTIELVKK
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SEQ
ID
NO.

DESCRIPTION

SEQUENCE

the N-terminal 6
amino acids of the EC
domain deleted and
the C-terminal 3
amino acids of the EC
domain deleted (amino
acids 25-131 of SEQ
ID NO:16) and with
an L79D mutation and
with TPA leader
sequence

GCWDDDFNCYDRQECVATEENPQVYFCCCEGNFCNERF
THLPEAGGPEVTYEPPPTGGGTHTCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVD
GVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP
VLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN
HYTQKSLSLSPGK

35

Processed ActRIIB-Fc¢
fusion protein with the
N-terminal 6 amino
acids of the EC
domain deleted and
the C-terminal 3
amino acids of the EC
domain deleted (amino
acids 25-131 of SEQ
ID NO:16) and with
an L79D mutation

ETRECIYYNANWELERTNQSGLERCEGEQDKRLHCYAS
WANSSGTIELVKKGCWDDDFNCYDRQECVATEENPQV
YFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTGGGTHTC
PPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDV
SHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQ
PREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK

36 human ActRIIB GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRL
soluble (extracellular), | HCYASWRNSSGTIELVKKGCWDDDFNCYDRQECVATEE
processed polypeptide | NPQVYFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTAPT
sequence (amino acids
20-134 of SEQ ID
NO:28) with L79D
mutation

37 human ActRIIB GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRL
soluble (extracellular), | HCYASWANSSGTIELVKKGCWDDDFNCYDRQECVATEE
processed polypeptide | NPQVYFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTAPT
sequence (amino acids
20-134 of SEQ ID
NO:16) with L79D
mutation

38 human ActRIIB GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRL
soluble (extracellular), | HCYASWRNSSGTIELVKKGCWDDDFNCYDRQECVATEE
processed polypeptide | NPQVYFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTAPT

sequence (amino acids
20-134 of SEQ ID
NO:28) with L79D
mutation fused to an

GGGTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEV
TCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEK
TISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY
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ID
NO.

DESCRIPTION

SEQUENCE

Fc domain with a
GGG linker

PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

39

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence (amino acids
20-134 of SEQ ID
NO:16) with L79D
mutation fused to an
Fc domain

GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRL
HCYASWANSSGTIELVKKGCWDDDFNCYDRQECVATEE
NPQVYFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTAPT
GGGTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEV
TCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEK
TISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

40

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence (amino acids
20-134 of SEQ ID
NO:28) with L79D
mutation fused to an
Fc domain and with
TPA leader sequence

MDAMKRGLCCVLLLCGAVFVSPGASGRGEAETRECIYY
NANWELERTNQSGLERCEGEQDKRLHCYASWRNSSGTI
ELVKKGCWDDDFNCYDRQECVATEENPQVYFCCCEGN
FCNERFTHLPEAGGPEVTYEPPPTAPTGGGTHTCPPCPAP
ELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HOQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ
VYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSC
SVMHEALHNHYTQKSLSLSPGK

41

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence (amino acids
20-134 of SEQ ID
NO:16) with L79D
mutation fused to an
Fc domain and with
TPA leader sequence

MDAMKRGLCCVLLLCGAVFVSPGASGRGEAETRECIYY
NANWELERTNQSGLERCEGEQDKRLHCYASWANSSGTI
ELVKKGCWDDDFNCYDRQECVATEENPQVYFCCCEGN
FCNERFTHLPEAGGPEVTYEPPPTAPTGGGTHTCPPCPAP
ELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HOQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ
VYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSC
SVMHEALHNHYTQKSLSLSPGK

42

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence having a
variant C-terminal
sequence (disclosed in
W02007/053775)

GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRL
HCYASWRNSSGTIELVKKGCWLDDFNCYDRQECVATEE
NPQVYFCCCEGNFCNERFTHLPEAGGPEGPWASTTIPSG
GPEATAAAGDQGSGALWLCLEGPAHE

43

human ActRIIB
soluble (extracellular),
processed polypeptide
sequence having a
variant C-terminal

GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRL
HCYASWRNSSGTIELVKKGCWDDDFNCYDRQECVATEE
NPQVYFCCCEGNFCNERFTHLPEAGGPEGPWASTTIPSG
GPEATAAAGDQGSGALWLCLEGPAHE
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SEQ | DESCRIPTION SEQUENCE

D

NO.
sequence (disclosed in
WO02007/053775)
having an L79D
mutation

44 human ActRIIB GRGEAETRECIYYNANWELERTNQSGLERCEGEQDKRL
soluble (extracellular), | HCYASWRNSSGTIELVKKGCWDDDFNCYDRQECVATEE
processed polypeptide | NPQVYFCCCEGNFCNERFTHLPEAGGPEGPWASTTIPSG

sequence having a
variant C-terminal
sequence (disclosed in
WO02007/053775)
having an L79D
mutation fused to an
Fc domain with a

GPEATAAAGDQGSGALWLCLEGPAHETGGGTHTCPPCP
APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT
VLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREP
QVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVEFS
CSVMHEALHNHYTQKSLSLSPGK

TGGG linker

45 Nucleic Acid ATGGATGCAATGAAGAGAGGGCTCTGCTGTGTGCTGC
Sequence Encoding TGCTGTGTGGAGCAGTCTTCGTTTCGCCCGGCGCCGCC
SEQ ID NO:24 GAAACCCGCGAATGTATTTATTACAATGCTAATTGGG

AACTCGAACGGACGAACCAATCCGGGCTCGAACGGTG
TGAGGGGGAACAGGATAAACGCCTCCATTGCTATGCG
TCGTGGAGGAACTCCTCCGGGACGATTGAACTGGTCA
AGAAAGGGTGCTGGGACGACGATTTCAATTGTTATGA
CCGCCAGGAATGTGTCGCGACCGAAGAGAATCCGCAG
GTCTATTTCTGTTGTTGCGAGGGGAATTTCTGTAATGA
ACGGTTTACCCACCTCCCCGAAGCCGGCGGGCCCGAG
GTGACCTATGAACCCCCGCCCACCGGTGGTGGAACTC
ACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGG
GGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGG
ACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGC
GTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCA
AGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAA
TGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAG
CACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACC
AGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGT
CTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACC
ATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGG
TGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAA
GAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTC
TATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATG
GGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGT
GCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCAAGC
TCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACG
TCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAAC
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NO.
CACTACACGCAGAAGAGCCTCTCCCTGTCCCCGGGTA
AATGA
46 fusion protein SGRGEAETRECIYYNANWELERTNQSGLERCEGEQDKR
comprising a soluble | LHCYASWRNSSGTIELVKKGCWLDDFNCYDRQECVATE
extracellular domain ENPQVYFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTAPT
of ActRIIB (R64; SEQ | GGGTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEV
ID NO:29) fused to an | TCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
Fc domain NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPVPIEK
TISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
47 fusion protein SGRGEAETRECIYYNANWELERTNQSGLERCEGEQDKR
comprising a soluble | LHCYASWRNSSGTIELVKKGCWLDDFNCYDRQECVATE
extracellular domain ENPQVYFCCCEGNFCNERFTHLPEAGGGTHTCPPCPAPE
of ActRIIB (R64) with | LLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV
the C-terminal 15 KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
amino acids deleted QDWLNGKEYKCKVSNKALPVPIEKTISKAKGQPREPQV
(SEQ ID NO:30) YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
fused to an Fc domain | ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGK
10. EQUIVALENTS
[00420] Although the invention is described in detail with reference to specific embodiments

thereof, it will be understood that variations which are functionally equivalent are within the

scope of this invention. Indeed, various modifications of the invention in addition to those

shown and described herein will become apparent to those skilled in the art from the foregoing

description and accompanying drawings. Such modifications are intended to fall within the

scope of the appended claims. Those skilled in the art will recognize, or be able to ascertain

using no more than routine experimentation, many equivalents to the specific embodiments of

the invention described herein. Such equivalents are intended to be encompassed by the

following claims.

[00421]

All publications, patents and patent applications mentioned in this specification are

herein incorporated by reference into the specification to the same extent as if each individual

publication, patent or patent application was specifically and individually indicated to be

incorporated herein by reference in their entireties.
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WHAT IS CLAIMED:

1. An in vitro cell culture method, comprising
(a) co-culturing an erythroid progenitor cell (EPC) and a stromal cell in the
presence of an activin type II receptor (ActRII) signaling inhibitor for a period of time; and
(b) determining the level of GYPA, GATA1, GATA2, or alpha-globin in the
EPC.

2. An in vitro cell culture method, comprising
(a) co-culturing an EPC and a stromal cell in the presence of an activin type 11
receptor (ActRII) signaling inhibitor for a period of time; and
(b) determining the level of expansion of the EPC.

3. An in vitro cell culture method, comprising
(a) culturing a stromal cell in the presence of an activin type II receptor
(ActRII) signaling inhibitor for a period of time; and
(b) determining the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-
1, serpinE1, GRO-a, IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF,
C5a, IL-6, HO-2, HIF-1a, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2

in the supernatant obtained from the culture of step (a).

4. An in vitro cell culture method, comprising

(a) culturing an EPC in conditioned media for a period of time, wherein the
conditioned media has been obtained from a stromal cell cultured in the presence of an ActRII
signaling inhibitor; and

(b) determining the level of GYPA, GATA1, GATA2, and/or alpha-globin in
the EPC and/or the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinEl, GRO-a,
IL-8, IL-10, IL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-
la, TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the supernatant

obtained from the culture of step (a).

5. An in vitro cell culture method, comprising
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(a) culturing an EPC in conditioned media for a period of time, wherein the
conditioned media has been obtained from a stromal cell cultured in the presence of an ActRII
signaling inhibitor; and

(b) determining the level of expansion of the EPC.

6. An in vitro cell culture method, comprising
(a) culturing an EPC in the presence of an ActRII signaling inhibitor for a
period of time; and
(b) determining the level of GYPA, GATA1, GATA2, or alpha-globin in the
EPC and/or the level of ICAM-1, IL-1Ra, survivin, Bcl-2, Bel-xL, MCP-1, serpinE1l, GRO-a, IL-
8, IL-10, TL-2, RANTES, IP-10, IL-1a, IL-1b, MIF, G-CSF, GMCSF, C5a, IL-6, HO-2, HIF-1a,
TRAIL R1, cleaved caspase-3, p27, p21, Bax, Bad, CIAP1, or PON2 in the supernatant obtained

from the culture of step (a).

7. The method of any one of claims 1-5, wherein the stromal cell has been obtained

from bone marrow of a beta-thalassemic subject.

8. The method of any one of the preceding claims, wherein the erythroid progenitor

cell has been obtained from peripheral blood of a beta-thalassemic subject.

0. The method of any one of the previous claims, wherein the ActRII signaling
inhibitor is a polypeptide comprising an amino acid sequence selected from the group consisting
of:

(a) 90% identical to SEQ ID NO:2;
(b) 95% identical to SEQ ID NO:2;
(©) 98% identical to SEQ ID NO:2;
(d) SEQ ID NO:2;

(e) 90% identical to SEQ ID NO:3;
® 95% identical to SEQ ID NO:3;
(2) 98% identical to SEQ ID NO:3;
(h) SEQ ID NO:3;

(1) 90% identical to SEQ ID NO:6;
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) 95% identical to SEQ ID NO:6;
(k) 98% identical to SEQ ID NO:6;
()] SEQ ID NO:6;

(m)  90% identical to SEQ ID NO:7,
(n) 95% identical to SEQ ID NO:7,
(o) 98% identical to SEQ ID NO:7,
(p) SEQ ID NO:7;

(@) 90% identical to SEQ ID NO:12;
(1) 95% identical to SEQ ID NO:12;
(s) 98% identical to SEQ ID NO:12;
(1) SEQ ID NO:12;

(u) 90% identical to SEQ ID NO:17,;
(v) 95% identical to SEQ ID NO:17,;
(w)  98% identical to SEQ ID NO:17;
(x) SEQIDNO:17,

(y) 90% identical to SEQ ID NO:20;
(z) 95% identical to SEQ ID NO:20;
(aa)  98% identical to SEQ ID NO:20;
(bb) SEQ ID NO:20;

(cc)  90% identical to SEQ ID NO:21;
(dd) 95% identical to SEQ ID NO:21;
(ee) 98% identical to SEQ ID NO:21;
(ff)  SEQID NO:21;

(gg) 90% identical to SEQ ID NO:25;
(hh)  95% identical to SEQ ID NO:25;
(1)  98% identical to SEQ ID NO:25; and
(G))  SEQIDNO:25.

10.  The method of any of the preceding claims, wherein the ActRII signaling
inhibitor is an ActRIIA signaling inhibitor.
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1. The method of claim 10, wherein the ActRIIA signaling inhibitor is a polypeptide
comprising an amino acid sequence selected from the group consisting of’

(a) 90% identical to SEQ ID NO:2;

(b) 95% identical to SEQ ID NO:2;

(©) 98% identical to SEQ ID NO:2;

(d) SEQ ID NO:2;

(e) 90% identical to SEQ ID NO:3;

® 95% identical to SEQ ID NO:3;

(2) 98% identical to SEQ ID NO:3;

(h) SEQ ID NO:3;

(1) 90% identical to SEQ ID NO:6;

) 95% identical to SEQ ID NO:6;

(k) 98% identical to SEQ ID NO:6;

D SEQ ID NO:6;

(m)  90% identical to SEQ ID NO:7,

(n) 95% identical to SEQ ID NO:7,

(o) 98% identical to SEQ ID NO:7; and

(p) SEQ ID NO:7.

12.  The method of claim any one of the previous claims, wherein the ActRII signaling

inhibitor is a polypeptide comprising the amino acid sequence of SEQ ID NO:7.

13. The method of any of claims 1-8, wherein the ActRII signaling inhibitor is a
humanized fusion-protein consisting of the extracellular domain of ActRIIA and the human IgG1

Fc domain.

14. The method of any of claims 1-9, wherein the wherein the ActRII signaling
inhibitor is a signaling inhibitor of ActRIIB.

15. The method of claim 14, wherein the ActRIIB signaling inhibitor is a polypeptide
comprising an amino acid sequence selected from the group consisting of’

(a) 90% identical to SEQ ID NO:17,;
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(b) 95% identical to SEQ ID NO:17,;
(©) 98% identical to SEQ ID NO:17,;
(d) SEQ ID NO:17,

(e) 90% identical to SEQ ID NO:20;
® 95% identical to SEQ ID NO:20;
(2) 98% identical to SEQ ID NO:20;
(h)  SEQ ID NO:20;

(1) 90% identical to SEQ ID NO:21;
) 95% identical to SEQ ID NO:21;
(k) 98% identical to SEQ ID NO:21;
()  SEQIDNO:21;

(m)  90% identical to SEQ ID NO:25;
(n) 95% identical to SEQ ID NO:25;
(o) 98% identical to SEQ ID NO:25; and
(p) SEQ ID NO:25.

16. The method of claim 15, wherein the ActRII signaling inhibitor is a polypeptide
comprising the amino acid sequence of SEQ ID NO:25.

17. The method of any of claims 1-8, wherein the ActRII signaling inhibitor is a
humanized fusion-protein consisting of the extracellular domain of ActRIIB and the human IgG1

Fc domain.

18.  Use of the in vitro cell culture method of any one of the previous claims for
predicting responsiveness of a subject to treatment of beta-thalassemia, wherein the subject has
been administered an ActRII signaling inhibitor, wherein the EPC has been obtained from the

subject.

19.  Use of the in vitro cell culture method of any one of the previous claims for
predicting responsiveness of a subject to treatment with an ActRII signaling inhibitor, wherein

the stromal cell has been obtained from the subject.
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20.  Use of the in vitro cell culture method of any one of the previous claims for
monitoring treatment of beta-thalassemia in a subject administered an initial pharmaceutically
effective dose of an ActRII signaling inhibitor, wherein the EPC has been obtained from the

subject.

21.  Use of the in vitro cell culture method of any one of the previous claims for
monitoring treatment of beta-thalassemia in a subject administered an initial pharmaceutically
effective dose of an ActRII signaling inhibitor, wherein the stromal cell has been obtained from

the subject.

22.  Use of the in vitro cell culture method of any one of the previous claims for
selecting a subject to be administered an ActRII signaling inhibitor, wherein the EPC has been

obtained from the subject.

23.  Use of the in vitro cell culture method of any one of the previous claims for
selecting a subject to be administered an ActRII signaling inhibitor, wherein the stromal cell has

been obtained from the subject.

24, The use of claim 22 or 23, wherein the use comprises selecting the subject if use
of the in vitro cell culture method results in achieving one or more outcome parameter, wherein
the outcome parameter is selected from a group consisting of’

(a) an increase in the level of GYPA in the EPC of the in vitro cell culture
method as compared to the level of GYPA in a control EPC,;

(b) an increase in the level of GATA1 in the EPC of the in vifro cell culture
method as compared to the level of GATAT in a control EPC;

(©) a decrease in the level of GATAZ2 in the EPC of the in vitro cell culture
method as compared to the level of GATAZ2 in a control EPC;

(d) a decrease in the level of alpha-globin in the EPC of the in vitro cell
culture method as compared to the level of alpha-globin in a control EPC;

(e) an increase in the level of expansion of the EPC in the in vitro cell culture

method as compared to the level of expansion in a control EPC
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® an increase in the level of ICAM-1 in the supernatant of the in vitro cell
culture method as compared to the level of ICAM-1 in a control supernatant

(2) an increase in the level of IL-1Ra in the supernatant of the in vitro cell
culture as compared to the level of IL-1Ra in a control supernatant

(h) an increase in the level of survivin in the supernatant of the in vitro cell
culture method as compared to the level of survivin in a control supernatant

(1) an increase in the level of Bcl-2 in the supernatant of the in vifro cell
culture method as compared to the level of Bcl-2 in a control supernatant;

() an increase in the level of Bcl-xL in the supernatant of the in vitro cell
culture method as compared to the level of Bel-xL in a control supernatant;

(k) an increase in the level of MCP-1 in the supernatant of the in vitro cell
culture method as compared to the level of MCP-1 in a control supernatant;

()] an increase in the level of serpinEl in the supernatant of the in vitro cell
culture method as compared to the level of serpinEl in a control supernatant;

(m) anincrease in the level of GRO-a in the supernatant of the in vitro cell
culture method as compared to the level of GRO-a in a control supernatant;

(n) an increase in the level of IL-8 in the supernatant of the in vifro cell
culture method as compared to the level of IL-8 in a control supernatant;

(o) an increase in the level of IL-10 in the supernatant of the in vitro cell
culture method as compared to the level of IL-10 in a control supernatant;

(p) an increase in the level of IL-2 in the supernatant of the in vitro cell
culture method as compared to the level of IL-2 in a control supernatant;

(@) an increase in the level of CIAP1 in the supernatant of the in vifro cell
culture method as compared to the level of CIAP1 in a control supernatant;

(r) an increase in the level of PON2 in the supernatant of the in vifro cell
culture method as compared to the level of PON2 in a control supernatant;

(s) a decrease in the level of RANTES in the supernatant of the in vifro cell
culture method as compared to the level of RANTES in a control supernatant;

(1) a decrease in the level of IP-10 in the supernatant of the in vitro cell

culture method as compared to the level of IP-10 in a control supernatant;
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(u) a decrease in the level of IL-1a in the supernatant of the in vitro cell
culture method as compared to the level of IL-1a in a control supernatant;

(v) a decrease in the level of IL-1b in the supernatant of the in vifro cell
culture method as compared to the level of IL-1b in a control supernatant;

(w)  adecrease in the level of MIF in the supernatant of the in vitro cell culture
method as compared to the level of MIF in a control supernatant;

(x) a decrease in the level of G-CSF in the supernatant of the in vitro cell
culture method as compared to the level of G-CSF in a control supernatant;

(y) a decrease in the level of GMCSF in the supernatant of the in vitro cell
culture method as compared to the level of GMCSF in a control supernatant;

(2) a decrease in the level of C5a in the supernatant of the in vitro cell culture
method as compared to the level of C5a in a control supernatant;

(aa) adecrease in the level of IL-6 in the supernatant of the in vitro cell culture
method as compared to the level of IL-6 in a control supernatant;

(bb) adecrease in the level of HO-2 in the supernatant of the in vifro cell
culture method as compared to the level of HO-2 in a control supernatant;

(cc) adecrease in the level of HIF-1a in the supernatant of the in vifro cell
culture method as compared to the level of HIF-1a in a control supernatant;

(dd) adecrease in the level of TRAIL R1 in the supernatant of the in vifro cell
culture method as compared to the level of TRAIL R1 in a control supernatant;

(ee) adecrease in the level of cleaved caspase-3 in the supernatant of the in
vitro cell culture method as compared to the level of cleaved caspase-3 in a control supernatant;

(ff)  adecrease in the level of p27 in the supernatant of the in vitro cell culture
method as compared to the level of p27 in a control supernatant;

(gg) adecrease in the level of p21 in the supernatant of the in vitro cell culture
method as compared to the level of p21 in a control supernatant;

(hh)  adecrease in the level of Bax in the supernatant of the in vitro cell culture
method as compared to the level of Bax in a control supernatant; and

(i)  adecrease in the level of Bad in the supernatant of the in vitro cell culture

method as compared to the level of bad in a control supernatant.
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25.  Theuse of any one of claims 18-24, wherein the subject has beta-thalassemia.

26. A method of treating beta-thalassemia in a subject, comprising administering an
ActRII signaling inhibitor to the subject, wherein the patient has been selected by using the in

vitro cell culture method of any of claims 1-17.

27. A method of treating beta-thalassemia in a subject, comprising administering an
ActRII signaling inhibitor to the subject, wherein the patient is being monitored by using the in

vitro cell culture method of any of claims 1-17.

28. The method of claim 26 or 27, wherein the subject is a human.

-147-
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