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METHODS AND COMPOSITIONS FOR TREATING MYELOFIBROSIS
CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of priority to United States provisional application

sertal numbers 62/367,289, filed on July 27, 2016. The disclosure of the foregoing

application 1s hereby incorporated by reference 1n its entirety.
BACKGROUND OF THE INVENTION

Myelofibrosis 1s a rare disease mainly affecting people of older age. Myelofibrosis 1s
a BCR-ABL1-negative myeloproliferative neoplasm that presents de novo (primary) or may
be preceded by polycythemia vera (post-polycythemia vera) or essential thrombocythemia
(post-essential thrombocythemia). Clinical features include progressive anemia, marked
splenomegaly, fibrosis (e.g., bone marrow fibrosis), constitutional symptoms (e.g., fatigue,
night sweats, bone pain, pruritus, and cough), and weight loss [Teffer1 A (2000) N Engl J
Med 342:1255-1265]. Median survival ranges from less than 2 years to over 15 years based
on currently 1dentified prognostic factors. Mutations involving JAK2, MPL, TET2, ASXLI,
IDH1/IDH2, CBL, IKZF1, LNK, and EZH2 have been described 1n patients with
myelofibrosis [James C et al. (2005) Nature 434:1144-1148, 2005; Scott L M et al. (2007) N
Engl J Med 356:459-468, 2007; Pikman Y et al. (2006) PLoS Med 3:¢270; Delhommeau F et
al. (2009) N Engl J Med 360:2289-2301; Carbuccia N et al. (2009) Leukemia 23:2183-2186;
Green A et al. (2010) N Engl J Med 362:369-370; Tefter1 A et al. (2010) Leukemia 24:1302-
1309; Grand F H et al. (2009) Blood 113:6182-6192; Jager R et al. (2010) Leukemia
24:1290-1298; Oh S T et al. (2010) Blood 116:988-992; and Ernst T et al., Nat Genet.
42:722-726]. Some mutations occur at high frequency in myelofibrosis (e.g. JAK2 mutations
1n about 50% patients), and either directly (e.g. JAK2 or MPL mutations) or indirectly (e.g.
LNK or CBL mutations) induce JAK-STAT hyperactivation.

The only cure of myelofibrosis 1s bone marrow transplantation. However, treatment-
related mortality 1s high, and only a minority of patients qualify for transplantation. Many of
other currently available treatments are not effective in reversing the process of
myelofibrosis, be 1t primary or secondary disease. Myelofibrosis treatments include, for
example, cyto-reductive therapy (e.g., treatment with hydroxyurea); treatment of anemia with

androgens and/or erythropoietin; and splenectomy. These therapies have not demonstrated
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improvement 1n survival and are largely seen as palliative [Cervantes F., Myelofibrosis:
Biology and treatment options, European Journal of Haematology, 2007, 79 (suppl. 68) 13-
17]. More recently, JAK 1inhibitors have been used to treat myelofibrosis. JAK inhibitors
appear to be useful for reducing splenomegaly 1in myelofibrosis patients, but their effects on
the disease are otherwise largely palliative [Gupta ef al. (2012) Blood 120:1367-1379]. In
particular, JAK inhibitors have little to no effect on many manifestations (complications) of
the disease including, for example, cytopenia, transfusion dependence, accelerated or blast
phase disease, and fibrosis. Moreover, JAK inhibitors have been shown to induce, or worsen,

thrombocytopenia, anemia, and neutropenia 1n some patients.

Thus, there 1s a high, unmet need for effective therapies for treating myelofibrosis.
Accordingly, 1t 1s an object of the present disclosure to provide methods for treating or
preventing the myelofibrosis, particularly treating or preventing one or more complication of

myelofibrosis.

SUMMARY OF THE INVENTION

In part, the present disclosure relates to the discovery that an ActRIIB antagonist
(inhibitor) can be used to treat myelofibrosis, particularly ameliorating various complications
of the disease including, for example, splenomegaly, extramedullary hematopoiesis, and
fibrosis. In particular, the data presented herein show that a GDF trap polypeptide decrease
splenomegaly, extramedullary hematopoiesis, and fibrosis in a JAK2V617F model of
myelofibrosis. Accordingly, 1in certain aspects, the disclosure relates to compositions and
methods for treating myelofibrosis, particularly treating or preventing one or more
complications of myelofibrosis (e.g., splenomegaly, extramedullary hematopoiesis, anemia,
and fibrosis), by administering to a patient in need thereof an effective amount of one or more
ActRIIB antagonists, optionally in combination of one or more other supportive therapies or
active agents for treating myelofibrosis. While GDF trap polypeptides may affect
myelofibrosis through a mechanism other than ActRIIB antagonism [e.g., inhibition of one or
more of GDF11, GDFS8, activin B, BMP6, GDF3, and BMP10 may be an indicator of the
tendency of an agent to 1nhibit the activities of a spectrum of additional agents, including,
perhaps, other members of the TGF-beta superfamily, and such collective inhibition may lead

to the desired effect on, for example, myelofibrosis], the disclosure nonetheless demonstrates
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that desirable therapeutic agents may be selected on the basis of ActRIIB antagonism.
Therefore, while not wishing to be bound to a particular mechanism of action, 1t 1s expected
that other ActRIIB antagonists [e.g., antagonists of the ActRIIB receptor, antagonists of one
or more ActRIIB ligand (e.g., GDF11, GDF8, activin B, BMP6, GDF3, and BMP10),
antagonists of one or more type I receptor (e.g., ALK4, ALKS, and/or ALK7), antagonists of
one or more co-receptor, and/or antagonists of one or more ActRIIB downstream signaling
components (e.g., Smads)], or combination of such antagonists]| will useful in the treatment
of myelofibrosis, particularly in treating or preventing one or more myelofibrosis
complications (e.g., splenomegaly, extramedullary hematopoiesis, anemia, and fibrosis).
Such agents are collectively referred to herein as “ActRIIB antagonists” or “ActRIIB
inhibitors”.

Accordingly, 1n certain aspects, the disclosure relates to methods for treating
myelofibrosis, comprising administering to a patient in need thereof an effective amount of
an ActRIIB antagonist. In some embodiments, the disclosure relates to methods for treating
one or more complications of myelofibrosis, comprising administering to a patient in need
thereof an effective amount of an ActRIIB antagonist. In certain aspects, the disclosure
relates to methods of preventing myelofibrosis, comprising administering to a patient in need
thereof an effective amount of an ActRIIB antagonist. In some embodiments, the disclosure
relates to methods of preventing one or more complications of myelofibrosis, comprising
administering to a patient in need thereof an effective amount of an ActRIIB antagonist. In
certain aspects, the disclosure relates to reducing the progression rate of myelofibrosis,
comprising administering to a patient in need thereof an effective amount of an ActRIIB
antagonist. In some embodiments, the disclosure relates to reducing the progression rate of
one or more complications of myelofibrosis, comprising administering to a patient in need
thereof an effective amount of an ActRIIB antagonist. In certain aspects, the disclosure
relates to methods of reducing severity of myelofibrosis, comprising administering to a
patient 1n need thereof an effective amount of an ActRIIB antagonist. In some embodiments,
the disclosure relates to methods of reducing severity of one or more complications of
myelofibrosis, comprising administering to a patient in need thereof an effective amount of
an ActRIIB antagonist. In certain aspects, the disclosure relates to methods of treating,
preventing, or reducing the progression rate and/or severity of myelofibrosis or one or more
complications of myelofibrosis, wherein the patient has primary myelofibrosis. In certain
aspects, the disclosure relates to methods of treating, preventing, or reducing the progression

rate and/or severity of myelofibrosis or one or more complications of myelofibrosis, wherein
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the patient has post-polycythemia vera myelofibrosis. In certain aspects, the disclosure
relates to methods of treating, preventing, or reducing the progression rate and/or severity of
myelofibrosis or one or more complications of myelofibrosis, wherein the patient has post-
essential thrombocythemia myelofibrosis. In certain aspects, the disclosure relates to
methods of treating, preventing, or reducing the progression rate and/or severity of
myelofibrosis or one or more complications of myelofibrosis, wherein the patient has low risk
myelofibrosis according to the International Prognostic Scoring System (IPSS). In certain
aspects, the disclosure relates to methods of treating, preventing, or reducing the progression
rate and/or severity of myelofibrosis or one or more complications of myelofibrosis, wherein
the patient has intermediate-1 risk myelofibrosis according to the IPSS. In certain aspects,
the disclosure relates to methods of treating, preventing, or reducing the progression rate
and/or severity of myelofibrosis or one or more complications of myelofibrosis, wherein the
patient has intermediate-2 risk myelofibrosis according to the IPSS. In certain aspects, the
disclosure relates to methods of treating, preventing, or reducing the progression rate and/or
severity of myelofibrosis or one or more complications of myelofibrosis, wherein the patient
has high-risk myelofibrosis risk myelofibrosis according to the IPSS. In certain aspects, the
disclosure relates to methods of treating, preventing, or reducing the progression rate and/or
severity of myelofibrosis or one or more complications of myelofibrosis, wherein the patient
has low risk myelofibrosis according to the dynamic IPSS (DIPSS). In certain aspects, the
disclosure relates to methods of treating, preventing, or reducing the progression rate and/or
severity of myelofibrosis or one or more complications of myelofibrosis, wherein the patient
has intermediate-1 risk myelofibrosis according to the DIPSS. In certain aspects, the
disclosure relates to methods of treating, preventing, or reducing the progression rate and/or
severity of myelofibrosis or one or more complications of myelofibrosis, wherein the patient
has intermediate-2 risk myelofibrosis according to the DIPSS. In certain aspects, the
disclosure relates to methods of treating, preventing, or reducing the progression rate and/or
severity of myelofibrosis or one or more complications of myelofibrosis, wherein the patient
has high-risk myelofibrosis risk myelofibrosis according to the DIPSS. In certain aspects, the
disclosure relates to methods of treating, preventing, or reducing the progression rate and/or
severity of myelofibrosis or one or more complications of myelofibrosis, wherein the patient
has low risk myelofibrosis according to the DIPSS-plus. In certain aspects, the disclosure
relates to methods of treating, preventing, or reducing the progression rate and/or severity of
myelofibrosis or one or more complications of myelofibrosis, wherein the patient has

intermediate-1 risk myelofibrosis according to the DIPSS-plus. In certain aspects, the
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disclosure relates to methods of treating, preventing, or reducing the progression rate and/or
severity of myelofibrosis or one or more complications of myelofibrosis, wherein the patient
has intermediate-2 risk myelofibrosis according to the DIPSS-plus. In certain aspects, the
disclosure relates to methods of treating, preventing, or reducing the progression rate and/or
severity of myelofibrosis or one or more complications of myelofibrosis, wherein the patient
has high-risk myelofibrosis risk myelofibrosis according to the DIPSS-plus. In certain
aspects, an ActRIIB antagonists may be used to prevent or delay risk progression of
myelofibrosis 1n accordance with any of the recognized risk stratification models for
myelofibrosis (e.g., IPSS, DIPPS, and DIPPS-plus). For example, in some embodiments, an
ActRIIB antagonist may be used to prevent or delay myelofibrosis risk progression from low
risk to intermediate-1 risk in accordance with IPSS, DIPPS, or DIPPS-plus. In other
embodiments, an ActRIIB antagonist may be used to prevent or delay myelofibrosis risk
progression from intermediate-1 risk to intermediate-2 risk 1n accordance with IPSS, DIPPS,
or DIPPS-plus. In still other embodiments, an ActRIIB antagonist may be used to prevent or
delay myelofibrosis risk progression from intermediate-2 risk to high risk in accordance with
IPSS, DIPPS, or DIPPS-plus. In certain aspects, an ActRIIB antagonists may be used to
promote or increase myelofibrosis risk regression in accordance with any of the recognized
risk stratification models for myelofibrosis (e.g., IPSS, DIPPS, and DIPPS-plus). For
example, 1n some embodiments, an ActRIIB antagonist may be used to promote or increase
myelofibrosis risk regression from high risk to intermediate-2 risk in accordance with IPSS,
DIPPS, or DIPPS-plus. In other embodiments, an ActRIIB antagonist may be used to
promote or increase myelofibrosis risk regression from intermediate-2 risk to intermediate-1
risk 1n accordance with IPSS, DIPPS, or DIPPS-plus. In still other embodiments, an ActRIIB
antagonist may be used to promote or increase myelofibrosis risk regression from
intermediate-1 risk to low risk 1in accordance with IPSS, DIPPS, or DIPPS-plus. In certain
aspects, the disclosure relates to methods of using ActRIIB antagonists to treat, prevent, or
reduce the progression rate and/or severity of myelofibrosis or one or more complications of
myelofibrosis wherein the patient comprises one or more gene mutations associated with
myelofibrosis. For example, in some embodiments, an ActRIIB antagonist may be used to
treat, prevent, or reduce the progression rate and/or severity of myelofibrosis or one or more
complications of myelofibrosis wherein the myelofibrosis 1s associated with one or more
gene mutations selected from the group consisting of: nullizygosity for JAK2 46/1 haplotype,
JAK2V617F, IDHI, IDH2, EZH2, SRSF2, ASXL1, JAKI, JAK2, JAK3, TYK2, MPL,
CALR, CALR+ASXL1-, CALR-ASKL1+, CALR+ASKLI1+, CALR-ASKLI1-, TET2, THPO,
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and LNK. In some embodiments, an ActRIIB antagonist may be used to treat, prevent, or
reduce the progression rate and/or severity of myelofibrosis or one or more complications of
myelofibrosis wherein the myelofibrosis 1s associated with one or more gene mutations in a
Janus kinase (JAK) (e.g., JAK1, JAK2, and/or JAK3). In some embodiments, an ActRIIB
antagonist may be used to treat, prevent, or reduce the progression rate and/or severity of
myelofibrosis or one or more complications of myelofibrosis wherein the myelofibrosis 1s
associated with one or more gene mutations in JAK2. In some embodiments, an ActRIIB
antagonist may be used to treat, prevent, or reduce the progression rate and/or severity of
myelofibrosis or one or more complications of myelofibrosis wherein the myelofibrosis 1s
associated with a JAK2V617F mutation. In certain aspects, the disclosure relates to methods
of using an ActRIIB antagonist to treat, prevent, or reduce the progression rate and/or
severity of myelofibrosis or one or more complications of myelofibrosis wherein the
myelofibrosis 1s associated with one or more elevated serum markers selected from the group
consisting of: increased serum IL-8 levels, increased serum IL-2R levels, and increased
serum free light chain levels. In certain aspects, the disclosure relates to methods of using an
ActRIIB antagonist to treat, prevent, or reduce the progression rate and/or severity of
myelofibrosis or one or more complications of myelofibrosis wherein the patient has been
treated with a Janus kinase inhibitor (e.g., ruxolitinib, fedratinib (SAR302503), monoelotinib
(CYT387), pacritinib, lestaurtinib, AZD-1480, BMS-911543, NS-018, LY2784544, SEP-701
XLO19, and AT-9283). In some embodiments, an ActRIIB antagonist may be used to treat,

2

prevent, or reduce the progression rate and/or severity of myelofibrosis or one or more
complications of myelofibrosis wherein the patient 1s intolerant of a Janus kinase inhibitor.
In some embodiments, an ActRIIB antagonist may be used to treat, prevent, or reduce the
progression rate and/or severity of myelofibrosis or one or more complications of
myelofibrosis wherein the patient has an inadequate response to a Janus kinase inhibitor. In
certain aspects, the disclosure relates to methods of using an ActRIIB antagonist to treat,
prevent, or reduce the progression rate and/or severity of myelofibrosis or one or more
complications of myelofibrosis wherein the patient has been treated with hydroxyurea. In
some embodiments, an ActRIIB antagonist may be used to treat, prevent, or reduce the
progression rate and/or severity of myelofibrosis or one or more complications of
myelofibrosis wherein the patient 1s intolerant of hydroxyurea. In some embodiments, an
ActRIIB antagonist may be used to treat, prevent, or reduce the progression rate and/or
severity of myelofibrosis or one or more complications of myelofibrosis wherein the patient

has an 1nadequate response to hydroxyurea.
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As described herein myelofibrosis 1s a clonal neoplastic disorder of hematopoiesis
that 1s associated with various clinical complications that may manifest during disease
progression 1n a patient. The examples of the disclosure demonstrate that an ActRIIB
antagonist may be used to mitigate a number of these clinical complications, indicating that
an ActRIIB antagonist may be used to more broadly treat various complications
myelofibrosis as opposed to many of the current myelofibrosis therapies, which only treat one
or a limited number of complications of the disease. Therefore, in some embodiments, an
ActRIIB antagonist may be used to treat, prevent, or reduce the progression rate and/or
severity of ineffective hematopoiesis 1n a patient with myelofibrosis. In certain aspects, an
ActRIIB antagonist may be used to treat, prevent, or reduce the progression rate and/or
severity of extramedullary hematopoiesis 1n a patient with myelofibrosis. For example, an
ActRIIB antagonist may be used to treat, prevent, or reduce the progression rate and/or
severity of extramedullary hematopoiesis 1n the spleen (splenic extramedullary
hematopoiesis) in a patient with myelofibrosis. In other embodiments, an ActRIIB antagonist
may be used to treat, prevent, or reduce the progression rate and/or severity of extramedullary
hematopoiesis in the liver (hepatic extramedullary hematopoiesis) in a patient with
myelofibrosis. In even other embodiments, an ActRIIB antagonist may be used to treat,
prevent, or reduce the progression rate and/or severity of extramedullary hematopoiesis 1n the
lung (pulmonary extramedullary hematopoiesis) in a patient with myelofibrosis. In still other
embodiments, an ActRIIB antagonist may be used to treat, prevent, or reduce the progression
rate and/or severity of extramedullary hematopoiesis in the lymph nodes (lymphatic
extramedullary hematopoiesis) in a patient with myelofibrosis. In certain aspects, an
ActRIIB antagonist may be used to treat, prevent, or reduce the progression rate and/or
severity of inflammation and/or enlargement (size) of an organ or tissue 1n a myelofibrosis
patient. In some embodiments, an ActRIIB antagonist may be used to treat, prevent, or
reduce the progression rate and/or severity of inflammation and/or enlargement (size) in the
spleen of a patient with myelofibrosis. In some embodiments, an ActRIIB antagonist may be
used to treat, prevent, or reduce the progression rate and/or severity of inflammation and/or
enlargement (size) in the liver of a patient with myelofibrosis. In some embodiments, an
ActRIIB antagonist may be used to treat, prevent, or reduce the progression rate and/or
severity of inflammation and/or enlargement (size) in the lung(s) of a patient with
myelofibrosis. In some embodiments, an ActRIIB antagonist may be used to treat, prevent,
or reduce the progression rate and/or severity of inflammation and/or enlargement (size) in

the lymph node(s) of a patient with myelofibrosis. In some embodiments, an ActRIIB
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antagonist may be used to treat, prevent, or reduce the progression rate and/or severity of
splenomegaly 1n a patient with myelofibrosis. In some embodiments, an ActRIIB antagonist
may be used to treat, prevent, or reduce the progression rate and/or severity of hepatomegaly
1n a patient with myelofibrosis. In certain aspects, an ActRIIB antagonist may be used to
treat, prevent, or reduce the progression rate and/or severity of fibrosis in a patient with
myelofibrosis. In some embodiments, an ActRIIB antagonist may be used to treat, prevent,
or reduce the progression rate and/or severity of bone marrow fibrosis 1in a patient with
myelofibrosis. In some embodiments, an ActRIIB antagonist may be used to treat, prevent,
or reduce the progression rate and/or severity of spleen fibrosis in a patient with
myelofibrosis. In some embodiments, an ActRIIB antagonist may be used to treat, prevent,
or reduce the progression rate and/or severity of liver fibrosis 1n a patient with myelofibrosis.
In some embodiments, an ActRIIB antagonist may be used to treat, prevent, or reduce the
progression rate and/or severity of lung fibrosis in a patient with myelofibrosis. In some
embodiments, an ActRIIB antagonist may be used to treat, prevent, or reduce the progression
rate and/or severity of lymph node fibrosis 1in a patient with myelofibrosis. In certain aspects,
an ActRIIB antagonist may be used to treat, prevent, or reduce the progression rate and/or
severity of osteosclerosis in a patient with myelofibrosis. In certain aspects, an ActRIIB
antagonist may be used to treat, prevent, or reduce the progression rate and/or severity of
osteomyelofibrosis. In certain aspects, an ActRIIB antagonist may be used to treat, prevent,
or reduce the progression rate and/or severity of one or more blood-related complications of
myelofibrosis. In some embodiments, an ActRIIB antagonist may be used to treat, prevent,
or reduce the progression rate and/or severity of anemia in a patient with myelofibrosis. In
some embodiments, an ActRIIB antagonist may be used to treat, prevent, or reduce the
progression rate and/or severity of thrombocytopenia in a patient with myelofibrosis. In
some embodiments, an ActRIIB antagonist may be used to treat, prevent, or reduce the
progression rate and/or severity of pancytopenia in a patient with myelofibrosis. In some
embodiments, an ActRIIB antagonist may be used to treat, prevent, or reduce the progression
rate and/or severity of poikilocytosis in a patient with myelofibrosis. In some embodiments,
an ActRIIB antagonist may be used to treat, prevent, or reduce the progression rate and/or
severity of bleeding 1n a patient with myelofibrosis. In certain aspects, an ActRIIB antagonist
may be used to treat, prevent, or reduce the progression rate and/or severity of one or more
constitutional symptoms of myelofibrosis (e.g., fatigue, pruritus, weight loss, night sweats,
fever, abdominal pain or discomfort, paresthesia, and early satiety). In certain aspects, an

ActRIIB antagonist may be used to treat, prevent, or reduce the progression rate and/or

_8-



10

15

20

25

30

CA 03031509 2015-01-24

WO 2018/022762 PCT/US2017/043967

severity of pain 1n a tissue and/or organ 1n a patient with myelofibrosis. In some
embodiments, an ActRIIB antagonist may be used to treat, prevent, or reduce the progression
rate and/or severity of bone pain 1n a patient with myelofibrosis. In some embodiments, an
ActRIIB antagonist may be used to treat, prevent, or reduce the progression rate and/or
severity of arthralgia in a patient with myelofibrosis. In some embodiments, an ActRIIB
antagonist may be used to treat, prevent, or reduce the progression rate and/or severity of
myalgia 1n a patient with myelofibrosis. In certain aspects, an ActRIIB antagonist may be
used to treat, prevent, or reduce the progression rate and/or severity of cachexia in a patient
with myelofibrosis. In certain aspects, disclosure relates to increasing red blood cell levels 1n
a myelofibrosis patient by administering an effective amount of an ActRIIB antagonist. In
certain aspects, disclosure relates to increasing hemoglobin levels in a myelofibrosis patient
by administering an effective amount of an ActRIIB antagonist. In certain aspects, a
myelofibrosis patient to be treated 1n accordance with the methods described herein has
anemia. In some embodiments, ActRIIB antagonist may be used to treat, prevent, or reduce
the progression rate and/or severity of anemia 1n a patient with myelofibrosis. In certain
aspects, the disclosure relate to methods using an ActRIIB antagonists to treat, prevent, or
reduce the progression rate and/or severity of myelofibrosis or a complication of
myelofibrosis 1n patient that has been administered one or more blood cell transfusions
(whole or red blood cell transfusions). In some embodiments, the disclosure relate to
methods using an ActRIIB antagonists to treat, prevent, or reduce the progression rate and/or
severity of myelofibrosis or a complication of myelofibrosis in patient that 1s blood cell
transfusion-dependent. In certain aspects, an ActRIIB antagonist may be used to decrease
blood cell transfusion burden 1n a patient with myelofibrosis. For example, an ActRIIB
antagonist may be used to decrease blood cell transfusion by greater than about 30%, 40%,
50%, 60%, 70%, 80%, 90%, or 100% for 4 to 8 weeks relative to the equal time prior to the
start of the ActRIIB antagonist treatment. In some embodiments, an ActRIIB antagonist may
be used to decrease blood cell transfusion by greater than about 50% for 4 to 8 weeks relative
to the equal time prior to the start of the ActRIIB antagonist treatment 1n a patient with
myelofibrosis. In certain aspects, an ActRIIB antagonist may be used to decrease iron
overload 1n a patient with myelofibrosis. For example, an ActRIIB antagonist may be used to
decrease 1ron overload 1n an organ or tissue 1n a patient with myelofibrosis. In some
embodiments, an ActRIIB antagonist may be used to decrease iron overload 1n the spleen of a
patient with myelofibrosis. In some embodiments, an ActRIIB antagonist may be used to

decrease 1ron overload 1n the liver of a patient with myelofibrosis. In some embodiments, an
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ActRIIB antagonist may be used to decrease iron overload in the heart of a patient with

myelofibrosis.

In any of the methods described herein, a myelofibrosis patient may further be
administered one or more additional active agents and/or supportive therapies (in addition to
administration of one or more ActRIIB antagonists) for treating, preventing, or reducing, the
progression rate and/or severity of myelofibrosis or one or more complications of
myelofibrosis. For example, in some embodiments, a patient may be further administered
one or more supportive therapies or active agents 1s selected from the group consisting of:
blood transfusion (whole blood or red blood cell transfusion), iron chelators (e.g.,
deferoxamine, deferiprone and deferasirox), corticosteroids, prednisone, ESAs (e.g.,
erythropoietin, epoetin alfa, epoetin beta, darbepoetin alfa, and methoxy polyethylene glycol-
epoetin beta), androgens, danazol, thalidomide, lenalidomide, a cytoreductive agent,
hydroxyurea, busulfan, melphalm, cladribine, splenectomy, radiotherapy, aspirin,
pomalidonmide, Janus kinase inhibitors, mTOR inhibitors (e.g., rapamycin, sirolimus,
deforolimus, everolimus, temsirolimus, NVP-BEZ235, BGT226, SF1126, PK1-587, INK 128,
AZD80353, and AZD2014), and histone deacetylase inhibitors (e.g., givinostat, panobinostat,
and pracinostat). In certain aspects, the disclosure relates to methods for treating, preventing,
or reducing the progression rate and/or severity of myelofibrosis or one or more
complications of myelofibrosis, comprising administering to a patient in need thereof: a) a
Janus kinase inhibitor; and b) an ActRIIB antagonists, wherein the Janus kinase inhibitor and
ActRIIB antagonist are administered 1n an effective amount. In some embodiments, an
ActRIIB antagonist 1s administered prior to treatment with the Janus kinase inhibitor. In
other embodiments, an ActRIIB antagonist 1s administered after treatment with the Janus
kinase inhibitor. In even other embodiments, an ActRIIB antagonist 1s administered
concurrently with the Janus kinase inhibitor. Janus kinase inhibitors to be used 1n accordance
with the methods described herein may be an agent that inhibits one or more Janus kinases
selected from the group consisting of: JAK1, JAK2, and JAK3. For example, a Janus kinase
inhibitor may be an agent that inhibits signaling of one or more of JAK1, JAK2, and JAK3 1n
a cell-based assay. In some embodiments, a Janus kinase inhibitor to be used 1n accordance
with the methods described herein 1s selected from the group consisting of: ruxolitinib,
fedratinib (SAR302503), monoelotinib (CYT387), pacritinib, lestaurtinib, AZD-1480, BMS-
911543, NS-018, LY2784544, SEP-701, XLLO19, and AT-9283. In some preferred
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embodiments, a Janus kinase inhibitor to be used 1n accordance with the methods described

herein 1s ruxolitinib.

Janus kinase inhibitors (e.g., ruxolitinib) have been approved for treatment of a
variety of disorders including, for example, myelofibrosis. In addition, there are a number of
other clinical investigations ongoing to determine the efficacy of Janus kinase inhibitors to
treat various other diseases. A common adverse side-effect of Janus kinase inhibitor therapy
1s anemia. While blood cell transfusion and EPO receptor activator therapy may be used
treated anemia 1n patients treated with a Janus kinase inhibitor, these anemia therapies also
are associated with adverse effects in patients (e.g., promoting or increasing iron overload,
1nadequate response to EPO, and EPO intolerance). Therefore, there 1s a need 1n the art for
alternative methods of increasing red blood cell/hemoglobin levels and treating anemia in
patients treated with a Janus kinase inhibitor. In part, the present disclosure relates to the
discovery that an ActRIIB antagonist (1inhibitor) can be used to increase red blood cell and
hemoglobin levels 1n patients treated with a Janus kinase inhibitor. Accordingly, 1in certain
aspects, the disclosure relates to compositions and methods for increasing red blood
cell/hemoglobin levels and treating or preventing anemia in a patient treated with a Janus
kinase inhibitor by administering to a patient in need thereof an effective amount of one or
more ActRIIB antagonists, optionally in combination of one or more other supportive
therapies or active agents for treating anemia. While GDF trap polypeptides may affect red
blood cell and/or hemoglobin levels through a mechanism other than ActRIIB antagonism
|e.g., inhibition of one or more of GDF11, GDF8, activin B, BMP6, GDF3, and BMP10 may
be an indicator of the tendency of an agent to inhibit the activities of a spectrum of additional
agents, including, perhaps, other members of the TGF-beta superfamily, and such collective
1inhibition may lead to the desired effect on, for example, red blood cell levels and/or
hemoglobin levels 1n patients treated with a Janus kinase inhibitor], the disclosure
nonetheless demonstrates that desirable therapeutic agents may be selected on the basis of
ActRIIB antagonism. Therefore, while not wishing to be bound to a particular mechanism of
action, 1t 1s expected that other ActRIIB antagonists [e.g., antagonists of the ActRIIB
receptor, antagonists of one or more ActRIIB ligand (e.g., GDF11, GDF8, activin B, BMP6,
GDF3, and BMP10), antagonists of one or more type I receptor (e.g., ALK4, ALKS, and/or
ALKY7), antagonists of one or more co-receptor, and/or antagonists of one or more ActRIIB
downstream signaling components (e.g., Smads)], or combination of such antagonists]| will

useful 1n the treatment of patients treated with a Janus kinase, particularly 1n treating or
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preventing one or more complications associated with Janus kinase therapy (e.g., anemia,

thrombocytopenia, and/or neutropenia). Such agents are collectively referred to herein as

“ActRIIB antagonists” or “ActRIIB inhibitors”.

In certain aspects, the disclosure relate to methods for increasing red blood cell levels
and/or hemoglobin levels 1n a patient treated with a Janus kinase inhibitor by administering to
a patient in need thereof an effective amount of an ActRIIB antagonist. In some
embodiments, ACtRIIB antagonists may be used to treat or prevent anemia 1n a patient treated
with a Janus kinase inhibitor. In some embodiments, a patient treated with a Janus kinase
inhibitor may have been administered one or more blood cell transfusions prior to the start of
ActRIIB antagonist treatment. In some embodiments, a patient treated with a Janus kinase
1inhibitor 1s blood cell transfusion-dependent. In certain aspects, the disclosure relate to
methods of using an ActRIIB antagonist to decrease blood cell transfusion burden 1n a patient
treated with a Janus kinase inhibitor. For example, an ActRIIB antagonist may be used to
decrease blood cell transfusion by greater than about 30%, 40%, 50%, 60%, 70%, 80%, 90%,
or 100% for 4 to 8 weeks relative to the equal time prior to the start of the ActRIIB
antagonists treatment 1n a patient treated with a Janus kinase inhibitor. In some
embodiments, an ActRIIB antagonist may be used to decrease blood cell transfusion by
areater than about 50% for 4 to 8 weeks relative to the equal time prior to the start of the
ActRIIB antagonists treatment 1in a patient treated with a Janus kinase inhibitor. In certain
aspects, the disclosure relates to methods of using an ActRIIB antagonist to decrease iron
overload 1n a patient treated with a Janus kinase inhibitor. In some embodiment, ActRIIB
antagonists may be used to decrease iron content 1n the liver of a patient treated with a Janus
kinase inhibitor. In some embodiment, ActRIIB antagonists may be used to decrease 1ron
content 1in the spleen of a patient treated with a Janus kinase inhibitor. In some embodiment,
ActRIIB antagonists may be used to decrease iron content in the heart of a patient treated
with a Janus kinase inhibitor. In some embodiments, the ActRIIB antagonist 1s administered
prior to treatment with the Janus kinase inhibitor. In other embodiments, the ActRIIB
antagonist 1s administered after treatment with the Janus kinase inhibitor. In still other
embodiments, the ActRIIB antagonist 1s administered concurrently with the Janus kinase
inhibitor. In certain aspects, a patient treated with a Janus kinase inhibitor has been treated
with an agent that inhibitor inhibits one or more of Janus kinases selected from the group
consisting of: JAK1, JAK2, and JAK3. In some embodiments, the Janus kinase inhibitor

1inhibits signaling of one or more of JAK1, JAK2, and JAK3 1n a cell-based assay. For
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example, a patient may be treated with one or more Janus kinase inhibitors selected from the
group consisting of: ruxolitinib, fedratinib (SAR302503), monoelotinib (CYT387), pacritinib,
lestaurtimib, AZD-1480, BMS-911543, NS-018, LY2784544, SEP-701, XL019, and AT-

0283. In some embodiments, a patient may be treated with ruxolitinib.

In certain aspects, an ActRIIB antagonist, or combination of antagonists, to be used 1n
accordance with methods and uses described herein 1s an agent that inhibits at least GDF11
(e.g., a GDF11 antagonist). Effects on GDF11 inhibition may be determined, for example,
using a cell-based assay including those described herein (e.g., a Smad signaling reporter
assay). Therefore, in some embodiments, an ActRIIB antagonist, or combination of
antagonists, of the disclosure may bind to at least GDF11. Ligand binding activity may be
determined, for example, using a binding affinity assay including those described herein. In
some embodiments, an ActRIIB antagonist, or combination of antagonists, of the disclosure
binds to at least GDF11 with a Kpof at least 1 x 107 M (e.g., at least 1 x 10™ M, at least 1 x
10” M, at least 1 x 107" M. at least 1 x 10" M, or at least 1 x 107~ M). As described herein,
various ActRIIB antagonists that inhibit GDF11 can be used 1n accordance with the methods
and uses described herein including, for example, ligand traps (e.g., ActRIIB polypeptides,
GDF Traps, follistatin polypeptides, and FLRG polypeptides), antibodies, small molecules,
nucleotide sequences, and combinations thereof. In certain embodiments, an ActRIIB
antagonist, or combination of antagonists, that inhibits GDF 11 may further inhibit one or
more of: activin (e.g., activin A, activin B, activin AB, activin C, activin AC, activin BC,
activin E, activin AE, and/or activin BE), GDF8, GDF3, BMP6, BMP10, ActRIIB, ALK4,
ALKS5, and ALK7.

In certain aspects, an ActRIIB antagonist, or combination of antagonists, to be used 1n
accordance with methods and uses described herein 1s an agent that inhibits at least GDF8
(e.g., a GDF8 antagonist). Effects on GDF8 inhibition may be determined, for example,
using a cell-based assay including those described herein (e.g., a Smad signaling reporter
assay). Therefore, in some embodiments, an ActRIIB antagonist, or combination of
antagonists, of the disclosure may bind to at least GDF8. Ligand binding activity may be
determined, for example, using a binding affinity assay including those described herein. In
some embodiments, an ActRIIB antagonist, or combination of antagonists, of the disclosure
binds to at least GDF8 with a Kp of at least 1 x 107 M (e.g, at least 1 x 10° M, at least 1 x
10” M, at least 1 x 107" M. at least 1 x 10" M, or at least 1 x 107~ M). As described herein,
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various ActRIIB antagonists that inhibit GDF8 can be used 1n accordance with the methods
and uses described herein including, for example, ligand traps (e.g., ActRIIB polypeptides,
GDF Traps, follistatin polypeptides, and FLRG polypeptides), antibodies, small molecules,
nucleotide sequences, and combinations thereof. In certain embodiments, an ActRIIB
antagonist, or combination of antagonists, that inhibits GDF8 may further inhibit one or more
of: activin (e.g., activin A, activin B, activin AB, activin C, activin AC, activin BC, activin E,
activin AE, and/or activin BE), GDF11, GDF3, BMP6, BMP10, ActRIIB, ALK4, ALKS5, and
ALK7.

In certain aspects, an ActRIIB antagonist, or combination of antagonists, to be used 1n
accordance with methods and uses described herein 1s an agent that inhibits at least GDF3
(e.g., a GDF3 antagonist). Effects on GDF3 inhibition may be determined, for example,
using a cell-based assay including those described herein (e.g., a Smad signaling reporter
assay). Therefore, in some embodiments, an ActRIIB antagonist, or combination of
antagonists, of the disclosure may bind to at least GDF3. Ligand binding activity may be
determined, for example, using a binding affinity assay including those described herein. In
some embodiments, an ActRIIB antagonist, or combination of antagonists, of the disclosure
binds to at least GDF3 with a Kp of at least 1 x 107 M (e.g, at least 1 x 10° M, at least 1 x
10” M, at least 1 x 107" M. at least 1 x 10" M, or at least 1 x 107~ M). As described herein,
various ActRIIB antagonists that inhibit GDF3 can be used 1n accordance with the methods
and uses described herein including, for example, ligand traps (e.g., ActRIIB polypeptides,
GDF Traps, follistatin polypeptides, and FLRG polypeptides), antibodies, small molecules,
nucleotide sequences, and combinations thereof. In certain embodiments, an ActRIIB
antagonist, or combination of antagonists, that inhibits GDF3 may further inhibit one or more
of: activin (e.g., activin A, activin B, activin AB, activin C, activin AC, activin BC, activin E,
activin AE, and/or activin BE), GDF8, GDF11, BMP6, BMP10, ActRIIB, ALK4, ALKS5, and
ALK7.

In certain aspects, an ActRIIB antagonist, or combination of antagonists, to be used 1n
accordance with methods and uses described herein 1s an agent that inhibits at least BMP6
(e.g., a BMP6 antagonist). Effects on BMP6 inhibition may be determined, for example,
using a cell-based assay including those described herein (e.g., a Smad signaling reporter
assay). Therefore, in some embodiments, an ActRIIB antagonist, or combination of
antagonists, of the disclosure may bind to at least BMP6. Ligand binding activity may be
determined, for example, using a binding affinity assay including those described herein. In

some embodiments, an ActRIIB antagonist, or combination of antagonists, of the disclosure
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binds to at least BMP6 with a Kp of at least 1 x 107 M (e.g., at least 1 x 10™° M, at least 1 x
10” M, at least 1 x 107" M. at least 1 x 10" M, or at least 1 x 107~ M). As described herein,
various ActRIIB antagonists that inhibit BMP6 can be used in accordance with the methods
and uses described herein including, for example, ligand traps (e.g., ActRIIB polypeptides,
GDF Traps, follistatin polypeptides, and FLRG polypeptides), antibodies, small molecules,
nucleotide sequences, and combinations thereof. In certain embodiments, an ActRIIB
antagonist, or combination of antagonists, that inhibits BMP6 may further inhibit one or more
of: activin (e.g., activin A, activin B, activin AB, activin C, activin AC, activin BC, activin E,
activin AE, and/or activin BE), GDF8, GDF3, GDF11, BMP10, ActRIIB, ALK4, ALKS5, and
ALK7.

In certain aspects, an ActRIIB antagonist, or combination of antagonists, to be used 1n
accordance with methods and uses described herein 1s an agent that inhibits at least BMP10
(e.g., a BMP10 antagonist). Effects on BMP10 inhibition may be determined, for example,
using a cell-based assay including those described herein (e.g., a Smad signaling reporter
assay). Therefore, in some embodiments, an ActRIIB antagonist, or combination of
antagonists, of the disclosure may bind to at least BMP10. Ligand binding activity may be
determined, for example, using a binding affinity assay including those described herein. In
some embodiments, an ActRIIB antagonist, or combination of antagonists, of the disclosure
binds to at least BMP10 with a Kp of at least 1 x 107 M (e.g., at least 1 x 10® M, at least 1 x
107 M. at least 1 x 10™° M, at least 1 x 10" M, or at least 1 x 10" M). As described herein,
various ActRIIB antagonists that inhibit BMP10 can be used in accordance with the methods
and uses described herein including, for example, ligand traps (e.g., ActRIIB polypeptides,
GDF Traps, follistatin polypeptides, and FLRG polypeptides), antibodies, small molecules,
nucleotide sequences, and combinations thereof. In certain embodiments, an ActRIIB
antagonist, or combination of antagonists, that inhibits BMP10 may further inhibit one or
more of: activin (e.g., activin A, activin B, activin AB, activin C, activin AC, activin BC,
activin E, activin AE, and/or activin BE), GDF8, GDF3, GDF11, BMP6, ActRIIB, ALK4,
ALKS5, and ALK7.

In certain aspects, an ActRIIB antagonist, or combination of antagonists, to be used 1n
accordance with methods and uses described herein 1s an agent that inhibits at least activin
(e.g., activin A, activin B, activin AB, activin C, activin AC, activin BC, activin E, activin
AE, and/or activin BE) (e.g., an activin antagonist). Effects on activin inhibition may be
determined, for example, using a cell-based assay including those described herein (e.g., a

Smad signaling reporter assay). Therefore, in some embodiments, an ActRIIB antagonist, or
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combination of antagonists, of the disclosure may bind to at least activin. Ligand binding
activity may be determined, for example, using a binding atfinity assay including those
described herein. In some embodiments, an ActRIIB antagonist, or combination of
antagonists, of the disclosure binds to at least activin with a Kpof at least 1 x 107 M (e.g., at
least 1 x 10° M, at least 1 x 10° M. at least 1 x 107" M, at least 1 x 10" M, or at least 1 x 10°
'>M). As described herein, various ActRIIB antagonists that inhibit activin can be used in
accordance with the methods and uses described herein including, for example, ligand traps
(e.g., ActRIIB polypeptides, GDF Traps, follistatin polypeptides, and FLRG polypeptides),
antibodies, small molecules, nucleotide sequences, and combinations thereof. In certain
embodiments, an ActRIIB antagonist, or combination of antagonists, that inhibits activin may
further inhibit one or more of: GDF8, GDF3, GDF11, BMP6, BMP10, ActRIIB, ALK4,
ALKS, and ALK7. In certain preferred embodiments, an ActRIIB antagonist, or combination
of antagonists, to be used 1n accordance with methods and uses described herein 1s an agent
that inhibits at least activin B. In some embodiments, an ActRIIB antagonist, or combination
of antagonists, to be used in accordance with methods and uses described herein does not
substantially bind to activin A (e.g., binds to activin A with a Kp higher than 1 x 107 M or
has relatively modest binding, e.g., about 1 x 10 M or about 1 x 10” M) and/or inhibit
activin A activity. In certain preferred embodiments, an ActRIIB antagonist, or combination
of antagonists, to be used 1n accordance with methods and uses described herein 1s an agent
that inhibits at least activin B but does not substantially bind to activin A (e.g., binds to
activin A with a Kp higher than 1 x 10" M or has relatively modest binding, e.g., about 1 x
10 M or about 1 x 10” M) and/or inhibit activin A activity.

In certain aspects, an ActRIIB antagonist, or combination of antagonists, to be used 1n
accordance with methods and uses described herein 1s an agent that inhibits at least ActRIIB
(e.g., an ActRIIB antagonist). Effects on ActRIIB inhibition may be determined, for
example, using a cell-based assay including those described herein (e.g., a Smad signaling
reporter assay). Therefore, in some embodiments, an ActRIIB antagonist, or combination of
antagonists, of the disclosure may bind to at least ActRIIB. Ligand binding activity may be
determined, for example, using a binding affinity assay including those described herein. In
some embodiments, an ActRIIB antagonist, or combination of antagonists, of the disclosure
binds to at least ActRIIB with a Kpof at least 1 x 107" M (e.g., at least 1 x 10° M, at least 1 x
10° M., at least 1 x 107" M. at least 1 x 10" M, or at least 1 x 10™* M). As described herein,
various ActRIIB antagonists that inhibit ActRIIB can be used 1in accordance with the methods
and uses described herein including, for example, ligand traps (e.g., ActRIIB polypeptides,
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GDF Traps, follistatin polypeptides, and FLRG polypeptides), antibodies, small molecules,
nucleotide sequences, and combinations thereof. In certain embodiments, an ActRIIB
antagonist, or combination of antagonists, that inhibits ActRIIB may further inhibit one or
more of: activin (e.g., activin A, activin B, activin AB, activin C, activin AC, activin BC,
activin E, activin AE, and/or activin BE), GDF8, GDF3, GDF11, BMP6, BMP10, ALK4,
ALKS5, and ALK7.

In certain aspects, an ActRIIB antagonist, or combination of antagonists, to be used in
accordance with methods and uses described herein 1s an agent that inhibits at least ALK4
(e.g., an ALK4 antagonist). Effects on ALK4 inhibition may be determined, for example,
using a cell-based assay including those described herein (e.g., a Smad signaling reporter
assay). Therefore, in some embodiments, an ActRIIB antagonist, or combination of
antagonists, of the disclosure may bind to at least ALK4. Ligand binding activity may be
determined, for example, using a binding affinity assay including those described herein. In
some embodiments, an ActRIIB antagonist, or combination of antagonists, of the disclosure
binds to at least ALK4 with a Kp of at least 1 x 107 M (e.g., at least 1 x 10° M, at least 1 x
10° M., at least 1 x 107" M. at least 1 x 10" M, or at least 1 x 10™* M). As described herein,
various ActRIIB antagonists that inhibit ALK4 can be used 1n accordance with the methods
and uses described herein including, for example, ligand traps (e.g., ActRIIB polypeptides,
GDF Traps, follistatin polypeptides, and FLRG polypeptides), antibodies, small molecules,
nucleotide sequences, and combinations thereof. In certain embodiments, an ActRIIB
antagonist, or combination of antagonists, that inhibits ALK4 may further inhibit one or more
of: activin (e.g., activin A, activin B, activin AB, activin C, activin AC, activin BC, activin E,
activin AE, and/or activin BE), GDF8, GDF3, GDF11, BMP6, BMP10, ActRIIB, ALKS5, and
ALK7.

In certain aspects, an ActRIIB antagonist, or combination of antagonists, to be used 1n
accordance with methods and uses described herein 1s an agent that inhibits at least ALKS
(e.g., an ALKS5 antagonist). Effects on ALKS5 inhibition may be determined, for example,
using a cell-based assay including those described herein (e.g., a Smad signaling reporter
assay). Therefore, in some embodiments, an ActRIIB antagonists, or combination of
antagonist, of the disclosure may bind to at least ALKS5. Ligand binding activity may be
determined, for example, using a binding affinity assay including those described herein. In
some embodiments, an ActRIIB antagonist, or combination of antagonists, of the disclosure
binds to at least ALK5 with a Kpof at least 1 x 107 M (e.g., at least 1 x 10° M, at least 1 x
10” M, at least 1 x 107" M. at least 1 x 10" M, or at least 1 x 107~ M). As described herein,
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various ActRIIB antagonists that inhibit ALKS5 can be used 1n accordance with the methods
and uses described herein including, for example, ligand traps (e.g., ActRIIB polypeptides,
GDF Traps, follistatin polypeptides, and FLRG polypeptides), antibodies, small molecules,
nucleotide sequences, and combinations thereof. In certain embodiments, an ActRIIB
antagonist, or combination of antagonists, that inhibits ALKS may further inhibit one or more
of: activin (e.g., activin A, activin B, activin AB, activin C, activin AC, activin BC, activin E,
activin AE, and/or activin BE), GDF8, GDF3, GDF11, BMP6, BMP10, ActRIIB, ALK4, and
ALK7.

In certain aspects, an ActRIIB antagonist, or combination of antagonists, to be used 1n
accordance with methods and uses described herein 1s an agent that inhibits at least ALK/
(e.g., an ALK7 antagonist). Effects on ALK7 inhibition may be determined, for example,
using a cell-based assay including those described herein (e.g., a Smad signaling reporter
assay). Therefore, in some embodiments, an ActRIIB antagonist, or combination of
antagonists, of the disclosure may bind to at least ALK7. Ligand binding activity may be
determined, for example, using a binding affinity assay including those described herein. In
some embodiments, an ActRIIB antagonist, or combination of antagonists, of the disclosure
binds to at least ALK7 with a Kpof at least 1 x 107 M (e.g., at least 1 x 10 M, at least 1 x
10” M, at least 1 x 107" M. at least 1 x 10" M, or at least 1 x 107~ M). As described herein,
various ActRIIB antagonists that inhibit ALK7 can be used 1n accordance with the methods
and uses described herein including, for example, ligand traps (e.g., ActRIIB polypeptides,
GDF Traps, follistatin polypeptides, and FLRG polypeptides), antibodies, small molecules,
nucleotide sequences, and combinations thereof. In certain embodiments, an ActRIIB
antagonist, or combination of antagonists, that inhibits ALK7 may further inhibit one or more
of: activin (e.g., activin A, activin B, activin AB, activin C, activin AC, activin BC, activin E,
activin AE, and/or activin BE), GDF8, GDF3, GDF11, BMP6, BMP10, ActRIIB, ALKS, and
ALK4.

In part, the disclosure relates to ActRIIB antagonists that are ActRIIB polypeptides.
The term “ActRIIB polypeptide” collectively refers to naturally occurring ActRIIB
polypeptides as well as truncations and variants thereof such as those described herein (e.g.,
GDF trap polypeptides). Preferably ActRIIB polypeptides comprise, consist essentially of, or
consist of a ligand-binding domain of an ActRIIB polypeptide or modified (variant) form
thereof. For example, in some embodiments, an ActRIIB polypeptide comprises, consists
essentially of, or consists of an ActRIIB ligand-binding domain of an ActRIIB polypeptide,
for example, a portion of the ActRIIB extracellular domain. Preferably, ActRIIB
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polypeptides to be used 1n accordance with the methods described herein are soluble
polypeptides.

In certain aspects, the disclosure relates compositions comprising an ActRIIB
polypeptide and uses thereof. For example, in some embodiments, an ActRIIB polypeptide
of the disclosure comprises an amino acid sequence that 1s at least 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentical to the sequence
of amino acids 29-109 of SEQ ID NO: 1. In some embodiments, an ActRIIB polypeptide
may comprise an amino acid sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentical to the sequence of amino acids 29-
109 of SEQ ID NO: 1, wherein the ActRIIB polypeptide comprises an acidic amino acid
[naturally occurring (E or D) or artificial acidic amino acid] at position 79 with respect to
SEQ ID NO: 1. In other embodiments, an ActRIIB polypeptide may comprise an amino acid
sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% 1dentical to the sequence of amino acids 25-131 of SEQ ID NO: 1. In
some embodiments, an ActRIIB polypeptide may comprise an amino acid sequence that 1s at
least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% 1dentical to the sequence of amino acids 25-131 of SEQ ID NO: 1, wherein the
ActRIIB polypeptide comprises an acidic amino acid at position 79 with respect to SEQ ID
NO: 1. In other embodiments, an ActRIIB polypeptide may comprise an amino acid
sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% 1dentical to the amino acid sequence of SEQ ID NO: 1. In some
embodiments, an ActRIIB polypeptide may comprise an amino acid sequence that 1s at least
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%., or 100%
1dentical to the amino acid sequence of SEQ ID NO: 1, wherein the ActRIIB polypeptide
comprises an acidic amino acid at position 79 with respect to SEQ ID NO: 1. In even other
embodiments, an ActRIIB polypeptide may comprise an amino acid sequence that 1s at least
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
1dentical to the amino acid sequence of SEQ ID NO: 2. In other embodiments, an ActRIIB
polypeptide may comprise an amino acid sequence that 1s at least 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%. 95%, 96%. 97%, 98%,. 99%. or 100% 1dentical to the amino acid
sequence of SEQ ID NO: 2, wherein the ActRIIB polypeptide comprises an acidic amino acid
at position 79 with respect to SEQ ID NO: 1. In still other embodiments, an ActRIIB
polypeptide may comprise an amino acid sequence that 1s at least 70%, 75%, 80%, 85%,

90%, 91%, 92%, 93%, 94%. 95%, 96%., 97%, 98%, 99%, or 100% 1dentical to the amino acid
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sequence of SEQ ID NO: 3. In other, an ActRIIB polypeptide may comprise an amino acid
sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% 1dentical to the amino acid sequence of SEQ ID NO: 3, wherein the

ActRIIB polypeptide comprises an acidic amino acid at position 79 with respect to SEQ ID

NO: 1. In other embodiments, an ActRIIB polypeptide may comprise an amino acid

sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% 1dentical to the amino acid sequence of SEQ ID NO: 4. In some
embodiments, an ActRIIB polypeptide may comprise an amino acid sequence that 1s at least
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%., or 100%
1dentical to the amino acid sequence of SEQ ID NO: 4, wherein the ActRIIB polypeptide
comprises an acidic amino acid at position 79 with respect to SEQ ID NO: 4. In other
embodiments, an ActRIIB polypeptide may comprise an amino acid sequence that 1s at least
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
1dentical to the amino acid sequence of SEQ ID NO: 5. In some embodiments, an ActRIIB
polypeptide may comprise an amino acid sequence that 1s at least 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%. 95%, 96%. 97%, 98%, 99%,. or 100% 1dentical to the amino acid
sequence of SEQ ID NO: 5, wherein the ActRIIB polypeptide comprises an acidic amino acid
at position 79 with respect to SEQ ID NO: 4. In other embodiments, an ActRIIB polypeptide
may comprise an amino acid sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% i1dentical to the amino acid sequence of
SEQ ID NO: 6. In some embodiments, an ActRIIB polypeptide may comprise an amino acid
sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% 1dentical to the amino acid sequence of SEQ ID NO: 6, wherein the
ActRIIB polypeptide comprises an acidic amino acid at position 79 with respect to SEQ ID
NO: 4. In still even other embodiments, an ActRIIB polypeptide may comprise an amino
acid sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% 1dentical to the amino acid sequence of SEQ ID NO: 24. In still
even other embodiments, an ActRIIB polypeptide may comprise an amino acid sequence that
1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% 1dentical to the amino acid sequence of SEQ ID NO: 25. In still even other
embodiments, an ActRIIB polypeptide may comprise an amino acid sequence that 1s at least
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
1dentical to the amino acid sequence of SEQ ID NO: 28. In still even other embodiments, an

ActRIIB polypeptide may comprise an amino acid sequence that 1s at least 70%, 75%, 80%,
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85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentical to the
amino acid sequence of SEQ ID NO: 29. In some embodiments, an ActRIIB polypeptide
may comprise an amino acid sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% i1dentical to the amino acid sequence of
SEQ ID NO: 29, wherein the ActRIIB polypeptide comprises an acidic amino acid at position
79 with respect to SEQ ID NO: 1. In still even other embodiments, an ActRIIB polypeptide
may comprise an amino acid sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentical to the amino acid sequence of
SEQ ID NO: 30. In some embodiments, an ActRIIB polypeptide may comprise an amino
acid sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% 1dentical to the amino acid sequence of SEQ ID NO: 30, wherein
the ActRIIB polypeptide comprises an acidic amino acid at position 79 with respect to SEQ
ID NO: 1. In still even other embodiments, an ActRIIB polypeptide may comprise an amino
acid sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% 1dentical to the amino acid sequence of SEQ ID NO: 31. In some
embodiments, an ActRIIB polypeptide may comprise an amino acid sequence that 1s at least
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
1dentical to the amino acid sequence of SEQ ID NO: 31, wherein the ActRIIB polypeptide
comprises an acidic amino acid at position 79 with respect to SEQ ID NO: 1. In still even
other embodiments, an ActRIIB polypeptide may comprise an amino acid sequence that 1s at
least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% 1dentical to the amino acid sequence of SEQ ID NO: 45. In some embodiments, an
ActRIIB polypeptide may comprise an amino acid sequence that 1s at least 70%, 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentical to the
amino acid sequence of SEQ ID NO: 45, wherein the ActRIIB polypeptide comprises an
acidic amino acid at position 79 with respect to SEQ ID NO: 1. In still even other
embodiments, an ActRIIB polypeptide may comprise an amino acid sequence that 1s at least
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%., or 100%
1dentical to the amino acid sequence of SEQ ID NO: 50. In some embodiments, an ActRIIB
polypeptide may comprise an amino acid sequence that 1s at least 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%. 95%, 96%., 97%, 98%, 99%,. or 100% 1dentical to the amino acid
sequence of SEQ ID NO: 50, wherein the ActRIIB polypeptide comprises an acidic amino
acid at position 79 with respect to SEQ ID NO: 1. In still even other embodiments, an
ActRIIB polypeptide may comprise an amino acid sequence that 1s at least 70%, 75%, 80%,
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85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentical to the
amino acid sequence of SEQ ID NO: 53. In some embodiments, an ActRIIB polypeptide
may comprise an amino acid sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% i1dentical to the amino acid sequence of
SEQ ID NO: 53, wherein the ActRIIB polypeptide comprises an acidic amino acid at position
79 with respect to SEQ ID NO: 1. In still even other embodiments, an ActRIIB polypeptide
may comprise an amino acid sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentical to the amino acid sequence of
SEQ ID NO: 54. In some embodiments, an ActRIIB polypeptide may comprise an amino
acid sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% 1dentical to the amino acid sequence of SEQ ID NO: 54, wherein
the ActRIIB polypeptide comprises an acidic amino acid at position 79 with respect to SEQ
ID NO: 1. In still even other embodiments, an ActRIIB polypeptide may comprise an amino
acid sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% 1dentical to the amino acid sequence of SEQ ID NO: 58. In certain
embodiments, ActRIIB polypeptides to be used 1n accordance with the methods and uses
described herein do not comprise an acidic amino acid at the position corresponding to 79
of SEQ ID NO: 1.

As described herein, ActRIIB polypeptides and variants thereof (GDF traps) may be
homomultimers, for example, homodimer, homotrimers, homotetramers, homopentamers,
and higher order homomultimer complexes. In certain preferred embodiments, ActRIIB
polypeptides and variants thereof are homodimers. In certain embodiments, ActRII
polypeptide dimers described herein comprise an first ActRIIB polypeptide covalently, or
non-covalently, associated with an second ActRIIB polypeptide wherein the first polypeptide
comprises an ActRIIB domain and an amino acid sequence of a first member (or second
member) of an interaction pair (e.g., a constant domain of an immunoglobulin) and the
second polypeptide comprises an ActRIIB polypeptide and an amino acid sequence of a

second member (or first member) of the interaction pair.

In certain aspects, ActRIIB polypeptides, including variants thereof (e.g., GDF traps),
may be fusion proteins. For example, in some embodiments, an ActRIIB polypeptide may be
a fusion protein comprising an ActRIIB polypeptide domain and one or more heterologous
(non-ActRIIB) polypeptide domains. In some embodiments, an ActRIIB polypeptide may be

a fusion protein that has, as one domain, an amino acid sequence dertved from an ActRIIB
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polypeptide (e.g., a ligand-binding domain of an ActRIIB receptor or a variant thereof) and
one or more heterologous domains that provide a desirable property, such as improved
pharmacokinetics, easier purification, targeting to particular tissues, etc. For example, a
domain of a fusion protein may enhance one or more of 1n vivo stability, 1n vivo half-life,
uptake/administration, tissue localization or distribution, formation of protein complexes,
multimerization of the fusion protein, and/or purification. Optionally, an ActRIIB
polypeptide domain of a fusion protein 1s connected directly (fused) to one or more
heterologous polypeptide domains, or an intervening sequence, such as a linker, may be
positioned between the amino acid sequence of the ActRIIB polypeptide and the amino acid
sequence of the one or more heterologous domains. In certain embodiments, an ActRIIB
fusion protein comprises a relatively unstructured linker positioned between the heterologous
domain and the ActRIIB domain. This unstructured linker may correspond to the roughly 15
amino acid unstructured region at the C-terminal end of the extracellular domain of ActRIIB
(the “tail”), or 1t may be an artificial sequence of between 3 and 15, 20, 30, 50 or more amino
acids that are relatively free of secondary structure. A linker may be rich in glycine and
proline residues and may, for example, contain repeating sequences of threonine/serine and
glycines. Examples of linkers include, but are not limited to, the sequences TGGG (SEQ ID
NO: 18), SGGG (SEQ ID NO: 19), TGGGG (SEQ ID NO: 16), SGGGG (SEQ ID NO: 17),
GGGGS (SEQ ID NO: 20), GGGG (SEQ ID NO: 15), and GGG (SEQ ID NO: 14). In some
embodiments, ActRIIB fusion proteins may comprise a constant domain of an
immunoglobulin, including, for example, the Fc portion of an immunoglobulin. For example,
an amino acid sequence that 1s derived from an Fc domain of an IgG (IgG1, IgG2, IgG3, or
IgG4), IgA (IgA1 or IgA2), IgE, or IgM immunoglobulin. For example, am Fc¢ portion of an
immunoglobulin domain may comprise, consist essentially of, or consist of an amino acid
sequence that 1s at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or 100% 1dentical to any one of SEQ ID NOs: 9-13. Such immunoglobulin
domains may comprise one or more amino acid modifications (e.g., deletions, additions,
and/or substitutions) that confer an altered Fc activity, e.g., decrease of one or more Fc
effector functions. In some embodiment, an ActRIIB fusion protein comprises an amino acid
sequence as set forth 1n the formula A-B-C. For example, the B portion 1s an N- and C-
terminally truncated ActRIIB polypeptide as described herein. The A and C portions may be
independently zero, one, or more than one amino acids, and both A and C portions are
heterologous to B. The A and/or C portions may be attached to the B portion via a linker

sequence. In certain embodiments, an ActRIIB fusion protein comprises a leader sequence.
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The leader sequence may be a native ActRIIB leader sequence or a heterologous leader
sequence. In certain embodiments, the leader sequence 1s a tissue plasminogen activator

(TPA) leader sequence.

An ActRIIB polypeptide, including variants thereof (e.g., GDF traps), may comprise a
purification subsequence, such as an epitope tag, a FLAG tag, a polyhistidine sequence, and a
GST fusion. Optionally, an ActRIIB polypeptide comprises one or more modified amino
acid residues selected from: a glycosylated amino acid, a PEGylated amino acid, a
farnesylated amino acid, an acetylated amino acid, a biotinylated amino acid, and/or an amino
acid conjugated to a lipid moiety. ActRIIB polypeptides may comprise at least one N-linked
sugar, and may include two, three or more N-linked sugars. Such polypeptides may also
comprise O-linked sugars. In general, it 1s preferable that ActRIIB polypeptides be expressed
1n a mammalian cell line that mediates suitably natural glycosylation of the polypeptide so as
to diminish the likelithood of an unfavorable immune response 1n a patient. ActRIIB
polypeptides may be produced 1n a variety of cell lines that glycosylate the protein in a
manner that 1s suitable for patient use, including engineered 1nsect or yeast cells, and
mammalian cells such as COS cells, CHO cells, HEK cells and NSO cells. In some
embodiments, an ActRIIB polypeptide 1s glycosylated and has a glycosylation pattern
obtainable from a Chinese hamster ovary cell line. In some embodiments, ActRIIB
polypeptides of the disclosure exhibit a serum half-life of at least 4, 6, 12, 24, 36, 48, or 72
hours 1n a mammal (e.g., a mouse or a human). Optionally, ActRIIB may exhibit a serum
half-life of at least 6, 8, 10, 12, 14, 20, 25, or 30 days in a mammal (e.g., a mouse or a

human).

In certain aspects, the disclosure provides pharmaceutical preparations comprising
one or more ActRIIB antagonists of the present disclosure and a pharmaceutically acceptable
carrier. A pharmaceutical preparation may also comprise one or more additional active
agents such as a compound that 1s used to treat myelofibrosis, particularly treating or
preventing one or more complications of myelofibrosis (e.g., splenomegaly, extramedullary
hematopoiesis, anemia, and fibrosis), and/or a patient treated with a Janus kinase inhibitor. In
general pharmaceutical preparation will preferably be pyrogen-free (meaning pyrogen free to

the extent required by regulations governing the quality of products for therapeutic use).

In certain instances, when administering an ActRIIB antagonist, or combination of
antagonists, of the disclosure to disorders or conditions described herein, 1t may be desirable

to monitor the effects on red blood cells during administration of the ActRIIB antagonist, or

_4-



10

15

20

235

30

CA 03031509 2015-01-24

WO 2018/022762 PCT/US2017/043967

to determine or adjust the dosing of the ActRIIB antagonist, in order to reduce undesired
effects on red blood cells. For example, increases 1n red blood cell levels, hemoglobin levels,

or hematocrit levels may cause undesirable increases 1n blood pressure.

In certain aspects, the ActRIIB antagonist 1s an antibody, or combination of
antibodies. In some embodiments, the antibody binds to at least ActRIIB. In certain
embodiments an antibody that binds to ActRIIB 1nhibits ActRIIB signaling, optionally as
measured 1n a cell-based assay such as those described herein. In certain embodiments, an
antibody that binds to ActRIIB inhibits one or more TGF-beta superfamily ligands, TGF-beta
superfamily type I receptors, or TGF-beta superfamily co-receptors from binding to ActRIIB.
In certain embodiments an antibody that binds to ActRIIB inhibits one or more TGF-beta
superfamily ligands from binding to ActRIIB selected from the group consisting of: activin
(e.g., activin A, activin B, activin C, activin AB, activin AC, activin BC, activin E, activin
AE, and activin BE), GDF8, GDF11, GDF3, BMP6, BMP10, BMP9, and BMP5. In some
embodiments, an antibody binds to at least GDF11. In certain embodiments, an antibody that
binds to GDF 11 inhibits ActRIIB signaling, optionally as measured in a cell-based assay such
as those described herein. In certain embodiments, an antibody that binds to GDF11 inhibits
GDF11-ActRIIB binding. In some embodiments, an antibody binds to at least GDFS8. In
certain embodiments, an antibody that binds to GDF8 inhibits ActRIIB signaling, optionally
as measured 1n a cell-based assay such as those described herein. In certain embodiments, an
antibody that binds to GDF8 inhibits GDF8-ActRIIB binding. In some embodiments, an
antibody binds to at least BMP6. In certain embodiments, an antibody that binds to BMP6
1inhibits ActRIIB signaling, optionally as measured 1n a cell-based assay such as those
described herein. In certain embodiments, an antibody that binds to BMP6 inhibits BMP6-
ActRIIB binding. In some embodiments, an antibody binds to BMP10. In certain
embodiments, an antibody that binds to at least BMP10 inhibits ActRIIB signaling, optionally
as measured 1n a cell-based assay such as those described herein. In certain embodiments, an
antibody that binds to BMP10 inhibits BMP10-ActRIIB binding. In some embodiments, the
antibody binds to at least GDF3. In certain embodiments, an antibody that binds to GDF3
1inhibits ActRIIB signaling, optionally as measured in a cell-based assay such as those
described herein. In certain embodiments, an antibody that binds to GDF3 1nhibits GDF3-
ActRIIB binding. In some embodiments, the antibody binds to at least activin (e.g. activin A,
activin B, activin C, activin AB, activin AC, activin BC, activin E, activin AE, and activin

BE). In certain embodiments, an antibody that binds to activin (e.g. activin A, activin B,
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activin C, activin AB, activin AC, activin BC, activin E, activin AE, and activin BE) inhibits
ActRIIB signaling, optionally as measured in a cell-based assay such as those described
herein. In certain embodiments, an antibody that binds to activin (e.g. activin A, activin B,
activin C, activin AB, activin AC, activin BC, activin E, activin AE, and activin BE) inhibits
activin-ActRIIB binding. In some embodiments, the antibody binds to activin B. In certain
embodiments, an antibody that binds to activin B inhibits ActRIIB signaling, optionally as
measured 1n a cell-based assay such as those described herein. In certain embodiments, an
antibody that binds to activin B inhibits activin B-ActRIIB binding. In some embodiments,
the antibody 1s a multispecific antibody, or combination of multispecific antibodies that binds
to one or more of ActRIIB, GDF11, GDFS, activin A, activin B, BMP6, and BMP10. In
some embodiments, an antibody binds to at least ALK4. In certain embodiments, an
antibody that binds to ALK4 1inhibits ALK4 signaling, optionally as measured 1n a cell-based
assay such as those described herein. In certain embodiments, an antibody that binds to
ALK4 1nhibits one or more ActRIIB ligands, type II receptors, or co-receptors from binding
to ALK4. In certain embodiments an antibody that binds to ALK4 inhibits one or more
ActRIIB ligands from binding to ALK4 selected from the group consisting of: activin (e.g.,
activin A, activin B, activin C, activin AB, activin AC, activin BC, activin E, activin AE, and
activin BE), GDF8, GDF11, BMP6, BMP10, and GDF3. In some embodiments, the antibody
binds to at least ALKS. In certain embodiments, an antibody that binds to ALKS 1nhibits
ALKS signaling, optionally as measured 1n a cell-based assay such as those described herein.
In certain embodiments, an antibody that binds to ALKS5 inhibits one or more ActRIIB
ligands, type II receptors, or co-receptors from binding to ALKS. In certain embodiments an
antibody that binds to ALKS inhibits one or more ActRIIB ligands from binding to ALKS
selected from the group consisting of: activin (e.g., activin A, activin B, activin C, activin
AB, activin AC, activin BC, activin E, activin AE, and activin BE), GDFS8, GDF11, BMP6,
BMP10, and GDF3. In some embodiments, the antibody binds to at least ALK7. In certain
embodiments, an antibody that binds to ALK7 inhibits ALK7 signaling, optionally as
measured 1n a cell-based assay such as those described herein. In certain embodiments, an
antibody that binds to ALK7 1inhibits one or more ActRIIB ligands, type II receptors, or co-
receptors from binding to ALK7. In certain embodiments an antibody that binds to ALK7
1inhibits one or more ActRIIB ligands from binding to ALK7 selected from the group
consisting of: activin (e.g., activin A, activin B, activin C, activin AB, activin AC, activin
BC, activin E, activin AE, and activin BE), GDF8, GDF11, BMP6, BMP10, and GDF3. In

some embodiments, the antibody binds to at least GDF11. In certain aspects the multispecific
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antibody, or a combination of multispecific antibodies, inhibits signaling 1n a cell-based assay
of one or more of: ActRIIB, GDF11, GDFS, activin A, activin B, GDF3, BMP6, and BMP10.
In some embodiments, antibody 1s a chimeric antibody, a humanized antibody, or a human
antibody. In some embodiments, the antibody 1s a single-chain antibody, an F(ab’),
fragment, a single-chain diabody, a tandem single-chain Fv fragment, a tandem single-chain
diabody, a or a fusion protein comprising a single-chain diabody and at least a portion of an

immunoglobulin heavy-chain constant region.

In certain aspects, the ActRIIB antagonist 1s a small molecule inhibitor or
combination of small molecule inhibitors. In some embodiments, the small molecule
inhibitor 1s an inhibitor of at least ActRIIB. In some embodiments, the small molecule
inhibitor 1s an inhibitor of at least ALK4. In some embodiments, the small molecule inhibitor
1s an 1nhibitor of at least ALKY5. In some embodiments, the small molecule 1nhibitor 1s an
inhibitor of at least ALK7. In some embodiments, the small molecule inhibitor 1s an inhibitor
of at least GDF11. In some embodiments, the small molecule 1inhibitor 1s an inhibitor of at
least GDF8. In some embodiments, the small molecule inhibitor 1s an inhibitor of at least
BMP6. In some embodiments, the small molecule inhibitor 1s an inhibitor of at least BMP10.
In some embodiments, the small molecule inhibitor 1s an inhibitor of at least GDF3. In some
embodiments, the small molecule inhibitor 1s an inhibitor of at least activin (e.g. activin A,
activin B, activin C, activin AB, activin AC, activin BC, activin E, activin AE, and activin

BE). In some embodiments, the small molecule inhibitor 1s an inhibitor of at least activin B.

In certain aspects, the ActRIIB antagonist 1s a nucleic acid inhibitor or combination of
nucleic acid inhibitors. In some embodiments, the nucleic acid inhibitor 1s an inhibitor of at
least ActRIIB. In some embodiments, the nucleic acid inhibitor 1s an inhibitor of at least
ALK4. In some embodiments, the nucleic acid inhibitor 1s an inhibitor of at least ALKS5. In
some embodiments, the nucleic acid inhibitor 1s an inhibitor of at least ALK7. In some
embodiments, the nucleic acid inhibitor 1s an inhibitor of at least GDF11. In some
embodiments, the nucleic acid inhibitor 1s an inhibitor of at least GDF8. In some
embodiments, the nucleic acid inhibitor 1s an inhibitor of at least BMP6. In some
embodiments, the nucleic acid inhibitor 1s an inhibitor of at least BMP10. In some
embodiments, the nucleic acid inhibitor 1s an inhibitor of at least GDF3. In some
embodiments, the nucleic acid inhibitor 1s an inhibitor of at least activin (e.g. activin A,
activin B, activin C, activin AB, activin AC, activin BC, activin E, activin AE, and activin

BE). In some embodiments, the nucleic acid inhibitor 1s an inhibitor of at least activin B.
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In certain aspects, the ActRIIB antagonist 1s a follistatin polypeptide. In some
embodiments, the follistatin polypeptide comprises an amino acid sequence that 1s at least
70%, 75% 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
1dentical to the amino acid sequence of SEQ ID NO: 63. In some embodiments, the
follistatin polypeptide comprises an amino acid sequence that 1s at least 70%, 75% 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentical to the
amino acid sequence of SEQ ID NO: 64. In some embodiments, the follistatin polypeptide
comprises an amino acid sequence that 1s at least 70%, 75% 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% i1dentical to the amino acid sequence of
SEQ ID NO: 65. In some embodiments, the follistatin polypeptide comprises an amino acid
sequence that 1s at least 70%, 75% 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% 1dentical to the amino acid sequence of SEQ ID NO: 66. In some
embodiments, the follistatin polypeptide comprises an amino acid sequence that 1s at least
70%, 75% 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
1dentical to the amino acid sequence of SEQ ID NO: 67.

In certain aspects, the ActRIIB antagonist 1s a FLRG polypeptide. In some
embodiments, the FLRG polypeptide comprises an amino acid sequence that 1s at least 70%,
75% 80%, 85%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%. or 100% 1dentical
to the amino acid sequence of SEQ ID NO: 68.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an alignment of extracellular domains of human ActRIIA (SEQ ID
NO: 36) and human ActRIIB (SEQ ID NO: 2) with the residues that are deduced herein,
based on composite analysis of multiple ActRIIB and ActRIIA crystal structures, to directly
contact ligand indicated with boxes.

Figure 2 shows a multiple sequence alignment of various vertebrate ActRIIB proteins
and human ActRIIA (SEQ ID NOs: 37-43) as well as a consensus ActRII sequence derived
from the alignment (SEQ ID NO: 44).

Figure 3 shows the full amino acid sequence for the GDF trap ActRIIB(L79D 20-
134)-hFc (SEQ ID NO: 45), including the TPA leader sequence (double underline), ActRIIB
extracellular domain (residues 20-134 1n SEQ ID NO: 1; single underline), and hFc domain.

The aspartate substituted at position 79 in the native sequence 1s double underlined and
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highlighted, as 1s the glycine revealed by sequencing to be the N-terminal residue 1n the

mature fusion protein.

Figures 4A and 4B show a nucleotide sequence encoding ActRIIB(L79D 20-134)-
hFc. SEQ ID NO: 48 corresponds to the sense strand, and SEQ ID NO: 49 corresponds to the
antisense strand. The TPA leader (nucleotides 1-66) 1s double underlined, and the ActRIIB

extracellular domain (nucleotides 76-420) 1s single underlined.

Figure S shows the full amino acid sequence for the truncated GDF trap
ActRIIB(L79D 25-131)-hFc (SEQ ID NO: 50), including the TPA leader (double underline),
truncated ActRIIB extracellular domain (residues 25-131 1in SEQ ID NO:1; single underline),
and hFc domain. The aspartate substituted at position 79 in the native sequence 1s double
underlined and highlighted, as 1s the glutamate revealed by sequencing to be the N-terminal

residue 1n the mature fusion protein.

Figures 6A and 6B show a nucleotide sequence encoding ActRIIB(L79D 25-131)-
hFc. SEQ ID NO: 51 corresponds to the sense strand, and SEQ ID NO: 52 corresponds to the
antisense strand. The TPA leader (nucleotides 1-66) 1s double underlined, and the truncated
ActRIIB extracellular domain (nucleotides 76-396) 1s single underlined. The amino acid
sequence for the ActRIIB extracellular domain (residues 25-131 in SEQ ID NO: 1) 1s also

shown.

Figure 7 shows the amino acid sequence for the truncated GDF trap ActRIIB(L79D
25-131)-hFc without a leader (SEQ ID NO: 53). The truncated ActRIIB extracellular domain
(residues 25-131 1n SEQ ID NO: 1) 1s underlined. The aspartate substituted at position 79 1n
the native sequence 1s double underlined and highlighted, as 1s the glutamate revealed by

sequencing to be the N-terminal residue 1n the mature fusion protein.

Figure 8 shows the amino acid sequence for the truncated GDF trap ActRIIB(L79D
25-131) without the leader, hFc domain, and linker (SEQ ID NO: 54). The aspartate
substituted at position 79 1n the native sequence 1s underlined and highlighted, as 1s the

glutamate revealed by sequencing to be the N-terminal residue 1n the mature fusion protein.

Figures 9A and 9B shows an alternative nucleotide sequence encoding

ActRIIB(L79D 25-131)-hFc. SEQ ID NO: 55 corresponds to the sense strand, and SEQ ID
NO: 56 corresponds to the antisense strand. The TPA leader (nucleotides 1-66) 1s double
underlined, the truncated ActRIIB extracellular domain (nucleotides 76-396) 1s underlined,

and substitutions 1n the wild-type nucleotide sequence of the extracellular domain are double
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underlined and highlighted (compare with SEQ ID NO: 51, Figures 6A and 6B). The amino
acid sequence for the ActRIIB extracellular domain (residues 25-131 1n SEQ ID NO: 1) 1s

also shown.

Figure 10 shows nucleotides 76-396 (SEQ ID NO: 57) of the alternative nucleotide
sequence shown 1n Figures 9A and 9B (SEQ ID NO: 55). The same nucleotide substitutions
indicated 1n Figures 9A and 9B are also underlined and highlighted here. SEQ ID NO: 57

encodes only the truncated ActRIIB extracellular domain (corresponding to residues 25-131

in SEQ ID NO: 1) with a L79D substitution, e.g., ActRIIB(L79D 25-131).

Figure 11 shows multiple sequence alignment of Fc domains from human IgG

1sotypes using Clustal 2.1. Hinge regions are indicated by dotted underline.

Figure 12 shows the full, unprocessed amino acid sequence for ActRIIB(25-131)-hFc
(SEQ ID NO: 58). The TPA leader (residues 1-22) and double-truncated ActRIIB
extracellular domain (residues 24-131, using numbering based on the native sequence in SEQ
ID NO: 1) are each underlined. Highlighted 1s the glutamate revealed by sequencing to be
the N-terminal amino acid of the mature fusion protein, which 1s at position 25 relative to
SEQ ID NO: 1.

Figures 13A and 13B show a nucleotide sequence encoding ActRIIB(25-131)-hFc¢
(the coding strand 1s shown at top, SEQ ID NO: 59, and the complement shown at bottom 3’-
57, SEQ ID NO: 60). Sequences encoding the TPA leader (nucleotides 1-66) and ActRIIB
extracellular domain (nucleotides 73-396) are underlined. The corresponding amino acid
sequence for ActRIIB(25-131) 1s also shown.

Figures 14A and 14B show an alternative nucleotide sequence encoding ActRIIB(25-
131)-hFc¢ (the coding strand 1s shown at top, SEQ ID NO: 61, and the complement shown at
bottom 3°-5’, SEQ ID NO: 62). This sequence confers a greater level of protein expression in
initial transformants, making cell line development a more rapid process. Sequences
encoding the TPA leader (nucleotides 1-66) and ActRIIB extracellular domain (nucleotides
73-396) are underlined, and substitutions 1n the wild type nucleotide sequence of the ECD
(see Figures 13A and 13B) are highlighted. The corresponding amino acid sequence for
ActRIIB(25-131) 1s also shown.

DETAILED DESCRIPTION OF THE INVENTION
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1. Overview

The transforming growth factor-beta (TGF-beta) superfamily contains a variety of
orowth factors that share common sequence elements and structural motifs. These proteins
are known to exert biological effects on a large variety of cell types 1n both vertebrates and
invertebrates. Members of the superfamily perform important functions during embryonic
development 1n pattern formation and tissue specification and can influence a variety of
differentiation processes, including adipogenesis, myogenesis, chondrogenesis,
cardiogenesis, hematopoiesis, neurogenesis, and epithelial cell differentiation. By
manipulating the activity of a member of the TGF-beta family, 1t 1s often possible to cause
significant physiological changes in an organism. For example, the Piedmontese and Belgian
Blue cattle breeds carry a loss-of-function mutation 1n the GDF8 (also called myostatin) gene
that causes a marked increase 1n muscle mass [see, e.g., Grobet ef al. (1997) Nat Genet.
17(1):71-4]. Furthermore, in humans, inactive alleles of GDF8 are associated with increased

muscle mass and, reportedly, exceptional strength [see, e.g., Schuelke ef al. (2004) N Engl J
Med, 350:2682-8].

TGF-P signals are mediated by heteromeric complexes of type I and type 11
serine/threonine kinase receptors, which phosphorylate and activate downstream SMAD
proteins (e.g., SMAD proteins 1, 2, 3, 5, and 8) upon ligand stimulation [see, e.g., Massague
(2000) Nat. Rev. Mol. Cell Biol. 1:169-178]. These type I and type II receptors are
transmembrane proteins, composed of a ligand-binding extracellular domain with cysteine-
rich region, a transmembrane domain, and a cytoplasmic domain with predicted
serine/threonine specificity. Type I receptors are essential for signaling. Type II receptors
are required for binding ligands and for activation of type I receptors. Type I and II activin
receptors form a stable complex after ligand binding, resulting in phosphorylation of type I

receptors by type II receptors.

Two related type II receptors (ActRII), ActRIIA and ActRIIB, have been 1dentified as
the type II receptors for activins [see, e.g., Mathews and Vale (1991) Cell 65:973-982; and
Attisanoef al. (1992) Cell 68: 97-108]. Besides activins, ActRIIA and ActRIIB can
biochemically interact with several other TGF-3 family proteins including, for example,
BMP6, BMP7, Nodal, GDF8, and GDF11 [see, e.g., Yamashita ef al. (1995) J. Cell Biol.
130:217-226; Lee and McPherron (2001) Proc. Natl. Acad. Sci. USA 98:9306-9311; Yeo and
Whitman (2001) Mol. Cell 7: 949-957; and Oh ef al. (2002) Genes Dev. 16:2749-54]. ALK4
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1s the primary type I receptor for activins, particularly for activin A, and ALK-7 may serve as

a receptor for other activins as well, particularly for activin B.

Activins are dimeric polypeptide growth factors that belong to the TGF-beta
superfamily. There are three principal activin forms (A, B, and AB) that are
homo/heterodimers of two closely related B subunits (BaPa, BePs, and BaPs, respectively).
The human genome also encodes an activin C and an activin E, which are primarily

expressed 1n the liver, and heterodimeric forms containing B¢ or Pg are also known.

In the TGF-beta superfamily, activins are unique and multifunctional factors that can
sttimulate hormone production 1n ovarian and placental cells, support neuronal cell survival,
influence cell-cycle progress positively or negatively depending on cell type, and induce
mesodermal differentiation at least in amphibian embryos [DePaolo ef al. (1991) Proc Soc Ep
Biol Med. 198:500-512; Dyson ef al. (1997) Curr Biol. 7:81-84; and Woodruft (1998)
Biochem Pharmacol. 55:953-963]. Moreover, erythroid differentiation factor (EDF) 1solated
from the stimulated human monocytic leukemic cells was found to be 1dentical to activin A
[Murata ef al. (1988) PNAS, 85:2434]. It has been suggested that activin A promotes
erythropoiesis in the bone marrow. In several tissues, activin signaling 1s antagonized by 1ts
related heterodimer, inhibin. For example, during the release of follicle-stimulating hormone
(FSH) from the pituitary, activin promotes FSH secretion and synthesis, while inhibin
prevents FSH secretion and synthesis. Other proteins that may regulate activin bioactivity

and/or bind to activin include follistatin (FS), follistatin-related protein (FSRP, also known as

FLRG or FSTL3), and a;-macroglobulin.

As described herein, agents that bind to “activin A” are agents that specifically bind to
the A subunit, whether 1n the context of an 1solated 5 subunit or as a dimeric complex (e.g.,
a PaPBa homodimer or a P AP heterodimer). In the case of a heterodimer complex (e.g., a
BaPs heterodimer), agents that bind to “activin A” are specific for epitopes present within the
Ba subunit, but do not bind to epitopes present within the non-5 subunit of the complex (e.g.,
the Bg subunit of the complex). Similarly, agents disclosed herein that antagonize (1nhibit)
“activin A” are agents that inhibit one or more activities as mediated by a 4 subunit, whether
1n the context of an 1solated 5 subunit or as a dimeric complex (e.g., a BaPPa homodimer or a
BaPs heterodimer). In the case of PaPs heterodimers, agents that inhibit “activin A” are
agents that specifically inhibit one or more activities of the P subunit, but do not inhibit the
activity of the non-P, subunit of the complex (e.g., the Bg subunit of the complex). This

principle applies also to agents that bind to and/or inhibit “activin B”, “activin C”, and
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“activin E”. Agents disclosed herein that antagonize “activin AB” are agents that inhibit one
or more activities as mediated by the B4 subunit and one or more activities as mediated by the

BB subunit.

Growth and differentiation factor-8 (GDF8) 1s also known as myostatin. GDF8 1s a
negative regulator of skeletal muscle mass. GDF8 1s highly expressed 1n the developing and
adult skeletal muscle. The GDF8 null mutation 1n transgenic mice 1s characterized by a
marked hypertrophy and hyperplasia of the skeletal muscle [McPherron ef al., Nature (1997)
387:83-90]. Similar increases 1n skeletal muscle mass are evident in naturally occurring
mutations of GDF8 in cattle [see, e.g., Ashmore ef al. (1974) Growth, 38:501-507; Swatland
and Kieffer (1994) J. Anim. Sci. 38:752-757; McPherron and Lee (1997) Proc. Natl. Acad.
Sci. USA 94:12457-12461; and Kambadur ef al. (1997) Genome Res. 7:910-915] and,
strikingly, 1n humans [see, e.g., Schuelke e7 al. (2004) N Engl J Med 350:2682-8]. Studies
have also shown that muscle wasting associated with HIV-infection in humans 1s
accompanied by increases in GDF8 protein expression [see, e.g., Gonzalez-Cadavid ef al.
(1998) PNAS 95:14938-43]. In addition, GDF8 can modulate the production of muscle-
specific enzymes (e.g., creatine kinase) and modulate myoblast cell proliferation [see, e.g.
international patent application publication no. WO 00/43781]. The GDF8 propeptide can
noncovalently bind to the mature GDF8 domain dimer, inactivating its biological activity
[see, e.g., Miyazono ef al. (1988) J. Biol. Chem., 263: 6407-6415; Waketield er al. (1988) J.
Biol. Chem., 263: 7646-7654; and Brown ef al. (1990) Growth Factors, 3: 35-43]. Other
proteins which bind to GDF8 or structurally related proteins and 1inhibit their biological

activity include follistatin, and potentially, follistatin-related proteins [see, e.g., Gamer ef al.

(1999) Dev. Biol., 208: 222-232].

Growth and differentiation factor-11 (GDF11), also known as BMP11, is a secreted
protein [McPherron ef al. (1999) Nat. Genet. 22: 260-264]. GDF11 1s expressed 1n the tail
bud, limb bud, maxillary and mandibular arches, and dorsal root ganglia during mouse
development [see, e.g., Nakashima et al. (1999) Mech. Dev. 80: 185-189]. GDF11 plays a
unique role 1n patterning both mesodermal and neural tissues [see, e.g., Gamer ef al. (1999)
Dev Biol ., 208:222-32]. GDF11 was shown to be a negative regulator of chondrogenesis and
myogenesis in developing chick limb [see, e.g., Gamer ef al. (2001) Dev Biol. 229:407-20].
The expression of GDF11 1n muscle also suggests 1ts role 1in regulating muscle growth 1n a
similar way to GDF8. In addition, the expression of GDF11 1n brain suggests that GDF11

may also possess activities that relate to the function of the nervous system. Interestingly,
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GDF11 was found to inhibit neurogenesis 1n the olfactory epithelium [see, e.g., Wu ef al.

(2003) Neuron. 37:197-207].

In part, the present disclosure relates to the discovery that an ActRIIB antagonist
(1nhibitor) can be used to treat myelofibrosis patients, particularly ameliorating various
complications of the disease including, for example, splenomegaly, extramedullary
hematopoiesis, and fibrosis. In particular, the data presented herein show that a GDF trap
polypeptide decrease splenomegaly, extramedullary hematopoiesis, and fibrosis in a
JAK2V617F model of myelofibrosis. Accordingly, in certain aspects, the discloses relates to
compositions and method for treating myelofibrosis, particularly treating or preventing one or
more complications of myelofibrosis (splenomegaly, extramedullary hematopoiesis, anemia,
and fibrosis), by administering to a patient in need thereof an effective amount of one or more
ActRIIB antagonists, optionally in combination of one or more other supportive therapies or

active agents for treating myelofibrosis.

The terms used 1n this specification generally have their ordinary meanings in the art,
within the context of this invention and 1n the specific context where each term 1s used.
Certain terms are discussed below or elsewhere 1n the specification, to provide additional
guidance to the practitioner in describing the compositions and methods of the invention and
how to make and use them. The scope or meaning of any use of a term will be apparent from

the specific context in which the term 1s used.

“Homologous,” 1n all 1ts grammatical forms and spelling variations, refers to the
relationship between two proteins that possess a “common evolutionary origin,” including
proteins from superfamilies in the same species of organism, as well as homologous proteins
from different species of organism. Such proteins (and their encoding nucleic acids) have
sequence homology, as reflected by their sequence similarity, whether in terms of percent
1dentity or by the presence of specific residues or motifs and conserved positions. However,
1n common usage and in the instant application, the term “homologous,” when modified with
an adverb such as “highly,” may refer to sequence similarity and may or may not relate to a

common evolutionary origin.

The term “sequence stmilarity,” 1n all 1its grammatical forms, refers to the degree of
1dentity or correspondence between nucleic acid or amino acid sequences that may or may

not share a common evolutionary origin.
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"Percent (%) sequence 1dentity" with respect to a reference polypeptide (or
nucleotide) sequence 1s defined as the percentage of amino acid residues (or nucleic acids) in
a candidate sequence that are 1dentical to the amino acid residues (or nucleic acids) in the
reference polypeptide (nucleotide) sequence, after aligning the sequences and introducing
gaps, 1f necessary, to achieve the maximum percent sequence 1dentity, and not considering
any conservative substitutions as part of the sequence 1dentity. Alignment for purposes of
determining percent amino acid sequence 1dentity can be achieved 1n various ways that are
within the skill 1n the art, for instance, using publicly available computer software such as
BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software. Those skilled 1n the art can
determine appropriate parameters for aligning sequences, including any algorithms needed to
achieve maximal alignment over the full length of the sequences being compared. For
purposes herein, however, % amino acid (nucleic acid) sequence 1dentity values are generated
using the sequence comparison computer program ALIGN-2. The ALIGN-2 sequence
comparison computer program was authored by Genentech, Inc., and the source code has
been filed with user documentation 1n the U.S. Copyright Office, Washington D.C., 20559,
where 1t 1s registered under U.S. Copyright Registration No. TXUS510087. The ALIGN-2
program 1s publicly available from Genentech, Inc., South San Francisco, Calif., or may be
compiled from the source code. The ALIGN-2 program should be compiled for use on a
UNIX operating system, including digital UNIX V4.0D. All sequence comparison
parameters are set by the ALIGN-2 program and do not vary.

“Agonize”, 1n all 1ts grammatical forms, refers to the process of activating a protein
and/or gene (e.g., by activating or amplifying that protein’s gene expression or by inducing
an 1nactive protein to enter an active state) or increasing a protein’s and/or gene’s activity.

“Antagonize”’, 1n all 1ts grammatical forms, refers to the process of inhibiting a protein
and/or gene (e.g., by inhibiting or decreasing that protein’s gene expression or by inducing an
active protein to enter an 1nactive state) or decreasing a protein’s and/or gene’s activity.

The terms "about" and "approximately" as used 1n connection with a numerical value

throughout the specification and the claims denotes an interval of accuracy, familiar and

acceptable to a person skilled in the art. In general, such interval of accuracy 1s £ 10%.
Alternatively, and particularly 1n biological systems, the terms "about" and "approximately"”
may mean values that are within an order of magnitude, preferably <5 -fold and more
preferably < 2-fold of a given value.

Numeric ranges disclosed herein are inclusive of the numbers defining the ranges.
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The terms "a" and "an" include plural referents unless the context in which the term 1s
used clearly dictates otherwise. The terms "a" (or "an"), as well as the terms "one or more,"
and "at least one" can be used interchangeably herein. Furthermore, "and/or" where used
herein 1s to be taken as specific disclosure of each of the two or more specified features or
components with or without the other. Thus, the term “and/or" as used in a phrase such as "A
and/or B" herein 1s intended to include "A and B," "A or B," "A" (alone), and "B" (alone).
Likewise, the term "and/or" as used 1n a phrase such as "A, B, and/or C" 1s intended to
encompass each of the following aspects: A, B, and C; A,B,orC; AorC; AorB;Bor(C; A
and C; A and B; B and C; A (alone); B (alone); and C (alone).

Throughout this specification, the word “comprise” or variations such as “comprises”
or “comprising” will be understood to imply the inclusion of a stated integer or groups of

integers but not the exclusion of any other integer or group of integers.

2. ActRIIB Antagonists

In part, the present disclosure relates to the discovery that an ActRIIB antagonist
(inhibitor) can be used to treat myelofibrosis patients, particularly ameliorating various
complications of the disease including, for example, splenomegaly, extramedullary
hematopoiesis, and fibrosis. In particular, the data presented herein show that a GDF trap
polypeptide decreases splenomegaly, extramedullary hematopoiesis, and fibrosis in a
JAK2V617F model of myelofibrosis. While soluble GDF trap polypeptides may affect
myelofibrosis through a mechanism other than ActRIIB antagonism [e.g., inhibition of one or
more of GDF11, GDFS8, activin B, BMP6, GDF3, and BMP10 may be an indicator of the
tendency of an agent to 1nhibit the activities of a spectrum of additional agents, including,
perhaps, other members of the TGF-beta superfamily, and such collective inhibition may lead
to the desired effect on, for example, myelofibrosis], the disclosure nonetheless demonstrates
that desirable therapeutic agents may be selected on the basis of ActRIIB antagonism.
Therefore, while not wishing to be bound to a particular mechanism of action, 1t 1s expected
that other ActRIIB antagonists [e.g., antagonists of the ActRIIB receptor, antagonists of one
or more ActRIIB-binding ligand (e.g., GDF11, GDFS, activin, BMP6, GDF3, and BMP10)
antagonists of one or more type I receptor (e.g., ALK4, ALKS, and/or ALK7), antagonists of
one or more co-receptor, antagonists of one or more ActRIIB downstream signaling

components (e.g., Smads), or combination of such antagonists| will useful 1n the treatment of
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myelofibrosis, particularly in the treatment or preventing of various myelofibrosis-associated
complications (e.g., splenomegaly, extramedullary hematopoiesis, and fibrosis). Such agents

are collectively referred to herein as “ActRIIB antagonists” or “ActRIIB inhibitors”.

A. ActRIIB Polypeptides and Variants Thereof

In certain aspects, the present disclosure relates to ActRIIB polypeptides and variants
thereof (e.g., GDF traps). In particular, the disclosure provides methods of using ActRIIB
polypeptides, alone or in combination with one or more additional supportive therapies, to
treat myelofibrosis, particularly treating or preventing one or more complications of
myelofibrosis (e.g., splenomegaly, extramedullary hematopoiesis, anemia, and fibrosis),
and/or a patient treated with a Janus kinase inhibitor. As used herein, the term “ActRIIB”
refers to a family of activin receptor type IIB (ActRIIB) proteins from any species and
variants derived from such ActRIIB proteins by mutagenesis or other modification.
Reference to ActRIIB herein 1s understood to be a reference to any one of the currently
1dentified forms. Members of the ActRIIB family are generally transmembrane proteins,
composed of a ligand-binding extracellular domain comprising a cysteine-rich region, a
transmembrane domain, and a cytoplasmic domain with predicted serine/threonine kinase
activity.

The term “ActRIIB polypeptide” includes polypeptides comprising any naturally
occurring polypeptide of an ActRIIB family member as well as any variants thereof
(1including mutants, fragments, fusions, and peptidomimetic forms) that retain a useful
activity. Examples of such variant ActRIIB polypeptides are provided throughout the present
disclosure as well as 1n International Patent Application Publication No. WO 2006/012627
and WO 2008/097541, which are incorporated herein by reference 1n 1ts entirety. Numbering
of amino acids for all ActRIIB-related polypeptides described herein 1s based on the
numbering of the human ActRIIB precursor protein sequence provided below (SEQ ID NO:
1), unless specifically designated otherwise.

The human ActRIIB precursor protein sequence 1s as follows:

1 MTAPWVALAL LWGSLCAGSG RGEAETRECI YYNANWELER TNQSGLERCE

o1 GEQDKRLHCY ASWRNSSGTI ELVKKGCWLD DENCYDRQEC VATEENPQVY

101 FCCCEGNFCN ERFTHLPEAG GPEVTYEPPP TAPTLLTVLA YSLLPIGGLS

151 LIVLLAFWMY RHRKPPYGHV DIHEDPGPPP PSPLVGLKPL QLLEIKARGR
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The signal peptide 1s indicated with a single underline; the extracellular domain 1s

indicated in bold font; and the potential, endogenous N-linked glycosylation sites are

indicated with a double underline.

The processed (mature) extracellular ActRIIB polypeptide sequence 1s as follows:

GRGEA

oyl

FNCYDRQ
NO: 2).

R

T
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SPPPTAPT (SEQ ID

In some embodiments, the protein may be produced with an “SGR...” sequence at the

N-terminus. The C-terminal “tail” of the extracellular domain 1s indicated by a single

underline. The sequence with the “tail” deleted (a A15 sequence) 1s as follows:
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3) .

A form of ActRIIB with an alanine at position 64 of SEQ ID NO: 1 (A64) 1s also
reported 1n the literature [Hilden e7 al. (1994) Blood, 83(8): 2163-2170]. Applicants have

ascertained that an ActRIIB-Fc¢ fusion protein comprising an extracellular domain of ActRIIB

with the A64 substitution has a relatively low affinity for activin and GDF11. By contrast,

the same ActRIIB-Fc fusion protein with an arginine at position 64 (R64) has an affinity for

activin and GDF11 1n the low nanomolar to high picomolar range. Therefore, sequences with

an R64 are used as the “wild-type” reference sequence for human ActRIIB 1n this disclosure.

The form of ActRIIB with an alanine at position 64 1s as follows:

1 MTAPWVALAL LWGSLCAGSG RGEAETRECI YYNANWELER TNQSGLERCE

51 GEQDKRLHCY ASWANSSGTI ELVKKGCWLD DENCYDRQEC VATEENPQVY

101 FCCCEGNFCN ERFTHLPEAG GPEVTYEPPP TAPTLLTVLA YSLLP.

151 LIVLLAFWMY RHRKPPYGHV

D1

H.

L]
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201 FGCVWKAQLM NDEFVAVKIFP LODKOSWQOSE REIFSTPGMK HENLLQFIAA

251 EKRGSNLEV.
301 LH!

L]

LWLITAFHDK GSLTDYLKGN TWNELCHV AETMSRGLSY

L]

DVPWCRG BEGHKPSIAHR DFKSKNVLLK SDLTAVLADE GLAVRFEPGK

351 PPGDTHGQVG TRRYMAPEVL EGAINFQRDA FLRIDMYAMG LVLWELVSRC

401 KAADGPVDEY MLPFEEEIGQ HPSLEELQEV VVHKKMRPTI KDHWLKHPGL

451 AQLCVTIEEC WDHDA!

L]

ARLS AGCVEERVSL IRRSVNGTTS DCLVSLVISV

o001 TNVDLPPKES SI (S

L]

Q@ ID NO: 4)

The signal peptide 1s indicated by a single underline and the extracellular domain 1s
indicated by bold font.

The processed (mature) extracellular ActRIIB polypeptide sequence of the alternative

A64 form 1s as follows:

L]

GRGEAETRECIYYNANWELERTNQSGLERC!

L]

L]

GEQDKRLHCYASWANSSGT IELVKKGCWLDD

FNCYDROQECVATEENPOQVY FCCCEGNFCNERFTHLPEAGGPEVTYRPPPTAPT (SEQ ID

NO: 95)
In some embodiments, the protein may be produced with an “SGR...” sequence at the
N-terminus. The C-terminal “tail” of the extracellular domain 1s indicated by single

underline. The sequence with the “tail” deleted (a A15 sequence) 1s as follows:

L]

GRG.

L]

L]

(5!

AETRECIYYNANWELERTNQSGLERC! QDRKRLHCYASWANSSGT IELVKKGCWLDD

FNCYDROECVATEENPOQVYFCCCEGNFCNERFTHLPEA (SEQ ID NO: 60)

A nucleic acid sequence encoding human ActRIIB precursor protein i1s shown below
(SEQ ID NO: 7), consisting of nucleotides 25-1560 of Genbank Reference Sequence
NM 001106.3, which encode amino acids 1-513 of the ActRIIB precursor. The sequence as
shown provides an arginine at position 64 and may be modified to provide an alanine instead.

The signal sequence 1s underlined.

ATGACGGCGC CCTGGGETGEGEC CCTCGCCCTC CTCTGGGEGEAT CGCTGTGCGEC

ol CGGCTCTGGG CGTGGGGAGG CTGAGACACG GGAGTGCATC TACTACAACG

101 CCAACTGGGA GCTGGAGCGC ACCAACCAGA GCGGCCTGGA GCGCTGCGAA
151 GGCGAGCAGG ACAAGCGGCT GCACTGCTAC GCCTCCTGGC GCAACAGCTC
201 TGGCACCATC GAGCTCGTGA AGAAGGGCTG CTGGCTAGAT GACTTCAACT
201 GCTACGATAG GCAGGAGTGT GTGGCCACTG AGGAGAACCC CCAGGTGTAC
301 TTCTGCTGCT GTGAAGGCAA CTTCTGCAAC GAACGCTTCA CTCATTTGCC
301 AGAGGCTGGG GGCCCGGAAG TCACGTACGA GCCACCCCCG ACAGCCCCCA
401 CCCTGCTCAC GGTGCTGGCC TACTCACTGC TGCCCATCGG GGGCCTTTCC

-30.
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TGCTGGCCTT TTGGATGTAC
GACATCCATG AGGACCCTGG
GAAGCCACTG CAGCTGCTGG
TCTGGAAGGC CCAGCTCATG
CTCCAGGACA AGCAGTCGTG
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CGGCATCGCA AGCCCCCCTA

TGGCATGAAG
GCTCCAACCT
GGCTCCCTCA
GTGTCATGTA

CTGCATGAGG ATGTGCCCTG
TGCCCACAGG GACTTTAAAA
CAGCCGTGCT GGCTGACTTT

CCTCCAGGGG ACACCCACGG ACAGGTAGGC ACGAGACGGET
TGAGGTGCTC GAGGGAGCCA TCAACTTCCA GAGAGATGCC

TTGACATGTA TGCCATGGGG

AAGGCTGCAG ACGGACCCGT

GATTGGCCAG
AGAAGATGAG
GCCCAGCTTT
TCGCTTGTCC
CGGTCAACGG

CACCCTTCGT
GCCCACCATT
GTGTGACCAT
GCGGGLCTGETG
CACTACCTCG

ACCAATGETGG ACCTGCCCCC

CACGAGAACC
CGAAGTAGAG
CGGATTACCT
GCAGAGACGA
GTGCCGETGGEC
GTAAGAATGT
GGCTTGGCTG

TTGGTGCTGT
GGATGAGTAC
TGGAGGAGCT

AAAGATCACT

CGAGGAGTGC
T'GGAGGAGCG
GACTGTCTCG
TAAAGAGTCA

GCCTCCACCA
AGATCAAGGC
AATGACTTTG
GCAGAGTGAA
TGCTACAGTT
CTGTGGCTCA

CCATCCCCTC
I'CGGGGEGECEL
TAGCTGTCAA
CGGGAGATCT
CATTGCTGCC
TCACGGCCTT

CAAGGGGAAC ATCATCACAT
T'GTCACGAGG CCTCTCATAC
GAGGGCCACA AGCCGTCTAT
ATTGCTGAAG AGCGACCTCA
TTCGATTTGA GCCAGGGAAA
ACATGGCTCC
TI'TCCTGCGCA
GGGAGCTTGT GTCTCGCTGC
ATGCTGCCCT TTGAGGAAGA
GCAGGAGGTG GTGGTGCACA
GGTTGAAACA CCCGGGLCCTG
TGGGACCATG ATGCAGAGGC
GGTGTCCCTG ATTCGGAGGT

T'TTCCCTGGET GACCTCTGTC

AGCATC (SEQ ID NO: 7/)

A nucleic acid sequence encoding the processed extracellular human ActRIIB

polypeptide 1s as follows (SEQ ID NO: 8):

1 GGGCGTGGGG AGGCTGAGAC ACGGGAGTGC ATCTACTACA ACGCCAACTG

ol
101
151
201
291
301

(SEQ

GGAGCTGGAG CGCACCAACC AGAGCGGCCT

AGGACAAGCG GCTGCACTGC TACGCCTCCT

ATCGAGCTCG TGAAGAAGGG CTGCTGGCTA

TAGGCAGGAG TGTGETGGCCA CTGAGGAGAA

GCTGTGAAGG CAACTTCTGC AACGAACGCT

GGGGGCCCGGE AAGTCACGTA CGAGCCACCC

ID NO:8)

_40)-

GGAGCGCTGC GAAGGCGAGC
GGCGCAACAG CTCTGGCACC
GATGACTTCA ACTGCTACGA
CCCCCAGGTG TACTTCTGCT
TCACTCATTT GCCAGAGGCT
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The sequence as shown provides an arginine at position 64, and may be modified to provide

an alanine instead.

An alignment of the amino acid sequences of human ActRIIB extracellular domain
and human ActRIIA extracellular domain are 1llustrated in Figure 1. This alignment indicates
amino acid residues within both receptors that are believed to directly contact ActRII ligands.
For example, the composite ActRII structures indicated that the ActRIIB-ligand binding
pocket 1s defined, 1n part, by residues Y31, N33, N35, L38 through T41, E47, ES0, Q53
through K55, L57, H38, Y60, S62, K74, W78 through N83, Y85, R87, A92, and E94 through

F101. At these positions, it 1s expected that conservative mutations will be tolerated.

In addition, ActRIIB 1s generally well-conserved among vertebrates, with large
stretches of the extracellular domain completely conserved. For example, Figure 2 depicts a
multi-sequence alignment of a human ActRIIB extracellular domain compared to various
ActRIIB orthologs. Many of the ligands that bind to ActRIIB are also highly conserved.
Accordingly, from these alignments, 1t 1s possible to predict key amino acid positions within
the ligand-binding domain that are important for normal ActRIIB-ligand binding activities as
well as to predict amino acid positions that are likely to be tolerant to substitution without
significantly altering normal ActRIIB-ligand binding activities. Therefore, an active, human
ActRIIB variant polypeptide useful 1n accordance with the presently disclosed methods may
include one or more amino acids at corresponding positions from the sequence of another
vertebrate ActRIIB, or may include a residue that 1s stmilar to that in the human or other

vertebrate sequences.

Without meaning to be limiting, the following examples illustrate this approach to
defining an active ActRIIB variant. L46 in the human extracellular domain (SEQ ID NO: 2)
1s a valine 1n Xenopus ActRIIB (SEQ ID NO: 42), and so this position may be altered, and
optionally may be altered to another hydrophobic residue, such as V, I or F, or a non-polar
residue such as A. E52 in the human extracellular domain 1s a K 1n Xenopus, indicating that
this site may be tolerant of a wide variety of changes, including polar residues, such as E, D,
K,R,H, S, T, P, G, Y and probably A. T93 in the human extracellular domain is a K in
Xenopus, indicating that a wide structural variation 1s tolerated at this position, with polar
residues favored, suchas S, K, R, E. D, H G, P, Gand Y. F108 in the human extracellular
domain 1s a Y 1n Xenopus, and therefore Y or other hydrophobic group, such as I, V or L
should be tolerated. E111 1n the human extracellular domain 1s K 1n Xenopus, indicating that

charged residues will be tolerated at this position, including D, R, K and H, as well as Q and

_41-
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N. R112 1n the human extracellular domain 1s K 1n Xenopus, indicating that basic residues
are tolerated at this position, including R and H. A at position 119 in the human extracellular
domain 1s relatively poorly conserved, and appears as P 1in rodents (SEQ ID NOs: 37 and 39)

and V in Xenopus, thus essentially any amino acid should be tolerated at this position.

Moreover, ActRII proteins have been characterized in the art in terms of
structural/functional characteristics, particularly with respect to ligand binding [ Attisano ef al.
(1992) Cell 68(1):97-108; Greenwald ef al. (1999) Nature Structural Biology 6(1): 18-22;
Allendorph ef al. (2006) PNAS 103(20: 7643-7648; Thompson ef al. (2003) The EMBO
Journal 22(7): 1555-1566; as well as U.S. Patent Nos: 7,709,605, 7,612,041, and 7,842,663 ].
In addition to the teachings herein, these references provide amply guidance for how to
generate ActRII variants that retain one or more desired activities (e.g., ligand-binding

activity).

For example, a defining structural motif known as a three-finger toxin fold 1s
important for ligand binding by type I and type II receptors and 1s formed by conserved
cysteine residues located at varying positions within the extracellular domain of each
monomeric receptor [Greenwald et al. (1999) Nat Struct Biol 6:18-22; and Hinck (2012)
FEBS Lett 586:1860-1870]. Accordingly, the core ligand-binding domains of human
ActRIIB, as demarcated by the outermost of these conserved cysteines, corresponds to
positions 29-109 of SEQ ID NO: 1 (ActRIIB precursor). Thus, the structurally less-ordered
amino acids flanking these cysteine-demarcated core sequences can be truncated by about 1,
2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, or 28
residues at the N-terminus and/or by about 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 residues a the C-terminus without necessarily altering
ligand binding. Exemplary ActRIIB extracellular domains for N-terminal and/or C-terminal

truncation include SEQ ID NOs: 2, 3, 5, and 6.

Attisano ef al. showed that a deletion of the proline knot at the C-terminus of the
extracellular domain of ActRIIB reduced the affinity of the receptor for activin. An ActRIIB-
Fc¢ fusion protein containing amino acids 20-119 of present SEQ ID NO: 1, “ActRIIB(20-
119)-Fc”, has reduced binding to GDF11 and activin relative to an ActRIIB(20-134)-Fc,
which includes the proline knot region and the complete juxtamembrane domain (see, e.g.,
U.S. Patent No. 7,842,663). However, an ActRIIB(20-129)-Fc protein retains similar, but
somewhat reduced activity, relative to the wild-type, even though the proline knot region 1s

disrupted. Thus, ActRIIB extracellular domains that stop at amino acid 134, 133, 132, 131,
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130 and 129 (with respect to SEQ ID NO: 1) are all expected to be active, but constructs
stopping at 134 or 133 may be most active. Similarly, mutations at any of residues 129-134
(with respect to SEQ ID NO: 1) are not expected to alter ligand-binding affinity by large
margins. In support of this, 1t 1s known 1n the art that mutations of P129 and P130 (with
respect to SEQ ID NO: 1) do not substantially decrease ligand binding. Therefore, an
ActRIIB polypeptide of the present disclosure may end as early as amino acid 109 (the final
cysteine), however, forms ending at or between 109 and 119 (e.g., 109, 110, 111, 112, 113,
114, 115, 116, 117, 118, or 119) are expected to have reduced ligand binding. Amino acid
119 (with respect to present SEQ ID NO: 1) 1s poorly conserved and so 1s readily altered or
truncated. ActRIIB polypeptides ending at 128 (with respect to SEQ ID NO: 1) or later
should retain ligand-binding activity. ActRIIB polypeptides ending at or between 119 and
127 (e.g., 119, 120, 121, 122, 123, 124, 125, 126, or 127), with respect to SEQ ID NO: 1, will
have an intermediate binding ability. Any of these forms may be desirable to use, depending

on the clinical or experimental setting.

At the N-terminus of ActRIIB, 1t 1s expected that a protein beginning at amino acid 29
or before (with respect to SEQ ID NO: 1) will retain ligand-binding activity. Amino acid 29
represents the 1nitial cysteine. An alanine-to-asparagine mutation at position 24 (with respect
to SEQ ID NO: 1) introduces an N-linked glycosylation sequence without substantially
affecting ligand binding [U.S. Patent No. 7,842,663]. This confirms that mutations 1n the
region between the signal cleavage peptide and the cysteine cross-linked region,
corresponding to amino acids 20-29, are well tolerated. In particular, ActRIIB polypeptides
beginning at position 20, 21, 22, 23, and 24 (with respect to SEQ ID NO: 1) should retain
general ligand-biding activity, and ActRIIB polypeptides beginning at positions 25, 26, 27,
28, and 29 (with respect to SEQ ID NO: 1) are also expected to retain ligand-biding activity.
It has been demonstrated, e.g., U.S. Patent No. 7,842,663, that, surprisingly, an ActRIIB

construct beginning at 22, 23, 24, or 25 will have the most activity.

Taken together, a general formula for an active portion (e.g., ligand-binding portion)

of ActRIIB comprises amino acids 29-109 of SEQ ID NO: 1. Therefore ActRIIB
polypeptides may, for example, comprise, consists essentially of, or consists of an amino acid
sequence that 1s at least 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentical to a portion of ActRIIB beginning at a

residue corresponding to any one of amino acids 20-29 (e.g., beginning at any one of amino

acids 20, 21, 22, 23, 24, 25, 26, 27, 28, or 29) of SEQ ID NO: 1 and ending at a position
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corresponding to any one amino acids 109-134 (e.g., ending at any one of amino acids 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
128, 129, 130, 131, 132, 133, or 134) of SEQ ID NO: 1. Other examples include
polypeptides that begin at a position from 20-29 (e.g., any one of positions 20, 21, 22, 23, 24,
25, 26,27, 28, or 29) or 21-29 (e.g., any one of positions 21, 22, 23, 24, 25, 26, 27, 28, or 29)
and end at a position from 119-134 (e.g., any one of positions 119, 120, 121, 122, 123, 124,
125, 126, 127, 128, 129, 130, 131, 132, 133, or 134), 119-133 (e.g., any one of positions 119,
120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, or 133), 129-134 (e.g., any
one of positions 129, 130, 131, 132, 133, or 134), or 129-133 (e.g., any one of positions 129,
130, 131, 132, or 133) of SEQ ID NO: 1. Other examples include constructs that begin at a
position from 20-24 (e.g., any one of positions 20, 21, 22, 23, or 24), 21-24 (e.g., any one of
positions 21, 22, 23, or 24), or 22-25 (e.g., any one of positions 22, 22, 23, or 25) and end at a
position from 109-134 (e.g., any one of positions 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, or 134), 119-
134 (e.g., any one of pos<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>